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Abstract

SAFEPAQ-II is the software tool that has been developed to enable efficient
production of the EAF nuclear data libraries that are required as input to the FISPACT
activation code. It forms part of the European Activation System (EASY), and
replaces SAFEPAQ and SYMPAL that were used previously.

SAFEPAQ-II enables all the nuclear data to be stored in relational databases (Access)
and by using an interactive user interface allows the data to be viewed, modified,
analysed, validated and then produced in the required EAF format as text files. It was
originally written in Visual Basic 5 running under the Windows NT4 operating
system. The current release (Issue 8) has been updated to use Visual Basic.NET
running under the Windows XP operating system. The Windows operating system has
the great advantage of portability and SAFEPAQ-II has been successfully installed at
three external sites for use by CCFE’s international collaborators. It has been used in
the production of the EAF-2001, EAF-2003, EAF-2005, EAF-2007 and EAF-2010
data libraries.

Significant changes and enhancements were made to SAFEPAQ-II for the production
of the data libraries produced for and after EAF-2007. The main reasons for the
changes were the need to be able to treat data for deuteron- and proton-induced
reactions with an upper energy of 60 MeV and to include the method of Statistical
Analysis of Cross Sections (SACS). Issue 8 has further extended the analysis tools
with several new features.
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SAFEPAQ-II 1

Introduction

The European Activation System (EASY) is the complete
package of data, inventory code and processing system for
activation calculations that is maintained by the Euratom/CCFE
Fusion Association at Culham Science Centre. Maintenance of
the EAF nuclear data libraries is a complex procedure; the cross
section files need to be evaluated (including choosing from
several sources and adjustment of data), processed (conversion
to a common format), compiled into a library, validated (against
experimental data and systematics) and documented. Similarly,
the decay data files need to be compiled and documented, and
all the subsidiary files required as input to the inventory code
FISPACT [1] need to be generated in a consistent manner.

The SYMPAL processing system, which originated at ECN
Petten, has been used previously to carry out the task of cross
section library processing. Details of the usage of SYMPAL are
covered in the User Manual [2] and the guide to the Utilities
[3]. However, the tasks of evaluation and visualisation of the
cross section libraries and the maintenance of the decay data
library were not covered by SYMPAL. Usage of SYMPAL was
complicated, and because it was not written at Culham,
maintenance, improvement and quality assurance proved
difficult. A first step to try and improve this was the
development of the SAFEPAQ application.

SAFEPAQ (System for Activation File Evaluation, Processing
And Quality assurance) was developed and used for parts of the
processing of EAF-97 and EAF-99 [4,5,6]. The user manual [7]
describes the version developed in 1997. SAFEPAQ and
SYMPAL were UNIX applications and the visualisation used
PV-WAVE [8]. Since then many changes have occurred in the
computer facilities at Culham, and it was judged necessary to
reconsider the whole philosophy of nuclear data work. The
main decision was to store all nuclear data in relational
databases. The second was the decision to construct the User
Interface to run on a Windows PC rather than under UNIX;
experience with the development of such interfaces on both
UNIX and PC environments had shown that the PC route was
much quicker and more flexible.

The application that has been produced is named SAFEPAQ-II,
it was developed from scratch initially using Visual Basic 5
with the data stored in Access-97 databases and accessed by the
DAO APIL The version described in this issue (8) has been
upgraded to use Visual Basic.NET, Access-2003 databases and
the ADO.NET API. Both the VB5 and VB.NET versions run

User manual: Issue 8, March 2010 CCFE Fusion



SAFEPAQ-II

Objectives

Organising data

Viewing data

Altering data

under Windows XP, on a PC with large enough hard disks to
enable all data files to be stored on-line.

There are six main objectives of the SAFEPAQ-II application:

e Organising data

e Viewing data

e Altering data

e Processing data

e Analysing data

e Logging modifications

For both the cross section and decay data libraries many sources
of data are required to compile the final libraries. In both cases
each source library is stored in a separate folder, containing
both the raw data in the native format and the Access database
(for cross sections). The SAFEPAQ-II databases are stored in a
separate folder that may be on a different hard disk. Although
the amount of data is substantial it is possible to write all of it
to DVDs which can be used to install the system on other PCs.

Visualisation of cross section data is a very important part of
the evaluation and validation process. Data from several
sources for a particular reaction can be plotted together, and to
this plot can be added experimental data, either from the
internal SAFEPAQ-II databases (equivalent to the ‘ASCII
tables’ used by SYMPAL) or from the EXFOR database. As
well as viewing on screen, options for printing and the
production of ‘books’ of plots can also be selected.

The decay data can be viewed in a graphical form, including the
v- and X-ray lines of each of the radionuclides. The decay data
viewer shows all decay properties such as half-life and decay
modes as well as the biological hazards and other subsidiary
data used by FISPACT.

The cross section data from a particular data source usually
require modification before incorporation in the final EAF
library. This is handled by constructing a series of basic
modifications, which are stored in a database. These can be
viewed, added to and their effects tested prior to using them all
to construct the final library. This modular approach of

CCFE Fusion
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SAFEPAQ-II 3

Processing data

Analysing data

Logging changes

separating the data and the modifications makes checking and
quality assurance very efficient.

The basic steps of building a new EAF cross section library

entail:

e Compiling all sources of data into separate databases, with
details of all these sources held in the Library database.

e The selection of the data source for each reaction and the
creation of the Master database containing these data.

e Improvement of the experimental data that are used in the
construction of the modifications, which include branching,
renormalisation, addition and merging of data. These are
stored in the Parameter database.

e Apply the modifications to produce the Final database.

e Write data from Final in the standard EAF format as text
files which can be used by EASY.

e In order to carry out these steps there is a need to visualise
data, test the results of modifications, and compare with
experiments to iterate the processes.

The means to analyse the databases using the method of
Statistical Analysis of Cross Sections has been implemented in
recent versions of SAFEPAQ-II. This is rather sophisticated
and now allows cross sections to be generated from the fitted
trend lines. In addition the importance of reactions as
established by analyses with EASY-2003 and EASY-2007 can
now be analysed using SAFEPAQ-IL

In the process of the production of a new version of the EAF
library many thousands of modifications need to be made.
These include use of new data sources, changes to experimental
data, new nuclides, new reactions and changes to cross section
data. Many iterations of visualisation, modification and
processing will be required and it is essential that all permanent
changes to data are automatically recorded. SAFEPAQ-II
contains a comprehensive logging system that records the
changes that were made. The log can be viewed and printed,
and if necessary additional comments can be added. No log
entries can be removed, only new ones added. The automatic
logging gives a complete record and is superior to hand written
records since nothing is omitted.

User manual: Issue 8, March 2010 CCFE Fusion



4 SAFEPAQ-II
Getting started

This and the following sections give a ‘hands-on’ guide to
using the application. Appendix 1 gives some design details.

When started for the first time the Settings window will open,
it is essential that the user fills in the correct location of files,
especially the SAFEPAQ-II databases, because the application
needs to open these immediately, and an error will be caused if
they are not available. Note that if this happens, i.e. that as soon
as SAFEPAQ-II opens it crashes, then enter safepag2 /S on
the command line to enable it to start in safe mode (/s) so that
the settings can be corrected. The option /D can be used to give
debugging information (progress prior to a crash) in the file
C:\safepaq debug.

i= Settings
Uzer Mame : Fi. A Fomes| ExFOR index width : 14055
Basze Disk C Yerzion of TALYS TALYS-Ba
Source database disk: || Incoming particle : neutran |
SAFEPAL databaze disk || 30KV Spsternatics - Mew syst [
EAGFOR disk ! USE Diive Ignare final Type 16 modz when making comparisonz
SAFEFAL folder : Safepag_2003_1 between Int and Ext : ]
Cross section data folder : | Cross section data Expand ExFOR refs :
Decay data folder ; Decay data Criginal ExFOR CD [F]
Graphs folder : graphs Mew EXFOR CO split : [F]
S crap Folder - e — Single ExFOR CD :
Default group data tvpe | Vitamin-), flat a EE:DF SCiETtiﬁc :D:_-nzt :
ahge value of Kind :
Reader for pdf file : C:“Program Filez'Adobehd Estended energy lbrary -
Etra Folder : Safepanq_DotMet Auto open Single Reac

Figure 1. The Settings window.

Figure 1 shows the Settings window; the SAFEPAQ-II
databases are in the Extra Folder folder (in this case
Safepaq DotNet). Note that this folder also contains all the
other data folders such as cross section data; see Appendix
2 for more details. The window can also be opened by clicking
the File|Settings... menu item or the fifth toolbar button. The
meaning of the various check box options are explained in the
relevant section later in this report, but note here that if the
project includes data at energy > 20 MeV then the Extended
energy library option must be checked.

CCFE Fusion User manual: Issue 8, March 2010



SAFEPAQ-II 5

It is recommended that the supplied SAFEPAQ-II databases
remain untouched, and that a new EAF project is started. Figure
2 shows the main window, note that it has menus, a toolbar (the
set of buttons each with a picture) and a status bar. The name of
the current EAF project is shown in the title bar.

Gff SAFEPAQ-II - [EAF-2009_1] (=)

File  Wisualisation EXFOR Experimental data  Integral data  Libraries  Reaction data  Decavdata  Tools  Log Help
e FEoHS ML MY NEAEI WG ECLERE 5
[ Stark l ZEID 0:00:00

Figure 2. The main SAFEPAQ-II window.

The purpose of each toolbar button can be seen by resting the
cursor over the button, this will display a ToolTip. Clicking on
the File menu displays the File menu items, the first of these is
‘New EAF project...” (this will be referred to in the text as
File|New EAF project...). Clicking this displays the New
EAF project window shown in Figure 3.

-

= Mew EAF project

Mame : EAF-2010
Dezcription : | New libran) based on EAF-2007

Path : I:\S afepag DotMethSafepag 2009 [II

Create l [ Set as curent l [ Cloze l

Figure 3. The New EAF project window.

Enter the name and description of the new library in the first
two text boxes and then click the browse button (...) to the
right of the Path text box. This displays the Browse For
Folder dialog that enables the location of the new databases to
be specified. Note that a new folder can be specified in the
dialog by clicking the Make New Folder button. Clicking the
Create button will cause the original databases to be copied to
the new location, all the library specific data to be removed and
the project to be renamed with the name specified in the Name
text box. This process (basically file copying) takes about 2
minutes; all timings given in this report are based on a 3.2 GHz
PC processing an extended energy library.

Note that from EASY-2005, projects with an upper energy limit
of 20 and 60 MeV can be treated. In many cases details of menu
items and windows will depend on which type is chosen; this is
done by clearing or ticking the Extended energy library check
box in the Settings window (Figure 1). In this report the 60
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SAFEPAQ-II

MeV library is treated as the standard, a 20 MeV library is
referred to a ‘non-extended library’.

Note that from EASY-2007, projects with a range of incoming
particles can be created. The type of particle is determined by
the Incoming particle selected in the Settings window (Figure
1). In this report most of the examples assume that this is a
neutron.

Clicking the Set as current button means that SAFEPAQ-II
will work with the new databases rather than the original ones.
This opens the Settings window (Figure 1) with the changes
displayed. Clicking the Save button implements the changes.
Next the Compact databases window shown in Figure 4 is
displayed. When databases are written to and then data are
deleted, the storage of data can become very inefficient. To
reduce the size of the databases they need to be compacted.
This window can also be displayed by clicking the
File|Compact databases... menu item or the third toolbar
button.

r@. Compact databases -\
[] Parameter 2R9.5 MB Tirner
[] tdaster Z59.3 MB
[] Final 15074 MB
[] Libram 93.0 ME
[] Cache 2E7.0ME

Compact
[] ExFoOR 11.8 MB

[] Test 0.7 ME Cloze

Remaove temparary files when compacted
Clear M aster databaze before compacting [
Clear Final databaze befare compacting [F]
Clear Test databaze befare compacting [F]

Figure 4. The Compact databases window.

Check the Parameter, Master, Final, Cache and Test options
and click the Compact button. This will cause the selected
databases to be compacted and the new sizes will be shown. In
this case there will be a very significant reduction. At later
stages of use, compacting a large database that is not empty can
take significant time. Check the Timer option if you want the
elapsed time to be displayed in the main window status bar. If a
database is full of data that are no longer required then tick the
appropriate Clear <Name> database before compacting
check box to speed up the compacting. Note that the size of

CCFE Fusion
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SAFEPAQ-II 7

Final includes both final.mdb and (if it exists) final add.mdb,
see Appendix 2 for database details.

If it is required to switch to a different (existing) EAF project
then this can be done by changing the location of the
SAFEPAQ-II databases in the SAFEPAQ folder text box in
the Settings window (Figure 1).

The status of progress towards creating a new EAF library can
be monitored by displaying the Status window. This is done by
clicking on File|Status... or the fourth toolbar button to
display the Status window shown in Figure 5.

Note that the name of the current EAF project is given in the
title bar. The Status window shows the various steps that have
been completed by a red tick. On a new project there will be no
ticks displayed.

I¢ status - EAF-2009_1

Decay data azzembled
bl azter database generated

SS

Fre-modifications found
Final database generated from pre-modifications
Adjacent crozs gection table prepared

Branching modifications found

Esperimental modifications found

Systematics modifications found

Repeated zero modifications found

[areater than B0 Mey rmodifications found

Threzhold modifications found

Greater than 1 E-5 e non-threzhold modifications found
M an-threshald firgt paint madifications found

Suspect interpolation laws faund

Final database generated uzing madifications

R O N R

Summary values caloulated
B9 group values calculated
100 group valies calculated
172 group values calculated
175 group values calculated
35 group values calculated
211 group values calculated
351 group values calculated
ncertainty walues calculated

EAF_GS file written
EAF _HS file written

EAF_UN fle wiitten

Figure 5. The Status window.

CASCKK
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SAFEPAQ-II

It is possible that the information on the progress shown by the
ticks can become incorrect due to crashes or other problems. In
this case, if it is known that a step has been completed but no
tick is shown, then double click on the text and the
corresponding tick will be toggled on.

As various operations are carried out entries are made in the
Log. This can be viewed by clicking on the Log|View Log...
menu item or the last toolbar button to display the Log window
shown in Figure 6. The date and time of the entry and the action
are displayed. More entries can be seen by scrolling down. By
default all entries are shown, but various classes can be
displayed by clicking on the View menu and selecting a class.
The available ones are: Added comments, Processing entries,
Ad hoc entries, Warnings and Errors. It is possible to add a
comment to an existing entry or add a new entry (which just
contains a comment) by selecting items on the Edit menu. Note
that shortcut keys are defined for several items, thus ctrl+E
will enable a comment to be entered. The complete Log or a
selected part of it can be printed out to the default printer or
copied to the clipboard by clicking on the File|Print all,
File|Print selected or Edit|Copy menu items respectively.
Note that for QA reasons it is not possible to delete Log entries.
As the Log becomes larger it is helpful to be able to search for
specific entries. Clicking Edit|Find... displays the Find in
Action window shown in Figure 7. Enter the string to be found
in the text box and click the Find First button. The first entry
containing the string (in the Action column) is shown at the top
of the Log window. Subsequent entries can be found by
clicking the Find Next button.

Log

/o

File  Edit  Wiew

<<

=

Date_Time
20081222 15:24
20081222 15:24
20081222 15:24
20051222 15:24
b | 200812:22 15:25
20081222 15:25
20081222 15:25
2005-01-12 15:08

Action

Decay data file EAF-2009.010 read into Parameter

Parameter DecayD ata table written

FISPALT file, index_EAF-2009, assembled and written

FISPALCT file, &2_EAF-2009, aszembled and written

FISPALCT hazards file, hazards_EAF-2003, azzembled and written

FISPALT file, A55SCFY_EAF-2003, written

FISPALT file, Clear_EAF-2009, azsembled and written

W._. Bodel added to Users Users table w

Caomment

FISPALCT hazards file, hazards EAF-2003, aszembled and writtet

Cloze

Figure 6. The Log window.

It is easy to move to the end of the Log by clicking the >> menu
item, and to the start by clicking the << menu item. If the
View|User ID as ToolTip option is checked then resting the
cursor over the grid will give the User ID of the person who
added the Log entry as a ToolTip.

CCFE Fusion
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# Find in Action

Find: |5-32[n.a) Find First
Fird [ ext

Cloze

IIIa

Figure 7. The Find in Action window.

The present User manual can be viewed on-line as a PDF. To
do this it is necessary to have a PDF viewer on your computer.
Enter the location of this in the Reader for pdf file text box in
the Settings window (Figure 1). To display the User manual
click the Help|View User manual menu item. Note that the
User manual must be named SAFEPAQ-II User manual.pdf
and must be in the Extra Folder\Documents folder.

The details of the version of SAFEPAQ-II that is being run can
be found by clicking on Help|About SAFEPAQ-II to display
the About SAFEPAQ-II window shown in Figure 8. This
shows date, version, username, copyright and a short status

report.
Sff About SAFEPAQ-II &3
SAFEPAQ-IT ="

e 2009

SAFERPAL- iz a processing code
pﬂff 0 to replace SAFERAL and

SrMPAL, based on Access

EAS Y—Z 00 7 " Copyright ® UKAEA Fusion 2008

R. A, Forrest

azzurance. Fully functional version uzing VB HET.
Conprehenzive ermor frapping il to be-implemented.

Systemn foréctivation File Processing and Cluality

System Info...

Figure 8. The About SAFEPAQ-II window.

Clicking on the System info... button displays the Microsoft
System Information window giving a large amount of
information about the system.

Printing is possible from many of the windows, such printing is
to the default printer. This can be changed by clicking the
File|Printer setup... menu item to display the standard Print
dialog where a printer can be selected. The page setup details
can be altered by clicking the File|Page setup... menu item to
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display the standard Page Setup dialog where page setup
details such as margins can be selected.

The status bar in the main window contains two buttons and a
time display at the right hand side. These operate a stopwatch
that can be used manually or by SAFEPAQ-II to show elapsed
times of various operations. Pressing the Start button will start
the timer and change the button caption to Stop. Clicking this
will stop the clock. Clicking Start again will restart the timer.
The timer can be reset by clicking the Zero button. Many
calculations start the timer automatically, and if the last value is
required to be stored for use later this can be done by clicking
the File|Timer... menu item. This displays the Timer window
shown in Figure 9. The current stored value and description are
shown. These can be cleared by clicking the Clear button.
Clicking the Overwrite button will place the current elapsed
time and a description entered in the first text box in the store.
Clicking the Add to button will add the current elapsed time
shown on the status bar to the store and put the sum in the store.
Note that times greater than 24 hours are shown by the number
of days.

Timer

Description : | Calculate multi-group data

Walue : 0:00:00

I Add to l [ Owervrite l [ Clear l [ Cloze l

Figure 9. The Timer window.

SAFEPAQ-II can be closed down by clicking the File|Exit...
menu item.

More information about the project can be found by clicking
the File|Project properties... menu item. This displays the
Project properties window shown in Figure 10. Details of the
Trend coefficients are given on page 132.

The information shown in the Settings window (Figure 1) is
stored in a settings file in xml format, details of the various
settings files are given in Appendix 2. This file is read when
SAFEPAQ-II is restarted so that the status is restored. In
addition the location of the more commonly used windows on
the desktop is stored when the window is closed, and then used
to position the window when it is reopened.

CCFE Fusion
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B Project properties

Project name : EAF-2009_1

|nzoming particle . Meutran

|lpper energy B0 ket

Project lozation :  [:A\Safepag_DotMethSafepag 200914

Final link. : |:55afepang_DotMethS afepag_2009_14inal_add.mdb
E sternal folder ; |:55afepag_DotM ethS afepag_2009"
Izer name R. A Forrest

Saved xz(max] Trend coeffizients

(n2n] [ Logé [ Logs [] Poweré Power z

(n3n] [ Logé [ Logs [] Powerd [ Powers

ndn) [ LogA [ Logs [ Powerd  [] Power s

[r.p] [] Logs [ Loge [ Power 4 Paoweer =

[r.d] [] Logs [ Logs [ Powerd [ Powers

[r.t]) [JLog& [ Logs [ Powerd Power 3

[r.h] [JLog# [JLogs [ Powerd [] Powers

h.a)l [ Log& [ Logs [ Powerd [ Powers

Figure 10. The Project properties window.

The windows that have this feature are: SAFEPAQ-II (Figure
2), Log (Figure 6), Targets and sources (Figure 67), Data
visualisation (Figure 68), Reaction data (Figure 70), Cache
contents (Figure 79), Data selection (Figure 82), Integral
C/E (Figure 94), Integral C/E graph (Figure 97), Quality
scores (Figure 123), Single reaction processing (Figure
124), Validation plots (Figure 132), Validation plot (Figure
133),Validation data (Figure 134),Validation plot (A) (Figure
135),Validation plot (Q) (Figure 136) and REPORT (Figure
138).

In many of the SAFEPAQ-II windows the text and list boxes
are enabled for automatic ‘drag-and-drop’. If the text is selected
then it is possible to ‘drag’ this to another application such as a
text editor or spreadsheet for further use. This feature is not
mentioned for each window, so the user should experiment to
see if it is present. As an example, in Figure 11 if a nuclide is
selected then dragged out of SAFEPAQ-II, the icon changes to
a ‘Cannot drop’, and then when over, say a text editor, it
changes to a ‘Pointer with copy’ icon. Releasing the mouse
button will place the nuclide name and source in the
application.

SAFEPAQ-II has been used to generate all the EAF-2010
libraries; details of these are available in references 9 — 13. As
can be seen in Figure 8, the current version of SAFEPAQ-II is
2.0, build 3506.
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Decay data

The first task when building a new EAF project is to deal with
the choice of required nuclides and their decay data.

P
Hed Muc lide list
Element : Co [#g format] Get data
MHuclide Source
Co-61 JEFF-311 ~ Add..
Co-62 JEFF-311 -
Co-62m  jef22_dec_cul badify...
Co-63 JEFF-311
Co-64 JEFF-311
Co-65 JEFF-311
Co-66 JEFF-311 hd

Figure 11. The Nuclide list window.

The sources of data for the nuclides of each element can be
viewed in the Nuclide list window shown in Figure 11. This is
displayed by clicking on the Decay data|Nuclide list... menu
item or the third toolbar button from the right. Enter the symbol
for the element and click the Get data button. The data source
for a selected nuclide can be modified by clicking the Modify...
button to display the Modify nuclide window shown in Figure
12. Note that you need to decide if the nuclide will be
considered as a target in the cross section library by ticking the
Target check box. Click the Modify button in Figure 12 to save
the change.

Modify nuclide
Muclide .  Co-55

Source: | JEFF-311

JEFF-311 A

ztables

ukpaddes

Lk paddes

ukpaddBa b adif
ckpaddes =

Figure 12. The Modify nuclide window.

A selected nuclide can be removed from the nuclide list by
clicking the Delete button in Figure 11, and a new nuclide can
be added by clicking the Add... button. This displays the Add
nuclide window shown in Figure 13. A new nuclide, its source
and whether it is a cross section target are entered and the Add
button is clicked to store the changes.

CCFE Fusion
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Add nuchlide

Muclide : | Co-51 [Ag-108m format]

Source: | JEFF-311

endf-bi¥2 A

[ef22_dec

jef22_dec_cul

JEFF-311

stables Add
ukpaddes hl

Taget; (]

Figure 13. The Add nuclide window.

i 1
Decay data sources E]
Source Header lines g m—
aurce ;
culham 01 0 il
culham 03 0 )
culham 06 0 Murmber of header lines : 0
culham 93 n
culham 95 a
cnen 0
culham 97 0 Add source
culham 985 0
endf-h72 1 Change nurmber
jefzi dec 1

Figure 14. The Decay data sources window.

Changes to the sources can be made using the Decay data
sources window shown in Figure 14. This is displayed by
clicking on the Decay data|Sources... menu item. A new
source can be added by entering the name and clicking the Add
source button. The number of header lines for an existing
source can be changed by entering the number and clicking the
Change number button. All the decay data sources are held in
the folder specified in the Decay data folder text box in the
Settings window (Figure 1) in standard ENDF format. In
contrast to the cross section libraries these are not converted to
databases. The reason is that no modifications are made to the
decay data; only a choice from various sources is made. If a
new source of data is available, and it is required that all
nuclides originally with source old source are changed to
new_source, then the Global source replace window shown
in Figure 15 can be used. This is displayed by clicking on the
Decay data|Global source replace... menu item. The old
and new source names are entered in the text boxes and by
clicking the Replace button the changes are made.
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¥ "y

Global source replace
(] new_snurce|
et
az the source of decay data in the Muclide zummany table.

Figure 15. The Global source replace window.

Change all instahces of | ald_source

The biological hazard data in the KnownHazards table can be
viewed and altered by clicking the Decay data|lKnown
hazard data... menu item. This displays the Known hazard
data window shown in Figure 16. Selecting a nuclide from the
dropdown list displays ingestion and inhalation coefficients and
the source of data. Data for a new nuclide can be entered by
clicking the Add button, which causes all four text boxes to be
blank (with a white background) ready for data entry. Click the
Save button to save the new data or the Cancel button (in the
same place as the Close button) to remove the new data. Data
values can be changed by selecting the nuclide and clicking the
Modify button, this makes the background of the final three text
boxes white and enables the Save button. Data for a nuclide
can be removed by clicking the Delete button. Prior to any data
changes being made a confirmation dialog is displayed.

@ Enown hazard data g
Muclide H-2 w Add
|ngestion coefficient ; 4 2E-11 5Sw/Bq b adify

Inhalation coefficient ; 2BE-10) Sw/Bq Delete
Source ; ICRPY2

Cloze

Figure 16. The Known hazard data window.

The A, data in the A2 IAEA table can be viewed and altered by
clicking the Decay data|Known A2 data... menu item. This
displays the Known A2 data window shown in Figure 17.
Selecting a nuclide from the dropdown list displays its A, value
and the source of data. Data for a new nuclide can be entered by
clicking the Add button, which causes all three text boxes to be
blank (with a white background) ready for data entry. Click the
Save button to save the new data or the Cancel button (in the
same place as the Close button) to remove the new data. Data
values can be changed by selecting the nuclide and clicking the
Modify button, this makes the background of the final two text
boxes white and enables the Save button. Data for a nuclide

CCFE Fusion
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can be removed by clicking the Delete button. Prior to any data
changes being made a confirmation dialog is displayed.

£
&

ﬁ Known A2 data

Muclide : H-3 b Add
A2 wvalue 4 00E+01, TBEqg b cdify

Source : [AEA [1996) Delete

Cloze

Figure 17. The Known A2 data window.

The clearance data in the Clearance IAEA table can be viewed
and altered by clicking the Decay data|lKnown clearance
data... menu item. This displays the Known clearance data
window shown in Figure 18. Selecting a nuclide from the
dropdown list displays its clearance level value. The default
unit for the clearance level is qug'l. However, by clicking the
# button data are displayed (and entered) as Bqg™. Note that
this button acts as a toggle and pressing it again will revert to
the default unit. Data for a new nuclide can be entered by
clicking the Add button, which causes the two text boxes to be
blank (with a white background) ready for data entry. Click the
Save button to save the new data or the Cancel button (in the
same place as the Close button) to remove the new data. Data
values can be changed by selecting the nuclide and clicking the
Modify button, this makes the background of the final text box
white and enables the Save button. Data for a nuclide can be
removed by clicking the Delete button. Prior to any data
changes being made a confirmation dialog is displayed.

@ Enown clearance data E]

Muchde H-3 W Add

Clearance level : 1.00E+05 qukg@

Source ; |AEA Safety Guide B5-G-1.7 [2004].

Figure 18. The Known clearance data window.

Information on the spins of the ground state and isomers should
be available when producing the cross section library. In some
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poorly known nuclides the spin is unknown, such a lack of data
could cause problems. These nuclides can be identified by
clicking on the Decay data|Find nuclides with unknown
spin... menu item. This displays the Nuclides (isomers) with
unknown spin window shown in Figure 19. It is recommended
that these nuclides be investigated and the spin data improved.

i ]

Huclides {isomers) with unknown spin

1 nuclides

La-128 gim A7 )
et nuclides

Cloze

Figure 19. The Nuclides (isomers) with unknown spin window.

Once all nuclides and the data sources are specified then the
data can be assembled by clicking on the Decay
data|Assemble decay data... menu item. This displays the
Assemble decay data window shown in Figure 20. The file
name that was entered in the New EAF project window
(Figure 3) is automatically entered in the File name text box (it
is recommended that this should not be changed). This name is
used to construct the names of the various decay data files. Tick
the various check boxes in the Processes group and click the
Assemble button to begin the assembly process. This is quick
(~ 1 minute) and all the decay data files required by FISPACT
are generated. The second option generates the DecayData
table in Parameter that contains all the decay data; this is
required for subsequent cross section processing.

-,

E Assemble decay data

File name :| EAF-2009 1 Tirrier

Header: | Test library

Frocezses

Azzemble decay data library
[aenerate praperhy table
Wirite FISPALCT index file
Azzemble A2 data

fszemble hazard data

Wiite AS5CFY file

Azzemble clearance data Close

Figure 20. The Assemble decay data window.

Clicking the Decay data|Documentation menu item will
write two files decay library contents and

CCFE Fusion
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hazard library contents (in the folder specified in the
Decay data folder textbox in the Settings window (Figure
1)). These contain the decay data in a readable format suitable
for use when producing the EAF reports.

The decay data held in the DecayData table of the Parameter
database can be inspected by clicking the Decay data|Decay
data viewer... menu item or the second toolbar button from
the right. This opens the Decay data viewer window shown in
Figure 21. This has a menu bar and a toolbar, and when a
nuclide is entered in the text box and the Get data button
clicked (or the first toolbar button clicked or the Enter key
pressed) data for the nuclide are displayed. The nuclide symbol
is displayed at the top centre, the colour of the background
indicates the decay mode (a key to these colours is shown in
Figure 21, having been made visible by clicking the Key >>
button, it can be removed by clicking the Key << button).
Selecting from the dropdown list boxes alters the units for half-
life and energy. Clicking the Photon lines or Matter lines tabs
displays further information on the emitted photons or particles.

-

Decay data viewer

4

W<

File  Edit  ‘Wiew

Decay mode[s]
[B-] Mi-60

B B By [, < x
Muclide : | Cok0 &0
[6.g-108m format] Source : JEFF-311 W st
Spin and parity : 5T C O Decay data | Phaton lines | Matter lines |:| Beta-
. 27 33
Mass: 5333387 amu Biological hazard coefficients [Sv/EBg) . Beta+
HalHife TEGME+D8 £ 31EE7E 404 | ore |w Ingestion:  3.4000E-09 [] Alpha
<tIphay : 0.0000E +00 + 0. 0000E +10 Inhalation = 31000E-08 []IT
Source ICRFY2
<Beta> : SE7TIE+D4 £ 242256402 | [y [w [] sF
<Gammas : 2 B038E+06 + 3 5219E +02 Transpor.t ) . Pratan
A2 coefficient . 0.40000 TBg
Mumber of decay modes ;1 SEunEs - AIYALLE Key <<

Branching ratio [%) -
100 % Chair...

Clearance level
Clearance : 1.00000E+02 Ba/kg

Source : IAEA-G-1.7 Get dats

Cloze

Figure 21. The Decay data viewer window.

Clicking the Edit|Copy decay data menu item or the second
toolbar button places the information displayed on the main
widow and the Decay data tab on the clipboard, clicking the
Edit|Copy line data menu item or the third toolbar button
places the information displayed on the Photon lines and
Matter lines tabs on the clipboard. Clicking the fifth toolbar
button (Navigator) changes the nuclide symbol box so that nine
nuclides are shown — the current nuclide and the eight that

User manual: Issue 8, March 2010 CCFE Fusion



18

SAFEPAQ-II

surround it in a ‘Chart of the Nuclides’ plot. Clicking one of
these makes that nuclide the current one, displaying data for it.

Clicking the Chain... button displays the Decay Chain
window shown in Figure 22 (the nuclide name is placed in the
title bar of the window). Clicking the Draw menu item displays
the chains, by default with no half-life information in black and
white. Clicking the Options|Colour menu item shows the
arrows in the colours appropriate for the decay mode (the key
colours in Figure 21), while clicking the Options|Show half-
life menu item includes the nuclide half-lives (as shown in
Figure 22). The Options|Font and Options|Size menu items
allow the size (6, 8, 10 points) and font type (Courier or Times)
to be used to display the chains. Clicking the Print menu item
sends the displayed decay chain to the default printer, while the
Close menu item closes the window. If the length of the chains
is such that not all the nuclides are visible in the window then
the window can be resized.

T Decay Chain - Pb-210

Pp-210 [2.2E+01 ¥]

Draw  Print  Copy  Options  Close

— 99.99%

-3 Bi-210 [5.0E+00 d] — 99.99% —» Po-210 [1.4E+02 d] Pp-206 [Stable]

0.00% T1-206 [4.2E+00 m] ———————— Fh-206 [Stable]

Hy-206 [5.ZE+00 m] ———— T1-206 [4.2E+00 m] ——————— > Ph-206 [3table]

Figure 22. The Decay chain window.

Clicking the View|Plot line energies... menu item in Figure
21 or the fourth toolbar button displays the Line spectrum
window shown in Figure 23. This plots the gamma and X-ray
lines (in blue and red respectively) that are emitted by the
nuclide. The graph can be printed to the default printer by
clicking the File|Print menu item and it can be copied to the
clipboard by clicking the Edit|Copy menu item. The graph is
‘Hot’, by clicking on the top of any of the lines information
about it is displayed in the status bar.

CCFE Fusion
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[th‘Line spectrum

BE X

File

Line Energy (eV)

Edit

1.0E+7 +

1.0E+6 +

1.0E+5 +

1.0E+4 +

1.0E+3 +

1.0E+2 +

1.0E+1 +

1.0E+0 +

1.0E-1 +

1.0E-2 +

Co-60 [4 X-ray, 6 gamma lines]

1.0E-3
1.0E+2

Click at top of line to display values. .. Line 4, Energy = 1,33E+06 &V, Intensity = 1,33E+06 W ||L|2-Ray ||, gammas

T
1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7
Energy (eV)

Figure 23. The Line spectrum window.

Source libraries

The first step in the construction of an EAF cross section library
is to read all the various source libraries. These source libraries
are read and converted to a standard database structure. Details
of the libraries are stored in the Library database. Because the
source files may be in various formats the reading options must
be specified. Click on Libraries|Library options... or the
twenty-first toolbar button to display the Library options
window shown in Figure 24.
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= Library options

-,

Saource 1D ADL-3

D atabaze folder : | adl-3

Corverzion options

ADL3

D atabaze name : | adli3.mdb

[ ] Stict EMDF [] mF4

aDL-3 [ ] MFE [high E data]

[ ] JEMDL [] mMF32

[ ] EAF [] MF33

[ ] IEAF (] 1 material per file e

L] =y Header

[] ANITA goupdata [/] FEND
Yerzsion B MEMD

[] Derived data TEMD

et

IFP:  neutran

Browse

Y& &) o]

Figure 24. The Library options window.

The options for the existing sources are shown by a series of
check boxes in the Conversion options group. The various
sources can be displayed by clicking on the >, <, >> and <<
buttons, source details can be removed by clicking the Delete
button. Note that deleting does not remove the basic data which
are held in a database for the library; but only the details about
the source, which are held in the Library database. The Browse
button displays the Open dialog that allows the database
location to be specified. Some degree of experimentation will
be necessary to select the various Conversion options. These
specify the type of file (ENDF, version, EAF, ADL, JENDL,
IEAF, XY table, ANITA group data or with derived data), what
types of data are present (MF = 2, 4, 6, 32, 33), if there is a
header line, if the various ENDF end lines are present (FEND,
MEND and TEND) and whether the file (or files) contains
more that one material per file. Note that from EAF-2007,
projects with an incoming particle other than a neutron can be
used. The incoming particle (IP) text box allows the type of
library (neutron, proton or deuteron) to be specified. If changes
have been made then these can be saved by clicking the Save
button or discarded by clicking the Discard button.

If a new library has been specified in the Library options
window, then data can be read by clicking on Libraries|Read
new library... or the eighteenth toolbar button to display the
Read new library window shown in Figure 25. Select the
required Source ID and click Read to read and convert the
data. Note that if the database already exists then you are given
the option to delete it, copy the generic database, rename it and

CCFE Fusion
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then read in the data. Note that the data file(s) are assumed to
be in the same folder as the corresponding database.

-,

@R&ad new library

Ayailable Source [Ds

ACTL -
ADL-3 [
ADL-34

.
R

Figure 25. The Read new library window.

A summary of all the available source libraries can be seen by
displaying the Library summary window shown in Figure 26.

ZlLibrary summary g
s

Ayailable libranies : | EAF-2005.0
EAF-20051
EAF-2007.0
EAF-97.0
EAF-33.0
EFF-2.4
EFF-2.4[MDF] dl

Databaze name :  eff24.mdb

Databaze path:  |:A\Safepaq_DotMet\Crozs zection

datateff-24

Corverzion options
Strict ENDF [ ] mMF4
[] &bL-2 [ MFE [high E data]
[ ] JENDL [] MF32
[ ] EAF [] MF33
[ ] IEAF [ 1 1 material per file
[] = Header
[] ANITA group data FEMD
Werzion B MEMD
[] Derived data TEHD
MF2

Buantity MNumber ||# |

P | Totaltargets |79
Total reactions | 647

[n.n] i Add..
[h.2n] E5

[r.f] 1

[h.n'a) 51 w Clase

Figure 26. The Library summary window.
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This is displayed by clicking on the Libraries|Library
summary... menu item or the twentieth toolbar button. This
shows the available sources, the conversion options used and
the types and numbers of reactions.

