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ABSTRACF

'ne Test Reactor Embrittlement Data Base (TR-EDB) is a collection of results from
irradiations in materials test reactors. It complements the Power Reactor Embrittlement Data Base
(PR-EDB), whose data are restricted to the results from the analysis of surveillance capsules in
commercial power reactors. The rationale behind this restriction was the assumption that the results. 4

of test reactor experiments may not be applicable to power reactors and could, therefore, be
challenged if such data were included. For this very reason the embrittlement predictions in the Reg.
Guide 1.99, Rev. 2, were based exclusively on power reactor data. However, test reactor experiments i

are able to cover a much wider range of materials and irradiation conditions that are needed to
explore more fully a variety of models for the prediction ofirradiation embrittlement. These data are
also needed far the study of effects of annealing for life extension of reactor pressure vessels that are
difficult to obtain from surveillance capsule results. '

The current data collection of the TR-EDB contains primarily Charpy test data, which are
3

accompanied in most cases by tensile tests for the same irradiation conditions. Information is available
for 1,230 different irradiated sets,797 of which are from base material (plates and forgings),378 from
welds, and 55 from heat-affected-zone materials. The chemistries of the investigated materials span

,

,

also a fairly wide range, particularly in the content of copper and nickel, which are considered the
most important contributors to embrittlement sensitivity. Complete chemistry information is available
for 1,095 of the 1,230 samples (after discarding the HAZ information).

The architecture of the TR-EDB is fully compatible with that of the PR-EDB so that the data
from both databases can be easily merged,if desired. The data files are given in dBASE format and
can be accessed with any personal computer using the DOS operating system. " User-friendly" utility

'

programs have been written to investigate the radiation embrittlement using this data base. The
utility programs are used to retrieve and select specific data, manipulate data, display data to the
screen or printer, and to fit and plot Charpy impact data.
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1 INTRODUCTION -

The Test Reactor Embrittlement Data Base (TR-EDB) is a collection of results from irradiations in
imaterials test reactors. It complements the Power Reactor Embrittlement Data Base (PR-EDB),

whose data are restricted to the results from the analysis of surveillance capsules in commercial power
reactors. The rationale behind this restriction was the assumption that the results of test reactor
experiments may not be applicable to power reactors, and regulatory decisions could, therefore, be
challenged if such data were included. For this very reason the embrittlement predictions in the
Reg. Guide 1.99, Rev. 2 (ref. 2) were based exclusively on power reactor data. However, test reactor
experiments are able to cover a much wider range of materials and irradiation conditions that are
needed to explore more fully a variety of models for the prediction of irradiation embrittlement.
'Ihese data are also needed for the study of effects of annealing for life extension of reactor pressure
vessels that are difficult to obtain from surveillance capsule results (see, however ref. 3).

The scope and purpose of this program, which is sponsored by the Nuclear Regulatory Commission
(NRC), can be summarized as follows:

1. Compile and verify a comprehensive collection of data from test reactor irradiation
experiments of pressure vessel materials from U.S. and foreign laboratories.

2. Provide software support for the use of the data base by furnishing programs and
maintaining compatibility with commercially available software.

3. Maintain compatibility with the PR-EDB. -

4. Maintain compatibility with U.S. and International Standards.

5. Facilitate the exploration and verification of embrittlement prediction models.

6. Facilitate the exploration and verification of the effects of annealing for pressure -

vessel life extension.

The data collections for both data bases originated from the Material Properties Council * (MPC)
data base, which contains both power and test reactor data. From this collection a first (unpublished)
version of the embrittlement data base (EDB) was constructed and augmented with more recently
reported data. For the reasons stated above a restricted version containing only surveillance data -
the PR-EDB - was assembled under NRC sponsorship to be used primarily for regulatory purposes.
The data in the PR-EDB were subsequently reviewed and verified by reactor vendors and utilities
and released to the public as Version 1 in July 1991. An updated Version 2 is currently being
released.' In the meantime the assembly and review of the MPC and other test reactor results were |

continued, tracing them to the original reports and adding more data. Significant additions came from |
NRC-sponsored investigations at Materials Engineering Associates, Inc. (MEA) and Oak Ridge ;

National laboratory (ORNL), the International Atomic Energy Commission (IAEA)-sponsored !
l program, and a variety of other irradiation experiments at laboratories in France, Germany, Japan, j

' Martin Prager, Final Report Evaluation, Analysis and Transfer of Materials Property Data, The
I

| Materials Properties Council, Inc..

1 NUREG/CR-6076
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and the United Kingdom. Release of research data from other countries is being negotiated. The
origin of each data point is, of course, identified by reference in the data files. The authors of the
TR-EDB were provided with copies of the raw data sheets used for the MPC data base. These
sheets that were prepared by the original investigators contain some unpublished material, such as
identification of the irradiation facility and pre-irradiation test data. Such data are included in the
TR-EDB and identified in the NOTES in addition to the referenced data.

The current data collection of the TR-EDB contains primarily Charpy test data that are accompanied
in most cases by tensile tests for the same irradiation conditions. Information is available for 1,230
different irradiated sets,797 of which are from base material (plates and forgings),378 from welds,
and 55 from heat-affected-zone materials. The distribution of fluences (E > 1.0 MeV) and
irradiation temperatures over these experiments is shown in Figure 1. Not surprisingly, most
irradiations were performed at the typical operating temperature of power reactors around 550*F,
but enough information for other temperatures is available to investigate in detail the influence of
irradiation temperature on embrittlement. The chemistries of the investigated materials span also a
fairly wide range, particularly in the content of copper and nickel, which are considered the most
important contributors to embrittlement sensitivity. Complete chemistry information is available for
1,095 of the 1,230 samples (after discarding the HAZ information). The distribution in copper and
nickel is shown in Figure 2. Several studies whose results are included in the TR-EDB deal
specifically with the influence of chemical composition on embrittlement, primarily copper, nickel, and
phosphorus. Section 2.5 lists all irradiation experiments that are currently included in the TR-EDB
and gives a detailed description of facilities, methods, and goals. A summary of this information can

also be found in the file E_LST_TR.dbf.

The data format that was chosen for both, the TR-EDB and PR-EDB is dBASE; this format was
initially introduced by Ashton-Tate and is now the virtual standard for relational data bases. This
format allows queries and data processing not only with the current dBASE software but also with
any of the now numerous "Xbase" developer tools, such as Clipper or Foxpro. The dBase files can
also be imported into most other data base, spreadsheet, and word processing programs that run in
the DOS or WINDOWS environment. The more recent versions of these programs contain extensive
facilities for generating reports including statistic, curve fitting, and graphic programs. For
often-performed tasks a customized EDB software based on Clipper and FORTRAN has been
written originally for the PR-EDB, which can be utilized with both data bases. An updated version
of these programs is included in the current version of the TR-EDB (see Appendix A). No effort
is being made to extend the scope of this software any further since commercially available software
can be readily applied to the data bases for any conceivable application and can also be more readily
adapted to Windows and other platforms.

The architecture of the TR-EDB is fully compatible with that of the PR-EDB so that the data from
both data bases can be easily merged, if desired. (Some overlap does occur; a few data from the
PR EDB appear also in the TR-EDB to make the latter self-consistent.) However, there are some
differences; some changes are due to the differences between power reactor surveillance and test
reactor experiments while others are improvements on the first design of the PR-EDB and will be
beneficial to both data bases. None of these changes affect the data themselves and the ability to
combine and select corresponding data from both data bases. These changes will also not prevent
the use of the EDB software package provided for both versions of the EDB. A complete and
detailed discussion of the architecture and data structures of the TR-EDB will be given in the next
section. A list of differences between the PR-EDB and the TR-EDB is given in Appendix B.

NUREG/CR-6076 2
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An important difference between surveillance capsule and test reactor experiments is the way the
results are reported. A surveillance capsule report is part of a legal requirement that assures some ;

degree of uniformity and consistency in its content. Test reactor experiments, on the other hand, are i

designed for specific investigations and the reports, particularly the older ones, present only the data
that are deemed relevant to particular questions, without regard to their possible use in other>

research. His is quite understandable given the effort and cost involved in publications but results
in incomplete information about the reported data sets; for instance, raw Charpy data are usually
presented only as graphs, if at all. Additional difficulties arise whenever the results of the same

,

experiment are reported in different publications without clearly indicating this fact. Frequently,
different codes are used for the same material or experimental capsule, and a considerable amount i

of detective work is necessary to identify each single experiment or material. (Duplicate entries of '

this type have been identified in the original MPC Data Base.) For the reasons stated above, i

verification of the TR-EDB data is difficult and cannot be as thorough and comprehensive as in the
PR-EDB. An additional problem is that laboratories and researchers responsible for the published
data are often no longer available or cannot be funded for the considerable work involved for outside ,

reviews. All data have been, of course, checked internally for correctness and consistency, and all .

unresolved problems are reported in the " NOTES." Every effort is being made to resolve
discrepancies by contacting the original investigators.

He user of the TR-EDB is expected to have some familiarity with the dBASE philosophy and
software to take full advantage of the information contained in the data base. Many simple inquiries
and investigations can be handled, however, with the custom software supplied with the data. This
program is menu-driven and self-explanatory requiring no special training. A description is given in
Appendix A. It should be noted that the data in the TR-EDB (and the PR-EDB) are taken directly
from the quoted documents without any interpretation or evaluation. All numerical values are given
in the units of the original documents. All data from any particular record in a TR EDB file are
obtained only from the document quoted in REF_ID, except as noted. More than one record of the
same quantities may be included in the files if different documents report different evaluations of the
same data. For instance, several determinations of the chemistry of the same material may be
performed or fluences may have been updated based on improved methodology or cross section data.
It is left to the user to select or, perhaps, average the different values for the same quantity.
Automated analysis of the raw data files in the TR-EDB (and the PR-EDB) is not recommended;
additional evaluation, selection, and unit conversion will be necessary whenever these data are to be
used for critical investigations and as support for the analysis of reactor safety issues. The creation
of evaluated data files for such purposes is being considered for future releases.

The distribution diskette of TR-EDB, Version 1, which is in compressed format, can be ordered from ;

Energy Science and Technology Software Center, P.O. Box 1020, Oak Ridge, TN 37831, Tel. (615)
576 2606.

.

3 NUREG/CR-6076
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Distribution of Charpy irradiations
in Copper and Nickel Content

,

:|$ ' -

.

_ _

: ~ .... . __ . _. ...._ |
~ . . _ _

~ . . . . . . - - - . . . _ _ _ , . . .. . . . .

200 - ..T_f...__
r

25 AI! ' '
'

e: rec --

2 - f"'

150 - ?
-

[ < 0.50 %

_ ght!100 y
*! 50 -- ? O.50 -1.0 %

! / -|' JGi e
j 0 / ?iQ|$pF

Nickelt
'

<0.10 % >1.0 % C,ontentg 0.10-0.2 o
>0.25 %3

$ Copper Content
$

Fig. 2 Distribution of Charpy irradiations in copper and nickel content

!

__ . _ _ - _ - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ ._



. - .- -- . - - - - .. --

,

2 ARCIIITECIURE ,

2.1 Introduction

'

Most data collections are composed of one or more tables that are two-dimensional arrangemeuts
with rows called " records" and the columns designated as " fields." Each record represents an
individual (person, test, reactor, etc.), and each field, a particular attribute. For example, a table for
persons may list name, age, height, weight, etc., each in its designated field. A data base that consists
of only one table is called " flat," and this is the format that was used for the older collections,

'

including the MPC Data Base. This approach makes data retrieval easy, requiring no special
software, but ignores completely any connections that may exist between different types of data. For;

instance, chemistry data are common to a particular material and must be repeated for every record
that contains the same material. Also, more than one chemistry determination may be made for the

'

same material such that not only the same chemistry is repeated over several records, but each record
must provide room for several different chemistries. (This was actually the case in the MPC Data
Base.) These requirements make a flat data base unwieldy and error prone and has led to the
introduction of " relational" data bases. In a relational data base the information is split into several
different tables (files), each of which contains only related data. Data from different files are ,

connected (related) with each other by means of unique identifiers that are conunon to the related
tables. For instance, all chemistry data are collected in a chemistry file, where each chemistry record
contains a unique material identifier. The same material identifier is contained in each test record
for that material so t'aat test results can be combined with chemistry. In this way duplications are
avoided, and it is aho possible to list any number of different chemistry determinations for the same
material. The dovnside is that several files must be linked together to extract the desired

O support is now widely available as is the use of relational data bases for all but the very simplest data
information, and considerable software support is necessary to do this effectively. Such software

base applications. For the Embrittlement Data Base, both PR-EDB and TR-EDB, the relational data
base format has the following 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 from 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. This feature allows the user to go back to the source of the data whenever

'

questions arise.

3. Multiple determinations of the same quantity are given in different records, each with its ,

proper references. Such multiple determinations occur, for instance, if the chemistry is
determined by the manufacturer of the material as well as from broken specimens. Also,
fluence determinations are frequently updated in subsequent reports using improved neutron
physics calculations. All different & terminations are kept in the TR-EDB, and the user must
decide which determination to use for a particular application or, perhaps, calculate averages
from several of them. (For statistical evaluations and model fittings only one value can be
used for any given quantity; for these applications " evaluated" data files need to be created
that contain only unique data obtained from different reports by averaging or related
procedures.)
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g The process in the construction of relational data bases by which data are distributed over different
files is known in the data base literature as " normalization." A relational data base is considered
normalized if no data are repeated, except key identifiers. Full normalization is a desirable goal for
aesthetic as well as practical reasons, but it may lead to an unnatural separation of connected data.
For instance, results of Charpy tests for irradiated materials are never considered in isolation but are
always related to the same data for unirradiated material (baseline data) to determine the changes
due to radiation. On the other hand, baseline data are the same for all irradiations of the same
material and should, therefore, be listed in a separate file to avoid duplications. However, the file
SHFT_TR.dbf for evaluated Charpy tests contains both irradiated and baselin< data in the same
record and also the differences (shifts) between the two, although shift values can be obtained by
simple arithmetic. This was done to simplify the eventual use of the data, although strict
normalization was not performed in this case. In addition, fluences and irradiation temperatures are
also listed with each data set although the same data are also collected in the file REAC_TR.dbf. '
(However, in this case fluences and temperatures are relative to the specimen or sets of specimen
which may be different from the values for the whole capsule that are listed in REAC_TR.dbf.)

All data in the TR-EDB are given in character format, that is, numerical data are represented
internally in the dBASE files by the ASCII characters representing the numbers. This policy which
was also adopted for the PR-EDB provides the freedom to represent the data exactly as reported.
For instance, prefixes, such as, >, <, or ~, can be included in the data fields. Missing data are
represented as blank fields and not with some fictitious, impossible numerical value as it is necessary
if the data are coded internally as numerical fields. The disadvantage is that special conversion
procedures are necessary if comparisons or numerical manipulations are to be performed on the data.
Such procedures are included in the custom software described in Appendix A. Also required are
additional structure files (identified with the extension *.str) that identify the numerical (and date)
fields in the TR-EDB files since this information is no longer contained in the regular dBASE
structure files.

A detailed description of the data files and the connecting key identifiers is given in the next two
sections of this report. It is important to remember that this structure can easily be extended to
accommodate additional types of data without change in the existing structure. Most of the files have
a counterpart in the PR-EDB with essentially the same set of fields, including field names. A few
fields have been added that were not needed in the PR-EDB, such as EXP_ID, or to remove
ambiguities, such as the addition of a field for nominal temperature which was previously listed under
maximum or minimum temperature. All these changes in the field structure have advantages for the
PR-EDB also and will eventually be incorporated. Some changes in the naming of the files were also
necessary to distinguish between the PR-EDB and TR-EDB, for instance, HEAT _LST.dbf is
H_LST_TR.dbf in the TR-EDB and will eventually be renamed H_LST_PR.dbf for the PR-EDB.
(See Appendix B.) ;

|
,

1

2L2 KeyIdentifiers ;

One or more fields in each data file are occupied by " key identifiers," which provide the means for ]
combining data from several files through " relations" that link the corresponding records in these files. i

!These key identifiers are assigned by the manager of the data base in a manner that guarantees the
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unique labeling of experiments, materials, or source documents. He identifiera used in the reports
do not always provide such unambiguous labeling. The following key identifiers are used in the
current version of the TR-EDB:

L EXP ID
-

1
I

The data that are included in the TR-EDB were originally generated by specific experiments
or groups of experiments that were designed to answer some specific questions. Accordingly,
choice of irradiation conditions, types of specimen investigated, evaluation methods, and ;

related aspects difier considerably from one experiment to another, and these differences |

have to be considered in the use of the data. For that reason a key identifier EXP_ID has
been added to every record in almost all data files. EXP_ID is not primarily intended for
linking the information between two or more data files; it's main link is to give a detailed
description of each experiment in the file E_LST_TR.dbf and the related table in this report.
Note that the identifier PIANT_ID in the material files in the PR-EDB, such as ;

HEAT _LST.dbf, CHEM _PR.dbf, etc., is replaced by EXP_ID in the corresponding files '

H_LST_TR.dbf, CHEM _TR.dbf. For test reactor experiments that were performed in
support of a power reactor surveillance program, the PLANT _ID of the power reactor is used
as EXP_ID. This policy will be extended to the PR-EDB in future releases. However, this
key identifier is not presently used in the PR-EDB. The file REF_TR.dbf links references
with experiments. Note that any given experiment is usually described in more than one
reference and that the same reference may also report more than one experiment.

2. PLANT _ID

Up to six characters may be used in PLANT _ID to identify the reactor in which the
irradiation was performed. This key also identifies in the PR-EDB the surveillance program
of the specified commercial power reactor. (Only the first three characters in PLANT _ID
are used for this purpose.) No comparable link exits in the TR-EDB between the irradiation
facility and materials or experiment. PLANT _ID links, therefore, only irradiation
emironments to test data and does not appear in any of the materials files, such as
CHEM _TR.dbf. Detailed information about the reactors identified by PLANT _ID is given
in the file R_LST_TR.dbf

3. CAPSULE

Up to six characters are used to identify the irradiation capsule. As far as practical, the
capsule identifications of the original reports were used. Sometimes specimens are lumped
together which come from different capsules with similar fluences, and in these cases spc ial
identifiers for data sets from combined capsules are assigned.

4. HEAT _ID

The material identifier can have up to ten characters. A simple scheme was devised for the
PR-EDB and has been extended to the TR-EDB. It works as follows: The coding assigns
the first letter to the material type, namely P_ late, F_orging, W_eldment, H_ eat-affected-zone
material, or S_tandard reference material. The next three characters contain a general code
related to the origin of tne material with two additional characters to distinguish between
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different materials of the same origin. If practical, some correspondence between the |

HEAT _ID and report identifications is retained (e.g., the forging KS01 used in the
'

Komponentsicherheits Program in Germany is named FKS_01). The last four letters are
reserved to distinguish between different parts of the same materialif different parts show

,

markedly different material properties from those properties documented in the reports. For
'

instance, SASTM S1 to SASTM S4 denote different sections of the 6-in. ASTM A302B
reference plate, whose baseline properties vary considerably. The code SASTM without-
appendix will be reserved for the A302B correlation material that is used in Westinghouse
reactors to avoid possible confusion with the PR-EDB; any other material from this plate of
unidentified provenance is coded as SASTM X. The four-character appendix is also used to
identify material that has been annealed after irradiation. The " anneal tag" has the form
"Axy" for the first-time anneal and "Rxy" for any subsequent re-anneal. Details are given in
the description of the file SHFTA_TR.dbf. The file H_LST_TR.dbf gives a complete list of
identifiers used as HEAT _ID, together with the corresponding identifiers in the referenced ;

reports.

The HEAT _ID provides the link between the material test data on the left side of Fig. 3
(e.g., SHFT_TR.dbf) and the fabrication and chemistry data on the right side (e.g.,

~

CHEM _TR.dbf). Chemistry and fabrication data are in many cases only available for the
" generic" material, that is, for the plate or weldment as a whole, and not for a particular
section dept as identified by the last four characters in the HEAT _ID. 'Ums, linkage may be
possible only by restricting it to the first six characters of HEAT _ID whenever no link exists
for the fuP 10-character identifier. To find the chemistry data for annealed material it is
necessary to go back to the parent material or, again, the first 6 characters of HEAT _ID. A >

similar situation exists for the HAZ materials; their chemistry is rarely determined separately,
thus the data from the parent (plate) material must be used. The parent material for each
HAZ is listed in the file HAZ_TR.dbf.

5. 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 ofirradiated
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 S
is perpendicular to the plate surface. The first letter describes the longitudinal direction of
the specimen (perpendicular to the crack surface, if 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 drawings, making sure that
the same orientations are assigned to corresponding specimen sets. SPEC _ORI is left blank
if no information is available.

;

1

* Standard E399 applies formally only to CT specimens, but the extension to other types of
specimens is straightforward.

,
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6. REF_ID

In most files, each record is assigned a reference that indicates the source of the data. This
is done by means of a 20-character field REF_ID. This identifier is usually a report number
or a similar code that links it uniquely to the complete bibliographic information (i.e., author,
title, and time of publication) which is given in the file TITL_TR.dbf. The linkage between
experiments (EXP_ID) and reports (REF_ID) is given in the file REF_TR.dbf. The starting
page of articles in a larger volume is included it this volume contains other, unrelated,
material.

2.3 Organization of the TR-EDB Data Files

The current version of the TR-EDB is organized in a manner similar to the PR-EDB, as shown in
Fig. 3. On top is the file E_LST_TR.dbf (Table 1) which contains a complete list of all experiments i

whose results are included in the TR-EDB. This file can be linked via the key identifier EXP_ID j

with any other TR-EDB file, except the reactor list, R_LST_TR.dbf, that does not refer to any |
Iparticular experiment. Immediately below is the file S_LST_TR.dbf (Table 2) containing a complete

list of test specimen sets which are used in the test reactor experiments. Specimen sets are
characterized by type of the specimen, such as Charpy, Tensile, and the various forms of fracture )
mechanics specimen listed in the field SPEC _ TYPE, and the five key identifiers EXP_ID,
PLANT _ID, CAPSULE, HEAT _ID, and SPEC _ORI, which link the sets to the other data files.
(Fracture mechanics test data are not currently included in the TR-EDB for lack of time and
manpower but listed in many irradiation capsules in S_LST_TR.dbf). Specimen sets for testing of
the baseline properties of unirradiated materials are characterized by leaving the PLANT _ID field
blank.

|
The data that are relevant for radiation embrittlement are distributed over three groups of data files.

j For each test listed in the specimen file, actual data from three groups of data can be obtained by
linking via the appropriate key identifier. The first group, on the left of Fig. 3, consists of results of
material property tests. Charpy, both individual tests and results of curve fittings, and tensile data
are currently available (SHFT_TR.dbf, SHFTX_TR.dbf, SHFTA_TR.dbf, RAW C_TR.dbf, and |_

CV_RF_TR.dbf, for Charpy data and TEN _TR.dbf for tensile, Tables 20 through 25).
(SHFTA_TR.dbf contains summaries of anneal experiments and SHFTX_TR.dbf unconventional
measures of Charpy transition temperature). Each record in these files is uniquely characterized by
the combination PLANT _ID, CAPSULE, HEAT _ID, and SPEC _ORI. Baseline data, which have
no entries in PLANT _ID and CAPSULE (blank field), may also need an additional characterization
through EXP_ID. (Different experiments for the same material have sometimes performed different
tests for baseline values, though theoretically the same values may differ somewhat due to statistical

fluctuations.)

The second group, in the middle of Fig. 3, contains data describing the reactor and radiation
environment for each surveillance capsule. The file REA.C_TR.dbf contains a detailed description
of the fluence, irradiation temperature and irradiation time for each irradiation capsule. The file
REAC_TR.dbf is linked with the others via the key identifiers PLANT _ID and CAPSULE. This
linkage will not be needed in most cases because fluence and irradiation temperature are also given
in the test data files, such as, SHFT_TR.dbf and TEN _TR.dbf. Note that the fluence values given
in REAC_TR.dbf apply only for the capsule as a whole (i.e., average or capsule center), which is not
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necessarily the same as for the individual specimen or group of specimen, listed in the test data files.
However, many details, such as, values for fluence (E > 0.1 MeV) or dpa are listed - whenever
available - in REAC_TR.dbf. The file R_LST_TR.dbf is a list of irradiation facilities usea a the
experiments, similar to REAC_LST.dbf in the PR-EDB. In contrast to power reactor surveillance
there is no particular link between test reactor facilities and the experiments performed there. Bus,
the only key identifier field in this file is PLANT _ID.

The third group on the right of Fig. 3 contains the information about the chemistry and fabrication ]
of the materials used in the experiments. H_LST_TR.dbf lists all HEAT _ ids with reported codes, ,

and CHEM _TR.dbf, HEAT _TR.dbf, WELD _TR.dbf, and HAZ_TR.dbf the actual chemistry and i
'

fabrication data. All these files are linked via HEAT _ID with the rest of the TR-EDB files. The
key identifier EXP_ID is also included but is not specifically needed for linkage; it only identifies the i

experiment for which the listed data were reported. 1

i

I

Any record in most of the TR-EDB files has a reference in the field REF_ID and one or more page
numbers which allows to verify the sources from where the data were collected and, perhaps, to find
additionalinformation. Exceptions are again the file R_LST_TR.dbf and also E_LST_TR.dbf whose
information comes from many different sources. References are also not listed in RAW C_TR.dbf_

because the associated file CV_RF_TR.dbf has the necessary references. A detailed list of all
reference with complete title, authors, time of publication is given in the file TITL_TR.dbf. The
linkage to the other files is, of course, via REF_ID. The associated file REF_TR.dbf links all
REF_ ids with the EXP_ ids (i.e., experiments with publications).

F
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2.4 List of TR-EDB Fdes
:

1. E_LST_TR.dbf *

This file lists all EXP_ID with brief descriptions of the experiment or group of experiments, the [
laboratory, authors, and irradiation facilities involved. A detailed description of the experiments '

included is given in Section 2.5. It is intended to include this information in the file in the form of
memo fields, but the current software does not support this extension.

.

Table 1 Structure file for E_LST_TR.dbf

Field No.
name chts. Description

;

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification

,

EXP_DESCR 80 Description of Experiment ;

LABORATORY 30 Laboratory Responsible for the Experiment and Evaluation
AUTHORS 50 List of PrincipalInvestigators ,

REACTORS 30 List of Reactors used in the Experiment
,

2. S_LST_TR.dbf

The object of this file is to provide a complete list of all specimen sets whose test data are contained ,

in the other TR-EDB files. (A " set"is here defined as a group of test specimens that share the same ,

combination of EXP_ID, PLANT _ID, CAPSULE, HEAT _ID, and SPEC _ORI, and are of the same
'

specimen type, such as Charpy, tensile, etc.) The information given in the reports is often sketchy
in contrast to the surveillance reports which contain detailed lists and capsule drawings. A new field, .t
REPORT _ TAG, has been added to the old structure of SPEC _LST.dbf to indicate in what form the
test results are reported: "R" indicates that individual test results are given instead of just averages
("A"), "G" means that plots of the Charpy fits are reported containing individual test results, and "L"
if only lines without points are presented in the graph. A blank field means that just numerical
summaries are provided. The field SPEC _ SIZE which was part of the file SPEC _LST.dbf in the
PR-EDB has been removed from this file. This field cannot properly contain all the relevant
dimensions for all possible test specimen and was, therefore, moved in extended form to the files

,

containing the test results, such as. TEN _TR.dbf. '

,

!

I

E

i

1

,
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Table 2 Structure file for S_LST_TR.dbf

1

Field No. 1

name chrs. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
PLANT _ID 6 Reactor Identification
CAPSULE 6 Surveillance or Experiment Capsule Identification
HEAT _ID 10 Identification Code for Given Material
SPEC _ TYPE 3 Type of Specimen: Charpy (CV), TEN _sile, C_ompact

T_ension, WOL
SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc.
SPEC _POS 10 Specimen Position: 1/4T,1/2T, 3/4T, etc.
NO_OF_ SPEC 3 Number of Specimen in Capsule or Experimental Set
REPORT _ TAG 1 Type of Reporting: R_aw data, A_verages, G_raphs,

L_ine Drawings j

REF_ID 20 Reference Identifier i

PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed
__

3. File SHFT_TR.dbf

SHFT_TR.dbf (Table 3) lists transition temperatures and upper shelf energies as determined by the
evaluator of the report. It lists 30 ft-Ib,50 ft-lb, 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. The tags U_ FIT and I_ FIT
were added to indicated the type of fitting procedure used to determine transition temperature and
upper shelf values for un-irradiated and irradiated data, respectively. Also included are the data
describing the irradiation as applied to the Charpy specimen set. These include fluences
(E > LO MeV) and irradiation temperature at the location of the specimen, taking into account the
differences within the capsule between different specimen sets. Further included is the available
information concerning the fluence rate since the rate effect appears to be quite important, especially
if test reactor data are to be applied to embrittlement predictions in power reactors, which have much
lower fluence rates. The rates are sometimes given directly and can in other cases be determined
from the equivalent full-power irradiation time; fields are provided in the file to contain either or
both types ofinformation. Not included is 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, whenever available. Also not included are transition temperatures at
other energy levels or lateral expansion such as 15 ft-lb or 3 kgm (see Section 2.6 for units), which
are sometimes listed in older reports. These data are relegated to the special file SHFTX_TR.dbf.
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Table 3 Structure file for SHFT_TR.dbf |

Field No.
name chts. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
PLANT _ID 6 Reactor Identification
CAPSULE 6 Surveillance or Experiment Capsule Identification
HEAT ID 10 Identification Code for Given Material |

~

!
PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM
SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc.
CSP _F1 10 Fluence > 1 MeV at Charpy Specimen Location [ n/cm2 ] 1

FLU _ TAG 1 Tag for Fluence Determination: F_ission, S_caling,
A_djustment

EFP TIME 10 Effective Full Power Time of Irradiation
TIME _U 1 Unit of Time: S_econds, M_inutes, H_ours, D_ays, Y_ ears |

F1_ RATE 10 Fluence Rate > 1 MeV at Capsule Center [ n/(cm2s) ]
CSP _ TEMP 4 Irradiation Temperature of Charpy Specimen
UTT30 5 CVT at 30 ft-lb, Unitradiated Charpy Specimen
UTr50 5 CVT at 50 ft-lb, Unitradiated Charpy Specimen
ULE35 5 CVT at Lateral Expansion = 35 mils, Unitrad. Charpy Spec. ]
UUSE 5 Upper Shelf Energy, Unirradiated Charpy Specimen i

U_ FIT 1 Tag for Fitting (Unirr. Data): H_and drawn, hyp. T_angent,
~ O ther I

ITT30 5 CVT at 30 ft-lb, Irradiated Charpy Specimen
ITT50 5 CVT at 50 ft-lb, Irradiated Charpy Specimen
ILE35 5 CVT at Lateral Expansion = 35 mils, Irrad. Charpy Spec. ;

IUSE 5 Upper Shelf Energy, Irradiated Charpy Specimen

I_ FIT 1 Tag for Fitting (Irr. Data): H_and drawn, hyp. T_angent, ;

O_ther |
'

DTf30 5 CVT Shift at 30 ft-lb (ITI30 - UTT30)
DTf50 5 CVT Shift at 50 ft-lb (ITf50 - UTT50)
DLE35 5 CVT Shift at Lateral Expansion = 35 mils (ILE35 - ULE35)
DUSE_ ABS 5 Absolute Drop in Upper Shelf Energy (UUSE - IUSE)
DUSE_REL 5 Percent Drop in Upper Shelf Energy
TEMP _U 1 Unit used for Temperature Data ;

USE_U 5 Unit used for Energy Data (in Upper Shelf Energy) '

REF_ID 20 Reference Identifier
,

'

PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed |

I

>
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4. SHFTA_TR.dbf

The information in SHFTA_TR.dbf (Table 4) provides a summary of the annealing processes studied
in the experiments included in the TR-EDB. In order to fit the results of annealing expe iments into
the ensting frauework of the TR-EDB,it was decided to identify annealed material by changing the
last three characters in the HEAT _ID. Any steel that was irradiated and annealed is d.istinguished
from the parent material through an " anneal tag" which has the form Axy, where x an:1 y are each
some digit or letter, with x characterizing the irradiation and y the annealing procedure. Any
subsequent re-annealing is indicated by a tag Rxy. This tag replaces any other appenc.ix in the last
four characters of HEAT _ID. This procedure allows the listing of the test results from annealing
experiments without changing the file structures by just considering material as a newly created steel. )

Both raw Charpy and tensile data are listed in this manner in the respective files RAW C_TR.dbf_

and TEN _TR.dbf. _

The study of annealing effects requires, of course, the information about how each annealed material
came into being, and this is the primary content of the file SHFTA_TR.dbf. This file gives a
complete list of all anneal tags that are used with any parent material togethe:: with fluence,
irradiation temperature, anneal temperature and anneal duration together with the reactor and
capsule identification, PLANT _ID and CAPSULE, respectively. Because the anneal tags are unique,
the information in SHFTA_TR.dbf allows the tracing of the HEAT _ID of any annealed material
(i.e., any HEAT _ID containing an anneal tag) to the parent material and to reconstruct the
irradiation and anneal histoy.

To make the file more or less self-contained, information from Charpy tests was added, which is the
predominant means for assessing annealing effects. (However, anneal conditions, for which only
tensile data are available, are also listed in this file.) Also included are the data for re-irradiation
after anneal, if applicable. Listed are the transition temperature at 30 ft-lb (41 J) and upper shelf
energy for each stage of the baseline-irradiation-annealing-re-irradiation cycle together with the shifts
in these parameters, depending on what is reported. Re-annealing after re-irradiation is placed in
a second record in which the material with the first anneal tag serves as parent material and a new

tag Rxy is defined for the second cycle. This procedure can be repeated as often as necessary.
Frequently whole capsules filled with specimen were irradiated and subsequently annealed (and
sometimes re-irradiated, etc.) without determining embrittlement status after irradiation. Irradiated
values before anneal are then determined in a separate irradiation run that is included in the file even
though no annealing is connected with that particular run. These and other Charpy data in the file
that are related to the first irradiation are duplicated (with some addition, such as, transition
temperatures at 50 ft-lb and 35 mil lateral expansion) in the file SHFT_TR.dbf.
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Table 4 Structure file for SHFTA_TR.dbf

Field No.
name chts. Description ~ ;

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
PLANT _ID 6 Reactor Identification
CAPSULE 6 Surveillance or Experiment Capsule Identification

'

HEAT _ID 10 Identification Code for Given Material
PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM
SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc. -

CSP _F1 10 Fluence > 1 MeV at Charpy Specimen Location [ n/cm2 ]
CSP _ TEMP 4 Irradiation Temperature of Charpy Specimen
ANN _ TAG 4 Tag Added to the HEAT _ID to Identify Annealed Material
ANN _ TEMP 3 Annealing Temperature
ANN _ HRS 4 Duration of Annealing in Hours [ hours ]
PLANT _ID_R 6 Reactor Identification for Re-irradiation
CAPSULE _R 6 Capsule Identification for Re-irradiation
CSP _F1_R 10 Fiuence > 1.0 MeV During Re-irradiation [ n/cm2 ]
CSP _ TEMP _R 4 Irradiation Temperature During Re-irradiation
UTT30 5 CVT at 30 ft-lb, Unitradiate.d Charpy Specimen
ITr30 5 CVT at 30 ft-lb, Irradiated Charpy Specimen
DTT30 5 CVT Shift at 30 ft-lb (ITT30 - UTr30)
IATT30 5 CVT at 30 ft-lb, After Annealing '

-

RTT30 5 Recovery of'IT30 After Annealing (ITI30 - IATR 30)
IARTI30 5 CVT at 30 ft-lb, After Annealing and Re-irradiation
UUSE 5 Upper Shelf Energy, Unitradiated Charpy Specimen
IUSE 5 Upper Shelf Energy, Irradiated Charpy Specimen
DUSE_ ABS 5 Absolute Drop in Upper Shelf Energy (UUSE - IUSEj
IAUSE 5 Upper Shelf Energy, After Annealing
RUSE _ ABS 5 Recovery of Upper Shelf Energy (IAUSE -IUSE)
IARUSE 5 Upper Shelf Energy, After Annealing and Re-irradiation
TEMP _U 1 Unit used for Temperature Data
USE_U 5 Unit used for Energy Data (in Upper Shelf Energy)
REF_ID 20 Reference Identifier
PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed

17 NUREG/CR-6076
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4 File SHFTX_TR.dbf (Table 5)

This file lists the non-standard determinations for Charpy transition temperature before and after
irradiation with appropriate definitions for the non-standard data. The fluence data are the same as 1

in SHFT_TR.dbf. )
!

|

| Table 5 Struct x ie for SHFTX_TR.dbf

| Field No.
name chts. Description

!

!

TAG 1 Used for Internal Operation |
EXP_ID 6 Experiment Identification

'

PLANT _ID 6 Reactor Identification
CAPSULE 6 Surveillance or Experiment Capsule Identification

HEAT _ID 10 Identification Code for Given Material )
PROD _ID 3 Material Type: P_ late, ?_orging, W_ eld. HAZ, or SRM |

SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc. )
CSP _F1 10 Fluence > 1 MeV at Charpy Specimen Location { n/cm2 ] |

'

FLU _ TAG 1 Tag for Fluence Determination: F_ission, S_caling,
A_djustment

EFP_ TIME 10 Effective Full Power Time of Irradiation
TIME _U 1 Unit of Time: S_econds, M_inutes, H_ours, D_ays, Y_ ears

F1_ RATE 10 Fluence Rate > 1 MeV at Capsale Center [ n/(cm2s)]
CSP _ TEMP 4 Irradiation Temperature of Charpy Specimen ,

UTrX 5 CVT at Specified Non-standard Value. Unitradiated Charpy |
Specimen |

ITTX 5 CVT at Specified Non-standard Value, Irradiated Charpy |
I

Specimen
DTTX 5 CVT Shift at Specified Non-standard Value (TITX - UTrX)
Tr_DEF 5 Quantity for which Transition Temperature is Specified
Tr_DEF_U 5 Unit of Quantity for which Transition Temperature is

Specified ,

TEMP _U 1 Unit used for Temperature Data
REF_ID 20 Reference Identifier 1

PAGES 20 Page Number (s) |
NOTES 30 Pertinent Information Related to Data Entries, If Needed !

l

!
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5. Files RAW C TR.dbf and CV RF TR.dbf
-- - -

RAW C_TR.dbf (Table 6) gives a complete list ofindividual Charpy test results. (See p. 39 at the'

_

end of the section for a partiallisting.) In addition to the materials test results the key identifiers are

listed to link the raw data with the evaluations in SHFT_TR.dbf and related files. Also included are
; fluence and irradiation temperature that may be different for each specimen. Fields for measuring

| units permit the entering of data in different units, as reported. Data that share the same
'

combination of key identifiers are considered a " set," and a list of all different sets in RAW C_TR.dbf
_

is contained in the associated file CV_RF_TR.dbf. This file includes in addition to the key identifiers
the references for the raw data that are not part of RAW C_TR.dbf to save space, since each

_

specimen in the same set has the same reference. Newly added to this file is information about the
Charpy test equipment, that is also common to each whole set. The structure of this file is listed
below (Table 7), and a partial listing of the records is given at the end of the section (p. 40). Some
sets of individual Charpy test data are combined from several irradiation capsules for the
determination of transition temperature and upper-shelf energy in different sets since each individual !
capsule does not contain enough specimens. Different CAPSULE identifications are assigned to j

those combined sets, and the resulting evaluations are listed in the file SHFT_TR.dbf. Howev r, je

these combination capsules are not listed in RAW C_TR to avoid the duplication of data. Instead, -|
_

these combination sets were placed in a separate file, RAW FT_TR.dbf, to aid the user in
_

determining their centent. These combinations are also contained in the ASCll file RAW C,TR.dat
_

which is used for e : EDB fitting programs.

|

'

|

19 NUREG/CR-6076

-_-_ _ _ _ _ - _ - _ _ _ _ - - _



Table 6 Structure file for RAW C_TR.dbf_

O
Field No.
name chts. Description

TAG 1 Used for Internal Operation

EXP_ID 6 Experiment Identification
PLANT _ID 6 Reactor Identification
CAPSULE 6 Surveillance or Experiment Capsule Identification

HEAT _ID 10 Identification Code for Given Material

PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM

SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc.
SPEC _ID 8 Specimen Identifier
TST_ TEMP 6 Test Temperature of Specimen

TST_ TEMP _U 1 Unit of Temperature used in TST_ TEMP
IMP _E 6 Impact Energy of Charpy Specimen

IMP _E_U 5 Unit of Energy used in IMP _E
FRACT_ APP 3 Fracture Appearance Value [ % shear ]

LAT_EXP 4 Lateral Expansion of Charpy Specimen

LAT_EXP_U 3 Unit of Length used in LAT_EXP
CSP F1 10 Fluence > 1 MeV at Charpy Specimen Location [ n/cm2 ]

CSP _ TEMP 4 Irradiation Temperature of Charpy Specimen

CSP _ TEMP _U 1 Unit of Temperature used in CSP _ TEMP
.._..- .

Table 7 Structure file for CV_RF_TR.dbf

Field No.
name chts. Description

TAG 1 Used for Internal Operation

EXP_ID 6 Experiment Identification
PLANT ID 6 Reactor Identification
CAPSULE 6 Suneillance or Experiment Capsule Identification
HEAT _ID 10 Identification Code for Given Material
PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM

SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc.
TUP _ TYPE 1 Type of Tup Used: A_STM, D_IN, ..
TUP _ VEL 5 Velocity of Tup on Impact
VEL _U 5 Unit used for Tup Velocity
MAX _E 4 Maximum Impact Energy

USE_U 5 Unit used for Energy Data (in Upper Shelf Energy)
REF ID 20 Reference Identifier i

~

lPAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed

NUREG/CR-6076 20
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,

6. File TEN _TR.dbf
( ,

The file TEN..TR.dbf (Table 8) lists the results of tensile tests with separate entries for each
individual test. Averages from several experiments are included if no other information is available,
but are omitted if individual test data are given. Such cases are indicated by the character @,

,

followed by the number of specimen averaged in the field SPEC _ID. The character $ is used to
indicate individual test data if no specimen identification is given. A blank in SPEC _ID means that
the report does not indicate whether the test result is from a single specimen or an average. The
dimensions of the specimen have been added to the file since a large variety of different diameters
are used in the experiments which may influence the measured results.

t

>

O ;

I

r

f

P

c

I
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Table 8 Structure file for TEN _TR.dbf

O1
Field No. ;

name chts. Description |

TAG 1 Used for Internal Operation |
EXP_ID 6 Experiment Identification )
PLANT _ID 6 Reactor Identification i

,

CAPSULE 6 Surveillance or Experiment Capsule Identification i

IIEAT_ID 10 Identification Code for Given Material
PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM ;

SPEC _ORI 2 Specimen Orientation: TL, LT, TS, etc.
U P_F1 10 Fluence > 1 MeV at Tensile Specimen Location [ n/cm2 ]

TSP _ TEMP 4 Irradiation Temperature of Tensile Specimen

SPEC _ID 8 Specimen Identifier

ET_ TEMP 4 Test Temperature of Specimen

TEMP _U 1 Unit used for Temperature Data
YSL 5 Lower Yield Strength of Tensile Specimen
YSU 5 Upper Yield Strength of Tensile Specimen
UTS 5 Ultimate Tensile Strength
STRESS _U 6 Unit of Stress
ULG 4 Ultimate Elongation of Tensile Specimen [ % )
TLG 4 Total Elongation of Tensile Specimen [ % ]
RA 4 Reduction in Area of Tensile Specimen [ % ]
SPEC _ DIAM 4 Diameter (or Cross Section) of Tensile Specimen

GAGE _LEN 4 Gage Length of Tensile Specimen

TOTAL _LEN 4 Total Length of Tensile Specimen

LENGTII_U 3 Unit of Length
REF_ID 20 Reference Identifier
PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries,If Needed

7. File R_ISI'_TILdbf

There are substantial differences between material test reactors and commercial power reactors;
however, the structure of the PR-EDB file REAC_LST.dbf has been retained with a few additions
to retain compatibility between the two data bases. The NOTES field has been added to augment
the information about the reactor and two fields concerning the power output, both thermal and
electric. The same structure will be used for future releases of the PR-EDB file, R_LST_PR.dbf
(Table 9), which is also included in the TR-EDB since some materials tests (as opposed to the
mandated pressure vessel surveillance) have been performed in power reactors.
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Ol Table 9 Structure file for R_LST_TR.dbf

Field No.
name chts. Description

_

TAG 1 Used for Internal Operation
PLANT _ID 6 Reactor Identification

REAC_ TYPE 3 Reactor Type: PWR, BWR, or TR
REAC_NAME 50 Reactor Name
LOCATION 30 Reactor Location

PLANT _OP 50 Reactor Operator or Utility
PLANT _ DES 25 Reactor Designer or Vendor

ARCH _ENG 50 Reactor Architect / Engineer
VESSEL MFG 50 Reactor Vessel Manufacturer

OUTPU(TH 5 Thermal Output of the Reactor [ Mw ]
OUTPUT _E 5 Electricity Output of the Reactor [ Mw ]
NOTES 30 Pertinent Information Related to Data Entries, If Needed

8. File REAC_TR.dbf (Table 10)

The fluence determination in test reactor experiments is much more varied than in power reactors
'

whose surveillance programs are subject to regulation by NRC or the equivalent authorities in
countries outside the United States. In addition to the standard fluence E > 1.0 MeV,
E > 0.1 MeV, and dpa, " fission equivalent fluence" is often reported in early experiments. Fission
fluences are determined directly from dosimetry, mostly assuming a 68 milli barn (mb) cross section
of the "Fe(n,p) reaction. Conversion to the standard damage fluences is done by scaling the fission
fluences with a factor that is determined by comparing the fission spectrum with that of a neutron
transport calculation. This factor is listed, whenever it is reported, together with the standard damage
fluences with uncertainties. De field FLU _ TAG is used to indicate the type of fluence
determination: The character F indicates that only fission fluence is reported, S indicates the scaling
procedure described above, and A stands for a tull fledged neutron physics calculation with
adjustment for dosimetry data. Also included are the fluence rates at full -power,
full-power-equivalent irradiation times, and start-up and removal dates of the experiment capsules.
In some cases, the capsules have been irradiated more than once and annealed in between; the
different irradiations are listed in separate records with the same CAPSULE identification; the
sequence of irradiations is indicated in the CONFIG field. Irradiation temperatures within the
capsule are reported either as maxima and minima or as a nominal (target) value, sometimes with a
temperature range. Included in the temperature data is a TEMP _ TAG which indicates how the

*

irradiation temperature was determined. This field was also included in the REAC_PR.dbf file of
the PR-EDB; however, instead of numbers a letter is used for test reactors with C for calculated (or
estimated) temperatures, M for melt wires, and T for thermocouples, the most frequently used ;

'

technique in test reactor experiments.

23 NUREG/CR-6076
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Table 10 Structure file for REAC_TR.dbf

Field No.
name chrs. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
PLANT _ID 6 Reactor Identification
CAPSUIE 6 Surveillance or Experiment Capsule Identification
START,DATE 10 Data at Start of Irradiation [ MM/DD/YYYY ]
STOP_DATE 10 Date at End of Irradiation [ MM/DD/YYYY ]
CONFIO 6 Indicator for Change in Irradiation En ironment
EFP_ TIME 10 Effective Full Power Time of Irradiation
TIME _U 1 Unit of Time: S_econds, M_inutes, H_ours, D_ays, Y_ ears

CAP _T_ MIN 4 Minimum Irradiation Temperature at Capsule Center

CAP _T_ MAX 4 Maximum Irradiation Temperature at Capsule Center

CAP _T_ NOM 4 Nominal Irradiation Temperature for Capsule

TEMP _ RANGE 4 Temperature Variations within the Capsule

TEMP _U 1 Unit used for Temperature Data
TEMP _ TAG 1 Irr. Temp. Determination: C_alcul., T_hermocouples,

M_elt wires
CAP _F1 10 Fluence > 1 MeV at Capsule Center [ n/cm2 ]
F1_UNC 3 Uncertainty of Fluence > 1.0 MeV [ % Standard Deviation ]
FLU _ TAG 1 Tag for Fluence Determination: F_ission, S_caling,

A_djustment
F1_ RATE 10 Fluence Rate > 1 MeV at Capsule Center [ n/(cm's) ]
CAP _FP1 10 Fluence > 0.1 MeV at Capsule Center [ n/cm2 ]
FP1_TO_F1 4 Ratio of Fluence E > 0.1 MeV to Fluence E > 1.0 MeV
FPI_UNC 3 Uncertainty of Fluence > 0.1 MeV [ % Standard Deviation ]
CAP _FISS 10 Equivalent Fission Fluence E > 1 Mev as Determined from

Dosimetry

F1_TO_FISS 4 Ratio of Calculated to Equivalent Fission Spectrum
E > 1.0 MeV

CAP _DPA 10 Displacements per Atom of Iron at Capsule Center
DPA_TO_F1 10 Ratio of dpa to Fluence E > 1.0 MeV
DPA_UNC 3 Uncertainty of Displacements per Atom

[ % Standard Deviation ]
REF_ID 20 Reference Identifier
PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed
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9. File H_IJST_TR for

The file H_LST ,TR.dbf (Table 11) relates the material codes given in HEAT _ID to the descriptions
and heat numbers given in the reports and in the MPC data base. It also includes the ASTM (or
European stant.ard) material classification, the supplier of the material, and the thickness. SOURCE
gives specific i2 formation about the origin of the material (if available), namely SCR-ap, if it was
obtained from excess material during the fabrication of a pressure vessel (this applies also to welds),
CUTOUT for nozzle catouts, and SIM-ulated welds, if the material was not obtained from an actual
weld seam bu: fabricted from excess plate material using the same filler and flux. Finally,
FABR_icated means, that the material was fabricated exclusively for irradiation experiments. (A.
complete listing is given on p. 44 at the end of the section.)

Table 11 Structure file for H_LST_TR.dbf

Field No.
name chts. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
HEAT _ID 10 Identification Code for Given Material
RPT_ID 20 Material Identifier Used in Referenced Reports
HEAT _NO 10 Heat Number of Material Used by Supplier

.

!

PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM
MAT _ID 10 Material Classification: A302B, A5082, A533B1, etc.
SUPPLIER 20 Supplier of Material

'

THICKNESS 6 Thickness of Base Material

LENGT_U 3 Unit of Length
SOURCE 10 Source of Material: FABR_icated, SCR_ap, SIM_ulated Weld,
CUTOUT
MPC_ID 5 Reference Number Assigned by Combustion Engineering (MPC)

MPC_ HEAT 7 Material Heat Nun.ber (MPC)
REF_ID 20 Reference Identifier
PAGES 20 Page Number (s)
. NOTES 30 Pertinent Information Related to Data Entries, If Needed
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10. File CHEM _TR.dbf

The file CHEM _TIldbf (Table 12) lists the chemistries for the given materials together with
information about the laboratory and method used, if reported, and whether it is derived from test
specimens or represents generic values given by the supplier of the material. Generic values are
identified in SPEC _ID as LADLE, CHECK, or just HEAT, depending on what is revealed in the
reports, ne term WIRE is used if the chemistry of the filler wire, rather than that of the actual weld
material, has been reported. Other terms listed in SPEC _ID are the identifiers of the test specimen
whose chemistry was determined. All different chemistry determinations for the same material are
listed as reported, but duplications are omitted. (A partial listing is given on p. 55 at the end of the
section.)

O
,

)
i

,
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Table 12 Structure file for CHEM _TR..dbf

Field No.
name chrs. Description

TAG 1 Used for Internal Operation

EXP_ID 6 Experiment Identification
HEAT _ID 10 Identification Code for Given Material

PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM

MAT _ID 10 Material Classification: A302B, A5082, A533B1, etc.

-CHEM _ LAB 15 Chemistry Laboratory or Procedure Identification
METHOD 30 Method for Determining the Chemistry

SPEC _ID 8 Specimen Identifier
C 5 Weight Percent Carbon
MN 5 Weight Percent Manganese
P 5 Weight Percent Phosphorus
S 5 Weight Percent Sulfur
SI 5 Weight Percent Silicon
NI 5 Weight Percent Nickel
CR 5 Weight Percent Chromium
MO 5 Weight Percent Molybdenum
CU 5 Weight Percent Copper
V 5 Weight Percent Vanadium
B 5 Weight Percent Boron
CS 5 Weight Percent Cesium,

TI 5 Weight Percent Titanium
CO 5 Weight Percent Cobalt
N 5 Weight Percent Nitrogen
O 5 Weight Percent Oxygen
SB 5 Weight Percent Antimony
AS 5 Weight Percent Arsenic
ZR 5 Weight Percent Zirconium
AL 5 Weight Percent Aluminum

'

AL_ SOL 5 Weight Percent Aluminum in Solution

AL_ INT 5 Weight Percent Aluminum Interstitial
PB 5 Weight Percent Izad
W 5 Weight Percent Tungsten
SN 5- Weight Percent Tin
ZN 5 Weight Percent Zine
TA 5 Weight Percent Tantalum
H 5 Weight Percent Hydrogen
NB 5 Weight Percent Niobium -
REF_ID 20 Reference Identifier
PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed
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11. File HEAT _TR.dbf

De file HEAT _TR.dbf(Table 13) 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, plus the identification used for the ingot (HEAT _NO)
and the code used for the finished material (SUPPL _ID), are also included. A new field,
NOMTEMP_x, is added to the old HEAT _PR.dbf file in the PR-EDB to indicate the nominal
temperature of the treatment step, if no MAXTEMP_x and MINTEMP_x is reported. RANGE,if
reported, indicates then the deviation from the nominal temperature (in both directions if 1 is
attached). (A partial listing is given on p. 56 at the end of the section.)

Table 13 Structure file for HEAT _TR.dbf

Field No.
name chrs. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
HEAT ID 10 Identification Code for Given Material

PROD _ID 3 Material Type: P_ late, F_orging, W_ eld, HAZ, or SRM
SUPPLIER 15 Supplier of Material
HEAT _ TREAT 15 Facility Performing Heat Treatment
HEAT _NO 10 Heat Number of Material Used by Supplier

SUPPL _ID 10 Identifier Used by Supplier

MINTEMP_1 4 Heat Treatment Minimum Temperature, Run 1

MAXTEMP_1 4 Heat Treatment Maximum Temperature, Run 1

NOMTEMP_1 4 Heat Treatment Nominal Temperature, Run 1
RANGE 1 3 Heat Treatment Temperature Range, Run 1

HOURS _1 6 Heat Treatment Duration, Run 1 [ hours ]

QCHM_1 2 Quench Method, Run 1

ID_1 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 1

MINTEMP_2 4 Heat Treatment Minimum Temperature, Run 2
MAXTEMP 2 4 Heat Treatment Maximum Temperature, Run 2

-

NOMTEMP 2 4 Heat Treatment Nominal Temperature, Run 2

RANGE _2 3 Heat Treatment Temperature Range, Run 2

HOURS _2 6 Heat Treatment Duration, Run 2 [ hours ]

QCHM_2 2 Quench Method, Run 2

ID_2 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 2

MINTEMP_3 4 Heat Treatment Minimum Temperature, Run 3

MAXTEMP_3 4 Heat Treatment Maximum Temperature, Run 3

NOMTEMP_3 4 Heat Treatment Nominal Temperature, Run 3

RANGE _3 3 Heat Treatment Temperature Range, Run 3
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Table 13 (continued)'m

Field No.
name chts. Description

HOURS _3 6 Heat Treatment Duration, Run 3 [ hours ]
QCHM_3 2 Quench Method, Run 3

ID_3 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 3

MINTEMP_4 4 Heat Treatment Minimum Temperature, Run 4 -
.

'
MAXTEMP_4 4 Heat Treatment Maximum Temperature, Run 4

NOMTEMP_4 4 Heat Treatment Nominal Temperature, Run 4

RANGE _4 3 Heat Treatment Temperature Range, Run 4

HOURS _4 6 Heat Treatment Duration, Run ~4 [ hours ]
QCHM_4 2 Quench Method, Run 4 ,

ID_4 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 4

MINTEMP_5 4 Heat Treatment Minimum Temperature, Run 5

MAXTEMP_5 4 Heat Treatment Maximum Temperature, Run 5

NOMTEMP_5 4 Heat Treatment Nominal Temperature, Run 5

RANGE _5 3 Heat Treatment Temperature Range, Run 5

HOURS _5 6 Heat Treatment Duration, Run 5 [ hours ] ;

QCHM_5 2 Quench Method, Run 5

ID_5 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 5

MINTEMP_6 4 Heat Treatment Minimum Temperature, Run 6
MAX" TEMP _6 4 Heat Treatment Maximum Temperature, Run 6

r NOMTEMP_6 4 Heat Treatment Nominal Temperature, Run 6

( RANGE _6 3 Heat Treatment Temperature Range, Run 6
'

HOURS _6 6 Heat Treatment Duration, Run 6 [ hours ]

QCHM_6 2- Quench Method, Run 6

ID_6 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 6

MINTEMP_7 4 Heat Treatment Minimum Temperature, Run 7
MAXTEMP_7 4 Heat Treatment Maximum Temperature, Run 7 ,

NOMTEMP_7 4 Heat Treatment Nominal Temperature, Run 7
RANGE _7 3 Heat Treatment Temperature Range, Run 7 t

HOURS _7 6 Heat Treatment Duration, Run 7 [ hours ]
QCHM_7 2 Quench Method, Run 7 -

ID_7 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 7

MINTEMP_8 4 Heat Treatment Minimum Temperature, Run 8
MAXTEMP_8 4 Heat Treatment Maximum Temperature, Run 8 t

NOMTEMP_8 4 Heat Treatment Nominal Temperature, Run 8

RANGE _8 3 Heat Treatment Temperature Range, Run 8

HOURS _8 6 Heat Treatment Duration, Run 8 [ hours ]
QCHM_8 2 Quench Method, Run 8

ID_8 1 N_ormalizing, A_ustenizing, T_empering, Stress R_elief, Run 8 -

TEMP _U 1 Unit used for Temperature Data
REF_ID 20 Reference Identifier
PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries, If Needed

I
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12. File WELD _TR.dbf

The file WELD _TR.dbf (Table 14) 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
plus the supplier of the weld is also listed, (A partial listing is given on p. 57 at the end of the
section.)

Table 14 Structure file for WELD _TR.dbf

Field No.
name chrs. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
HEAT _ID 10 Identification Code for Given Material
WLD_ TYPE 3 Weld Type
WLD_ CODE 10 Identification Code used by Weld Manufacturer
HEAT _1 10 HEAT _ID of the Plate on one side of the Weld
HEAT _2 10 HEAT _ID of the Plate on the other side of the Weld
WELD _SUPLY 15 Supplier of Weld Material
WIRE _ TYPE 10 Type of Weld Wire Used in the Weld
WIRE _ HEAT 10 Weld Wire Heat Identifier
FLUX _ TYPE 10 Type of Flux Used in the Weld
FLUX _ LOT 10 Weld Flux Lot Identifier
REF_ID 20 Reference Identitier
PAGES 20 Page Number (s)
NOTES 30 Pertinent Information Related to Data Entries,If Needed

13. File HAZ_TR.dbf

The file HAZ_TR.dbf (Table 15) identifies the base material and weldments used to prepare the
heat-affected-zone specimens. (A partial listing is given on p. 58 at the end of the section.)
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Table 15 Structure file for HAZ_TR.dbf

J Field No.
name chts. Description ;

TAG 1 Used for Internal Operation

EXP_ID 6 Experiment Identification
HEAT _ID 10 Identification Code for Given Material
HEAT _B 10 HEAT _ID of the Base Material Used in the HAZ
HEAT _W 10 HEAT _ID of the Weld Material Connected with the HAZ

v

REF_ID 20 Reference Identifier :

PAGES 20 Page Number (s)
_

:
'

NOTES 30 Pertinent Information Related to Data Entries, If Needed

!

14. File TITL_TR.dbf ,

Most TR-EDB files contain a reference in the field REF_ID plus page numbers for each record.
The complete bibliographic listing, including author, title, report number, and date of publication, is ,

located in the file TITL_TR.dbf (Table 16). Each listing may extend over more than one record i
because of the limited length the title field REF_TITL may occupy in the current version of dBASE. |
A set of linked records is characterized by the same REF_ID, and a sequence of numbers in the
CONT field (i.e.,1,2, etc.). The list of authors and experiments described in the reference may
also extend over more than one record. A complete listing of this file is given on p. 59 at the end
of the section.

1
,

Table 16 Structure file for TITL_TR.dbf ,

t

I
Field No.
name chrs. Description

EXP_D 6 Experiment Identification 1

.

REF_ID 20 Reference Identifier

ALT _REF 20 Alternative Reference (not used as REF_ID)
CONT 2 Continuation Tag for References Occupying More than One Remrd
AUTHOR 1 25 First Author .

~

(or continuation from preceding record, same ref.) |

AUTHOR _2 25 Next Author
(may be continued in the next record for same ref.)

REF_ TITLE 80 Bibliographic Reference

PUB _DATE 10 Date of Publication
TAG 1 Used for Internal Operation

31 NUREG/CR-6076

-- . . .- . .- .. .



15. File REF_TR.dbf
his file links the key identifier EXP_ID with REF_ID (i.e., it lists all references associated with a
particular experiment and vice versa). The linkage is not one-to-one since many experiments are
reported in more than one reference and some publications cover more than one experiment. The
field MPC_ID identifies the reports and data that were included in the MPC data base.

Table 17 Structure file for TITL_TR.dbf

Field No.
name chts. Description

TAG 1 Used for Internal Operation
EXP_ID 6 Experiment Identification
REF_ID 20 Reference Identifier
MPC_ID 3 Reference Number Assigned by Combustion Engineering (MPC)

O

NUREG/CR-6076 32
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Tables 18 through 34 give partial or complete listings of the TR-EDB files discussed earlier. j
-

.I
1

|
1

|

|
|

|

s

i

33 NUREG/CR-6076

...
- - - - - - -- -_ - _ - _ -



v ,

Tabk 18 Listing of E_15)

E,LST ,tR: Page 1
LABORATORY AU

EXP,tD E XP,DE SCR
eose m e s s e s s a ss e e ss eo ss e ess a ss esse s s ess es se s s ess e sse s se e s s e s s e ss e ss ess e s s es s es s e ss e s se s s ee s s e s s en ese eeeee e m s eess e s se s s esseeec
BEf Am Ameeting Experisets Performed ty Westiryhouse at the lettis Laboratory gettis Laboratory J.
8WEEEP t rradiation Emperiments Performed try t,E with a Verlety of 8 4t-PV Materiet s Generst Electric Co. J.1

C.
CEA Experiments in f rerch Reactors Sponsored try Comissariat & l' Energy Atomime

f.EPt AN Amesling taperiments Sponsored by the Electric Power Research Institute (IPRI)
FES-C trr. Program at Geesthocht to verify Saf ety Margins for German Licensing Rules GKSS Furschmgszentrue J.

715 1 Irr. program by KW to verify safety margins f or German Licensirs rules Kraf twerkmion AC J.
J.RAC AN Corvitation of teSutts f rom Arrwating Experisents try J.R. Newthorne

nFIR MF!t ivrveillance Program and Reteted Emperiments at ORML Cak Ridge National Laborotory R.

MS$1-0 meavy Section Stest Technology (nssT) Prograva, Inittet Characterizatica Oak Ridge untional Laboratory C.

assi 1 heavy Section Steel Irradiation (NS$l) Empelepts, Series 1, at ORNL Oak tidae nationat Laboratory W.

MS$1 2 meavy Section Steet Irrediation (HSSI) Emperiments, series 2, at ORNL Dak Ridge National Laboratory R.

H5sT-3 heavy section $teet Irradiation (x551) Experisents, series 3, at ORE oak Ridge National Laboratory R.

assf 4 Neavy section Steet Irrediation (HSSI) Emperiments, Series 4, at ORE Oak Ridge motional Lateratory R.

IAEA l AE A Co ordinated Research Program for Irradiation of Advanced RPV Steels Int. Atomic Erergy Agency

lAEA8 1 AE A Co-ordinated Research Program: AERE Contribution UK Atomic Energy Authority L.-

I AE AC I AEA Co-ordinated Research Program: Skoda Contribution Skoda kotional Corporation M.

IAEAD I AEA Co-ordinated Research Prograve: RISO Contritution Riso sational Laboratories C. i

IAEAF IAEA Co-ordinated Research Program: CEN Contribution Centre d' Etudes Nelisires P.

IAEAC 1 AEA Co ordinated Research Program: GKSS Contributton GK$$ W.

IAEA! IAEA Co-ordinated Research Program: $ hatha Contribution Shebha Atomic Research Centre K.

IAEAJ I AEA Co ordinated Research Program: Japan At. Res, Inst. Contritotion Jopen Atanic Energy Res. Inst. 5.

I A.EAK 1AEA Co ordinated Research Program: KFA Contribution Kernf orschtrgaanstat t D.

I AE AM I AE A Co ordinated Research Program: Steel manuf acturer's contritmetion
IAEAU I AE A Co-ordinated Research Program: kRL Contribution keyst Research Laboratory Jc

JPCR Japan Power permmstration Reactor (J#CR) Survel11ance Program Japan Atomic Energy Res. Irat. Mc

KFA Misc. Irradiation taperiant Perfomed at the Kernf orschungsanstatt (KFA), FRG Kernf orschmgsansta(t C.

Its Experiments Concerning the Decomisioned Reector KRB+ A, Gedremaingen, Germany Raterlats Engineering Assoc. Jc

KW Pt Copoitation of Cerman Irradiated RPV Onta for f ransfer to stC Kraftwerk Union
Cc

LAC fest teactor Irradiatione in Support of the Lacrosse Reactor 8;
C -AN Cerpilstion of Results f ross Atreating taperisents try S. Mcdonald
MEA-AN Post irrediation Annealing Experiments at katerists Ergineering Ass., Inc. (MEA) Materlats Engineerirq Assoc. Jc

MEA af Study of the influence of Fluence Rates on irradiatlon Embrittleacnt at MCA Materials Enginetring Assoc. Jc

usLit3 trradistion taperleents in Sqvort of the SR3 Reactor at Mot, Selgiua Materlats Engineering Assoc. A:
C<

mal-1 Test of Mydrogen Influence in steeta performed at Materists Research, Idaho
kRL 1 Exploratory irradiation Stu$les of A533, A543, ard A302 Steets at stL Naval Research ta6 oratory J<

atL 2 Irradiation Experisents with MS$1 Materiet at the Naval Research Lateratory Nevet Research Laboratory J<

att 3 Test of Irrediation Sensitivity for Comercial ard laiproved steets at WRL havet Research Laboratory J

utt 4 motch Ductility Degradation of Low Alloy Steels with Low-to Intermediate Fluence Naval Research Lateratory J<

wet Au investigation of Cyclic Irradiation and Arresting Ef fects in A533-3 Welds Naval Research Laboratory J<

att EP att EPt! Research Program (RP&S6 2) Naval Research Latoratory J

CetMF surveit tance Dosimetry leprovement Program, ORR P$F Metat turgical Irradiation Oak Ridge National Laboratory J.

Pt tDe tapriments in Swport of U.S. Power Reector Surveillarre Metet Properties Couril L

RAA Series of f aperiamts Performed at totts Royce Associates, LE. Rotts Royce and Associates Ic

SM 1 Experiments with Desmanstration Mett A533 Plates Navat Research Laboratory J.

SM-2 tap. w. $ptit-Metts to Study the Influence of Resi: bat Elements in A302 8 Steels kavat Research Laboratory J

SM 3 Esp. w. Split-Melts to Study the Influence of Residual Elements in AS43 Steels saval Research Laboratory J:

$N 4 Emperiments with $ptit Metts to Study ulcket-topper Interactions Materiets Engireering Assoc. J,

sM 5 taperiments with split-Metts to studr Cogver Phossborus Interaction Materiets Engineering Assoc. J.

SRM 1rrm$lation of Standard asference materiets in Power and Test Reactors ASTM J.

WE Steel trradiation Progrars 5ponsored by Vereto Deutscher Eisentottentevte Kernf orschmosanstat t 0.

YR trwestigations in 5 twort of the Tarsee Rowe Reector saval Research LaSoratory C,

34
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' TR.dbf

NORS LOCATION REACTORS

wasses..............................................................................................
. M:;L L, D.J. Seman Pittsburgh, PA ETR

l. Kass, et et. San Jose, CA hM3

3rionrut, P. Petrequin, P. $oulet, et al.
. Engir vvAR

2t f, D. 81L imann, et al. Geesthacht, Germany FRG-2

f tAl, Ch. Leita, D. Arrjers Erlangen VAX

. Newthorne

. l'anated, et al. Oak Ridge, TM Mf!R, ORR

Childress, W.J. Stettman Oak Ridge, TM
l. Stitzman, G.R. Berggren, et al. Oak Ridge, TN ORA

. %erated, G.R. Berggren, et al. Oak Ridge, fu 85R

. Tanstad, G.R. Berggren, et. al. Oak Ridge, TM B$R

. Tanated, G.R. Berggren, et al. Oak Ridge, TN 85R

Vieme, Austria
t. Dwiss, et at . Merwet t, omfort. hire, U.K. MERALD

Crtsovsky Plzen, Czechoslovakie WR

$. Debel Rosk ilde, Demark
PJtregJin, et at. Esclay, frarre TRif0N
Spaltnoff, et al. Geesthacht, Germany 7tG 2, KIS, VAK
. Sivaranskrishnan losesy, India CIRUS

Clyezoco ickyo, Japan JMTR

Pachur J0tich, Germany FRJ 1, FRJ+2 ,

#

t. Sawthorne Washington, DC UBR

Kcwas::ki, et al. Tokyo, Japan JPDR

Pachur JUlich, Germany FRJ-1, FRJ.2, MFR * !- ),

'. 7.awthorne La+am, PC UBR
~ _4

i j.V ' " s C, 3
'. $:rpen, Jr. LliR, UCAR

Mc0ornid
I. Kawthorm tanham, ho LSt

t. Newthorne tartam, *O l*R
f abry, at al . Larham, MD LER

t. Bririmen, J.M. Meeston ETR, MTR

t. Kawthorne Washington, DC Liit, MTR, UCRR

t. Cawthrrne Washingto% DC MTR, UCRR

t. h'wthorre Washington, DC UCRR

t. Newthorm Washington, DC l'et
', Nzathorne. M.E. Watsen, F.J. Loss Washingtcri, DC G;4

f. Tawth{rne, M.E. Watson Washington, DC tit

t. kwthiene, et al. Oak Ridee, TM
l. Steets, C.Z. serpen, Jr.
I. Williams, et al. Dertry, England O!DO, PERALD, PLLITO

P. Hawthorne Washington, DC ATR, 84, ETR, UCAR

I. Newthorne Washington, DC Llit, UER
I. h wthorru WashIngtcn, DC LifR
I. Hawthorre Lanhas, @ IBR

'. 7awthorne Lartasu, @ UER

t. N:wthorne
Pachur JOttch, Gerwany FRJ-2

'. $1rpan, Jr., J.t. sawthorne Washington, DC TR
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Table 20 Pai
$NF f,f t,@f ; Page 1

IAG E XP,10 PLANT,10 CAPSUL E NE AT,lD P90D,10 SPE C,0K l C$P,71 FLV,,f AG E FP,f ! ME f l ME,U F1, TATE C57,T E MP Uff30 UTY50 ULE J
...............*..=*........................................................................e..............................................
C BEf - Am ETR C7 PBETC$ P LT 1.830E * 19 450 130
C 6ET Am Ett C-7 P8E TOS P LT 1.590E * 19 450 130
C RET- AN ETt C7 F6E f Ds P LT 1.950E+19 450 130
C RET Am ETE C7 78E fDs P LT 1.590E *19 450 130
C SET AN Eft C7 PsE f o$ P LT 9,600E *18 450 130
C BET Am Ett C7 PEETDS P LT 1.730E 19 450 130
C BE T - Am ETR C7 P5E f Ds P LT 1.220E *19 450 130
C BEf Am ETt C7 PEE YOS P LT 1.51cE * te 450 130
C OE T - AN ETE C7 PBE TOU P LT 9. 800E * 18 450 35
C SEf AN Ett C7 PBE10U P LT 2.490E * 19 450 35
C $ET AW ETR C7 PSETOU P (f 1.200E * 19 450 35
C 8ET Au ETE C7 POE T OU P LT 2.880E *19 450 35
C 8ET AN Eft Ca7 PBE T OU P LT 1. 750E * 19 450 35
C SEf As Ett C7 PBE T OU P LT 5.500E+18 450 35
C SET Au (ft C7 PRE Y OU P LT 2.150E * 19 450 35
C SET Am ETE C7 Pst f oU P (f 9.600E * 18 450 35
C $WEXP NM3 101 F 9E340 F 2.000E*17 545
C SWEXP HK3 XO1 F E 28W F 2.000E * 17 545
C CWEIP NK3 101 FKp01 F 2.000E*17 545
C 3WaEXP MM3 201 PCPt 02 P ft 2.000E * 17 545
C BWExP NM3 101 PNA101 P ft 2.000E*17 545
C ButExP KM3 E01 Pul10x P TL 2.000E *17 545
C swtEEP NM3 E01 PvY,01 P ft 2.000E * 17 $45
C BWEEXP NM3 301 WCP401 W ft 2. 000E * 17 545
C Ba f xP MM3 vo1 WL102 W TL 2.000E*17 545
C BWREXP MM3 N01 WVY,,01 W TL 2.000E *17 545
C 4AEXP NM3 102 F98340 F 1.5 00E * 18 545
C 8Vt[XP NM3 x02 FE28W f 1.500E * 18 545
C 4AEXP NM3 x02 F LEM01 F 1.500E *18 545
C sdEXP NM3 XC2 PCPt02 P TL 1.500E*18 545
C BWREIP MM3 N02 PhA101 P ft 1.500E * 18 545
C edEEP MM3 IC2 PML10x P YL 1.500E*18 545
C svaEXP NM3 IC2 PYv,01 P ft 1.500E * 18 545
C sdExP MM3 102 WCPt 01 W TL 1.500E *18 545
C saExP MM3 sc2 WL102 W YL 1.500E * 18 545
C $wtEIP MM3 IC2 WRC1 W TL 1.500E*18 545
C swExp uM3 103 F 98340 F 3. 70Ct * 18 545
C $WRExP NK3 303 FE28W F 3. 700E * 18 545
C BAEAP MM3 XO3 F Km01 7 3.700E*18 545
C FAfrP MM3 IO3 PCPRC2 P ft 3.700E * 18 545
C taEYP NM3 XC3 PMA101 P TL 3.700E*18 545
C FAEYP NM3 K03 PML10x P ft 3. 700E * 18 545
C twtEXP HM3 K03 PvY,01 P TL 3.700E * 18 545
C swtEXP NM3 103 WCPA01 W TL 3.700E * 18 545
C swtExP KM3 103 6ML102 W TL 3.700E*18 545
C S AEXP kM3 103 WY,01 W ft 3.700E*18 %$
C CEA MELUS CucuCA Pf tA1A P LT 5.400E *19 s 0.25 Y 285 -44 13 -(
C CEA MELUS CNCUCA PF RA1 A P LT 6.560E*19 s 0.25 Y 285
C CEA MELUS CN3XA Pf 4A15 P Li 4.690E* 19 5 0.25 Y 285 39 25 3
C CE.A RELU$ CNCREA PF AA18 P LT 5.250E+19 1 0.25 Y 285
C CEA MELUS CNCUCA PftA1C P LT 4. 750E * 19 $ 0.25 Y 2E5 31 -13 -2
C CEA MELUS CMCUCA Pf tA1C P LT 5.320C + 19 3 0.25 Y 285
C CEA MELUS CNCUCA PFRA10 P LT 6.080E * 19 5 0.25 Y 285 -42 -32 -4
C CEA MELU5 CNQXA Pf tA10 P LT 7.37DE*19 5 0.25 Y 285
C CEA MELU$ CMOUCA PFR A1E P LT 6.060E * 19 1 0.25 Y 285 24 13 -[C CEA MELUS CMOUCA PTRAll P LT 6.690E * 19 8 0.25 Y 225
C CEA MELUS CNOUCA PFRAlf P L' 4.750E *19 5 0.25 Y 285
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ial listing of SHFT_TR.dbf
$MF1,Tt.ef t Page 1

LA>s t U tif30 11750 ftE35 tusE 1_f li Off30 Of f50 DLE35 DUSE OL .E_tEL i t MP,11 UsE,u REf,10 P AGE s softs. .. . .. .. ..f ! T..............................................Aas. . . . . . . . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
465 335 f f t tb WAPD fM-1D95 2; 3; 4; 17

460 330 F f t lb WAPD Tm-1095 2; 3; 4; 17

465 335 F fI*lb kAPD-Tu 1095 2; 3; 4: 17

460 330 F f t-tb kAPD-TM 1095 2; 3: 4; 17

440 310 f f t lb WAPD TM 1095 2; 3; 4; 17

450 320 f f t tb W APD * T M 1095 2; 3; 4; 1T
440 310 f f t lb wAPD-TM-1095 2; 3; 4; 17

450 320 F f t lb b APD-TM- 1095 2; 3; 4; 17

315 250 f f t lb wAPD TM-1095 2; 3; 4; 17

365 330 F f t lb WAPD TM 109S 2; 3; 4; 17

315 280 F f t lb WAPD TM-1095 2; 3: 4; 17
165 330 F f t-lb WAPD - T M - 1095 2; 3; 4; 17
365 330 f f t lb WAPO fM 1005 2; 3; 4; 17
340 305 f f t lb WAPD TM 1095 2; 3; 4; 17
365 330 F f r tb bAPo fu-1095 2; 3; 4: 17
340 305 F f t lb WAPD in 1095 2; 3: 4: 17

0 5 f f t lb EEDO 21708 4 11
18 10 F f t lb WED0-21708 4-11
0 2 7 f t tb WEDo-21708 4 11

75 0 F f t tb NEDO 21708 4 10
22 0 F f t lb WEDO-21708 4 10

5 4 F 1t tb WEDO-21708 4 + 10

0 0 F f t tb wEDO 21708 4 10
0 13 f f t Ib mEDO-217DS 4 11
0 8 e ft-lb mEDo-21708 4 11
0 10 f f t Ib uED0-21 MS 4 10

.