Having read a new library using Figure 25 it is necessary to add
this to the summary by clicking the Add... button in Figure 26.
This displays the Add library window shown in Figure 27. Any
libraries not entered into the summary are displayed; clicking
the Add button will add the selected library.

Note that if you wish to re-read a source library then it is
necessary to first remove it from the summary using the Delete
button in Figure 26, then to read it using Figure 25 and then to
add it to the summary again using Figure 26 and Figure 27.

-,

Z| Add library

Libraries not pet added ;

&dd

Cloze

Figure 27. The Add library window.

The Library summary window can be used to check what data
are contained in each library, but if it is required to check which
libraries contain a particular reaction, then it is quicker to use
the Library search window shown in Figure 28. This is
displayed by clicking on the Libraries|Library search... menu
item or the nineteenth toolbar button. It is possible to enter
various amounts of information before making the search by
clicking the Find button. Note that only libraries appropriate to
the type of incoming particle selected in the Settings window
(Figure 1) are displayed. If the Target element is specified
(the three remaining boxes are empty) then libraries containing
that element as a target are displayed. If the Target element
and Target mass are specified (the two remaining boxes are
empty) then libraries containing that nuclide in any isomeric
state as a target are displayed. If the Target element, Target
mass and Target state are specified (the Reaction box is
empty) then libraries containing that nuclide as a target are
displayed. If all the inputs are specified then libraries containing
that nuclide as a target for that reaction are displayed. Note that
you cannot ‘leave gaps’ in the input, if a reaction is specified
then all the three boxes above must be filled. The result of the
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search process can be copied to the clipboard by clicking the

Copy button.
Lihrﬂr'_',ur search
T arget element : Co »
Target masz [4) : L

Target state (0,1, 2]: |0

Reaction : F.g w

Libraries =atizfying the above criteria

ADL-3 ~
CENDL-2.1 :

EAF 2001 0
EAF-2001.1

EAF-2003.0 C

cAF B0
EAF-2005.0

EAF 2005 v

Figure 28. The Library search window.

In most cases it is possible to use data from the original source
libraries in constructing the new EAF library. However, for
some reactions it is preferrable to use data that have been
specially prepared for a previous EAF library. In such a case
data can be extracted from an existing Master Data File (MDF)
that was prepared using SYMPAL. The whole MDF should be
stored in the folder MpF on the Source database disk, and
Cross section data folder specified in the Settings window
(Figure 1). The Extract data from MDF window shown in
Figure 29 is used to extract the data. This is displayed by
clicking on the Libraries|Extract data from MDF... menu
item. The name of the MDF is entered in the first text box, the
name of the file where the extracted data are to be put is given
in the second text box and the name of the Source ID (the name
used in Figure 24) is entered in the third. Clicking the Extract
button will read the whole MDF and copy data for the Source
ID into the new file. This can then be used as an additional
source in the same way as any of the existing source libraries.

[ Chy

Extract data from MDF

MODF name : MOF_eaf2003
:

Source file name ;| jef22

Source file 1D : | JEF-2.2

Figure 29. The Extract data from MDF window.
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Experimental data

The data available at thermal energy can be displayed by
clicking on Experimental data|View 0.0253 eV data ... or
the tenth toolbar button to display the 0.0253 eV
experimental data window shown in Figure 30. Selecting a
target shows which reactions have data, and selecting a reaction
displays the available data in the grid. Note that depending on
the incoming particle type selected the Settings window
(Figure 1) the reactions here and in subsequent windows will be
e.g. (n,2n), (d,2n) or (p,2n). In addition to the energy, cross
section and uncertainty displayed in the first three columns, the
last three columns show three flags. These indicate whether the
data are used for calculating branching modifications (Use B),
for calculating renormalisation modifications (Use R) and in
validation (Use V). The source of the data is indicated by a
reference, where this is known. Clicking the Modify button will
display the selected data in editing boxes below the reference.
Changes to the data values or the flags can then be made and
saved to the database by clicking the Save button. A new data
point can be added by clicking the Add button. This displays
the dialog shown in Figure 31, asking if the new data point is
for the selected target and reaction. If the Yes button is clicked
then the editing boxes used in the modification process are
used. If the No button is clicked then the Add 0.0253 eV
experimental data window shown in Figure 32 is displayed.

e 0.0253 eV experimental data

23 A (A
U232 | |Ina)
1J-233 [r.g)
11234

1J-235

11-236

11237

1J-238

J-239 =
Mp-234
Mp-235 %]

Targets : Reactiohs :

Energy [e] Crozz zection [b] | Delai-zec(b] | UzeB | UseR | UseV Add

2.530000E-02 9.500000E+01 | 5.000000E+00 | Mo Mo Mo
» 2.530000E-02 9.880000E+01 2.000000E-01 Mo Mo Yes

t odify

Delete

tughabghab 5 F ., Atlas of neutron resonances, [Elzevier 2006].

Cloze

IR

Figure 30. The 0.0253 eV experimental data window.

Enter target and reaction details in the first text box, the
dropdown list and with the Final state radio buttons. Enter the
experimental data in the text boxes and check the usage flags
that apply. The default cross section unit is b, but by clicking
the # button it is possible to toggle between b and mb for data
entry. Note that the # button should be clicked prior to data
entry. Select a reference from the dropdown list. Clicking the
Add button will save the data in the Parameter database. Note
that the flags must be chosen so that either none or only a single
data point is used for branching, renormalisation or validation.
However, if duplicates are present then the last entered ‘Yes’

CCFE Fusion
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value is retained, any existing ‘Yes’ is automatically changed to
‘No’.

¥
SAFEPAG-II

P

J"/ Lo wou want to add data for the selected target and reaction?

Figure 31. A dialog to choose the type of Add process.

-,

-
Add 0.0253 eV experimental data

Target : He-4 [A.g-108m format]
Reaction:  |[ng] v UseB: []
Energy n0z53 e He=R: [l
Hezeo BOE-G b Usel:
Delta #-zec : 10EEl b [E]

Reference : | HO92 v

Hoang H.M. et al., 2. Phys A 342
[1932] 282,

i Add
Final ztate

g Om On & Total

Figure 32. The Add 0.0253 eV experimental data window.

The data available at 30 keV can be displayed by clicking on
Experimental data|View 30 keV data ... or the eleventh
toolbar button to display the 30 keV experimental data
window shown in Figure 33. Selecting a target shows which
reactions have data, and selecting a reaction displays the
available data in the grid. In addition to the energy, cross
section and uncertainty displayed in the first three columns, the
last three columns show three flags. These indicate whether the
data are used for calculating branching modifications (Use B),
for calculating renormalisation modifications (Use R) and in
validation (Use V). The source of the data is indicated by a
reference, where this is known. Clicking the Modify button will
display the selected data in editing boxes below the reference
(shown in Figure 33). Changes to the data values or the flags
can then be made and saved to the database by clicking the
Save button; if the change is not required then click the
Cancel button. A new data point can be added by clicking the
Add button. This displays the dialog shown in Figure 31,
asking if the new data point is for the selected target and
reaction. If the Yes button is clicked then the editing boxes
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used in the modification process are used. If the No button is
clicked then the Add 30 keV experimental data window,
very similar to that shown in Figure 32, is displayed. Note that
the flags must be chosen so that either none or only a single
data point is used for branching, renormalisation or validation.
However, if duplicates are present then the last entered ‘Yes’
value is retained, any existing ‘Yes’ is automatically changed to
‘No’.

M 30 keV experimental data

Targets : Reactiohs :

:;‘_3 [A] [n.al Energy [e] Crozz zection [b] | Delai-zec(b] | UzeB | UseR | UseV

L7 | 300000CE+04 | 1540000E-D5 | 1.000D0CE-DE | Mo | Mo | ‘Yes

C13

C14

N-14

gj]g Bao 2. et al., Atomic Data and Muclear tables 7E[2000] 1.
oy v [Bao0  [v] 3000000E+04) | 1.5400006-08)  1.000000E-08) [] [

Figure 33. The 30 keV experimental data window.

The data available at 14.5 MeV can be displayed by clicking on
Experimental data|View 14.5 MeV data ... or the twelfth
toolbar button to display the 14.5 MeV experimental data
window shown in Figure 34. Selecting a target shows which
reactions have data, and selecting a reaction displays the
available data in the grid. In addition to the energy, cross
section and uncertainty displayed in the first three columns, the
last three columns show three flags. These indicate whether the
data are used for calculating branching modifications (Use B),
for calculating renormalisation modifications (Use R) and in
validation (Use V). The source of the data is indicated by a
reference, where this is known. Clicking the Modify button will
display the selected data in editing boxes below the reference.
Changes to the data values or the flags can then be made and
saved to the database by clicking the Save button. A new data
point can be added by clicking the Add button. This displays
the dialog shown in Figure 31, asking if the new data point is
for the selected target and reaction. If the Yes button is clicked
then the editing boxes used in the modification process are
used. If the No button is clicked then the Add 14.5 MeV
experimental data window, very similar to that shown in
Figure 32, is displayed. Note that the flags must be chosen so
that either none or only a single data point is used for
branching, renormalisation or validation. However, if
duplicates are present then the last entered ‘Yes’ value is
retained, any existing ‘Yes’ is automatically changed to ‘No’.
At this energy there are typically many reactions on a target,
and several data points for a given reaction.

CCFE Fusion
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N
~N

i 14.5 Mev experimental data

Targets :

Ca-48 Y
Sic-ddm
Sc-45

Sc-4B

Ti-4E

Ti-d7

Ti-48

Ti-43

Ti-50

W-50

W51 b

Reactions :

[n.a]
[r.h]
[n.2p)
[r.p]
[n.2n]g
[n.2n)m
[n.2n)
[n.nfIm
[r.a]

Energp [e¥) | Crosz section (b) | Deltaxsec(b) | UseB | UseR | Use' ||™ Add
» 1.460000E+07 | 5.370000E-02 2.600000E-03 Mo Mo Mo
1.448000E+07 |  5.530000E-02 4,400000E-03 Mo Mo es
1.470000E+07 | 5.600000E-02 2.300000E-03 Mo Mo Mo
1.450000E+07 | 5.600000E-02 £.000000E-03 Mo Mo Mo s

t odify

Delete

Debrecen [Hungary] Inst. of Expenmental Physics, priv. communication.

IR

Cloze

Figure 34. The 14.5 MeV experimental data window.

The data available for the resonance integal can be displayed by
clicking on Experimental data|View RI data ... or the
thirteenth toolbar button to display the Rl experimental data
window shown in Figure 35. Selecting a target shows which
reactions have data, and selecting a reaction displays the
available data in the grid. In addition to the resonance integral
and uncertainty displayed in the first two columns, the last three
columns show three flags. These indicate whether the data are
used for calculating branching modifications (Use B), for
calculating renormalisation modifications (Use R) and in
validation (Use V). Clicking the Modify button will display the
selected data in editing boxes below the reference. Changes to
the data values or the flags can then be made and saved to the
database by clicking the Save button. A new data point can be
added by clicking the Add button. This displays the dialog
shown in Figure 31, asking if the new data point is for the
selected target and reaction. If the Yes button is clicked then
the editing boxes used in the modification process are used. If
the No button is clicked then the Add RI experimental data
window, very similar to that shown in Figure 32, is displayed.
Note that the flags must be chosen so that either none or only a
single data point is used for branching, renormalisation or
validation. However, if duplicates are present then the last
entered ‘Yes’ value is retained, any existing ‘Yes’ is
automatically changed to ‘No’. Note that at present no
resonance integral data are used for renormalisation or
branching.

User manual: Issue 8, March 2010 CCFE Fusion



28

SAFEPAQ-II

ﬂg‘i Rl experimental data

v

Targets :

Reactions :

H-1
H-2
He-3
Li-B
Li-7
Be-7
Be-3
B-10
B-11
C12
C13

=

[n.a)]
[r.a]

Rl (b) Delta Al k) UzeB | UseR | UseV Add
» 1.300000E-01 4.000000E 02 Mo Mo Yes

t odify

Delete

Cloze

Figure 35. The RI experimental data window.

The uncertainty data for non-threshold reactions can be
displayed by clicking on Experimental data|View non-
threshold uncertainty data... or the fourteenth toolbar button
to display the Non-threshold uncertainty data window
shown in Figure 36. Click on a target to show the reactions
present. Click on a reaction to display the uncertainty data.
These data cannot be changed until the Modify button is
clicked. Then click on the Save button to save the change to
the Parameter database. If the change is not required then click
the Cancel button. Data for a reaction can be removed from the
database by clicking the Delete button. To add new uncertainty
data click the Add... button, which displays the Add non-
threshold uncertainty window shown in Figure 37.

-,

X

4 Non-threshold uncertainty data

Targets : Feactions :
Pa-234 [a] [r.f]
-230 [r.a]
L-231 (nal Ev:  1.00000E-01 e¥
-232
1233 EH: 1.00000E+05| &V

-234
U235 E20: 200000E+07 &Y Madify

U-236 :
537 Delkay’ : 1.00000E-01 Delete

L-238 DeltaH : .

TSt 1.00000E -0
U241 = Dela20: | 3.00000E-01
Np-224
Np-235 v Delt60: | 5.00000E-01 Close

Add

Figure 36. The Non-threshold uncertainty data window.

In Figure 36 the four (three for a non-extended library) ‘Delta’
values are shown. Delta (A) is defined as Ac/c, where Ao is the
uncertainty in cross section and the error factor (f) is defined as
f =1+ A. Note that the 20 MeV energy is shown explicitily;
this is the default value, but another value such as 30 MeV can
be used if required.

CCFE Fusion
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In Figure 37 enter the target in the first text box, select the
reaction from the dropdown list and enter the seven (six for a
non-extended library) required values in the remaining text
boxes. Select a final state from the radio buttons and click the
Add button to save the values in the database.

rAdd non-thresheld uncertainty )
Target: H-3 [Aa-108rm format]
Reactian : | [n,g] w
EY TDE# e
EH: 1.0EG| &Y
E20: 20E7| &Y
Dl : 01
DeltaH : 20
Delta20 : 1.5
DelaB0 : 1.5
Final state i
g O m O n (3 Total IIEEHHII

Figure 37. The Add non-threshold uncertainty window.

It is necessary that all (n,y) and (n,f) reactions have uncertainty
data (specifically Ey and Ey values). Prior to starting to build
the EAF library this can be checked by clicking on the
Experimental data|Find reactions with no non-threshold
uncertainty data... menu item to display the Reactions with
no uncertainty data window shown in Figure 38. Any
displayed reactions should have uncertainty data added.

i o

Reactions with no uncertainty data
b reactions
Tr-18nin,gq) Ir-195g
T
Pu-247(n,q) Pu-245

Ez-257(n,f)
Ez-257(n,q1E=z-258

Cloze

Figure 38. The Reactions with no uncertainty data window.

The uncertainty data for threshold reactions can be displayed by
clicking on Experimental data|View threshold uncertainty
data... or the fifteenth toolbar button to display the Threshold
uncertainty data window shown in Figure 39. Click on a
target to show the reactions present. Click on a reaction to
display the uncertainty values. These values cannot be changed
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until the Modify button is clicked. Then click on the Save
button to save the change to the Parameter database. If the
change is not required then click the Cancel button. Data for a
reaction can be removed from the database by clicking the
Delete button. To add a new uncertainty value click the Add...
button, which displays the Add threshold uncertainty window
shown in Figure 40.

E)

++5* Threshold uncertainty data

Targets Reactions

H-2 A [[n.a) Delta: 200000E-07

H-3 |

He-3 n.d)

Li-& [r.p] &dd
Li-7 [n.2n)

Be-7 E20: | 2.00000E+07 &V :
Bed : . + = b odify
B-10
B-11 Delete
C12
C13
N-14
N-15
016 v Delt=60: | 2.00000E-01 Llase

Figure 39. The Threshold uncertainty data window.

o h

Add threshold uncertainty

Target: K-39 [&0-108m format]
Reaction : | [n,4n) "
E20: 20E7
Delta R4
DieltaB0 0.5
. Add
Final state

g Om On @ Total

Figure 40. The Add threshold uncertainty window.

Enter the target in the first text box, select the reaction from the
dropdown list and enter the required values in the remaining
three (two for a non-extended library) text boxes. Select a final
state from the radio buttons and click the Add button to save
the value in the database.

It is possible to check if all threshold reactions have uncertainty
data; this can be checked by clicking on the Experimental
data|Find reactions with missing threshold uncertainty
data... menu item to display the Threshold reactions with
missing uncert. window shown in Figure 41. Any displayed
reactions should have uncertainty data added.

CCFE Fusion
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7 T
Threshold reactions with missing uncert.
1 reactions

Eu-153in,2n)Eu-152g

Cloze

Figure 41. The threshold reactions with missing uncert. window.

The experimental data contain references to the source of the
data. These references are held in the Parameter database and
can be viewed by clicking on Experimental data|View
References ... or the seventeenth toolbar button to display the
References window shown in Figure 42. A Source ID and the
reference text are shown. As indicated by the window text it is
possible to add a new reference or edit an existing one. Editing
is done by changing the text. Note that the Source ID should
not be changed.

m References
Source Reference -
b | ADT3 Adamoy V.M. et al, 2 All Union Conf. on Meutron Phyzsics, Kiey [May 13731 4.21.
ADTE Adamor V.M, et al., 3 Al Union Conf. on Meutron Physics, Kiey [197E6].
ADTY Adamoy V.M. et al, 4 All Union Conf. an Meutron Phwsics, Kiew [bpnl 1977 18-22.
ADa3 Adamor V.M. et al., B Al Union Conf. on Meutron Physics, Kiey [October 1983) 2., 134,
AHET Ahmad M., et al., Mucl. Sci. Eng. 95 [1987] 296
ALES Alford WL, R.D. Koehler BAP 10 [1965) 260,
ALE3 Alkhazow 1D, et &l 3. Meeting on Meutron Badiation Metrlogy, Mogcowe [1983] 201, s
£ >
e b Sted. ke da ot ke the Soutos sumg. T e et dete. References

Figure 42. The References window.

Under the Experimental data menu there is an item to view
those nuclides for which systematics data are used during
renormalisation. If the flags are set then systematics take
precedence over any experimental data. The systematics flags
can be seen by clicking the Experimental data|View
systematics flags ... menu item, this opens the Systematics
flags window shown in Figure 43.
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f = w1

¥ Systematics flags

Targets Reactionsz : Add.

C13 A | [n.a) dze B : Mo
C-14 ] I .
M-15 e Uze R : ez b odify
Me-20
Me-21 Delete
Me-22
Ma-24
blg-24
Mg-28
Al-26 il Cloze

Figure 43. The Systematics flags window.

Clicking the Modify button displays check boxes for the two
flags, clicking the Save button will store the new values in the
database. Clicking the Delete button removes the selected
reaction from the database. Clicking the Add... button displays
the Add systematics flags window shown in Figure 44. Use
the text box and dropdown list to select the reaction, use the
radio buttons to select the final state and set the flags before
saving by clicking the Add button. Prior to EAF-2005
systematics flags were only set for Final state = Total. If flags
to isomeric states are specified then when used the branching
ratio systematic is also applied so that, for example, a
renormalistaion can be made to systematics for an isomeric
state.

Add systematics flags

Target : Caz [Aug-108m format]
Reaction: | [i,g] v [ 145 Mev data

A0 ket
UseB: []

UseR: []

i Add
Final ztate

g Om On (& Total

Figure 44. The Add systematics flags window.

In Figure 43, if the selected reaction is (n,y) then additional data
for the 30 keV systematic are displayed. These can be modified
in the same way as the 14.5 MeV flags, and in Figure 44, check
boxes for these additional flags are displayed if the reaction is
(n,y). Note that as the Use B flag is never used it should always
remain unchecked. In Figure 44 this is made explicit as the Use
R check box is renamed 14.5 MeV data.

The formulae for the systematics are discussed in the EAF-2010
documentation [10]. For the (n,t), (n,d), (n,n’p) and (n,n’p+d)

CCFE Fusion
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reactions an alternate set of formulae have been defined. The
choice between the two set can be made by selecting Standard
or Alternate on the Experimental data|Systematics menu
item. Note that this choice remains until changed and so applies
to all calculation or use of systematics.

Clicking the Experimental data |Elemental analysis... menu
item displays the Elemental analysis window shown in Figure
45. The element and reaction are selected from the dropdown
lists and the energy, elemental cross section and uncertainty are
entered in the text boxes. The required isotope (generally the
most abundant) is selected by clicking one of the radio buttons
to the left of the table and the Get data button is clicked. The
cross sections for the various isotopes are extracted from the
Final database at the specified energy and entered in the third
column of the table. When all the cross sections have been
found then the sum is formed and the %; values defined in
equation (1) are calculated and displayed in the fourth column.
In equation (1) the cross sections (o;) are the library values,
while f; are the abundances. Finally the isotopic cross section
value is displayed in the text box.

kizaf/ijaj (1)
j

By default the natural abundances are displayed in the second
column. By clicking on the Enriched radio button it is possible
to edit the abundance values to the required values. As can be
seen from Figure 45, the isotopic value is generally similar to
the elemental value, but this depends on the actual cross
sections and abundances of the isotopes for the selected
element.
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Figure 45. The Elemental analysis window.

It is possible to plot the experimental data in a similar fashion
to what can be done in the Analysis tool (Figure 144), but with
some additional options. Clicking the Experimental data|Plot
experimental data ... menu item, opens the Plot
experimental data window shown in Figure 46. Select the
reaction type in the dropdown list, choose the x-axis value and
the energy range of data and select the required check boxes.
These decide if only data with the Validation flag set or only
total (summed) data are plotted. If the Custom energy radio
button is selected than two additional text boxes are displayed
where the low and high energy limits can be entered.

u Plot experimental data g

Reaction : | [n.2n) s |~ Energy

g — () Themal

0 Mazs (&)

) Murnber [£) (%) 1- 20 Mey

(%) Agurmetny [z] (0 » 20 Mey
) Custom

Orily if walidation fag set : . m

Only tatal crozs sections

Cloze

Figure 46. The Plot experimental data window.
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Figure 47. The Experimental data window.

Clicking the Print button sends a list of all the experimental
data for the selected reaction type and energy range to the
default printer. Clicking the Plot button displays the
Experimental data window shown in Figure 47.

The number of data points plotted is shown in the status bar of
the main window. Clicking the Options|Axis scale... menu
item displays the Axis scale window (Figure 89) where the
axis ranges on the x- and y-axes can be changed. Clicking the
Options|Error bars menu item toggles on and off the display
of error bars for the data points. It is possible to print or copy
the plot to the clipboard by clicking the File|Print or Edit|Copy
menu items respectively. The window is cloded by clicking the
File|Close menu item.

EXFOR data

The primary source of experimental data is EXFOR, maintained
by the Nuclear Data Centres. The NEA Data Bank have put this
on two CD-ROMs and distributed them as part of the JEF-PC
package. These CD-ROMs are used by SAFEPAQ-II as the
source of EXFOR data. The EXFOR files have been searched
in the past and relevant data extracted and stored in the
EXFOR.mdb database
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The SAFEPAQ-II EXFOR database is used in the visualisation
described below, but to select or view the original EXFOR data
it is necessary to have access to the EXFOR CD-ROMs. The
correct CD-ROM must be present on the disk shown in the
EXFOR disk text box in the Settings window (Figure 1).
SAFEPAQ-II will warn the user (Figure 48) if the wrong CD-
ROM is present in the drive; load the correct CD-ROM before
clicking the OK button. Note that it is necessary to physically
put the correct disk in the drive before clicking the OK button
or SAFEPAQ-II will crash.

In the current version it is possible to store all the EXFOR data
on a removable disk rather than a CD-ROM. To use this option
the USB Drive option should be checked in the Settings
window (Figure 1). Note that the data must be in the Exfor
disk/EXFOR cD x folder, where x = n, d, p specifies the
incoming particle.

'EXFOR x|

L] ‘_\ Put EXFOR CO.#1in the drive,
L

Figure 48. Warning that incorrect CD-ROM present.

Note that an updated version of the CD-ROMs has been
provided by the NEA Data Bank. There are some differences in
the format, and if the new version is used then the Original
EXFOR CD check box on the Settings window (Figure 1) must
be cleared. CDs containing EXFOR data for deuteron- and
proton-induced reactions are available and must be used if the
incoming particle is not a neutron.

The sources of data for a particular reaction can be viewed by
clicking on EXFOR|EXFOR sources ... or the eighth toolbar
button to display the EXFOR sources window shown in
Figure 49. A target nuclide is entered (Note that no isomeric
targets are present in EXFOR), and a reaction selected from the
dropdown list. Clicking the Sources button will display
information on the available sources. The year of the
experiment is given in the first column, ‘#’ indicates that the
data have already been selected in the EXFOR database. Under
the Type column are a series of codes defined in the EXFOR
documentation, but in addition, if the final state is given in the
file then the symbols ‘->g’, ‘->m’ or ‘->n’ are used to
indicate g, m, n states respectively. The Lab codes, energies and
the number of points are also shown. Selecting a particular
source causes a ToolTip to be displayed which shows the Full

CCFE Fusion
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Access number e.g. 40306.002 of the entry, this is a number
that can be useful if the particular data file is required on the
CD-ROM.

@ EXFOR sources

Target : |Ag-107 [Ag-108m format] Reaction: | [mal %! | View index

Date Twpe Labcode E low [e¥] E high[gY]  Points

mJ

Sources
1938 SPA PCF35.012 Z.200E+05 2. Z00E+05 2 [
1940 $PAa KFT40.018 2.000E+05 Z.000E+05 1
1945 LA546.002 3.000E+03 5. 900E+06 g
1946 #M<W LAS46.003 Z.500E-02 2. 500E-0Z 1
1947 MW ANL47.066 Z.500E+04 2. 500E+04 1
1247 5PA4 ANL47.072 Z.500E+04 2. 500E+04 1
1943 %P4 0XF43.014 1.300E+07 1.300E+07 z
1243 0XF49.008 Z.Z00E+05 2, 000E+05 z
1949  FIS ANL49.02& 1.000E+06 1.000E+06 z |w Closs

Figure 49. The EXFOR sources window.

It is possible to view the complete EXFOR index file for this
nuclide by clicking the View index... button which displays
the EXFOR index window shown in Figure 50. Note that if the
columns do not line up correctly then adjust the value in the
EXFOR index width text box in the Settings window (Figure

).

EXFOR index
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11043.141-0
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o7
o7
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o7
o7
o7
o7
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o7
o7
o7
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(W, 2N -, , 3IG NNZ N2N -1.00E+30 1.00E+4+30 F L4575 11 1.3E+07 Z.4E+07 |
(H,2N -M, 516 NNz MZN -1.00E+30 1.00E+30 F Las75 2 Z.6E+07 2.6E+07
(N, 2N)-M,  5IG NNZ MZN -1.00E+30 1.00E+30 F LASTE 4 1,6E+07 Z.8E+07
(N, 3N -G, ,3IG N33 M -1.00E+30 1.00E+4+30 F L4375 T 1.8E4+07 Z.4E4+07
(N3N -G, ,5IC N33 MW -1.00E+30 1.00E+30 F Las75 2 Z.6E+07 Z.6E+07
(N3N -G, 516 N33 NN -1.00E+30 1.00E+4+30 F Lis75 2 Z.8E407 Z.B8E407
(N, TOT), ,3IG TOT TOT -1.00E+30 1.00E+30 F ANLTS 856 Z.6E+05 4. 5E+06
(N,EL), D& 00z DEL -1.00E+30 1.00E+30 F ANLT9 320 1l.5E+06 4, 0E+06
(N,EL),,SIG 3EL SEL -1.00E+30 1.00E+4+30 F ANLT9 16 1.5E+06 4.0E+06
(N,INL),PAR,5IG 8I3 3IN -1.00E+30 1.00E+30 F ANLTS 131 1.5E+06 3.6E+06
(M,G)-G,,5IG NG NG -1.00E+30 1.00E+4+30 F ANLS1 1 2.4E404 2, 4E+404
(N,EL) ,POT,3IG POT 3EL -1.00E+30 1.00E+30 F ORL51 1 Z.5E-02 Z.5E-02
(N, THS) ,BA,SIG SBA& T5L -1.00E+30 1.00E+30 F ORLEL 1 Z.5E-02 Z.5E-02 |»

Figure 50. The EXFOR index window.

Selecting a particular source in Figure 49 enables a detailed
view of the data by clicking the Data... button which displays
the EXFOR data window shown in Figure 51 (the reaction
name is placed in the title bar of the window). This displays
information about the experiment (authors, institute, title of
paper, reference and the neutron monitor), information on the
daughter state (this is taken from the DecayData table in
Parameter, not from anything stored in the EXFOR file) and the
data points. In some cases the file specifies that a particular
daughter state was measured, in this case the Final state can be
selected from the available radio buttons. The original EXFOR
file can be viewed by clicking the View file... button which
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displays the EXFOR file window shown in Figure 52. This is
sometimes necessary to check on the final state or other details.

Note that in the Final state group the expected g, m, n and
Total options are available. There is an additional entry Mixed,
which should be selected if the data points in the grid refer to
different final states (as indicated in the FS column). If Mixed
is selected then when the data are saved, these are stored in
several entries with the correct final states.

% EXFOR data - Ag-107{n g) - saved as {n.g)

Title : WEUTRON CAPTURE CROSS SECTIONS IN THE KEY REGION. Iniitizl state
Authors ; L WwWESTOMN.K.K.SETH.E.G.BILPUCH H W MEMWSON g ?ﬂ
Instituke - | TUSADKE. 1USADRL Oon
Reference : | Annals of Phyzsics [Mew Yark ], 10,477 1960

Moritor - | 47-A5-107(N. 5 )47-A5-108_5I5 g’a;tate

Daughter: m —— 41801E+02w beta+ [31.3%]; IT [8.7%] B datazets] (in
g 2 4000 m Data used for plotting | (&) Tatal

[22 points] () m

) Mixed

Data: Ft

b | 39
]
29
9
9
k]

Energy [g4] Energy Uncert [g4) Drata [b] Data Uncert [b])  ||#*

2 1000E +012 0.0000E +00 2 0500E +00 0.0000E +00
4,0000E +03 0.0000E +00 1.5300E+00 0.0000E +00 View file..
4,9000E +013 0.0000E +00 1.6500E+00 0.0000E +00
£.O000E +013 0.0000E +00 1.5000E-+00 0.0000E +00
8 0000E +03 0.0000E +00 1.3900E-+00 0.0000E +00
9, 0000 +(13 0.0000E+00 1.4800E+00 0.0000E +00 [/ i

Factars :

1.00E+00 1.00E+00 1.00E+00 1.00E+00 Close

Figure 51. The EXFOR data window for a particular reaction.

For mixed cases it is possible that the FS entries shown in the
grid are incorrect. If so then use the keys 0, 1 or 9 (on the
keyboard) to edit the entry. This information is saved correctly
in the EXFOR database. However, when the data source is
selected again the (incorrect) information from the CD-ROM is
displayed in the grid.

Select a series of rows in the grid; pressing ctr1+C copies the
energy and cross section data to the clipboard, pressing ctri+s
copies the energy and cross section data to a new scrap file with
name NuclideReaction EXFOR (see page 57 for more details
of scrap files). These keyboard short cuts are displayed in a
ToolTip if the cursor is hovered over the data grid.

By default the Reference information is expanded to make it
more readable than the codes used in the EXFOR files. If there
is an error caused by a reference not being correctly handled,
then it is possible to switch off the expansion process. This is
done by clearing the Expand EXFOR refs check box in the
Settings window (Figure 1).

CCFE Fusion
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The number of points in the data set and the number of data sets
for the reaction already selected are shown above the data grid.
In some cases incorrect data are present on the EXFOR CD.
This is typically due to cross sections or energies having
incorrect units. Provision is made to store factors for each entry
that correct the error.

EXFOR file

ENTEY 11818 630927 ad
SUBENT 11818001 630927

EIE

INSTITUTE (lUSADKE, 1USAORL)
REFERENCE {J,AF,10,477,60)

AUTHOR {L.W.WESTON,E. K. SETH,E. G.BILPUCH, H. . NEWSOH)
TITLE NEUTRON CAPTURE CROSS SECTIONS IN THE KEV FEGION.

PART II. 5PIN-OREIT COUPLING AND THE OPTICAL MODEL.

STATUS [SCSRS)

HISTORY {760731T) TRANSLATED FROM SCIZRS

{G309274) CONVERTED TO REACTION FORMALISM

ENDEIE

HOCOMMON 0 0

END SUBENT v

Cloze

Figure 52. The EXFOR file window.

If after viewing it is decided that the data set is required then
the Data used for plotting option should be checked and the
Save button clicked. Depending on the reaction type there are
various options when saving the data.

If the selected reaction is (n,x) then the dialog shown in Figure
53 is displayed. One of the radio buttons should be selected and
the OK button clicked. The original EXFOR data will be saved
as data for the reaction specified.

EXFOR reaction type

The [n.%] reaction muzt be defined. Choose a reachion for thiz data

& Inpl O Inal
O [n.n'p) ) [nn'a)

Figure 53. The EXFOR reaction type window for (n,x).

If the selected reaction is (n,n’p) or (n,d) then the dialog shown
in Figure 54 is displayed. One of the radio buttons should be
selected and the OK button clicked. The original EXFOR data
will be saved as data for the reaction specified.
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EXFOR reaction type

The reaction mugt be defined. Chooze a reaction for thiz data set;

@ Innpl O [npenpl= nap) O (nden'de. = [nxd)

O Indl O [nden'pl = [n.de]

Figure 54. The EXFOR reaction type window for (n,d).

If the selected reaction is (n,n'd) or (n,t) then the dialog shown
in Figure 55 is displayed. One of the radio buttons should be

selected and the OK button clicked. The original EXFOR data
will be saved as data for the reaction specified.

EXFOR reaction type

The reaction mugt be defined. Chooze a reaction faor thiz data zet;

O [nn'd] 0 [n.2np) ) [nben't+2nt+ ] = [t

@ ) O [nbnde2ng] = nt+]

Figure 55. The EXFOR reaction type window for (n,t).

If the selected reaction is (n,h) then the dialog shown in Figure
56 is displayed. One of the radio buttons should be selected and
the OK button clicked. The original EXFOR data will be saved
as data for the reaction specified.

i hy

EXFOR reaction type

The reaction mugt be defined. Chooze a reaction faor thiz data zet;

) [nn'2p] O [npd] O [nhenthe2nhe+ ] = [nosh)

@ i) O fnhenZpepd) = fnh]

Figure 56. The EXFOR reaction type window for (n,h).

If the selected reaction is (n,a) then the dialog shown in Figure
57 is displayed. One of the radio buttons should be selected and
the OK button clicked. The original EXFOR data will be saved
as data for the reaction specified.
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EXFOR reaction type

The reaction mugt be defined. Chooze a reaction faor thiz data zet;

) nnthl O nptl O [na+n'a+sZna+.] = [n.xa]

@ [nal O [hasnhepte.) = [na+]

Figure 57. The EXFOR reaction type window for (n,o).

If the selected reaction is (n,n'a) then the dialog shown in
Figure 58 is displayed. One of the radio buttons should be
selected and the OK button clicked. The original EXFOR data
will be saved as data for the reaction specified.

EXFOR reaction type

The reaction muzt be defined. Choose a reaction faor this data set;

O n2nhl O [nady
{3_} [n.n'a) {:} [nn'a+2nh+di+. ] = [R.0'a+]

Figure 58. The EXFOR reaction type window for (n,n'a).

Note that if a summed reaction is chosen in Figure 54 - Figure
58 then the data are saved as a reaction with an MT>200.
However, they will be displayed on plots of reactions of both
the summed and the base reaction. For example if data are
saved for reaction type (n,a+), then on plots of both (n,a) and
(n,a+) the saved EXFOR data will be displayed.

Clicking on the Plot button in Figure 51 displays the EXFOR
plot window shown in Figure 59.

Figure 59 shows the data points for the selected data source.
There are no options for changing axes types or scales, and it is
designed just to enable a ‘quick look’ at the data. However, the
graph can be printed to the default printer or copied to the
clipboard by selecting the File|Print or Edit|Copy menu items.

Returning to Figure 49, it is possible to plot all the data sets that
have been selected and saved in the EXFOR database by
clicking the Plot all button. This displays the EXFOR master
plot window shown in Figure 60. It is possible to change axes
types, but the window is designed just to enable a ‘quick look’
at the data. By default the data are plotted with Lin/Lin axes,
but by clicking on the Options|Log/Log axes menu item the
graph is replotted with Log/Log axes. Clicking the
Options|Lin/Lin axes menu item replots the graph with
Lin/Lin axes. The graph can be printed to the default printer or
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copied to the clipboard by selecting the File|Print or Edit|Copy
menu items respectively. Note that the systematics values (at
14.5 MeV and 30 keV) are also shown if available.

[* EXFOR plot

BE X

Ele  Edit

5.00E+0

4.00E+0

3.00E+0

2.00E+0

Cross Section (b)

1.00E+0

0.00E+0

Ag-107(n,g)-L. W.WESTON,K.K.SETH,E.G.BILPUCH,H.W.N

0.00E+D

"".- »

‘i.... .
° o .

5.00E+4 1.00E+5 1.50E+5 2.00E+5

2.50E+5
Energy (eV)

Figure 59. The EXFOR plot window.

An additional menu item, File|Save image, is available to
save the current master plot to disk as an image (placeable
Windows metafile format, *.wnf). This has the advantage that
the particular image of the set of selected EXFOR sorces can be
viewed later, even if the selected set has subsequently been
altered. The image can be viewed by clicking the View image
(View old) button on Figure 49, which displays the EXFOR
image window shown in Figure 61. Note that this button will
only be enabled if there is an available image for the reaction.
All images are saved in the folder graphs shown in the Graphs
folder text box on the Source database disk specified in the
Settings window (Figure 1). A further use of images to
construct a book is described later.