T.*I'=17 4 7 f t lb kEDO 21706 4 11
h.sI 4s " *18 5 F f t tb NEDO-21708 4 11

21 13 f f t lb NEDO-21708 4 11 w-

93 10 F f t lb WEDO 21708 4 10
" ''

35 0 f f t tb vtDo 21708 4-10
5 2 F ft-lb stDO-21708 4 10
0 5 F f t Ib mEpo 217c8 4 10 .

0 3 8 f t Ib kEDo-21708 4 11
65 19 F f t lb WEDO 217L8 4 11

0 3 F f t lb WEDo 21708 4 10 3

36 5 f f t tb kED0-217C4 4 11 OU'

46 8 F f t tb NEDO-21708 4-11 ' '
32 11 F gg.lb KEDO 21708 4 11

113 19 F f t tb mEDO-21708 4 10
30 0 F f t tb kEDO-21708 4 10
85 36 7 f t tb kEDo-21708 4 10

0 8 I f t lb uf DO 21708 4-10
18 0 F f t-tb NEDO 217U8 4 11

100 28 I f t tb WEDO 217C8 4 11
18 0 7 f t tb mEDO-21708 4 10

37 62 53 81 95 94 C J Asim sTP 725/20 22; 28
195 139 56 C J ASTM sfP 725/?0 22; 32

29 44 41 68 69 74 C J AsTN STP 725/20 22; 28
2C0 142 18 C J AsT4 tip 725/20 22; 32

11 20 16 42 32 44 C J ASTM STP 725/20 22; 28
192 169 23 C J AsfM stP 725/20 22; 32

-3 8 2 39 41 43 C J Asim STP 725/20 22; 28
184 139 -3 C J Asim STP 725/20 22; 32

19 50 44 63 63 65 C J Asim STP 725/20 22; 28
192 153 39 C J Asia sTP 725/20 22; 32
Z32 186 '4 C J Asf 41TP 725/27 22; 32

|
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Table 21 Partiallisti%
SNFTA f t#: '498 1 .

VTf 30 if(146 ( EP,19 Plast)$ CAP 1LA E stat)$ Pem)$ 5PE C,et t Cst)1 tsp)t* AstJAS Avs,ttar Ass,uss Ptant)$,e CAP 1Ut t,e c17,f t,e C57,1(ar,8
.

senee s e...e** es e s s ee e e ess eeeeeeeeeeeeee e==essee*s s ees s e eeeeeeeeee e*ese sseess ess eeeeeer****eeeeee*eseees ee *e**e nees se**meses *ese**esesse **=esomes e nesse. .e**= e. ene<

( EPg . As Wu III W Pt19 W TL 8.400E *18 288 AIF 42F 55 *14
'

g get As Was D1 d Pt 19 e it 8.600f *18 258 A18 427 1es 16

g ( Pt - As WAs D1 WPt19 W 14 8.600E *18 288 Alf 454 1.5 4
g gPt Am Wai D1 W Pt19 W ft 4.4M 14 268 Alf 316 2

i tre As Wu (31 WPtig W TL 8.600t e 18 288 All 34 168
g (Pt as was (It W P(19 W TL 8.6M * 18 298 313 343 184

( (Pt - as Wad IT1 d Pt23 V f( 8.400E e l8 238 All 343 164 21
g E pt As WEA III apt 23 W ft 8.400E *18 288 A12 399 168 21
g gPt As Was (31 d et23 W ft 8.600E *18 238 A13 3F1 44 25

( (PE As was (It a rt23 v TL 6.400t e ta 298 A14 399 1,1 -2*
I tet As Wu tal d eel) e It 8.40N * 18 288 All 399 26 -21
I g et -c e War til d Pt23 u 14 8.400E *18 288 A4 454 48 2'
L (Pt .u was tri d 923 e it 5.400E *18 288 418 427 168

2.'
g [ t - As W43 Est W Pt23 y it 6.600E *18 2a8 A19 454 1.5 2
( E Pe u Wu tul W Pt23 W 14 8 60Weil 288 alB 42F 4 2*
I E pt u W as D1 d Pt23 W ft 8.400E *14 284 Alf 34 2
g (Pt u Wu ft1 *E Pt23 W' TL 4.600E *18 288 all 314 48
( (Pe Am Was D1 dPt23 W fL 4.603 d8 288 als $45 18a

i t es As was tal W Pt23 w ft 8. sew 18 isa all QF 4
g (Pt As was D1 WPela W ft 6.400E *18 ISS att 343 las -67
g (Pe as Was D1 dPt26 W ft 8 400E *18 280 A12 399 48 . -4F
E tet As Was (21 W Pt26 y ft 8.6006 18 238 413 3 71 lef 6F
( IPt As WAR (If W PS 24 W TL 4.600(*18 288 114 399 1.5 6'

( (PR as W43 (51 WPt?6 W ft 5.600t * 18 288 A15 399 24 -e*
( (Pt as Was (It W Pt 26 y FL 8.600t e18 288 416 454 44 6*
I (Pt as WAA D1 det24 y it 8 &00E*ts 238 A18 QF 168 67
g (Pt As Was D1 W Pt26 # ft 6.600E *18 238 A19 454 1.5 47
( EPt As Wat D1 W PS24 W ft 3.400t *18 238 Att 47 24 47
g EPt As WA3 D1 WPt26 y TL 8.400E * lt 238 A1p 34 2
g ( Pt - as Was D1 WPt24 W ft 4.4CCE * 18 298 Ata 314 %8
E (Pt As WAS D1 er PS24 W ft 8 600E*18 208 Ale 343 laa
( (Pt- As Wat EU WPt19 W IL I.ID0f *14 298 423 III MS WAR EI2 I.70W 818 288 a4
( IPt As WAR E12 W N19 W fL F.700E *18 238 A24 (M M8 WAa 512 F.790E * 18 248 1d

I d et- As was to WPt 19 e it F.P00D18 288 A2s 47 u8 Wat (12 F. Fu e 18 2a8 4
( (Pt-u Was E12 W 8t l9 y it 7. 70N *18 220 A2A 3M 168 WAR D2 F.700t * 18 238 14
( (Pt u was EK2 W Pt 19 v TL F.700E *18 208 All 606 144 WAR D2 F,700t * 10 280 4
i Ept As WM 1G WPt19 y it 7.700E*18 258 A2C 4 34 us Wat (12 F.FDuf *18 298 ' . te

i Pt - as Was (4 dPt19 &23 y 1L F.70CE *18 238 323 3F1 168
tes Am Wu (12 WPt19 A24 y it F. FOX * 18 288 426 4% 148
iPe As Was ( 12 d Pt19 att v ft F.700t *18 2a8 8 28 627 48

E tet u Wu 112 det23 v 14 F.700E*18 2a8 a23 3 71 148 Was t12 P.700t*18 288 ett
E iPt-As was 62J WPt23 W TL F.700t e18 238 A26 4% MS Was (12 F. F00t * 18 298 21
( IPe as was D2 W Pt23 w it 7.700t *18 238 a28 QF 164 Waa D2 F.700t*18 280 21
( EPG AA Was (12 6t et23 # ft F 700D18 280 A2A 354 u8 WaA (12 F.700E *18 298 21
i E rt As WAa (Q W Pt23 y fL F.700(*18 288 A28 404 168 Wat $12 7.70W e 18 288 21
i EPe AN Wu tz2 W PP23 w it F.Fom et$ 288 A2C th %8 was tu F.FD0s 18 23e 31

I Pt - as was ( 12 d*t23 All e it F.70W *18 228 8 23 3 71 tes
IPS Aa was (12 W Pt 23 46 W ft 2.700E * 18 2A8 826 4% tes
EPt As WAA EQ WPS23 US e it F. 700t * 18 280 til QF 164

I ( Pt -as Was EI2 d Pt24 W it F.700t*18 298 A23 371 48 Was g g2 F,700E *18 284 47
i ( Pt < u Wat (12 dPt26 W TL F.?00( * 18 288 426 4% M8 WAR E12 7.700t e 18 288 6F
f EPt As Wu IQ M Pt24 W TL 7.?00E *18 298 428 427 144 Was E12 FJ0cg *18 288 -67
I (Pt as was Es2 d et24 e it 7.7006 e18 298 A2a 354 %8 Waa 112 F.700t *18 298 47
t (PE As WA8 lE2 delle W TL I. 700f * 18 ?$$ A29 406 %8 WAR (12 7. 70CE * 18 288 67
E (Pe - As Wai (12 d et26 v it F.7D0E *18 258 A2C 434 48 Waa II2 7.700g e18 230 67

tes As fru D2 det24 A23 y it F.700t e t8 2S8 e23 3*1 te8
(Pt as was s12 detta A?6 w TL F.7 DOE *18 298 als 4% 168
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i of SHFTA_TR.dbf
$sF1a,19.d>f 2 Pete 1

) til)$ IAfl30 47730 l AA T TM UL48 IU58
8 Ult,&#1........... .. 2..RJtt,A4 5

( Au5 1Afv51 TiaP,u Lfst,u ti f,lD PAGil sof t $
o......................................... . ............................................................................,4...
0 97 4 a5 13 SF 26 91 34 C J trat p-2712/v2 P9
0 97 6- 77 83 57 26 85 28 C J EPet p 2792/v2 79
P 97 27 54 . 83 57 26 72 15 C J EPts ar 2712M t9

C EPfl sP 2712/V2 G 269 flestLt Outt
C (Pt! 4P-2712/v2 6 249 flustLE tatt
C (Pil NP 2712/v2 4 269 Stastt! cwty

6 72 38 13 91 M 2P 79 15 C J (Pel st 2712/v2 7 10
C. F2 2 49 91 M 27 89 25 C J trtl uP 2712/v2 7 10
9 72 to 27 91 M 27 83 19 C J IPal sP 2F12/Y2 7 10
0 ft 11 40 91 M 27 82 18 C J f rst up 2712/v2 7 10 '

8 F2 22 29 91 M 27 81 1F C J (Pti aP 2712/v2 T 10
0 T2 12 63 91 M 27 96 12 C J (Pel sP 2712/v2 7 10
0 72 1 50 91 M 27 95 31 C J (Ptl uP 27t2/v2 7 10
0+ 72 7 && 91 M 27 87 23 C J tttl sP 2712/v2 7 10
Q 72 4 55 91 64 27 92 28 C J (Pel EP 2712/v2 F 18

C IPtt EP 2712/v2 6 249 fle$1Lt artt
C Erst uP 2712/v2 4 269 flestLt amLt
C (Pfl p 2712/v2 6 269 itsf1LE gutt
C EPt! aP 2h2/V2 6-269 TisstLa Orig

9 60 9 2 180 134 'I 154 14 C J IPal sP-2712/v2 7 11
9 ed 24 17 180 138 42 154 16 C J IPt3 p 2n2fv2 P 11
9 60 -25 14 180 138 42 163 25 C J (Pel ur 2712/v2 P 11
9 60 29 22 140 134 42 161 23 C J teti uP 2F12/v2 fallp 40 25 18 180 134 'I id 31 C J (Pel eP 2712/v2 F 11
p e4 62 55 180 133 42 170 32 C J (pas p 2M2/Y2 7 11
P to 52 65 140 13a 42 176 34 C J ttti sP 2712/v2 7 11
p 30 41 M 130 133 42 160 2 C J (Pts uP 2Fi2/v2 7 11
p- ga .M 29 150 134 42 171 13 C J (Pel EP 2712/W2 7 11 '

C EPts up 2M2/v2 4 249 fissist tutti
C f*tj p 2712/v2 6 269 itsstLE cuLv
C EPtj EP 2712/v2 $-249 Tis 5ILE ONLT

35 g3 54 C J (Pet uP 2712/Y2 79
2g g3 66 C J 1711 uP 2F12/v2 F9
32 43 W C J EPtj uP 2N2/v2 7-9

',

32 43 90 C J tret up 2712/v2 79
66 13 59 C J EPti uP 2712/Y2. F-9

,
'

24 33 - 4F C J EPel uP 2712/Y2 F9
45 20 54 'O I C J EPil EP 2MZ/v2 7-9 if s'.4 #f {g y Q;. E11 39 g 80 4 C J gPtg gr 2712/y2 79 3

'

10 22 49 F6 F C J EPel sP 2712/y2 7-9
49 91 73 C 4 (PtI gr-2M2/v2 7 10 [$ O g*[ D 7 > 2

%fuisk12 91 95 C J (Pel ar 2712/v2 F 10 # *
17 91 90 C J (Pti sp 2712/v2 7 10 gm g n.73 91 48 C J (Pal EP 2M2/V2 7 10

*(#2 % u 6 i
M

1;.45 91 ?B C J EPel uP 2712/v2 F 10 3 k k#
27 91 F5 C J EPRI NP-2712/v2 F 10 I U

F 1,0 ! .100 Avn!!s,ia,y On
33 4 73 40 ? C J tral p-2712/Y2 P1
10 22 Ti iH is C J IPts p 2n2m
4 61 90 M 0 C J 1P91 p*2h2/v2 7 10 $1 >

i3 no 135 C J- Ptl aP 2n2/v2 Pn N
.h 3 M.O

,

40 tas lef C J IPtt aP 2712/v2 T 11 g
1r 1:0 162 C J IPts p 2nl/v2 7 11 ,
9 180 129 C J EPtj eP 2M2/v2 7 11
2 tw 160 C J (Pti e-2M2/v2 7 11

29 180 145 C J ttti ar-2712/v2 F 11
-

8 5 135 1M 11 & J tres ar 2712/v2 ~ 7-11
-45 25 47 1 12 15 C J IPil p 2h2/v2 F 11

g _ _ _ . - . - . _ - _ - . _ _ _ - - _ , , . . , - , , . . . . . _ . . . . .
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Table 22 Partial listin
tufft,ft! Pope 1
E EP.,10 Ptamf..............,10 CAP $utg NEAT,ID PRCD,l0 $PE C,Ctl C5 F1 FLU FAG EFP...............................................(.............,.........jint f lME ,U f1, RATE C50

...............................NFtt nFtt 22 Fuft02MB2 7 ST 5.260(*17 A 15.p i 1.110E*09ufjt NFit 32 FuftC?n83 F ST 4. 880E * 17 A 15.0 v 1.030E+09 4uftt MFit 6-3 Fart 01 F YL 1.850E *17 A 1T.5 Y 3.340E+06 9NFit MFit 51 Puft01 P Li 1.890t+16 A 15.0 y 2.5%t +07 5NFIt nFit A rf PpFROI P LT 1.150E* 17 A 15.0 y 2.430t*05 0NFit Mrit A X2 PNFf01 P LT 1.340(*17 A 17.5 7 2.430t+08 4nFit NFIR 9 X1 FWFA01 F fL 3.440E * 16 A 2.1 Y 4.660t+06 0MFit NFit I-X2 FNF801 F ft 9.900t * 16 A 4.4 7 4.990E 06 9
mfit NFlt B 13 FmF201 F TL 2.310E *17 A 13.0 V 4.890t+0s 9
NFJR NFit 6 24 FMFR01 F TL 4.010(*17 A 17.5 Y 7.270t*08 $'
nFit nFit C X1 fnft02Ht2 F ST 8.200f *16 A 2.3 7 1.100E*09 T-MFit HFit C X2 FhfR02MB2 7 57 2.2ME * 17 A L4 7 1.100t+09 4
KF i t WFlt C 13 FFM 802FS2 F ST 4.14DL + 17 A 17.5 T 1.100E*09 9
nFit NFit D.x1 f n F t02m83 F 57 9.550E * 16 4 2.3 Y 1.290E *09 9MF!t Nilt D 12 InFf0?M33 F 57 2.840(*17 A 6.4 7 1.400(+09 $"MF14 NFit D u3 FNF202mB3 F ST 7.f20E*17 A 17.5 Y 1.03DE *09 Fpfit CD12 AFC.3 PnF801 P TL 2.340E * 18 A 70.0 n 9.590t*12 9PFIR oet NFC.4 Fnft01 10 P 15 2.340(*18 A 70.0 a 9.590t 12 t#Fla OER NFC-P1 PNFt01 P tf 2.340t * 18 A 70.0 m 9.590E*12 inFra Ca t nFC.W1 wwFt01 W TL 2.340E * 18 A 70.0 a 9.590t*12 9=712 ont aFC.W2 Wur202 W TL 2.340(*18 A 70,0 a 9.590E *12 9WE FtJ 2 x01030 F WE CO F L5 1.000t*19 A 30WE F8J 2 201030 FWECO F LS 1.000E * 19 A 30WE FtJ 2 X01C30 FWEN F ft 1.000E 19 A 3rWE FRJ-2 N01030 FWE CO F TL 1.000E 19 A %voE FtJ.2 x01030 pu$503 MAZ ft 1.000E*19 A 30VDE FRJ 2 101030 nnss03 MA2 ft 1.000(*19 A 30.WE FtJ 2 x01030 HvDE08 MA2 ft 1.000(*19 4 30V0E FRJ 2 XC1030 MWEOS MA2 TL 1.00ng*19 4 30.WE FRJ 2 Y01030 kveE0C hAZ TL 1.000E*19 A 30'WE FRJ 2 101030 K@E OC MA2 TL 1.000E * 19 A 30'WE FtJ 2 N01030 wveE00 nA2 TL 1.000E * 19 A 3D1WE FtJ 2 X01030 NYDECO MA2 TL 1.000E 19 A 30WE FtJ 2 x01030 PWE06 P LT 1.000E * 19 A 30WE FRJ 2 201030 PWE OS P Lt 1.000E*19 A '

3CWE FRJ 2 101030 PWED6 P ft 1.0001 19 A 30 'WE FRJ 2 101030 PWEOS P TL 1.000(*19 A 30 -WE FtJ 2 N01030 PWEDC P L7 1.000E * 19 A 34,WE FRJ 2 x01030 PWEX P Li 1.D)DE * 19 A 30WE FtJ-2 x01030 PWEOC P ft 1.000E*19 A 30 ;WE FRJ-2 X01030 PWEOC P TL 1.000E *19 A 30 ;WE FtJ 2 X01030 SusS02A sen LT 1.000E.19 A 3(KWE FRJ 2 101030 sws$02A 544 Lt 1.000E+19 A
i 3CK .WE FtJ 2 301010 sus 502A stM ft 1. 000E * 19 A 3(KWE FtJ 2 X01030 SNS$32A sem il 1.000(*19 A S0i ,WE FtJ 2 301030 WW5503 W TS 1.000E * 19 A 30s.WE FRJ-2 x01030 wws503 W fs 1.000t * 19 A 30 |WE 78J 2 301C30 WDEDS W IS 1.000f *19 A 30' ;WE FRJ 2 K01030 WDfoe W Ts 1.000E.19 A 3NiWE FAJ 2 K01030 WWE0C W is 1.000(*19 A i 3V. :WE FtJ 2 x01030 WWEOC W 15 1.000(*19 A
| 3(K 1VDE FtJ-2 301030 WDE00 W 15 1.000C+19 A ; 30CfWE FRJ+2 K01030 WDE00 W 11 1.000(*19 A 300WE FtJ 2 N01040 FWE CC F LS 1.000t*19 A I 400;VDf FRJ 2 101!MO FvDEfc F LS 1.000(*19 A 400,WE FRJ 2 201040 FVDECD F TL 1.000E * 19 A 400-WE FRJ 2 x010 0 FvD(CD F TL 1.000(*19 A 40C'

I
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22 Partial listing of SHFTX_TR.dbf

(U F1,tatt csp UffX !Ytt Dfft it,0ff ff,DEF,U ftMP
.................. YtmP.................................................. U t t F,,t D PA0t s 80fts

...............................,..............................
1.110t+09 95 -79 % 30 FI-te C Asim s!P 1066 21 Also cast /in-11.030t*09 95 -62 54 30 FT-Ls C ASTM sfP 1046 21 ALSO mvL/in-13.340t+08 95 62 33 15 FT La C Asim sfP 1 m 21 ALs0 Cm4L/in 12.530E+07 95 -21 11 15 FT t8 C Asim sfP 1046 21 Also CanL/fm-12.430E*08 95 -21 29 15 Ff La C Asim sip 1046 21 ALs0 Orut/In-12.430E*08 95 -21 42 15 FT La C Asim sTP 1046 21 ALs0 CamL/fm 14.660t*08 95 62 10 15 FT La C Asim sfr 1046 21 Also CRWL/im-14.89Ct+0S 95 -62 17 15 FT t3 C Asta sfP 1046 21 ALSO ORut./f u-14.890t+0S 95 -62 33 15 F1-te C Asim sfP 1C46 21 Also CNNL/in-1
7.27DE *08 95 62 35 15 FT Le C Asim sf71046 21 ALs0 OGL/fm 11.100E+09 95 M 14 30 FT Ls C Asfa sfP 1046 21 AtS> MmL/im-11.100t+09 95 -79 29 30 FT-ts C Asim sie 1046 21 AL'.0 CamL/in-11.100t+09 95 - 79 66 30 FT La C Asim str 1044 21 ALSO ORwt/in-1
1.290t+09 95 62 9e 30 FT te C Asim sfP 1046 21 Also Cast /im-11.400t+09 95 62 33 30 F1-L3 C Asia sfP 1046 21 ALSO C84L/Tu 11.03';t *09 95 62 64 30 FT Le C Asim sfP 1046 21 Also otut/im 19.5CCt+12 95 -12 47 15 FT ts C Asim sfP 1046 21 ALs0 ORmL/im 19.59Ct*12 95 21 56 15 FT ts C Asim sip 1046 21 ALSO cast /im 19.590t*12 95 21 % 15 FT La C Asim sfP 1046 21 ALSO Oeut/in 19.59et 12 95 -18 44 20 FT-ts C Asim stP 1046 21 ALs0 caut/In 19.590E*12 95 -21 47 20 Ff te C Astu sfP 1044 ?> ALs0 ORut/im 1300 73 -de 3.5 MK/c2 C stalcut stemARY TABLE 8; PP.15415

300 -65 -52 5.2 M/C2 C stattat stamAaf f a8LE 8; PP.156157
300 - 75 70 3.5 NK/C2 C sit!CNT SL8HAAF TABLE 8; PP. 156 157
300 -65 40 5.2 m(/c2 C stalCMT stemAtf TABLE 8; PP.1% 157
300 64 -50 3.5 M/C2 C stilCNT SLDowtY TA8LE 2; PP, 33 343M -58 30 5.2 mK/C2 C stalcui SL* NARY T ABLE 2; PP. 33 34
300 -47 7 3.5 M/C2 C sta!CNT streuti 1ASLE 4; PP. 70-71
300 37 1 5.2 M/C2 C sittCNT stemAAT TA8t! 4; PP. 70-71
300 90 26 3.5 M/C2 C SERICn1 SL*entf TABLE 6 PP.112-113300 -68 5 5.2 MK/C2 C stilCNT stenART IA$tt 6; PP.112-113
300 55 -90 3.5 M/c2 C sititui SL>etARY TA8LE 8; PP.156157 A M M.73 i N300 34 -45 5.2 M/c2 C stalCwt sL>ewtf 1Ast! 8; PP. 156 157 F 'd - " *
300 24 2 3.5 MK/C2 C set! Cat S.Powty TA8ti 4; PP 70 71 .t Q C F , f il300 15 14 5.2 M/C2 C stalCat sLbouRY TA8tt 4; PP. 70-71 & ha1 * W * i e-
300 -21 -2 3.5 MK/C2 C sititwT stpewtf TA8tt 4; PP. 70 71 a ? al* B300 -14 6 5.2 M/C2 C stalCMT stPmARY 1 ABLE 4; PP. 70 71 k/["i[b300 87 60 3.5 M/c2 C SEttcui steMAAY TAst! 6; PP.112113 )

1

300 65 40 5.2 M/c2 C stalcut sLsoutY TA8LE 6: PP. 112 113300 80 55 3.5 mK/c2 C sit!Cui stemAAT TABLt 6; PP.112113 M O A W1U3 Mt3 C D! 300 65 40 5.2 mK/c2 C stalcut sLpowtf TA8LE 6; PP.112113 peggg;7g Cgyd300 -16 1 3.5 NE/C2 C stilCNT siseutf TAsLE 2; PP. 33-34 r
300 5 28 5.2 M/C2 C stalcut SL9 MARY TA8LE 2; PP. 33 34
300 15 7 3.5 MK/C2 C sit!CNT SLA+wtf TABLE 2; PP. 33 34
300 1 23 5.2 MK/C2 C stalcui strewtY TABLE 2; PP, 33 3(
300 -68 30 3.5 M/C2 C stattat stanAAY TABLE 2; PP. 33 34
300 62 -13 5.2 M/C2 C stilCMT SLbmAAY TASLt 2; PP. 33-34
300 -43 -23 3.5 M/C2 C SERICNT st**uRY TAsLE 4; PP. 70 71
300 *37 -8 5.2 MK/C2 C stelCNT stamAAY TA8tt 4; PP. 70-71
300 -43 25 3.5 M/C2 C stalcki sumAAY TABLE 6; PP.112113300 32 44 5.2 MK/C2 C steltui stemAaf TABLE 6; PP.112113
300 -43 45 3.5 ME/c2 C stalcuf SL)eu2Y IA8(t 8; PP.156157
300 -30 -20 5.2 MK/C2 C stelC#7 sLpouRY TA8tt 8; PP.1% 157
400 73 46 3.5 MK/C2 C stalCxt stanAav TA8tt 8; PP.156157
4CC 65 33 5.2 M/C2 C staiCut sLmoutf TAst! 8; PP. 156 157
400 75 60 3.5 M/c2 C stalCwi sumAaf TAstt 8; PP.156157400 -65 -40 5.2 M/C2 C staltui SL**uaf TA4LE 8; PP.156157

7 03| 03//- )
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Table 23 Partiallisting of RAW Cj
_

RAV C TR.cR>f: Page 1

TAG EXP_ID PLANT _ID CAPSULE NEAT _ID PROD _ID SPEC SPEC TST
......................................................... ORI.......... lD......... TEMP T S T,,IEMP,,U IMP IMP...................... E. . . . . . . .
* BET-AN ETR C7 PBET05 P LT $07 280.0 F 6.0 ft*

BET AN ETR C7 PSETOS P LT 506 325.0 F 5.0 ft-
*

* BET AN ETR C7 PBETOS P LT $14 350.0 F 13.0 ft-* BET AN ETR C7 PBETOS P LT S20 350.0 F 10.0 ft-* BET-AN ETR C-7 PBETOS P LT SO4 400.0 F 24.0 ft-
BET AN ETR C-7 PBETOS P LT $11 400.0 F 12.0 ft-

*

* BET AN ETR C-7 PBETOS P LT $15 4 00.0 F 18.0' ft-'* BET AN ETR C7 PBETOS P LT S02* 425.0 F 24.0 ft-* BET AN ETR C7 PBETOS P LT S13* 425.0- F 29.0' ft -* BET-AN ETR C7 PBETOS P LT S16 425.0 F 38.0. ft-* BET-AN ETR C7 PBETOS P LT S18* 425.0 F 22.0 ft-(* BET-AN ETR C7 PBET0S P LT S27 425.0 F 23.0 ft-(* BET AN ETR C-7 PBETOS P LT SO9* 440.0 F 28.0 ft-QBET-AN ETR C7 PBETOS P LT S03* 450.0. F 41.0 ft-Q
*

* BET-AN ETR C7 PBETOS P LT SOS * 450.0 F 28.0 ft-Q
BET-AN ETR C7 PBETOS P LT S10* 450.0 F 23.0 - f t-Q

*

* BET AN ETR C7 PBETOS P LT S24 450.0 F '25.0 ft-Q* BET-AN ETR C7 PBETOS P LT . $26 450.0 F 22.0 ft-Q
BET AN ETR C-7 PBET05 P LT S29' 450.0 F 33.0'ft-Q

*

BET-AN ETR C-7 PBETOS P LT S31 450.0 F 25.0 ft C
*

* BET-AN ETR C7 PBETOS P LT. SOS * 475.0 F 36.0 ft*G* BET-AN ETR C-7 PSETOS P LT SIT * 475.0 F 33.0 ft G* BET-AN ETR C-7 PBETOS P LT $19 475.0 F 43.0 ft*G* BET-AN ETR C-7 PBETOS P LT S21 475.0 F 33.0 ft-@
BET-AN ETR C-7 PBETOS P LT S22 4 75.0 F 23.0 ft S

*

* BET-AN ETR C7 PBETOS P LT S23 525.0 F 37.0 ftd* BET AN ETR C7 PBETOS P LT $25 525.0 F 37.0 ft G* BET AN ETR C-7 PSETOS P LT S01 550.0 F 69.0 ft 6* BET-AN ETR C-7 PBETOS P LT $12 550.0 F 57.0 ft$* BET-AN ETR C7 PBETOS P LT S28 550.0 F 58.0 'ft-Q* BET-AN ETR C7 PBET0S .P LT $30* 550.0 F 33.0 ft B* BET-AN ETR C7 PBETOU P LT 001 185.0 F 12.0 ft-Q* BET AN ETR C7 PBETOU P LT U19 250.0 F 8.0 .ft l.* ~ BET AN ETR C-7 PBETDJ P LT U24 250.0 F 7.0 f t tfi
* BET AN ETR C7 PBETOU P LT U27* 250.0 F 7.0 f t t-'

* BET *AN ETR C7 PBETOU P LT U31 275.0 F 11.0. ft l* BET AN ETR C7 PBETOU P LT U10 300,0 F 20.0 ft 1* BET AN ETR C7 PBETOU P LT U26 310.0 F 12.0 ft t* BET AN ETR C*/ PBETOU P LT U30. 320.0 F 9.0' ft L* BET AN ETR C7 PBETOU P LT 002* 325.0 F 18.0:ft t* BET AN ETR C7 PBETOU P LT 004* 325.0 F 43.0 ft l* BET *AN ETR C-7 PBETOV- P LT U11* 325.0 F 38.0 ft t* BET AN ET' C7 PBETOU P LT U12* 325.0 F 31.0 f t lf* BET AN ETR C7 PBETOU P LT U15* 325.0 F 24.0 f t l'
BET AN ETR C7 PBETOU P LT U14* 350.0 F 29.0 .ft 15

*

BET AN ETR C7 PBETOU P LT U17 350.0 F 18.0- ft lb
*

$. BET-AN ETR C-7 PBETOU P LT U23* 350.0 F -29.0 f t th
-

*

* BET AN ETR C7 PBETOU P LT U29* 350.0 F 28.0 ft td
* BET AN ETR C-7 PBETOU P LT U08* 355.0 F 42.0 ft t-* BET AN ETR C7 PBETOU P LT UO9 360.0 t $1.0 ft t* BET AN ETR C7 PBETOU P LT UO5 375.0 F 60.0 ft t-* BET AN ETR C7 PBETOU P LT- 007 375.0 F 47.0 ft t

fttf
* BET AN ETR C7 PBETOU P LT U21*- 375.0 F 41.0* BET AN ETR C7 PBETOU P LT U25' 375.0 F 22.0 ft t-* BET-AN ETR C7 PBETOU P LT 006 400.0 F 56.0 ft-t-* BET-AN ETR C7 PBETOU P LT U16 :400.0 F 42.0 ft t-* BET AN ETR C7 PBETOU P LT U18 400.0 F 42.0 ftl%

1
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dbf.

4_U TRACT _ APP LAT_EXP L AT_E XP_U C$P_F1C$P_1EMP CSP _TE MP_U
..................................................................

1.240E+19 450 F

1.220E+19 450 F

1.560E*19 450 F

1.660E+19 450 F

1.150E*19 450 F

1.460E+19 450 F

1.560E+19 450 F

8.500E+18 450 F

1.490E+19 450 F

1.590E+19 450 F

1.650E+19 450 F

1.900E+19 450 F

1.390E+19 450 F

9.200E+18 450 F

1.350E+19 450 F

1.390E+19 450 F

1.730E+19 450 F

1.880E+19 450 F

2.100E+19 450 F

2.510E+19 450 F

1.150E+19 450 F

1.590E+19 450 F

1.650E+19 450 F

1.660E+19 '.50 F

[]te]tJ f'*Q1.7WE* 19 450 F

1.700E+19 450 F
at

Ogd(h]'[[.;f1.730E+19 450 F

8.300E+18 450 F '""~

1.460E+19 450 F [ Oj[k[[
1.950E*19 450 F F
2.290E+19 450 F

7.800E+18 450 F A!ca la:P)lable m
1.950E+19 450 F A p,37|g g (;p g
2.370E+19 450 F

2.530E+19 450 F;

2.930E+19 450 F

1.120E+19 450 F

2.510E+19 450 F

2.730E+19 450 F '

8.100E+18 450 F

9.000E+18 450 F

1.150E+19 450 F

1.270E+19 450 F

1.660E+19 450 F

1.500E+19 450 F

1.880E+19 450 7 ,

'

2.290E+19 450 F

2.630E+19 450 F

1.020E+19 450 F

1.050E>19 450 F

9.000E+18 450 F

9.200E+18 450 F

2.170E+19 450 F
'

2.390E+19 450 F

9.000E+18 450 F

1.730E+19 450 F

-
1.900E+19 450 F

WO3/ N ~~ O
1"" ) .
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Table 25 Partial listing of TEN _TF

fl u,f t .d>f Pope 1
PLAmt,10 CAPSUtf MEAT PR00,10 SPEC,0tl f5P F1 ISP,ftMP SPEC,80 f 5f,,f EMP TEMP,U T$L isu UTS SitG

..............................,fD............................................................. .......................................EXP ,ID

25 C 462.0 194.0 MPs
CEA FrtAA2 F f

CgA sitAt2 7 r 290 C d6.0 592.0 MPs

CIA PFRAtt P f
25 434.0 583.0 uPe

CkA PFRAA1 P 1 290 410.0 581.0 MPa
af C 526.0 599.0 nPe

CtA WFRA00 W T
at f $29.0 6C2.0 MPs

CEA W'RA01 W 7
RT C 516.0 581.0 MPs .

CEA WFRA02 W f

c.EA WFRA03 W t
af C 538.0 616.0 MPs
ff C 556.0 627.0 MPs

CIA witA04 W 1
at C 482.0 568.0 MPa i

CEA WrtA05 W f
it C 456.0 546,0 nPo'

CE A witAD6 W f
21 C 514.0 607.0 MPa

CIA WfLA07 W T

CIA WFRAC8 W 1
RT C 542.0 627.0 MPs-
at C 517.0 627.0 MPs,

CIA WitA11 W 7
Rf C 433.0 555.0 pe ;

C{A WFRA12 W f
af C 470.0 584.0 MPe:

CgA WitA13 W T
et C 480.0 601.0 nPe.

CEA WreA14 W f
CtA V7LA15 W t

af C 426.0 548.0 v Pae

CEA TRITCm KI fitAt2 F T 3.100E.19 290 70 C 550.0 665.0 MPs.

CEA f t 1T(as rx (+1AA2 F f 3.1006 19 290 290 C 504.0 634.0 MPs

CEA ftlfom AI PftAsi P 7 3.100(.19 290 80 C 494.0 633.0 nPa

CI A TelTCm EM 'ftAA1 P T 3.100t*19 290 290 C 470.0 631.0 aPo

(Pt At WEPT 19 W T tie 32 7 75.0 91.0 kst-

(Pt.Am WEPT 19 W f if10 75 7 67.0 86.0 kat;

Ert-Am WPt19 W T EES 75 7 71.0 89.0 koti

f.Pt Au WEPT 19 W T EE3 120 F 71.0 87.0 kol

EPt.Am WPe f 9 W f gE1 200 F 67.0 63.0 kvi'

(Pt Am WEPen W t t'E12 200 8 68.0 82.0 kal-

EPt.Am WPt'* W T Et2 300 7 66.0 81.0 6st'

EPR Am WEPfl9 W T (E6 400 F 64.0 80.0 kel;

tet Am WEPT 19 W i EE7 550 7 64.0 81.0 kat-

tet.As vtPt19 A11 W T ET 75 f 73.0 91.0 kel

EPt Am F.Pt19 All W 1 E8 M f 67.0 83.0 kal,

WEPT 19 A15 W f a6 75 8 76.. 91.0 tol

(Pt.Am WEPT 19 A$8 W T 14 M f 78.0 93.0 kat(Pt.Am

(PR-Au WEPT 19 A1F W T 15 75 7 29.0 102.0 kol

EPR Am WEPT 19 A1G W f (1 75 7 88.0 103.0 kat

EPt.As WEPT 19 Als W f (2 5 F 78.0 92.0 kst

(Ps.Am WEPT 19 A31 W T (25 75 7 90.0 111.0 het

get As W Pt19 A33 W 1 (26 M F 94.0 106.0 kel

EPR.Am WPt19121 V t (18 75 7 72.0 91.0 kst

EPR.As Wtrt19 #23 W 7 519 M f 87.0 102.0 ks0;

[Pt.Am WE Pt19 128 W 1 til 75 F 76.0 92.0 ks0;

fpt.Au W Pt23 W f PP4 32 F 68.0 86.0 ksQ'

IPt.Am WPt23 W 7 PP5 75 7 63.0 68.0 kst

(Pe Am WPt23 W f PP10 75 F 66.0 84.0 ks]
(PR AM WEPT 23 W T PP3 120 F 64.0 83.0 ks]

EPt+Am WPt23 W 7 Po1 200 f 62.0 78.0 ks0

(Ps . As WEPT 23 W T PP12 200 F 61.0 77.0 ks0

EPt As WPt23 W f P92 300 f 59.0 76.0 kaf
*.j.J

Ert Am WEPT 23 W 7 PP6 400 f 57.0 77.0

Ert.Am W Pt23 W f PP7 550 F 57.0 7/.0 ks3

tet Au WEPT 23 A11 W 't PF 75 F 70.0 72.0 ksC

(Pt Am Wirt23 A11 W T P8 M P 64.0 80.0 ks3

(Ps.As WPt23 A15 W 1 P6 M F 68.0 84.0 ks3

(Pt Am WEPT 23 A18 W f P4 75 F 73.0 91.0 ks3

(Pt.Am WEPR23 A1F W 7 PS 75 P 82.0 77.0 ksC

,
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J.dbf
i

ULG f t.G RA $PTC_01AM GAGE ,Lte 10TAL_LEN LENGTN U tif,10 PAGfs

h; .Uesese.co..................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asfu STP 419/64 65; M

f AsTN STP 819/64 65; 66
Asia sTP 819/64 65; 66
AsTN sTP 819/64 65; M

22.0 74.0 50 m ASTM STP 782/392 397

26.5 74.0 50 == Asim sTP 752/392 397

26.7 73.5 50 m Astm sit 782/392 397

25.0 70.0 50 m Asia sTP 782/392 197

23.6 69.5 50 am Asia sTP 782/192 397

26.7 70.0 50 m ASTM $1P 752/392 397

26.6 68.0 50 m Asin STP 782/392 397

27.0 49.5 50 m Asin sTP 782/392 397

24.8 66.0 50 em Asin sTP 782/392 397
Astu $7P 732/392 397,

20.3 50 men

28.8 70.0 50 me ASTR sTP 782/392 397

27.6 64.5 50 se ASTM sTP 782/392 397
AsTu STP T82/392 39728.1 68.0 50 m

31.0 T0.5 50 se Asta sTP 782/392 397
AsTR STP 819/64 65; M

g' ASTR STP 819/64 65; 66
ASTN STP 819/64 6$; 66
ATTN STP 819/64 65; 66

feet sP 2712/V2 6 247
11.0 24.6 63.0 (Pt! uP 2712/V2 G 247
12.3 22.3 51.0 iPit eP 2712/v2 G 24T10.3 23.3 63.0 test sP 2712/V2 G-2479.9 24.4 63.0 sPet up 2712/v2 G-2478.6 21.2 63.0

fg, Jg Q), ,wQ
E gAPat me 2712/w? G 24711.3 27.4 55.0 44rtPtl VP 2712/v2 G-2478.6 20.0 60.0 EPt! re 2712/v2 G 247 e

[v"gMI %A *>f Q W9.6 20.3 60.0 EPal uP-2712/v2 E 247 $ P L+#" -8.8 16.9 55.0 (Pal up 2712/v2 G-26912.1 25.6 61.0 EPt! up 2712/v2 G 249 k #1 A Y% rh
Dl*f fdl,J11.1 22.9 61.0 Ital mP 2712/v2 G 249 4: 4

9.8 '9.9 58.0
EPt! uP 2712/v2 G 249 'I11.3 '2.6 61.0
EPat NP 2712/v2 G 249

11.1 22.4 57.0
EPal NP 2712/V2 G 249 [[g [gtgygO N11.9 22.3 61.0 EPRI kP 2712/v2 G 249 f,

10,4 19.1 17.0 rJM NIJf0 (CfdEPts mP 2712/v2 G 251
10.9 22.7 61.0 EPt! mP 2712/v2 G 251't.T 21.3 56.0

EPal mP 2712/v2 6 251
11.3 23.3 58.0 EPt! MP 2712/v2 G 251
12.2 23.8 56.0 EPal NP 2712/v2 G 25112.2 24.5 58.0
13.1 27.3 68.0 4.52 em IPt! NP 2712/v2 G 253

13.1 26.8 63.0 4.52 se Ert! aP 2712/v2 G 253

15.0 27.8 65.0 4.52 aus (Pet kP 2712/v2 G 253

' 11.1 25.1 63.0 6.52 m EPal mP 2712/v2 G 253[

11.2 23.8 65.0 4.52 m Ertl sP 2712/V2 6 253

10.3 21.3 63.0 6.52 m Erst sP.2712/v2 G 253

10.4 21.8 63.0 4.52 m EPt1 NP 2712/V4 G 253

10.7 21.2 63.0 6.52 m EPel mP 2712/v2 G 253

8.8 18.0 60.0 4.52 mm 1711 WP 2712/V2 G-253
Etti nP 2712/v2 G 25512.8 25.0 63.0
EPfl NP 2712/v2 G 25511.3 22.6 59.0
test NP-2712/v2 G 25510.0 20.5 59.0

11.3 24.4 59.0 tres me.2712/v2 G 255
EPal mP 2712/V2 G 25511.3 23.3 59.0
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Table 26 Listing of R_LST_TR.dbf
R_LST_TR. 4ft Page 1
TAG PLANT _tB REAC,TTPE REAC,4AME

.................. .. ... .. ..... ...... . LOCAftDN... r ... ... ...... . .. .............. .. . .. ..
PLANT,0E1PLA41,OP

ATR TR Advanced Test Reacter ..
Weehtneton, DC Novel Regeerch LaboratorySGR TR trookhaven Graphite Reacter

Brookhaven National LaboratoryBSR TR Butt Shletding Reacter ook Ridge, Temessee ook Ridge motionel LaboratoryCtRUS
BARC, indletyTR TR Carolines Virginia Tube Reactor Perr, South Caroline

C100 DIDO peevy Water Reeeerch Reactor Waruett, U.K. AERE perwett, U.K.ETR ft Engirwering Test Reector
Settle Atomic Power LaboratoryFRG 2 TR Forsch e e Weekter Geesthocht FRG-2 Geeethecht, GernunyFRJ 2 TR Forsch g e Reaktor Jdttcli FRJ 2 J0tich, Gerwarry ternforschmgearetatt (KFA), JGlich, GerimonyMERALD TR HERALD Light Water Reneerch Reector kerwett, U.K. AERE, Norwett, U.K.NFIR Migh Flum Isotope Reactor Ook Ridge, Temessee ook Ridge untional LaboratoryNWCTR TR

BRL TR incksettlet Reector Laboratory Ptolneboro, Neue JerseyJmit LW4 Joper* Meteriet Testing Reactor Jepen JAER1, JepenJPCR TR Japan Poneer Demonstretten Reactor Tokstaure, Jepen Jepen Atomic Energy Research Institute (JAEtt)KE TR panford K Procksetion Reector Esot
KWU

3 KW-08 Unkneesi teactore Used in NW pate tone KW, Geneeny
y LITR TR Low intenalty Test Reacter vek Ridge, Temeneee Dek Ridge Wettonal LaboratoryMELUS TR Netuelne Grenoble, France DMG-$EN, FranceMERLl4 MERLIN

MTR TR Meterlate Test Reactor
kRLR TR Unspeelfled Reacter Emperiment motional Reector Test Stetton

movel Research LaboratoryORR Ook Ridge Reeeerch Reactor Ook Ridge, Temessee ook Ridge Netional LaboratoryPtVTO TR PLUTO Nesvy Water Research teacter
Teluct TR Test Reactor
TRITOW LWt Triton Westinghouse

8entenay-em-Roses, France SEu, FranceUet TR Univeralty of Suffete Gescter Suffalo, seu Tork Nucteer Science end Technetegy Facttity, suufUCRR TR Unten Corbide Research Reacter ruzedo, New YorkFRJ 1 TR Forschungs Reektor JQlich FRJ-t JQtich, GerunnyUvAt TR tmiveralty of Virginf o Reeeerch teacter sernforsch g eonstett (EFA), JQlich, Getie ny
VAE SWR Wersuchteted raft.ork Eaht, GermanyWR1 1R Westinghause Reector 1
WR2 TR Westinghouse teetter 2 Westinghouse
WR3 TR Westinghouse Reector 3 Westinghouse
WR$ LWR Westinghetee

Skede, Caecheetovokte
RFAR TR Unepacif f ed (TRITON, $!LDE, MELU$fME, OSIRIS) France Sectey, france
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Table 27 Partial 10

E( AC,t a .est s *see 1 ................................e.............4. CAP,fl.*fjWC,IlME,U CAP,T,N i s CAP,T,mAI CAP,t,utse tf MP,EANGE f( MP,9 TEMP,t A ,,

. ..... ..........f...$10P,OA f f...E0Nf i s .(f 9,114e[CAP 1LA.E ST ART,,DAf~ 1 AC E dP,19 Plaaf.............19 .e. . . * . . . . . . . . .

f et t - Aa E ve CF 458 f

I swaf rP set 3 301 545 7 9 2.000E * t ?

E Iwers8 nK3 102 545 7 1 1.500E * tt

i SwafIP is0 303 $45 8 1 3.700E*18

i CIA NELUS EN3KA 0.25 T 285 295 288 C 1 5.900E * 19

t CEA 19110B SIAT 290 C f 3.000E*19

I CIA IFBB II

( E rt - As was III C1/ /1979 04/ /1979 91 9 296 291 288 C 1 8.400E *18

I (Pe - As WA8 12 05/ /1979 09/ /1979 10F 2 153 0 275 302 288 C I T.500f *18

i IPe - As WAR EI2 10/ /1979 02/ /1950 2 0F 2 152 9 2 74 302 288 C i F.500E*18

E (Pe - As WAR IK3 10/ /1979 05/ /1960 170 B 2 73 303 288 C 7 1.500E *19

E FES E VAE A1 100 0 282 288 C a 2.000E*19

i f rl K VAE A1/31 100 0 N2 268 C a 2.000E* tt
i FES-E VAg 31 100 9 212 288 C a 2.000E * 19

i FES E WAK I ?T4 0 315 C a

f It $ -( VAK ll 1 41 9 285 C A

t f el r vsz 11 2 41 D 285 C a

E tts t var 41 3 164 9 285 C e

i RAW As WR 84 02 550 f 2.400E*19

i maw As utat && 64 500 f

f RAW AN titse C3 55 550 t

i nA& AN Utte 05 F2 550 f

f saw As utzt 03 74 550 f

f RA# as ut28 03 78 550 F

g ar t e erla 11 11/08/1965 08/M/1969 2.3 1 120 129 f 1 3.810re u

f spre NFle 12 11/08/1965 10/18/1983 15.0 f 120 129 7 1 2.87M*1f
a ms g s sFit 13 11/08/1965 11/15/1986 17.5 9 120 129 9 1 4.820E*17

8 aFf t afl0 14 11/08/1945 02/14/1976 6.4 1 120 129 f 1 1.Z30E*17

I afia nFIt 14 11/08/1965 0s/04/1969 2.3 T 120 129 f 1 3.060E * te

i prie WFle l+9 11/08/1965 02/M/1974 6.4 9 129 129 7 1 F.540Eele

f arit hfit 21 11/D8/1965 06/04/1969 2.3 T 120 129 f 1 8.180E*16 -

t NFIG mFit 2 'S 11/08/1M5 02/14/1974 6.4 V 120 129 8 1 2.240E *1 F

f arte salt 2-14 11/08/1965 08/04/1969 2.3 f 120 129 t 1 8.100E e te

E ma ta salt 22 11/08/1965 16/18/1983 15.9 1 120 129 F 1 5.260E*tF

f sFIR srie 24 11/08/1965 02/M/1974 6.4 V 120 129 f 1 2.260E * t f

I efle atit 25 11/08/1965 11/15/1986 17.5 7 120 129 t 1 - 6.MotetF
t erla arls 27 11/08/1965 11/15/1984 17.5 T 120 129 F 1 6.140E * t r

E sfla sFIR 31 11/08/1M5 08/04/1969 2.3 T 120 tM F- 1 8.620E *14

E nrit erit 32 11/08/1965 10/18/1983 15.0 7 120 129 f 1 4.Se0E*17

f NFIR # FIR 33 11/08/1965 11/15/1986 17.5 7 120 129 f 1 5.030t*17

I aFit RFIR 34 51/08/196$ 02/14/1974 6.4 7 1M 129 f 1 2.990E*1F

f # fit sFit 35 11/08/1965 11/15/1968 17.5 7 120 129 f 1 6.470E*17

i sist erle 3-6 11/08/1965 46/04/1M9 2.3 7 120 129 F 1 1.050E*17

I sp ie nFla 3-8 f t/*~* '*M5 11/15/1984 17.5 7 120 129 7 1 9.840t*17

i mit t sFit 49 11/08/1945 02/ % /1974 6.4 ? 120 129 f 1 3.230E*17

f BFJR ut te 4+1 11/08/1965 08/M/1969 2.3 V 120 129 7 1 3.On0E * 14

8 aFit afit 42 11/08/1965 10/18/1963 15.0 F 120 129 8 1 1.T70E*17

E ufit efit 43 11/08/1965 11/15/1984 17.5 V 120 129 9 1 1.850E.17

i mFle sfit 46 11/08/1M5 02/u/1974 6.4 7 120 129 f 1 F.583 4
f arts tria 4 -4 11/08/1965 08/M/1969 2.3 7 120 129 F 1 3.810E*16

t afle sfit 48 11/08/1965 11/11/1986 1F.5 V 120 129 F 1 4.420E*17

4 af ts ef f t 49 11/08/1965 02/u/1974 4.4 f 120 129 f 1 1.230E*17

E at:a es ta 51 11/08/1965 18/18/1963 15.0 v 120 ' 129 F 1 1.200E* 4

i es t e prie 6-1 11/08/1965 10/18/1983 15.0 f 120 129 F 1 1.130E*17

E af ia sFit 62 11/u6/1965 11/15/1986 1T.5 7 120 129 f 1 1.130E*17

f prit sfit 6- 3 11/08/1M5 11/15/1986 17.5 Y 120 129 f 1 1.220E *17

I ofle a,it 76 11/08/1965 11/15/1986 17.5 T 120 1M f 1 1.310E *17
- .n n. . . ,
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sting of REAC_TR.dbf

taCs. .+f , P*,.,

f t 10)ist.m..m..f..*.4...m.m.
J 1 DPA,Uuc aEF)0 PAGE S N0fE1

7tUJ.CG .F1)Aff.. m.PJP1 .m
TO ,f t IP1,L4C

CAPJ. t11
CA f71 CAP Dra 70

;m.. . ...... . m . we ... ..........m.meen. ....... ...me. . ...
ate WAPD fu 1095 2: 3 RANG 2 0F ILLKWCl3

WEDO-21706 4-11
NEDO 21708 4 11
NEDO-217D8 4 11

3 7.000E 12 2.03 1.320E.21 AsTn sfP 725/20 23 = 26
3 2.500E 02 A57m ETP 819/43 M: 68

ASTN ETP 819/29 30 LeisPEtitIED CIA Test BEACTm
EPat ar 2712/V2 61106-8
EPel NP-2712/V2 61 TO 6-4 SEFORI AmufALIEG
EPel NP 2712/V2 6 1 TO 6-8 AFTER AstEAtlBG
EPal NP 2712/V2 6 1 TO 6-8

3 2.200Ee12 ASTN STP FB2/520 531 534
3 2.2cce12 ASTu STP 752/520 131 * 554 ConstaATION CAPsuLIS A1 AMD 81
3- 2.200E,12 A$1N STP F82/520 $31 a 534
3 ASTM ETP 752/412 416 417 RANGE Of FLLENG$
'

A51n $fP 782/412 416 * 417 RANGE OF FLUENCES)
3 A3fn STP FB2/412 416 * 417 RANGE Of FLUENCES

3 A5fn STP 782/412 416 * 41T RANGE OF FLUEuCES

3 7.100E *19 2.000E*19 mRL S28? 24 ADDif1CWAL DATA FRON NPC

) 2.3 JOE *19 utt 8287 to
7 2.000E * 19 sat 32s? 10; 24 starts APPLIES puntus Ita

7 3.000E.19 set a2s? 24
7 2.700E 19 att 3287 24

7 3.400E * 19 mit 4287 24
g,qyn cg CENL/in-1ku 14; 15; 89; 221
s,0sc ca onnL/Tu-1%44 14; 15; 90: 221
7.27DE *08 DesL/TF 1M44 14; 15; 90; 221
0.060 06 DesL/Tu 1k&4 14; 15; 89; 221
6.160E*06 OPuyfu-10444 14; 15; #9; 221
3.F30E.08 Otul/fu-1M44 14; 15; 89; 221
1.110E *00 1.160E M OksL/Tu Ik44 14; 15; 91; 222 DfA f t0K A&TN STP tud, p.21
1,110E *09 3.210E-06 Onat/Tu 10444 14; 15; 91; 223 DPA Fem Asfa STP ike, P.21
1.110E *09 1.160E -04 Darufu 1%44 14; 15; 91; 223 DPA Ftm ASTN STP 1066, P.21
1.110E*C# 7.47M M OprL/Tu-1%4 14; 15; 91; 222 DPA Fem Attu STP 104, p.21

3 1.110E *09 3.210E-M Deut /Tu 1k&4 14; 15; 91; 222 DPA FRCpl ASTN 5f 7 1066, 9.21
3 1.110E *09 8.730E M caut/fn 10444 14; 15; 91; 222 DPA taan Astu s7P 1066, P.21
3 1.110E *09 4.730E M DesL/fu 1m44 14; 15; 91; 222 DPA FatBI Asin sfP 1964, P.21
3 1.1 F0E *09 ORaufs-1%44 14; 15; 92; 223
3 1.030E*00 7.010E-04 CanUTu.1EM 14; 15; 92; 221 DPA Fion Asfn $TP 1046, P.21
3 Q.F00E*08 (mui/*n 1%44 14; 15; 92; 223% gem 7e g/* M.s

a
E w Osrufn-1%44 14; 15; 92; 2Z33 1.030E *09

3 1.17DE*09 N $ % d. I b.W CruvTu 10644 14; 15; 92; 224
Q 1420E.09 f p fW OENUTM*1044 14; 15; 92; 224

f bg p y W .-* I { g 'M CREL/Tu 10444 14; 15; 92; 224
,w

3 1.7B0 09 a
i ''' . *4j

3 1.FaO*09 s%2 LS # Oswyfu-1044 14; 15; 92; 224
3 6.160E *08 a 7. . , . OmmL/Tu 10644 u; 15; 89; 224
3 3.T30E*06 , 4 ' ' y b # ; ? ,, CRavTn 1M44 14; 15; 90: 224V ,.

i? *~
3 3,340E.ca ?- 2.FDOE 0= OswL/Tu 1044 14; 15; 90; 225 DPA ftG4 ASTN STP 1066, P.21
3 3,T30E*06 hT ORKL/fM-1044 14; 15; 89; 225#

3 5.1FUE.06 f caut/fa-sp44 14; 15; #9; 225
Yd" ' O" fj ' Opuvfu-10644 14; 15; 90; 22S3 7.270E +05 61. r "'#'----

3 0.060E *05 44I *# 0*ut/Tu 16644 14; 15; 89; 225

2.5.snE 07 % % r"" "m' f a g' j er=Ufa-lau u; 15; n; 226 CAPjl amo rijAfra EstinATEn3
2.3 a ca * : r Ca=UT* mu u; 15; 93; 2263

3 2.40 0 *0s OtsvTu-1k&& 14; 15; 95; 227
3 2.21G*C6 CRNL/Tu-10644 14; 15; 93; 227
3 2.37E2*05 08mL/Tn 19644 14; 15; M; 228
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| Table 28 (continued)
. i S t.f. ..,.f ..E A f_,.2.

,e.e
m E.P. .PT_ . .F A7 0 Pe. f. A T ... SuPPut.

. --

. .f. FSS Em 1, . C f. 8.C_so f ..f..
_.. PAW S Of f.t_.. . . .

E CI A WeA06 WLD NO. 6 g A5 3301 68.0 em f29 Aten Sfp F82/392 394
E CIA WeAcf WLS #0. F u A53141 40.8 ess $ 29 Alim Sfp FB2/392 394
E Cta WeAct Wto s0. 4 v AS31st 60-0 use f29 ASta 179 FS2/392 394
E Cta WFanca CTt t v ASier STP $19/29 30; St; 32; 31
E Ct n ufeA07 C@g T g AlfW STP 819/29 30; 3t; 32; 33
E Cf 4 Uf1A02 C@f 2 W ASIN Sfp 819/29 30; 31; 32; 33
E CEA WSAtt WELD 50 11 W A3083 2FG.0 ese E 29 Alfa 877 782/392 394
f t't A trFRA12 WFt3 #0.12 W A333a l- 85.9 aus f 29 Atin SIP 782/192 ST4
E CEA W8tA13 IdELS m0.15 w Aillet 35.0 en E29 ASYN STP 782/392 394
E CEA WBA14 WELD DO. 4 m A333s1 85.9 aan f29 Atfee Sfp FB2/192 396
E CfA WRA11 WELS 90.11 s A53308 85.0 en E29 ASin STP F82/392 394
E CE A WeasF C@EsF w Alfa StP B19/29 35; 31; 12; 33 eof itSite
8 Cta UFRAJS cwt JS W A11N STP 919/29 30; 31; 32; 33 807 1f 5759
E E PG- As WEP019 f 4 CTE E tt u A133st ConsuSitam tes 4,75 In FAss EPet WP-2712/v2 APP. s. P.588 encountatsst itsf
E EPe A4 WEre19 Et Cet (19 u A53381 C0eeUSTtou feG B.75 la FAta Eptt hP-2712/v2 APP. G, P.Se9 utseDGEsfilt f(St
f (PS Au WPe23 P4 CCH EIS W A33381 Ctputulitan fut 9.F5 in Fast frst kP 2F12/V2 APP. 6, P.41F OKBeDGEtElff TEST
E EPS-44 WEPT 23 PM COM $25 W A$3381 C@eUSflou tal 9.75 In Fats EFSI up 2F12/v2 APP. 6, P,454 eanoctsfiff ftSt
E FES-6 FGalp GE SS-4 F 20mretan t15 6159-1 TABLE 1 fcasseo mras
E FtS S FES 62 5102 7 224tm Ce3F flea GISS-1 f asLE 1 Fossles sis 6* e
E FR S-E FKS 13 5913 F 20gwesost$$ Fast ASTR STP 1911/11$ 117 FDPGEO ties
E f tt-6 Fal'11 8513 F 2tDerso nl55 pasa Gall 1 IAlti t festma Stas~ o
E FSS-6 Fas te Este F 224tmeCr3F fase 6:51 1 1AaLE 1 Feesset SLAs
f Fu t-4 FtS[14C 8814. Sitflams C F 22e6mocr3F FAge GASS-1 TAett 1; TAett 2 F0pstes Stas
4 FES-E ftS les Elle, SCCflose S F 22Bim tr3F Fast GESS-1 TABLE 1; 1ASLE 2 70EGl#G SLAS* o
5 Fat-8 f ES 14E ESle, SEC11eu f f 22WthoCr3F P AER 9tSS 1 TA8tf 1; lAge.t 2 F35Gieg SLAS
E Ftt-S f15,14G RSle SECflou 8 7 22W!NoCr3F F Aa# GRSS-1 TAtti 1; taste 2 FORC1st SLAB
E FES-E Fat 164 RS14. SECf f 0s # 7 22minoCr1r # Ae4 GASS 1 IABLE 1; 1AgtE 2 FeeGleg St.43*

I ~
3516, SECTItas t F 22eemetr3F FAna GrSS- 1 IASLt 1g 1AstE 2 Fotstet Stas

9 FES-8 ftS tet
E f tS-s ftS 1Ase kSte SEClices R 9 22st#etr3F Fate GES S - 1 TAttE 1; fAttE 2 70eCING St AS~

I 785-6 ftS 1es S S 1&S P 22etenscr3F FAnt ASf4 STP 1011/115 11F foPCES SA4
f FR S-E WCASSM GESS-S U 20BWWoomfi$ GK SS- 1 1 ABLE 1 WL9 0F FOR4tttG elet978414E F59-4 Wt t,91 A 80153 W 22slueCr3F GESS 1 f atti 1 WELD OF FWGies SMELL FFtG00f FES-E set et RS9R f 22einoCr3F 250 see FASA AlfR STP F82/$20 524 F08G12G Sof tt~

E FRS-R FtS 12 ES12 F 20serWestf 51 300 een fate Atta STP FB2/$20 524 FoeGlet SMELL~

E FaS-E FES 12 ESG ESil, ESE DESf 0W f 2GBWWeent15 300 ame FAan A$im STP FS2/528 1 24 FotGING SWELL
E Fat-t Fal'F9 450's F 22elmocr3F 129 suo Fata Atfet $fP F52/12e 125 PosGaes SLAs
t PsS-g Wrecel SEelf S 30,1 WELD w S3ne ASTM Sf7 782/412 414 EttCTW@E SDee, LW 329 FLUN
f FES E W RCU2 SEf f tS 80. 2 WELD W 13Me Alf4 STP FS2/412 4 54 ELECit0DE S3me. tu 329 FLLet

i

I ftS-E UteG95 Stafft so. 3 Wts v S196ue ASfm STP F52/412 414 fttCfeapt $3stme;0P 41 f f Ftuu
E Ftt-t W BGO4 Sf ttf t 90. & WLO . u 53etune ASf8 SfP FS2/412 414 ELEC*Accf Sletme;07 44 ff FLUE
t pas t W RG01 Sestet m0. 5 UELD M S3stseet A$fn Sfp F82/412 414 ELECfe0DE S3kimol; OP 4111
E Fat-t vraGot SEtifS 80. 6 WLS M $3aus t A$te STP 782/412 414 ELECft0DE $3etasi: P 236 fius

e
E FRS-t vesCer StettS so. F wtG W attreet Alfa STP 782/412 414 ELECTRapt elCreel; tw 329 FLuzf Fat-t Wes08 Stetts as0. s Wtg y af tsmet AStu STP FS2/412 414 ELECTRODE ettre lg (W 326 FLlateE Ft t -E wreG09 StelES #0. 9 WEL3 y stCrnet A$fu Sft FR2/412 414 ELECteCDE eltre t; tu 329 FLugei Ft t- t wag 10 fletES #0.10 WEtt y attreet A$fu SYP F82/412 4 14 ELECTe0DF e6Cre t; tu 320 FtteteI ftS-E W8tG11 SEttf 5 of0. It UELD u $3stae AS'm STP 782/412 414 ELECfeCDI S3elme; OP 41 ffE FES E iff S G12 SEtttS to.12 tiELD u 13a110e1 ASIN STP FB2/412 414 ELEcletDE S3stm 1; to 41 ffef fit-E M88413 SEtfES 110.13 IdttD M S3eleset ASte STP FB2/412 414 ftEttemt Steign t: Lv 330 FtuneE fES-E tfreG14 SERIEB NO.14 EdEtp y e6Creet Attu STP F82/412 414 $LEC1ECDE Sle6 pot; tw 320 pturE FES-E WEG11 serif S te.11 WELO u tutseo25 ASTN SfP 7p2/412 414 ELEtitoDE tutine23E FIS-E WFtS14 SEttES 50.16 WELD y ftticriget alfa STP F82/412 414 ELECTRODE EttiCrnett P E S-E wtG17 REttil MO. tF tdEL3 u f rba lme ASTM Sfp F82/412 414 ELECTSEE ftteleteE F E S -E We(18 Sittf1 h0. 79 WLD W EttsetMe . ASTM STP F82/412 414 Elttfeopt Ettia tue
E FES-E tretG19 Sf 5ff s h0.19 Wtp u EttelinoCr AlfR STP F82/412 414 ELECftoDt EttsplgeuC*
f saw-As fue04 t CtDE e41 F A5082 set 3287 24
f DAW- Am FedGF1 CEDE OF1 P A3082 htL $20F 24

_ _ _ _ _ _ _ . - - _ _ _ _ _ _ _ m .



Table 28 (continued)
e_ttf,Te.cbf Pese 3
1 A4 E up,39 #EAfje e*f,E hf Af
enesee====eeeeeeeesomeesesse D .me seeeeee_sePeq0,fg wAT,13 gUPPLIts TWICtsf 55 LEeGT# U SOUeCE NPC,99 hPC,hE AT stF,15 PAGE 5 WOf fleeeeeee - e eee===emee eeeeee eee===e eeeeeeeeeeeem seessee==oa se . eeemene . .eeeeee. ee eeeeeee e=====. e==
$ HAW Au Pttp f f CTE 11 P A3350 tes 828F 24; 25g mAu-Am P>ep CtDE med P A1029 10.5 in est 8287 10
t trAW- Am P#e998 CODE 093 # A 3020 met 828F 24; 25g sAv As SA$f4 936 eEF.Pt., CEE 934 AS421 SM A1023 15.3. STEEL 6.6 in fase kmL 828F 4: 25
E MAW- Am wwst0A C00f as u A553e met 826F 24; 25
t nau- Ag Whe996 Cmf 096 W A5335 #1L 828F 24; 25
t af ie FMf e01 CCDit sti Aus est 6315899 F Af0%18 SCS CeML/f 4-1C444 14; 14; 105
E #f f e P uf E02*02 CWE mal 3334&14 9 A350tf 3 TkTten 90eGE 3Ce Cast /in- 19444 14; 16; TOS
$ 9914 f#fe02mB3 Ctre nel 3336410 # A350tf 3 TAfL0e Fossa sta 0e%/f 2 10444 14; 16; 105
E af te Pere 01 COPf 5 8C3,DS14,R44A P0818 P A2125 LutEWS SfffL 3.0 14 #022LE 08 Deut / f n- 10444 14; 16; 105g ef te Peptol to CCDEt tC3,nsta,*s4A 70818 P 8212e Lustes sf tfL 3.8 in mo22tf et. Gegt / f n- 1c444 14; 16; 105 sptClewe YaeEs af t is.
t #818 F*F e01s CCHs TC3.nett se4A posta P A212e tumEss Sffet 3.8 in mo2 rte ee. Osut/fa-10444 14; to; YO5 me FWwt
I Df l E tenf eel NO22LE 10-lutLL WLS OC i t A U R 350L F 3 ALLit CeAtnres 3.0 in ce=t/fe-10444 105: 112 euALif sCaf10m WtsE #f f e Umf e02 SE An WLS P%800 W S2129 OsNL 2.S la F Att OsmL/fe-10444 105; 125 af. no. 754aos, OC11AE M17 -9 Sp5101C @f eS5101, SECT.C. 9- f A1003- 3 gen A53181 turfus STEtt 12.0 in F Age mueE G/Cn -4092 1, 2, IF
E #15f-9 SR$50tc 12 #55701, SECT.C,1/2f A1008-1 Een A53137 tuREn5 STEEL 12.0 in FAsa NueE4/Ca-4092 t, 2, t F
E WS$f-0 Susselt 14 WS$f 91, SECT.C,1/4f A1003-1 seM A131s1 turENS STEEL 12.0 in fRea woef G/te-4092 1, 2, I F
E NS5f 0 Sus 101C 17 #85791 SECT.C.1-1 AY005 1 sen A131st turfe5 STEEL 12.0 la F Ase muef s/te-4092 t, 2,17
8 915 f - 0 Sa2501C 34 ktsfot, SECT.C. 3/47 A 1008- 1 taw Assist Lustus stret 12.0 in taas must G/Ca - A092 1, 2, 1 Fg ustf t sn5501E et hssf 01, stCf.E. 9 f At008-1 see A333st tuutal 5ffEL 12.0 in FAtt humEC/Co-4092 1, 2, 1 F
E #55 f -0 Suss0TE 14 #S$f01, sfC1.E.1/4T A1000- 1 See A531e1 EWest 5fffL 12.0 in Fast WUeFG/Ce-4092 t. 2,17
E B15 f - 0 Suss0ld Of 851791, SECf .a. e- f A1006-1 See A51391 turfst liffL 12.e in # Ree nuets/Ca-4092 1, 2, tF
E R$1T 9 satt01E 12 estf tt, t!Cf.R.1/2T A1000- 1 San A53141 LutEkt STfft 12.0 in FAsa surf GICe-4092 1, 2, I P
f #$11-0 Sm5S01E 13 991701, SEf f.E 1/3f A1008-1 len A53591 LutEst EfffL 12.0 in page uteEG/C#-4092 1, 2, 1 F
E #$5f-S 5#1501E to 855f 81. EECT.R.1/4f AtOOS- 8 Se4 A535tl tuttus Siff t 12.5 la 9 A9e NUef G/CR -4092 1, 2, 17
f hssf-e tassoit 18 assf 01, SECT.E,1/57 A1008 9 SAM A33391 tumEWS 5ffEt 12.0 in fame Nuef G/CS -4092 1, 2, 1 F
G e557 6 Swl50tg 11 #55T01, SECf.3,1 f A1088 1 Saul 453181 Lute 45 tilft 12.0 in Fasa mungC/Ca-4092 1, 2, 17
8 N5tf 0 sus 10tg 34 assf 01, stCf.r. 3/47 A1003-1 sen A331st Luttas STEEL 12.9 le P Age hUREG/Ce-4092 1, 2, IT
I W551-0 sess01138 #5Sf 01, SECf.I, 3/8f A1309 1 See A53331 turist Sffft 12.0 la FAge guett/Ce-4092 1, 2, 17
9 R$17 0 Selt0ft 55 958191, ifCf.E. 5/8f Af008-1 seN A533e1 tuttes STEEL 12.0 in pasa mustG/Ce-4092 1, 2, 1 F
E #157-0 3:5591E 78 NS$f 09. Ef tt.t. F/8f 61008-1 ERm A131st Luttet EftEL 12.0 in rate mueEG/Ce-40e2 1, 2, 1 F
f M5f 9 SusS01tE0f Mtf 01, SECf.E. 0-1 A1006-1 tem A513sf turfes STEEL 12.9 in fase NUREC/CR-4092 146, 14 F $ET TO SEffemtwE EDGE ffffCf 3E WEST-9 5#5$01:112 atsf 01, sitt.g 1/27 A1000-1 sem A533e1 Lustal STEtt 12.0 in FAtt hLefG/Ce 4092 149, 150 Sif 70 DETgeaist roGE gffECTS
E sist e sus 50ftf14 #s5709, SECT.E. titt A t008- t SM A333s1 Lumfas $ FEEL 12.0 in FR59 Nuef G/C4 -4092 14 F, 148, 149 st? 10 Ofttenlut EDGE EfffCTSE estf 0 tutt01pR/DT Nttf 01, SECT.DLI, 0 f A1006 1 57# A13341 Lute 55 $ffft 12.0 in pasa suett/Ce 4092 1, 2, tr
E e55f 9 suss01 e/12 attf91, SfCf.laj,t/27 A1008 1 see A533e1 tuntes af(EL 12.0 in fase mustG/Co-4092 1, 2, 17
t M1f-9 tuss 01se/t4 assf 91, EECf.8sJ,1/47 A1008 9 SM A53581 tutf43 STEEL 12.9 In SABA buefG/Ce-4092 1, 2. 17
E pilt 6 SatS01Sut4 #55fel, BECf Se,1/4r At006-1 See A335st tuKful Effet f 2.0 in Fart stagg/Ce-4092 1, 2, 17
E N51f 0 Russ015 elf n1Sf01, SECf.Sm.t f A1008- 1 Sea A533sl tWEks SffEL 12.9 In SAtt susEG/Co-4092 1, 2, IT
f #2$f 9 SwS502A ussfel, Eftt10m A A1191-1 $44 A53351 tutte$ Sifft 12.9 in fase EDS ussf02 cent 4814/5 F4; F81 #117 9 Sets 02Ae #$3f02, SECrice A# A t 995 1 seat A551e1 Luttes $ FEEL 12.6 in FAeq EOS assf02 Geht 4814/3 3; 4; F; 3f WIlf 9 1N3302Aa0Y M5f 02, SECT.An, 0-f A1195 5 IM A43331 tuutg5 STEtt 12.0 in fAse testG/Ca-4002 1, 2, iff MSf-9 SW5502A414 Wssf 02, stCf Aa,1/47 A t 195 1 SM A53331 tumf as EfftL 12.6 in rate muets/Ca-4092 1, 2,1F
I eS51-9 $N57028 12 W55f02, Sf tf.8,1/2T Alf95 1 see A33381 Lutist SifEL 12.9 14 Fate NUst$/C9 4092 1, 2, 17
E #$ 5f-9 SNS502C 12 #51f02, litf.C,1/27 A1195-1 See A13!51 Luttet 5 FEEL 12.0 in Fase muett/Ce-4092 1, 2, IF
E hist-0 satsett as5f02, sf tflom F A1195 1 sen A533a1 Luutos stEft 12.4 In FAse Et a assf02 Deut-4sto/3 3; 4; 7; e
E WS$ f-0 Suss02F Of #53702, 5f tf.f. 0-f 41195-1 584 A53191 tLefst STEft 12.9 In # Asa suetG/Co-4092 1, 2, IF
E NSST-4 SR150?P 14 NS5f 02, SECT.5, 1/47 A f 195 1 see A53331 Lugtus 51 EEL 12.0 la Fase tuttG/Ca.4092 1, 2, 1 F
E M17-0 sett02fs Msf02, BECf rame te at195-1 San A133et LumEus STEEL 12.9 in fate 106 #55702 Opet -4814/3 3; 4; F; ef essf 6 satS02f 90f Msf 02, sitt.rs 0-f A t 195-1 Se4 ASI541 LutEtt SffEL 12,9 in fate MUeE4/Ce 4092 1, 2, 1 F
f ultf-9 SuSS02f 312 p5tf 02, 5ECT.f t,t/21 A1195- 1 Se4 A55331 Lurtas STEEL 12.0 In f Age suefG/Cs 4092 1, 2, 1 Ff #557 0 S#St02F514 955702, SECf.FS,f/47 A1195-1 Sem A53381 Luties Eftti 12.0 in page mLeEG/Ce-4092 1, 2, IFE W35f-0 SN55029038 ettf02, SECT.f t,5/ST A11e5 1 seu A533el tuttes Sffet 12.0 in rase muets/te 4092 1, 2, IF
E Mtf-0 Ses102MC NitfG2, SECflon sc A1195- t see ASDel tuREwS STEEL 12.0 la fate (08 45tf02 ORML-4814/3 3; Ag F; 8E N*ST-9 taS502mC09 515702, SECf.MC, 9-f A1195-1 Se4 A53581 Lurtes stEft 12.0 in fast mueEC/C1-4092 1, 2, 17I eSSt-6 t#5$02MC12 hS$f 02 SECT.nc.1/2f 41195-1 Se4 ASUet LUKfut Eff f t 12.0 in feet uuttG/Co-4092 t 2,17E M5f 0 Sass 02nC14 #15702, litt.NC,1/47 A1195- 1 Cem A53391 ttsfut $7 EEL 12.0 fe fase suef 6/C A -4092 5, 2, IF