Experimental data that are too recent to be present on the
EXFOR CD-ROMs may be available from other sources. If

CCFE Fusion
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these are to be plotted then it is necessary to save them as
Private EXFOR data. The menu item, EXFOR|Add Private
data... displays the Add Private data window shown in
Figure 62. Enter the target in the first text box, select a reaction
from the dropdown listbox and enter a lab code (use the
standard EXFOR codes with the last two digits of the date; the
codes can be obtained from the EXFOR lab codes window,
see Figure 64). Next select from one of the standard references
(see Figure 42), enter the paper title and the authors in the next
two text boxes, select the final state radio button and then select
the file where the cross section data points are held. The data
must be available in a standard x4s file (details of the format of
these files are given in Appendix 2). Clicking the Add button
will put the data into the EXFOR database in two tables,
Private Reaction and Private cross section. In cases where
private data are added incorrectly or become redundant it is
possible to remove them by selecting the EXFOR|Delete
Private data... menu item which displays the Delete Private
EXFOR data window shown in Figure 63. Select a reaction
and click the Delete button to remove it. Note that it is also
possible to remove standard entries from the EXFOR database
by selecting the Standard type radio button in Figure 63.

-
frﬂ EXFOR master plot

/o

File  Edit  Options

5.80E1 1

4.82E-1 +

3.83E1 1+

2.83E-1

Cross Section (b)

1.87E-1 +

8.83E-2 T

-1.00E-2

Fe-56(n,p)

Systematics
KTO390
OHO9
KTOB88

TIL92

[1 1

0.00E+0

OEONCOODDONODNOEEOONONEONCOOODONOOd< - @
=
m
w
[¥5)

140E+7 2 BOE+7 420E+7 5 60E+7 7 00E+7
Energy (eV)

Figure 60. The EXFOR master plot window.
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The EXFOR lab codes can be viewed by clicking the
EXFOR|EXFOR lab codes ... menu item that displays the
EXFOR lab codes window shown in Figure 64. Select the
required country and the available lab codes and details are
displayed in the grid.

When the EXFOR sources window (Figure 49) is opened, any
private sources available for the selected reaction are appended
to the end of the standard EXFOR sources. Note that if the data
are stored in the SAFEPAQ-II EXFOR database then the
symbol “&” is used rather than “#”. Private data are not shown
in the EXFOR index window (Figure 50). Clicking the Data...
button in Figure 49 when a private source is selected displays
the EXFOR data window shown in Figure 51. The private data
are displayed as normal (but note that the View file... button is
disabled). If the data are required to be stored in the
SAFEPAQ-II EXFOR database then check the Data used for
plotting option and click the Save button. The private data are
displayed in plots (Figure 59 and Figure 60) in the same way as
the standard EXFOR data.

[ EXFOR image

Lok

210E-2

1.73E-2 +

140E-2 +

1.05E-2 +

Cross Section (b)

7.00E-3 1+

3.50E-3 +

0.00E+0

N-14(n,2n)

DEBB5
JAETO
NPL73
TRM72
LouU73
DEBG7

TURGY

ARKT6

NPL78

NAGO1
TOHO4
NAGOD

=
5|
—a—
—a—
—a—

NAGE9

HAMES
KURG1

0.00E+0

140E+7 2 B0E+7 420E+7 5 60E+7 7.00E+7
Energy (eV)

E BE O OO O B @ ®m O @ «4 < P @

NRP80

Figure 61. The EXFOR image window.
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Add Private data
Target : Al-27 [fvg-108m format]
Reaction: | [n,2n] v
Labcode: (RI93 [BiiM M a format]
Date : 1995 vy Format]
Reference : | F199 w
Filatenkoy A4, and 5%, Cuvaew, RI
-202 repart [1939).
Title : Cross section measurement at
neutron energies around 14 keyf
Authors ; A4 Filatenkow, 5. Chuvaey
Final state
g Om On (& Totd
File name : | AL-27M . 2M xds ~ Add
AL-27M 2Mg.=ds
AL-27M P xds

Figure 62. The Add Private data window.

-~

Delete Private EXFOR data
Feaction Code
H-2(n,2n) BRCOZ
Be-9(n,3n) LYN95
C-1Zin,2n) TOH9E
C-13in,2n) BRCOZ
N-14(n,Z2n) HAGOO
N-14(n,2n) TOHO4
H-14(n,2n) TOHO4
Type 545
) Standard
(%) Private

Faintz

la
4
4
la

o

entres

Full access

930003450 |
930003730
930003740
230003460
220001100
990005210
990005230 |

Figure 63. The Delete Private EXFOR data window.

Returning to the main SAFEPAQ-II window, Figure 2.
Clicking the second item on the EXFOR menu, List EXFOR
entries... displays the List EXFOR entries window shown in
Figure 65. Select a reaction type from the dropdown list and
click the Get entries button to display all the reactions stored
for the given reaction type with the Final state (FS = g, m, n or
blank for a total) and the Lab code. The number of entries is
shown. By default the standard EXFOR entries are displayed,
but by clicking the Private option in the Type group, the
Private EXFOR entries can be listed.
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& EXFOR lab codes (=)
Country ;. |UNITED KINGDOM v Code: UE
Code Laboratony details |
EE EnglElec.Co., Wheatztone, Leicz
GLS niv. of Glazgow, Glagzgow, Scotland

» |HAR | AERE.Hanwel, Berks, England
HHL b.F.C.Coclotron Unit, Hammersmith Hozpital, London

ST Irmp.Call.of Sci +Techn., Londan

KEM dniv. aof K.ent, Canterbury, England

LEE Jrie. of Leeds, Leeds, England

LOM IJnive. of London, London, England |

Cloze

Figure 64. The EXFOR lab codes window.

List EXFOR entries =)

. : Type
Reaction: | [n.2n] | w (*) Standard

Target FS Lab code O Private

entries
Kr-76 LELAS
Er-80 n  GIT&S
Er-80 GITGS
Exr-&0 LELGS
Er-82 m GITES
Er-86 n GITES
Eb-85 HAMES
Eb-85 IET76 |
Ro-5s  moEez [V

Figure 65. The List EXFOR entries window.

Clicking the Copy button copies all the entries to the clipboard.
The list can be printed to the default printer by clicking the
Print button.

Clicking on the third item on the EXFOR menu, Assemble
book... or the ninth toolbar button, displays the Assemble
book window shown in Figure 66.

-,

Assemble book

Imitial target 1 B-11 v | FReaction: [h.a) | Final target : | Al-27 v

Book name ;| Capture_1.doc
Graph pe Azzemble

[] Include library data
Cloze

Figure 66. The Assemble book window.
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This window allows a series of images to be plotted in a Word
document (a book) and then printed out for further study.
Choose the range of graphs by selecting the intial and final
targets and the reaction type in the dropdown list boxes. Give a
name for the book (.doc is always present in the text box) and
then click on the Assemble button. This will produce the
Word file containing all the images for the specified targets and
reaction with two plots per page. As described above, the
EXFOR images are used. It is also possible to produce a book
of images that contain EXFOR data and points from one of the
standard data libraries. These images are described later (page
49), but if they are available then a book can be assembled
using them if the Include library data option is checked and
the required Source ID is selected in the dropdown list box.

Visualisation

The ability to visualise cross section data in the various source
libraries and in the SAFEPAQ-II databases is essential in the
evaluation and selection of data for inclusion in EAF.
Comprehensive tools are available in SAFEPAQ-II to
accomplish this. Clicking on the Visualisation|Targets and
sources... menu item or the sixth toolbar button displays the
Targets and sources window shown in Figure 67.

'°' Targets and sources
Target : Reaction : Source
Fe-58 | | [n.2n]g | | Final
Fe-h4 [n.2nm
Fe-60 [n.2n]
Co-B5 [h.3n]
Co-B6 [h.dn]
Co57 [n.g)a
Co-h8 [h.alm
Co-58m [h.al
Co-53 ¥ gl o 45 points
Final state plotting
() Only selected final
O Al final ztates I Flat ER l [ Cloze

Figure 67. The Targets and sources window.

This window displays the reactions present in the Cache
database. Cache is one of the SAFEPAQ-II databases and
provides a store where data from any of the source libraries or
the SAFEPAQ-II databases (Master, Final or Test) can be
placed for comparison and plotting. Unlike the other databases
where data from only a single source for any reaction can be
present, Cache can contain multiple copies of data for the same
reaction from a variety of sources. The Target nuclides present
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in Cache are shown in the first list box, selecting a target
displays the reactions for that target in the second list box and
selecting a reaction shows the sources of the data in the third
list box. The number of data points in the data set is shown for
the reaction from the selected source. Selecting the Only
selected final state radio button means that in cases where
there are several isomeric states then only the selected final
state (in Figure 67 this would be the g state) will be plotted. If
this radio button is selected, then it is possible to plot data from
all or any of the Sources. This is done by clicking on the first
source with the mouse and then clicking on the last source with
the shift key pressed, or by clicking on each required source
with the control key pressed. Note that if several sources are
selected then the number of points of the first selected is
shown.

Note that when opening this window the target used for plotting
when the window was previously closed will be selected. This
feature introduced from EASY-2005 saves time when plotting
data.

Clicking the Plot button will display the Data visualisation
window shown in Figure 68. This shows data for the
Co-59(n,2n) reaction for all final states (the All final states
radio button was clicked in Figure 67). Because the total cross
section for the g and m states has been calculated (see page 58)
three curves are present in Figure 68. In addition to the curves,
experimental data for the reaction stored in the Parameter
database are plotted as red triangles. The key for the curves is at
the right of the plot. The Data visualisation window presents
many options for the user, and is probably the most complicated
in the whole application. It contains a menu bar, a toolbar and a
status bar. The latter is used to present information about a data
point on the graph selected by clicking with the mouse.

In Figure 68 one of the red data points has been clicked, the
status bar shows that it is Experimental data, with the number
of the data point, its energy, cross section and its final state (‘g’,

¢ % 6.0

m’, ‘n’ or ‘T’ for total cross section) also shown.

A shortcut method of plotting the data is to double click the
required data source in the Targets and sources window
(Figure 67). Note that if a library with data > 20 MeV is being
used then the x-axis in Figure 68 extends up to 60 MeV,
otherwise the limit is 20 MeV.

Clicking the Edit|Copy menu item or the first toolbar button
copies the current plot to the clipboard. Clicking the File|Print
menu item or the second toolbar button prints the current plot.

CCFE Fusion
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[@ Data visualisation

File  Edit  Cptions
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A Experimental Data
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Energy (eV)

Figure 68. The Data visualisation window.

Clicking the File|Save image menu item or the third toolbar
button saves the current plot as an image, this can then be
written to a Word file as a book as described on page 46.
Clicking the Options|x/y axes menu item displays a submenu
that shows the four axes combinations (fourth - seventh toolbar
buttons) that can be used to plot the data. Clicking the
Options|x/y ranges menu item or the eighth toolbar button
displays the x/y ranges window shown in Figure 69. This
shows the current minimum and maximum values on the x and
y axes and allows new values to be entered. The previous
values are stored and can be recalled by clicking the Last
button. This saves time if the same changes are required on a
series of graphs. Clicking the Apply button makes the changes.
The window remains open until closed by clicking the Close
button.

If the plotted data are from Final then this is shown in the
legend as for example in Figure 68. However, when using the
figure in a publication it may be better to show that the data are
from the EAF library that Final represents. To show the EAF
library name in the legend check the Visualisation|EAF name
not Final in Legend menu item in the main window (Figure
2).

User manual: Issue 8, March 2010 CCFE Fusion



50

SAFEPAQ-II

i O

Iy ranges

s MIRMUM | 1, 000E+07 | eV
R magimum ;| 5, 000E+07
Apply

yminimum | g, 000E+00

pmasimum: | 1, 000400

Figure 69. The x/y ranges window.

Checking the Options|Legend menu item displays a submenu
that shows the two positions of the legend on the plot (Right or
Left). Changing this can be useful if the legend overlaps the
data points. Checking the Options|Show symbols for data
points menu item or the ninth toolbar button plots the data
points that make up each curve. Checking the Options|Show
interpolated values menu item or the tenth toolbar button
shows the position of interpolated data between the selected
data points (determined by the interpolation law between the
points). To use this it is necessary to first click this and then
click the data selection tool and then select the points by
dragging with the mouse.

Checking the Options|Data selection menu item or the
eleventh toolbar button changes the cursor to a cross hair and
enables points to be selected (click and drag the mouse to
display a rubber band around the selected points). Checking the
Overplot experimental menu item or the twelfth toolbar
button plots the experimental data points (note that clicking the
toolbar actually stops the plotting of the data points — the graph
is cleared). Checking the Options|Overplot EXFOR menu
item or the thirteenth toolbar button removes the experimental
data points and plots any available EXFOR data instead. Note
that if the Options|include exp with EXFOR menu item is
checked then both the experimental data and EXFOR points
will be displayed.

Checking the Options|Overplot uncertainty band menu item
or the fourteenth toolbar button displays an uncertainty band
(using the uncertainty values shown in Figure 36 and Figure 39)
over the main curve. The error factors and the source of data are
shown in the status bar. Note that this option will only work if a
single final state and a single source are selected.

Clicking the Options|Overplot group data menu item
displays a submenu that shows the twelve options for
overplotting group data (No group data and the eleven group
structures). One of these group structures can be selected in the
Settings window (Default group data type) as the group
structure that is shown when the fifteenth toolbar button is
clicked.

CCFE Fusion

User manual: Issue 8, March 2010



SAFEPAQ-II 51

Checking the Options|Omit systematic error bars menu item
means that the error bars for the systematics (displayed when
the Options|Overplot EXFOR menu item is checked) are not
displayed. This is useful if graphs are required for publication
and the large error bars are confusing.

Checking the Options|Draw in black and white menu item
means that graphs will be displayed on screen with the lines
black but distinguished by various patterns. This is useful if
graphs are copied to the clipboard for use in other documents
that will not be printed in colour.

Checking the Options|Draw lines thick menu item means that
graphs will be displayed on screen with the lines thick, making
them more visible. This is useful if graphs are copied to the
clipboard for use in other applications.

Checking the Options|Print lines thick menu item means that
graphs will be printed with the lines thick, making them more
visible. Clicking the Options|Redraw menu item replots the
graph.

Checking the Options|2 dec. pl. on x-axis and Options|2
dec. pl. on y-axis menu items means that graphs will be
displayed with the values on the axes having 2 decimal places
rather than the default of 1. This is necessary if the range of the
values is chosen to be small.

Clicking the Options|Reaction data window for menu item
displays a submenu that shows the names of the various curves
that are plotted (either final states or data sources). Clicking one
of these will display the Reaction data window for the
selected reaction shown in Figure 70. The Reaction data
window for the first reaction can also be opened by clicking the
sixteenth toolbar button.

Checking the Options|Reaction data warning menu item
(checked by default) means that if data for a sum are to be
displayed in the Reaction data window then a warning dialog
with the message ‘Unknown reaction (possibly a sum?)’ is
displayed prior to the window appearing. If this warning is not
required then it can be removed by clearing the check on this
menu item.

If EXFOR data are shown then clicking on a data point will
give information about the selected point. If only the curves are
plotted (preferrably with the data point symbols shown), then
clicking on a point will give information about it (including the
interpolation law in the final pane) in the status bar.

If the plotted curve is from Final and is not a summed reaction
then clicking with the left button of the mouse on the status bar
brings up a ToolTip showing the source of data.
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If the plotted data have been produced by a Data merge
modification (Mod type 13, see Table 2 for details) then there
may be a discontinuity in the data that requires a further
modification (Mod type 4) to scale the high energy data so as to
end up with continuous data. To calculate this factor the
following procedure should be used. Show the symbols for the
data points and click on the last point prior to the discontinuity.
Note that if experimental data are plotted then it will be
necessary to click the twelfth toolbar button to clear the
experimental points. The information for the selected point is
shown in the status bar. Using the left mouse button double
click on the status bar to bring up a ToolTip showing the factor
by which it is necessary to scale the high energy data to achieve
continuity. This works by using extrapolation (using the correct
law) on the selected and the previous point to predicted the new
value at the point above the selected one.

One restriction on the above calculation of factors must be
noted. If the number of data point for a reaction is very large (>
32,767) then the data are thinned prior to plotting (only every
other point is plotted). For such reactions the data source in the
status bar is followed by ‘ — thinned’, and because it may not be
possible to click on the actual point before the discontinuity, the
ability to calculate factors is disabled for reactions with thinned
data.

The Reaction data window shows the source of data in the
title bar, and the reaction above the data grid. Note that if data
from Final, Master or Test are used then the original data
source is also shown in < > brackets. In addition, if there are p
pre-modifications and m modifications, then these are shown as
“+p,m’ following the original data source. The number of data
points is shown to the right of the reaction. The point number,
energy and cross section are shown in the grid. The various
interpolation law ranges are shown in the lower list box, and if
points are selected in the grid then these are also indicated in
the upper text boxes. The selection of data points is linked to
the Visualisation data window; if points are selected there,
and the Reaction data window is open then the points in the
grid are also shown selected. The selected data can be copied to
the clipboard by clicking the Copy button. The entire grid can
be printed by clicking the Print button.

The reaction number used in the databases to identify the
reaction is sometimes required. This can be found (so long as
the reaction exists in Parameter) by clicking on the reaction
name at the top left of the window, a ToolTip showing the
reaction number is displayed when the cursor hovers over the
reaction name.

CCFE Fusion
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The energy and cross section values in the grid are displayed to
six decimal places. The database holds these values to higher
precision, and especially if changing the value of a cross section
at an energy point, it is necessary to know the values more
precisely. This is possible by selecting a single row and holding
the cursor over the grid, a ToolTip is shown with the values to
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twelve decimal places.
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Figure 70. The Reaction data window.

Some data sets contain many points, and because of a limit on
the number of rows in the data grid and also to speed up
loading the data, it is necessary to split a large data set into
‘pages’. Each page contains a maximum of 10,000 data points,
and if paging is necessary then the < and > buttons are enabled.
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These display the next (>) and previous (<) page of data as
appropriate.

At the bottom of the Reaction data window are six tabs. By
default the fourth is shown when the window opens. This
shows the O-value and threshold for the file and those from the
Wapstra mass table. The ratio gives a good indication as to
whether the O-value is correct in the file. The Save tab is also
active for any data source, but if the source of the reaction data
is the Test database (but not for any other source), then the
other four tabs become active. The five tabs other than the
fourth one shown in Figure 70 are shown in Figure 71 - Figure
75.

b [IF (W [ta || |

y ) w00
0.2 1.0 gg O %010
) % 1.00

Factor: | 1.52124E+0 (O »10.0
() w100

Figure 71. The Scale tab of the Reaction data window.

lg |1& [ [ba B |

Reference energy : 147 &V

Mew cross section : 10E-2 b

Figure 72. The Renormalise tab of the Reaction data window.

g J1F | (ke |E [
Select points from 0.5 &% to 100 ket
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Figure 73. The Resonance integral tab of the Reaction data window.
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Figure 74. The Save tab of the Reaction data window.
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Figure 75. The Load tab of the Reaction data window.

The Scale tab (Figure 71) enables a scale factor to be chosen by
selecting a range radio button and dragging the slider. The
resultant factor is shown in the text box. Select the data points
that this modification should apply to and the View button
becomes enabled. Clicking this will plot the modified data. If
this is not correct then clicking the Revert button will plot the
original data. If the change is useful, then it can be saved as a
modification for the reaction by clicking the Save button.

The Renormalise tab (Figure 72) enables a new cross section at
a reference energy to be entered in the text boxes. Select the
data points that this modification should apply to and the View
button becomes enabled. Clicking this will plot the modified
data. If this is not correct then clicking the Revert button will
plot the original data. If the change is useful, then it can be
saved as a modification for the reaction by clicking the Save
button.

The Resonance integral tab (Figure 73) contains two buttons.
Clicking Select will select data points in the range 0.5 eV —
100 keV. Clicking Calculate will calculate the resonance
integral for the reaction and show the result in the first text box
(Note that this text box cannot be edited). Enter the new
resonance integral value in the second text box. Clicking the
View button will plot the modified data. If this is not correct
then clicking the Revert button will plot the original data. If the
change is useful, then it can be saved as a modification for the
reaction by clicking the Save button.
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It is possible to save the selected data points as a ‘scrap’ of
data. This is saved with the file name specified in the text box
on the Save tab (Figure 74) in the folder scraps shown in the
Scrap folder text box on the Source database disk specified
in the Settings window (Figure 1). The interpolation law
applying to the selected points is also saved. Note that it is not
possible to have a data scrap with more than one interpolation
law. This tab should be clicked and then the points required
selected. A file name will be suggested in the text box based on
the current reaction (in Figure 74 this was v-50n,p_ which can
then be customised as required. Clicking the Save button on
the tab writes the scrap to the file.

Data scraps can be merged with the current reaction data (if
these are from Test) using the Load tab (Figure 75). The scraps
can either have been generated using the Save tab or by using
the Scrap editor described below. The available scraps are
shown in the list box, select one of these and then click one of
the radio buttons in the Adjust to fit group. If None is selected
then the scrap data replace data in that range for the current
reaction. If At low E is selected then the scrap data are scaled
so that they have the same value as the current data at the low
energy point. If At high E is selected then the scrap data are
scaled so that they have the same value as the current data at the
high energy point. If At both E is selected then the scrap data
are scaled so that they have the same value as the current data at
both the low and high energy points. This is done by scaling by
a factor that varies linearly with energy between the given
factors at the low and high energies.

Data scraps were described above. Although it is useful to be
able to extract these from an existing file, it may be necessary
to create one from scratch for a particular reaction. This can be
done using the Scrap editor window shown in Figure 76. This
is displayed by clicking on Visualisation|Scrap editor... or
the seventh toolbar button in the main window (Figure 2).
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14 Sc rap editor
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Figure 76. The Scrap editor window.

Existing data scraps can be viewed by selecting the file name in
the list box and clicking the File|Load menu item (a shortcut is
to double click the file name). This shows the energy and cross
section of the points in the data grid, the interpolation law in the
text box and the number of points. A small graph of the data
appears on the right of the data grid. Data in the grid can be
edited by selecting a number and typing. Note that typing will
overwrite the existing value, if you require to edit, then click on
the number and press the space key.

A new data point can be added by selecting the data point
which you require to have the new point added after and
clicking the Add button. The number of points increases and
new values can be entered. To remove a data point, select the
point and click the Delete button. The new scrap can be saved,
either overwriting the existing file, or by entering a new name
in the text box. A new scrap can be constructed by clicking
File|New and entering data. The appearance of the graph can be
altered, checking the View|Lin/Lin axes menu item will plot
using both axes linear and checking the View|Log/Log axes
menu item will plot using both axes logarithmic. The data
points can be joined by checking the View|Show lines menu
item. The selected items in the data grid can be copied to the
clipboard by clicking the Edit|Copy menu item. The entire
scrap file can be printed by clicking the File|Print menu item.
Closing the window (either by clicking the File|Close or the
the Close menu items) without saving the changed data
displays a confirmation dialog that gives the chance to save the
file.

An example of the use of data scraps is the calculation of the
capture and fission cross sections in the energy range 1 107 eV
to the end of the resolved resonance region (Ey). This can be
done using the Single Resonance Approximation (SRA) which
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is described in Appendix 5. To generate the data scrap for a
capture reaction click on the Visualisation|Create (n,g) scrap
using SRA... menu item which displays the Create (n,g)
scrap using SRA window shown in Figure 77. Enter the target
in the first text box, then click on one of the other text boxes.
As much information as possible is then filled in the boxes
automatically from the Parameter database, typically it will only
be necessary to enter a Resonance energy if an experimental
thermal cross section and Resonance integral exist. Choose the
final state and then click the Calculate button. This writes the
data scrap with the given file name and calculates the SRA
Resonance integral. If the Upper energy (Ey) value is less than
the normal upper limit for a RI calculation (100 keV) then a red
warning symbol is shown to the right of the ratio. A ToolTip
explains this symbol further.

Various values of the resonance energy can be tried in order to
achieve a calculated RI close to the experimental value. The
data scrape can also be viewed and edited from within the
Scrap editor window (Figure 76) as described above.

To generate a data scrap for a fission reaction click on the
Visualisation|Create (n,f) scrap using SRA... menu item
which displays the Create (n,f) scrap using SRA window
similar to that shown in Figure 77. The only difference is that it
is not necessary to select a final state.

r@ Create (n.g) scrap using SRA E] -\
Target : Co-58 [&0-108m format]
Thermal s : 1.9000E+02 b Final
Rezonance energy 100 e 8 En
Radiative width : 26500E+00) & O n
Spin factor ; R4 O Tl
Upper energy (EH) ; BAE+2 e¥
File name : Co-B8_n.g_LowE
Experimental Rl ; 7.0000E+03 b
SEARI: 2.9340E+02 b
SEARIAExpRI: 41914802 !

Figure 77. The Create (n,g) scrap using SRA window.

In the Targets and sources window (Figure 67) it is possible
to visualise branching ratio data. This is done by clicking on the
Plot BR button. Note that the caption on this button and
whether it is enabled vary depending on the reaction selected.
In most of the libraries used by SAFEPAQ-II, reactions that
have more than one final state only have reactions to the
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separate final states but not the sum present. Cache is able to
also contain the sum, but before a branching ratio can be
plotted, it is necessary that the sum be calculated. If a reaction
is selected with a final state of 0, 1 or 2 and the sum has not
already been calculated then the button shows the caption Calc
tot. Clicking this will form the sum of the data to the final
states and store the total in Cache. Note that if all the final
states have data ‘on the same energy grid’, then the calculation
is fairly fast even with a large number of points. However, if
the energy grid differs then interpolation is required to form the
sum, and this can take some time.

Following the calculation an additional reaction will appear in
the Reaction list box and the button caption will become Plot
BR and the button will be enabled. Clicking on this button will
display the Branching ratio visualisation window shown in
Figure 78. This is similar to the Data visualisation window
(Figure 68) but with a reduced set of options. There is no
toolbar, but the status bar is used to display information on the
points. In Figure 78 the lower of the orange symbols has been
clicked, information on it is shown in the status bar.

Clicking the File|Print menu item prints the plot to the current
printer. Clicking the Edit|Copy menu item copies the plot to
the clipboard. Clicking the Options|x/y axes menu item
displays a submenu that shows the four axes combinations that
can be used to plot the data. Checking the Options|Show
symbols for data points menu item plots the data points that
make up each curve. Checking the Overplot experimental
menu item plots the experimental data points. If this is not
checked then information on the curve data points can be
shown in the status bar.

Note that if there are a large number of data points, then
plotting the graph can take a significant time.
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Figure 78. The Branching ratio visualisation window.

In the descriptions above the Cache database has been
mentioned several times. The contents of the Cache can be
viewed by clicking the File|Cache contents... menu item or
the second toolbar button in the main window. This displays the
Cache contents window shown in Figure 79. The data grid
shows the reactions that are present, clicking to the left of the
first column will select a reaction and display it in an easy to
read format above the grid. The Source of the reaction is shown
in the first column. The standard ZA and isomeric state values
for the target and daughter are shown in the second to fifth
columns. The ENDF MT reaction code is shown in column six,
and the number of interpolation ranges (NR) and number of
data points (NP) are shown in the final two columns.
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ra Cache contents
File  Edit Wew =< z> Close
Be-7ln.gEe-8
Source £ target | target £8 daughter | daughter MT MR MNP
Final 95243 1] 95242 95 16 1 B4
TALYS-A 95243 1] 95242 1 16 1 54
TaLYS-5 95243 1] 95242 1 16 1 53
ZI Final 4007 1] 4008 95 102 1 100
EAF-97.0 4007 1] 4008 95 102 1 B9
FEMDL -2 4007 1] 4003 95 102 1 B3
Final 11024 1] 11025 93 102 2 138
Final 12024 1] 12025 93 102 1 B12
TalvS-Ea 11024 1] 11025 95 102 1 100
TaLYS-6a 12024 1] 12025 95 102 1 100 v

Figure 79. The Cache contents window.

Clicking the Edit|Find... menu item displays the Find window
shown in Figure 80. Enter the required target nuclide and click
the Find First button (or use the Enter key) to display this
reaction in the Cache grid. Futher reactions with this target can
be found by clicking the Find Next button (or use the Enter
key). The window can be closed by clicking the Close button.

-,

#* Find

Target: Br-21 [Ag-108m format]

Find Mesxt

IIIE

Cloze

Figure 80. The Find window.

Clicking the View|Reaction data... menu item displays the
Reaction data window (Figure 70) for the selected nuclide.
Clicking the >> and << menu items moves to the end and
beginning of the Cache data respectively. A reaction can be
removed from the Cache by clicking the Edit|Delete reaction
menu item, the Cache can be competely emptied by clicking the
Edit|Delete All menu item. Prior to the data being removed, the
confirmation dialog shown in Figure 81 is displayed.
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Cache

<2 Cache contains 6915 reactions,
u'f‘, Delete all reactions from Cache?

[ Yes I | No |

Figure 81. The confirmation dialog prior to emptying the Cache.

All the reactions for the selected target and source can be
removed from the Cache by clicking the Edit|Delete all
reactions for target and source menu item, no confirmation
is necessary prior to removal. If summed reactions with
MT>200 have been produced (see later), then these can be
removed from the Cache by clicking the Edit|Delete all
MT>200 sums for target and source menu item, no
confirmation is necessary prior to removal.

It is possible to combine data in the Cache in several ways.
Firstly, if a reaction has more than one final state, then the sum
(I daughter = 99) can be formed by clicking the Edit|Add sum
of isomeric cross sections menu item. Secondly, if more than
one reaction from the same source form the same daughter, then
these can be added by clicking the Edit{Add sum of cross
sections for same daughter menu item. The exact meaning
of this sum is actually more general then the cross section to the
same daughter since particle production cross sections are also
formed. The selected reaction must be (n,n'p), (n,d), (n,p), (n,t),
(n,n't), (n,h), (n,n'h), (n,a) or (n,n’'a), and one of the sums
(n,d+n'p), (n,t+n'd), (n,p+n’p), (n,t+n't), (n,h+n'h) or (n,a+n’c)
is formed. Note that because of the first two sums it is not
possible to produce (n,d+n'd), this must be done by using the
next menu item. Also note that these particle production sums
contain only the first two terms of the more general sums, such
as (n,xp), defined in Table 1.

At energies above 20 MeV many other summed reactions are
important. In order to produce these all the reactions for a
particular reaction and source should be copied to the Cache.
See the option on the Data selection window (Figure 82) to
copy all reactions to the Cache. Because many reactions are
split and summed reactions are totals it is necessary to add all
the split reactions together. Clicking the Add isomers for all
reactions for target menu item does this for the selected
target. Clicking the Edit|/Add cross sections to create all
MT>200 sums menu item will produce as many summed cross
sections as possible. The various possibilities and the definition
of the summed reactions are shown in Table 1.
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Table 1. Details of the summed reactions with MT>200.

MT

Reaction | Summed reactions

201

(n,n'p+d) | (n,n'p), (n,d)

202

(n,xn) (n,2n), (n,3n), (n,4n), (n,5n), (n,6n), (n,7n), (n,8n)

203

(0,xp) | (n,p), (n,n'p), (n,2np), (n,3np), (n,po)

204

(n,xd) (n,d), (n,n'd), (n,2nd), (n,3nd), (n,da)

205

(n,xt) (n,t), (n,n't), (n,2nt), (n,3nt), (n,to)

206

(n,xh) (n,h), (n,n'h), (n,2nh), (n,3nh), (n,ph)

207

(n,xal) (n,a), (n,n'a), (n,2na), (n,3na), (n,pa)

208

(n,tt+) (n,t), (n,n'd), (n,2np)

209

(n,n't+) (n,n't), (n,2nd), (n,3np)

210

(n,2nt+) | (n,2nt), (n,3nd), (n,4np)

211

(n,3nt+) | (n,3nt), (n,4nd), (n,5np)

212

(n4nt+) | (n,4nt), (n,5nd), (n,6np)

213

(n,5nt+) | (n,5nt), (n,6nd), (n,7np)

214

(n,h+) (n,h), (n,pd), (n,n"2p)

215

(n,0t) (n,0), (n,n'h), (n,pt), (n,n"pd), (n,2n2p)

216

(n,n'at+) | (n,n'a), (n,2nh), (n,dt), (n,n'pt), (n,3n2p)

217

(n,2no+) | (n,2na), (n,3nh), (n,n'dt), (n,4n2p)

218

(n,3no+) | (n,3na), (n,4nh), (n,5n2p)

219

(n,pat+) | (n,pa), (n,dh), (n,n"ph)

220

(n,da+) | (n,da), (n,n’pa), (n,n'dh)

221

(n,tot) (n,tar), (n,n'da), (n,n'th), (n,2npa)

222

(n,n'ta+) | (n,n'ta), (n,3npa)

223

(n,n20+) | (n,n2a), (n,3n2pa)

224

(n,t20t+) | (n,t2a), (n,n'd2)

225

(n,ph+) | (n,ph), (n,n'3p)

If data in the Cache from one of the source libraries are required
in the EAF library, but the reaction is currently not in Master,
then it is possible to add the reaction (which will both add the
Reaction details in Parameter and copy the data to Master) by
clicking the File|Add to Master menu item. If the reaction is
already in Master, but the source of data needs to be changed
then this can be done by clicking the File|Replace in Master
menu item. A similar replacement can be made in the Final
database by clicking the File|Replace in Final menu item.
Prior to changes being made, confirmation dialogs similar to
Figure 81 are displayed. If the selected reaction is from Master,
then the File|Copy to Test menu item is enabled. If the
reaction has preliminary modifications and/or modifications
then it is possible to carry out the modifications from the two
viewing windows (Figure 111 and Figure 120) and put the data
for the reaction into Test. If no modifications exist, then
clicking this menu item will put a copy of the Master data into
Test. Clicking the File|Create Test for all target’'s Final
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reactions menu item creates data in Test for all reactions in
Final for the selected target.

If the data in the Cache are changed while the Cache contents
window is open, then the reactions listed can be refreshed by
clicking the View|Refresh data menu item.

Data can be placed in the Cache from other databases so that
they can be visualised by clicking the File|Data selection...
menu item or the first toolbar button. This displays the Data
selection window shown in Figure 82. The available source
databases are shown in the dropdown list, selecting one of these
will show the targets present in the first list box, and selecting a
target shows the reactions present in the second list box.
Alternatively, one of the three SAFEPAQ-II databases can be
selected from the list box. Whichever database is selected its
path is shown at the top of the window. The data for the
selected reaction are shown in the data grid. Note that if there
are more than one final state then all the reactions are shown.
The data grid shows the Multiplicity of the data, the Q-value
(QD), the number of interpolation regions (NR) and number of
data points (NP). Clicking the Copy to Cache button will add
the data in the grid to Cache. Note that when Final data are
transferred to the Cache a check is made to determine if the
data are already in the Cache, if they are then these data are
removed prior to copying.

If the selected database is Master, then an additional checkbox:
Copy data as Test to Cache is available. Ticking this copies
the data from Master to Cache and an additional copy is also
copied to Cache as Test.

If the Copy all reactions for target check box is ticked, then
clicking the Copy to Cache button copies all reactions for the
selected target to the Cache. This is extremely useful if summed
reactions with MT>200 are required. A time saving feature
introduced from EASY-2005 means that when the Data
selection window is opened the database and target that were
selected when the window was last closed are again selected.

CCFE Fusion
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Figure 82. The Data selection window.

The lists of targets and reactions shown in the Targets and
sources window (Figure 67) are shown by default and refer to
‘normal’ plots. If the Visualisation|Extended plots menu item
in the main window (Figure 2) is checked then only those
targets which have the full range of summed reactions with
MT> 200 present are shown. Similarly the number of reactions
is different and refer to the summed reactions such as (n,xp),
(n,at) and one termed ‘Multiple’. The latter refers to the
reactions (n,y), (n,p), (n,d), (n,t), (n,h), (n,a), (n,2n), (n,3n) and
(n,n'at). When the Plot button in Figure 67 is clicked then a
series of cross section curves are plotted. Experimental data
symbols are shown for each reaction type and if EXFOR data
are overplotted then separate colours refer to data for the
various reaction types.

If the Visualisation|Extended plots, use (n,n'p) not (n,g)
menu item in the main window (Figure 2) is checked then in the
multiple plot case data for the reaction (n,n"p) rather than (n,y)
are displayed. These extended plots are very useful for
comparing several reaction types and investigating relationships
between them. An example of such a plot, for (x,nx) reactions

on '®*W is shown in Figure 83.

If the Visualisation|Extended plots, multiple targets menu
item in the main window (Figure 2) is checked then when a
reaction is selected in the the Targets and sources window
(Figure 67) then all targets (to a maximum of nine) starting
with the one selected for that element are plotted. It is the user’s
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255400

Cross Section (b)

responsibility to ensure that the reactions for the various targets
exist in the Cache and that in the case of split reactions they
have been summed. An example of such a plot, for (x,p)
reactions on Sn is shown in Figure 84.

W-184(n,xn) extended

Cross Section (b)

| |
T T
185+07 28E+07 ATEHDT

Energy (eV)

Figure 83. Plot of '®*W(n,xn) cross sections produced using the

Extended plot option.

Sn(n,p) extended

~ Bn-112

T
102407 205307 A0E+07 L0247 SOE+07 GOE+07

Energy (eV)

Figure 84. Plot of Sn(n,p) cross sections produced using the
Extended plot, multiple targets option.
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Integral data

Measurements can be made in a neutron spectrum, rather than
at a particular neutron energy, to give an average cross section.
In order to use such integral measurements to improve the data
library it is necessary to be able to average the library data in
well defined neutron spectra. Clicking the Integral
data|Neutron spectra... menu item displays the Neutron
spectra window shown in Figure 85.

Note that at the present time there are no integral data stored for
deuteron- or proton-induced reactions. Consequently, there is
no option to view spectra for these particles.

The available neutron spectra, which are stored in the
Parameter database are displayed, followed by the type, a
description and reference. A spectrum can be removed by
clicking the Delete button. Note that if integral data are already
stored for a neutron spectrum then it is not possible to delete
the spectrum (the Delete button is grayed out). A further
spectrum can be added by clicking the Add... button which
displays the Add spectrum window shown in Figure 86. A
name and description are entered in the text boxes, and a type
(number of groups and weighting) is chosen from the dropdown
list. The file containing the spectrum is selected using the
browse button (...) and the reference is selected from the
dropdown list. Note that the file should be in standard ‘ASCII’
format (‘%’ character at the start of comment lines) with the
asc extension. Clicking the Add button will add the spectrum
to the database.

¥ o

Meutron spectra

frz_Bmin s
fne_Thaour

fuzion_flus

fzk_1

fzk_2

fzk_z=316 il

Tope:  [YITaMIN-), 175 groups Add...

Dezcription ;

Containz the flux used at Farlsrube d-Be source,
supplied by U von Mollendorff at FZE, for integral exps
gpectum # 1 [175 group flat].

Feference
kollendaorff U v and Gieze H.. EFF-DOC-728[2000].

Cloze

Figure 85. The Neutron spectra window.
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A neutron spectrum can be plotted by selecting it in Figure 85
and then clicking the Plot... button. This displays the Plot
spectrum window shown in Figure 87. This gives three
options for plotting, showing the neutrons per energy group, per
energy interval or per lethargy interval. The spectrum can be
scaled by a factor entered in the text box, this is useful if it is
required to compare two spectra with very different
normalisations. Select one of the radio buttons and then click
the Plot... button to display the Neutron spectrum window
shown in Figure 88.

Add spectrum

Mame : CF252_flux_1

Type: TRIPOLI, flat v
Description : | CR-252 spectum supplied by Mannhart

File : [:\Safepan DotMethazcitcf252_flux 1. asc [Il

Reference: | MaMOl || | Mabtnhart . and D Schmidt, Add
FHO2001 Taukuba [Japan]

October 2001,

Figure 86. The Add spectrum window.

The menu bar in Figure 88 allows the plot to be printed to the
default printer by clicking the File|Print menu item, and copied
to the clipboard by clicking the Edit|Copy menu item. It is
possible to compare two spectra by plotting them on the same
graph. To do this a spectrum must be stored by clicking the
Store|Store spectrum menu item (the name will then be
shown in Figure 87 when this is subsequently opened again).
The Neutron spectrum window is then closed and another
spectrum chosen in Figure 85. Having plotting this, clicking the
Store|Plot store menu item then displays both spectra.

i ]

Plot spectrum

() Meutrons per group

() Meutrons per energy interval

(%) Meutrons per lethargy
Stored spectium ;
Scale factar ; 1JE-10

Figure 87. The Plot spectrum window.
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Figure 88. The Neutron spectrum window.

The y-axis can be plotted either linearly or logarithmically by
clicking Options|y axis which displays a submenu with Log
and Lin items. The axis ranges can be changed by clicking the
Options|Axis scale... menu item which displays the Axis
scale window shown in Figure 89. Change the values in the
text boxes and then click the Apply button to change the
ranges. Clicking the Options|Thick lines menu item shows the
lines as thick lines, which makes them more visible if the graph
is copied and then pasted into another application.

-,

Axis scale

W LI ; 1.0E-05 &Y

W Maximum ;| 2, 0E+4+07
Apply

yminimum: | g, 7E+11

B rnaximum ; T.0E+14

Figure 89. The Axis scale window.

Once the multi-group cross sections have been calculated, the
Average XS button in Figure 85 becomes enabled. Clicking
this once a spectrum is selected will calculate and store the
average cross section for each reaction (this is the same as the
‘collapsed’ cross section calculated in FISPACT). For an
extended enegy library this takes about 20 minutes. These can
then be compared with experimental integral data.
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The values of the average cross sections for particular spectra
can be seen by clicking on the Integral data|Average cross
sections... menu item in the main window, which displays the
Average cross sections window shown in Figure 90. Select a
target, reaction and neutron spectrum in the three list boxes,
click on the required radio button in the Final state group and
then click the Get average to show the average cross section
value in the text box.

[ = w4

{77 Average cross sections

T arget Reaction : Spectrunm ;

Fe-b2 A | [n2nd] || | ng_chromium. asc A

Fe-hd [F.2n] frig_cucrzr

Fe-55 [r.3n] frig_[Ciyp

Fe-hRE [F.K'a] fig_eurafer. azc

Fe-&7 [F.n'3a) frig_f32h. asc

Fe-58 [m.2na] frig_hafnium. azc

Fe-R9 [.3na] frig_heat

Fe-G0 [F.H'p] frig_Mio

Co-hh ¥ | [nan'Za) ¥ | fg_Re bl
=Sl Ayerage cross zection [b] ; 4 16927E-01
© Tas

Figure 90. The Average cross sections window.

The experimental integral data can be viewed by clicking on the
Integral data|View Integral data... menu item or the
sixteenth toolbar button, which displays the Integral data
window shown in Figure 91. Selecting a target shows which
reactions have data, and selecting a reaction displays the
available data in the grid. In addition to the spectrum name,
cross section and uncertainty shown in the first three columns,
the final column shows a flag. This indicates whether the data
are to be used (so allowing several data in the same spectrum).
The source of the data is indicated by a reference, where this is
known.

rt Integral data
Targets : Fieactions :
Ea'ii - E”»tl:]'a] Spectm Cross Section (B) Delta #-sec (b) Use || Add
= .
Ca48 [n.3n] frig_wanad.asc 2 291600E-02 4 285300E-03 ez
il
?'TEE [.2n] frg_chromium.a... | 3.010000E-02 5.820000E-03 Yes Y
i |
Tid7 P | ek sslE 3503310602 | 1.2261R0E-02 | ‘Yes
Ti-43 fk_s3316 57837 7IE-02 1.900860E 02 Yes [w
THED Mallendorff Ll v, et al, FZKA 6764, (2002) GGl
W51
Figure 91. The Integral data window.
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Clicking the Modify button will display the selected data in
editing boxes below the reference. Changes to the data values
or the flag can then be made and saved to the database by
clicking the Save button. A data point can be removed by
clicking the Delete button. A new data point can be added by
clicking the Add button. This displays the dialog shown in
Figure 31. Clicking the No button displays the Add Integral
data window shown in Figure 92. Enter target and reaction
details in the first text box, the dropdown list and with the Final
state radio buttons. Enter the integral data in the text boxes and
tick the Use check box. The default cross section unit is b, but
by clicking the # button it is possible to toggle between b and
mb for data entry. Note that the # button should be clicked prior
to data entry. Select a reference from the dropdown list.
Clicking the Add button will save the data in the Parameter
database.

Note that the Save button actually becomes the Close, C/E
button which acts as a shortcut to displaying the Integral C/E
window when a change to the data is not in progress. Clicking
this will close the Integral data window (as does the Close
button) and open the Integral C/E window (Figure 94).

-

Add Integral data

Target : Cu-B5 [Aug-108m format]
Reaction : [r.pl s | Use:
Spectrum : frig_sic. asc v

Weser 211662 b [#]
Delta -zec 1.058E-3 b

Reference : | 77777 v

Mo reference available,

Add
Final ztate

g Om On & Total

Figure 92. The Add Integral data window.

The reactions that can be selected in the Add Integral data
window (Figure 92) include the various summed reactions with
MT identifiers > 200 (see Table 1). In some cases experiments
have been carried out on elements rather than isotopes. In order
to improve the estimation of the isotopic effective cross section
from the elemental value under the assumption that the
elemental value applies to the most abundant isotope, a
calculation can be carried out using the current cross section
values.
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Clicking the Integral data|Elemental analysis... menu item
displays the Elemental analysis window shown in Figure 93.
The element, spectrum and reaction are selected from the
dropdown lists and the elemental cross section and uncertainty
are entered in the text boxes. The required isotope (generally
the most abundant) is selected by clicking one of the radio
buttons to the left of the table and the Get data button is
clicked. The particle production cross sections for the various
isotopes are calculated and entered in the third column of the
table. When all the cross sections have been calculated then the
sum is formed and the k; values defined in equation (2) are
calculated and displayed in the fourth column. In equation (2)
the cross sections (o;) are the library values, while f; are the
abundances. Finally the isotopic cross section value is displayed
in the text box.

k; = af/ijaj (2)
j

By default the natural abundances are displayed in the second
column. By clicking on the Enriched radio button it is possible
to edit the abundance values to the required values. As can be
seen from Figure 93, the isotopic value is generally similar to
the elemental value, but this depends on the actual cross
sections for the selected element.

rﬁﬁ Elemental analysis E]@]w

Element : Mg | Abundance

) Matural
Spectrum: ELE ¥ O Eniched
Reaction : [,xt] "

Elemental <%5> ;| 5 4000E-03| + | 1.0000E-03| b

|zotopic <#5 45642E-03 = | S.4523E-04| b

Uze lsotope Abun [%(] <X5> [b] k

) Mg24 78.3300) 3.0533E-03] 8.4523E-01
O Mg-25 10,0000  ¥.650BE-03 21176E+00
O Mg 11.0100)  3.3573E-03 1.0353E+00

Figure 93. The Elemental analysis window.
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Selecting a data set in Figure 91 stores details of the reaction
and writes the reaction name in the main window status bar.
Closing Figure 91 retains details of the selected reaction and
enables the Integral datal|lntegral C/E... menu item. Clicking
this displays the Integral C/E window shown in Figure 94 (the
reaction is shown in the title bar). This initially shows the same
integral data as in Figure 91 (but only where the Use flag is
‘Yes’) and if the multi-group cross sections have been
calculated then the average cross section for the reaction using
data in Final are presented with the C/E value. If the multi-
group data have not yet been calculated then ??7??’ is shown.
Note that if a particle production cross section is selected then
the calculation of the C/E values takes some time, and the user
is warned by a message in the Staus bar to have patience. If the
data are in Final then the Plot... button is enabled — its use is
described below. If the reaction is in Test then the Test button
is enabled. Selecting one of the spectra enables the Reaction
rate... button. Clicking the Copy button places the entire
contents of the data grid on the clipboard.

Clicking the Test button will expand the window, change the
heading of the third column from ‘Final’ to ‘Test’, change the
values displayed in the grid and display another grid. This
enlarged window is shown in Figure 95, showing the multi-
group data calculated using Test and several new buttons and
controls.

P | frg fB2h asc
frg_sic. azc
frig_wanad. asc

zheq_T1

Integral C/E - Fe-56(n.p)Mn-56
Spectrum Intergral XS b | Final S ] C/E A

9.313500E-02 |  9.275243E-02| 093589 -
9677400E-02 |  9.3154B9E-02| 097265
916M00E-02|  7.7BROTIE-02 | 0.84731

1.073000E-01 1.023362E-01 | 095333 |»

Figure 94. The Integral C/E window.
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Figure 95. The C/E Integral data window (enlarged).

Clicking on a spectrum displays the group cross sections in the
lower grid, the number of energy points and the weighting are
shown above the lower grid. Initially the Factor for each group
value is 1.0. If it is required to alter the group data to get a
better C/E value, then select the required groups and alter the
factor in the text box. Clicking the Apply button will display
the new factor in the lower grid, recalculate the C/E value and
display it in the upper grid and enable the Save as mods
button. Note that all spectra with the same number of groups
(irrespective of the weighting) have their C/E values updated.
Clicking the Save as mods button will find a set of
modifications (Mod type 4) for the correct energy ranges and
store them in Parameter. It will also remove from the Test
database the current reaction. This forces the reaction to be
remade using the modifications before it can be used again.

Clicking the Copy GXS button copies the selected data in the
lower grid to the clipboard. Clicking the Print GXS button
prints the entire contents of the lower grid to the default printer.
Clicking the Copy C/E button copies the entire contents of the
upper grid to the clipboard.

In both Figure 94 and Figure 95 there is a Reaction rate...
button. If the one in Figure 94 is clicked then the reaction rate
data for the reaction in Final are plotted. If the one in Figure 95
is clicked then the data in Test are plotted. The graphs are
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displayed in the Reaction rate window shown in Figure 96.
What is plotted is shown in equation (3), where the reaction
rate in the ith group is shown in terms of the group cross
sections (o;) and group fluxes (¢). It gives a visual indication of
the energies at which the cross section in a particular spectrum
contribute significantly to the production of the daughter
nuclide. This can be used to indicate where changes in the cross
section should be made so as to improve the C/E value.

R, = o:-¢l-/ 2% 3)

RR Reaction rate

File Edit Options

1.0E+1 ¢
1.0E+0 +
1.0E-1 ¥
1.0E-2 +
1.0E-3 &
1.0E-4 &

1.0E-5 &

Reaction Rate

1.0E-6 &+
1.0E-7 &+
1.0E-8 &

1.0E-9 ¥

1.0E-10

Fe-56(n,p)Mn-56 in fng_f82h.asc
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1E+7 1E+8

Neutron Energy (eV)

Figure 96. The Reaction rate window.

The menu bar in Figure 96 allows the plot to be printed to the
default printer by clicking the File|Print menu item, and copied
to the clipboard by clicking the Edit|Copy menu item. The y-
axis can be plotted either linearly or logarithmically by clicking
Options|y axis which displays a submenu with Log and Lin
items. The axes ranges can be changed by clicking the
Options|Axis scale... menu item which displays the Axis
scale window shown in Figure 89. Change the values in the
text boxes and then click the Apply button to alter the ranges.

Returning to Figure 95, clicking the Plot... button displays the
Integral C/E graph window shown in Figure 97. This shows
the C/E values for the various neutron spectra with error bars
representing the experimental uncertainty. If uncertainty data
exist in the Final database then the uncertainty value for the
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reaction is used to display an error band around the C/E =1
value. If the Options|Show values menu item is checked then
the C/E values are displayed next to each point and on the error
band. The graph can be printed to the default printer by clicking
the File|Print menu item, and copied to the clipboard by
clicking the Edit|Copy menu item.

Integral C/E graph

ok

Eile  Edit  Options

Integral C/E for Fe-56(n,p)Mn-56

C/E =[1.2585
CIE =%.2265 }
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C/E
'_

R TTTNANT RPN Tq%ﬁa _

CIE = .8478

fng_f82h.asdng_vanad.asc sneg_2 fns_dmin  cf252_flux_1 cf252_flux_1 fzk_ss316 rez_DF

fng_sic.asc  sneg_1 fns_Thour cf252_flux_1 cf252_flux_1 cf252_flux_1 fzk_ss316
Neutron Spectrum

Figure 97. The Integral C/E graph window.

Since EAF-2007 it is possible to display the C/E values in
another way. Selecting the Integral data|Extended C/E plot
menu item in the main window checks it and means that when
the Plot... button in Figure 94 is clicked then the Integral C/E
graph (Extended) window shown in Figure 98 is displayed. In
this case the reaction rate for each spectrum is calculated and
the point is placed at the energy corresponding to the maximum
reaction rate. The energy interval such that 90% of the reaction
rate is contained is calculated and used to plot an energy ‘error
bar’. Such a plot shows clearly the energies at which the
integral data can be used to validate the EAF data.

CCFE Fusion
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Figure 98. The Integral C/E graph (Extended) window.

The File|Print, Edit|Copy and Options|Axis scale... menu
items are the same as in the Integral C/E graph window
(Figure 97).

If the Options|x axis ticks menu item is clicked then a sub-
menu opens with the menu items 1 — 6 shown. Checking one of
these displays the graph with the corresponding number of x
axis tick marks. In Figure 98 six tick marks are shown. If the
Options|y axis ticks menu item is clicked then a submenu
opens with the menu items 1 — 5 shown. Checking one of these
displays the graph with the corresponding number of y axis tick
marks. In Figure 98 three tick marks are shown.

If the Options|Show values menu item is clicked then a
submenu opens with the menu items None, All, Band and
Points shown. Checking All displays the mean energy and C/E
values next to each point and the library uncertainty next to the
error band. Band only displays the library uncertainty next to
the error band, Points only displays the mean energy and C/E
values next to each point. None removes all values.

If the Options|Legend menu item is clicked then a submenu
opens with the menu items None, Right, and Bottom shown.
Checking Right displays the spectrum name for each point in a
legend at the right of the graph. Checking Bottom displays the

User manual: Issue 8, March 2010 CCFE Fusion



78

SAFEPAQ-II

spectrum name for each point in a legend at the bottom of the
graph. None removes the legend.

The above discussion refers to comparing the data in Final (or
Test) with the experimental integral data. It is also possible to
do the same comparison using data from one of the data
sources. The choice of source library is made by clicking on the
Integral data|Select Source library... menu item which
displays the Select Source library window shown in Figure
99. Select the required source and then click the Select button.

L O

Select Source library

Source libram uzed for CAE comparizon ;

Talvs-4 -
Talv'5-5

TalyS-ba Select
TALTSS
TALYS-Ba

Figure 99. The Select Source library window.

The Integral data|lntegral C/E for <Source>... menu item in
the main window is enabled, for example if the TALYS-6a
source is selected then it reads Integral C/E for TALYS-6a....
Clicking this displays the Integral C/E for TALYS-6a window
which is identical to Figure 94 (except that the name of the data
source is shown in the title bar). The data for the selected
reaction in the source are collapsed with the required neutron
spectra. Only data for the selected reaction are processed in this
way, the progress of the generation of the multi-group data for
the various group structures can be seen in the main window
status bar. The plotting of graphs for the selected source
follows exactly the description given above for data from Final.

Reaction data

The next objective of SAFEPAQ-II is the processing of reaction
data to produce EAF data files. Based on the ideas used in
SYMPAL this consists of a number of well defined steps.

e Construct a list of reactions that are required in the library.
e Decide on the source of data for each reaction.
e Compile data from these sources into the Master database.

e Based on the experimental data and systematics held in the
Parameter database, construct a set of modifications, which
when applied to the data in Master produce the data in the
Final database.
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e Use Final to produce a summary of each reaction (thermal,
30 keV, 14.5 MeV and 20 MeV cross sections and the
resonance integral).

e Produce the multi-group data (stored in Final).
e Produce the uncertainty data (stored in Final).

e Carry out internal validation against the data held in
Parameter (Validation plots).

e Write out the point wise, group wise and uncertainty files in
EAF format.

e Produce the various items of documentation (REPORT file
and reaction list).

Each of these steps is accomplished by using items on the
Reaction data menu, they are all described below.

Clicking the Reaction data|Reaction list menu item or the
twenty-second toolbar button displays the Reaction list
window shown in Figure 100. Enter an element symbol in the
first text box and click the Get data button to show the
nuclides for the entered element in the Targets list box. Select
a target and all the reactions along with the existing source of
data are shown in the large list box. If the Select previous
reaction option is checked and a reaction is selected, then
when another Target is selected the reaction type (now shown
in the Select previous reaction text) is automatically selected.
A ToolTip shows the reaction number and the multiplicity of
the selected reaction. The source of data for a particular
reaction can be changed by clicking the Modify... button. This
displays the Modify reaction window shown in Figure 101.

o

.
{rel Reaction list
Element : Ca [ format] Targetz: | Co-bh ~
Co-5E
Select previols reaction : EEES Gt data
) Co-B8m | ™
Reaction Source add
Co-55(n, dnp) Fe-51 TALYS-6a ~
Co-55(n,a)Mn-52 TALYS-6a Madiy...
Co-55(n,a)Mn-52m TALTS-6a
Co-55(n,d)Fe-54 TALTS-6a
Co-55(n,dza) Ti-46 TALYS-6a
Co-55(n,daiCe-50 TALY3-6a
Co-55(n,dh) Cr-51 TALYS-6a v HEe

Figure 100. The Reaction list window.
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L el

Modify reaction

Target : Co-B5

Reaction: [n.a]

Daughter: MrG2 > & gm0 n (D Tatal

Source TALYS-64

SIGECH-MASGAM e
TalYS-5

TALYS-5a

TaLYS-E

TaLYS-6a

WD i

b ultiplicity : 2 1.2 73]

b odif
b adify Multiplicity in M aster : [
Madify Multiplicity in Final : [

Figure 101. The Modify reaction window.

The current source of the selected reaction is displayed, and the
available data sources are shown in the list box. The current
multiplicity of the reaction (number of final states) is shown in
the Multiplicity text box and the current reaction final state is
indicated by the radio buttons. A new source and/or
multiplicity, final state can be selected from the list box,
entered in the text box and by clicked the correct radio button.
Clicking the Modify button will save the data in the Parameter
database. Note that if the multiplicity of a reaction is modified
using this window after the Master and Final databases have
been generated then it is necessary to also modify it in them.
Depending on the stage of processing that has been reached,
then the Modify Multiplicity in Master and/or Modify
Multiplicity in Final options should be checked prior to clicking
the Modify button.

Clicking the Add... button in Figure 100 displays the Add
reaction window shown in Figure 102.

The target of the new reaction is entered in the first text box (by
default the target in the Reaction list window (Figure 100) is
entered), the reaction is selected from the dropdown list, the
data source is selected from the list box and the multiplicity and
final state are entered in the text box and selected with the radio
buttons. Clicking the Add button will save the data in the
Parameter database. Note that if the reaction list is being added
to after the Master and Final databases have been generated
then it is necessary to add data for the new reaction to them.
Depending on the stage of processing that has been reached, the
two Add data to <Name> databases check boxes should be
ticked or cleared.
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i 1

Add reaction

Target : Co-55 [#.g-108m format)
Reaction: | [r,2nd] w| [ Ak
Source TALYS-Ba

SIGECH-MASGAM FN

TALYS-B

TaLYS-ba

Talvs-6

TALYS-Ba

WiIND hl
Multiplicity : 10 [1.2.3]
Firnal ztate
Og Om On G Total

Add

Add data ko Master databasze
&dd data to Final databaze :

Figure 102. The Add reaction window.

If the reaction does not exist in the selected data source then the
most sensible alternative will be used, if possible, by default.
Thus if the reaction is (n,d) and only (n,n'p+d) data exists in the
source then data for this reaction will be used. If the Ask check
box is checked then a dialog will confirm this.

Clicking the Delete button in Figure 100 removes the reaction
from the ReacSummary table in the Parameter database.

The tasks of adding and deleting reactions and changing the
data source for an existing reaction are common during library
preparation. There are several ways of achieving these tasks in
SAFEPAQ-II and the following recommendations are made for
carrying them out efficiently. Prior to the generation of Master
and Final is the best time to add or delete reactions and the
Reaction list window (Figure 100) is the best place to do this.
The data source can also be changed using the Modify reaction
window (Figure 101) at this stage, but if Master and Final have
already been produced then the Single reaction window
(Figure 124) is to be preferred. Note that if the Modify reaction
window (Figure 101) is used to change the source and Master
already exists then this will cause problems as the Reaction list
window (Figure 100) will show this change (reflecting the
change in Parameter), but Master will still contain the original
source.

It is possible to change all instances of a data source to another
for all targets in a specified ZAI range (ZAI = 10000 x Z+10 X
A+I). Clicking on the Reaction data|Global source
replace... menu item displays the Global source replace
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window shown in Figure 103. Enter the original and new data
source identifiers and the ZAI limits in the text boxes and click
the Replace button to make the change.

i ]

Global source replace

Change all instances of | TALYS-6
ta TALYS-Ba
for 4| » 2392250 Replace

and ZAl < | 330000

az the source of reaction data.

Cloze

Figure 103. The Global source replace window.

When moving from an EAF library with an upper energy limit
of 20 MeV to one with 60 MeV, a considerable number of
reactions need to be added. In the construction of EAF-2005 the
TALYS data source was used extensively. Reactions present in
TALYS but not in the previous EAF library (EAF-2003)
needed to be added. This can be done by clicking on the
Reaction data|Add new reactions... menu item that displays
the Add new reactions window shown in Figure 104. A
choice of which reactions to include is made by entering a value
in the text box. If the reaction in TALYS has a maximum cross
section at some energy greater than this value then the reaction
is added to the ReacSummary table in Parameter. Clicking the
Add button adds all the relevant reactions.

i) Add new reactions
Fram the TALY'S zource with masimum =5 » 1.0E-6 b
T argets
) Al Add

so:

Figure 104. The Add new reactions window (All option).

This is the default behaviour, with the All Targets option
selected. If the One Targets option is selected then the
window will be displayed as shown in Figure 105. This enables
reactions for only the specified target with large enough cross
section to be added from TALYS.

i) Add new reactions
Fram the TALY'S zource with masimum =5 » 1.0E-6 b
T argets
) Al Add

*) One Target: |'w-184]

[Aug-108m format]

Figure 105. The Add new reactions window (One option).
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In the Add new reactions window (Figure 104) and several
other windows the word TALYS appears. There are several
data sources of this type and the one that is required to be used
is entered in the Version of TALYS text box in the Settings
window (Figure 1).

During the development of deuteron and proton libraries it is
common to start with a reaction list for neutron-induced
reactions. When the incoming particle in the list is changed
form n to say d, then many of the reactions in the list will be
elastic reactions such as (d,d) where the daughter is not an
isomeric state. These reactions can be removed from the list by
clicking the Reaction data|Delete elastic reactions menu
item.

Reading the Log and checking on errors often requires that the
reaction number in the Final database be identified. This is
possible by clicking on the Reaction data|Reaction numbers
menu item that displays the Reaction numbers window
shown in Figure 106. Enter the reaction number in the text box,
click the Get details button and the reaction and source are
shown.

[ ]

Reaction numbers

Reaction number in Final ; 56430

Get detail
Reaction:  Te-123[n.4nd)SE-118m
Source TALYS-6a

Figure 106. The Reaction numbers window.

Clicking the Reaction data|Reaction search menu item or
the twenty-third toolbar button displays the Reaction search
window shown in Figure 107. Using this window searches can
be made for particular reaction types or data sources. If
searching by reaction type then select the Reaction radio
button and select a reaction type from the dropdown list and
choose the initial and final states with the radio buttons.
Clicking the Get reactions button shows all reactions that fit
the criteria, the data source and the total number of reactions.
This list can be printed out by clicking the Print button and
placed on the clipboard by clicking the Copy button.

If the Score check box is checked then the search can be
refined by specifying a score; then only reactions with that
score are returned. If the Show systematic UseR check box is
ticked then the status of this flag is also returned. ‘+’ indicates
the flag is set, ‘-’ that it is cleared and ¢ ’ indicates that the
reaction has no systematics flag. If searching by reaction type
then there is an additional option to sort the reactions by target
(the default) or by data source (then within that source by
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target). To do this click the right hand radio button above the
list box.

If a search by data source is required then click the Source
radio button and select the source from the dropdown list.
Clicking the Get reactions button shows all reactions that fit
the criteria, the data source and the total number of reactions.

¥ h
(Al Reaction search E]
Reaction type: | [n,p) v Search by
(¥} Reaction
Source : ACTL W O Source
Erare 0 | Show Systematic UzeR flag Scare
795 reactions (3 Sort by target () Iritial state
O g
C-13(n,p)B-13 TALYS-6a ool o
C-14in,p)B-14 IEAF-2001 0+
Ne-20(n,p)F-20 TALYS-6a 0+ O n
Ne-21(n,p)F-21 TLLYS-6a 0+ @ Al
He-22(n,p)F-22 TLLYS-6a 0+
Na-z4(n,p)Ne-24 TALYS-6a O+ Final state
Mg-zd(n,pila-24 IRDF-2002 - O g
Mg-24(n,piNa-24n IRDF-2002 -
Mg-28(n,piNa-25 TALYS-6a - O om
3i-31{n,p)Al-31 TALYS-6a 0+ Oion
$i-32(n,p)Al-32 TALYS-6a 0- O Total
P-32(n,p)5i-32 TLLYS-6a 0+
P-33(n,p) 5i-33 TLLYS-6a 0+ © Al

5-35(n,p)P-35 TALYS-6a 0+ )
5-36(n,p) P-36 TALYS-6a 0+
Ar-33(n,p)Cl-38 TALYS-6a 0+ :
Ar-33(n,p)Cl-36n TALYS-6a 0+
Ar-39(n,p)Cl-39 TALYS-6a 0+

Ar-4l (n,p)Cl-41 TALYS-6a 0+
Ar-42 (n,p)Cl-42 TALYS-6a 0+

K-42 (n,p)Ar-42 TALYS-6a O |

Figure 107. The Reaction search window.

Another way of making global changes of the data source for
sets of reactions is by considering the Quality score for the
reaction (see Table 4). By clicking on the Reaction
data|Change data source for score=0 to TALYS for
reaction type menu item and then selecting a reaction type
such as (n,2n) from the submenu, then all (n,2n) reactions that
have score = 0 and with a data source not set to TALY'S will be
changed to data from the current TALYS version. The submenu
shows fifteen reaction types explicitly. All the remaining
reaction types can be changed together by clicking the Others
menu item.

After making significant changes to the reaction list it is
sensible to check that all the specified data sources for each
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reaction actually contain data. This can be done by clicking the
Reaction data|Check|Sources in reaction list... menu item
which displays the Check sources in reaction list window
shown in Figure 108.

il Check sources in reaction list g

G reactions with no data in zource libram

Ir-1%94n(n,a)Re-191 ADL-3
Ir-194nin,h)Re-192 ADL-3
Ir-194n(n,2p)Re-193 ADL-3
Ir-194n(n,n'p)0s-193  ADL-3
Ir-194n(n,d)0s-193 ADL-3
Ir-194n(n,p)0s-194 ADL-3

Delete al
Get reaction:
Print

Copy

Cloze

Figure 108. The Check sources in reaction list window.

Click the Get reactions button to display a list of reactions for
which the specified data source actually contains no data. The
list can be printed out by clicking the Print button and placed
on the clipboard by clicking the Copy button. During the
production of the EAF-2007 proton-induced library there was
only a single data source. Therefore all reactions listed needed
to be removed from the reaction list. In such a case all the listed
reactions can be removed by clicking on the Delete all button.

A second check that can be carried out is to check that all the
reactions have daughters that are also defined in the list of
nuclides. Problems may occur with reactions having isomeric
daughter states not defined in the nuclide list. Clicking the
Reaction data|Check|Daughters in reaction list... menu
item displays the Check daughters in reaction list window
which is identical to Figure 108, except that the text reads
‘reactions with no decay data for daughters’.

A third check that can be carried out is to check that all the
multiplicities are correct. Clicking the Reaction data|Check]|
Multiplicities in reaction list... menu item displays the Check
multiplicities in reaction list window shown in Figure 109.
Select one of the radio buttons specifying the multiplicity to test
and then click the Get reactions button to display a list of
reactions for which the multiplicity is incorrect. The list can be
printed out by clicking the Print button and placed on the
clipboard by clicking the Copy button.
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{rel Check muliplicities in reaction list g

0 reactions with wrong multplicit

b ultiplicity
® 1
O 2
O 3

Get reaction:
Print

Copy

Cloze

Figure 109. The Check multiplicities in reaction list window.

A fourth check that can be carried out further checks that all the
multiplicities are correct. Clicking the Reaction data|Check]|
Multiplicities in reaction/nuclide lists... menu item displays
the Check multiplicities in reaction/nuclide lists window
which is identical to Figure 108, except that the text reads
‘reactions with multiplicity <> number FS’. Click the Get
reactions button to display a list of reactions for which the
multiplicity is incorrect. The list can be printed out by clicking
the Print button and placed on the clipboard by clicking the
Copy button.

Having decided on the reactions and their sources the next step
is to construct the Master database. This is done by clicking on
the Reaction data|Generate Master database menu item. If
Master already contains data then the confirmation dialog
shown in Figure 110 is displayed prior to deleting any data. It
takes a significant time (~ 7 hours) to generate Master.

'y

SAFEPAQ-NI

<> Master contains 66258 reactions.
m‘/ Celete all reactions from Masker?

l Yes ] t o 4

Figure 110. Confirmation dialog prior to deleting reactions
from Master.

The next step is to find modifications to the data in Master.
This is divided into two stages; termed preliminary
modifications and modifications. In the first stage three types of
preliminary modifications are considered. Firstly any pre-
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equilibrium modifications to capture data at high energies are
found. SAFEPAQ-II carries out this step by comparing the
Master data with that predicted by systematics at 14.5 MeV.
Only reactions with a multiplicity of one are considered (to
avoid issues with branching). Any reactions where (data in
Master / Systematics) < 0.5 are noted and the additional data
are generated using the Zhixiang and Delin formula for direct
capture. This generates 119 (39 in the case of a non-extended
energy library) data points in the energy range 1 — 60 (20) MeV,
these are stored in the Additional data table of Parameter and a
modification of Mod type 9 is stored for the reaction. Click on
the Reaction datalFind all pre-equilib preliminary
modifications menu item to carry out this action.

The data files contain ‘double points’. These are where two
data points have the same energy but different cross sections.
Double points (and single points exactly at the Ey value for
(n,y) reactions) can cause problems. It is necessary to slightly
shift the energy value of such points, clicking the Reaction
data|Find all EH preliminary modifications menu item
carries out this step.

Thirdly, it is possible that some data files contain inaccurate Q-
values for the non-threshold reactions. These can be corrected
by using data from the Wapstra mass table. Any reactions
where the O-value in Master differs by more than 5% from the
Wapstra value are changed to the Wapstra value. Click on the
Reaction data|Find all non-threshold Q-value preliminary
modifications menu item to carry out this action.

These three types of preliminary modifications involve several
of the basic modifications considered in SAFEPAQ-II. The
nineteen modification types are shown in Table 2. The results
of these steps can be viewed by clicking the Reaction
data|View preliminary modifications... menu item or the
twenty-fourth toolbar button which displays the Preliminary
modifications window shown in Figure 111.

Modifications are either introduced automatically during
processing or in an ‘Ad-hoc’ fashion. For those added by
processing there is a yellow background text box containing
‘Process’. For Ad-hoc mods the box contains ‘Ad-hoc’ on a
blue background. If the Change value of Kind check box is
ticked in the Settings window (Figure 1), then it is possible to
toggle the type by double clicking the coloured box with the
mouse. This should not normally be necessary and the check
box should normally be cleared. If the Ext check box is ticked
then values of parameters for pre-modifications in the External
database (see page 154) will be displayed in a ToolTip. If there
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is more than one pre-modification, then pressing the ‘>’ or ‘<’
keyboard keys will display the next or previous details. For
some reactions there may be two data merge (Mod type 13) pre-
modifications present. The order of these is important and it
may be necessary to reverse them, which can be done by
selecting the first data merge and then clicking the Switch
button.

LT Preliminary modifications E]
2125 reactions
Be-2(n,a)He-6 o] Lowenergy: | 0.00000E+00  eY
BEe-10in,q)Be-11 High . A
E-10(n,n'p)Be-9 igh energy: | 0.00000E+D0 e
E-10(n,q1E-11 Refenergy: | 1.00000E+05 &V
E-10(n,p)Ee-10 .
F-10(n,d|Ee-9 Yalue at Ref:| 0.00D000E+00 b [] Ewt
B-10(n,t)Be-8& Factar 1.00000E -02 Process
B-10(n,h)Li-&
B-10(n,a)Li-7 w | Modbype: Change energy walue
Comment ; b [ Save l [ Switch ]
[ Delete all Mods for reaction l [ Print l [ Delete kod l
[ Delete all Mods in Parameter l [ Test Modz l [ Add Mod... l [ Cloze l

Figure 111. The Preliminary modifications window.

In Table 2 a brief description of the Action of each Mod type is
given, followed by a specification in terms of the six fields used
in each modification. These are [Elow], [Ehigh], [Eref], [Xref],
[fact], [Addnum]. The first five are Double data types and the
last is a Long. The first three are typically energy values, the
fourth is a cross section, the fifth a factor and the sixth the
identification number of additional data. Details of what each
modification does in terms of the data points are given in Table
3.

In Figure 111 values for the first five of these fields are shown
in the text boxes and the Action of the modification is shown in
the Mod type text box. The value of the Addnum field is rarely
required, but it is available in a ToolTip by hovering the cursor
over the Mod type text box. If a Mod Type 13 (data merge)
modification is selected then the ToolTip also shows the upper
energy (Emax) of the data merge. Selecting any of the reactions
in the list box shows the values of the first five fields for the
first modification in the text boxes. If there is more than one
modification for the reaction then the > and < buttons are
enabled, it is possible to view each of the modifications by
clicking < to move back and > to move to the next one. The
selected modification can be removed by clicking the Delete
Mod button. Clicking the button actually inserts a Mod type 17
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modification for the reaction. The reason is that this Ad-hoc
deletion is stored and can be redone automatically for a future
library. There may be times when the pre-modification needs to
be removed completely and this can be done by clicking the
Delete Mod button with the snhift key pressed. A new
modification can be added by clicking the Add Mod... button
which displays the Add Preliminary modification window
shown in Figure 112. Note that if the shift key is pressed
while clicking the Add Mod... button, then the details of the
currently selected reaction are added to Figure 112.

i |

Add Preliminary modification

Target : 013 [£9-108m farmat]
Reaction : (h.g] w

D aughter state

g 3 m On {(*) Total

Modtype: | Add Pre-equilibrium w
Loy erengy 1.00000E+05 &Y
High energy : B.O000DE+O7 &Y
Ref. enengy 1.45000E+07 &V

Add
Yalue at Bef no b

Figure 112. The Add Preliminary modification window.