O O O
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Table 28 (continued)
e_uC_it..f f . . . . .
1 AS ERP,tg #EAff 98f,1D

m m IONeat,w0 PedD SUPP falCAWEstMAT,te. tif t

.
mPC,lp mPC,MCAf #E F, PAGE #Cff 5LEs fR,_W SOURCEe

m. ..
10

...m . .S - . .-. m...m

E psti-9 5est02nC1T #s5102, SfCf.#C 1-f At195-1 som A333st LUKEst STEEL 12.0 le p=an wuers/Co-4092 1, 2, IF
E Hst 9 $#5302nC34 MST02, 5ECT.#C,3/4r At1/51 son A133s t turfes stEtt 12.0 in Fame muets/Co-4092 1, 2,1F
t #11t-9 3*$503CA #15703, SECf 30u CA C2702 ten A331s t turtus sfEEL 12.0 in FARS OFML 48te/3 3; 4; F; 4
t #55f-0 tes101CA07 #15f 03, sitt.CA, 0-t t2Fo2 tem A131st LWfut $ftEt 12.0 In FAsa mueEG/CR-4092 1, 2,1F
t #15f-9 sus 503Cate N15703, EECf.CA,t/47 C2702 see A53391 (Utf tl STEEL 12.0 in FAna sustG/Ca-4092 1, 2, IF
t assf-9 suste3Ce estf83, sEClieu CB C2FU2 seg A333s1 LULEns tfEEL 12.0 14 FAsa tsut-4816/3 3; 4; F; a
t assf 9 Salt 03C931 N55f63, SECf.C3.9-1 C2F92 sen A13531 Luttes SIEEL 12.0 in FAes muREG/Ca 4092 1, 2,1F
t a551-0 tutt03Cete RS5f03, SEtt.C8,1/41 C2702 Sem A33331 Luttal $ffEt 12.8 la FAta NURES/CR-4092 1, 2,1F
t #s87-0 sussess nsf03, stCfica E C2702 the A131st tuaEms afEEL 12.0 in FAan caut 4816/5 3; 4; F; e
E WSST O 58$193t 97 #$3103, SECf.E. 3-1 C2F02 SAN A13301 LUKEn$ STEEL 12.0 in FA05 MEC/CW-4092 1, 2,1F
E MST 9 59st03E 12 555f 03, SECT.f.1/25 C2702 sem A533B1 tuutus $ FEEL 12.0 to FAse mustG/Ca-4092 1, 2, IF
t altt-9 SHt01E 14 #S$f03, SFCf.E.1/47 C2702 tem A51381 turfet STEEL 12.0 le FAS4 WJtf G/CE-4092 1, 2, IF
I Hst-6 suss03E If #s1703, SECf.E.1 f C2702 ten AS1301 turEn STEft 12.0 in PAsa suurs/Ca-4092 1, 2,1F
E #117-0 sust03E 34 ntf 03, stCt.E. 3/41 C2702 seu AS3101 LWre5 STEft 12.0 in FAtt suBEC/CR 4092 1, 2,1F
E RSSt 0 Sp5503GA Assf03, SECTttu CA C2F02 see A531st turies STEEL 12.0 In FAsa caut 4816/5 3; 4; F; 8
t #551-9 sass 03G407 M5$103, BICf.GA, 6-f C2F02 san A553e1 tuaEst STEEL 12.0 in PAGR uuREC/Co 4092 1, 2, if
f DSST S 543503GA14 WSSf03, SECT.GA,t/41 C2FU2 Sag A53391 tuREut tfEtt 12.0 ln #Ase sumEG/Ca-4092 1, 2,1F
E Wssf-0 twSS03au 955803, SECitcW EU C2792 sem A33351 LWEuS STEEL 12.0 la FA8e RURES/CR-4092 1, 2, IF
E #517-9 54$103J NSSTC3, SECTIon 4 C2702 san A431st (Untes sittL 12.0 la Fast ORut-4816/5 F6; F8
E etsf 0 5#s105tt #1Sf 03, BECTIOu 17 C2702 sem 413331 tuttet $7Ett 12.0 la FABR NUef G/C9 +4092 1, 2,1F
E #117-4 SRsSolt s Ptsf03, SECf fou tg C2 F92 sem A133st ttages sfEtt 12.5 in FASE uueE6/CR 4092 1, 2,1F
t t$17-9 Satt03Pt #1$f03, stCflou et C2Fe2 sen A533:1 tverus stEst 12.0 in *Ame munts/Co-4092 1, 2,1F
E Wilf t B#55019 14 H5Sf91 SEC, 5,1/4f A1008-1 Esg A531st tinfus STEEL 12.0 in fana Cowl-48F1 to
i MS1t a t sus 192rt13 W55702, $fCf.70,l/37 A1195-1 seu A53351 tuzEuS STEtt 12.0 in FABA De#L-48Pt 42, 43
E #5$t 1 vuttS te W157 uG. St. 5t07.89 W A13121 11.85 in Deut 48F1 1, 2, 3 f e(ps 6557 61, SECitam t
i estf 1 WusS53E #157 50. 93, N.E2 W A3028 4.3 75 In cent 48F1 1, 2, 3, 15 Pvat r311, CODE CASE 1539
E dst? 2 untS61 4tW, ALSO COPE W, W1 W A33351 S&W 9.75 in FAsa uuRE G/Ca -3696 9 page, of s4W pce emstiscuoust
I #11f-2 tmste2 62W W A5092 S&W 12.0 in Cufout supf G/Ce-5694 9 TWO FittE8 WIRES USE9
E M557-2 Uh$$62A 42WA EALSGt 425t!)) W A1062 SEE 12.9 In CUttRIT E23 624 mustG/CR 3696 9 FittEt Wfat A

A E #11t-2 W51629 26We (AtS0s 62Wtt3) W A1082 38W 12.0 in Cutout E23 62m munic/Ca 5696 9 titten Wset e
f mtst 2 Wus143 63W tat so: 63ep W AS082 Stu 12.0 in Cufouf munf G/Ce -5696 9q
t utst-2 WSs64 6&W W A5082 85W 12.0 in tufouf munta/Co 9696 9
I Ms t-2 umsS&S 41W W A5082 SSW 12.0 In CWfout Wuets/Ce-5496 9
9 3537-2 wustee AdW W *1082 e8W 12,9 in CUTCUT IPJRES/CR-5696 9
E M9f *2 uutseF 6FW W A5082 34W 12.0 in CUfout uuttG/CR-5696 9
E #SST 4 SusSO2GA #19702 SECit0m GA A1195- 1 See A33331 tuttes stEft 12.0 in f ASS EUREG/CS-39F8 1, 2
4 R$57 4 Un5564 68W, CODE CGt W A33351 Comeusflos E#G. 4.178 m NustG/Ca 39Fs 1, 2 Mast ton (pei .
t R$$f 6 1m5s&9 69W, Ctpt CNS U A333a t Cassustt04 ENG. 6.300 m suetc/Co 3978 1, 2 mapt rom Erst
6 #555 4 WSSF9 FUW, CDDE MC-W-124 W A53391 84W 0.1F) e mustG/cs 3978 t, 2
I asst.6 WisFt F1W. CODE NK W-80 W A13381 tsu 6.175 e munta/Ca 3978 1, 2
E l AE A f f aAlt CODE FF, F4 F A5083 ft4MAff84E 230.0 ese Cufouf E32 FG2C13 I AE A tat 261 S o?#Et WPC 19 e #41, F42, 743
6 IAFA fftAt2 CODE FR F A5083 FRAMAltpE 220.6 em CUTOUT BA(A FRS 265 5 FAstaf F0msleG (W WFaAl2( IAEA FJAPit CODE J8 (212, 213) F A5083 JAPAR litEt 302.0 ese sCa E12 JF212 1 Af 4 f t$ 265 5
E B AE A #FRAll Ctet fs; fech Wreatt RA2 ASc83 IAta fas 265 $; 9F SEE Asta tie 1066
E lata SJAPl2 RA2 Of Jht #42 433391 S At A TRS 261 $; 94; 103 mA2 of WJArt2
E B AE A Pf tat 1 CtSt FP, P3 F A33331 MAnatt 310.9 so E32 f41449 IAE A f as 265 S
E tatA PJArt t Capt JP E16F) P All381 atPPen Sffit 251.9 em E32 JP10F f AE A fes 261 5

,

E TAta lessel #55103, UuSPEC.StCf. C2702 sen A3330 % tuttet EffEL 12.0 la FAan VAEA ft5 265 5
t IAEA l#9503Lt #55f03, afCtttue LE C2702 san AS33at tuttes titEt 12.0 in FAe4 1AfA fe$ 269 1; 99 el10 ANAlftl$ PMA541

. >

4 IAta UseAll CODE fW W A1083 f e4RAf0pE 220.0 me 132 F61 f 64 IAE A fes 261 $
E lata WFRGil CODE GW W A53382 faisite 250.9 een f32 FRG I AEA f at 265 1
E l At A WJAPI) CCBE JW (1/413 W AS3351 attsusitui 248.9 sun 132 JW502 IAEA fel 265 $( 1 AE AR EH103sur essf03, sicf ree sul C2FD2 see 4513s1 Luaf as sfttt 12.0

. in P Att I AE A fe5 265 5 100 stort sw

In #Ase IAEA fes 265 S3 tes
E lAfas 3sts93ps astr03, stCitas as C2F32 saw A533st tutENS STEEL 12.6
E 1 Af AS WJAPt23/4I Cf2f JW, 3/4 f W 453381 pitsutinal 243.3 aus IAEA fel 265 5; 103 3/4 i LOCAf ton OF WJAPl2
3 1 AT AC smS503t3 Hsf 03, sf Ctt0N LA C2F02 see A33301 tuntes stEtt 12.0 en Fame saf A fe$ 265 $; 99
$ R AE AD WF9At2 Of CODE fu, Of 10CAf f0N W A5083 fannnfaiE 229.0 aus t AE A f at 265 S; 68 RLOCu 14

s

k
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Table 28 (continued)
. t.f_ te .e, . .

.

... E sP,ge esE Af_ts. RPT,tef As MAT,mo *e@_tt MAf_tp supp THECREEll tEuG?ll,,U SOJeCf NPC,tg MPC,M Af
emee====ee se me L.tEt Af f _Ies ======e ...O mee o==

Pufs ecles
. . . . see.oeseemeseees. = = = .

E tes prae 01 CI A Stag sf gef er 9 20m!NoCr24 CENESAL ELECTatC 119.0 me f 0ps. else MuttG/CR-3228/v4/F8 79; F9; 13
E ges run302 Ef A-t ($10313 F 20414eCr26 CEufEAL 8ttCTRIC UUBtG/CA 3N6/v4/F5 F8; 79; 83
E Kat 5:4s03 GE A-2 Ett0E il F 20#epaCF26 GENERAL GLEC1RIC MVefS/CR-3228/v4/F8 F8: 79; $3
f set ines04 GES alus stsprur F 20#4meCr26 CEsttAL ttEttatt 119.0 un FURG. St#4 uuGEG/CR-3228/v4/FB F5; 79; 83
t seg papSUS Gf t-1 (SIDE 13 F 20minotr26 CENEAAL ELECielt m^JetG/tt-32FS/v4/F8 F8; 79; 83
f att FEAe06 Git-2 (SiOG 23 7 20stmeCr26 EEet9AL ttfCttlC buttc/CA - 3228/v4/ F5 FE; 79; 83
4 aus fue90F SF#6 ?,1 (WEsitL) 951-137 f 20m6McCr26 CEsESAL ftttrelC SCR mumEG/CR 3228/v4/75 ft; 79; 83
e att meta 59 UJupeesseleGEe sea 2 RAE 20*!NdCr24 GEW!aAL tttCTelC WOREG/CS-3224/v4/78 FB; Fe; 33; $5
I seg nnes02 GEA-1 Amt GE A-2 U 70s tesacr26 unteAL ELEttelC tuBfG/CE-IZ25/VS/34 34 tEYWEre PL ATES cia-1 Amo ts A 2g EDS uke 501 GES-1 Aus GEs-2 W 20s6 mete 26 CEufRAL ELtttest Nutf G/CR- 3228/v5/ 34 36 SETWEte PLATES CES-3 hadh MS-2
E Ew-Pt f GE B01 001 7 22*Imocr3F Ke0IS6 2; lastt 1
E EW-PG 7GE902 002 F 22mleestr3F tw-0166 2; 1Astt 1
i RW PG FGra03 001 $ 22#1motr37 EW4t&& 2; TAht 1
e aw-Pt fGEt04 004 7 22minatr$F uw-0184 2; laste t
t uw-pt istee5 005 F 22sineCr3F sw 0186 i; 1AStt 1
i Ewee FGra06 006 e 22mineCr3F aw-0186 2; TAstt 1
E EW-Pt FGft0F SOF f 22mtmocr3F Ew 0186 2; 1Astt 1
1 tw-Pt #Ct e03 003 eta 2 22Elmetr3F rWLF018e 2; IASLE 1
e uwPe WGEE05 005 #A2 22m Heece3F re0186 2; TAs E 1
E rwPt WGEB10 010 W t tCe* tot EWO1M 2; 1Atti f
f IMi Pt WGEe11 911 W sitris t Kp0186 2; testE te
t tw-Pt UGE R12 012 W micrmot twC1% 2; taats 1
E EW-Pe UGEtt! 013 W uttrhot aw-staa 2; lastE 1
E InAl-Pa WGEst4 014 W micrMo1 WW9196 2; IAtte 1
t LAC st AC01 mA2 Of mP-10*4 NA2 A302S ALLES CNALteERS 4.0 le arte 9/95 95; 96
E LAC PLAC03 kP-1956 P A3025 ALLIS CMALMEns 4.0 le staa 8/95 95; 96
E o. AC PLAC04 kP 105F P A3025 4LLis Cuntafat 4.9 In #ERO S/95 95; 96

A3 LAC PLAC063/41 pp telf P A3029 Attis CuatMERS 4.9 in NESD 9/95 99 3/4 i LOCAf ton Of PLAC04Qf LAC PL AC95 WP-1058 P A3029 Attt$ CNAUef t$ 4.9 Gn NE&O 5/95 95; 96
8 1. AC PLAC053/47 kP-1955 P A 3029 ALLIS C#AtstERS 4.0 in 5f 80 8/95 99 3/4 i LOCAT10e Of PLAC05
E LAC WL AC91 Wtt9 0F BP-1954 W A3024 ALLIS CNALMEtt 4.9 in sin hEta 8/95 95; 96
i Pra-Au plut03 02819 8 2819 P A533st Limfus STEEL 210 a en uuRES/CR-3229 tg 3; $ A13301 Pts utstC/Co 5660
t MA- Am PLUK04 45401, SLAs 2 P A33381 LWiss STttL 8.5 in mueEE/CR 5449 F2; F4 U5t9 fte LMeuF
G MA-Aa WE9801 014D*fWesiaste WEtt W 20mim te24 sEnERAL ttfCTRIC Nupts/CR-3229/H/130 FB; 79; 83e
i feEA-As neeEAGA WBA 3P8993 W A531e1 Limtes sffEt 8 25 in race hueEG/Ca 3229/V1/F3 F3; FF; F5 set mustc/Cs 5449
E M A- Ae nset A8e Wes 3PE393 U A531st ttstes sifft 8.25 in fase muett/Ca-3225/vt/F3 F3; FF; F8 SEE EmmfG/CA-5489
i MEA AN nfeE A94 WDA 3PS393 W A53331 tungel littL 5.25 la past sumEG/C3 3228/v1/F3 T3; FF; M $4R sm.=fs/ce-5449
E ME A AN neeE 4W4 nAA W A13381 CfBeSUSTION ENG. fASA IIVEEG/CR 3228/V3/114 115 Sit uutts/CS-5469
a seE A- As 6seE 4WF LArF 372320 W A333st Comeustion Eme. 8.56 In FAse muets/ce-322s/v3/1 4 115; 119 stE aosEs/Ca-5449
8 stE A-31 Pm4Ls23 C006 23e P A533s munf G/Co-5493 4
E #dLSe3 Pee 0 LOA se0L PLatt & P A3024 ttatus sffft 12 in M A-2215 3; 58
e sunse t snsse318-4 psstS3, sacf atus ts-6 C2F01 sese A335st tuttes STEEL 12.0 in rase ME A 2218 20; 4F sL0tg 4 Or e5st-e3 te
I su3ttel Insl05tC W53703, stCTIOm LC C2FU2 sem A33381 14mEst lifEL 12.0 in FAeg M A 2213 3; 60
t fq0L583 5#1503MC #$5103, agCitos sic C2702 seet A533e1 LtmsmS ETEEL 12.0 in fast NEA-2218 3; 41
I setsel Sus 103est-F 8:5sf 01, sttfl0e seC-T C2702 sete A33191 LUEFNS sfEEL 12.0 in #Asa seE A-2218 20; 4F 03fet, et0CE VII $PEC 10 e set-
t Matse3 tse0L91 MOL WELD W1, saw- t W sav 2.63 en stEA 22ts 3 49

*

I IEGL 943 tau 0LO2 se0L WELS U2, Sav-7 W Salt 1.6 in seEA 2218 3; 51
E notea3 tse0LO3 sent WELS W1, seu 3 W RAW 2.4 in MA 2210 3 53
e n0 Leal nsautop pot lette e, stW-B W B&W 2.75 en enEA 2210 1; 54
E #80Lat3 nee 0LOE MOL ifELD E, S8W-f W A302S EPt s 4.0 in 8eE A-2218 3: 58 SA WLD SC2
E 881-1 SAlfhE 190F94, LOT us, 31 E-13438 sete A302e U.$, STEEL 4.0 in fAsa Asim str 43r./42 43; 44; 45
e utt j SAf74F $427-1, Let me. St 0 42F 1 sam AS423 8 turEMS ETEEL 6.25 in FAge Asin STP 484/42 43; 44; 45
t Det-1 evEe20 nA2 er Wwym20 #A2 A53381 vescom 8.0 fn 504 19 kat F911 2; 16

| 5 met-1 mW_16 MA2 0F w_ 16 NA2 A13301
ene,flWG#0ust
WEl F.29 in f94 & Gret Fett 2; 14

t ut-t P.4 il P A133:1 e.i25 in Etw 3 set 4FF2 3
8 met 1 Psav13 Of P A533a1 tad 8.125 In 3 est eFF2 5 81 LOCATION Of Pt4U135 est-1 Psair13 Cole P A531st sAid 9.125 in 3 ML Fett 1 effast sAA

l

|

|

|
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Table 28 (continued)
s.t u_f e ... . P.e. r
T AG .G RP,te uf Af,19 DPf,tp Nf at,e0 Pe0D_to MAf_tg Sapp TaltteE 55 (EmGT4 U SG.nC

. . mm . .. .....t I E R .. m E #PC_10 MPC #FAf 88 F,f D PAGE S eof E 5me .m .. .m .. .m... ..m .. me m ..m m
E met 4 Pttw131/27 P A13141 98W 8.125 % 3 tot Fot1 16 1/21 LotAfles C# PGA 13g st L . t Pt4Wt9 P A333s1 etw 5.75 in E0416 9 an 6F72 3
E tet l P94W19 Of P A131s t s&W 5.75 In met 4TF2 5 0 f tatat On Op Plavt9
E bat 1 Ps4w191/27 P A13351 R&W 5.F5 In att 6TT2 5 t/2 I toCAf tcu Of Pt&wt9E en-1 PLUE01 Ctt4 Ees P A5335 8.8 in E 24 tutt use met $35F 2; 3; 11g tet 1 PLLT02 CtEt Ett P A1333 0.9 in f 24 tUa E =SJ m% 331F 2; 3; 12g bat-1 PLut t i P A33341 LUkiWE STEf t 4.0 in 104 1 I th 4TF2 5
I set 1 PtdE11 Of P 413391 Lumens sitEL 4.0 in met 4TT2 5; 6 0 f LOCAf tom of Plutt!t set 1 Ptut 111/21 P A53381 LUKEtt tif f t 4.9 in un 67T2 5; 6 1/2 i LotAf tou 0F Plut11
t het 1 Ptua12 P A13381 Luutes STEtt 8.0 In 104 2 2 tot 6TF2 1
E bat 1 PLUK12 Of P A%3141 LLRENS SfEEL 4.0 la #R 6TF2 5; e 01 Lotaflou Of Ptutt2f su + 1 Ptur121/27 P A331s t LURE 89 SFEttt 8.0 let a*L 4TF2 5; 6 1/2 I (00Aflou 0F Pttallf 69L 1 Pf Ut18 P A133C2 Lustes sitEL 4.9 ln 90415 6 zat 6772 3
e net.1 ftut t8 Of P A533t2 Luttes sffet 4.0 in met 6Tr2 5 uCE OF Ptunitg ku 1 PLUE tS ff P A133t2 turEnt SfffL 4.0 M m% 6TF2 5 BOOT OF Ptte18E met-t Pttst5 OSS P A133C2 turf t1 Sf tfL 4.0 in ##t F011 3 PLut13 eff0mg sAA
E t4 n t PLW191/27 P A133C2 Luttes sftfL 4.0 in met 6FF2 5 1/2 7 tota 1Bok or PLutteg meL 1 FWete WEsDen 8tfEL #0.14 P Aillet tusfet STEfL 6.371 In 5 04 4 met 6FF2 1
3 het - 1 PWEE15 vtupot STEf t h0.15 P A93382 LukteS SffEt 6.3 75 in to4 5 tot 6FT2 3
f hat t PWtst5 Of Weon 15, et P A93342 LumEst sifft 6.3 75 in met erF2 5: 4 9 T totAf tcu Os PWstSf kat 1 PWW111/2T WNDOR 15,1/2 I P A51152 LUREel 17tti 4.3 F5 in het 4FF2 5; 6 1/2 T Lotaf fe of Pvts15g est 1 PvtN20 WEeam STEtt e0.2e P A133e1 Umretstit. viscos 3.0 in EG4 19 set F011 28 met-1 PWT u29 Of Weem 20, of P AS3391 UnlMaf f F. vtuene 0.0 to met 70 t 1 to; 21 9 I LOCAf tcu of Pete20t met- 1 Pvt #29 Des PvEs29. S(FORE tea P A11191 UNIMWTf f. WNDes S.4 M h9t F011 3 PwEm20 SE70tf seag set 1 8W_?4 44sttoGacusa, Pt.1 P A431st Wstimenaute F.5 M EOs12 6 un 4TF2 3( eet .1 PW_1F WEstlaGamfSE, M.2 P A131e 1 W3f tscucust F.5 In 50414 F #Gt STF2 33 4G L .1 $AStuD A5411 et#Eef eG Pt. Seu A9431 U.E. STFf t 8.0 M FASS Net F011 2
E met t SA5f acS1 SECf.10F SAlf8D San A5431 v.s. sffEt 8.e in FAsa un Fett 1g pet.1 SAlf arg t01 gfC.1, 9 f 894 A5431 ti.5. STEEL 8.0 M #Ast het ?o11 16 SEttica 1. suutACEE met 1 Eastsett12 SFC.1,1/2 I se# A%431 U.S. STEEL 5.0 in FABe h2L F011 16 SFCflOE 1,1/2 fa est.1 SA$fsD$114 SFC.1,1/4 i 574 AS431 U.S. ETEEL 8.0 in FAse met F011 22 SECitou 1,1/4 IE tet-l sal?*eS2 Ef tf. 2 OF Selfue 194 45431 U.S. STEEL 4.0 in F Ate , en F011 3g sat 1 SAlf8DB212 SEC. 2.1/2 T Se# AS431 U S. Sffft 9.9 in fAta nel F011 16 $fCit0M 2,1/218 met - f SAffemt214 SEC. 2, t/4 I see 41431 U.S. Stitt 8.0 6n Fase set F011 22 Sf tf ttel 2,1/4 ff tet - 1 SASflell Batt. 3 0F tatfee sf AT e0.2 see A4431 v.s. stEst s.e in vasa, ein Fett 19
I teet.1 WBAU19 W A33351 S&W 5.F5 M 19425 a% 6FF2 3g met .1 WE&W19 Of e A33331 saw 5 . 75 in set 6772 5 0 f totAf rom on wasut9E met 1 WesW19 est u A333at maw 5.F5 M set Fett 3 wsutt steces seat met 1 WD2W191/27 E A53 351 S&W 5. F1 la met 4FFZ 5; 6 1/2 i LOCAf t04 0F WE4eff9E ket 1 Wetu60 Cet ut (Atto u) u A131e 9.75 M f23 tat met 831F 2; 3; 13f #41 Rtt16 W 4133C2 Lttf#3 Effet 4.9 in 80624 tat 6FF2 5g mat t wtutte Of WLute, #Att w A131C2 tuntus sffet 4.0 en met 4TT2 5 FACf of WLurtse set 1 Ruti$ 11 WLutte, e001 u A133C2 LUREWS sifft 4,9 in het 6772 5 sect OF wtuttaE eM 1 WLM191/27 RUtte,1/2 i w A33302 tuttet EffEL 4.3 in het 4FTZ 5; 6 1/2 T LCCAfl0N Cf WLutte8 keL + 1 WWWE20 if A133s t tAssPECir;to vtupon S.6 M t04 14 tu F011 28 het-1 WWte20 17 wvEs?O, eact er A333e1 unspfC1Fite stiman 8.0 in 14 set Fett 16; 21 9007 totAf tom of WWEm20E heL-1 WYES 21 v A533s t utspfCtfits venste 8.0 in E 04 14A Ret 7911 23 het-1 WW_ 16 u A53381 W st imG40VSE F.5 M E0623 set 6TT2 3I set 2 589101 P5tf01 A1008-1 Se# A33301 tutters EfftL 12.0 in Fate MBD 1F/116 146E #4 - 2 3"5501 AA ktsf01, SECT. AA A1008- 1 tse A33331 Luutet $ffEL 12.0 M #Ame SEAS 17/116 116 Ett utAP-FoteE e%-2 SN$101A8 p59701, SECf. AS At006-1 See A33391 (Wies Sffft 12.0 M FAse uf ED 1F/116 116 SEE WEAP.F414g ast 2 $nst02 uttig2, pe5PfC.StCf. A t iT5-1 sem A333s1 turfst sTffL 12.6 in Fast BSSf 02 eERO 1F/116 lie3 met .2 teS502 Of e55702. OhSPEC.SECf. A1995 1 See A535s t Luttet tftfL 12.0 in FAse sgas 1F/tte 119 e f (OtAf gasf Wet-2 WWSS19 W5ST a0. So w A131e1 Capesustias Ems. 12.0 M t07 e551 Ws0 1F/116 Ste; 123 set utAP F414f met 3 Fute89 CaDE est F A1082 6.5 in stF rwstne met 81Ft 2; 3; et het-3 **1'u #at OF Sa872 *At A30Fe 6.0 h 11F C4076 met 81F1 2; 3; 68 set- 3 augSIA uAt Os epW534 naz A131st Lungus 6.0 in Paen vJet F 72/169 3F05; 3Fts; 3F42
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Table 28 (continued)
3.f.H.e P. .

T AG E st,f t mE At,ge 377,10 uf AT,eo Pe@ 10 4A f,19 SUPPL t f e felCEMSS LEPSie,W 90UeCf #*C,f t WPC,pE AT ef F,]S PAGE S #0f t B,

E BRL 3 kwet01 #AZ DF Whet 01 PA2 A5335 Cmeuttlee tea. 10.0 in E12 nA2Pt Astn STP SF0/83 4F; Git; 94E 9%-3 Putt 03 RA2 Of iPiet03 =A2 A133 CtessuSTice tes. 9.F5 in E12 mAIPS Alta Sft 5F0/83 87; as; 97 PAfEnf PLAft Il Pett03t Mi- 3 PeRD4 942 0F wetos M2 A1339 Con 8USflos EaG. 9.6 in E12 MA27% ASin St# 5FD/S3 AF; 88f heL 3 eneLOS M2 0F Whetg5 WA Z A5318 Con 8USilde feG. 9.4M in E1224 P5 A5fn STP 683/235 238; 239; 242F het 3 #weLO6 WA2 0F Weet06 NAZ 65310 CmSUSflom EsG. 9.F5 in E1226 eA24 Alfst STP663/235 238; 239; 247E HL -3 PeuB) PLkit 1 P A1333 CensuSTtcu tsG. 10.9 In til P1 Atta Sfp 5F0/83 se; 8F; 90 CODE CEPT te su 828FG ML 3 Pett 02 PLATE 2 P A1339 CmeUSf ton EeG. 10.5 in Ett P2 ASfn SfP SF9/a3 OF; 68 tant CEP2 se att 82SFt teL 3 Putt 03 PLAff 3 P A1358 con 9USTf05 fe6. 9.75 in P3 ARTu sfP 483/235 238; 239
E etL 3 Peet 04 PL Aft 4 P A5310 CmeuSilas fee. 9.0 to P4 Alfn STP 683/235 23s; 2393 set-3 789405 Pt Aff * P A5335 Cmeutf10u Eus. 9.625 in E1222 PS A$fm 577 683/235 238; 239; 241
E est-3 PteLO6 PLATE 6 P A5338 CONeunf tou EeG. 9.F5 in E1225 P6 Alta SfP 683/235 238; 239; 242
t tet t 3 Pn;ete? PLAf t F F A3338 COngulflag EeG. 9.75 in $1228 PF Astu tip 683/235 23s; 239; 243
f set-3 PvtL 30 C40F6 P A 1023 Luet=S Stift 6-3/s In FAse u% 8004/tti- A 45
E Wet 3 SASfn 1/41 aEf PL., 3/4f LOC. 40421 See A3029 U.S. STEtt 6.0 in Fame het 8171 2
E Bet 3 SAlfst n 9tt.Pt., mAZ Pamfet A0421 San A3029 U.S. ETEEL 6.0 in FAet tu 8171 2 Patter nAfte3AL FOR mAStuE HL 3 teqE 5 3A Fem PnE11A IP350F W A53352 LUEEet STfft 6.8 in WJet F-F2/369 3Fes; 3FtS; 3F35 USED OfmD NELT AS SASEE en-3 Whet 01 vEtD 1 W A3334 CDeeUStics fuG. 10.0 in E12 WLDS A$fu STP 5F0/83 8F; 68; 95 Cet CtW1 In est s2sff tet.) wet 02 WELO 2 W A5335 Ctpitulf son Eus. 10.0 in 112 WEL92 ASTN STP 170,93 SF; 88 Ctet Cfw2 to est 320Fi set 3 WM03 Wets 3 W A133e toneustt0m Eus. 9.75 in ut03 Astu STP 683/235 238; 239 SEE set st363 stL 3 ins #t 04 WELD 4 W A4338 CateUStice itt, 9,0 in WL54 Alfe STP 693/235 238; 239 REE est 8116i est 3 thel O6 WELS S W A3338 CGe9Ulf ton EsG. 9.75 to E122F WE t04 A5fn STP 663/235 238; 239; 244 SEE est 8136E seL 4 SAlfn f26 eff.Pt , COPE $24 A0421 sen A3023 U.S. STEfL 6.0 in FW E 24 A0421 ML 815F 2; 3; 10
t set 4 geS$03ses NEsf03 SEtflow sep C2?C2 sen A533s1 tunges efett 12.0 in FAe4 het 835F 2
E eR 4 WB&WOI C@t tot 1 (et) W A5333 E 22 ##L 1 tel 8357 2; 3; 15t met-4 WERW62 C00t set 2 te2) W A5310 E22 942 NeL 035F 2; 3; 16g pet 4 kgAWO3 CtDE pt 3 cals W A333s E22 HL3 set a357 2: 3; 1rQg t est 4 WeaWO4 Cait met 4 (es) W A5335 f22 este h4 835F 2; 3; 18>A t met 4 W94WU5 CCDf BBL 5 tels W A533s att mets itet E35F 1; 5; 19
E met 4 WBAWO6 CCDE ML 4 (W63 W A5335 E22 tete ML E35F 2; 3; 22
E nt 6 WetWOF CODE nt F ger) W A1338 (22 etLF etL 835F 2; 3: 20
E met 4 WB&We8 CODE Mt a (e63 W A5333 Ett au8 het 835F 2; 3: 21
I teL-4 utT_99 CODE mf IP!1F1 W A533s f Copeulflou Ese. 10.0 In sin E23 af met a35F 2; 3; 12 SEE CR F5-269E tet Ae WetW66 CODE 986 W A1334 12.0 in 525 Civ56 Atta ste F25/63 44; 65; of
E NM Ae WCE_84 CTE WM = A4338 S.125 in E25 Cts 54 Atta sfP F25/43 64; 45; er
E HL EP FREW0t CODE SCB P A5082 10.25 in E20 BWPti est 832F 2: 3E set EP PtPe te Cctf CAS P A3330 (20 EPel$ Wet $32F 2; 3g bet-EP Pf Pt f C CCDt Ctt P A1330 E20 epa t C. het 452F 2; 3
E set-EP SASTn M Rif.PL., Ccet e AOL21 See A3028 U.S. STEEL 4.0 in FAtt E20 A0421 su 3327 2 38 etL-EP SAlff6 31/2 fff.Pt., C@E s,1/27 AM21 San Aleft U.S. STEEL 6.0 In fase EPet pF 2F32 35;6-2 1/2 f L0tAf fcu 0F SA5fn WE tet -f 7 WEte06 Ca>E E4 W A13 30 S.36 In tasa E26 E4 est 4431/1 13 SEE 3 Pet eP 2F52, PP. 31, 3-1f est-EP wPeM3/4f CaDE E4 W A5333 6.38 in F Ata EPet eP 2 FBI 35;6-3 3/4 f (OtAtica OF WPe04f kat EP WEPS19 Curt Elf (EP-19) W A131al Cetu1Ficu (W4. 2.F5 en fase E20 E tt met alt? 2; 3 Stt EPet seP.2Fs2E HL-EP WEPe23 Cces f23 (EP 31) W A533e1 Caesusfice sec. 9.25 in fase f20 f23 set a32F 2; 3 stE EPei eP-2782E tet-fP WEM24 CODE E24 EEP-243 W A133S t Comeustice EuG. 8.F5 in Fast $20 E 24 met 832F 2: 3 GEE SPet tP-2F82E Oper$F rufA01 CUDE E F 22WineCr37 RfA 2T5.5 aan muets/Co 3295/v2 4( cetPSF fn0L61 C006 n@ f A4083 seot 238.0 een muets/Ce-3295/v2 4f OpePSF SAlfa FIS etr.Pt., <mt r21 A0421 see A302e W.s. STfft 152.0 en FAse m>sts/Ca-3295/v2 4
I CesPSF $#1503 PSF esSf03, us5PEC.5ECT. C2FD2 Sen 853381 1UntNS SPEEL 12.0 in rate IPJetG/CE - 3295/V2 4E 0e8718 WHe PSF CTE e W A5339 es&A 160.0 see NUstG/tt-32%/=2 6
E Pt-tes petJ1 fece S 5503-2/3 1924T2/3 MAI A3029 6.0 in Stn Ele ASTn STP 481 149; 150; 151E PG-EOS Pse_01 t 5503 2/3 192442/3 P A3025 6 Sn sCe E16 Asin 5fP 401 146; 14F; 148; 1493 Fe-EDS 80e l01 nELT 19Ffe, SLAB 30 19714 P A3023 LLMEe5 Effet 5.F5 in sta ASTn STP 481 175t Pe-EDS Pan 301 3-4201 2 A0638-2 P A302S LUefet 5ftfL 5.e in SCe E16 ASin stP 481 201 SfE EECt-4443. C 1E Pt Epe Pas 302 S-4201 4 20239-3 P A3028 tusfeS STEEL 1.6 In SCR E 16 ARTm lif 481 201 SEE Gtte-4443 C-9E P9 fDS Pfe_98 nELT 9928t; nAst 0 ' 19291-2 P A3023 LUtteS SfEEL - 0.5 in Ele esta sie 481 15 7f PE -f D5 WH Of teGe t-1503 2/3 192462/3 W A302s toevstfoe te4. 6.0 in Sin Ele Asfa sfP 481 149; 150 SEE sECo-4442E sea me=A01 21 feGe We3 PAS #AZ A5339 tera FAtt ASfn $fP F82/343 344; 354 3/4 f LOCAf t0N
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Table 28 (continued)
3.f ,..e, . e i.

fa4 E pP,10 WEET,19 ePf_fD #E 47,80 Pee,It sta f,18 SUPP(itt 1stCEtat t$ LEngfW U $Q0ect NPC,35 NPC,PE AT Rf f,tp PAGg g MQM3
. . -

,

I sn 3 PMf 36 * EAT 192FS, CAtt 29 T9273 P AM31 0.5 la
w.