Enter details of the reaction in the text box, dropdown list and
with the radio buttons. Select a type of modification in the Mod
type dropdown list and add any values required in the text
boxes. Note that the boxes that require data are shown in white
rather than grey. If the Data merge (Mod type 13) modification
is chosen from the dropdown list then a list box of the source
databases becomes visible. If the Low energy merge (Mod type
18) modification is chosen from the dropdown list then list
boxes showing the source databases and the reaction types
become visible. For both modification types it is necessary to
select a database from the Source databases dropdown box
which will provide the data for the reaction. In the Low energy
merge it is possible to use data for a different type of reaction
than the reaction specified in the Reaction dropdown box. To
do this select a reaction for the low energy data from the
Source dropdown box. Clicking the Add button will add the
modification to the Parameter database.

Note that from EASY-2005 it is possible to do a data merge
using data from a summed reaction rather than only for a
reaction of the exact reaction type.
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Table 2. Specification of the modification types.

Mod Action Specification

type

1 Extrapolated data points Additional data points between [Elow] and [Ehigh] extrapolated
using the law in [Xref].

2 Renormalise to systematics | Renormalise all data between [Elow] and [Ehigh] to the
systematic value [ Xref] given at 14.5 MeV or 30 keV [Eref].

3 Renormalise to experiment | Renormalise all data between [Elow] and [Ehigh] to the
experimental value [Xref] given at [Eref].

4 Renormalise by factor Multiplies all data between [Elow] and [Ehigh] by a factor
[fact].

5 Removes data points Removes all data points with [Elow] < Energy < [Ehigh]. Note
that mod implemented for no points > [Ehigh] at this stage.

6 Renormalise by linearly Multiplies each data point between Ey [Elow] and 60 MeV

energy dependent branching

[Ehigh] by factor f. £=f;ig +(fign-Tmia) “(E-Emia)/(Enigh-Emia)-

ratio Enigh=[Eref], fniq=[Xref], fuin=[fact].

7 Modification of Q-value Replaces QI in the Reaction entry by the new Q-value [Eref].

8 Change number of points Removes npt [Addnum] points from the start of cross section,
replaces by 1 point [Xref] at E [Eref]. Adjusts NP in Reaction
and Interpolation tables.

9 Pre-equilibrium addition Additional cross section data between [Elow] and [Ehigh] given

in [Addnum].

10 Change interpolation law

The interpolation law for points between [Elow] and [Ehigh] is
changed to Int([fact]). Note that when entering [Elow] use a
value > than the value required.

11 1/v addition

Additional cross section data between 1 x 10~ eV [Elow] and Ey
[Ehigh] given in [Addnum]. Curve can go through [Xref] at
[Eref] if required.

12 Add a data scrap

Additional data between [Elow] and [Ehigh] given in [Addnum].
The interpolation law is Int([fact]) and the number of points is in
[Eref].

13 Data merge

Additional data above [Eref] given in [Addnum]. The
interpolation law is Int([fact]) and the number of point is in
[Xref].

14 Change energy value

Data points at [Eref] are changed by a factor 1 + [fact]. Lower
point by (1-[fact]), the higher (if present) by (1+[fact]).

15 Change cross section

The data point at [Eref] has its cross section value changed to
[Xref].

16 Add single data point

A new data point of cross section value [Xref] at [Eref] is added.

17 Delete modification An existing modification of type [Addnum] with parameters
given by [Elow], [Ehigh], [Eref], [Xref], [fact] is not used.
18 Low energy merge Additional data below [Eref] given in [Addnum]. The

interpolation law is Int([fact]) and the number of point is in
[Xref].

19 Energy scale shift

All data points have energy value increased by [Eref].
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Table 3. Details of the modification types.

Mod Description Diagrams

type

1 Current data for the reaction has E 9 points
the last point at E per . Ejow and “’i”“ o
Enigh are such that Eppe; < Ejow < R
Enigh. Using the final two data .R

points to extrapolate, cross section
values for the 11 points (at Ejyy
and Ey;y, and 9 others in between)
are calculated.

2 Current data points in range E,,, < X

. ref
E < Epigh and the next point > Ej;gp
are multiplied by a factor so that
the average curve of the points
passes through X... Note that E ¢
is one of the energies where
systematics are defined.

3 Current data points in range E,,, < X
: ref
E < Epigh and the next point > Ej;gp
are multiplied by a factor so that
the average curve of the points
passes through X... Note that E ¢
can be any value.

4 Current data points in range E,,, < '
E < Epigh and the next point > Ej;gp
are multiplied by a factor f.

5 Current data points in range E,,, <
E < Ejjign are removed from the

data set. Note that there must be ?
no points > Ejg, in the set and if

the point at Eypyper (= 20 or 60 Ehigh
MeV) is removed by this T
operation then it is added back to
the dataset. Eiow
6 Current data points in range E,,, <

E < E,.rare multiplied by a
linearly energy dependent factor f.
f:fO +(fl'fO)*(E'Elow)/(Eref‘Elow)'
fo=[Xref], fi=[fact]. If £<0 then f'is
set to 0.001.Data points in range
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Mod
type

Description

Diagrams

Erer < E < Eyign are multiplied by
the factor f;.

Replaces QI in the Reaction entry
by the new Q-value [Eref]. Note
that no data points are changed.

Removes npt [Addnum] points
from the start of cross section,
replaces by 1 point [Xref] at E
[Eref]. Note that these points must
be at the start of the data set.

Additional cross section data
between [Elow] and [Ehigh] given
in [Addnum] are added. If the data
overlaps the current data set then
the existing energies are used. At
higher energies a spacing of 0.5
MeV is used.

-

10

The interpolation law for points
between [Elow] and [Ehigh] is
changed to Int ([fact]). Note that
when entering a value for [Elow]
use a value > than the value
required.

11

Additional cross section data
between [Elow] and [Ehigh] given
in [Addnum]. Initial point of
current data setis at E|. IfE; =
Ehigh then set [Eref] to Epign and
[Xref] to 1/v value at Ep;gn. The 1/v
values are scaled so as to join
smoothly on to the current set. If
Enigh < E; then interpolation law 5
extends up to El' If Ehigh > El then
the existing points with E; <E <
E}ign are removed.

12

The current data points with Ej,,, <
E < Ejign are removed and the
additional data between [Elow]
and [Ehigh] given in [Addnum]
are added. The interpolation law
of the scrap data is Int ([fact]) and
the number of points is [Eref].

CCFE Fusion
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Mod
type

Description

Diagrams

13

Current data in the range E > E,¢
are removed and replaced with the
additional data specified in
[Addnum]. The interpolation law
is Int([fact]) and the number of
new data points is in [Xref].

New data

14

Data points at [Eref] are changed
by a factor 1 + f, where f = [fact].
Lower point by (1-f), the higher (if
present) by (1+f).

(l‘f)*Eref. [ ] (1+f)*Eref

Eref

15

The data point at [Eref] has its
cross section value changed to
[Xref].

° Xref

Eref

16

A new data point of cross section
value [Xref]at [Eref] is added.

Xref

Eref

17

An existing modification of type
[Addnum] with parameters given
by [Elow], [Ehigh], [Eref], [Xref],
[fact] is not used.

18

Current data in the range E < E,¢
are removed and replaced with the
additional data given in [Addnum]
which covers the energy range
from 1 x 10 eV — E,t. The
interpolation law is Int ([fact]) and
the number of new data point is in
[Xref].

New data

19

All data points have energy value
increased by [Eref].

In Figure 111, clicking the Delete all Mods for reaction
button removes all preliminary modifications for the reaction
from the database. Note that this method of deleting actually
removes the modification rather than by inserting a Mod type
17 modification. It is possible to remove all preliminary
modifications by clicking the Delete all Mods in Parameter
button. It is possible to see the effect of modifications on a
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reaction by clicking the Test Mods button. This copies data
from the Master to Test database, and carries out the
modifications. The cross section can then be visualised in the
normal way by copying the data to Cache. It is possible to add a
comment so that details of the added modification can be noted.
To do this select the pre-modification and either type a
comment or select an existing one using the dropdown list.
Clicking the Save button will write the comment to Parameter.
A list of all the preliminary modifications can be printed by
clicking the Print button.

If preliminary modifications that were added Ad-hoc are
available in a previous EAF database then these can be reused
(so long as data for the reaction in Parameter have not been
significantly changed), saving a great deal of effort. To do this
click the Reaction datalProcess Ad-hoc preliminary
modifications... menu item that displays the Process Ad-Hoc
Preliminary modifications window shown in Figure 113. The
database to be used is shown, this is the same as the one
selected when comparing with an External database (see page
154). Before use it is necessary to click the Check button to
ensure that the External Parameter database is sufficiently
recent (the Kind and Status fields must be present). By default
the All radio button is selected. If the database can be used then
the Process button is enabled. Clicking this will add all
possible Ad-Hoc preliminary modifications to the Internal
Parameter database. Any that cannot be added are listed in the
window. This list can be copied to the clipboard by clicking the
Copy button or printed by clicking the Print button. The
reactions can be investigated individually and further
preliminary modifications added as necessary.

1 Process Ad-Hoc Preliminary modifications

Reaction

@ &l O Range fram

[atabase : C:\Safepaq DotMethSafepaq 2007_newhparameter. mdb

E low E high E ref # ref factar Addnurn Comment

to [ lgrare Status

Figure 113. The Process Ad-Hoc Preliminary modifications window.

Rather than process all the Ad-hoc preliminary modifications it
is possible to select a range. If the PreModification and
PreModSummary tables in the Parameter database are
examined using Access the required Mod numbers can be

CCFE Fusion
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chosen. The Range from radio button is clicked and the
starting and finish modifications (inclusive) are entered in the
text boxes. In some cases the Status of the reaction is
unimportant (if experimental data or the data source have been
changed in Parameter then the Status field is changed from 0 to
1 and the pre-modification is not added). To ignore the reaction
Status check the Ignore Status check box.

It is possible that following the addition of Ad-hoc pre-
modifications that for some reactions there may exist redundant
Mod type 17 pre-modifications. These should be removed and
this can be done by clicking the Reaction data|Find reactions
with incorrect ModType 17 pre-modifications... menu item
that displays the Reactions with incorrect ModType 17 pre-
modifications window shown in Figure 114. Clicking the Get
reactions button lists the reactions. If any reactions are shown
then select one and click the View data button to open the
Reaction data window (Figure 70) where the data can be

inspected.

- =,

Reactions with incorrect ModType17 pre-...
25 reactionz
H-15(n,q)H-16 - _
Ni-L&in,p)Co-58g .
Hi-55in,p)jCo-53n
Hi-59(n,q)Hi-60

Figure 114. The Reactions with incorrect ModType 17 pre-
modifications window.

The major difference for an extended energy library is that data
are required between 20 and 60 MeV. A large number of
reactions have been added from TALYS using the Add new
reactions window (Figure 104), but those already present in
say, EAF-2003, need to be extended to 60 MeV. This can be
done automatically using data from TALYS by clicking the
Reaction data|Find all high-energy data merge pre-
modifications|Find all >20 MeV data merge (TALYS) pre-
modifications... menu item. This searches through the reaction
list and for each reaction with no data > 20 MeV checks if such
data exist in TALYS. If so then the data are extracted, scaled by
a factor f'so that there is no discontinuity at 20 MeV and then
stored as a Mod type 13 pre-modification.

For the preparation of the EAF-2007 deuteron-induced library it
was necessary to extend a set of reactions above 50 MeV. This
was done by clicking the Reaction data|Find all high-energy
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data merge pre-modifications|Find all >50 MeV data
merge (TALYS) pre-modifications... menu item.

For reactions where the threshold is close to 20 MeV the factor
required to smoothly join the TALYS data to the existing data
at 20 MeV may be significantly different from 1. Such reactions
may be better represented by changing the data source to
TALYS over the entire energy range. To view the values of the
factors click the Reaction data|View High energy factors...
menu item, that displays the View High energy factors
window shown in Figure 115. Enter the factor required in the
text box and click the Get reactions button to list the
reactions, the data source and factor (f). By default the All
sources check box is ticked. This means that even if the
existing data comes from TALYS then the reaction is listed
(this can occur if the TALYS data < 20 MeV were modified).
To remove reactions with a TALYS data source from the data
grid, clear the check box.

In order to view the data for a particular reaction click the
Visualisation button (which is enabled once a reaction is
selected), this copies the selected reaction’s data to the Cache
(if these are not already present) and displays the Targets and
sources window (Figure 67) with the appropriate target and
reaction selected. It is then possible to plot the data in the
normal manner.

If a reaction already has a data merge pre-modification prior to
the automatic data merge with TALYS, then the calculated
factor is almost certainly incorrect. For such reactions the
calculated factor is replaced with the value 1.0E6. Any
reactions with this factors in the table should be investigated.

-~

View Hizh energy factors

TALYS data zcaled by f above 20 Mel' befare merging.

Yiew all reactions with F differing from 1 by > than a fachar ; 10
R eaction Source Factor (/] |[#* 285 reactions

P Li-BlnalLi-7 JEMDL-3.2 1.00E+06

Li-B[n.He-4 IRDF-2002 1.00E+0R
Li-7(n.dHe-5 ENDF/B1.S 1.00E +06 All sources
Be-?n.p)Li-7 ACTL 201E+01 Gt reactions
Be-A(n.g)Be-10 FOPECKY-2000 S.11E-04
B-10(n,gB-11 JENDL-3.2 £.20E-02
B-11[n.qB-12 JEF-2.2 1.94E-03
B-11[n.dEe-10 JEMDL-3.3 1.00E+06 | Cloze

Figure 115. The View High energy factors window.
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The change of data source to TALYS for reactions with large
factors can be done automatically by clicking the Reaction
data|Change data source to TALYS for all reactions with
large f menu item. This finds all reactions where f > 100 and
the data source is not TALYS and then changes it to TALYS
data from the data source given in the Version of TALYS text
box in the Settings window (Figure 1).

In the discussion of the Preliminary modifications window
(Figure 111) the purpose of the Switch button was given. In
order to identify reactions with multiple Mod type 13
modifications click the Reaction data|Find reactions with
multiple data merges... menu item, this displays the
Reactions with multiple data merges window shown in
Figure 116. Each reaction can then be investigated in turn.

r Sy
Reactions with multiple data merges
166 reactions
Li-6(n,g)Li-7 r. :
Li-f(n,t)He-4 | | Get reactions

E-11(n,d}Ee-10
C-1Z(n,a)Be-9
C-13(n,2n)C-12 sl Cloze

Li-7in,d)He-6

Figure 116. The Reactions with multiple data merges window.

To check which reactions have been extended by a data merge
with TALYS data click the Reaction data|Find reactions
from TALYS with a data merge... menu item. This displays
the Reactions from TALYS with a data merge window
which is the same as Figure 116 except that the caption is
different.

The TALYS data source may not contain high energy cross
section data for all reactions in the EAF project. A second
source of data up to 60 MeV is from the IEAF-2001 library. In
order to use this data source automatically for any reactions not
already completed by data from TALYS click the Reaction
data|Find all high-energy  data merge pre-
modifications|Find all >20 MeV data merge (IEAF) pre-
modifications... menu item. This searches through the reaction
list and for each reaction with no data > 20 MeV checks if such
data exist in IEAF-2001. If so then the data are extracted, scaled
by a factor f so that there is no discontinuity at 20 MeV and
then stored as a Mod type 13 pre-modification.

Once the collection of pre-modifications is complete, these can
be implemented by generating the Final database. This is done
by clicking the Reaction data|Generate Final database
using preliminary mods menu item. If Final already contains
data then a confirmation dialog similar to that shown in Figure
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110 is displayed prior to deleting any data. Generating Final
involves copying all the data from Master to Final and then
implementing the pre-modifications. It takes a reasonably short
time (~ 10 mins) to carry out this step.

It is now possible to find the main set of modifications. These
are generated by comparing data for each reaction in Final with
information in Parameter. Although it is possible to find these
modifications in a series of steps using items on the Reaction
data|Find modifications sub-menu, it is preferrable to
automate this by clicking on the Reaction datalAutomate
processing... menu item or the twenty-sixth toolbar button.
This displays the Automate processing window shown in
Figure 117.

-

£ Automate processing

[] Compact databases

[] Delete all pre-madification entries

Delete all modification entries

[ ] Find all PEQ, EH and E-value pre-modifications
[] Generate Final database uzsing

[] Prepare sdjacent crozs section table

Find all braniching madificationg

Find all experimental modifications

Find all zpstematics modifications

Find all repeated zera maodificationg

Find all greater than B0 kel modifications
Find all threzhald modificationz using W apstra
Find all > 1E-5 &% nan-threshold madifications
Find all non-threshald first point modifications
[] Find all suzpect interpolation laws

[] Generate Final database uzsing

Interactive confimations Fiun
Cloze

Figure 117. The Automate processing window.

The window shows a series of steps, the required ones should
be checked. The first step opens the Compact databases
window (Figure 4), step 4 refers to the pre-modifications
discussed above. If the various steps are to be carried out un-
supervised then the Interactive confirmations check box

CCFE Fusion
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should be unchecked. This stops any confirmation dialogs that
require user interaction.

It can be seen that eight modification steps are checked in
Figure 117, these are described below. Note that in all cases the
flags (Use B and Use R), stored with the experimental data,
determine if the data are used to create the modifications.

Find all branching modifications

(Reaction data|Find modifications|Find all branching
modifications) considers first the threshold and then the non-
threshold reactions. For each of the threshold reactions the
following steps are considered:

1.

Are there experimental data for this final state and the other
(for a multiplicity = 2 reaction)? If so then calculate the
branching ratio at the given energy and store a Mod type 4.

Are there experimental data for this final state and the other
two (for a multiplicity = 3 reaction)? If so then calculate the
branching ratio at the given energy and store a Mod type 4.

Are there experimental data points for two final states but
not the required final state (e.g. m and Total may be present
allowing g to be calculated)? If so then calculate the
branching ratio at the given energy and store a Mod type 4.

Are there experimental data points for three final states but
not the required final state (e.g. g, m and Total may be
present allowing n to be calculated)? If so then calculate the
branching ratio at the given energy and store a Mod type 4.

Remaining branching ratios by systematics, storing a Mod
type 4.

For non-threshold reactions the following steps are considered:

1.

Are there experimental data at 0.0253 eV for this final state
and the other (for a multiplicity = 2 reaction)? If so then
calculate the branching ratio at the energy and store a Mod
type 4.

Are there experimental data at 0.0253 eV for this final state
and the other two (for a multiplicity = 3 reaction)? If so then
calculate the branching ratio at the energy and store a Mod
type 4.

Are there experimental data points at 0.0253 eV for two
final states but not the required final state (e.g. m and Total
may be present allowing g to be calculated)? If so then
calculate the branching ratio at the given energy and store a
Mod type 4.

Are there experimental data points at 0.0253 eV for three
final states but not the required final state (e.g. g, m and
Total may be present allowing n to be calculated)? If so
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10.

11.

12.

13.

14.

15.

then calculate the branching ratio at the given energy and
store a Mod type 4.

Remaining branching ratios at thermal energies by
systematics, storing a Mod type 4.

Are there experimental resonance integral data for this final
state and the other (for a multiplicity = 2 reaction)? If so
then calculate the branching ratio and store a Mod type 4.

Are there experimental resonance integral data for this final
state and the other two (for a multiplicity = 3 reaction)? If
so then calculate the branching ratio and store a Mod type 4.

Are there experimental resonance integral data for two final
states but not the required final state (e.g. m and Total may
be present allowing g to be calculated)? If so then calculate
the branching ratio and store a Mod type 4.

Are there experimental resonance integral data for three
final states but not the required final state (e.g. g, m and
Total may be present allowing n to be calculated)? If so
then calculate the branching ratio and store a Mod type 4.

Remaining branching ratios in the mid-range use those
calculated at thermal energy.

Are there experimental data at 14.5 MeV for this final state
and the other (for a multiplicity = 2 reaction), if so then
calculate the branching ratio at the given energy and store a
Mod type 6.

Are there experimental data at 14.5 MeV for this final state
and the other two (for a multiplicity = 3 reaction), if so then
calculate the branching ratio at the given energy and store a
Mod type 6.

Are there experimental data points at 14.5 MeV for two
final states but not the required final state (e.g. m and Total
may be present allowing g to be calculated)? If so then
calculate the branching ratio at the given energy and store a
Mod type 6.

Are there experimental data points at 14.5 MeV for three
final states but not the required final state (e.g. g, m and
Total may be present allowing n to be calculated)? If so
then calculate the branching ratio at the given energy and
store a Mod type 6.

Remaining branching ratios at 14.5 MeV by systematics,
storing a Mod type 6.

Details about the definition of branching ratios are given in
Appendix 4.

CCFE Fusion
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Find all experimental modifications

(Reaction data|Find modifications|Find all experimental
modifications) carries out renormalisation to experimental data
for all the reactions, storing a Mod type 3.

Find all systematics modifications

(Reaction data|Find modifications|Find all systematics
modifications) carries out renormalisation to systematic values
for all the reactions, storing a Mod type 2.

Find all repeated zero modifications

(Reaction data|Find modifications|Find all repeated zero
modifications) finds reactions where there is more than one
zero cross section at the start of the data. These additional
points are removed using a Mod type 8 modification.

Find all greater than 60 MeV modifications

(Reaction data|Find modifications|Find all greater than 60
MeV modifications) finds reactions where there are data
points with energies greater than 60 MeV. These unnecessary
points are removed using a Mod type 5 modification. In non-
extended libraries the menu item shows 20 MeV.

Find all threshold modifications using Wapstra

(Reaction data|Find modifications|Find all threshold
modifications using Wapstra) compares the threshold in the
file with that calculated using the Wapstra mass table. If
AbS(Qwapstra - Orite) > 10000 eV, then a modification is stored as
Mod type 7.

Find all > 1 E-5 eV non-threshold modifications

(Reaction data|Find modifications|Find all > 1E-5 eV non-
threshold modifications) finds the reactions which are non-
threshold, and where the first point is in the range 1 x 10° < E
< 1 eV. For these reactions add a new point at 1 x 107 eV,
storing the modification as Mod type 8.

Find all non-threshold first point modifications

(Reaction data|Find modifications|Find all non-threshold
first point modifications) finds the reactions which are non-
threshold, and where the first energy value is either < 1 x 107
(in practice this means E = 0) or > 1000 ¢V or E =1 x 107V,
but cross section = 0. For these reactions the first point is
changed to Energy = 1 x 10” eV and cross section =1 x 10" b,
the interpolation law between points 1 and 2 is changed to 1 if
necessary. These two modification are stored as Mod type 8 and
Mod type 10.
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All the above modifications can be found automatically. The
remaining modifications involve changes to the interpolation
law data, but these require user interaction. The first step is to
generate a table of data points for non-threshold reactions
where there is a significant gap (E; / Ei.; > 1.5) between data
points (exclude reactions starting with £ = 0). This is done by
clicking the Reaction data|Prepare Adjacent cross section
table menu item or the sixth check box in Figure 117. Then
using this table a set of suspect reactions is found by clicking
the Reaction data|Find modifications|Find all suspect
interpolation laws sub-menu item or ticking the fifteenth
check box in Figure 117.

A reaction is suspect if the ratio of energies > 2 and the
interpolation law is not 5 or 1. These suspect reactions can be
viewed in the Interpolation law modifications window shown
in Figure 118, this is displayed by clicking the Reaction
data|Find modifications|Find interpolation law
modifications manually... sub-menu item. Note that at the
same time the Targets and sources window (Figure 67) also
opens, as the two windows are used together.

=,

fﬁ Interpolation law modifications

A7 suspect reactions 1 suzpect points

Be-10[h.g)Be-11 s G0
B-10[n tBe-a ]
C-14[h.g)C-15

0-17(n.a)C-14

Mg-26(n.qJMg-27

5-32[n.a)5i-23

S-33[np)P-33

5-33(h.a)5i-30

CI-35[n,p)5-35 all

Low energy el
High energy : el

Mew law in range w | lgrnored

Automate ][ Save Mod ][ Ignore ][ Cloze ]

Figure 118. The Interpolation law modifications window.

The Interpolation law modifications window shows the
suspect reactions in the list box, and when one is selected the
number of suspect points and their point numbers are shown. At
the same time data for this reaction are copied to the Cache (if
they are not already present), and the target and reaction are
selected in the Targets and sources window. From here it is
possible to plot the data in the usual way and decide if there is a
need to modify the interpolation law. If the law is correct, then
click the Ignore button in Figure 118; the window shows this
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(by the word ‘Ignored’) and the status is stored in the database.
However, if some of the data points do require law changes
then select these points in the Data visualisation window
(Figure 68), these points are also selected in the Reaction data
window (Figure 70), or the points can be selected directly in the
Reaction data window. The high and low points of the
selected data are then also shown in the text boxes in Figure
118. Select a new law in the dropdown list and click the Save
Mod button to add a new modification. Note that the
confirmation dialog shown in Figure 119 is displayed before the
modification is saved.

[ 1

Add Interpolation modification

x._?‘/‘ add Mod type = 10, new law =5 for Te-123(n,a)5n0-120 as a Modification?

Figure 119. Confirmation dialog prior to adding modification.

As modifications are saved, they are also stored in the
InterpMods table. If there are any entries in this table (as a
result of a previous use of this window) then the Automate
button is enabled. Clicking this checks each suspect reaction in
turn and if there is an entry for this reaction with the same data
source in the InterpMods table then the modification data are
used to create a new modification (without any confirmation
dialog). If the reaction has a different source then it is not
treated, and if it is not present in the /nterpMods table then the
‘Ignored’ flag is set. When all the suspect reactions have been
considered then the list box in Figure 118 shows only the
reactions that have not been treated.
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0y Modifications E]
JE003  reactions
He-3(n,q)He-4 || Low energy - 220000E+07 eV

He-3 (n,p)H-3 o ;
He-3(n,d)H-2 19k energy - E.OOOODE+O7 &

He-4(n,2n)He-3 Fef Energy : FO000CE+O0 eV

Li-6 (n,ZnajH-1 . .
Li-6 (n.n'd)He-4 Yalue at Ref: | 0.00000E-+00 []Ext

Li-6(n,q)Li-7 Factar : 2. 00000E+00 Ad-hoc
Li-e(n,p)He-6
Li-6in,t)He-4 w || Mod type: : &dd a data sorap

Comment " S ave

[ Delete all kMods for reaction l [ Frint l [ Delete Mod l

[ Delete all Modz in Pararmeter l [ Test Modz l [ Add Mod... l [ Cloze l

Figure 120. The Modifications window.

The collection of all modifications that have been made can be
viewed by clicking the Reaction data|View modifications...
menu item or the twenty-fifth toolbar button which displays the
Modifications window shown in Figure 120.

The description of this window is exactly the same as following
Figure 111. Refer to that text for details. Clicking the Add
Mod... button displays the Add modification window shown
in Figure 121. Note that if the Shift key is pressed while
clicking the Add Mod... button, then the details of the
currently selected reaction are added to Figure 121.

Figure 121 is very similar to Figure 112, the differences are that
a wider range of modifications are available in the Mod type
dropdown list, there is an additional text box to enter a value in
the Addnum field and there is a Mid range check box. The
latter is required because if the modification refers to the mid-
energy range for a non-threshold reaction, then it is necessary to
store this value for use in branching calculations. Note that the
boxes that require data are shown in white rather than grey. In
the case of the 1/v addition (Mod type 11) modification it is
optional to enter values in the Ref. Energy and Value at Ref
text boxes. If this is done then the 1/v curve will pass through
the specified point, otherwise it will pass through the point at
High energy.
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Add Modification

Target : C-12 [Aa3-108rm farmat]
Reaction : [n.2n] "

[raughter ztate

Oa O m O on (%) Tatal

Mod type : Renormalize owver range to value at Ref Energy |+
Lo energy 1.0EE| &% [] Mid range
High energy : E.OEF| eV

Fef. enengy 1.45E7 &V

Yalue at Ref .45 b

Factor : 0.0 Add

# new paints ; 0

Figure 121. The Add modification window.

If the modification adds a Data scrap (Mod Type 12) then a File
name list box and set of Adjust to fit radio buttons are shown
(very similar to those in Figure 75). These need to be completed
before clicking the Add button.

If modifications that were added Ad-hoc are available in a
previous EAF database then these can be reused (so long as
data for the reaction in Parameter have not been changed),
saving a great deal of effort. To do this click the Reaction
data|Process Ad-hoc modifications... menu item that
displays the Process Ad-Hoc modifications window. This is
very similar to Figure 113, but displays modifications not
preliminary modifications. The database to be used is shown,
this is the same as the one selected when comparing with an
External database (see page 154). Before use it is necessary to
click the Check button to ensure that the External Parameter
database is sufficiently recent (the Kind and Status fields must
be present). As in the case of pre-modifications a range of Mod
numbers can be considered as well as the default of processing
all the Ad-hoc modifications. If the database can be used then
the Process button is enabled. Clicking this will add all
possible Ad-Hoc modifications to the Internal Parameter
database. Any that cannot be added are listed in the window.
This list can be copied to the clipboard by clicking the Copy
button or printed by clicking the Print button. The reactions can
be investigated individually and further modifications added as
necessary.

It is possible that following the addition of Ad-hoc
modifications, that for some reactions there may exist
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redundant Mod type 17 modifications. These should be
removed and this can be done by clicking the Reaction
data|Find reactions with incorrect ModType 17
modifications... menu item that displays the Reactions with
incorrect ModType 17 modifications window which is
identical to Figure 114, except that the title is different.
Clicking the Get reactions button lists the reactions. If any
reactions are shown then select one and click the View data
button to open the Reaction data window (Figure 70) where
the data can be inspected.

Once the collection of modifications is complete, these can be
implemented by generating the Final database. This is done by
clicking the Reaction data|Generate Final database using
modifications menu item. Final already contains data, but
these are not deleted, only further changed using the
modifications. The time taken to carry out this step depends on
the total number of modifications, but is typically about 10
minutes.

The assembling of all reaction data is now complete. The next
steps are a series of iterations to view, check and correct the
data to ensure that no further modifications are required.
Twenty-one tests on the data in Final can be carried out. The
first check is to ensure that no negative cross section data have
been produced during the production of Final. To check this
click the Reaction data|Test Final for|Negative cross
sections... submenu item, this displays the Negative cross
sections window shown in Figure 122.

To check if there are any reactions with negative cross sections,
click the Get reactions button, this takes about 20 s to check
all the data. If, as required, there are no reactions shown then
the check is complete. If any reactions are shown then select
one and click the View data button to open the Reaction data
window (Figure 70) where the data can be inspected.

The second test shows if any reactions have zero cross section
at high energy. To check this click the Reaction data|Test
Final for|Missing high energy data... submenu item, this
displays the Missing high energy data window which is
identical to Figure 122 except for the caption.

The third test shows if any reactions have negative energy
values. To check this click the Reaction data|Test Final
for|[Negative energies... submenu item, this displays the
Negative energy values window which is identical to Figure
122 except for the caption.
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i '

MNegative cross section
0 reactions

Cloze

Figure 122. The Negative cross sections window.

The fourth test shows if any non-threshold reactions have the
first energy point # 1 x 10° eV. To check this click the
Reaction data|Test Final for|[Non-threshold reactions with
E<>1E-5 eV... submenu item, this displays the Non-
threshold reactions with E<>1E-5 eV window which is
identical to Figure 122 except for the caption.

The fifth test shows if any non-threshold reactions have any
data points with cross section = 0. To check this click the
Reaction data|Test Final for|[Non-threshold reactions with
any xs=0... submenu item, this displays the Non-threshold
reactions with any xs=0 window which is identical to Figure
122 except for the caption.

The sixth test shows if any threshold reactions have other than
the first data points with cross section = 0. To check this click
the Reaction data|Test Final for|Threshold reactions with
other than 1st point xs=0... submenu item, this displays the
Non-threshold reactions with other than 1st point xs=0
window which is identical to Figure 122 except for the caption.
Note that if reactions are shown in the list box, then it may be
possible to generate a set of modifications to correct them by
clicking on the Reaction data|Find all 2nd type of repeated
zero modifications menu item. This finds reactions where the
first two points have cross section = 0 and replaces the second
value with a value linearly interpolated from the first and third
points. Usually this class of modifications will not be required.

The seventh test shows if any reactions have the data point at
60 MeV missing. To check this click the Reaction data|Test
Final for|[Missing 60 MeV data point... submenu item, this
displays the Missing 60 MeV data point window which is
identical to Figure 122 except for the caption. Note that if
reactions are shown in the list box, then it may be possible to
generate a set of modifications to correct them by clicking on
the Reaction data|Find all missing 60 MeV modifications
menu item. This finds reactions where there is no data point at
60 MeV and adds it using a value linearly extrapolated from the
last two data points. Usually this class of modifications will not
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be required. For non-extended libraries, 20 replaces 60 on all
menu items.

The eighth test shows if any reactions contain repeated energy
points. To check this click the Reaction data|Test Final
for|Repeated energy points... submenu item, this displays
the Reactions with repeated energy points window which is
identical to Figure 122 except for the caption. Note that if
reactions are shown in the list box, then it is possible to correct
them by clicking on the Reaction data|Remove repeated
energy points from Final menu item. This step is described
later.

The ninth test shows if any reactions contain inconsistent
interpolation ranges. It is possible that the number of
interpolation ranges for a reaction shown in the Reaction and
Interpolation tables of Final may not agree. To check this click
the Reaction data|Test Final for|Inconsistent Interpolation
ranges... submenu item, this displays the Reactions with
inconsistent Interpolation ranges window which is identical
to Figure 122 except for the caption.

The tenth test shows if any reactions contain inconsistent cross
section data. It is possible that the number of data points for a
reaction shown in the Reaction and Cross section tables of
Final may not agree. To check this click the Reaction
data|Test Final for|Inconsistent Cross section data... sub-
menu item, this displays the Reactions with inconsistent
Cross section data window which is identical to Figure 122
except for the caption.

The eleventh test shows if any reactions contain inconsistent
numbers of data points. It is possible that the number of data
points or ranges for a reaction shown in the Reaction, Cross
section and Interpolation tables of Final may not agree. To
check this click the Reaction data|Test Final
for|Inconsistent number of data points... submenu item,
this displays the Reactions with inconsistent number of
data points window which is identical to Figure 122 except for
the caption.

The twelfth test shows if any threshold reactions contain a first
point with energy < leV. To check this click the Reaction
data|Test Final for|Threshold reactions with wrong 1st
point... submenu item, this displays the Theshold reactions
with wrong 1st point window which is identical to Figure 122
except for the caption.

The thirteenth test shows if any threshold reactions contain a
first range with a interpolation law that uses the log of the cross
section (laws 4 or 5). Since the first data point has cross section
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= 0, such a law would cause a crash. To check this click the
Reaction data|Test Final for|Threshold reactions with
wrong 1st law... submenu item, this displays the Theshold
reactions with wrong 1st law window which is identical to
Figure 122 except for the caption.

The fourteenth test only applies to libaries with energies > 20
MeV. For such libraries all reactions should contain data above
20 MeV. To check this click the Reaction data|Test Final
for|[Missing data above 20 MeV... submenu item, this
displays the Missing data above 20 MeV window which is
identical to Figure 122 except for the caption.

The fifteenth test shows if any reactions have data points with
energies > 60 MeV. To check this click the Reaction
data|Test Final for|Data points > 60 MeV... submenu item,
this displays the Data points > 60 MeV window which is
identical to Figure 122 except for the caption. For non-extended
libraries, 20 replaces 60 on the menu item.

The sixteenth test shows if any reactions have a Q-value of
zero. To check this click the Reaction data|Test Final for|Q
value = 0... submenu item, this displays the Q value = 0
window which is identical to Figure 122 except for the caption.

The seventeenth test actually uses data in Parameter, but
devived from Final. A systematic formula for the total non-
elastic cross sections is available [10]. The sum of the cross
sections for all the reactions at 14.5 MeV should agree closely
with the non-elastic systematic for this energy. Any reactions
which differ by more than a factor of 2 need further
investigation. To check this click the Reaction data|Test
Final for|Inconsistent non-elastic data at 14.5 MeV... sub-
menu item, this displays the Inconsistent non-elastic data at
14.5 MeV window which is identical to Figure 122 except for
the caption.

The eighteenth test is identical to the seventeenth except that
data at 40 MeV are considered. To check, click the Reaction
data|Test Final for|Inconsistent non-elastic data at 40.0
MeV... submenu item, this displays the Inconsistent non-
elastic data at 40.0 MeV window which is identical to Figure
122 except for the caption.

The nineteenth test shows if any reactions have energies for the
first and second data points that are not increasing. To check
this click the Reaction data|Test Final for][Wrong energy
order for points 1 and 2... submenu item, this displays the
Wrong energy order for points 1 and 2 window which is
identical to Figure 122 except for the caption.
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The twentieth test shows if any reactions have a very sharp
discontinuity in cross section as the energy increases. Such a
steep gradient can cause problems when the group cross
sections are calculated. To check this click the Reaction
data|Test Final for|Very steep gradient... submenu item,
this displays the Reactions with very steep gradient window
which is identical to Figure 122 except for the caption.

The twenty first test shows if any reactions have an incorrect
multiplicity value. A similar test was carried out in Parameter
(see Figure 109), but problems may occur during the generation
of Final. To check this click the Reaction data|Test Final
for|Incorrect multiplicity... submenu item, this displays the
Reactions with incorrect multiplicity window which is
identical to Figure 122 except for the caption.

Table 4. EAF-2010 Quality scores.

Score | Description
0 No experimental data exists
1 Limited differential data which disagrees with the library (weak
disagreement)
2 Limited differential data which agrees with the library (weak
agreement)
3 Differential data which disagrees with the library (strong
disagreement)
4 Differential data which agrees with the library (strong agreement)
5 Both differential and integral data exist or only integral data exist
and these are not in agreement with the library
5o | Differential data are missing and unsatisfactory agreement with
integral data
51 | Unsatisfactory agreement with differential and integral data
5, | Satisfactory agreement with differential and unsatisfactory
agreement with integral data
53 | Differential data are missing and satisfactory agreement with
integral data
54 | Unsatisfactory agreement with differential data and satisfactory
agreement with integral data
6 Both differential and integral data exist and they are in agreement
with the library (validation)

A new feature in EASY-2003 was the addition of a Quality
score for each reaction. This score indicates whether there are
any differential or integral experimental data and whether the
data agree with the EAF library. For the current version score 5
(discrepant data) has been subdivided to show the degree of
discrepancy. Table 4 shows the definitions of the scores.

The Quality scores for reactions can be viewed by clicking the
Reaction data|Quality scores... menu item which displays
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the Quality scores window shown in Figure 123. A choice of
reactions to view is made by selecting one of the radio buttons
in the View reactions group and clicking the Get reactions
button. The number of reactions is indicated at the top right of
the window.

] uality scores

BE ]

Wiew reactions

(%) Walidated [B]

) Conflicting diff and int [3]
) Strong agreement [4]
) Strong dizagreement [3]
) Weak agreement [2]

) Weak disagreement [1]
) Experimental data [1-6]
) Mo experimental data [0]

*

R eaction Scone 23
E-10(n,t)Ee-8 - ] Su:_uuru:e i
N-14(n,2n)N-13 Print/Copy

0-lein,pIN-16
F-19(n,2n)F-18
F-19(n,p)0-1%9
Na-23in,2n1la-22
Na-23in,plNe-23
Hg-25in,piNa-25
Mg-26in,a)Ne-23
Al-Z7in,p )1 Mg-27

O Al 41-27(n, t)Mg-25
S5i-Z28(n,plAl-28
3i-29(n,plal-29 .
3i-30(n,plAl-30
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P-31(n,p)5i-31
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§-32 (n,p) P-32
§-3d(n,p) P-34
S-3din,a)5i-31
C1-37(n,p)5-37
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Figure 123. The Quality scores window.

In the case that reactions with score 5 are selected then it is
possible to select which type of Discrepant reactions are shown
in the Discrepant reactions group. Selecting a reaction
displays the score in one or two text boxes enabling it to be
changed. Clicking the Save button saves the change. Note that
if all reactions (or those with score 0) are displayed then for
high mass targets the new score is not displayed in the list. This
technical problem can be avoided by changing scores with one
of the other reaction radio buttons clicked. The list of reactions
can be copied to the clipboard by clicking the Copy button or
printed by clicking the Print button. Clicking the Close button
closes the window.

The data source of the selected reaction is displayed as a
ToolTip when the cursor hovers over the Reaction listbox.
This information can be included when reactions are copied or
printed if the Source in Print/Copy option is checked.

During the review of data in Final, it may be necessary to
follow all the above processing steps for a single reaction to
improve the data. This can be done by clicking the Reaction
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data|Single reaction processing... menu item or the twenty-
seventh toolbar button which displays the Single reaction
processing window shown in Figure 124. This consists of a
series of tabs which divide the processing into a number of
phases. The window opens with the Source tab displayed.
Clicking on the Get reactions button will show all the targets
in the first list box, selecting one of these displays the reactions
for the target in the second list box. The selected reaction name
is shown in the window’s title bar.

Note that the Get reactions button is only enabled if the Final
database has been constructed. To avoid having to click the Get
reactions button each time the window is opened (provided
that Final has been constructed), the window will open with the
reactions already displayed if the Auto open Single Reac
check box is ticked in the Settings window (Figure 1). An
additional feature that saves time when selecting reactions has
been added from EASY-2005. The window will open with the
target and reaction selected that were used when the window
was closed previously.

(17 Single reaction processing - Li-6(n.2na)H-1 E]

Source | Pre-mods | Mods || Flemainder
Targets : Reactions : Source: |EFF-2 4
H-1 # | [n.2nal
E% EE:;]':I] Sourcesz: | JEFF-3.1 v
He-3 [r.p)
He-4 [r.t] [ et reactions ]
Li-B
IE:? (] MT>200 [ Get sources ]
Be3
Be-10 [ Change zource ]
B-10
B-11
C12 fual

Li-6(n,2na)H-1 [318]

Figure 124. The Single reaction processing window (Tab 1).

Note that if a reaction is split into several final states then these
must be considered consecutively (g, then m, then n) without
shutting down SAFEPAQ-II, so that the systematics data in the
various Summary tables in Parameter can be correctly stored.

Note that the selected reaction and the reaction number are also
displayed at the bottom left of the window. This is necessary as
in some cases the entire reaction including the daughter cannot
be displayed in the window caption.
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Note that only sources relevant to the specified type of
incoming particle are displayed.

Click the Get sources button to enter all the sources for the
selected reaction into the dropdown list box. Note that sources
with the selected reaction’s final state or 99 are shown, this
enables the source of a split reaction to be changed to a source
which only contains the total cross section. If it is necessary to
use summed data from a data source, then the MT>200 check
box must be checked so that this data source is available in the
dropdown list. The current source can be altered by clicking
one of the sources in the dropdown list. To make the change
click the Change source button. Before data are changed in
the Parameter database the confirmation dialog shown in Figure
125 is displayed. If the source has been changed then click on
the Change Master button to change data for this reaction in
the Master database. Now click on the Pre-mods tab to start
the next phase.

Single reaction

<2 Change the source af this reackion From
,.."'/ EFF-2.4 to JEFF-3.1 ¢

[ Yes ] : o {

Figure 125. Confirmation dialog prior to changing data source.

Figure 126 shows the window with this tab selected. Text in the
window shows the number of pre-modifications that exist for
the reaction. If this is greater than 0, then the Delete button is
enabled and the existing pre-modifications can be removed. If
any of the pre-modifications is Ad-hoc then this is noted at the
bottom of the tab. Now click the Find pre-mods button to find
any pre-modifications required for the reaction. Note that it is
possible to use the existing Pre-modifications by just clicking
the Change Final button. As the pre-modification types are
considered a tick or a cross is displayed next to the pre-
modification description to indicate if it been found. Other pre-
modifications (specifically a Data merge) can be entered by
clicking the Add pre-mod... button. This displays the Add
Preliminary modification window shown in Figure 112. Note
that the Target, Reaction and Final state details are already
entered. When carrying out a Data merge, the value of Ey is
inserted in the Ref. energy text box. In cases where the
reaction is split this value should be slightly increased to avoid
problems. Click the Delete pre-mod... button to show a series
of Confirmation dialogs enabling each pre-modification to be
deleted in turn. Click the Change Final button to implement
these pre-modifications in Final. Click the Change Adjacent
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button to change the data in the Adjacent cross section table for
the reaction.

Note that there is a major distinction between clicking the
Delete and the Delete pre-mod... buttons. The former
removes all the pre-modification for the reactions, while the
latter actually adds a Mod type 17 modification to the existing
pre-mods. The reason for this is that pre-modifications
generated automatically can be removed. Removal of a pre-
modification by the use of a Mod type 17 pre-modification is
also stored and can be reused in the next EAF project (see
discussion on page 88). Now click on the Mods tab to display
the third tab shown in Figure 127.

(17 Single reaction processing - Li-6(n.2na)H-1 E]

Source ?PTE'deSE bods | Remainder

There are no pre-modifications for thig reaction

Fre-equilibrium preliminany modifications
EH preliminary modifications [ Find pre-mods ]
Mon-threshold G-value preliminany mods

[ Add pre-mod... ]

[ Change Final ]

Li-6(n,2nc)H-1 [318]

Figure 126. The Single reaction processing window (Tab 2).

Text in the window shows the number of modifications that
exist for the reaction. If this is greater than 0, then the Delete
button is enabled and the existing modifications should be
removed. Note that if required, the existing modifications can
be used to recalculate Final. If any of the modifications is Ad-
hoc then this is noted at the bottom of the tab, as in Figure 127.
Now click the Find mods button to find any modifications
required for the reaction. As the various modification types are
considered a tick or a cross is displayed next to the
modification description to indicate if modifications have been
found. Click the Interp mods... button to open the
Interpolation law modifications window (Figure 118) to
decide if the interpolation law needs to be changed. Additional
modifications can be entered by clicking the Add mod...
button. This displays the Add Modification window shown in
Figure 121. Note that the Target, Reaction and Final state
details are already entered. Click the Delete mod... button to
show a series of Confirmation dialogs enabling each
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modification to be deleted in turn. Click the Change Final
button to implement these modifications in Final. The same
distinction between deleting all the modifications and deleting
one discussed above also applies here. Now click on the
Remainder tab to display the fourth tab shown in Figure 128.

(17 Single reaction processing - Li-6(n.2na)H-1 E]

{| Bemainder

Source | Pre-mods |}

There iz 1% modification for thiz reaction [ Delate ]

Branching modifications
E sperimental modifications
Systematics modifications

Fepeated zero modifications [ Interp mods... ]
Greater than B0 Me' modifications
Threshaold modifications [ &dd mod... ]
Greater than 1E-5 & non-threzhold
Mor-threshald first point modification [ Dedete rod... ]

Suzpect interpolation laws

*1 Ad-hoc modification(z]
Li-6(n,2nc)H-1 [318]

Figure 127. The Single reaction processing window (Tab 3).

(1) Single reaction processing - Li-6(n.2na)H-1 E]

Source || Pre-mods | Mods

[ Change surmmary ]

B3 groups Change multi-graw

100 groups [ = =0 ]

172 groups [ Change uncertainty ]

175 groups

315 groups

2171 groups

351 groups [ Save Score ]
Quality zcare ;| O ¢ [ Wiew Log... ]

Li-6(n.2nc)H-1 [318]

Figure 128. The Single reaction processing window (Tab 4).

Click the Change summary button to change the summary
values (discussed below). Click the Change multi-group
button to change the multi-group values (discussed below), as
each energy group is completed a tick is shown against the
group name. Click the Change uncertainty button to change
the uncertainty values (discussed below). Click the Change
averages button to change the average cross section values in
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the various neutron spectra values (see page 69). The Quality
score for the reaction (see page 111) is displayed, this can be
changed and then saved by clicking the Save Score button.

When changes are made it is a good idea to add comments in
the Log. This can be done by clicking the View Log... button
to open the Log window (Figure 6).

The final processing action for the data in the Final database is
to remove any repeated energy points. Reactions where they
occur are indicated by the eighth test described on page 108. If
there are repeated points then click on the Reaction
data|Remove repeated energy points from Final menu
item. This step takes typically from a few minutes to 1.5 hours,
depending on the number of reactions and replaces a set of
points with the same energy by a set separated by a single digit
in the sixth decimal place.

It can now be assumed that the data in Final are good enough.
The data can now be further processed. Clicking the Reaction
data|Generate data|Generate summary of Final database
submenu item will start the calculation of the thermal, 30 keV,
14.5 MeV, 20 MeV and resonance integral values for each
reaction and put the results in various tables in the Parameter
database. Also systematics data for each reaction are stored in
tables in Parameter. If summary data already exist then the
confirmation dialog shown in Figure 129 is displayed.
Generating summary data takes about 6 hours.

e S
SAFEPAG-II
9 FinalSurnmary contains 66253 reactions,
-t Generating the summary will take about & hours!

Delete all reactions from table?

[ tes ] | ] {

Figure 129. Confirmation dialog prior to changing summary data.

Clicking the Reaction data|Generate data|Generate multi-
group data... submenu item will display the Multi-group files
window shown in Figure 130. Check the energy groups that
need to be calculated, if the elapsed time is required then check
the Timer option. Clicking the Calculate button will start the
calculation. Since calculating each group structure can take
many hours, there is a facility for interrupting the calculation.
While the calculation is running, the caption of the second
button changes to STOP calculation!. Clicking this will stop
the calculation at the end of the next reaction. However, the
progress of the calculation is stored and the dialog shown in
Figure 131 is displayed next time. Typical calculation times
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are: 69-groups 6h, 100-groups 10h, 172-groups 14h, 175-
groups 16h, 315-groups 36h, 211-groups 15h, 351-groups 25h.

[l Multi-group files

[Eroup type and weighting
[ ] w5 (R3] - Fiszian
] GAM-I[100] - Fusicn
[] =MAS [172] - Flat and fizzon
Yitarnin-d [175] - Flat ahd fuzion
[ ] TRIPOLI [315] - Flat, fizzsion and fusion
[ “itarin-J+ [211] - Flat
[] TRIPOLI+ [351] - Flat

Tirner l Calculate l [ Cloze ]

Figure 130. Multi-group files window.

-,

SAFEPAQ-II

9 Groupl 7SF contains 66258 reactions.
H,_-/ Delete all reactions from table?

‘Mo’ will keep reactions and restart calculation.
"Cancel' will stop any calculations,

Typical elapsed time is 16 b,

[ Yes ][ Mo ]| Cancel |

Figure 131. Confirmation dialog prior to starting multi-group calculation.

Figure 131 shows the number of reactions that have already
been calculated. Clicking the No button will keep the results
and restart the calculation. Clicking Yes will remove existing
results and start again. Note that where there is more than one
weighting, give the same answer for each confirmation dialog.
A mathematical description of the methods of multi-group
calculation is given in Appendix 3.

Clicking the Reaction data|Generate data|Generate
uncertainty data submenu item will start the calculation of the
uncertainty data for all the reactions. If uncertainty data already
exist then a confirmation dialog similar to Figure 129 is
displayed. This step takes about 55 minutes.

The summary information generated above can be used to carry
out validation of the Final data against the experimental and
systematic data held in Parameter. Clicking the Reaction
data|Validation plots... menu item or the twenty-eighth
toolbar button displays the Validation plots window shown in
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Figure 132. Since EASY-2005, three distinct types of graphs
can be plotted. First consider the histogram plots, selected by
clicking the Histogram radio button.

Select a reaction type in the dropdown list box, a comparison
type (C/S shows the Final/Systematics ratio, C/E shows the
Final/Experimental ratio and C/T shows the Final/Trend ratio).
The C/T option is disabled when the Validation plots window is
opened from the menu or Toolbar. The use of this option is
described in the Analysis section. From EASY-2007 the cross
section analysis feature discussed later enables trend lines to be
stored, and these can also be used for validation. Check one or
more of the Final state options (more than one final state
results in multiple graphs) and the required energy. An
additional feature from EASY-2005 is the ability to produce
C/S plots at 20 MeV for some reactions. Note that if the
Include summed data with Total check box is ticked then
comparison is made with experimental data for the total cross
section and the sum of all final states for split reactions. These
summed reactions are not actually present in the Final database.
Clicking the Plot button displays the Validation plot window
shown in Figure 133.

[L Validation plots
Reaction : [n.2n] v
[araph Final ztate
(%) Histogram [lg []m
() wdy plot, = axiz Mass [4) Cln Tatal
() wd plot, % axiz O-value Include summed data with Tatal
Type Energy
() C/5 [Systematic) ) thermal ) Rl
(%) C/E [Experiment] ) 30 kel
© 145 Mey

Figure 132. Validation plots window.

Figure 133 shows the C/E data plotted as a histogram. In order
to see which reactions are responsible for the scatter about the
ideal value of 1.0, click on the graph at a vertex of the
histogram and the Validation data window shown in Figure
134 is displayed. This shows the reactions that have C/E values
in the selected range. Select a reaction and the data from Final
(for summed data the reactions are not in Final) and for the
experiment (or from systematics) are displayed. The exact C/E
value is also shown. This is necessary because the summary
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data are for energies of 25.3 meV, 30 keV, 14.5 MeV and 20
MeV. If the experimental data are not exactly at these energies,
then the exact C/E (calculated using interpolation where
necessary) may differ from the value shown in the list box. The
thickness of the histogram line can be altered by clicking on the
Options|Thick lines menu item (this option has been selected
in Figure 133).

[;L‘u’alidatiun plot g
Ele Edit  Options
14.5 MeV experimental data (n,2n) reactions
N\, 237 F5=99 values
110 + —
99
w
c 88 +
=}
= 7+
Q
= 66 +
o
o 55 +
o
o T
= 334
E 22 +
11 4
0 } } £+ _LI } } {
1E-03 1E-02 1E-01 1E+00 1E+01 1E+02 1E+03
C/E value

Figure 133. Validation plot window.
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Validation data
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Figure 134. Validation data window.

Figure 134 can be used to investigate reactions with discrepant
C/E values. Clicking the Visualisation button copies the
selected reaction’s data to the Cache (if these are not already
present) and displays the Targets and sources window
(Figure 67) with the appropriate target and reaction selected. It
is then possible to plot the data in the normal manner.

Clicking the Experimental data button will open the
appropriate Experimental data window (Figure 30 - Figure
35) and select the correct target. It is then possible to either
change which experimental data are used or to add another
entry.

Clicking the View pre-modifications button will open the
Preliminary modifications window (Figure 111) so that these
can be checked. Because it is likely that no pre-modifications
exist for the reaction, no attempt is made to select the correct
reaction.

Clicking the View modifications button will open the
Modifications window (Figure 120) so that these can be
checked. Because it is possible that no modifications exist for
the reaction, no attempt is made to select the correct reaction.

The Quality score for the reaction is shown and it is possible to
print or copy to the clipboard all the listed reactions by clicking
the Print or Copy buttons respectively.
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If the C/S option is selected in Figure 132 then addition options
are shown. It is possible to select reactions by their Quality
score, in the Scores group either All Scores, those reactions
with Score = 0 or > 0 can be selected by the radio buttons. If
reactions with Scores = 0 or > O are selected then the title in
Figure 133 will show this. Next to the C/S radio button is
shown the check box As C/E. If this is checked then only those
reactions that have experimental data are included in the C/S
plot.

If the C/S option is selected in Figure 132 then in Figure 134
there will be an additional button shown once a reaction is
selected. This Exclude button allows particular reactions to be
excluded from the analysis. Information on excluded reactions
is stored in the validationExcluded file in the ascii folder.
If the selected reaction has been excluded then the button
changes to become the Include button, so allowing the reaction
to be included again in the analysis. In the Validation plot
window (Figure 133) the list of excluded reactions can be
managed by clicking the Options|Include all reactions menu
item to remove all entries from the file, by clicking the
Options|Save excluded reactions menu item to save to the
file the current selection and by clicking Options|Load
excluded reactions menu item to load from the file the saved
selection.

In Figure 133 it is possible to print or copy the plot to the
clipboard by clicking the File|Print or Edit|Copy menu items
respectively.

Returning to Figure 132, the second type of plot, that of C/E or
C/S as a function of target mass (A) can be made by selecting
the x/y plot, x axis Mass (A) radio button. Select the other
options as in the case of a histogram, then click the Plot button
to display the Validation plot (A) window shown in Figure
135.

Figure 135 shows the C/E data plotted as a function of atomic
mass. In order to identify the various points click on one to see
details presented in the status bar of the main window. It is
possible to print or copy the plot to the clipboard by clicking
the File|Print or Edit|Copy menu items respectively. The
appearance of the graph can be altered; clicking the Options|Y
axis menu item displays a submenu with five entries allowing
the y axis range to be selected. In Figure 135 the option E-1 —
E1 has been checked. Clicking the Options|X axis menu item
displays a submenu with three entries allowing the x axis range
to be selected. In Figure 135 the option O - 250 has been
checked.
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Figure 135. Validation plot (A) window.

Returning to Figure 132, the third type of plot, that of C/E or
C/S as a function of the absolute value of Q-value can be made
by selecting the x/y plot, x axis Q-value radio button. Select
the other options as in the case of a histogram, then clicking the
Plot button displays the Validation plot (Q) window shown in
Figure 136.

Figure 136 shows the C/E data plotted as a function of the
absolute value of the Q-value. In order to identify the various
points click on one to see details presented in the status bar of
the main window. It is possible to print or copy the plot to the
clipboard by clicking the File|Print or Edit|Copy menu items
respectively. The appearance of the graph can be altered;
clicking the Options|Y axis menu item displays a submenu
with five entries allowing the y axis range to be selected. In
Figure 136 the option E-1 — E1 has been checked. Clicking the
Options|X axis menu item displays a submenu with five
entries allowing the x axis range to be selected. In Figure 136
the option O — 15 MeV has been checked.

CCFE Fusion
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Figure 136. Validation plot (Q) window.

The discussion above on validation plots is concerned with data
in the current EAF project. However, it is also useful to be able
to view the validation plots for the various data sources,
especially if the library covers a ‘complete’ set of reactions.
This feature was introduced for EASY-2005. To use it a source
library is selected by clicking on the Libraries|Select Source
library for validation... menu item which displays the Select
Source library window shown in Figure 137.

L hy

Select Source library

Source libram uzed for validation ;

TALYS-5 ”

TALYS-ha B |

TaLYS-B Select
LRt
THRES ,

Figure 137. Select Source library window.

Selecting the required source and clicking the Select button
causes the Libraries|Generate summary for <Source>
library menu item to be enabled. Clicking this will generate
summary data for the selected source. This is a similar process
to generating summary data for Final discussed on page 116.
This can be time consumming for large source libraries.

User manual: Issue 8, March 2010

CCFE Fusion



124

SAFEPAQ-II

Once the summary for the source has been generated the
Libraries|Validation plots... menu item is enabled. Clicking
this displays the Validation plots - <Source> window which
is identical to Figure 132 except that the source name is
displayed in the title bar. The discussion given above for the
various graphs plotted using Final data is relevant for source
data, the only differences are that the titles of the graphs show
the data source being used.

At some point prior to opening the REPORT window, and
following the production of the Final database it is necessary to
click on the Reaction data|Set nuclides as targets menu
item. This will note which of the nuclides have cross section
data and enter this into the NucSummary table in the Parameter
database.

In SYMPAL one of the main pieces of documentation produced
was the REPORT file. This was a large printed book
summarising all the EAF data. It is judged that because of the
highly interactive nature of SAFEPAQ-II, such a printed
volume is of less interest. Rather, it is possible to view the same
summary of data in a similar format as previously, but for a
single reaction at a time. Clicking the Reaction
data|REPORT... menu item or the twenty-ninth toolbar
button displays the REPORT window shown in Figure 138.
Select a target in the first list box and the reactions for that
target are shown in the second list box. Clicking a reaction
shows a summary of the reaction in the data grid. Data for all
final states and their sum are displayed. Values from Final, the
experimental data and systematics are displayed. The
modification history for each final state is shown in the History
box. Data for the reaction can be printed to the default printer
by clicking the Print button. Although in the future it may be
implemented, there is currently no facility to print out the whole
REPORT file.

CCFE Fusion
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O REPORT
Target : . =
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Pg-24 FS Energy [2V] 4.7230E +05
Mg-25 Systematics [b] 1.4500E+07 34933E-04
mg%g Ewp-Themal [b) 253008 -02 1.3000E-01 4. 3000E -01 5.BOO0E-01

Reaction: | [n.g] Exp-30 kel [b)
[n:2n] Exp-14.5 MeV 1.4700E +07 2.4000€E-04
[n.n'd] Exp RI [b] 4.0000E-02 2.8000E-0 31100E-M
E:gl ] #5-Thermal (b] 12348601 3.0019E-01 4, 236EE-01
[n:n!?] #5-30 ke [b] 5. 2857E-06 1.2777E-05 1.8032E-05
[n.h] #5145 Mev [b] 2.4036E-04 2.0034E-05 3.2045E-04
{:g:']j] Al (5] 719826-02| 1 7500E-01 2 4B95E.-01
[n.n'3a) [-value [24] E9993E+06 |  E.4871E+08
[n.2na) Secare 2 2

History:  [g] = {Pre-equilibrium addition} - . {Fenaimalise to systematics} - . {Renarmalise by factor} - , {Renarm by lin ensrgy BRY - [~
. [m] = {Pre-equilibrium addition} - . {Fenomalise to systematics}) - | {Modification of B-value} - . {Renomalise by factar) - [+

[ Pritt l [ Cloze

Figure 138. The REPORT window.

The tasks that now remain are to write out the Final data in
EAF format. Clicking the Reaction data|Write EAF
files|Write EAF_GXS files... submenu item displays the
Write EAF_GXS files window shown in Figure 139. At the
beginning of each EAF group file there is a 16 line header
giving information about the library. The header for each group
file can be created or modified in this window. Select the
required Group file type radio button and then save the header
by clicking the Save header button. The headers are stored in
the ascii folder on the disk shown in the Source database
disk text box in the Settings window (Figure 1). Clicking the
Write all GXS files button will create the files in the folder
cross section on the Source database disk, and Cross
section data folder specified in the Settings window (Figure
1). The files have names such as eaf gxs 175V indicating the
group structure and weighting (this takes about 2 hours).
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Figure 139. The Write EAF_GXS files window.

Clicking the Reaction data|Documentation menu item
displays a submenu with two items. Clicking Reaction list
generates a list of reactions in a readable form. A new feature
introduced for EAF-2003 was the flagging of reactions that
have changed since the previous EAF library. In order to do this
it is necessary to have information on the previous library, this
is obtained from the External database defined for Compare
(see Figure 175). To check that the correct database is open the
confirmation dialog shown in Figure 140 is displayed. If the
External folder is correct then click the Yes button to continue,
if not then Click the NoO button and create a new Compare
database (see Figure 175). Note that the comparison means that
this operation now takes longer (about 3 minutes) than in
previous versions.

SAFEPAQ-II

P The External database must correspond to the previous EAF library,
x,_"/ Currently External is in 'T:\5afepag_DothetiSafepaq 2007 _newh',
15 this carrect, doyau wish ko conkinue?

Mote that the comparison with the previous library bakes about 3 minutes,

£ fes { [ Mo ]

Figure 140. The confirmation dialog prior to writing the reaction list.
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For libraries such as the EAF-2007 proton-induced one which
have no previous version, there is the option of producing a
simpler form of reaction list. If the database compare.mdb is
not present in the safepaq 2 folder then the dialog shown in
Figure 141 is displayed. This enables the database to be
generated or the reaction list to be produced with no flagging.

SAFEPAQ-II

Do o wish ko use khis ko compare with previous librarys
Click "fes' ko da this First before producing the Documentation.
Click 'Mo' to continue with a simple list,

"'_'. The Compare database must be created using the previous EAF library as the External database.
L

Figure 141. The confirmation dialog if compare.mdb is missing.

The file (reaction list) contains the source, modification
history (using the Mod types shown in Table 2, the Quality
score (see Table 4) and the number of data points. Clicking
Source table generates a table of numbers of reactions with
given MT values that are taken from the various sources
(source_table). Both these files are located in the Documents
folder on the disk shown in the Source database disk text
box in the Settings window (Figure 1). These can be used in
the production of the EAF report.

Clicking the Reaction data|Write EAF files|Write EAF_XS
file submenu item creates the file eaf xs in the folder cross
section on the Source database disk, and Cross section
data folder specified in the Settings window (Figure 1), this
takes about 14 h. Note that in order to increase the precision of
the energy and cross section values, data can be written in the
ENDF scientific format. The eleven character wide field is
written as ¢ 0.000000+0’ rather than * 0.0000E+00°. Although
such a format cannot be read by a standard FORTRAN format
statement, there are special routines to do it. This option is set
by ticking the ENDF scientific format check box in the
Settings window (Figure 1).

Clicking the Reaction data|Write EAF files|Write EAF_UN
file submenu item creates the file eaf un in the folder cross
section on the Source database disk, and Cross section
data folder specified in the Settings window (Figure 1), this
takes about 6 minutes.

Some additional information on reaction properties can be
found on the Tools menu. Clicking the Tools|Final
uncertainties... menu item displays the Final uncertainties

User manual: Issue 8, March 2010 CCFE Fusion



128

SAFEPAQ-II

window shown in Figure 142. Choose a reaction type from the
dropdown list and the unceratinty information in the final
database for each reaction is shown in the grid. The selected
reactions can be copied to the clipboard or printed to the default
printer by clicking the Copy or Print buttons respectively. The
window can be closed by clicking the Close button.

A Final uncertainties

=/}

Fieaction: |[n.al v 1064 reactions
Reaction Ev EH Delay DreltaH Deltaz0 Celtaki [
¥ HihgH2 RODDOE-1 | 1.0000E+05| 2.0000E-01| 1.0000E-01| 2000E-D1|  2.0000E-f
H-2ln.gH-3 EO000E-01 | 1.0000E+05 2000CE-01| 1.0000E-01| 20000E-01|  2.000CE-D1
He-3[n.glHe-4 1.0000E+02| 1.0000E+03| 50000E-0 | 1.0000E-01| 50000E-M | 6 000DE-
Li6inalLi7 B.ODDDE-01 | 1.0000E+05| 4D000E-01| 1.1200E-01| 1.0000E+00| 1.0000E-+0D
Li7in.glLi8 50000E-01 | 1.0000E+05| 33300E-01| 1.0000E-01| 5.0000E-D1| 5.0000E-D]
Be-7ln.glBe8 1.2082E+05| 1.0000E+0F| 50000E+00| 1.0000E+00| 20000E+00| 1.0000E-+00
Be-din.gBe-10 EO000E-01 | 1.0000E+05 4.000CE-01| 15000E-01| 5.0000E-01|  5.0000E-D1
Be-10in.glfie-11 1.0000E+03| 1.0000E+05| 30000E-N | 1.0000E+00| 50000E-01 | 6 O0DDE-O1
B-10fn,g)E-11 1.0000E-01 | 1.0000E+05| S.0000E-01 | 7.9100E-01| 1.0000E+00] 1.0000E+00
B-11(n.gB-12 50000E-01 | 1.0000E+07 | 3.0000E-01| 1.0500E-01| 5.0000E-D1| 5.0000E-D1
C12ng)c13 RODDOE-01 | 20000E+05 | 3.0000E-11 | B.2500E-01 | 6ODOE-DT | 6 0DO0E-01 [
Figure 142. The Final uncertainties window.
It is sometimes useful to be able to show all reactions that
produce a particular nuclide. Clicking the Tools|Reactions for
daughter... menu item displays the Reactins to daughter
window shown in Figure 143. Enter a nuclide in the Daughter
textbox, use g, m, n if there is more that one isomeric state for
the nuclide. Clicking the Get reactions button shows the
reactions and the final state in the list box. Selecting a single
reaction enables it to be copied to the clipboard or printed to the
default printer by clicking the Copy or Print buttons
respectively.
l"u' T
=+ Reactions to daughter E]
Diaughter . | Co-B0m | [Ag-108g format]
Reaction Final State  BR reactions
Co-59(n,q) 1l |~
Co-60in,n'l 1
Ni-60(n,p) 1
Ni-61lin,n'p) 1
Ni-6lin,d) 1 Print Al
Ni-62(n,n'd) 1
Wi-62(n,2p) 1
Ni-62(n,t) 1
Ni-63(n,n't) 1
Wosomo) ]
Ni-64(n,2nt) 1
Figure 143. The Reactions to daughter window.
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Analysis

If all the reactions in the listbox need to be printed then this can
be done by clicking the Print All button. The window can be
closed by clicking the Close button.

The data in both the Final database and in the various Data
sources are so extensive that a statistical analysis can reveal
underlying trends and pinpoint reactions for improvement. This
approach is similar to that carried out to produce the
systematics; the main difference is that for the systematics
experimental data were considered while for the present
analysis library data are used.

It is expected that properties such as the maximum of an
excitation function and the energy at which the maximum
occurs should be reasonably smooth functions of 4, Z and the
asymmetry parameter (s). Plotting these and also cross sections
at particular energies against say 4 will give scatter plots that
can have trend lines displayed. A full description of this
Statistical Analysis of Cross Sections (SACS) is given in
reference 14.

To use these tools click on the Tools|Cross section
analysis... menu item to display the Cross section analysis
window shown in Figure 144. Select the source of data (either
Final, a Data source or Experimental data) in the first dropdown
list and then select a reaction type from the second. For
reactions such as (n,2n) which have a threshold then the Min
energy textbox can be left as 0, but for say (n,p) reactions a
value of 1.00E+06 eV would be appropriate (this ensures that
only data above the Min energy value are considered when
finding the maximum cross section.

Information on the Quality Scores are also extracted from the
databases; since for split reactions the scores can be different it
is necessary to specify how the score of the total cross section is
calculated. There are two options: if one of the final states has a
Score = 0 then the total has Score = 0 and if one of the final
states is > 0 then the total has a score which is the maximum of
all the final states. One of these options is selected in the Split
Score group; Min: {s,0}=0 selects the first option and Max:
{s,0}=s selects the second.

If information on the width of the excitation curve are required
(additional time is required to find these data) then check the
Include width data option which enables the Width at
maximum radio button. The width refers to the width of the
excitation curve at half the maximum cross section value.
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Figure 144. The Cross section analysis window.

By default the Maximum cross section radio button is
selected in the y-axis group, and any of the first five options
actually causes the data for all five options to be collected; this
process is quite time consumming and may take several
minutes. Selecting any of the remaining options causes data at
the specified energy to be collected; this is typically much
quicker. Note that if one of the Cross section at <energy>
options is chosen then the label of the Min energy textbox
changes to Delta energy, referring to the interval about the
specified energy that is used to average data. This is important
in cases where no data point exists at the specified energy.

By default the Mass (A) radio button in the x-axis group is
selected. If the Maximum cross section radio button is
selected in the y-axis group then the 2nd reaction group is
enabled and data for the selected reaction are added to the
primary reaction. This is important in the case of (n,2n) where
at high target mass it is appropriate to be able to consider the
sum of (n,2n) and (n,f) so that the scatter can be reduced.

Clicking the Plot button will cause the data to be collected from
the database, a message in the Main window status bar reminds
the user that this process can be time consumming. Having
collected the data then the Analysis graph window shown in
Figure 145 is opened and the data displayed. Note that the
number of data points are displayed in the Main window status
bar. The menu bar in the Analysis graph window allows the

CCFE Fusion
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graph to be customised as required. Clicking the Options|Axis
scale... menu item displays the Axis scale window (Figure
89) where the axis ranges on the x- and y-axes can be changed.

Clicking  the  Options|Distinguish Even/Odd  or
Options|Distinguish Even/Odd Z menu items will show the
various Even and Odd combinations of Z and N for the targets
in various colours and affords another method of spotting
trends. Clicking the Options|Distinguish Importance menu
item will indicate if the reaction is included in the list of
important reactions given in reference 15 (analysis carried out
with EASY-2003) or the more recent (as yet unpublished)
EASY-2007 by the use of two colours. Note that there are menu
items (Options|Importance from|EASY-2003 and
Options|Importance from|EASY-2007) to select one of these
two options. Clicking the Options|Importance from|EASY-
2007 option enables the Options|Importance values used
submenu which gives eight options to select various values of
the importance. Clicking the Options|Distinguish Scores
menu item will indicate whether the reactions have Quality
Score > or = 0 by the use of two colours. Clicking the
Options|Distinguish Threshold reactions menu item will
indicate whether the reactions have a threshold or not by the use
of two colours (Note that this option is only appropriate for
certain classes of reactions such as (n,p)). These five menu
items act as toggles and the ticks indicates which option is
selected. Note that only one of them can be applied at any time,
selecting one will disable the other options.

If a point is clicked with the right mouse button then it can be
excluded from the display. If the Options|Allow symbol
change menu item is checked then it is possible to show
particular points as a red triangle (instead of the usual blue
circle) so allowing particular points to be identified when the
graph is copied to an external document. This can be done by
clicking the point with the middle mouse button or by clicking
the Options|Change symbol for nuclide... menu item which
displays a small dialog shown in Figure 146 which enables a
target nuclide to be entered.
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Figure 145. The Analysis graph window.
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Figure 146. The Change symbol for nuclide window.

Clicking the OK button will change the symbol and clicking the
Close button will close the window. By default the data are
plotted in colour as shown in Figure 145, by clearing the tick on
the Options|Colour menu item, data are shown in black
symbols which may be more appropiate for a black and white
printer. If the one of the Options|Distinguish <something>
menu items is ticked then the position of the legend on the
graph can be altered by selecting one of the options (Top or
Bottom) on the Options|Legend submenu.

The graph is ‘Hot’, clicking with the mouse on one of the data
points shows the identity and details of the reaction in the main
window status bar. The text is of the form ‘Data for B-11(n,2n)B-
10: x=0.09,y=6.5973E-02 In,S=2’, the reactions is shown followed
by the x and y values. ‘In” means that the data point is included
and ‘S’ refers to the reaction’s Quality score. A trend line can
be added to the graph (as shown in Figure 145) by means of a
least squares line of best-fit. Clicking the Options|Trend line
menu item displays or clears the line. Two types of fit can be
used. Checking the Options|Curve type|Power menu item
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causes the functional form shown in equation 4 to be used for
the trend curve.

o = 10 a+ﬂx+7/x2+5x3 (4)

Checking the Options|Curve type|Logarithmic menu item
causes the functional form shown in equation 5 to be used for
the trend curve. In equations 4 and 5 x can be 4, Z or s.

o= Ax?® (5)

The order (1, 2 or 3) of the polynomial used for the fitting in
equation 4 can be chosen from the Options|Curve order
submenu. If the curve order is 1 then yand dare 0, if 2 then O'is
0, and if 3 then all of «, S, 5 o are non-zero. Note that if a
Logarithmic curve is chosen then the Options|Curve order
menu item is disabled.

The trend line can be displayed as a thick or thin line depending
on whether the Options|Draw lines thick menu item is
checked or cleared. The form of the equation can be displayed
in the Main window status bar by clicking the Options|Display
equation menu item. A trend line can be stored by clicking the
Options|Store trend menu item, this trend can then be used in
the Validation plots window (Figure 149).