E En -3 P*E f 3C sE AT Y92F3, Cast 2t e92r3 P A5431 S.5 to
ka 6/27 29; 30 F.%1 stCree

E Sm.3 UmeL96 inP, CtMP,1934 U AS431 f .9 In 54 6/27 42; 43; 44 EBPfttmeel&L CGuggitics 1934
mA 6/2F 29; 30 F.13 attnee

5 SM 3 Uhet99 137. C1mp, 1956 11 AM31 1.0 in8 5m- 3 Whet 19 tat. Camp, 1933 U AM31 1.0 la
u 6/27 Q: 43; 44 EpfeleitefA4 cmpettrice 1936

E Sm- 3 Whet t l teP. Ese.1948 U 45431 f.9 en
mA e/2F 42; 43; 44 EA*Estwafat Compostitou 1934

3 sm 3 Uwet12 Pv-80 (kEt9) U A%31 2.0 la
se 6/ZF 42; 43; 44 taPtenmEsiAt Cocongtgen 1943

I sp.3 nmet t3 w?-40 EwELS) U aM11 2.0 % e4 6/27 42; 43; 44
I sn- 4 PmE05A PLeft $, thGCf A P A3028 12.7 men 531 5A Asfa sf7 Fs2/375 376; 3FF; IF9

u 6/27 42; 43; 44
f SM-4 P> TOSS PtafE 3, teGof a P A3028 12.7 **n all SS Alfa stP Fe2/3F5 376; 3FF; 3FTI sm-4 Puf 95C PLAf t 5, teGDT C 7 A3025 U.S. Ef tEL 12.F en fit 3C Atta Efr 792/3'5 376; 3FF; 379t an-4 Puf o%e P aff 5, trao? 9 * A3028 U.S. Sitti 12.7 == E31 30 Asfa sfP F82/375 3F6; 3FF; 3M

t
. E 54 4 PetE064 PLAff 4, itGDT A > A3CFS U.S. STEEL 12.7 ese E31 4A Affe STP Ft2/375 3Fs; 3FF; 379
1

4 $m-4 pmE064 Nfu PLAf t 6, t#GOf A P A302e U.S. SfEEL 12.7 an
'

t Su 4 PuF063 Pt&TE 6, taGot 9 P A3G2s U.S. Sff EL 12. F sen E31 84 Asim tip 732/375 376; 3FF; 3F9
ammEC/Co-52M 2; 18 Ref f ew Dist. SECT. OF PLAft

E 5m-4 PuL O6C PL&f t 4, teGet C P A3073 U.S. sffft 12.7 oun f31 6C Asin $fP FB2/3F5 376; 3FF; 3F98 es-4 PME06Ctt PLAff 6, IseGT C P A14tt U.S. SMR 11.7 aunt Su-4 PmE 0ep Pt Aff 6, 3eG07 p P A3028 U.S Sffft 12.7 mm E31 to Asfa s?P F32/315 3F6; 3FF; 3?T
mueES/CD-25 t t to 8eAftet AL * 4.311 si

t sm-4 *pE6FC mfu 67 Ulf C P A5314 U.S. STEEL e.$ ta$ SM-4 PM684#44 68, CAST A P A133a U.S. sith 9.S la
uunte/Co-52fs 2; 19 SET fatse ef ff. SEti. OF PLATEf Su-4 PtW4MC #EU 48 CAff C P A5334 U.S. E'f EL 0.5 *n suetE/Co-5216 2; 29 SET Faam Diff. SECT. OF PtafE

t SN-1 Pete6A Go, psf A P A3023 U.S. stEtt 0.1 la
surf s/CR-5274 2; 21 SET rest ef f F. BEct. OF PL&fsf $4- 9 PoE665 66, Calf a P AM24 U.S. Effet 9.3 1**
suets/tt-ulf 4; 13; M

E in- 1 Pufeet 46, CAST C P A3029 U.S. SffEL 0.5 in
MustG/Co-t437 4; 13; M

i so-5 Peirees es, CAsf e P AM2s U.S. SYtet 0.5 in
septs /te 443F A; 13; M

gi SM-9 PME 4 FA SF, CAST & P 45333 U.S. STEtt 0.$ in
suets/Ca-4437 4; 11; 14

g I 5m-$ PateFR 47 CAST e P A3338 ti.$. SffEt 6.9 la
muef c/Ce-u1F 4; 13; 14

E sm l PateFC 4F, Ulf C P 453.36 U.S. $fth 9.$ two
ERmEG/Ce-4437 4; 13; M

t 52 5 P=E 6 FD 4F, CAST 3 P A5338 U.S. STEft 0.5 lie
muefG/CR-4437 4; 13; M

E 92-$ PmE 48A 64, Calf A P S1358 U.S. $7ftL 4.5 te
suett/Ca-4437 4; 13; 14

8 52-5 PuEe84 68. Calf 9 P AMM U.S. Sf ttk 9.5 in
hvets/CR-4437 4; 13; 14

E sm 5 P=Eeet 64, utf C P A333e u s. sfEft 9.5 in
muers/Co u3F 4; 13; M

E Sa-5 P4680 64, Cast e P A133a U.s. stEtt 0.9 ts
tueEc/Ca-u3F 4; 13; M

E Sm S PmE 69A 49, Calf A P A3025 If.S. SfEEL S.$ la
stets /Co-u1F 4; 33; M

t EM-9 PaE695 69, Calf G P A3025 U.S. SfEEL S. S in
gueEG/CS-443F 4; 13; M

t SM- 5 NE 69C et, CA$f C P AM35 U.S. Sff tt 9.1 les
huett/CR-u)F 4; 1); 14

I sa- 5 Postese 49. Cast 3 P A133s U.s. STEEL 9.9 tot
tRREC/CS 443F 4; 13; 14

E tm-$ PnE F04 FS, Cast & P A3025 U.S. SfEfL 9.5 inn
WUeEs/te-443F - 4: 13; 14

i $m-9 Piet Foe F0, CA57 8 P P3025 U.S. tith %.S h
huefG/CR 443F 4; 13; 4

t am-S P=E FOC *D, Ulf C P A3029 U.S. Eff Et 9.5 te
buefG/CR-4437 4; II; 14

4 $m-1 Ppf F00 Fe, Cast D P A3328 U.S. SffEL 6.1 la
suets/te-443F 4; T3; M

E en 5 PmE FtA F1, CAtt A P 43025 U.S. Stif t 9.5 in
avets/C8-4437 4: 13; M

I ta- 5 MtFls F1, utf a P A302s 0.5. SfEf L 9.1 la
tuttG/CR-443F 4; 13; 14

E Su-5 resE Fit F1, CAsf C P A102s U.S. sitti O.5 la
stafs/CR-443F 4; 13; M

f sp.S PaE F19 71, Calf 3 P A3923 U.S. STEEL G.5 in
samts/ta u1F 4; 13; 14

t SM-1 PME FZA F2, D57 A P A3nzt U.S. SMn t.) - % WLef C/CE-443 F 4; 13; 14
I Sn 5 PuiF29 F2, 051 8 P A533e U.S. STEEL 9.1 te austG/Ce-4437 4; 13; M
E Sm- 5 PME F2C F2, Ott C 7 A5338 U.s. 515EL 9.5 in

avetG/CW-4437 4; 13; 14
E SM $ ME F29 F2, tati 9 P A333e Es. Sffft 0.5 in

avets/Ca-us? 4; 13; M
E SM #A5faub in&2 cP gAsTg4 aAf A2125 U.S. Sith muers/Ca-443F 4; 13; 4

, 8 See SA5fm A3025 pf f tef uCI Pt. AM21 Sem A3024 U.S. STEEL 6.6 in F Att A0Qt A5fm 9554 3; 22; 23 CoastLAf ttu mAftes&t In Pe faa

Aste 0514 43 PA2 ttstte unpfe A2128 lafe.
i ten $ Alfa $1 agr.PL., 3ECTBos 1 4041 SM A3029 El. Eftf t 4.9 la FASE ASTN 0554 64 SECf tem 3 te met 7311, p.17
E See SAstu 52 ef f.Pt., SECflCW 2 A0Q1 SM A3025 U.S. Sf7EL 6.9 in Fate Atfe 3554 46 SEC110ts 4 t# tat 7411 P.1F
f seet $Alfe 53 #Ef.PL., SECTion 3 A0421 SM A3024 U.S. SMR 6% in sata Asim 0$$4 ea SEtitou 2 te est 7011, P.17I SM SAsin $359 Sitt. 3, sfe. efttf 7 A0425 $M A3023 EE. Sff ft e.9 Gn FAse Alf4 9114 66 A80!fonAt STRESS PELtEF
G tees latin to #ff.PL., SECf fee & ASul see A3023 E5. sff fL 4,9 en fasp Asfa 0154 e6; er striiew 1 tu met rett. P.t?
I tem Sasfa a PEF.Pt.,tertpfC.5ECI. AOQ1 SM A307e ES. statt 4.4 en fAse ASt# 91% 3; 22; 23 Uh5PECittfD PAef OF f*E PL Aft
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Table 29 Partialit

CmIn 13 A3f Page 1
1 AG ~E XP,f e M1AF,,10 PRCD,19 RA f,f D CMf4,, LAB AE 16 $PE C,10 C hu P S SI et CE 8D EU V 5

.o eemesmeeeeeme eeeeeeeeeeeeemeneenemesmesseem mmeseeseemeeseseeemeeeeeemme eenemeseemosomeemeeneensee===== eassesseemeessmemmassessemeen
t SE1 Au P5f f 08 P A302 ntAf 0.190 1.500 0.012 9.026 0.270 SAa0

! Sf f Am PBE10P P A3029 BITTIS CAEG 0.220 1. 76 0 0.005 0.917 0.310 S.120 9.100 SAa0 0.200
E SE T + As PSE TOS P A3029 SEAT 0.210 1400 0.027 0.035 0.220 SAe4

E BE1. As Pstf01 P A3028 SEff fl CREG 0.220 1.530 6.023 0.031 OA70 6.000 6.080 SA70 0 %4
! 8E f. As Pst fou 9 A3023 MAf 4.190 1.170 0.015 0.027 0.210 DA80

E 3ET 4s raff0U P A302B BEff!$ CNE3 0.210 1.360 0.021 0.027 0.220 9.2'.0 4.%8 0.500 0.220
I swat xP FPE360 f A5052 wut 0.210 0.550 0.007 0.0ha 0.110 8.620 6.300 0 454 0.130 e.026
! swEXP ft28W f A5082 aEA1 0.240 0.700 0.nos 0.011 0.0 f 0 0.790 0.360 8 410 0.090 4.002 -
! sats* frxx01 F A3082 uut 0.210 0.71 3 0.013 0.011 0.320 0.790 0.350 e.400 9.%0 e.533
I sdExP * cps 02 P A53351 NE A1 9.230 1.360 0.C23 9.913 6.210 0.630 0.%0 SA90 0.%0 e.002
I gWERP PNA101 P A53381 auf 0.240 SAa0 0.026 0.e11 2.250 0490 9.130 0.530 0.120 e.002
E tetrP pvt,01 P A533:1 out 0.240 1 A60 0.020 0.810 0.260 CAe4 9.050 0A40 0.100 e.002
1 Swet sP wCract v A533s1 utAf 0.140 1.300 0.021 8.012 9.0e0 S.740 0.060 9.510 4.210 e.002
f edEzP wmL102 v A5338 NEAT 9.110 1.270 0.0Z3 0.0% 0.%9 0.900 8.060 0.500 0.190 4.002
i B A EAP wf 01 W A53341 MA1 0.060 1.050 0.012 9.017 4A30 0.950 0.030 SA90 8.010 e.002
i CEA FFRIOS f ASDB3 NEAT 9.185 1.330 0.013 0.011 0.350 0.580 6.%0 SA90 0.070 cc.05
t CtA titAOC F A50E3 utAt G.165 1.260 0.011 9.013 8.290 0.430 e.170 SA90 0.000
t GA Ff AAQD f A50E3 SEAT 9.%9 1 A20 9.012 0.000 0.320 0A60 4.150 0.500 0.070 9.006
E CIA f f tAot F A50a3 MEAT 4.t55 1A50 0.010 0.011 9.300 6.700 9.40 BAa0 9.060 40.05 .
f CIA # F RA07 f A50&3 NEAT 0.%0 1.229 0.00s 0.911 0.260 0.710 e.1a0 6A70 0.050
t CE A FitA06 7 A50A3 SEAT 4.45 1.260 0.005 0.006 9.264 0.700 9.200 0.450 0.050
t CEA F e tA6J f A5043 NEAT 0.145 1.310 9.915 3.010 9.330 0.600 0.110 S A40 0.970 40.95 .
E CEA f FRAJ2 7 A5083 aEAT 9.180 1.340 9.009 8.005 0.M0 9.7e0 9.119 8.500 0.060 9.002
E CEA # FRAPI f A5083 WE A1 0.146 1.380 0.00B 0.006 4.250 0.720 0.h0 4.560 0.085 9.004
E Cta f f TAP 2 F A50E3 utaf 0.168 1 A70 0.814 0.005 0.200 0.920 0.230 9.490 0.000 9.006
E Cta f f 8.AP3 F A3083 MEAT 4.149 1 Ado 0.010 0.906 4.290 1450 9.268 4.500 0.005 9.910
E CEA FFRAt2 f A50R3 g[Af 6.40 1.265 S.000 0.009 0.180 0.4a0 8.230 9A85 4.058 e.005
E CEA Pf tADA P A533s1 auf 8.2a0 1.3de 9.011 0.010 9.2A0 9.620 0.520 0,.000

E CEA PFRAON P A533a1 ut.Af 0.1a0 1.540 0.007 0.00s 8.200 0 4 30 - 9.058 GAFO 0.030
f CIA PraAOK P A33381 ptAf 0.55 1.0B0 0.010 0.0% 0.150 0.720 9.120 0.520 0.120 40.05

. E CEA Pf tAOL P A53351 auf 0.235 1.230 0.010 9.015 4.220 0.720 4.130 8.500 0.120 e0.05
( t -ta Praatni P A53381 mEAf 0.255 1.310 4.00s 9.914 0.2e0 0.710 0.150 0.550 0.220 as.95
\ $ CEA PFRAOW P A53381 MEAT 4.50 1.356 9.000 6.9% 0.250 8.edo 0.150 9.500 0.220 40.05

I CIA PFRADO P A533s1 MEAT 4.175 1A90 0.006 9.005 0.250 0.e60 8.050 0.510 0.030 8.019
i Cf t PfaA4 P A333a1 NE.11 0.176 1.330 8.020 GAM 0.256 9.700 0.190 9.510 0.102
E CIA PFRA18 P A53381 mEAf 0.1 71 1.320 0.00P 0.013 0.50 0.690 e.180 9.500 0.090
I CLA Pf RA1C 9 A533s1 utAT 0.180 1.290 9.009 0.013 0.50 0.700 0.190 0.500 0.020
f CEA Pf tJ10 P A53381 ELAT G.171 1.310 0.00P 0.0% 0.260 6490 0.190 6 Ste 0.020
E CEA PFtAtt P A53381 MEAT 8.104 1.300 0.020 0.613 0.250 9.690 0.900 e.500 0.020
f C34 PFRAlf P A33301 AfAf 0.159 1.270 0.018 S.010 8.250 0.740 6.180 0.500 S.100
E CIA Pita 10 P A33381 BEAf 9.180 1.300 0.019 9.012 0.59 8.490 9.100 9.500 0.022
I CEA Pf tAla P A533s1 MEAT 0.186 1.300 4.00s 0.013 0.250 0.600 6.190 e 500 0.996
E GA PitAlf 7 4531st mEAf 0.186 1.320 0.015 0.013 0.260 0.700 0.190 0.510 0.060
E CIA Pf tA18 P A53381 NEAf 0 .1 74 1.300 0 .0 14 0.015 9.54 0.700 0.190 9.510 9.059
E CIA Pitale P A53381 PEAT 3.47 1.330 0.015 0.0% 0.234 9490 0.190 9.500 0.000
E CI A Pitats P A533s1 ar.Af 4.166 1.290 0.812 9.014 0.250 9.690 0.130 0.500 9.060
E CIA PFtAIT P A5083 utti 0.146 1.3a0 0.008 0.280 0.725 0.268 6.535 0.007
I CtA PFRA TU P Abs &3 NEAT 4.48 1AFD 0.010 0.230 0.925 9.230 SAa5 6.ht
E CIA Pf 8A19 P A50t3 atAl 9.169 1A60 0.010 0.290 1 A30 8.260 0.500 SAmt
E CIA Pf sA12 P A33381 NEAT 0.156 9.290 0.029 9 .015 0.250 0.710 9.190 9.500 0.061

'

E CEA Pf tA23 P A13381 SEAT 0.140 1 A50 4.010 0.008 0.240 1 Ado 40.05 9.490 6.070 *0.95
! MA Pf tAJ1 P A53381 suf 4.180 1 A40 0.000 0.006 0.220 9.aec 9.200 9.570 9.820 0.002
E MA PFlaal P A53351 auf 0.190 1.350 9.008 0.020 0.270 9.560 9.550 0.070
E GA WreA30 W A5 3381 MEAT 9.064 1.180 0.010 S.005 0.227 0.865 9.053 s.3a3 0.021
f CD vfeA01 u A13301 NEAT 9.053 1.420 0.019 0.811 9.237 0.485 0.114 # ASS 0.027
E CA WitA02 W 453381 suf 4.051 1.260 0.3% 0.013 6.193 0.a95 9.075 8.360 0.1a0

]f CfA wf aA05 w A53381 MEAT 0 054 1,*50 9.018 4.012 0.273 1.115 0.09s sat $ e.e23

l

55

m.. so,

. _ _ _ . _



e,

ting of CHEM _TR.dbf

CKin 15.6f: Page 1
3 ti ce s O st As * 28 AL At, tot At,tst Ps v se 2s fa a ut et s)0 Pasts . sof ts-=== == mo

WAPO fa.1095 13 attL Amattsgs0.200 .0158 0.013 unPO in-1995 13
k4P0 To 1095 13 asLL AsAt?1189.loe .0142 0.028 uAro Ym 10P5 13
WAPD-Ta- 1995 13 84LL AaALT$t$9.220 .0169 0.041 WAPD tm 1095 13
st00-21?Q6 61;4-0
stDD-21700 41;44
st00-217DS 41;48
et00 21TD8 61;48
stDD 21708 41;44
ut00 21708 - 4-1;48
st00-21708 C 1; 4 8
uE00-21708 41;44
aEDO 21708 61;4-8
AlfR STP $19/29 12
Asta Sft $19/29 32
Asia SfP 419s29 12
Astm $fP 819/29 32
A$te $TP $19/29 32
ASTd Stp 849/29 32
A$fs 5f7 019/29 32

0.010 0.0L8 0.024 0.007 Asfa 317 819/29 32
0.033 0.507 Asin *fP 419/29 37
0.031 9.007 ASTN Sfp $t9/29 37
0.039 0.067 Asta STP 819/29 37

0.01 0 Asim stP 419/a4 es; e
A$fM SIP $19/29 32
Alfa $1P 819/29 32
ASf A SIP 819/29 37
ASin STP St9/29 37
Asta sf7 819/29 37
A$fN $1P 819/29 37 /

'** * .ASTR STP B19/29 32 / - $ } 'M a 4"j g%
'

z

0.015 0.016 Asta stP B19/29 37 # k ~5+ * ' ' ' 4 3" '#
0.021 0.916 ASTR STP 819/29 37 3 in - ar 5.~ - t i ". W0.417 0.017 ASTA 517 819/29 37 l*? ,b.) im F *

!~ b P */ P'*
'

9.623 0.005 Attu STP 419/29 37 # t+f 9V % *3 * " " *
9.023 0.005 Asta BTP $19/29 37

eg [h h'r
s

0.028 9.005 Asia sTP 819/29 37 t .r .s0.014 4.014 A$TE $1P 819/29 37 E MS 4 4 2'*
6.019 0.005 ASTM Ef* 819/29 37 h
0.024 0 011 A5tu STP $19/29 37

'

O.023 0.010 Asta sfr 819/29 37
ph!GQ [4WINb @ IU0.stl 0.013 Asin stP 419/29 37

0.022 0.009 Asia STP 819/29 37 e
[pONIdIb b bb.4A$Tu SIP 725/20 24

Asrs ItP 725/20 24
ASTR Sir 725/20 26

0.030 0.011 Asia Ef7 819/29 37
ASTM STP Sit /M 37

0.091 0.007 0.020 0.0C3 Asta sie $19/29 32
A$Tm ETF 819/M 32

0.013 0,007 0.010 0 005 AsYn sf7 742/392 34
8.021 0.011 8 025 0.005 Astn $fP 712/392 396
4.820 0.012 0.020 0.006 Asta stP 712/392 34
0.014 9.011 0.021 8.006 Asin 57P 752/392 196
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Table 30 Partial listing -
i

ele f,ts.d d r Page 1 f

t&& E EP,19 Etel,ft Pe@,f3 EUPPt il E I
M At,tel At . .m.9taf,50 SL*Pt,19 aligiquP,1 magt. eeeemosame**eseeeeeeeeeeeeeeeeeeems. tar,1 eamtfair,1 . ..GE.,.1...att,et,1.tr.iel,1 39,1 agefge) an.LItteuPJ..sprattipJ g

A nae. . eese.oo e,.. .eemme neeee om . ee,...m..
I af f As Pti f er P . een .

A4654 EEDt P 1450 16 9 6.90 tal 4 ttle 1200
.e ee. ..m eeemme

t at t Aa Pet t el * Pef Rail 3 20449 2 UDf $ tem 1 FD0 4.00 AC 4 1200 1254[ B( f . As par tes P Pel RAttp 2 t& P3 19 CtDt U 1H0 1700 4.00 AC & 1200 12%5
,( Cta . Pf EA12 P

&
f GA Penall P ese 1.00 aC A Me..$( (14 P90A14 P #88 1.00 AC A 6%$
I CE A 784A15 P 944 1.00 AC & 4%$9
f GA PseAle P h6 1.00 AC & 6%eEf Cta PPGA tf P h6 1.00 AC a 618f
I Ct a Pru ta P D44 1.00 AC 4 MeS
8 GA Petale P h4 1.00 aC A 454a( GA PftA20 8 h4 1.00 aC &

,

E 659
I GA Pf tdt P ha f.00 AC a 6% if E Cia Pfad2 P h6 1.00 AC 4 6%e

e
4g Ct a Peta 23 P h6 1.40 AC & ene '5

i GA Prede 9 ha 1.00 AC a est2 h6 1.09 AC A 450
{ GA Peta 25 P plutof tel8E C'tfet teint 7 885 $ .u0 AC A 650
t GA P'4426 P OttSol 1918f OfVEUf LOf 8f W $ 3't $ . 00 AC 4 eSe
f GA 798W7 P plW%Of 40fet p[iftDI LO:st v A60 9.00 AC A 6%t CE a w eA20 W su. 9 550 6.00 t el$( G4 tMGM9 W

80. 4 $%8 4.00 t 61%
I G4 Wr tu2 W

a0. I 5%0 6.00 t 6t$
8 04 en eA23 W M. $ 150 4.00 e all *
f C4 A wt&& W up. 6
e GA wens W 5%e 6.00 e et5 |.0. s sw .00 t es . -f CFA wraA26 W

50 4 158 4.00 t ell
E GA W8 tA2F W e0. F 150 6.00 3 etl
8 EfA tr'tus W uo, a
E Cla ef88A31 W $50 4.00 t MS3D, %)
t UA us td2 W 158 6.00 8 ettuo, 12 554 4.00 t MSE RA IF44.13 W so. 13 SW 6.a0 e st$ 1
8 GA afttA34 W 80, 14
t GA WFRAJ5 W 518 6.00 t 611a0. 15 5%0 6.00 9 61$
$ (PG AE hE 89 99 W USS'Eticle fee. CDieuffim tot. f r<1# 1150 10 50.00 e

3

t IPW -da ht Pt23 W Cae4 tion f aE. Cmasntics f ee. IP-ZS 1150 70 SS.00 ef EPt Am tr Pt24 W fniaustles is4. uses.sfits te4. IP-2e 1150 50 50.00 ai fil-t tR tG01 er unntt 1 S FO 32.00E f ft <C Irr tG02 W 600ll Alf 5 2 Sed 48.00g fif-( tN8f43 ef Ef ttt$ $ 400
E FEI-K tes&ct W

Bititt 4 150 8.00( 'El E WsGol W 6c5stetts 5 550 $0.00f SES<t tsf rue W USMtHS4 150 10.00I Fis-t tpesDP W
titifS F 410 .

G FEl E tP 8f48 W 900 18.00 aatTf tsf 3 8 6a0 11.90( e f3 -( w 3409 W 40011titt t 5%8 25.00t FK$-g WraGi$ W 600Sta (510 Sie 29.00g ist g Wr9411 W Ef tfE311 400
6 PEl f Iff tEf2 W

5f TIE 5 12 lic $2.00( f tl-E in t&13 W 000st e lE5 13 Sie 40.00E 8ES. We ept W 600spests 14 $50 46.00t #45 g W88C13 W . eco%t9113 15 $50 10.10 ,i s-g weGl4 Wg t
ace ,Se t tf B 14 550 &#.00E 8tl + E

u88617
W W 000Stales 17 l)0 8.00I fil-f Sint W ese17 8 Ill it S$4 34.009 5-E 48 8C19 Wt 4

000Ef elf s 19 5%# 69.00t 5810 f estel f 631$390 mai, WD4 950 $1.00 $
eoD( ef ts fsJt02ne2 f ,

14f 0s #cPEE 111Ae te last 1525 4.0D AC 3 t$25

1
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. O Partiallisting of HEAT,TR.dbf

., a f . .. ..n .
- e.'.2 *.A2f t* 2..*.*..tt e.2...tamar_2. mas s.2 er ==_.2so,,2 arstaw 2 au ss e_1..arte* 5 aasca..,3 nams,!..ete.3 ..is.1 'f * v eE F,13 Fe2 s 50f

f.s ..
_

.. .... . . . . . , . . . , . . . . . . . . . . ..
___ .

,

. .. .. .

'N8 4.e0 at t een tisa 24.a0 se e f innpo to-1081 2: 12
154 Y use 4.00 I f l 3: 12 Puiuere: Hurvt3 sa tvettstsue-to 18'g9250

,) 6$a 10.00 at t t asin 517 m/20 22

vue in.1pe 2; 12 atusvts sa rentsac v ttie 4,a0 e a

sse se.a0 ac t t astu stP mne 22! Sie 10.00 &C r f asfu sip 775/20 22' sw le.00 ac t c asta sw maa 22
650 18.00 AC t C S$ta sip 725/79 22
Me te.co aC t c Astu ste m/20 22
a50 10.00 ac t C asta s19 m/70 22
454 10.90 at t t agra sw 725/20 22
454 10.00 at t t esta 578 775/70 22
ase 10.e0 ac t c aste sw mno 22

a 450 10.06 &c r g ests tip 72%/20 22
450 is.g6 ac t C asta sip 7?1/20 22
e%4 14.00 aC f C alIN IIP M/70 22 8'* fM fgQy610 18.00 ac 1 e asm ste mne 22
ese to.e6 at t t astu sie m/20 22
e%e 1s.00 ac t e asta sie mne 22 suas m% pg g

'wte*
b415 s.e4 e g asta set 7szo*2 3*6

Ems . kaaatt 8 80 e e aste sie Fause2 3*6
ses a.e0 e g asta sw regnet sm
4,1,5 .s.en asra s.ie fau192 4a e 396

t ,,. . .M . . .s ,. ...,o.,. -
ott e .00 e e asin sTP inuM2 3*6 r i

ett e.e0 e asfu sre 7a2/3+2 3e6 t

e t5 a.e9 e t asta ste Fa?ner m
gg Me@@% Cyatt s.oD a c asta sTe Fausel 3m

e 'S
o 8.00 3 5 arts 51p 75u392 3M

a e0 .e 75249,2 g Eg. g *Q Q
'

tt 4. e asta sip 3*4
eis 0 c airn sw raus 2 m
415 8.00 t C asfa st* 78U3*I 3%

.

Sti 8.90 g C atte sfp 7&2/392 396 ..
i f 59t1 WP 2P12/VI SS
! f es ar-2712N2 S-3

t'et eP 2712/W2 $3f tr
400 11.00 C esta 818 7R2/s12 6 *5
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Table 32 Listing of HAZ_TR_dbf
!

HAZ,TR.dbf: Page 1
TAG EXP_ID HEAT _ID MEAT _B PEAT _W REF_ID PAGES NOTES
...........................................................................................................................
E IAEAM HFRAl2 FFRAl2 WFRAl2 IAEA TRS 265 97
E IAEAM HJAPI2 PJAPI3 WJAPI2 IAEA TRS 265 94; 103
E JPOR HJAP02 PJAP02 WJAP02 ASTM STP 484/74 76; 77; 85
E JPOR HJAP03 PJAP03 WJAP03 ASTM STP 484/74 87; 88
E KRB HKR801 FKRB07 NUREG/CR-3228/V4/78 78; 85
E KW-PR MGER03 FCER03 KW-0186 2; TABLE 1
E KW-PR HGEROS FGER05 KW-0186 2; TABLE 1
E LAC HLAC01 PLAC03 WLAC01 NEED 8/95 95; 96
E NRL-1 HVEN20 PVEN20 WEN 20 NRL 7011 16
E NRL-1 HW 16 W 16 NRL 6772 5, 6
E NRL-3 NASTM SASTM M NRL 8171 2; 3; 6
E NRL-3 HME53A PME53A WME53A WJRS 7-72/369 370s; 371S; 3745
E NRL-3 HNRLO1 PNRLO1 ASTM STP 570/83 87; 88; 94
E NRL-3 HNRLO3 PNRLO3 ASTM STP 570/83 87; 88; 97
E NRL-3 HNRLO4 ASTM STP $70/83 87; 88; 92; 93
E NRL-3 HNRLOS rwRLOS NRI 8136 3; 4; 8 PARENT PLATE 5$ E NRL-3 HNRLO6 PNRLO6 NRL 8136 3; 4; 10 PARENT PLATE 6
E PR-EDB H8R_01 ASTM STP 481 147; 148; 149
E RRA HRRA01 PRRA05 W!1RA03 ASTM STP 782/343 344; 346
E RRA HRRA02 PRRA05 WRRA13 ASTM STP 782/343 344; 346
E RRA HRRA03 WRRA13 VRRA03 ASTM STP 782/343 344; 346
E SRM HASTMA SASTMA ASTM 0554 63
E VDE HMSS03 SMS503J WHS$03 ORNL-4816/76 76; 78 FROM HSST 03, SECTION J
E VDE HMS$03 SMS503J WHS$03 BERICHT SUMMARY 8-11
E VDE HVDEOS PVDE0B WOE 0B BERICHT SLMMARY 8-11
E VDE HVDEOC PVDEOC WDECC BERICHT SLMMARY 8-11
E VDE HWE00 FVDE00 WDEOD

BERICHT S.UMMARY 8-11
_ _ _ . . . . . . . . - - - - . . ~ . - - - - ~ . - - - - ~ - - - - - - -
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Table 33 Listing of TITL_TR.dbf
f a tt,f R Af t Pege 9
fA8 Pt f.. 4 tP,fD m10 ALT,pCf Ctart Auf sco 1 AtJfmDI

ee. . m -. . m J - - REF,t P
.m. .. if LEm . . . m .. m m ....m.. .UR,9Aff .. e. .

Se4 ASTN 9516 1 eewtherne, J. e. Radletten f ffects Infereietten Genereted en the ASTN Geference / /1974

m...

Alle OS$4 I Corte!stion Montter Steets. ASYN DS $4, Amerleen Seclety for teettg eruf / /1974AlfN 9514 3 pateriais. Phltedeteshf e, PA, 1976 / /teF&#SS -g ASYN STP 1011/115 1 Aht f. J. Det teerm, D. treedletion Progrens to fetabilch the Safety Nergine of Germes Licerming tulee / /1989AlfM SfP 1981/115 2 Schseit t, F. J. Genet * 4 to 89W Steet tehrittlement, AlfM STP 1911, pp.115-129, Amerleen / /1999ASTN STP 181t/115 3 Sectety for Testing and Peteriete, Phltede4ple PA,1989 / (1959mf tR ASYN STP 1M6/5 1 eenstad, R. E. et et. Effecte of $9*C Survettlance and feet feector irredlettene en ferritic Pressure /
/10,90
/19ASfg STP 10&&/3 .' veseen Steel fatettttement, AlfM STP 1964, pp. 3 29, Amerleen Sectety for / 0ASTN SfP 1944/5 3 Testine and Noterlate Phlteetphie, PA, 1990. / /1999PR f08 ASTN STP 481 1 Steele, t. f. Serpen. C. 2., Jr. Analyele of Reacter Wooeet tedtetim Effects Surwellterwe Progrees, AlfM STP / /1970ASYN l'P 461 2 481, Amerleen Seclety for festing eruf poteriete, Philadelphle, PA. / * /1970Met 1 A$fM STP 484/42 1 triremen, C. g. peesten, J. N, the Effect of Wydrogen on the Ductfle Properties of trredleted Freneure Wesset / /19FDASTN Sfp &S&/42 2 Steets, Alf4 STP 484, $p. 42-73, Amelcan Society for festing and Meterlete, / /1970ASYN SYP 484/42 3 Phltedelgelo, PA,1970 / /1970JP9e ASTN Sfp 486/F4 1 s aveseh t, N, et al . Fvotwetten of the Entirittlement of Pressure vesset Steete Irredletten in Je0E, / /19F9ASYN SIP 484/F4 2 AlfM Sf? 486, so, F4-95, Americon Society for teet tne and Retectete, / 119?OAS'N SfP 484/F4 3 Philades te, PA, 1979. / /19 4e

WM 9 ASTN SfP 484/o6 1 kautherne, J. 8. Demonstret ten of leproved Redletten Eserf ttlesent #esteteice of A5333 Steet / /19F0ASYN Stp AM/96 2 Threuch Centret of Selected teeleast stemente, AlfN STP 484, pp. 96-12F, / /19?OASTN STP 48&#94 3 heertcen Sectety for Testing er f Notertete, Phltedelsele, PA,1970, / /1975tret 3 AlfN STP 5?t/e3 1 teetherne, J. a. Realet, J. J. Evoluotion of Co ompretet Productlen A533-9 Pietes and held Decesite fettered for / /1975ASTM Sif $75/S3 2 i3epreeed Bedf otten fetirittlement testatence, in Propertles of eeector Structuret / /1975ASTN Sfp 3F0/g3 3 Atleys Af ter eeutron er Perticle Irredtetten, AlfM StP 570, pp. 85-102, Amerleen / /ToF5ASim Sfp SF0/9s 4 Seclety for test tre end m toriets Phltedel ele, PA,1975. / f f975o fest.) AS?N STP 683/235 1 eenthorne, J. R. Res let . J. J. twatustim of Cesumerclet Production A533-9 Steel Pietes eruf Wold 9epeelte eith / (1979AlfM SfP 683/231 2 Oyene, S. T. Retre-tou Comer Centet for sedtetten Seelstance, In Effects of Redletten en / / t979Alta Sep 643/235 3 Structurel Noteriale, 8514 STP 683, pp, 235-251, Amerleen Sectory for festing / /1979(/t ASYN STP 683/235 6 and Noterlete Phtledels f e, PA,1979 / /1979eW eet, AN AlfM Sfp 683/279 1 #eetherne, J. a. Weteen. R. E. tapteratory Investisettens of Cyclic f reedletten and Arviesting Effecte en teach / /1978ASTN STP 683/273 2 tees, p. J, Ourtility of A333-S Weld Depeelte, AlfM STP 683, cp. 2FS 296. Amerleen Secloty / /1eFSAlf4 Sfp aA3/279 3 for feettne eruf Motortete, Phlteselphle, PA, 1978 / /19FsCIA AlfM Sfp F21/20 1 Outervet, C. et et. Bediatten geretttlement of e Put vesset Steets Ef fects of lopurttles eruf etchet / /1991ASYN Si9 F25/20 2 Centent, ASTN 979 F25, pp. 29 3F, Amerleen geclety for Te-ttrg and Noterlett, / /1981AlfR Sfp F25/20 3 Phttedelsdile, PA,1981 / /1981met.as ASTN STP T25/63 1 pe=therne, J. a. wetee*, p. f . f operteentet Investisetten of Multtcyete treedtetion eews Anneeline Sffecte en / /1981A11N STP F21/43 2 Lees. F. J. eetch Outtttity of A533-3 held Degootte, ASTN STP F25, go. 63-75 American / /1981AlfN SYP F25/63 3 Seclery for festine end le terlate Philodetphse, PA, 19e1. / /19steP9A A$tR STP F52/343 1 Wit t less, T. J. et et. The tefluence of toutron Espesure, Cheeteel Campoettlen and metelturgical / /1952R &t 43 ASTN Sfp 792/343 2 ComdItten en the Irredletten Shift of teacter Preneure Weeset Stoets, ASTN STP / /1992AlfM BfP F82/343 3 792, pp. 343 3F4, Amortcom Seclety for feettne end Notee tote Peltedetphie, PA, / /1982ASIN STP FB2/363 4 1982. / #1962SM-4 A$fM STP FS2/3F5 1 Newthorno, J. B. Significance of GlcSet eruf Ceper Centent to Redletten Seneltletty and / /1992ASTM Bfp F82/375 2 Poetteradletten Best freeteent Decewery of Weeeter vesset Steets. AlfM Sfp FE2, / /fot2ASTN STP FB2/3F5 3 w. 3F5-391, Aseerican Sectety for festing and poteriale, Phltedelphie, PA,1982. / /1962CEA A$f4 STP F52/392 1 Sutereiet, C. et et. eedletten fetief ttlement of PWR teactor vessel Weld Metelet Wicket and Comer / /1952A$fM SfP FS2/]$2 2 Synergige ggfeCle, ASTN STP F82, gy. 392-411, American Secloty for footing and / /1982AlfR $7P F92/392 3 Noterlete Poltedelsevis. PA. 19s2. / /1962FSS-E ASYN STP 782/492 tolta, C. et al.e Ceeparetive freedtettsn Study of eeector Pressure veneet Steel Weld Merete. AlfN / /1982ASim Sfp 782/412 2 Sfp 782, pp. 412-432, American Sectety for festing and Motertels, Philadetsdate, / /1982A$fM Sfp 782/412 3 PA,1992.
| A( AS AlfM Sft FS2/433 9 povies, t , M. jnehee, T. Ev tuotten of Adverted Beecter Precoure Wesset Steele Under eeuteen Irredteries, / /1982

/ /1992
sea ASTN STP F82/433 2 Sytree, 3, t, ASTN Sfp F32, pp, 433-443, Amerjeen Seelety for festing erwt Notectote, / (1952ASYN SFP FS2/433 3 Phttedelphie, PA,1982.Fa t -t Alfw Sfp F82/529 1 f ehl, J. teltt, Ch. Irredletten foyerleente in the festing outteer Posser Plant Weg, AlfM STP F32, / /1982

F #1962
Alte STP 782/529 2 Aedere, D. sp. 529 549, Amortcen Sgelety for Testing and Motorists, Philadelphie, PA, 1982. / /1982CIA A9'N SfP 519/29 1 Pterre Petroupatn Irredletten fotselttlement of Pressure vessel Steetet A towies et Acatelties in / /1983ASTN STP 9Y9/29 2 Frewe, ASfst StP Sit, pp. 29-12, Amerleen Sectory see f eettne eruf poterlete. / /1983
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AlfM SfD 419/29 1 memm
Phtledelphie, PA, 1983.Cf 4 A514 SfP 819/M i toistet, P. Petregsta, P. Ef fect of irredletiam en Eteetic Plestic f aughnen of Preneure Weeset steets, / /1913

/ /1993
5174 5f9 019/64 2 teues ta, 3. Astal Sfp $t9, go. 64-01, Aperteen sectety for feering and m terlate, / /1983Asim sfP 919/u 3 e

Phitadelphie, PA, 1983.Hif-4 4174 Sf P SF9/10e4 1 Ser gen en, 9. 4. eentherne, J. 8 Aralyste of Cherry W-Werch fepect Ten.ghnees of leredicted 5533 5 Class 1 Ptete / / te95
/ /1ees

AttM afP 570/tc94 2 hanated, S. a. and Four Shroed Ars seeds. Alfa 118 470, sw 1994-1119, Aestrican Seriety for / #19E1Asfa sfe $Fo/fe94 3 Testing eret poteriete, Phltedeigelo, PA,1985,NCD - #E A114 Sfp 370/9F2 1 pecdarold, Bruce / /tets
Post teradletten Aenetting Recewery of Casperclet Pressure vesset Steele, Attu / /1991Alist Sfp 870/972 2 Sfp 8F0, pp. 972-979 Amerleen $4clegy for feaffeg and Referfete, Philadelphie, / /1993Atta Sfp 279/972 3 9.i. 198%.pag s asie sip 909/34 1 Aht t, J. et of , tcreatetten Sehsvier of tescoor Preseure Weeeet Steele from the Rese rch Progren / /1966

/ /1985
AlfM f f* 909/54 2 en the Integetty of Cessionenre, A$fe sfp 909, pp. 34-31, Amerleen Society for / /tmoAf f# Bfp 909/34 3 f eettne eraf Meteritte, Pht tedelphie, PA, 1996.Cf A Alfa STP 909/F0 1 Petregale, p. At theasterf, p. / /1996

fffect of Beredietten en the fleste-Ptootic foughnese of Preceure veneet Steele, / #1T94f Af sf ASf4 STP 909/F% 2 5eut et, P. Agfel Sfp 999, gun. 70 95, Amerscen seclety for feetteg eruf poteriate, / /te%HYN stP 999/F9 3 Pht t edelgelo, PA, 1966.Su-4 ASTM Sfp 9$4/441 1 Pascherne. J. E. / #1956
Steel tessurity Element Effecte en Peetteredletten Propeettee Recovery try / /196 FAffe STP954/441 2 Anneellag, Alf4 STP 954, pp. 441-479, Americes Settety for festing and / /1997ASTN STP 956/44) 3 Netorf ete, Phlt edelphie, 94, 196/,ptsf-2 SAW 1975

1 teme, A. L., Jr. AsqptIcebility of the DEST Progrese 5ecer48 and Third irredtetten Bertes Oste to 06( /198 F
/ /te67

*ssf.3 saw-1975 2 the sateselty of mueteer teacter veente, eau 1973, setieert 4 weteen, tynchburg, 06/ /toergew 19FS 3 Wirginf o, Jwie 196F.W( Of enCet #0.1 1 06/ (199F
f reetstlose der 1. Sestrehlwg, Sericht se.1, Nereferechssigear*lege (EFA), Gatst, OS/ / t989treitaf to.1 2 Institut for teettermerketof te, M ich, West screeny, perch 1969 03/ p fe69VDE Sfeltwf a0. I 1
trgebnisse der 2. Bestranterie (Stecho wgs Schotodestutte). Sericht me. 2, 06/ /?sefBERIC#9 #0. 2 2 terMerochwissentage (Ef t), lista, J0tich, tseet Gereony, diste 1969. 06/ /196eWDt BEstC#1 NO.1 I
tryeentose dee 3. Seetrehtung (Steche tagi Schotodestarte), certcht es, 3, 10/ /1969BERICut 50, 3 2 f orMerschwiesenisee (RFA), Este, Jet ic*t, toest Sereony, October 1969 10/ /1969Wg StalCef 50. 4 1 Ergetritate der 4. Bestrehlwie 19teche wed Schelodestorte), gerietet me 6, 03/ (1979Of sttet NO. 4 2 tornf orscha8troenlete (Efe), lis*#, JGilch, tseet Gerseny, perch 1979. g3/ /19F9Wg Sf t|CNT NS. $ 1 Ergehntece der 3. seetrehteeg (eleche wid schmiedeetacte), sereceit me 9, SF/ /1979Of ttfut BO. 9 2 Rorsiforschwiseantese (18A), Emedi, Jutich, West Geroeny, Jute 19FO. Of/ #1970Wt Ofsttet me. 4 1 f reotrilsee der 6. Bestrehtwg telesbe .eus Scholedeetucten, sericht so. 4, in/ #1971ff elC4180. 4 2 Rernferecmageantage (EfA), Gat e, Jutleh, West Eereony, Orteber 1971 19/ /t971vpf 9f tf Cof u0. T 1
trgetestese der 7. Bestrehurig ($ leche temd schmiedestoche), sericht me. F, 01/ /79FISittCaf too. F 2 f ornferecturgselage (EFA), Gsens, Mich, teeet Germany, January 1972. 01/ /t9F2wDt Rf elteri NO. 8 1
fresbnteee der S. OvetreMisg teleche eid schatodestocke), gericht me. O, 02/ /19729felCat H0. 5 2 Nernforschwissertlege (Ef A), Eptet, Jellch, tfest Gereony, f ebruary 1972. 02/ /1972VDi BE0tCMT NO. 9 t
Irgetestese der 9. BestreMwig (Steche teid Scholedsetdcte), Sericht No. 9, OS/ /1972DEelteT NO. 9 2 f ornferechunseant ee* (t' A), Garist, JGt teh, West Ceroeny, #erch 1972. 03/ #19F2t93 Stettet 50.10 1 Ergebnlose der 16. testrehtwig teleche wwf $cteledesteete), sericht ko 10, 93/ /1972SEtttet so.19 2 ter#6ferseetwgeantege (EFA), Bahm, Jttlich, tenet sermany, Worch 1972. 03r /19F2Utf OfelCET WO.11 %
f rgstatlece see 11. Sestrehtwig (Stoche truf Scholedestdche), Sorteht No. It, 06/ /1972SEtlCet 30.19 2 ternferschwgeerdege (EFA), fauGWI, JQtich, West Gereony, April 1972. S&/ /19F2WDf SFelC#7 #0.12 1

9fRIC#f 90.12 2 Ergebntese der 12. Geotrehttag ($lecho ergd Schef edeseqcte), Berlcht he.12, OS/ /19T2
tertiferectawgeenlage (Efa), Sntm, JQLich, tseet Germany, ney 1972. OS/ /1972UDt sterCaf a0.13 %
freetnisse see 13. Seetrahtwig (steche wuf schelodeettitte), eerfeht me.13, 66/ /t9F2SittCef so.13 2 ternterschungeantage (Ef A), Gdde, JGllch, tseet Ge*eeny, Jwie 19F2. 06/ /197210t Of SICRf 100.14 1
fegebntese der 14. Seetrahlung telecht said Schetedeetuste), Recicht Ke.14, 06/ #19?2SEREC#f No.14 2 Reenterschwigeantese (EP A), Csest, Jdi tch, West Cereony, Jose 19F2. 06/ /19F2vet Sf t|CWf 90.11 1
Ergeenlees der 15. Geotrehtimie (Steche auf Schmiedeotecte), gerec>t me.11, G F/ /1972BERICRT #0.13 2 Eernforschwgemtege (EFA), Esep, JOL tch, Isoet Gereony, July 1972. 07/ /t972ttt 9f 9tCat k0.14 1

BIRECRT B0.16 2 Ergebnisse der 14. Bestrehtwg (Steche wuf Schelodestucke), Sericht #e.14, GF/ /1972
tornferecthsgeentage (EFA), Gutet. Julich, West Etteuny, July 1972. OFI /1972vtf SERIt#f t0.1F 1
trgebotese der 1F. seetrohtwie tetecho wwf Scholedeeturne), tertcht se,1F, Det /1972af E f ter 810.17 2 ternforschwgoentece (EFA), Este, Jdt $Ch West Germany, Septemter 1972, 09/ ff9F2VDE WEf! Cat a0.18 1
Ergetualese der 18. Goetrahtwg (steche news Sc*stedeeturke). Sericht so.19, 09/ /1972
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Table 33 (continued)
u n_te..,f t Pese 3
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COpf Attf mon,$ Auf tfDe,2 ft F,,t i f(t
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Osetsf mutt G/CS- 3228/v2/1CS ME A- 2051 e meetherne, J. a. hente, s. u. medenicet properties Determinetten for Psf sisuteted survettience eruf 09/ /1964
truefc/CE 3228/v2/105 2 nieer, A. L. ThroughWelt specimen Capsules, structuret lategritr of Water me cter Presaae 09/ /t964

uuefG/CA 3228/v2/105 3 temaery Cosponente, Arvenet metert for 1963, mueEG/CR-3228, MEA-2051, vet, 2, 09/ /1984
mMES/C2-M28/v2/105 4 f .J. tese, ed., p. 105 124 Metertete Eastneerine Aseectetes, inc., Lar*ee, 80, D9/ /19%

emEG/CR-3228/v2/105 1 septosiber 8984 09/ /19e4
mE A- Au WUeES/CR-3228/V2/81 NE A-2051 1 Westborre, J. G. Assessment of Poetirredletten meet treateent es e Metbed for Attevleting 09/ /1994

mumES/CR-3228/v2/81 2 Redletten trukseed Esewlettament, structuret Integrity of beter seector Pressure 09/ /19%
smEG/Co-3228/v2/01 3 estrusory Campenente, Arva,e1 Report for 19e3, mmfG/Ca n28, seE A-205t, vet. 2, 09/ (1954
uuett/CR-322S/V2/91 4 f .J. Lees, ed., p. 81-90, poteriete Engineering Assecletes, Inc., Lar*ee, pp. 09/ /19%

aveEC/CS-1228/v2/81 5 september 1984 09/ /1984
Gat-5 uueEG/CR-H28/v2/90 ME A-2051 1 me=therne, J. 4. supurtty Element-Attoy stement lateracttene to medietten Eeeirlettement 091 /1934

mmEG/CR-3228/v2/90 2 sonettletty, structuret Integrity of unter seector Preesure sawusory C to, 09/ /19%

uumEG/Ct * 3225/V2/90 3 Arreset eepeet for 1953, utG/Ca 3228, ME A-2051, vet, 2. F.J. Lees, ed., p. Get /19%
mmES/CE-3228/V2/99 4 90101, meteriste Enstneering Assectetes, Enc., Lersee, se, Septoneer 99%. 09/ /?964

M A- Am MuetG/CR-3228/VS/114 *E A-2011 1 teetherne, J. 4 Ef fect of Armeet ing temperature (454*C we. 399'C) en Peetteredtatten Preportlee 04 /1965
mmEC/CS 3226/13/114 2 Recovery in Reecter Wesset 1selde, structuret Integetty of vetee teactor Pressure 96/ /1965
uumEG/CR 3228/V3/114 3 soundary Campswiente, Arveset aeport for 198e, uusts/ta-1229, M A 2051, vet. 3, 96/ /1985
MEC/Co-3228/V3/114 4 5.J. Lees, ed., p. 114-123, Peterlate Ensineerlas Associetee. Eac., tenhem, se, 06/ /1995
uUeEG/CD 3228/v3/114 5 Jee 1985. 06/ /1995

sm 5 mueEG/CR-3228/V3/124 *E A 2051 1 seathene, J. a. Influence of stoet tseipsettien en tenirittlement setlef by Peeterredietten meet 06/ /1985
uumES/CS-3228/W3/124 2 treetssent ( Armeet ice ), structuret Inteerley of Weter ance r Pressure soundary 06/ /1985e

autfG/Ct-M28/V3/124 3 Cesponente, Annual esport for 1984, uumES/Ct-3228, NE4-2051, vet, 3. f.J. Lees, ee/ /19e5
sumEG/CR 3228/V1/124 4 ed., p.124-130, meteriete Engineerlng Aseec.etos, tac., Lareee, sD, Jee 1985. 06/ /1985

' M A- Au mueES/CR 3228/W3/131 mE A-2051 1 moutherne, J. e. nochentee of Irradietten Descee for seector vesset steete and welde,. structuret 06/ /1985
MEG /CR-3228/V3/tSt 2 Ineesrety of water auctor Pressure seedery Ceepenente, Arvmset taport for 1984, 06/ /1981
mueES/CR-3223/W3/135 3 uusts/CD 3228, M A-2951, vet, 3, f.J. Lees, ed. , p. 131 135,meteriets 06/ /1955'

I WUnfG/CR-3228/W3/131 4 Ergineertne Aseecletes, Inc., Le*es, se, Asie 1965. 06/ /19e5
I ntA At tuREG/CR-3228/VS/136 sir A-2011 i meatherne, J. R. ee-Esertttlement note of seector Freeeure vesset uetdo fettemine treedietten ered 06/ /1965
t tumEE/CR-HT5/V3/136 2 Armeel tne, structuret Ieteertty of wetor neoctee Pressure seisndery Components, 06/ /1985
l musfa/te-3228/W3/134 3 Arenset mor . . ../ 19S4, Musta/Co 3228, MEA-2051, vet 3. F.J. Lese, ed., p. 06/ /1985
1 uuetG/C3 3120/v3/134 4 136-145, deterlate Engineering Aeoecletes, I*e., Larsee, 80, June 1985. 06/ /1985
I Est-4 zumfG/Co 3229/v3/146 ele A-2051 1 heetherne, J. 9, lopue t t" Element-Altoying tienent interections in Bodletten feeirittlement 06/ (1985
l mueEs/Co-322s/v3n46 2 sensittwity of neoctor vueet steets, structures anteersey of vetor seector 96/ fi9s5
l enJets/CR 3223/v3/146 3 Preuvre seedary Casponente. Arwuant soport for 19s4, muets/Ce 3228, BE A-2055, 06/ /1985
l WuetG/CE-3228/V3/146 4 vet. 3, F.J. Lese, ed., p. 146-152, motoriets Engineertne Aseecletes, tnc., 06/ /1995

aveES/CR-3226/v3/144 5 terese, se, Jee 1985. 06/ /1985
ele A At mmfG/Ct 1228/v3/153 M A-2059 1 asetherne, J. a. Enseettoetten of terg-tere vs. short tere arredtatten gffects on teacter Wesset 96/ /1995

WUetc/CD-3228/v3/153 2 steet s. Inteersey of werer seecter Pressure seurusory Campenente, Arruaet esport 06/ /1965
MumEG/CS 3225/v3/153 3 for 1984, mustG/Ca-3228, MEA-2051, vet. 3, P.J. teos, ed., p.153, notoriets 06/ /19e5

| MumEs/CR-3228/V3/153 4 Instneering Aseectates, Inc., Larsee, se, June 1985. 06/ /1985

| M A- AN auMGJet-3228/V4/130 ME A- 2148 1 haasthorne, J. R. Ef fect of 1eeperature en Armeeting for Alteefeting 8edietten-Indaced 06/ /1986
uuntr/CR-3228/v4/159 2 Eerittlement, structuret anteerity of water Seector Pressure Seedery 06/ /1986
austG/CE 3228/v4/130 3 C . .te, Areiust Report for 1955, NueEE/CR-3228, #Es +148, vet. 4, f.J Less. 06/ /1986
tesf G/CR -3228/v4/130 4 edt., p. 130 136, meteriale Instneertais assecletes,1s4., tersen, se, Jee 1966. 04/ /1986

sm-5 asueE4/rt-3228/v4/13F M A-2148 1 moutherne, J. a. Inf tuence of steet Compoetrien en retetetteosat eetlef by Post-teredtetten meet 06/ /1986

le2fE/CA-3228/v4/13T 2 treeteset, structuret entegrity of water teoctor Pressure saisusory Componente, 06/ /1986
uvatt/Ca-3228/v4/137 3 Aromast aeport for 1985, IEMEC/Ct-3228, ME A-2148, Wet. 4, f.J. Less, ed., p. 06/ /1996

suet E/CE -3228/v4/137 4 137 149 Itatoriete Ensinseeing Aseectates, sec., tersen, 30, Jee 1956. 96/ /1986

5 31- 5 isuets/Ca-322a/v4/150 MA-2148 1 me=,therne, J. R. a chenlee of treedtetten Domes = for seector vesset steets, structuret enteerity 0s/ /19e6
i

/1,996!
igu E4/CR-3228/*4/150 2 of water teoctor Pressure sawdery Crsponente, Arenaet eeport for 1995, 06/

/1 96i Nupts/te-3228/v4/130 3 asueEG/CR-3228, M A-2051. Vol. 4. f.J. Lees, ed., p. 150-160,notoriete eer
| uueEG/^ t-3226/V&#158 4 engineering Assectates, Inc., Lareas, 2. Jee 1986. 06/ /1ese

ptA Aa IsueER.Te-3228/v4/961 ME 4-2148 1 #eetherne, J. R. ee-getirtttlement note of seector Pressure veneet Welds felton,tng arredtatten erud 06/ /1996'

Isuef ErCR-3228/v4/161 2 A weetsne, stristuret tateority of water meector Preesure enrunory C e. 06/ /1986
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must c/Co - 3229/M/161 3 Aren.st seeers fw ..sett/Ca 3228, nE A-205 5, ht. 4. F.J. L ees, ed., p. a6/ /1986auttG#CW-3228/v4/168 4 141-169, metects' ,ewering Aseectates, Inc., Lerhen. 80, Jwe 1966 06/ /1994NE A et eveES/CR-3228/V4/lF9 M A -2148 1 Wo therne, J. 3 Invest 1petten of Long-tere vs. Ehert Tere treedletten EDetttleasnt en teoctor 06/ /1966austG/Ct-3228/M/1FU 2 arv steete, integrity of water neector Pressure seedary Cteconente Anrmaet 06/ /19%uumEG/Ct-3228/M/179 ) teport for 1985, suetS/Co-1228, 44-2C51, bot , 4. F.J. Lees, ed., p.175-1F3, 06/ /1996musf4/CR 3228/V4/1F0 4 meterfele Engineertag Resec tates, snc., Lenham, se, Jwe 1986 06/ /19%sm-1 uuetc/Ct-3228/M/1F4 M A-2148 i Seethwne, J. a. tesweettretten et lutm/tey Etoinent-Attevine Element interectlene in eerstatten 06/ /19%uurts/tt-3228/v4/174 2 feeirittlement of seector ett steets, structuret integrity of wtw ee ctor e6/ /1996evaE6/CR-3228/s4/174 3 Preeswa Soundary Coseenente, Arvmet 8eport for 1995, muest/Ca-3228, setA 2051, 06/ /FA%uueth,ce-3229/M/174 4 Vet. 4 f.J. Lese, ed. ; p. 174 181, meteriets Engineering Aseecletes, Inc., M/ /1996mustG/CE-3228/v4/1F4 5 tereen. le. Jee 1996. 06/ /19%set mets /Ce 3228/M/F3 M A 2148 1 Noetherne, J, s. Gedromeingen toy meterlate Cherectoriaation, Steurtwat intescity of water 04/ /19%matC/Ct 3229/V4/F3 2 Reacter Pressure tourw$eep Ceeposante, Arysset eeport for 1995, suets/Ct 3228, 06/ /1966auste/Ca-3223/v4/F8 3 MA-2148, vet. 4 f.J. Lees, ed., p.18-88, meterlete Engineerine Aseectates, 06/ /19%mumEs/te-3228/M/F5 4 lac., Lar*em, se, Jwe 99%. 06/ /19%
'

Ita At MUMS /C9*3228/v5/144 sera 2207 1 seetherne, J. 9 Effect of fesperature en A: nesting for Atteetettne todf atten trutered 0F/ /1987oketG/Ca 3225/v5/144 2 toerittlement, structuret Inteertty of weter seector Freesure tesuseeg 0F/ /1987mets /ts 3228/v5/144 3 C_ _ -a, Arewet Report for 1966, vuots/Ca 3220 MEA-2148, vet. 5. f.4 Lees, SF/ /1997isuets/Co 3228/v5/t44 4 eat., p.144-149, Weteriete Engtnsertne Aseectetes, Inc., termes, se, July 1987 OF/ /1997
384 - 4 eUntG/Ca-3228/v5/1Fs sit A-2207 1 pe thorne, J. 9. Influence of Steet Ceepeettien on faticittlement tellef by Post-frredletlen seet SF/ /1987

uvetG/CR 322e/d/tre 2 freatment, structuret Integrity of veter seector Pressure seedsry Caepenente, 07/ /1997WUntG/Co 3228/v5/170 3 Aremset Report for 1986, 4AJeEC/Ca-3228, SIC A-2148, vet . S F.J. Lees, ed., p. OF/ /1987stetG/CR 3229/v5/1F0 4 170 182, poternete Engineering Associates, Inc., termes, ee, July 193F. 07/ /t9er
9 88- 5 #UNEC/CR 3229/V5/183 MA 2207 1 heetherne, 4. a. meckentem ef leredietten eesepe for seector vesset steete, structuret Integrity SP/ /1987

m munuC= 322s/v5/1ai 2 of w.eer seector Freasure soie=sery Coe,=inents. Anrm.st soport for 19es, or/ /19a7u mess /Co 32a/v5/its 3 mets /Ca 322s, Me-2051, vet, s, f.J. tese, ed., e. ta3 is9, metertote or/ fi9sFuusts/tt 3229/v5/183 4 Engineering Aseecletes, Inc., tersee, 8e, Jwty 19tF. 07/ /198F8 TEA-et wLettree-3224/v5/190 8EA-220F 1 seethwne, J. a. Investlestion of tens tere ve. Short-tere treedlet ten f trittlement en teacter 07/ /196Fsuets/CW-3228/v1/19e 2 sov stoets, te.tegetty of hter seecter Freeewe teurudery C_ _ o, A*waset OF# /196 Fwuett/Ce 3228/v5/19e 3 eeport fee 1986, suess/Ca 3224, sist-2051, vet, S, p.J. Lees, ed., p. 190-205, OF/ /198FisUns/Ct 3228/v5/190 4 seateriete inctneertne Asserietes, Inc., Lartes, se, July 199F. 9F/ /198Ftot Ifunf G/C2-3228/v5/36 sur A-220F t tieetherne, J 3. Gwwgromaineen GPW poterlate Coerecto isetlen, Striatural Integrity of Wever SF/ /19err
Wuett/rt 3229/v5/34 2 Reector Preneure sawdery Couponente, Anreses eeport for 1986, IIUnf 8/CS 3210, OF/ #1997WUPEG/Ce- 3228/v5/34 3 M4 2143, vet. 5, F.J. Lees, ed., p.34 33, Isetortete tegtnooring Aseecletes, GF# /1997sunt4/Co 3228/v5/34 4 tae., taream, se, July tver. OF/ /1987M A- Ae NuofG/CR 3229 M4 2011 1 seethermo, J. G. Empterotory Assessment of Peetteredtet ten meet treeteent wortet>tes in metd 04/ /1981uuses/CA-3229 2 euctit tay secovery of a533 0 Steet, tuupts/Co-3229, M A-2011, noteef ete 04/ /1995uteta/CE 3229 3 fastneering Rosecaevee, sec., tersen, se, April 1983. e4/ /19e3enePSF tiustG/CE*3295/vt 1 tiewthorne, J. a. ineree, 9. u, Light teater seector Pressure surveltterre seassetry tapr - t presens, seech et/ /1984esets/Co 3295/vt 2 Niser, A. L. Duct et sty wwl Fracture toughnese Degradetten of 4392-3 ergi A333-9 Refereere M/ /1994matt /tt-3295/v1 3 94etes free Ptp tieneteted Surwettterwe and through-watt Irredletten Cepoutes. 04/ /1904WUREG/te-3295/vt 4 suumEG/tt-3295, Vol.1, lee A, meteriete Engineering Aseectetee, Inc., Lettee, se, 04/ /1984en.ett/Ce 3295/v1 S April 1984.- 04/ /1994CeePSS ER.ett/CR 3295/v2 1 newthorne, J. a. menha, s. a. Light water teacter treasure veeset turwelltence Doetentry taprovement Proeree, 04/ /1994stueEG/Ca 3295/v2 2 Poetteredtstren setch suctttity eruf tenette strength peterstaattene for Psr 04/ /1984muets/ts-3295/v2 3 Stouteted Survettlance e uf througet-bot t Specimen Capsules, EUME/CR-3295, V,1 04/ /1994uuttG/Co 3795/v2 4 2, lef A-20tr, materlate Engineering Aseecletes, Inc., t areas, se, April 1994, 04/ /1984CetPSF WUntG/Cs 3320/vl 1 seettrey, W. u. toda tus-Pv-Sosta Psf foperteente sweary and eitnd test neeutte, muets/Ca L29, er/ /t996asets/Ca +3320/vi 2 Vet, t, WEGL taEE $6-8, Renford Engineertag Develeteent Letterefery, Rtchtend, WA, SP/ /1e86autta/Cs 3320/v1 3 Ju:y 1996. 971 /1PJ6enaP57 mustG/CA-3329/V4 1 86ttirey, If W. f ed.) Gold, t. tWe-PW SDtPt PSS tietetturgy Progree, BUett/CS-3320, Vol. 4, DEDL tut OF-4, 11/ /199 FMURfE/C# 3320/v4 2 eenford Engineertne Development Laboratory, Akhte nd, W, sevestier 1987, 11/ /19er'

#Slf -4 avett/Ct 3133 1 stet teervi, p. W. Setteln, C. 4 Neutron Spectrol Charactertretten of the fourth thsteer Regulatory Cemetselen 9 71 /1983 I|

m.NG/C3-3333 wwertetnty Anstrees, muni/tn m3, esm/i+ ares, osa .testeetry and
HU 2 tem, f. 9. E, Neevy Sectten Steet technology Irredtetten Emperleentes 07/ /1993 |'

tuCv3333 3 ideo a.iienei eFi fi,ei
|WUnts/te 3333 4 taborotory, ook aldee, te, July 1981. eF/ /19e3#5st 2 MUnf 9/Co-3504 1 steer, A, t. tese, r, J. J-a Cerve Cherecterosoti en of treedteved Lees tarper thetf ustes, uuets/ta-3D6, 04/ / ++s4
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Table 33 (continued)
t i tt io..f. Paes a
fA4 "f aP,fe eE F,lD At f,9$7 CrJNT Auf4 AussRM,2 DE F_fl TLt Pt.... . . _0R,1 ......................t..CAfd .UReuct.3= 2 re,.... =. 202.. .et-ie,. En win. Assoc iates, i,c., L er*e., . A,,ii 29 . ./ /imR$$7 4 NuetG/CR-3744/v1 1 Pugh, C. E . peevy-tectlen steet Technetegy Progree sentervset Progrese tapert for Orteter 06/ /19%puet G/CS- 3 F64/V1 2 1983 + March 1984, wuREG/tt 3F44, vet.1, ORM/fM 9154/v1, ook aldge settenst 06/ #1984suetG/Ca -3Ft,4/v1 3 Laterstory, Oak tidse, te, Jee 1994 06# 11994etsf 4 suefG/CR-3973 1 acGemen, J. J. 1erette Properttee of treedteted sweteer Grade Pressure veeset Pieve eruf Wende 41/ /1995udef t/CR-39FS 2 for the fourth NSEF teredletlen sec tes, MEG /CR 3978, mut/1M-9516, Cet eldee 61/ /le65WUREG/tt-39F8 3 hett enet Lateretery Ook tidp, Te, Jerwery 1985. 81/ /1995essf-e NueEG/Ct-4092 1 Stel amen. W. J. Bergeren, B . G. MM Characterisetten of Noevy-$ectlen Steet Technetegy Progree Ptetes St. 62, 04/ /1995NuefG/C#-4092 2 Jones, f a. end 03, wueEG/tt-4092, coet/te-9491, ook aldee settenet Leberatory, ook eldee, 04/ /1985WJeEG/CN 4092 3 lu, Aprit 1965. 06/ /1965etst-4 luuefG/CR 4219/W3/s2 1 Pooh, C. E. Weevy-Sectlen Steet techrology Progree Seeierweset Progrees Report for 12/ /1966meEG/CR-4289/V3/e2 2 Aprit Septesher 1986, suntu/te-4219, vet. 3, me. 2, coetf rel 9593/v34a2, cek 17/ /1986NuttG/C#-4219/v3/w2 3 Rideo Isotienet Laborotary, Den 8'dpe, fe, Decenter 1986, 12/ /1986sm-i =LeEG/CA 4437 1 Newthorne, J. e. Espieretary Studtee of Eteennt Interactlene and Ceapeettien teperatercles in 11/ /1995uuefGAa-443F 2 endienten senettlelty Devotepment, uveEG/Ce-4437, ME A-2118, meterlete 11/ /1995NueEG/Ce-443F 3 trgineering Assectetes, lac , tenhee, se, #eveneer 1965 11/ /1985alttf 4 mueEG/CR-4880/vt I acGowen, J. J. tensted, R. E. Cherectorisetten of irredteted current-Proctice Weide end 8533 Grade O Cless e 9F/ /1958sue 86/Cta4880/v1 I Theme, f. G. Piete for Wurteer Presegre veeeet Seevtse. #Unf5/tt-4880, wel.1. Caet 6464/vl, 9F/ 11998liuttG/CR4880/91 3 eet a!dee mettenet Laboratory, eek Sidee, tu. July 1988 OF/ /1988an 4 WUREG/CR 4214 1 ileer, A. L. Post treedtetten Frecture teaghnees Cherectorisetten of Four Leb-Nett Pietes, 06/ #1999aunts /Ct-5216 2 avetG/Co-5216, M A-2311 Notertete Erglemortne eseecteteo, tar., Loream, #e, 04/ /1999uutEG/Ct-5216 3 April 1999 06/ /1999gn 3 NuefG/Cs 535F M A-2341 1 Woutherne, J. R. An Empteratey studr of itement Interactfene and Ceepeettien Dependencies in 06/ 19999| B AE AU bueEG/Ce SPF 2 medletten Serhettwity 9eveterment, uuntG/tt 5337, #EA 2341, Noterlate 04/ /1999) muntG/tt4357 3 f agineertne Aseecletet, Inc., tenhee, No, April 1989 04/ /1989l I AE AU NUR8E/C9-5357/132 nr&-2349 1 pewthorne, J. a. RE A trredletten aneestigettere en Mechanicet Properttee of lAfA DFV Reterlete 06/ /1999NueEG/CR-13$F/152 2 Provided by Jopen. Appendte 4 of munfC/CB 135F, materiale Engineertne 06/ /1989suers /te-135F/132 3 Aseectates, Inc., Lenham, se, may27, 1998. et/ /1989sn-4 wuefG/CR-3389 af a-2334 1 #euthores, J. 3. Steet tapurity itement Effecto en Peetteredtatten Proporttee Seceeery by c6/ /1989sz-S suef G/CR-3386 2 Arviesling, EUREG/CR 5388, ME A 2354, Meteriets Enstneering Aseecletoe Inc., 08/ /1999IPJefG/CR 5386 3 Loreen, 80. August 1989 Oe/ /1999ptA Ag kUREG/CE $469 NEA 236& 1 Newthorne, J. R. treed 9etten-Anneet teteredtetten (IAA) Stadtes of Prototypic teneter vessel 11/ /1999acetG/tt-5469 2 Weldsente, AefG/CA-5669, nEA-2366, heteriets Ensinoering Aseeciates, Inc., 11/ #1999| HURES/CR-5449 3 Loreen, se, teveneer 1999. 11/ /1999Nf A ST MUetG/C4-3493 slE A-2376 1 Peutherne, J. R. Niser, A. L. Influence of Fluence Sete en Redistion-In&Eed Mechosleet Property Chenees in 93/ #1999mustE/tt4493 2 seectee Pressure vesset stoets Finst Report en taptaretery Espertmente, c3/ #1990WURf G/tt-1483 3 musfG/CO-9493 NEA-2376, noterlate Engineerles Aseecletes, tre , Loreen, se, g3/ /1990NURES/Ct-54e3 4 perch 1990. 93/ /1990bisf 2 EleEG/CR4e96 ORE /Tu-11804 I sonsted, R. er. Berefron, R. G. Irredletten Effecto en Charpy Iepect and fenelle Propeettee of Lee upper-shelf 06/ #1991httf 3 IFJef G/CA-5696 2 Wetde, meevy sect ten tweet geressetten Progres, treedletten Serlee 2 anwl 3, ou /1991WURE S/te de*6 3 mseEG/Cs4696, cast /fu-tions, ook eldee mettenet Leberefery, cet eldee, Ts, Jee 86/ #1999#U8EE/CR4696 4 1991#38t-0 can-4313 1 Chitdress, C. E, f ebefcottes alstery of the first fue 12-in.-Thick Asta A-933 Grede B, Clase 1 92/ /1969

06/ #1991
otu 4315 2 te et Ptetes en the mesey section stees fechneteev Presese Documentary aeport 62/ /1969Ceu-4313 3 6, OthL 4313, cet eldee metteret Laboratory, est aldge, te, February 1969 62/ /1969W12f 0 Onet-4313-2 1 Chtterese, C. f. Febritellen eletery of the Third and Fourth atts A-333 Steet Ptetes of the go,evy 02/ /6976ceu-4313-2 2 steet techneteey program, ceEL 4313-2, ook aldee set tenet Leeerevery, cet elde , 02/ #1979i OsM-4313-2 3 fe, f ebrwory 19FO. 02/ /19FO; otsf-9 CRE-4814/3 1 Stelamen, u. J. patertet Cherecterf eetten and verlehttity, neewy sectlen stoet Techneteyy tof /19 72( MM-4816/3 2 Progren semieremot Progrees seyert for Perled Endtagpeervery 29, 19F2, top /1972I On% 4816/3 3 east-48te, p. 76 84, cet aidge settenet Laborotory, ook Redee, fe, Oetsber 19F2, it/ /1972VDE Can-4816/FS i Pecher, 6, Blesers, S. seutron Irredlettere Eshrittlement of AltN A3335 Steet Irrediated at 300 eruf 4.D0* 10/ /19F2can.4816/F6 2 C to Feet fluences of 1, 3, and 10 A 10'19 neuteens/cm , seovy sectlen steet 10/ /1972i MR-4816/F6 3
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Table 34 Listing of REF_TR.dbf
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2 5 List of EXP_ID with Comments

BET-AN
Annealing Experiments Performed by Westingbouse at the Bettis Labomtory
Specimen from two steel plates coded S and U (EDB codes PBETUS and PBE7VU) were
irradiated to fluences in the range of 1 to 3 x 10" n/cm2 (> 1.0 MeV) at the Engineering
Test Reactor (ETR). The fluences received were determined by dosimetry for some of the
specimen (identified by an * at the SPEC _ID), the reported fluences for others are just
estimates. The irradiated Charpy specimen were tested, and the broken halves at both ends
were reconstituted and annealed for different lengths of time at different temperatures. The
arbitrarily assigned SPEC _ IDS were given to the irradiated Charpy set; additional extensions
_A and _B were added to the SPEC,_ID ofirradiated Charpy set for the reconstituted Charpy
specimens, which were made from the broken halves of the irradiated Charpy set. (The
identifications are not given in the original report - WAPD-TM-1095 - but can be inferred
from the fluence data.)

BWREXP
Irradiation Experiments Performed by GE with a Variety of BWR-PV Materials
The irradiation experiments were done at three different fluences--2.0E17,1.5E18, and
3.7E18 n/cm2 (E > 1.0 MeV)--in the Humbold Bay reactor (HM3). All materials were from
or similar to materials used in existing BWRs.

CEA
I Experiments in French Reactors Sponsored by Commissariat a l' Energy Atomique

Experiments performed in support of French power reactors sponsored by the Commisariat
a l' Energy Atomique (CEA) with the participation of different companies, mainly Framatome
and EDF. Some of the experiments were run as research programs coordinated with the :
IAEA (see EXP_ID = IAEAF). All experiments were performed at the CEA test reactors
Triton, Siloe, Melusine, and Osiris. A large variety of ste-els of the type used in French PWRs
were investigated.

EPR-AN
Annealing Experiments Sponsored by the Electric Power Research Institute (EPRI)
EPR-AN is a large-scale annealing experiment sponsored by the Electric Power Institute
(EPRI). Three welds, coded WEPR19, WEPR23, and WEPR24, were irradiated in the
University of Virginia Reactor (UVAR) and subsequently annealed. Some of the material !
was re-irradiated and re-annealed. Specifically, in CAPSULE EXP1 material was irradiated j
to a fluence of about 7.5E18 n/cm2 (E > 1.0 MeV) and annealed at a variety of temperatures
and durations. The contents of CAPSULE EXP2 were also irradiated in a first run to
approximately the same fluence, followed by a variety of anneal procedures repeated again
by a second irradiation and anneal run. The contents of CAPSULE EXP3 were irradiated
to twice the fluence without intermediate anneal for comparison with EXP2.

|
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FKS-G
Irr Program at Geesthacht to Verify Safety Margins for German Licensing Rules
The German nuclear safety standard KTA (Kerntechnischer Ausschuss) 3203 predicts
radiation embrittlement of PV material similar to the NRC Reg. Guide 1.99. To verify and
validate these rules, selected forgings, plates, and welds were irradiated in the Geesthacht
reactor FRG-2 and the results compared with the KTA predictions. This investigation is part
of research program " Integrity of Components" (FKS). Another participant is the
Kraftwerkunion (KWU), see EXP_ID = FKS-K.

FKS-K
Irradiation Program by KWU to Verify Safety Margins for German Ijcensing Rules
The German nuclear safety standard KTA (Kerntechnischer Ausschuss) 3203 predicts
radiation embrittlement of PV material similar to the NRC Reg. Guide 1.99. To verify and
validate these rules, selected forgings, plates, and welds were irradiated in the Testing Nuclear
Power Plant VAK, Kahl, Germany, and the results compared with the KTA predictions. This
investigation is part of the research program " Integrity of Components" (FKS). Another
participant is the GKSS, Geesthacht, Germany, see EXP_ID = FKS-G.

HAW-AN
Compilation of Results from Annealing Experiments by J. R. Hawthorne
This group of data is a compilation of results from annealing experiments performed at NRL
by J. R. Hawthorne. Most of the data that are contained in the associated report
(NRL 8287) could be traced to the original reports and are listed under the original
reference. Additional information was obtained from data sheets for the MPC data base.

HFIR
HFIR Surveillance Program and Related Experiments at ORNL
This group of data was collected in connection with the surveillance program for the HFIR
reactor at ORNL The HFIR surveillance specimen showed an unexpectedly large shift in
transition temperature for rather low fluences. (The shifts were determined at 15 ft-lb instead
of the more common 30 or 50 ft-lb and are, therefore listed in the file SHFTX_TR.dbf; no
test data at higher impact energies are available.) This shift is still unexplained. For
comparison purposes, additional specimens from the same or similar materials were irradiated
in the ORR at ORNL to a higher fluence of 2.3E18 n/cm2 (E > 1.0 MeV). The surveillance
specimens were distributed in small batches over many different capsules; specimens that
received similar fluences were combined to determine Charpy shifts. The same applies to
some of the ORR irradiations. The raw data for separate and combined sets can be found
in RAW C_TR.dbf and RAW C_FT.dbf, respectively.

_ _
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HSST-0
Heavy Section Steel Technology (HS5T) Program, Initial Characterization
Three A533B1,12-in.-thick steel plates were fabricated by Lukens for the HSST program at
ORNL Specimens from these plates are used as correlation monitor (standard reference)
material in surveillance capsules of commercial power reactors whose pressure vessels were
fabricated from A533B steel. Specimens from the first plate, SHSS01, were used in
Combustion Engineering reactors, from the second plate, SHSS02, in other U.S. reactors.
(The other correlation material, the 6-in. A302B plate SASTM was used in older power
reactors.) The third plate, SHSS03, was used in the German VDE experiment, the IAEA
Joint Programme, and the ORR PSF benchmark experiment. The purpose of the data
collected under the EXP_ID HSST-0 was to determine the variability of the material
properties at different locations and different thickness layers, for each plate, which is
substantial. No irradiations were performed in this experiment.

HSST-1
Heavy Section Steel Irradiation (HSSI) Experiments, Series 1, at ORNL
This is the first of a series of experiments performed at ORNL as part of the HSST
irradiation program. Specimens from the two HSST plates, SHSS01 and SHSS02, and two
welds that were fabricated from these plates, WHSSSIB and WHSS53E, were irradiated in
the ORR. Fluences and irradiation temperatures differ widely between specimens and are
reported for each individual specimen. Charpy transition temperature shifts and upper-shelf
energies are determined for groups of specimen from the same material that are sufficiently
similar in irradiation conditions. Raw data are provided for every test and can be used for
independent evaluations. '

HSST-2
Heavy Section Steel Irradiation (HSSI) Experiments, Series 2, at ORNL
'Ihree welds, WHSS61 to WHSS63, were investigated. The irradiation rig consisted of three
identical capsules, each containing two 4T CT specimens and a variety of smaller CT, Charpy,
and tensile specimen, plus dosimeters. The capsules were rotated during irradiation to obtain
uniform exposure of the large CT specimens; the smaller specimen received widely vaning
fluences and irradiation temperatures, which are reported individually. Charpy transition
temperatures and upper-shelf energies were determined by pooling together specimens that
were exposed to similar irradiation conditions and by making corrections to account for
differences in fluence and irradiation temperature. Raw data for individual Charpy tests are
available for independent evaluations.

HSST-3
Heavy Section Stael Irradiation (HSSI) Experiments, Series 3, at ORNL
The third experiment in the HSSI series (see HSST-1 and HSST-2) investigates four welds,
WHSS64 to WHSS67. It uses the same irradiation rig as HSST-2 with comparable results and
problems.

i
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HS5T-4
Heavy Section Steel Irradiation (HSSI) Experiments, Series 4, at ORNL
The fourth experiment in the HSSI series investigates specimens of the HSST-2 plate,
Section A SHSSO2A, and four welds, WHSS68 to WHSS71. The irradiation is again
performed in three capsules at the BSR facility at ORNL, but the rigs are different and more
tightly controlled in fluence and irradiation temperature.

IAEA
1AEA Co-ordinated Research Program for Irradiation of Advanced RPV Stects
This is a program coordinated by the International Atomic Energy Agency (IAEA) for the
investigation of reactor pressure vessel steels provided by vendors and laboratories of several
countries. Each participating laboratory irradiated some or all of a set of forgings, plates, and
welds provided and evaluated the results. A summary of the results is contained in IAEA
TRS 265, but many participants published more detailed data in separate reports. Different
EXP_ID have been assigned to the different laboratories as follows:

EXP_ID Laboratory Country

IAEAB AERE United Kingdom
IAEAC Skoda Nat. Corp. Czechoslovakia
IAEAD Riso Nat. Laboratories Denmark
IAEAF CEN France
IAEAG GKSS Germany
IAEAI Babha At. Center India
IAEAJ Japan At. Res. Inst. Japan
IAEAK KFA Germany
IAEAM Manufacturer's data Country of origin
IAEAU NRL U.S.A.