At the present time details for a large subset of the reactions
and trend curve options can be stored. Gmax(4) and Omax(s)
trends for the Logarithmic curve can be stored for the reaction
types: (n,2n), (n,3n), (n,4n), (n,p), (n,d), (n,t), (n,h) and (n,o).
Trends for the same reactions for the Power curve can be
stored, for any of the Curve order options and for any of the
eleven y-axis options, not just om.. Values of the coefficients
in the fit equations are stored in an XML file (see Appendix 2
for further details).

In addition to the trend lines which are fitted to the data points
it is possible to define a custom line which can either be a trend
line fitted with various options and then saved or a curve
defined by the user. Clicking the Options|Define custom
line... menu item opens the Custom Line window shown in
Figure 147. Choose the form of the equation of the line by
clicking one of the three radio buttons and then add the
coefficients in one of the text boxes (that will have a white
background). Clicking the Details button will enable
information about the curve to be entered in the first textbox;
the buttons are changed so that it possible only to Store or
Cancel these details. Alternatively a previously saved curve
can be selected from the dropdown list. Clicking OK will
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display this curve (in green) on the Analysis graph. If the
custom line is not required then it can be removed by clicking
on the Options|Custom Line menu item to remove the check.
Note that this option is only enabled once a custom line is
defined.

[" Custom Line E]@

-,

® v

Qv
Qu

Power=3, NO Act + NO A<20 v
=10"[ |1.7208E+00 + | 3.0565E+01 5+
1 B5B0E +02 W2+ | 31800E+02 #3)

o - 2

Figure 147. The Custom Line window.

It is possible to exclude various points. The Options|Plotted
points submenu shows a series of options. By default
Options|Plotted points|All is checked and all the points are
shown. If Options|Plotted points|Not excluded is checked
then any of the options listed below that are checked are not
plotted. Checking Options|Plotted points|Exclude actinides
ensures that all reactions where the target has Z > 85 are
excluded. Checking Options|Plotted points|Exclude A < 20
ensures that all reactions where the target has 4 < 20 are
excluded. Checking Options|Plotted points|Exclude A < 40
ensures that all reactions where the target has 4 < 40 are
excluded. Checking Options|Plotted points|Exclude Z even
ensures that all reactions where the target has even values of Z
are excluded. Checking Options|Plotted points|Exclude Z
odd ensures that all reactions where the target has odd values
of Z are excluded. Checking Options|Plotted points|Exclude
Scores = 0 ensures that all reactions that have a Quality Score
of 0 are excluded. Checking Options|Plotted points|Exclude
Scores > 0 ensures that all reactions that have a Quality Score
> 0 are excluded. Checking Options|Plotted points|Exclude
Unimportant ensures that all reactions that are not in the list of
important reactions are excluded. Checking Options|Plotted
points|Exclude Important ensures that all reactions that are in
the list of important reactions are excluded. Checking
Options|Plotted points|Exclude Non-threshold ensures that
all reactions that do not have a threshold are excluded.
Checking Options|Plotted points|Exclude Threshold
ensures that all reactions that have a threshold are excluded.
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It is possible to return to the cases where all points are plotted
by clicking the Options|Plotted points|Reset, none
excluded menu item, and all points can be plotted with the
standard symbol by clicking the Options|Plotted points|
Reset, standard symbols menu item. When the graph is
redrawn the actual number of points plotted is shown in the
Main window status bar.

Once a trend line is shown then the Options|Reaction
details... menu item is enabled. Clicking this displays the
Reaction details window shown in Figure 148. The type of
reaction and the data source are shown on the window title bar.
By default all the reactions are listed, sorted by the ZA value of
the target. By selecting one of the > Factor <n> radio buttons
only a subset of the reactions significantly far from the trend
line are listed. Note that it is possible to sort the data by any of
the column values, clicking on the appropriate column heading
will order the data in ascending order, a second click on the
heading reverses the order showing it as descending.

{rrl Reaction details - (n,2n) for Final E]
Target Azwmmety (5] | Max#5 (b Factor ~| @& Allreactions
{3 » Factor 1.2
P [H-2 0.0omao 1.9960E-01 2.2320 O » Factor 1.5
H-3 03333 49437E-02 | 41084 ) 5 Factor 2
He-4 0.0010 IE056E-03 | 01445 O » Factor 5
Li-# 01429 R.7208E-02 0.0337 3 » Factor 10
Be3 01111 B.163RE-01 05212 811 reactions
Be-10 0.2000 J1131E-01 0.2245
E-11 0.0909 BEI73E-02 | 0.0838 Exclude
C1z2 0.0omao 1.7893E-02 0.7332 & None
C13 0.0759 2.9600E-01 0.5405 () &z graph
C-14 01429 4.4741E-01 0.2633
M-14 0.0omao 1.1263E-02 0.4645
M-15 0.0667 2447 7E-01 0.6080
0-16 0.0010 20231602 |0.8344
017 0.0583 3.B097E-01 1.1621 L
Confidence intervals
BS% within factar 1,41 | 95.5% within factor 3.76

Figure 148. The Reaction details window.

If points have been excluded in the plot then they can also be
excluded from the Reaction details window. Clicking the As
graph option in the Exclude group and then clicking the Get
reactions button shows the reduced list. So long as the All
reactions option is selected then two Confidence intervals are
displayed. In Figure 148 these show that 68% of the points are
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within a factor of 1.41 of the trend line and 95.5% are within a
factor 3.76.

The selected items in the grid can be copied to the clipboard by
clicking the Copy button. The entire listing can be printed to
the default printer by clicking the Print button. The window can
be closed by clicking the Close button.

Returning to the Analysis graph window (Figure 145);
clicking the Edit|Copy menu item places the graph on the
clipboard. Clicking the Edit|Copy coefficients menu item
copies the Trend line coefficients onto the clipboard using 4
decimal places. This gives a higher accuracy than in the Main
window status bar and is useful if the equation is to be used for
other studies. There are two additional options on the Edit
menu related to the custom lines discussed above. Clicking the
Edit|Remove current custom line menu item removes details
of the current line so that another has to be defined. Clicking
the Edit|Remove all custom lines menu item details of all the
stored custom lines. The Plot menu item allows the graph to be
redrawn.

In the earlier discussion of validation plots, the option of
producing C/T plots was mentioned in the Validation plots
window (Figure 132). These can only be produced by opening
an extended version of the window. Clicking the Validation...
button displays the extended version of the Validation plots
window (Figure 149). It will be noted that the C/T type option
is selected by default and that three additional sets of options
are available: the variable on the C/T axis (either A or S), the
Trend type (Log or Power) and the Score values.

[L Validation plots
) Scores
Reaction : r.2n » ®al O =000
[araph C/T aniz
(%) Histogram O a
® =
Trend type
Type ) Log
() C/5 [Systematic) ® Power
() C/E [Experiment]
® C/1 (Trend

Figure 149. Validation plots (extended) window.

Note that it is not possible to change the Graph type, the
Energy or the Final state. The choice of Reaction, C/T axis
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and Trend type are determined by the type of Analysis chosen
in the Cross section analysis and Analysis graph windows.
Clicking the Plot button displays the Validation plot window
shown in Figure 150. The title shows the various options
chosen. The items on the Options menu are as described for
Figure 134.

The graph can be printed to the default printer by clicking the
File|Print menu item, and the window can be closed by clicking
the File|Close menu item. Note that if the Cross section
analysis window is closed while the other two are still open
then they are automatically closed as well.

Changing the various options in the Cross section analysis
window and then clicking the Plot button will typically quickly
refresh both the Analysis graph and Reaction details
windows if they are open. However, if a different reaction
source or type is chosen then a lengthy collection process will
be needed before the graph is redrawn.

[;L‘u’alidatiun plot g
Ele Edit  Options
Power trend for Max xs v s: (n,2n) reactions
N, B811F5=99 values
370 +
333 4
L 296 4
=}
= 259 +
Q
= 22 4
o
= 185 +
=
= 148 4
= 11 1+
E 74+
N ’-l_‘—v‘\_-n—’-_'-\-—l—l_
0 = T } _L_ T T |
1E-03 1E-02 1E-01 1E+00 1E+01 1E+02 1E+03
C/T value

Figure 150. Validation plot (C/T) window.

A new feature for analysis developed during the production of
EAF-2010 is the ability to produce cross section curves for
threshold reactions based on the fits in the Analysis tool. To do
this click on the Tools|Generate cross section data... menu
item, this opens the Generate cross section data window
shown in Figure 151. Fill in details of the reaction type from the
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dropdown list and the reaction target in the text box. Clicking
the Calculate button will fill in all the fitted parameters from
the Analysis tool if these have already been stored. In cases
where these are not available then the warning dialog shown in
Figure 152 is displayed, the missing data labels are shown in
red and the graph is not plotted. So long as all the fitted data are
available then a graph is shown using the selected Fitting
options. By default 1 is selected, click one of the other radio
buttons and clicking the Calculate button will display a
different cross section curve. The Parametric data points are
shown by red squares in the graph and refer to:

E, — Energy of the threshold

E\, — Energy at which the cross section maximum (o) occurs
E_ and E; — Energies defined from the Skewness parameter (k)
and the width at half-maximum (Ay,).

A,=E.—E_

k=(E++E—-Ey/(E++E)

E20 =20 MeV

E3() =30 MeV

E6() =60 MeV

Note that in Figure 151 these are shown as Eth, Em, max, E-,
E+, E20, E30, E60 respectively. P3, and P4 refer to third and
fourth order polynomial fits and Exp to an exponental fit.

[f_,\ Generate cross section data

Reaction :

Target:

Caloulated threshold::
Azpmmetry ;

Maximum cross sechion :
Energy at masimum :
Crogs section at 20 Mey'
Cross section at 30 Mey :
Cross section at B0 Mey
E- energy [Skewness]:

E+ energy [Skewness] :

Fitting optionz

lingl [l

Co-59
7.96192E +05
84745802
7.09187E-02

1.50621E+07
3.88371E-02.

2 51615E-02

E.O7F1EE-03,

9 B0357E +06
2.E4092E+07

() 1: PAEtH,E-Em); P3Em E+): Evp(E+, EEO] D.G&—B/ : : : I I :
() 2 PIEth.E-Em): P4{Em E30, ERD); ExplE20, EED) 0E+0 1EsT SE4T IE4T 4T 5E+T SE+T
) 3 PIEth,E-Em); P3Em,E20); Exp(E20, EED)

) 4 Modified Larentzian fit [Em, E+. max) Neutron energy {eV)

(&) 5 Modified Lorentziar fit [E - Em,E+)

~, Generated cross section curve [l Parameter data paints
[#.g-108rm Format]
-

008+

0.04 1 //

Cross section (b)

et 0.02 1+

[ Calculate H Copy to Cache ” Close

Figure 151. The Generate cross section data window.
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Warning

=,

\!}) You have not stored the trendline For all required quantities, Use the cross seckion analysis tools to do this,

Figure 152. Warning that trend line information is missing.

Clicking the Copy to Cache button will copy the plotted curve
to Cache using the data source label Generated n where n is
the number of the selected fitting option. Clicking the Close
button closes the window. Note that in some cases the selected
fitting options can give an extremely unphysical curve.

The importance of reactions has been mentioned several times
in the description of the Analysis tool. Further information
about both the important nuclides and reactions can be found by
clicking on the Tools|FISPACT|Importance summaries...
menu item which displays the Importance summaries
window shown in Figure 153. By default this shows the
Primary nuclides from the EASY-2007 analysis. If there are
results from a new analysis to read in then (in the case of
nuclides) click the Read nuclides button to read from the
ImportanceSummaryl.txt file which was generated by a series
of FISPACT calculations. The left hand list box shows the
Primary nuclides (there are 447 of them for EASY-2007).
Selecting the Secondary radio button will instead show the
Secondary nuclides. Selecting a nuclide in the left hand list box
will display the Elements for which this is a primary nuclide in
the right hand list box, for Be-7 there are five elements.

@' Importance summaries g
Analyziz done with © | EASY-2003
EASY-2007
Tupe Muclides

(%) Muclides (%) Primary

) Feactionz ) Secondary
Frimary nuclides [447) Elementsz [5]

H-3 | |C Read nuclides
He-g& )

Be-7 F

Ee-11

c-11 v

Figure 153. Importance summaries window (Nuclides).
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Selecting the Reactions radio button will display the important
reactions as shown in Figure 154. If none of the check boxes in
the Reactions group are selected then all the important
reactions are shown in the left hand list box (there are 5096 of
them for EASY-2007). Checking the Target check box allows
an element to be selected from the dropdown list and then the
left hand list box only shows those reactions with the selected
element as the target. Checking the Reaction check box allows
a reaction type to be selected from the dropdown list and then
the left hand list box only shows those reactions with the
selected reaction type. Checking the Importance check box
allows an importance (1 — 5 or Major (= 4 or 5)) to be selected
from the dropdown list and then the left hand list box only
shows those reactions with the selected importance. Selecting a
reaction shows the Primary daughter nuclides that are produced
by the reaction in the right hand list box. Results from a new
analysis can be read in by clicking the Read reactions button
from the ImportanceSummary?2.txt file which was generated
by a series of FISPACT calculations.

Moving the mouse over either of the Copy or Print buttons
displays a ToolTip stating that clicking the button will
Copy/Print the contents of the left hand list box while clicking
the button with the Shift key pressed will Copy/Print the
contents of the right hand list box. Clicking the Close button
closes the window.

§ Sy
@ Importance summaries E]
Analyziz done with . | EASY-2003 Reactions
EASY-2007 Target = W w
Type .
o Reaction = [Fp] |
() Muclides
) ¥ =
@) Reactions Importance 5 v
Important reactions [2] Import  Daughters [B)
¥-50(n,p)Ti-50 5 ||ar-az
¥-51(n,p)Ti-51 5 Ca-45
Ca-42

Cloze

Figure 154. Importance summaries window (Reactions).

Information about the Quality scores and importance of
reactions can be obtained by clicking on the
Tools|FISPACT|Reaction statistics... menu item which
displays the Reaction statistics window shown in Figure 155.
Select a Quality score from the Score dropdown list (1 — 6 and
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various combinations) and an Importance from the Importance
dropdown list (1 — 5 and various combinations) and the
statistics are shown in a Venn diagram. Clicking on any of the
numbers will show the number with a border and the details of
all the relevant reactions in the list box. The contents of the list
box can be copied to the clipboard or printed to the default
printer by clicking the Copy or Print buttons respectively.
Clicking the Close button closes the window.

r@ Reaction statistics g | W
Soore E |mportance :

Mumber of validated reactions = 231

Mumnber af reactions with impartance of 5 = 1380

Important

—

1289
\ EE255

a1 B4738
Reaction 5 Imp

B-10(n,t)Be-5
H-14(n,2n)H-13
0-16(n,p)H-16
F-19(n,2Zn)F-15
Hg-26i(n,allle-23
A1-27(n,tiMg-25

8 —

Print

M I T Oy
L R S I N T e o |

1]

[V] Close

Figure 155. Reaction statistics window.

Information about the Dominant nuclides can be obtained by
clicking on the Tools|FISPACT|Dominant nuclides... menu
item which displays the Dominant nuclides window shown in
Figure 156. The nuclides shown are selected by one of the
Nuclides radio buttons.

The nuclides displayed can be from all data sources or a specific
one, this can be changed this by selecting one of the Original
source radio buttons. It is also possible to order the nuclides
not just by ZA, but also by the quantity AQ. This quantity is a
measure of the goodness of the evaluation and is the difference
between two methods of calculating the O-value of the decay,
large values indicate nuclides that should be re-evaluated.
Values of 100% are typical from NUBASE where no gamma
lines are included in the file. Clicking the Comments button
shows the comment lines at the beginning of the evaluated file.
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The contents of the list box can be copied to the clipboard or
printed to the default printer by clicking the Copy or Print
buttons respectively. Clicking the Close button closes the
window.

¥ S
Dominant nuclides E]
_ Muclide Orig Source [mport Delkall [%]
el =S H-3 TEPADD-6. 7 5 0.00000 |
Al He-6 UKPADD-5. 7 z 0.00000
(¥} Primary Li-& UKPADD-6. 7 2 0.04191
() Secondany Ee-7 LHHE 2 0. 00340
O Urimportart Ee-10 UKPADD -6, 7 2 0.00000
Be-11 UEPADD-5. 7 2 0.09150
Aisic] C-11 LHHE 2 0.01927
rginal saurce c-l4 LNHE 2 0.00128
@ al C-15 UEPADD-6. 7 2 -0.07330
() MUBASE M-13 LNHE 2 0.0Ll&56
) ENSDF H-16 UKPADD-5. 7 2 0.05765 |+
) UKPADD 447 ruclides Oirder by
O LNHB ® MNuclide .
& wr
) ENDF

Drel
#jer

Figure 156. Dominant nuclides window

Miscellaneous tools

It is often useful to know the Q-value for a reaction. Clicking
on the Tools|Calculate Q-value... menu item displays the
Calculate Q-value window shown in Figure 157. Enter the
target in the text box and select the reaction from the dropdown
list. Clicking the Calculate button displays the Q-value, the
threshold and also the target neutron (Sn) and proton (Sp)
separation energies.

= =]

Calculate Q-value

Target: |Fe-BB [Aa3-108rm farmat]
Reaction: | [n,2n) v

O-walue: | -1.11975E+07 &V -
Calculate

Threshald: | 1.13994E+07 &

Al Targets
Target Sn: | 1.11975E+07 1

Target Sp ;| 1.01836E+07 eV Close

=

Figure 157. The Calculate Q-value window.

If the All targets button is clicked then the confirmation dialog
shown in Figure 158 opens where the location of the file (in this
case Q n2n in the ascii folder) is shown. Clicking the OK
button will write the four values for each of the reactions of the
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selected type to the file. The window is closed by clicking the
Close button.

- Calculate Q-value

- Q-value, threshold, Snand Sp
\l’) calculated for all the {n, 2n) reackions,
See file Q_nznin asci Folder,

£ (]'8 |I Cancel ]

Figure 158. The Calculate Q-value confirmation dialog.

Systematic formulae are used for many purposes in SAFEPAQ-
II. Details of these are available in the EASY documentation
[10]. The values used for the various reactions and energies can
be seen by clicking on the Tools|Calculate systematics...
menu item, this displays the Calculate systematics window
shown in Figure 159. Enter the target in the text box and select
the reaction from the dropdown list. Clicking the Calculate
button displays the available systematics values. Depending on
the reaction type, systematics at one, two or three energies are
displayed. By default the standard sytematics formulae are
used, but if the Experimental data|Systematics|Alternate
submenu item is checked then the alternate set of formulae are
used in the calculations. The window is closed by clicking the
Close button.

If the reaction chosen is (n,n") then the window has additional
options as shown in Figure 160. Only the 3 MeV value is
shown (instead of the standard 30 keV value), and the final
state of the daughter must be chosen in the Final state group
by selecting one of the g, m or n radio buttons.

s T

Calculate systematics

Target: |Fe-B6 [&g-108m format]
Reaction: | [n.p] el
30 ket b

Calculate
145Mey: | 9.4479E-02 b

20.0kev: | 33083E-02 b

Figure 159. The Calculate systematics window.
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Fan

Calculate systematics

-,

Target: |Co-B0

Feaction: | [n.n']

14.5 Me :
200 Me :

b

IMes | 4.9212E-M

[g-108m format]
Final ztate

Qa@®mOn

b
Calculate

(o
;o=

Figure 160. The Calculate systematics window for (n,n’) reaction.

While working with SAFEPAQ-II it is often useful to be able to
find the atomic number (Z) for particular elements. This can be
found by clicking on the Tools|View elements... menu item
that displays the Elements window shown in Figure 161. This
shows Z and the chemical symbol for each element. The name
corresponding to the symbol can be seen by selecting an
element and the name is shown in a ToolTip. The window is
closed by clicking the Close button.

-

Elements

Loc RS B VI IR ORI S

M MNMNMNIMMNFRFRERFRRERRRRRFBE
1 s 03 B = O W0 00 -1 O A s L B = OO

26

o

Cl
Fiha
K

Ca
3
Ti
v

Cr
Mn
Fe

Cloze

b

Figure 161. The Elements window.

The type of reaction is shown in ENDF files by means of the
MT value. A list of MT numbers can be seen by clicking on the

CCFE Fusion
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Tools|View MT numbers... menu item that displays the MT
numbers window shown in Figure 162. This shows MT and
the conventional symbol for each reaction. The standard ENDF
MT numbers appear above the dividing line, those below are
non-standard ones defined in EASY for extended energy
libraries. The window is closed by clicking the Close button.

i hy

MT numbers

4d [n,n'Zp] |
45 [(n,n'pa)
102 (n, )
103 (n,p]
104 (n,d)
105 (n,t)
l0g (n,h)
107 (n,a)
108 (n,2a)
109 (n,3a)
111 (n,2p)
112 (n,pa)
113 (n,tZa)
114 (n,dZa)
115 (n,pd)
lle (n,pt)
117 (n,da)

157 (n,35nd)
153 (n,n'da)
159 [(n,2npa) ¥

Cloze

Figure 162. The MT numbers window.

The Mod types of the various modifications are shown in Table
2. A list of the Mod types can be seen by clicking on the
Tools|View Modification types... menu item that displays the
Modification types window shown in Figure 163. This shows
the Mod types and the corresponding action and Specification
for each modification. The window is closed by clicking the
Close button.
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-

Modification types

=,

bod tepe

b I ey B O T B %

Eutrapolated data pointe | Additional data points between [Elow] and [Ehigh] extrapolated usin
Renormalize to systematics | Renormalizes all data between [Elow] and [Ehigh] to the systematic
Renormalize to experment | Benormalizes all data between [Elow] and [Ehigh] to the experiment
Renormalize by factor
Removes data points
Renorm by lin energe BR | Multiplies each data point between EH [Elow] and 206et [Ehigh] b

b odification of O-value

Specification

Multiplies all data between [Elow] and [Ehigh] by a factar [fact]
Removes all data points with [Elow] <= Energy <= [Ehigh]. Mote thal

Replaces Gl in the Reaction entry by the new G value [Eref] "
>

Cloze

Figure 163. The Modification types window.

It has been found that due to changes in decay data that the
isomeric state of a target nuclide can need to be changed. As an
example in EAF-2007, Ir-194m was long-lived while Ir-194n
was short-lived. For EAF-2010 the new decay data reverses
these two isomers and now In-194n requires cross section data.
Unfortunately no data sources have cross section data for this
target. By clicking on the Tools|Change target isomeric
state... menu item that displays the Change target isomeric
state window shown in shown in Figure 164 it is possible to
specify the target nuclide in the text box and the old and new
isomeric states in the dropdown list. Clicking the Change
button will make the necessary changes in the Parameter,
Master and Final databases.

Change target isomeric state

MHuclide : Ir-194 [A3-108 farmat]

Old ztate :  |m w
Mew state: |n v

Figure 164. The Change target isomeric state window.

If SAFEPAQ-II crashes during data entry it is possible that the
Final database can be left in a damaged state. Typically there is
an entry for a reaction in the Parameter database, but this is
missing in Final. This means that it is not possible just to add
the reaction (using Figure 102) and the reaction is not present
when using Single reaction processing (Figure 124). To correct
this situation click on the Tools|Repair Final... menu item to
display the Repair Final window shown in Figure 165.
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Fan hy

Repair Final

The reactions listed are mizzing from Final.

Mumber of points : R epair

Mumber of ranges : Cloze

Figure 165. The Repair Final window.

Clicking the Get reactions button displays any reactions
missing from Final but present in Parameter in the list box.
Clicking on a reaction displays a message describing which
tables the reaction is missing from and where possible showing
the number of data points and interpolation ranges in the text
boxes. Clicking the Repair button will add the reaction details
back into the Final database tables using data from Master.
There is now an entry for the reaction, but the actual data may
not be correct, a warning dialog box informs the user that the
data should be corrected using the Single reaction processing
window (Figure 124). The window is closed by clicking the
Close button.

If SAFEPAQ-II crashes it is possible that one of the Access
databases can be damaged. If this happens then during use of
SAFEPAQ-II an error message will be displayed stating that the
file is not in database format when the application tries to open
the damaged database. It is usually possible to repair such
damage and return the database to a usable state. To do this
click on the Tools|Repair databases... menu item to display
the Repair databases window shown in Figure 166. Select
the database to be repaired and click the Repair button. Note
that since moving to VB.NET repairing is actually the same as
compacting a database.
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r+ Repair databases
Repair standard databazes damaged
by & SAFERAQ-I 'crazh’,
[] Parameter
[ ] Master
Final
] Final_add
] Library
[] Cache .
] ExFOR
e

Figure 166. The Repair databases window.

As SAFEPAQ-II is developed new features are added. In most
cases this means that the SQL queries in the various databases
are either amended or new ones added. It follows that if an old
database is used with the current version of SAFEPAQ-II then
it can crash because the code calls non-existent queries. This
can be corrected by importing the new or modified queries into
the old database. There can be many such changes, so this
process is automated by clicking on the Tools|Update
databases... menu item to display the Update databases
window shown in Figure 167.

i 1

Update databases

Database folder: | 1:\S afepaq DotMet\Safepag 2009 _2 E]
Select databazes that require updated queries and/or fields [sihce 2.0.3434).

Parameter

|Ipdate

Figure 167. The Update databases window.

|Ipdate all the Source databazes [in the Crogs section
data fFolder] with required new quernies.

[] 2l Source databazes

Click the browse button (...) to display the Open dialog and
select one of the databases in the folder containing the
SAFEPAQ-II databases needing to be updated. The folder name
is displayed in the text box. Depending on the SAFEPAQ-II
version only some of the databases need to be updated, these
are shown with the check boxes enabled. Select the ones
required (usually select all possible) and click the Update
button. This adds all the new queries to the selected databases.
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Sometimes the various source databases need to be similarly
updated. This can be done by ticking the All Source
databases check box in the lower part of the window. Note
that even if only the source databases need to be updated it is
still necessary to select a database folder (ensure that none of
the database check boxes are ticked). The window is closed by
clicking the Close button.

SAFEPAQ-II is primarly designed as a means of producing
EAF data libraries in standard text formats (such as the
modified ENDF format known as the EAF format). However,
for some applications there is a need to be able to write data as
XML files. Clicking the Tools|Write library as XML menu
item writes a file containing subsets of the decay and cross
section data to a file named eaf xml located in the cross
section data folder.

SAFEPAQ-II is a Windows application and therefore tends to
work with Windows style files. However, files are available
from various sources and it may be that all the files in a folder
are actually in UNIX style (the differences relate to the
character(s) delimiting the end of each line). In such a case it is
necessary to convert them from one style to the other. While
this is easy using standard tools if there are only a few files, in
cases where there are many (such as a single files for each
target in an evaluated library) the standard tools can be very
time consuming. Clicking the Tools|Convert UNIX/PC type
files... menu item to display the Convert UNIX/PC file types
window shown in Figure 168. Clicking the Browse (...) button
to open the Browse For Folder dialog where the folder
containing the files for conversion can be selected. Choose how
the files are to be converted by selcting one of the radio button
options and then click the Convert button to do the conversion.
The window is closed by clicking the Close button.

0 Convert UNDX/PC file types E]

(%) Convert all files of type UNIX to PC
() Convert all files of type PC o UNE=

Fath: +Safepag_DotMet\Decay datau [I]

Figure 168. The Convert UNIX/PC file types window.

SAFEPAQ-II is continually improved with new features and
errors in the coding corrected. This is reflected in the Version
number displayed in the About SAFEPAQ-II window (Figure
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8). Keeping track of bugs and requests for new features is
important and a feature to do this has been added for EASY-
2007. In addition other parts of EASY also need to have bugs
and new features recorded. This feature is only available for the
developer of the code system (R.A. Forrest). Another Access
database (Helpdesk .mdb) is held in the Extra folder. Clicking
the Tools|Helpdesk menu item displays a submenu containing
the items New, Edit and List entries.... Clicking the
New|Person... menu item displays the New person window
shown in Figure 169. Select a Title from the dropdown list and
enter details in the text boxes. Clicking the Save button stores
the information in the Helpdesk .mdb database (following a
confirmation dialog) and clicking the Close button closes the
window.

r@ Person E] -\

Title : Dr v
First name :  |Jura
Surname : Kopecky

Orgarisation : | JUKO]

Figure 169. The New person window.

Clicking the New|Entry... menu item displays the New entry
window shown in Figure 170. Select one of the already defined
people from the Person dropdown list. The type of entry is
selected from the Type dropdown list (FISPACT, SAFEPAQ-
II, User Interface, EAF and Documentation are the options).
The source of the entry is selected from the Source dropdown
list (Phone, e-mail, Discussion, Document, Idea are the options)
and a reference to it given in the Reference textbox. A
description of the entry is added to the Description textbox and
today’s date is automatically entered in the Date created
textbox. Typically the Response and Date finished textboxes
are left blank. Clicking the Save button stores the information
in the Helpdesk .mdb database (following a confirmation
dialog) and clicking the Close button closes the window.

CCFE Fusion
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r& Entry E] -\

Perzan : Fiabin Forrest v Date created : [10-3-2009
Tupe: SAFEPAQHL  |w D ate finished ;
Source : Document w

Reference : Mate in SAFEPAD log

Description ;| Dpening the Y alidation window frorm the M e on
Toolbar needs to dizable the C/T option.

Responze :
P Save

Cloze

Figure 170. The New entry window.

The details of a person already defined can be edited by
clicking the Edit|Person... menu item which displays the Edit
person window shown in Figure 171. Enter a Surname and
click the Get person button to display the details of the person.
If more than one person with the same name has been defined
then the > and < buttons allow details for each one to be
displayed. The Title, First name and Organisation can be
changed if required and the changes stored in the database by
clicking the Save button. Clicking the Close button closes the

window.
i -
@ Person E]
Title:
-
Firzst name : | Rohin
Surname Farrest
Organization : | JKAEA

Figure 171. The Edit person window.

A list of the available entries can be found by clicking the
Tools|Helpdesk|List entries... menu item which displays the
List entries window shown in Figure 172. Select an entry from
the List by dropdown list (Surname, Organisation, Type,
Source, Before date, Unfinished and Completed are options). In
the first five cases a criterion must be entered in the Criteria
combo box (if a suitable criterion is available in the dropdown
list then it can be selected). Clicking the List button will display
the selected entries. The list can be printed by clicking the Print
button. Select an entry in the list and click on the Edit button to
display the Edit entry widow which is identical to Figure 170.
It is now possible to enter information in the Response and
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Date finished textboxes. If the entry was completed today then
today’s date can be entered by clicking the Today button. The
changes can be stored in the database by clicking the Save
button. Clicking the Close button closes the window.

List entries

BE X

Listhy: | Sumame

s | Criteria :

Forrest v | ts || Ede. |[ P ][ Cose |

Date
2005-02-15
2005-02-22
2005-03-02
2006-06-07
2006-06-09
2007-02-01
2008-01-22

Pergon
R obin Farmest
Robin Formest
Fobin Farmest
Fobin Farmest
Fobin Farrest
Fobin Farmest
Robin Farrest

Organigation Type Source D escription ~

LKAEA SAFEPARHD |ldea Decided that needed to incorporate the FISPACT user tool in 5...
LEAES SAFERAQ-N | ldea The b T>200 sumns for the reactions 203-207 such as [nxa) did ..
UkAEA SAFEPALHD | 1dea ‘when displaying Cache there iz a horizontal scroll bar which iz n..
LKAEA SAFEPARHLD |Idea Meed to produce a p-induced library, capability need to be adde....
LKAEA SAFEPAL-I | Document ‘Wanted analysiz plots to show some discussed points with differ...
UkAEA SAFERPAGHI | Document Opening the ¥ alidation window from the Menu or Toolbar needs...
LIKAEA FISPACT Discussion Faul suggests that FISPACT should be able to use specific Fre... ||w

Figure 172. The List entries window.

It is important to keep track of the users of EASY so that, for
instance, they can be notified of new versions. PC users also
require a serial number and password during installation. A
database of users is only available to the developer of the code
system (R.A. Forrest) in another Access database (Users .mdb)
held in the Extra folder. Clicking the Tools|Users menu item
displays a submenu containing the items New user... and Edit
user.... Clicking the New user... menu item displays the New
user window shown in Figure 173. Enter details of the user,
and whether the version of EASY is an internal one or a
commercial sale. Select the EASY versions and types and then
click the Add button to store the information in the database
(following a confirmation dialog). Clicking the Close button
closes the window.

r@ Hew user E] -\

I ritials ; =R Tvpes "Yerzions
Window ] 97
Surname Forrest [ Unix [] a9

D - 254 (] 2001

2003
Seral number : | 000090910254 ) Commercial E 005

Date sent - 1040942009 © Intemal 2007

Address FAES Fusion
Culham
=14 3DB

Comment ; Werzion an <P machine Add

Cloze

Figure 173. The New user window.

Clicking the Tools|Edit user... menu item displays the Edit
user window shown in Figure 174. A user can be selected

CCFE Fusion
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from the Surname dropdown list which displays their details.
Certain details such as Initials, ID and Serial number cannot be
changed. Click the Save button to store the information in the
database (following a confirmation dialog). Clicking the Close
button closes the window.

r@ Edit user E] w

Initials ; Tupes Wersions
: _ indow 97
Urhiame : k.opecky W D LIM [ qq
I : 2001
) ) 2003
Senal number : g ::u_;mmeirclal 2005
Date sent : 19951108 7 e 2007
Address : JUKD Research

K.almanztraat 4
1817 H Alkmaar .
The Metherlands
Comrment : Sent az part of collaboration. S ave
JUED haz contract with g,

Cloze

Figure 174. The Edit user window.

Clicking the Copy details button copies user information
(Name, Serial number and Password) onto the clipboard. These
details are required when the EASY User Interface software is
installed.

Updating databases

A major advantage of developing SAFEPAQ-II as a Windows
application is that it enables several users to participate in
producing EAF libraries. These users are in separate countries
and so there is the question of how their contributions can be
integrated to form the final library. It is possible to design the
Access databases so that there is a single ‘Design Master’ and
several ‘Replica’ databases. When changes are made to the
Replicas, these can be reconciled in the Design Master by a
process of ‘synchronization’ which ensures that all copies are
identical. Such a process is automatic, and there is no
possibility of choosing if all changes should be implemented.
Also there are certain technical differences in the structure of
the databases in a ‘Replica set’, the most important being that
auto-number fields are added randomly rather than in numerical
order. It therefore seemed better to carry out the updating in a
more manual fashion.

All information on a particular library version is held in the
Parameter database. In addition choices about experimental
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data to be used for visualisation are held in the EXFOR
database. It is only necessary therefore to have copies of these
two databases (which are relatively small compared to Final) to
compare with the original (which is held at Culham). A series
of queries using tables from the original (termed the Internal)
and the copy (termed the External) databases have been
developed. These are held in a new database compare.mdb.
Actually, there is a database comp generic.mdb that contains
all the queries but no tables. When it is necessary to compare
the Internal and External databases a new version of Compare
is produced which contains links to tables in the Internal and
External databases. This is done by clicking on the
Tools|Create Compare database... menu item which
displays the Create Compare database window shown in
Figure 175. Note that the current External folder is shown, and
so this window can be used if the location of the External folder
is required for other purposes. Another option is to use the
Project properties window (Figure 10).

¥ |

Create Compare database

Current External folder ; 'I:A\5 afepaq_DotMethS afepag 2007 _newh

External folder : | [:A\Safepaq_DotMethSafepaq 2009 2 -]

Cloze

Figure 175. The Create Compare database window.

Clicking the browse button (...) displays the standard Browse
For Folder dialog where the folder containing the External
databases can be selected. Clicking the Create button copies
comp_generic.mdb to compare.mdb and links all the required
tables. If Compare already exists then a confirmation dialog is
displayed. Once the Compare database has been created (in the
current SAFEPAQ folder), a set of menu items on the Tools
menu become enabled. These enable a series of comparisons to
be carried out.

Clicking the Tools|Compare|Reaction sources... submenu
item displays the Compare reaction sources window shown
in Figure 176. This shows reactions where the data source is
different between the Internal and External databases. The
contents of the grid can be copied or printed by clicking on the
Copy or Print buttons respectively.

CCFE Fusion
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rﬁ Compare reaction sources - | O m

Reaction External Source Intemal Source Li 173 reactions
P | He-3[ndH-2 EFF-2.4 JEMDL-3.3
Li-B{npHe-6 EFF-2.4 |EAF-2001
B-11[r.t)Be-3 EFF-2.4 TaLly'S-6a
C-12[n.2n)C-11 RRDF-35 TALYS-6a Co
| Copy |
C12(m.plB-12 JEMDL-3.2 TALYS-Ba -
0-16(n.2n)0-15 EAF-2001 TALYS Ba Pt |
0-17[nplH-17 JEF-2.2 TaLly'S-6a
0-18[n.pIH-18 anL-3 TALYS-6a [v Close |

Figure 176. The Compare reaction sources window.

Clicking the Tools|Compare|References... submenu item
displays the Compare references window shown in Figure
177. This shows new references in External that are not in
Internal. The contents of the grid can be copied or printed by
clicking on the Copy or Print buttons respectively.