IAEAB
IAEA Coordinated Research Program: AERE Contribution
The investigation was conducted by the U.K. Atomic Energy Authority with participation of
Rolls Royce and Associates. Detailed results are published in ASTM STP 782/433. Some
of the data in IAEA TRS 265 differ slightly from the ASTM STP report.

IAEAC
IAEA Coordinated Research Program: Skoda Centribution
All data listed are from IAEA TRS 265.

IAEAD
IAEA Coordinated Research Program: RISO Contribution
The Riso contribution to IAEA TRS 265 contains only chemistry data.
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O IAEAF
h IAEA Co-ordinated Research Program: CEN Contribution

Detailed reports that contain other investigations with French test reactors are published in
several ASTM STP reports (see EXP_ID = CEA).

IAEAG
IAEA Co-ordinated Research Program: GKSS Contribution
Additional data can be found in GKSS-1.

IAEAI '

IAEA Coordinated Research Program: Bhabha Contntution
All listed data are from IAEA TRS 265.

IAEAI
IAEA Co-ordinated Research Program: Japan At. Res. Inst. Contnbution
All data come from IAEA TRS 265.

IAEAK
IAEA Coordinated Research Program: KFA Contribution
These data are the contributions of D. Pachur from irradiations at the FRJ-1 and FRJ-2
reactors at the Kernforschungsanstalt in Julich, Germany. D. Pachur has supplied additional
data on diskettes beyond those published in IAEA TRS 265.

IAEAM
IAEA Coordinated Research Program: Steel Manufacturer's Contntution
These data are the baseline values for the pre-irradiation properties of the IAEA supplied
materials as provided by the manufacturers and listed in IAEA TRS 265.

IAEAU
IAEA Co-ordinated Research Program: NRL Contabution
The U.S. contribution to the IAEA Coordinated Research Program consisted of irradiations
in the UBR reactor with evaluations by J. R. Hawthorne in the Naval Research Laboratory.
In addition to the material investigated in IAEA TRS 265, other IAEA-supplied Japanese
steels were investigated in NUREG/CR-5357,

JPDR
Japan Power Demonstration Reactor (JPDR) Surveillance Program
The report in ASTM stp 484T/4 contains the results of the surveillance program for the Japan
Power Demonstration Reactor (JPDR), including supplemental experiments.
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KFA
Miscellaneous Irradiation Experiment Performed at the Kernforschungsanstalt (KFA)
Most of the data are unpublished supplements to the VDE and IAEA experiments that were
supplied by D. Pachur on diskettes. The transition temperatures were obtained from Pachur's
two-stage impact-energy-versus-test-temperature model. These data are referenced as "Pachur
1988."

KRB
Experiments Concerning the Decommissioned Reactor KRB-A, Gundremmingen
Parts of the pressure vessel of the decommissioned reactor in Gundremmingen, Germany, are
being tested at MEA and compared with archived material from the same PV after irradiation
in the UBR to comparable fluences.

KWU-PR
Compilation of German Irradiated RPV Data for Transfer to NRC
This compilation contains surveillance data from pressure vessels of German power reactors
from the Kraftwerkunion. The steel samples were obtained from ring forgings and associued
weld and HAZ material. The data were collected per request by the U.S. NRC and MEA.

IAC
Test Reactor Irradiations in Support of the Lacrosse Reactor
Several steel samples from the Lacrosse reactor were irradiated in the LITR and UCRR test
reactors as supplement to the surveillance program. The principal investigator was
C. Z. Serpan, Jr.

MCD-AN
Compilation of Results from Annealing Experiments by B. Mcdonald
This compilation was collected by B. Mcdonald in support of his annealing model. All data
could be traced to the original reports and are referenced accordingly,

MEA-AN
Post-irradiation Annealing Experiments at Materials Engineering Associates, Inc.
Four welds, coded W8A (WMEA8A), W9A (WMEA9A), WW4 (WMEAW4), and WW7
(WMEAW7) were investigated at various states of irradiation, annealing, and re-irradiation.

MEA-RT
Study of the Influence of Fluence Rates on Irradiation Embrittlement at MEA
The influence of fluence rates was studied by exposing A302B (SASTM F23) and A533B
(PNRLG23) material at reflector and in-core positions in the UBR and irradiating them to
the same total fluences. The weld W8A (WMEA8A) from the MEA-AN experiment was also
included in the study.
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MOLBR3
Irradiation Experiments in Support of the BR3 Reactor at Mol, Belgium
In order to investigate possible benefits of annealing for the BR3 reactor vessel several welds
were irradiated in the UBR and subsequently annealed. The results are published in
MEA 2218 and several CEN/SCK reports. The principal investigators were A. Fabry and
J. R. Hawthorne. An independent evaluation was performed by D. Pachur.

MRI-1
Test of Hydrogen Influence in Steels performed at Materials Research, Idaho
The influence of Hydrogen on radiation embrittlement is studied in this report.

NRI 1
Exploratory Irradiation Studies of A533, A543, and A302 Steels at NRL
This study combines the results of several explot story irradiation experi nents to determine
the radiation embrittlement of commonly used pressure vessel materials.

NRI 2
Irradiation Experiments with HSST Material at the Naval Research Laboratory
This study describes the results of irradiation experiments on the two HSST plates, HSST-1
(SHSS01) and HSST-2 (SHSS02), and a weld fabricated by Combustion Engineering. One
objective of this experiment was to compare dynamic tear tests to regular Charpy tests.

NRIe3,

Test of Irradiation Sensitivity for Commercial and Improved Steels at NRL
This is a joint NRC-Combustion-Engineering program that was carried out at the NRL The
main objective was to determine the influence of copper, in particular, to compare newer
improved low-alloy steels with older commercial steel samples.

NRI 4
Notch Ductility Degradation of Iow-Alloy Steels with low-to-Intermediate Fluence
This is another NRC-sponsored study of the radiation sensitivity of a variety of commercially
produced steel plates and welds with varying copper content. Fluences range between 1.0E18 -

to 2.0E19 n/cm2 (E > 1.0 MeV).

NRI AN
Investigation of Cyclic Irradiation and Annealing Effects in A533-B Welds
This investigation is an annealing study on two commercially produced high-copper welds
(Babcock & Wilcox and Combustion Engineering. respectively) with up to two cycles of
irradiation-annealing-re-irradiation and two different annealing temperatures (650* and
750* F, respectively).
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NRI EP
NIU EPRI Research Program (RP8%2)
This is a joint effort by EPRI and NRL to investigate the radiation embrittlement of typical

,

reactor pressure vessel material. Plates (A533B and A302B), forgings (A5082) and essociated
welds were used in this program.

ORRPSF
Surveillance Dosimetry Improvement Program, ORR-PSF Metallurgical Irradiation
An essential part of the Pressure Vessel Surveillance Program was the PSF Benchmark Field
which simulates the surveillance-capsule-pressure-vessel con 6guration in the Poolside Facility
(PSF) of the Oak Ridge Research Reactor (ORR). Six different materials consisting of two
plates (SASTM F23 and SHSS03 PSF), two forgings (FKFA01 and FMOLO1), and two welds
(WEPR23 and WRRA_ PSF), were each irradiated in two simulated surveillance capsules and
three " block" capsules corresponding to the inner surface,1/4 T and 1/2 T positions,
respectively, of a pressure vessel in power reactors. The fluence spectra and relative fluence
rates in these capsules are similar to the ones in power reactors which provides some
opportunity to validate surveillance programs.

PR-EDB
Experiments in Support of U.S. Power Reactor Surveillance
Data listed under this EXP_ID consist of power reactor surveillance materials that were
irradiated in test reactors.

RRA
Series of Experiments Performed at Rolls Royce Associates, UK
The current data in the TR-EDB are taken from ASTM STP 782/343 which are from a joint
study of Rolls Royce, Ass. and the Atomic Energy Research Establishment in Harwell,
England.

SM-1
Experiments with Demonstration McIt A533 Plates
This is the first of a number of " Split Mell" experiments performed by J. R. Hawthorne at the
Naval Research Laboratory and,later, at Materials Engineering Associates, in which one melt
was divided into several parts, each of which received a different amount of alloys, such as
copper, phosphorus, and nickel to determine the change of radiation sensitivity due to the
alloying materials. In this experiment a 30-ton A533 heat was split four ways with two
different copper contents (0.13% and 0.03fo), each of which received two different heat
treatments corresponding to Class 1 and Class 2 designation. Severalirradiation experiments
were performed with these materials including annealing.

,
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s SM-2
Experiments with Split-Melts to Study the Influence of Residual Elements in A302-B Steels
The study consisted of three 300-lb melts, each split three ways (PME38A to PME40C), and
two 400-lb melts, split four ways (PMEV61, PMEV63,.., PMEV67, PMEV71, ,PMEV77). The
different melts differ in copper and phosphorus content. Each was fabricated into 0.5-in.
plates and heat treated in the usual way. The A302B reference plate was also included in the
study for comparison. Some of the PMEVxx samples were annealed after irradiation.

SM-3
Experiments with Split-Melts to Study the Influence of Residual Elements in A543 Steels
Similar to SM-2 two 300-lb melts were split three ways but are from AS43 heats, with
aluminum and nitrogen added in various amounts (PMEY2A to PMEY3C). Associated welds
are also included in the study.

SM-4
Experiments with Split-Melts to Study Nickel-Copper Interactions
This study involves two 400-lb A302B melts split four ways (PME05A to PME06D), with
varying amounts of copper and nickel added. The irradiation experiments include annealing.

SM-5
Experiments with Split-Melts to Study Copper-Phosphorus Intcha: tion
This study involves seven melts, each split four ways, resulting in 28 materials of type A302B
and A533B (PME66A to PME72D), with varying amounts of copper, phosphorus, and nickel.
Some of the materials were used in the annealing study MEA-AN.

SRM
Irradiation of Standard Reference Materials in Power and Test Reactors
This study involves four steel plates provided by U.S. Steel to ASTM as Reference
Correlation Monitor Materials (Standard Reference Material, SRM). One of these plates,
the A302B reference material, has been used extensively in surveillance programs of older
power reactors. Samples of the four plates were send to different organizations and
irradiated in many different reactors to a variety of fluences and irradiation temperatures.
The results have been collected and published by J. R. Hawthorne in ASTM DS54. Only
changes between un-irradiated and irradiated data (shift values) are reported, not the baseline
values themselves. Some of the baseline values were included in the MPC data base and have
been transferred to the TR-EDB. There appears to be a large variation in baseline values
for different sections of the plates, but these are not given, nor are the locations of the
samples clearly identified. The HEAT _ID code reflects, wherever possible, the location of
the sample, such as, SASTM S1, etc.; the plain code SASTM is reserved for surveillance
material, SASTM X stands for material whose location could not be identified. The other
plates are coded SASTMA, SASTMB, and SASTMC. SASTMD and further codes are used
for other materials that were identified as " reference material" in the reports.

!
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VDE
Steel Irradiation Program Sponsored by Verein Deutscher Eisenhnttenleute
This is an extensive irradiation program sponsored by the Verein Deutscher Eisenhattenleute
(VDE). Four different steels, coded A, B ,C , D, and associated welds with HAZ were
irradiated in the FRJ-2 reactor, KFA, Julich, to target fluences of 1.0E19,5.0E19, and 1.0E20
(E > 1.0 MeV) at irradiation temperatures of 300 and 400*C. The code A material is part
of the HSST-2 plate (SHSS02A, the associated weld and HAZ were fabricated from a piece
of HSST-3), the others are MnNiCrMoV and NiCrMo alloys (PVDE0B, PVDE0C, and
FVDE0D). Irradiations were performed in small batches, and detailed information is
provided for each run (listed in REAC_TR.dbf, CV_RF_TR.dbf, and RAW C_TR.dbf as

_

individual physical capsules). Specimen from different capsules were then combined to
determine the Charpy shift values for the target fluences and irradiation temperatures (the
combined specimen sets are listed in RAW C_FT.dbf and CV_RF_FT.dbf). All details are

_

published in 24 "Berichten " plus a summary (Abschlussbericht).

YR
Investigations in Support of the Yankee Rowe Reactor
The PV steel samples of the Yankee Rowe Reactor that were irradiated in surveillance
capsules 1,2, and 6 were not immediately tested but annealed for 168 hours, each capsule at
a different temperature. The results of this program are reported in NRL 6616 and are
included in the file SHFTA_TR.dbf of the TR-EDB.

O

.
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2.6 Use of Units

All data in the TR-EDB are given in the units of the original reports. (If reported in more than one
unit, the data obtained directly from the test equipment are used, as indicated by whole numbers
instead of fractions.) The ASTM recommends the use of the units given in the International System
of Units (SI), as described in the ASTM Standard for Metric Practice. This standard provides also
the guidance and constants for unit conversion. The basic units for this system are meter (m) for
length, seconds (sec) for time, and kilogram (kg) for mass. Prior to the adoption of the International
System the customary engineering practice used units of force instead of mass as the third basic unit.
Pound (Ib) as unit of force, in addition to foot (ft), and inch (in) for length has been used in the U.S.
and other English speaking countries and is still found in many U.S. reports (identified as US_ Unit).
Older European reports use kilogram (kg) or kilopond (kp) as units of force, combined with meter ,

and second. We shall identify this system of units as "other technical" (OT) units. The dual use of
kg for force and mass is confusing, although the context makes it clear which meaning is attached to
this symbol in a particular report. In the TR-EDB only one meaning is attached to any particular
symbol as listed in the UNIT _TR.dbf in Table 35 and only the units listed in this file will appear in
any unit field of the data files. Upper and lower cases are assigned to the unit symbols according to
the ASTM Standard; this policy was not strictly followed in the PR-EDB but will be adopted in future
releases.

,
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Table 35 Units used in TR-EDB files

U_Name U_ Symbol U_ Type U_ System SI_ Unit SI_ Symbol Sl_Equiv
millimetre mm length SI metre m 0.001 m
inch in length US metre m 0.0254 m
mil (1/1000 inch) mil length US metre m 0.0000254 m
metre (basic SI unit) m length SI metre m 1.0 m
joule J energy SI joule J 1.0 J
foot pound (pound force) ft-lb energy US joule J 1.355818 J
kilogram (force) metre kgm energy OT joule J 9.806650 J
mega pascal MPa stress SI pascal Pa 1,000,000 Pa

g kip (1000 poundsV quare inch ksi stress US pascal Pa 689,575.7 P.
2kg (force)/ square millimetre kg/mm stress OT pascal Pa 980,665 Pa

degree Celsius (centigrade) C temperature SI degree Celsius C 1.0 C
degree Fahrenheit F temperature US degree Celsius C 1.8 C + 32
kelvin K temperature SI degree Celsius C 1.0 C + 273.15
second S time second s 1.0s
day D time second s 86,400 s
hour H time second s 3,600 s
year (365 days) Y time second s 3,153,600 s
metre per second m/s velocity SI metre per second m/s 1.0 m/s
foot per second ft/s velocity US metre per second m/s 0.3048 m/s
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APPENDIX A. CUSTOM SOFTWARE FOR PROCESSING OF TIIE TR-EDB
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A.1 INTRODUCTION

L The software described in this appendix is the current implementation of a system that provides
the user of the TR-EDB with the necessary tools to process the data and to create a variety of
tables, Charpy fits, and other graphs for reports and verification of irradiation embrittlement
predictions. This software was originally created for the PR EDB, and the current version
remains compatible with this data base. Since that time, a large assortment of software tools for i

relational data bases has become commercially available so that the custom tools described in this
appendix are now less crucial for the convenience of the user. For this reason, no effort is being
made at this time for an extensive update of the custom software. However, the current version
is still quite useful for many routine tasks. In particular, the processing of numerical data given
in character format can be quite tedious and sometimes unreliable with commercial software.
Many applications require some pre-processing to convert the dBASE files in the TR-EDB (or
PR-EDB) to a form suitable for input to the more business-oriented procedures. The current
version of the custom software has been thoroughly tested for several years and has prosided
reliable output for all tasks for which it was designed.

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 additionalinstructions. The program
package provides the means for a number of file-manipulation tasks, including the display of data
on the computer screen and hard copy 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 have been written in FORTRAN using the IMSL and

O GRAFMATIC libraries and require ASCII fi;es as input. These ASCII files can be created
through the EDB-Utilities file-manipulation feature. An ASCII file that contains all data that
are available in the TR-EDB for fitting of raw Charpy data, RAW C_TR.dat, is part of the :

_

TR-EDB set of diskettes. Also included are the files CV_RS_TR. sum, CV_RS_TR.dat, and
CV_RS_TR.dbf, which contain the results of the Monte Carlo uncertainty analysis from
RAW C_TR.dat with 200 iterations. The file CV_RS_TR.dat can be used as auxiliary input file

_

for the multiple fitting program.

The primary output device for graphic presentations by the EDB-Utilities is the monitor screen
in EGA or VGA format which is selected automatically depending on what the graphic card can
accommodate. A screen capture facility is needed to send the plot to the printer. It is assumed
that the screen capture is activated by the < Shift-PrintScreen> command, which is given by the
graph program, if selected.

1

A.2 EDB-UTILITIES SOFTWARE PACKAGE
,

The EDB-Utilities package has been designed to provide 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. (See Figure A.1.)

:

i
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1. File-Manipulation Procedures. This option is not restricted to TR-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
c. Use numerical data for calculations and place results in

user-defined fields
d. Add or delete records
e. Reorder records
f. Display or export data
g. Save working file

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

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.

3. Fit and Plot Charnv Impact Data from EDB files. Raw Charpy impact data from a file
in ASCII format, created from a raw Charpy file such as RAW C_TR.dat, 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 prosided:

a. Single-curve fitting and plotting
b. Multiple-curve fitting and plotting
c. Monte Carlo uncertainty analysis
d. Extracting selected Charpy sets

Details are given in Sect. A.5.

4. Run dBASE III Pl US OR dBASE IV. This option allows the user to run the dBASE
program without exiting EDB Utilities, provided dBASE III PLUS OR dBASE IV has
been properly installed. (It is assumed that the directory containing the dBASE program
is in the path given in the autoexec. bat file.) 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(...).

i
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A3 FILE-MANIPULATION PROCEDURES

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

A3.1 General Considerations

The TR-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 information is coded in a special manner at the head of the dBASE files. This information
is used in the dBASE software for a variety of processing tasks. However, all data fields in the
TR.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. It requires,
however, that the information about the actual data types must be provided in some other way
to the processing codes in order to perform calculations, comparisons, and orderings. For this
reason, a special " structure file" is assigne.d 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). This
structure file has the same first five fields as the dBASE structure file, but in addition a field F_T
for the actual field type, which can be C for character, N for numeric, S for scientific notation,
and D for date. It also has a description field DESC which contains detailed information about
the data contained in the field, plus the type of units used (enclosed in brackets [...]). This
information is displayed in menu screens concerning data fields and is used to label the axes in
the plots that are generated in the plotting option of EDB-Utilities. Also included in the

b structure files are tag fields that are used for temporary selections in display and printing.
U

All file-manipulation procedures, such as changing data fields or records, reordering, and
displaying are never performed on the original data file; the input file is first copied to a " working
file" WORK.dbf, and the associated structure file, to STRUCr.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.

|

A3.2 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 TR-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_ALLdbf, and this file is used to put information in the new structure
file for such field names. (This file, together with the associated index file STR_ALLndx, is part
of the distribution of the TR-EDB.) Other information must be entered by the user, who can
also change the information from STR_ALL.dbf, if necessary. The new structure file is saved if
none was previously available, but old files are not automatically overwritten, even if they are j
incompatible. (Any structure file together with the dbf file may overwrite the original file at the

'
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user's option.) 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 the 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; following that
step, 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: 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 prosided.
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.

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 os operation at a time can be
performed, namely addition, subtraction, multiplication, division, exponcatiation plus exponential
function, and logarithm. More complicated formulas can be calculateo 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 has a blank record, indicating missing data.

A.3.6 Reorderine

No index files are associated with the working file, but records can be sorted in any man aer by
entering the ordering criteria in the menu screen provided. The chosen arrangement can be

O saved in an output file, if desired.
,

1
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A.3.7 Display 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 oflines per page. The
fields will be distributed over several pages if the width of the output exceeds the number of lines
permitted, and, of course, if there are more records than the number oflines 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. Another ASCII file can be created as input for the
Charpy fitting programs from a raw Charpy data file, such as, RAW C_TR.dbf or another file

_

with the same structure. An empty file, RAW C_DT.dbf, must be present to receive the data
_

from the input file after the necessary unit conversions. An optional structure file
RAW C_PR.str can be used to assure that the input file has the proper data structure.

_

A.3.8 Save Workine Fil_e

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 old file in the process.

A.4 PIITITING PROGILuf

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:

1. The name of the structure file that was associated with the workinc file from which the
data set was prepared. The sole purpose of this file is to provide the information about
which data ficids 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
coordinates must be common to all plot files for the same plot, but other fields may differ.

2. The plot title. The title will appear in large letters on top of the plot.

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

4. Names of the plot files and asse:iated 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 as descriptions
will be ignored in the legend.
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5. 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 for these curves.

6. Choice of a preset coordinate system. The default version of this option is a coordinate
system that is automatically scaled to accommodate all data and curves in the smallest
range possible. However, the user can select a predetermined range of coordinate values.
The option includes also the choice of a logarithmic coordinate system in either or both
coordinates. Points and curves that fall outside the range are eliminated.

7. Symbols and colors. An option is provided for selecting symbols and colors (for color
monitors and printers) for the different data sets and the curves. Dashes of different
densities can be selected for the curves.

Once the input is given, a picture of the plot will appear on the screen. Labeling of the axes is
automatic, using the information from the input data and structure files. The user will be asked
to place the legend at some location 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.

All input data for the plot, including information 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 crased (this applies only to the

'

information that is generated during the plotting procedure, such as name ofinput files, title, and
legends, but not to the data files which remain intact).

,

A.5 CHARPY FITTING AND PLOTTING
t

A 5.1 General 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. The program requires an input file in ASCII format '

that can be created by one of the options in the section for display and export discussed above.
'

For convenience the file RAW C_TR.dat that was created from RAW C_TR.dbfis distributed_ _

with the TR-EDB data files. (This file contains some combination of sets from several physical
capsules whenever there are too few specimen in anyone capsule. The dbf version of these
combinations are found in RAW C_FT.dbf and CV_RF_FT.dbf.) To be consistent with the_

PR-EDB software, 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. If this field contains an asterisk, the record
will be excluded from processing; this feature is useful for removing outliers. The program
searches for the combination of PLANT _ID + CAPSULE + HEAT _ID + SPEC _ORI which
are common to each set of raw Charpy data that are used for the htermination of transition
temperature and upper shelf energy. For some un-irradiated data (PLANT _ID and CAPSULE,

are blank) different sets were used for different experiments. Here, the only distinguishing
identifier is EXP_ID which was, for this reason, added to the file RAW C_TR.dbf but could not

_,

be retained in the ASCII file RAW C_TR.dat. To permit the user to evaluate these sets4
_

91 NUREG/CR-6076
|



separately additional set were added to the ASCII file in which the (blank) PLANT _ID was
replaced by EXP_ID. Some evaluations were also performed from combinations of sets that
come from different physical capsules but have similar fluences and irradiation temperatures.
These sets with a different CAPSULE identification were also added to the ASCII file. All sets
in the ASCII file that are not contained in RAW C_TR.dbf are also placed in the dBASE file

_

RAW C_FT.dbf, which can be converted also to ASCII format.
_

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 ct..ve
parameters. (The starting value for the lower shelf is 3.0 J or 2.2 ft-lb) 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 if
a suitable screen capture program is active. All internal calculations are done in international
units, centigrade and joule. The user has the option to select the range of temperature and
energy values in the plot for convenient comparisons (e.g., overlays) of the curves. Points and
curves that fall outside the range are ignored in the graph.

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

A.5.2 Sincle-Curve Fittine 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 Fittine and Plotting

With this option, up to ten different fits can be placed into one plot. This feature 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 MeV). Legends can be placed by the user at a suitable free spot in the plot. An
auxiliary file generated as dBASE output file from the Monte Carlo fitting procedure can be used
to bypass the fitting procedure in favor of predetermined fitting parameters. The file
CV_RS_TR.dat is distributed with the TR-EDB for this purpose. (See next Section A.5.4.)

A.5.4 Monte Carlo Uncertainty Analysis

Uncertainties for the fitting parameters are needed to determine accuracy and credibility of the
transition temperature and upper shelf data. A covariance matrix of the fitting parameters is part
of any least-squares procedure, but these covariances are not used for uncertainty analysis in the
EDB-Utilities. The unavoidable linearization 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 c nergy and test temperature, and the
results reflect more accurately the influences of nonlinearities. The necessary computing time
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' 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 of data sets
can be processed overnight or over a weekend. Nonphysical results and results that desiate
substantially from the mean are eliminated from the sampling. ' Ibis 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 ofiterations. Unsuccessfuliterations (i.e., the ones rejected by the
program as nonphysical or inconsistent with the rest) are not counted; however, the total number
of tries may not exceed five 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
created 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 FORT 15; the 15 in
FORT 15 is the unit number of the FORTRAN output file) is a list which contains the set
number, key identifiers, fluence, irradiation temperature, transition temperature at 41 J and 68
J (30 ft-lb and 50 ft-lb), 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'' (default name FORT 16) 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 FORT 17) 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. 53). Its data are given in English 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 been processed with this program, with 10 J and 4*C as
_

input uncertainties for impact energy and test temperature, respectively, and 200 iterations. The '

summary and dBASE output files, CV_RS_TR. sum and CV_RS_TR.dat, respectively, are
included in the data disks. The dBASE version of CV_RS_TR.dat, CV_RS_TR.dbf is also
included in the package. The covariance file, which is very large and of limited usefulness, is not
included.

.

A.5.5 Extractine Selected Charny Sets

The raw data files for individual Charpy sets are quite large and thus require long search times
in sequential access. It is, therefore, convenient and saves time to copy 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 FORT 20) can now serve as
an input file for any subsequent processing step.g
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A.5.6 Selection of input Files and Data Sets

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

1. Names of input data files, primary and auxiliary. The primary input file is
RAW C_PR.dat, which is included in the package and given as default at the menu. The

_

user may change this name to that of any other data file that contains raw Charpy data
in the same format (e.g., one obtained from the selection procedure described in Sect.
A.5.5). The multiple-fitting option permits the use of an additional, " auxiliary" input file
that contains the values of the fitting 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 auxiliary files need not be identical or in the same
sequence.

2. 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 uncertainty analysis. The Monte Carlo uncertainty analysis is designed to process
a large number of data sets in sequence without user intervention. Consequently, only
the starting number and the number of sets to be processed can be given. The number
associated with each set can be found in the (ASCII) file RAW CPY.S'UM. Dese_

numbers are entered in the input screen as discussed in Sect. A.S.4.

3. Choice of a preset coordinate system. The default version of this option is a coordinate
sptem that is automatically scaled to accommodate all data and curves in the smallest
range possible. However, the user can select a predetermined range of coordinate values,
which makes it easy to compare the Charpy curves from different sets. Points and curves
that fall outside the range are eliminated.

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.

A.6 INSTALLATION AND EXECUTION

Running the EDB-Utilities with data files requires an IBM-compatible PC, preferably with 80286
(AT) or better 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 M0 x 350, or VGA,640 x 480 pixel resolution. (The selection is automatic, depending on
the active video card.) For a hardcopy of the graphics, a screen capture utility is needed that is
activated by the Shift PrtScr command. This command is part of the software and does not need
be given externally.
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The TR-EDB plus software is being distributed on diskettes in compressed form. A directory

( with at least 5 Mb free space must be prepared on the hard disk to receive the set of files. Place,.

the distribution disk into the appropriate diskette drive "D" (D being usually the drive A or B),
'

and from the hard-disk directory give the command D:TR-EDB. This command will unpack the
files and copy them to the hard disk. .A list of data and program files _ is given in the file
TR-EDB.lst and in Appendix C. After copying the files to a selected directory, the program is
activated by typing "EDB." (E::ecuting the file EDB. bat.) After a title screen the menus appear
from which the user selects the various option by means of the arrow keys and the " Enter"
button. The options are self-explanatory. No changes are made in the original input files, except

| if the overwrite option is explicitly chosen by the user. Thus, some experimentation or user errors
will not result in destruction of the original files. All anticipated user errors will be displayed on
the screen with suggestions for corrective action. However, in rare cases programs may be

,

aborted, usually due to problems with the system, such as lack of memory. To retain the error
message in these cases the executable file *.exe should be called directly and not the EDB. bat<

f file. That is, type the name of the aborted file, in most cases PLNK, not EDB, to run the
aborted program and obtain the error message.

No examples are included in the current release of the software. However, all necessary input i

files are provided with default values, whenever appropriate. !

;
1
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B.I. DATA FILES

v
1. The following new files were added that are not part of the PR-EDB:

1. E_LST_TR.dbf - List of experiments ,

2. SHFTA_TR.dbf - Anneal data
3. SHFTX_TR.dbf- Charpy transition temperatures for non-standard criteria

2. Some files were renamed to distinguish between TR-EDB and PR-EDB versions: |

1. SPEC _LST.dbf is renamed S_LST_TR.dbf
2. REAC_LST.dbf is renamed R_LST_TR.dbf
3. HEAT _LST.dbf is renamed H_LST_TR.dbf
4. REF_TITLdbf is renamed TITL_TR.dbf
5. REF_LST.dbf is renamed REF_TR.dbf
These files with the suffix PR will be introduced in future versions of the PR-EDB.

3. The field EXP_ID was added to all files, except R_LST_TR.dbf. It replaces the field
PLANT _ID in HEAT _LST.dbf, HEAT _PR.dbf, CHEM _PR.dbf, WELD _PR.dbf,
HAZ PR.dbf, and REF_LST.dbf.

4. The field SPEC _ SIZE was removed from the TR version of SPEC _LST.dbf (i.e.
S_LST_TR.dbf). A REPORT _ TAG was added to this file, and the NO_OF_ SPEC field
increased to 3 characters.

5. A number of fields was added to the file SHFT_TR.dbf to make it more self-sufficient. The
field I'LU_ TAG characterizes the fluence determination, EFP_ TIME, TIME _U, and
F1_ RATE give information about the fluence rates (these data are part of the file
REAC_TR.dbf). Also added is the specimen irradiation temperature CSP _ TEMP and the
fields U_ TAG and I_ TAG for information about the fitting procedures for un-irradiated and
irradiated specimen, respectively. The width of the fields DUSE_ ABS and DUSE_REL
have been increased to 5 to make them consistent with the other numerical fields.

6. Information about the Charpy tes; machine was added in the file CV_RF_TR.dbf.

7. More detailed information about the dimensions of the tensile specimen was added to the

file TEN _TR.dbf. This information - in reduced form - is located in the file SPEC _LST.dbf
of the current version of the PR-EDB. The number of fields for unitt has been reduced
to one each for temperature and stress (in addition to the unit for length for the specimen |

dimensions). It can be assumed that the same units are used for the data in each individual
test.

8. Three new fields were added to the file R_LST_TR.dbf (formerly REAC_LST.dbf), namely,
two fields for the energy output both thermal and electric, and a NOTES field, which is part
of most other files.

9. Several fields have been added to the files REAC_TR.dbf. Specific for test reactors is the
information abaut " fission" fluence. This term refers to a method of fluence determination
that was quite common in the early days of irradiation experiments. 'Ihe fluence

54(E > 1.0 MeV) is determined from an activation dosimeter, usually Fe(n,p), whose
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cross-section relative to the E > 1.0 MeV portion of a fission spectrum is known
(68 mb for "Fe(n,p)). 'Ihis cross section multiplied with the measured activity is defined
as the " fission equivalent fluence", or, fission fluence, for short. Often a ratio between
fission fluence and calculated fluence is reported, based on comparison between the
spectrum in the capsule obtained from a neutron transport calculation and the fission
spectrum. Fields for the fission spectrum, CAP _FISS, and the ratio F1_TO_FISS are now
in the reactor file. Also added are fields for the ratios of fluence (E > 0.1 MeV) and dpa
to fluence (E > 1.0 MeV), FP1_TO_F1 and DPA_TO_F1, respectively. These ratios are
useful for determining damage exposure parameters for individual specimen if specimen
fluences are different from capsule fluences. A further addition is that of a nominal (or
target) irradiation temperature, if only one temperature value is reported, which may be
neither a minimum or maximum value. The meaning of the field TEMP _ TAG has been
changed somewhat from that used for surveillance capsules; here, the characters "C", "T",
or "M" are used, depending whether the temperature was only calculated, determined by
thermocouples (the most frequent and reliable method for test reactors), or melt wires. A
corresponding field for fluence determination methods, FLU _ TAG, has also been added.

10. Fields for nominal temperature, NOMTEMP_x, have been added to each heat treatment
run. In the PR-EDB file single temperature (target) values were relegated to the minimum
temperature, leaving the maximum temperature blank. This procedure reduces the size of
the file but is inappropriate and confusing.

11. Separate fields for authors have been added to the reference file, TITL_TR.dbf (formerly
REF_TITL.dbf), for easy retrieval of pubUcations of a specific author. Any number of
authors for the same paper can be accommodated, using the continuation record, if
necessary. The same procedure makes it possible to list more than one EXP_ID for the
same paper. Also added is a field for alternative references, ALT _REF; this can be useful
if a report is published under the sponsorship of more than one organization (e.g., as
NUREG report and ORNL-TM). However, only one designation is used as REF_ID.

12. A field for MPC number, MPC_ID, was added to the file REF_TR (formerly REF_LST).
The field PLANT _ID was replaced by EXP_ID, as in other files mentioned above.
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B. 2 SOFTWARE
t

l\ In addition to the removal of some bugs, the following changes have been made in the EDB
software since it was distributed with the first version of the PR-EDB. These changes should
make the software more useful while leaving all features of the previous version intact. Any user
familiar with the old software will have no difficulty to use the new one, even without any
additional explanation. The modified description is given in Appendix A. The new software has
also been distributed with the Version 2 of the PR-EDB. The following changes were made:

1. An option is provided to convert the raw Charpy file RAW C_PR.dbf or any other
_

file with the same structure to a corresponding ASCII file that can be used in the
Charpy fitting programs. An empty file RAW C_DT.dbf and the file RAW C_PR.str

_ _

should be present. This file is optional but useful to establish that the input file has
the correct structure. The input file is WORK.dbf (i.e., RAW C_PR.dbf) must be

_

retrieved in the same manner as any other file used for processing with the EDB
software. The program performs all the necessary conversions and checking
automatically, informs the user of any problems and provides appropriate options.
This program eliminates the need for including the ASCII data in the distribution of
the TR-EDB (but this may still be done as a convenience to the user).

2. The graphic output for both plotting and Charpy fitting programs has been extended
to accommodate the VGA in addition to the EGA display. The choice is automatic,
the VGA display is more aesthetically pleasing and will be used whenever possible.

) Some choice of parameters that have been previously lost after exiting the program3.
will be retained for subsequent runs. A typical example is the number of characters_

in a line and number oflines on a page for the printing program. Any setting used
for one printout will be retained as default for future runs until changed instead of
reverting to the initial default setting after exit. The same is true for the user settings
in the Charpy fitting programs.

4. Both the plotting and the Charpy fitting programs have an additional option that
allows the user to define the boundaries of the coordinates in the plotting window.
For the plotting program, this option includes a choice of logarithmic coordinates in
either or both coordinate axes. The affected axis has to start and end with an integer
power of ten with a range not to exceed 8 decades. For the Charpy fitting program
the range of test temperatures (in *C) and the maximum impact energy (in joules)
may be specified. All data points and pieces of the curves that fall outside the
specified ranges will not be displayed. This feature is especially useful for creating
overlays that must be plotted in the same scale.

5. The printing of text next to the graphs of Charpy fitting containing transition
temperature and upper shelf data has been eliminated. It has been difficult to place
the text correctly because it depends on the printer and font size used and may also
cause problems in some color printers such as HP Desk Jet 500C. The same
information can be obtained through the Monte Carlo fitting program and is also
displayed on the screen in the other fitting programs.
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6. The format of the dBASE output of the Monte Carlo program has been changed
slightly, providing the same room for the uncertainties as for the other data. (In
addition, the program puts a blank instead of a -1 into the uncertainties if no
information can be obtained.) The program for multiple fits on the same graph that
uses this output as auxiliary file has been adjusted accordingly. Consequently the
program will not run correctly with an auxiliaq file that has been created with the old
version of the EDB software. The file CV_RS_TR.dat that is being distributed with

the TR_EDB has the correct format.

O

l

|
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e

,

C.1 Data Files:

E LST TR.dbf
~ ~

E LST TR.str
~ ~

S_LST_TR.dbf
S_LST_TR.str
SHFT_TR.dbf
SHFT_TR.str
SHFTX_TR.dbf
SHFTX_TR.str
SHFTA_TR.dbf
SHFTA_TR.str
R AW C_TR.dbf v_

RAW C_TR.str_

CV_RF_TR.dbf
*

CV_RF_TR.str
TEN _TR.dbf

4
TEN _TR.str .
R_LST_TR.dbf
R_LST_TR.str
REAC_TR.dbf
REAC_TR.str
H_LST_TR.dbf t

H_LST_TR.str
CHEM _TR.dbf%

CHEM _TR.str
,

. HEAT _TR.dbf
HEAT _TR.str ,

WELD _TR.dbf
WELD _TR.str
HAZ_TR.dbf
HAZ_TR.str
TITL_TR.dbf
TITL_TR.str
REF_TR.dbf
REF_TR.str

.
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C.2 Auxiliary files:

RAW C_TR.dat input file for fitting programs
_

RAW C_FT.dbf combinations and modification of RAW C_TR.dbf for_

use in RAW C_TR.dat
_

_

CV_RF_FT.dbf companion file to RAW C_FT.dbf
_

CV_RS_TR.dat dBASE output file from Monte Carlo fitting (US units)
CV_RS_TR.dbf dbf file created from CV RS_TR.dat with references
CV_RS_TR.str
CV_RS_TR. sum summary output file in international units from

Monte Carlo fitting
RAW C_DT.dbf empty file for creating ASCII file for fitting programs

_

RAW C_PR.str file to verify correct structure of input file for fits
_

STR_ALLdbf collection of all records used in structure (*.str) files
STR_ALLndx index file used for constructing structure files

C3 Program files:

EDB. bat
INTRO.exe
PLNK.exe
FITIN.exe
PLTIN.exe
PPLOT2.exe
STFIT2.exe
MTFf1'2.exe
UTFIT2.exe
SELSYM.exe

C.4 Supplementary input files for the EDB software:

SYMDATA
SYMPLOT
SYMUSER
PLCOORD.dat
FTCOORD.dat
PROG.rbm
PLINFO.rbm
IDINFO.rbm
CUINFO.rbm
STINFO.rbm
MTINFO.rbm
UTINFO.rbm
MASTER.mem
MVSCR.mem
FILES.mem
PLOT.mem
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