Clicking the Tools|Compare|Experimental data flags...
submenu item displays the Compare experimental data
flags window shown in Figure 178. This shows data sets where
the flags (these show if the experimental data are used for
branching, renormalisation or validation) are different between
Internal and External for matching data sets. In the grid
headings ‘I’ refers to the internal and ‘E’ to the External
databases. The contents of the grid can be copied or printed by
clicking on the Copy or Print buttons respectively.

o

i Compare references - | O m

[ references

] Reference

Copy

Pritt

Cloze

Figure 177. The Compare references window.
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B8 Compare experimental data flags

BEX

Reaction
b B-11[ntBeS

C-12[n.plB-12
M-15(n.g)H-16
0-17(h.p)H-17
0-18(np)MH-13
Si-30[n.p)al-30
CF37[n.p)5-37
Cl-3%(n,p]5-37

Source E UseB | E UseR | E UseV
BOgs True Falze
RIES Falze Falze
JUKO Falze Falze
MEFQ Falze Falze
a81 Falze Falze
SC708 Falze True
G5 Falze True
Ga81 Falze Falze

True
True
True
True
True
True
True
Falze

| UzeB | | UzeR
Falze True
Falze True
Falze Falze
Falze True
Falze True
Falze Falze
Falze Falze
Falze True

| Uzl ||

Tiue
Tiue
Falze
Tiue
Tiue
Falze
Falze
Tiue w

78 reactions

Print

14

Close

Figure 178. The Compare experimental data flags window.

Clicking the Tools|Compare|New experimental data... sub-
menu item displays the Compare new experimental data
window shown in Figure 179. This shows reactions where there
are new data sets in External that are not present in Internal and
the values that are in External. The contents of the grid can be
copied or printed by clicking on the Copy or Print buttons

respectively.
Ad Compare new experimental data E]
Reaction Source | Energy (ev) | S (b Deltaxs (b) | UseB |JzeR Usey ||| 59 reactions
¥ | HA(gH-2 JUKO 00253 332000E-01 | 200000E-03 |Fakse |Fake | Twe
0-17(np)N-17 EAF33 14500000 1.35000E-02 | E.27000E-03 | Falee Falze Falze
Ma-24[n alMg-25 JUKO 00253 530000E-02 | G.000DOE-D3 |Fakse |Fake | Twe
Ca-48[n.g)Ca-49 JUKD 0.0253 1.10000E+00 | 1.00000E-01 Falze Falze True r
Fe-B8{n.pMn-58 RS 14500000 7.00000E-03 | 1.50000E-03 | Falze Falze Falze
Zr68(n plCu-E3 EAFS7 14500000 | 1.52000E-02 |S00000E-04 |True  |Fake | Trus
Zn-70[k,2nZn-69g EAFS7 14500000 382200E-01 2.50000E-01 True Falze True
Zn-Fln.2nEZn-E9 EAF 14500000 1.11320E+00 | 2.12000E-01 True False True LY Cloze
Figure 179. The Compare new experimental data window.
Clicking the Tools|Compare|Systematics data flags... sub-
menu item displays the Compare systematics data flags
window shown in Figure 180. This shows reactions where there
are differences in the usage flags for systematics. The values of
the UseR and UseB fields in the External and Internal databases
are shown. The contents of the grid can be copied or printed by
clicking on the Copy or Print buttons respectively.
CCFE Fusion User manual: Issue 8, March 2010
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& Compare systematics data flags

W

7

Reaction ElseB | EUseR | I UseB | | UseR |0 reactions

Copy

Pritt

Cloze

Figure 180. The Compare systematics data flags window.

Clicking the Tools|Compare|New systematics flags... sub-
menu item displays the Compare new systematics flags
window shown in Figure 181. This shows reactions where there
are new systematics data flags in the External database. The
values of the UseR and UseB fields in the External database are
shown. The contents of the grid can be copied or printed by
clicking on the Copy or Print buttons respectively.

& Compare new systematics flags

Reaction UseB | UseR |7 reactions
P | K32 n.plBr-B2g Falze True
kr-82(n.p)Br-82m Falze True
Ba-130[n,p)Cs-130 Falze True
0z-183[n.plRe-1830 Falze True
Tr-171[h.a)Ho-168 Falze True
b 0-93m[n,p]Mb-33g Falze Falze Frint
b a-33m(rp)MNbB-33m Falze Falze

Figure 181. The Compare new systematics flags window.

Clicking the Tools|Compare|Removed systematics flags...
submenu item displays the Compare removed systematics
flags window shown in Figure 182. This shows reactions
where systematics data flags for a reaction have been removed
in the External database. The values of the UseR and UseB
fields in the Internal database are shown. The contents of the
grid can be copied or printed by clicking on the Copy or Print
buttons respectively.
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i Compare removed systematcs flags g O
Reaction UzeB Use R || 4 reactions
P | Ba-130[np)Cs-130g Falze True
Ba-130[n,p)Cz-130m Falze True
Tm-171[n.aHo-1680 Falze True
Tr-171[n.a]Ho-168m Falze True

Figure 182. The Compare removed systematics flags window.

Clicking the Tools|Compare|lntegral data... submenu item
displays the Compare integral data window shown in Figure
183. This shows reactions where there are differences in the
integral data between the Internal and External databases. The
contents of the grid can be copied or printed by clicking on the
Copy or Print buttons respectively.

A Compare integral data g [
Reaction D |Else |EXSIH) EDXS (b | ESowce |IlUse | IXS(h) ID¥5(H) | | Souce Lﬂw“ reactions
P | Me-Z0[ntF-18 30 |Twe | 7.50000E-03 | 1.50000E-03 | DA784 True | B.BO00CE-03 | 1.50000E-03 | QA784
Me-20[n{F-18 30 [Twe | B.BOD00E-03 | 1.50000E-03 | DA784 True | 7.50000E-03 | 1.50000E-03 | Q4784
Mo-24(n.Na-22 30 [Twe | 6.90000E-03 |1.00000E-03 | DA784 True | 4.30840E-03 | 7.97860E-04 | DA7E4
Mo-24(n.Na-22 30 |Te | 4.30840E-03 | 7.97860E-04 | DA7SEA True | B.9000CE-03 | 1.00000E-03 | Q4784 =
Lopy
A1-27(nhiNa-25 3% |Twe | 318000E-03 | 5.20000E-04 W73 True | 2.80240E-03 | 5.60430E-04 | WI79
41-27(nhNa-25 3 |Te | 2.B0240E-03 | 5.60480E-04 W73 True | 3.18000E-03 | 5.80000E-04 | w173 Fint
41-27(nh+Na-25 3 |Te | 2.80240E-03 | 5.60480E-04 | W73 Tiue | 3.18000E-03 | 5.20000E-04 | w73
A1-27[nh+Na-25 3 |Te | 3.18000E-03 | 5.50000E-04 w73 True | 2.80240E-03 | 5.60430E-04 | W79 [ Close

Figure 183. The Compare integral data window.

Clicking the Tools|Compare|New Integral data... submenu
item displays the Compare new integral data window shown
in Figure 184. This shows reactions where there are new
integral data in the External database. The values of the integral
data in the External database are shown. The contents of the
grid can be copied or printed by clicking on the Copy or Print
buttons respectively.
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& Compare new integral data

W

9

:

Fieaction ID | Use | WS (b) D5k Source || U reactions

&dd

Copy
Ptk

Cloze

Figure 184. The Compare new integral data window.

Clicking  the Tools|Compare|Number of pre-
modifications... submenu item displays the Compare
number of pre-modifications window shown in Figure 185.
This shows reactions where there are differences in the number
of pre-modifications in the External and Internal databases. To
discover what the External pre-modifications are click on the
reaction to display a ToolTip containing all the details. If there
is more that one pre-modification then pressing the ‘>’ or ‘<’
keys will display the next or previous pre-modification details.
If changes are made to the pre-modifications while the window
is open then the list can be refreshed by clicking the Refresh
button. The contents of the grid can be copied or printed by
clicking on the Copy or Print buttons respectively.

A

& Compare number of pre-modifications |- O ﬁ

Reaction Murn Ext | Mum Int li 202 reactions

P | He3ndH-2 1 1]
Li-BlnpHe6 1 0
B-11(n.tBe-3 1 0
C-12[n.2n)C-11 3 0 Co

P

0-17[n,pN-17 1 0 [ = ]
0-18{n.pJMN-18 1 0
Mg-2d[n.p]Na-24g 0 1 (v Cloze

Figure 185. The Compare number of pre-modifications window.

Clicking the Tools|Compare|Number of modifications...
submenu item displays the Compare number of
modifications window shown in Figure 186. This shows
reactions where there are differences in the number of
modifications in the External and Internal databases. To
discover what the External modifications are click on the
reaction to display a ToolTip containing all the details. If there
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is more that one modification then pressing the ‘>’ or ‘<’ keys
will display the next or previous modification details. The
contents of the grid can be copied or printed by clicking on the
Copy or Print buttons respectively.

A& Compare number of modifications E]

Reaction NumEst | Mumlnt | | 493 reactions

P He3ndH-2 4 1
Li-&[n.p]He-& 0 3
Li-B[n.tiHe-4 1 2
B-11[ntBe-3 0 2 Co

Py

0-16(m,2r)0-15 3 1
0-17[mp]H-17 0 1
0-18[m.p]H-13 0 2 L Cloze |

Figure 186. The Compare number of modifications window.

At one point during the development of SAFEPAQ-II, the Mod
type 5 modification only removed data points. Now this
modification also ensures that a point at 60 MeV exits (20 MeV
for a non-extended library). Prior to this it was necessary to add
the 60 or 20 MeV point by means of a Mod type 16
modification. When comparing with an External database that
used these additional Mod type 16 modifications, the list of
reactions with different numbers of modifications can be very
large. Most of these are actually not relevant as the External
Mod type 16 is not required to be added to the Internal
database. The Ignore final Mod type 16 mods check box in
the Settings window (Figure 1) should be ticked if the External
database contains these modifications.

Clicking the Tools|Compare|Pre-modifications... submenu
item displays the Compare pre-modifications window shown
in Figure 187. Prior to the window appearing the confirmation
dialog shown in Figure 188 is displayed. This ensures that the
comparison is being carried out between databases with the
same reaction numbers. The window shows reactions where
there are differences in the pre-modifications stored and that
will be used to create Final. The values in External are shown.
The contents of the grid can be copied or printed by clicking on
the Copy or Print buttons respectively.
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i Compare pre-modifications E]
Rieaction Mod type | Elow Ekigh Eref Sref Fact # | 38 reactions
b 456 13 0.0000E +00 | 0.0000E+00 | 2.0000E+07 | 2.5000E+01 | 2.0000E+00
452 13 0.0000E+00 | 0.0000F +00 | 2 0000E+07 |2 BO00E+01 | 2 0000E +00
e 2 1.0000E +05 | 6.0000E+07 |1.4500E+07 [1.1345E6-03 | 0.0000E+00
5a8 7 0.0000E +00 | 0.0000E+00 | 4.2455E+05 | 0.0000E+00 | 0.0000E +00
Caopy
560 g 1.0000E+05 | 6.0000F +07 | 1.4500E+07 |0.0000E+00 | 00000E +00
F42 7 0.0000E +00 | 0.0000E+00 | 5.5893E+06 | 0.0000E+00 | 0.0000E +00
BE2 5 1.0000E+05 | 6.0000F +07 | 1.4500E+07 |0.0000E+00 | 00000E +00
705 14 0.0000E+00 | 0.0000E+00 |5.0232E+02 | 0.0000E+00 |1.0000E-08 [+ Cloze
Figure 187. The Compare pre-modifications window.
o =
Compare Pre-mods
i J This comparison is For Internal and External databases with the same reaction numbers,
H-'_',/ Do wou wank o display the comparison windaw?
[ ves [ Mo ]
Figure 188. The confirmation dialog prior to comparing pre-modifications.
Clicking the Tools|Compare|Modifications... submenu item
displays the Compare modifications window shown in Figure
189. Prior to the window appearing the confirmation dialog
similar to Figure 188 is displayed. This ensures that the
comparison is being carried out between databases with the
same reaction numbers. The window shows reactions where
there are differences in the modifications stored and that will be
used to create Final. The values in External are shown. The
contents of the grid can be copied or printed by clicking on the
Copy or Print buttons respectively.
% Compare modifications E]
Feaction Murmber | Mod Type | Elow Ehigh Eref Href fact # | 4071 reactions
P 7 g 0.0000E +00 | 0.0000E+00 | 1.0000E-05 | 7.3050E-01 | 0.0000E+00
127 g 0.0000E +00 | 0.0000E+00 | 1.0000E-05 | 1.3949E+02 | 0.0000E +00
183 3 1.0000E-05 | 6.0000E+07 | 1.4800E+07 | 1.2000E-05 | 0.0000E +00
208 5 §.2000E+07 | 1,5000E+05 | 0.0000E+00 | 0.0000E-+00 | 0.0000E +00
Copy
208 g 0.0000E +00 | 0.0000E+00 | 1.0000E-05 | 1.0000E-10 | 0.0000E+00
208 10 1.0000E-05 | 9.0460E+05 | 0.0000E+00 | 0.0000E-+00 | 1,0000E +00
209 4 21000E+07 | 6.0000E+07 | 0.0000E+00 | 0.0000E+00 | 9.2166E-01
209 5 §.2000E+07 | 1.5000E+0% | 0.0000E+00 | 0.0000E+00 | 0.0000E +00 |+ m

Figure 189. The Compare modifications window.

Clicking the Tools|Compare|EXFOR... submenu item
displays the Compare EXFOR window shown in Figure 190.
This shows reactions where there are differences in the data sets
selected for plotting from the EXFOR CD-ROMSs and stored in
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the SAFEPAQ-II EXFOR database. The ‘Use P’ flag shows if
the data entry is used for visualisation. The contents of the grid
can be copied or printed by clicking on the Copy or Print
buttons respectively.

A Compare EXFOR u | E
Reaction FulAccess | Code | UseP |i 17 entries
H-2[h.2n] 203340050  |YOKEE | True
LiGin.al 5700030 |NSUDE | Tre | =
Li-B(r.p) 225150030 | ALDE3 | True
Li-Blr.t] 326510020 |BJGODE | Te | Co

py
Li-B[r.t] 141060020 | RPIOE | True
Li-7[n.q] 223450040 | TITIE | True Print |
Be-3n.q) 15530040 |11 03 Falze
B-10(n.a) 201920040 | MOLEY | True [v [ Claze ]

Figure 190. The Compare EXFOR window.

Clicking the Tools|Compare|Private EXFOR... submenu
item displays the Compare Private EXFOR window shown
in Figure 191. This shows reactions where there are differences
in the Private EXFOR data sets stored in the SAFEPAQ-II
EXFOR database. The contents of the grid can be copied or
printed by clicking on the Copy or Print buttons respectively.

& Compare Private EXFOR u O ﬁ

[ entries

R eaction Full Access Code

Copy
Print

Cloze

Figure 191. The Compare Private EXFOR window.

Clicking the Tools|Compare|Uncertainty data... submenu
item displays the Compare uncertainty data window shown
in Figure 192. This shows reactions where there are differences
in the uncertainty data values (for non-threshold reactions). The
values in External are shown. The contents of the grid can be
copied or printed by clicking on the Copy or Print buttons
respectively.

CCFE Fusion
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& Compare uncertainty data E]
Reaction EV [&V] EH (&) Deltay DeltaH Dekaz0 Dielta50 # | 930 reactions
» | H-ingH-2 1.00000E+04 | 1.00000E+05 | 2.00000E-01 | 5.00000E-01 | 5.00000E-01 | 5.00000E-01
H-Zln.gH-3 1.00000E+04 | 1.00000E+05 | 2.00000E-01 | 1.00000E+00 | 5.00000E-00 | 5.00000E-01
He-3(n gHe-4 1.00000E+02 | 1.00000E+05 | 6.07000E-01 | 1.00000E+00 | 5.00000E-01 | 5.00000E -01
Li5(n.glLi7 1.00000E+05 | 1.00000E+05 | 4.00000E-01 | 1.00000E+00 |1.00000E+00 | 1.00000E +00 ==
pY
Li-7[n gL 1.00000E+03 | 1.00000E+06 | 3.33000E-01 | 1.00000E+00 | 5.00000E-0M | 5.00000E -1
Be-7IngBed 1.20820E+05 | 1.20820E+05 | 5.00000E+00 | 1.00000E+00 |1.00000E+00 | 1.00000E +00
Be-Oin.glBe-10 1.00000E+04 | 1.00000E+05 | 3.75000E-01 | 1.00000E+00 | 5.00000E-00 | 5.00000E-01
Be-10(n.gBe-11 1.00000E+03 | 1.00000E+05 | 1.00000E+00 | 1.00000E+00 | 5.00000E-01 | 5.00000E-01 |+ Close

Figure 192. The Compare uncertainty data window.

Clicking the Tools|Compare|Threshold uncertainty data...
submenu item displays the Compare threshold uncertainty
data window shown in Figure 193. This shows reactions where
there are differences in the uncertainty data values (for
threshold reactions). The value in External is shown, and also
an indication of whether it is a new entry or if the Delta value
has been changed. The contents of the grid can be copied or
printed by clicking on the Copy or Print buttons respectively.

A& Compare threshold uncertainty data E]

Reaction Delta Deltak0 Type |[™ B03 reactions

P | He3ndH-2 1.00000E-M 1.00000E-01 E dit
Li-E[n.pHe-6 1.46000E -0 1.46000E-01 E dit
Li-#[h.2n]Li-G 1.80000E-M 1.80000E-01 E dit
Li-f[n.dHe-E B.EEREOE - 6. EEER0E-01 E dit Co

Py

Be-n.2nBe8 5.00000E-02 5.00000E-02 E dit
Be-d(n.dILi-G 1.00000E-01  |1.00000E-01 | Edit
Be-9n.tLi-7 5. 00000E 02 5.00000E-02 E dit
B-10[n.dEe-3 2.00000E-M 2.00000E-01 E dit v Claze |

Figure 193. The Compare threshold uncertainty data window.

Clicking the Tools|Compare|Quality scores... submenu item
displays the Compare Quality scores window shown in
Figure 194. This shows reactions where there are differences in
the scores. The scores in External and Internal and the number
of different reactions are shown. Note that if the External
database is recent enough so that data on the extended Quality
scores for discrepant reactions are present then the extended
scores are also shown. The contents of the grid can be copied or
printed by clicking on the Copy or Print buttons respectively.
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& Compare Quality scores g
Reaction EScore | |Score | EXScore | |%Score ||| 189reactions
P Li-7lnn'aH-3 ] L 0 3
Be-S[n {Li-7 5 5 0 2
Be-10[n.glEe-11 1] 2 0 1]
B-11[n tjBe-3 ] ) 0 2
Copy
C-12[ntB-10 ] L 0 3
M-14jn,gIN-15 5 5 0 2
M-14[n tIC-12 4 b 0 2
O-16[r tM-14 ] ) 0 2 W Cloze

Figure 194. The Compare Quality scores window.

Using information from Figure 176 - Figure 194 enable changes
to be made systematically to the Internal database that take into
account the changes made in the External database.

The ability to view the Log in an External database is
sometimes necessary in order to check on what changes have
been made. This is possible by clicking on the Tools|View
external Log... menu item that displays the Log window
shown in Figure 6. In this case the title bar shows Log —
External and the contents of the External rather than Internal
Log are shown.

A further way to compare with a previous EAF library has been
available from EASY-2005. Clicking the Tools|Compare with
previous EAF library... menu item displays the Compare
with previous EAF library window shown in Figure 195. Prior
to opening the window the confirmation dialog shown in Figure
196 is displayed. The Compare with previous EAF library
window shows all the reactions in the current library and
contains four tabs. The Source tab displays the data source and
Quality score for the two libraries.

CCFE Fusion
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@& Compare with previous EAF library E]

Reaction

H-lin,g)H-2
H-Zin,Zn)H-1
H-Zin,q)H-3
H-3in,2n)H-2
H-3in,3n)H-1
He-3(n,q)He-4
He-3(n,plH-3
He-3(n,d)H-2
He-4d(n,2Zn)He-3
Li-6in,2na)H-1
Li-&in,n'd)He-4
Li-&in,g)Li-7
Li-6(n,p)He-0
Li-6in,t)He-4
Li-7in,2n)Li-6
Li-7{n,n'a)H-3
Li-7{n,2na)H-2
Li-7in,n'p)He-6
Li-7in,g)Li-5§
Li-7in,d)He-6&

| Premods | Mads | Surmary

EAF-2007 [External]

Source:  EFF-2.4

Guality score; 4

EAF-2009_3 [Internal]

Sourcer JEMDL-3.3

Guality score; 4

Figure 195. The Compare with previous EAF library window (Tab 1).

e T
SAFEPAG-I
D] The External database must correspond to the previous EAF library,
-t Currently External is in 'T:\5afepag_DothletiSafepagq 2007 _new!'.

Is this correct, do you wish ko continue?

| res | [ ha ]

Figure 196. The confirmation dialog prior to comparing with
previous EAF library.

The second tab is displayed by clicking on the Premods tab;
the result is shown in Figure 197. This shows details of the pre-
modifications applied to the two libraries. The third tab is
displayed by clicking on the Mods tab; the result is almost
identical to Figure 197 except that modifications for the two
libraries are shown.

The fourth tab is displayed by clicking on the Summary tab;
the result is shown in Figure 198. This show the cross sections
at standard energies for the two libraries, the ratios and if
available the values from experiment. The data grid can be
printed to the default printer by clicking the Print button. The
window can be closed from this tab by clicking the Close
button, or the Close button at the top of the window. Note that
if the Final summary values for the Internal database have not
yet been calculated then a message to this effect is displayed in
the window.

There are many reactions in the EAF libraries and to select a
particular one the Find text box can be used. Enter a reaction
string e.g. Fe-56(n,p) and clicking the Find button will
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display data for the selected reaction. To display reactions with
high mass targets it is necessary to use the ‘paging buttons’:
clicking > displays the next page and clicking < displays the
previous page.

@& Compare with previous EAF library

Reaction

H-lin,g)H-2
H-Zin,Zn)H-1
H-Zin,q)H-3
H-3in,2n)H-2
H-3in,3n)H-1
He-3(n,q)He-4
He-3(n,plH-3
He-3(n,d)H-2
He-4d(n,2Zn)He-3
Li-6in,2na)H-1
Li-&in,n'd)He-4
Li-&in,g)Li-7
Li-6(n,p)He-0
Li-6in,t)He-4
Li-7in,2n)Li-6
Li-7{n,n'a)H-3
Li-7{n,2na)H-2
Li-7in,n'p)He-6
Li-7in,g)Li-5§
Li-7in,d)He-6&

|| Source a E Mads | Surnmary
EAF-2007 [External]
There is 1 premod
13. Merge data above 2. 00E+07 &V, The law iz 2 and the number of points iz 65
EAF-2009_3 [Internal]
There are no premods
W

Figure 197. The Compare with previous EAF library window (Tab 2).

{38 Compare with previous EAF library

Reaction

H-lin,g)H-2
H-Zin,2n)H-1
H-Zin,q)H-3
H-3in,2n)H-2
H-3in,3n)H-1
He-3(n,q)He-4
He-3(n,p)H-3
He-3(n,d)H-2
He-4(n,2n)He-3
Li-6{n,2na)H-1
Li-ain,n'd)He-4
Li-ain,q)Li-7
Li-&(n,p)He-6
Li-6in,t)He-4
Li-7i{n,2n)Li-&
Li-7i{n,n'a)H-3
Li-7(n,2na)H-2
Li-7(n,n'p)He-5
Li-7in,q)Li-&
Li-7in,d)He-&

=)
| | Source | Premaods | Mods i
Experimental and library values at warious energies
Quantity E=periment | EAF-2007_E | EAF-2003_3| 2009 3 |/2007_E
P Themal (b)
30 keV [b)
14.5Mev [b) 7.4000E-02 | 7.BOSOE-02| ¥.376VE-02 9.6997E-01
Rl [b]
W

Figure 198. The Compare with previous EAF library window (Tab 4).

As discussed in Appendix 2, the use of linked tables in several
of the databases used by SAFEPAQ-II can cause problems if
databases are moved to another computer. To resolve such
problems click on the Tools|Linked tables... menu item to
display the Linked tables window shown in Figure 199.

There are two potential problems, firstly with Final and
secondly with the various source databases. In Figure 199 the
Final radio button is clicked, and clicking on the Find button

CCFE Fusion
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displays in the text box the current location of the linked tables
in Final. The list box shows all the tables with an indication of
the linked ones. If the path is not valid then use the browse
button (...) to open the standard Open dialog and select the
correct final add.mdb on the computer. Once this has been
done the Change links button is enabled and clicking this will
change all the links in final.mdb to the new specified location.
The list box will show which tables have been relinked.

If the Data source radio button is clicked then a new
dropdown list containing the names of all the data sources
appears. Select the required source and click the Find button to
show the location of parameter.mdb specified in the links. If
links do not yet exist for the selected source, then a warning
message is displayed. If the links exist then, as in the case of
Final discussed above, these can be altered by clicking the
browse (...) and Change links buttons. The window is closed
by clicking the Close button.

P
Linked tables
{(#) Final () Data
Linked table : | 1:\5 afepaq_DotNet\Satepag 2009 inal_addmdb | [ -]
Tables :
Group 069 L Linked (o
Group 100 <La<l<<l Linked
Group 172F <44 Linked
Group 172V < Linked
Group 1720 o<l Linked |

Figure 199. The Linked tables window.
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Summary of menu items

The menu items that are available on the main SAFEPAQ-II
window (Figure 2) are shown below. The page numbers where
a description of the menu item can be found are given to the
right of each menu item.

File | Wisualisation  EXFOR  Experimen
1 21| Mew EAF project, ., 5
| @1 Project properties... 1 1
T Data selection. .. Ctr4s 65
a Cache contents, .. Chrl+C 61
@_ Compack databases..,  Chrl+o 6
=) status... 7
i Timer .. 10
| Printer setup. ..
1 Frinter setup 9
b Fage setup... 1 0
E Settings. .. 4
Exit

Visualisation | EXFOR  Experimental data  Intec
Extended plots 65
Extended plots, use {n,n'p) nok {n,g) 65
Extended plots, rmultiple targets 65
EAF name not Final in Legend 49

o Targets and sources. .. Chrl+T 47

m Scrap editor, ., Chrl+E 57

[‘-J_'L Create {n,g) scrap using SRA...  Chrl+G 58
& Create n,F) scrap using SRA...  Chrl+K 58

EXFOR | Experimental data  Inteqre

@ EXFOR sources,,,  Chrl+x 37

Lisk EXFOR. entries. .. 46

Azzemble book. . 46
Add Private data. .. 45
Delete EXFOR data, .. 45

@ EXFOR lab codes... 46

CCFE Fusion
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o
it

i

e
it
%

+—-—
e

Experimental daka | Inteqgral data

Libraties  Reaction data

Wiew 0.0253 eV data. ..
Wigw 30 ke data...
View 14.5 MeV data...
Wiew RI data. ..

Plat experimental data. ..
Elemental analysis. .,

View systematics flags. ..

Swstematics 3

Yiew non-threshold uncertainty data. ..

Find reactions with no non-threshold uncertainty data. ..
View threshold uncertainty data...

Find reactions with missing threshold uncertainty data...

Wiew References. .. Chrl+F

Inkegral dakta | Libraries

E Meukron spectra...

Reaction data

{O} Average crass seckions. .,

ﬂ‘_j"' Yiew Inbegral data...

gﬁ Elemental analysis. ..
Extended CJE plot

Select Source library. ..

Libraries | Reaction data

Decay data  Tools

Read new library, .,
Library search...

Library summary. ..

il Wi Fa [

Library options. ..

Extract data from MDF, .,

Select Source library For walidation. ..

24
26
27
28
34
34
32
See a
28
29
30
30
31

67
70
70
72
76
73

78
78

21
23
21
20
23

123
123
124
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Reaction data | Decaydata Tools  Log  Help _

frpl  Reaction list. .. Chrl4-A 79
Global source replace. .. 82

{pll  &dd new reactions.., 82
Delete elastic reactions 83
Reaction numbers..,, 83

il Reaction search... 84
“hange data source For score=0 to TALYS For reaction bype » See b
Check ’ See c
Generate Master database 86

ﬁ Wieww preliminary modifications. .. Chrl+P 88

O view modfications. .. Chrl4+M 104

E Auktomate processing. .. 98
Find preliminary modifications 3 Seed

Y| Process Ad-hac preliminary modifications. .. 94
Find reactions with incorrect ModTypel? pre-modifications. .. 95
Find all high-energy data merge pre-modifications » See e

1 Zhange data source bo TALYS For all reactions with large F 97

Find reactions with multiple data merges. .. 97
Find reactions From TALYS with a data merge. .. 97
enerate Final database using preliminary mods 97
Prepare Adjacent cross section table 102
Wieww High energy Factors, ., 96
Find modifications » See f

= Process Ad-hoc modifications. . 105
Find reactions with incorrect ModTypel 7 modifications. .. 106
Generake Final database using modifications 106
Tesk Final for » See g
Find all 2nd type of repeated zero modifications 107
Find all missing 60 Mey modifications 107

@ Single reaction processing. .. Chrl+I 112
Remove repeated energy poinks From Final 116
izenerate data 3 See h

LL Walidation plots. .. ChelY 118

@’ Quality scores, ., ChelHG 111
Set nuclides as targets 124

g ReFoRT... Ctrl+R 125
Write EAF files » | Seei
Docurmentation 3 See ]
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a
Standard 32
alternate 32
b
fn,n’) 84
{n,2n) 84
{n,3n) 84
(n,4nj 84
{n,n'p} 84
(n,n'd) 84
in,n't) 84
(n,r'h) 84
(n,m'a) 84
{n,p) 84
(n.a) 84
{r,d} 84
(.t 84
(n,h) 84
in,2p) 84
Others 84
C
(npll  Sources in reaction list. .. | 85
(el Daughters in reaction lisk, .. F 85
(el Mulkiplicities in reaction list, .. 85
(el Multiplicities in reaction and nuclide lists, .. 86
d
Find all pre-equilib preliminary rodifications 87
Find all EH prefiminary modifications 87
Find all non-threshold Q-value preliminary modifications 87
€
Find all =20MeY data merge (TALYS) pre-rmodifications 95
Find all =Z0Me' data merge (IEAF) pre-modifications 97
Find all =S0MeY data merge (TALYS) pre-modifications 96
User manual: Issue 8, March 2010 CCFE Fusion



172 SAFEPAQ-II

f
Find all branching modifications 99
Find all experimental modifications 101
Find all systematics modifications 101
Find all repeated zero modifications 101
Find all greater than 60 MeY modifications 101
Find all threshold modifications using Wapstra 101
Find all = 1E-5 e¥ non-threshold modifications 101
Find all non-threshald First point modifications 101
Find all suspect interpolation laws 102
Find inkerpolation law modifications manually. .. 102
g
Meqgative cross sections. . 106
Missing high energy data... 106
Megative energies... 106
Mon-threshaold reactions with E<>=1E-5 eY... 107
Mon-threshold reactions with any xs=0... 107
Threshold reactions with ather than 15k poink xs=0, ., 107
Missing 60 MeY data point. .. 107
Repeated energy points. .. 108
Inconsiskent Interpolation ranges. .. 108
Inconsiskent Cross section data. .. 108
Inconsiskent number of data points. .., 108
Threshald reactions with wrong 1st point. ., 108
Threshold reactions with wrong 1sk law.., 109
Mizsing data above 20 Mev, .. 109
Data painks = 60 Mev... 109
Q-value =0, 109
Inconsistent non-elastic data at 14,5 MeY.., 109
Inconsistent non-elastic data at 40,0 MeY... 109
‘rong energy order For poinks 1 and 2... 109
‘Very steep gradient. .. 110
Incorrect mulkiplicities, .. 110
h
izenerate summary of Final database 116
[ﬂ_rl: Generake mulki-group data. .. ] 117
Generake uncertainty data 1 117
1
wirite EAF_5%5 Files. .. 126
Wirite EAF_X5 file 127
Wirike EAF_UN File 127
]
Reeaction list 126
Source table 127
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Decay data | Tools Log  Help

Hed | Muclide list. .. Chrl4+M 12
Global source replace. .. 14
Sources... 13
ﬁ known AZ data. .. 15
e known hazard data. .. 14
@ known dearance data... 15
Find nuclides with unknown spin. .. 16
E Assemble decay data... 16
Decay data wiewer, ., Chrl+Dr 17
Drocumentation 16
Create Compare database, .. 154
A Compare 3 See k
BE  Compare with previous EAF library... 165
Wiew external Log... 164
Change target isomeric state. ., 146
[_f-ﬂ Cross section analysis... 129
[.& Generate cross section data... 138
Calculate Q-value, .. 142
Calculate systematics, .. 143
FISPACT v | Seel
5& Final uncertainties. .. 128
g. Reactions For daughter. .. 128
&y wirice library as ML 149
Linked tables. .. 167
Update databases... 148
ok Repair databases.., 147
Repair Final... 147
I:I_<>—u Canvert UNIEPC type files. . 149
Wiew elements. .. 144
Wigw MT numbers. .. 145
Wiew Maodification tvpes. .. 146
Helpdesk, 3 See m
Users b See n
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k
Reaction sources. .. 155
References. .. 155
Experimental data Flags. ., 156
Mew experimental data,.. 156
Systematics data flags... 157
Mew systematics flags. .. 157
Removed syskematics Flags. .. 157
Integral data... 158
Mew Integral data. .. 159
Mumber of pre-modifications. .. 159
Mumber of modifications, .. 160
Pre-modifications. .. 161
Modifications. .. 161
EXFOR... 1 62
Private EXFOR.., 1 62
Uncertainty data... 163
Threshold uncertainty data. .. 163
GQuality scores. .. 164
1
@ Importance summaries. .. 139
@ Reaction statistics,.. 141
Bl Dominant nuclides. .. 142
m
M 3 See o
Edit r See o
& List entrigs... 151
n
| @ Mew User, ., 152
@ Edit user. .. 152
0
@ Persan. .. 150
B' Entry. .. 150

S Wiewlog.. Crl+ 8

Help |

Wiena ser manual 9

ST About SAFEPAG-II 9
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Appendix 1. SAFEPAQ-II design

1. Overall structure

E) New EAF file
>
_

parameter database

E\/Iodifybased on ]
e ‘
_

|Source database files |

|Master database |

[Select based on ] ____________________ \ ............. [ ]

|parameter database
[Parameter database] | LLest database

\ = Validation and
> documentation

based on
parameter

|Library database | |Cache database | - S database

2. Database design

The various source libraries each require a separate database to
contain all the relevant data in a standard form. Each database
is given a name <source>.mdb. The design of the database is
given in generic.mdb, this database is copied and then renamed
for each new database. Using the Documenter feature in Access
the definitions of the tables in generic.mdb are given in Section
3. The fields in each table are shown.

The fields in each table are mostly self-explanatory, note that in
the Reaction table the last six fields are given names taken
directly from ENDF nomenclature. Note that wherever a
floating-point data number is used it has a Double type and that
Long integers are used in cases where more than one or two
possibilities exist. Similar conventions are used in the design of
all the remaining databases.

The library.mdb database contains the RawData table that
describes the location of the source data file and the name of
the database. A series of Boolean variables describe the format
of the data and enable the reading and conversion to database

CCFE Fusion User manual: Issue 8, March 2010



SAFEPAQ-II 177

form to be achieved. The tables in the /ibrary.mdb database are
defined in Section 4. The Reaction table is the same as that
defined for generic.mdb.

The parameter.mdb database contains all the version dependent
information. The tables in the parameter.mdb database are
defined in Section 5.

The master.mdb database tables are very similar to those in
generic.mdb, but also include information on the multiplicity of
the source in addition to the actual multiplicity in the Reaction
table. The tables in the master.mdb database are defined in
Section 6.

The cache.mdb database tables are very similar to those in
master.mdb, but also include information on the history of
modifications made to the original data. The tables in the
cache.mdb database are defined in Section 7.

The final. mdb database tables contain additional information on
group data, and the suspect interpolation laws. The tables in the
final.mdb database are defined in Section 8. Note that from
EASY-2005 the final add.mdb database contains all the Group
nnn tables, except Group 175F. Final then contains links to
these tables.

The test. mdb database tables are identical to final.mdb, except
that the Adjacent cross section and suspect points tables are not
present and AverageXS is added.

The EXFOR.mdb database is not shown in the diagram above.
It contains information selected from the EXFOR CD-ROMs
(see page 34) that are used for visualisation. The tables in the
EXFOR.mdb database are defined in Section 9.

In addition to the tables present in each of the databases
discussed above, extensive use is made of pre-compiled
queries. Whenever data is selected from a database table, data
in a record are amended or a new record is added this is
achieved by calling a query from Visual Basic. In most cases
various parameters are needed so that a particular query can be
properly defined.

3. The definition of the generic.mdb database tables

Cross section

Name Type Size
Reaction number Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Cross section Number (Double) 8
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Details
Name Type Size
Name Text 50
Calc_summary Yes/No 1
Linked Yes/No 1
Interpolation
Name Type Size
Reaction number Number (Long) 4
Range number Number (Integer) 2
Range limit Number (Long) 4
Interpolation law Number (Integer) 2
LibrarySummary
Name Type Size
Reaction number Number (Long) 4
Cross section thermal Number (Double) 8
Cross section 30keV Number (Double) 8
Cross section 14MeV Number (Double) 8
Resonance Integral Number (Double) 8
Reaction
Name Type Size
Reaction number Number (Long) 4
Source Text 50
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
MT Number (Integer) 2
QM Number (Double) 8
Ql Number (Double) 8
LR Number (Integer) 2
NR Number (Integer) 2
NP Number (Long) 4
Systematics20Summary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
MT Number (Integer) 2
Cross section 20MeV Number (Double) 8
Systematics Number (Double) 8
Systematics30Summary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
MT Number (Integer) 2
Cross section 30keV Number (Double) 8
Systematics Number (Double) 8
SystematicsSummary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
MT Number (Integer) 2
Cross section 14MeV Number (Double) 8
Systematics Number (Double) 8
Systematics_alt Number (Double) 8
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Target
Name Type Size
Target number Number (Integer) 2
ZA Number (Long) 4
| Number (Integer) 2
TotalLibrarySummary
Name Type Size
Reaction number Number (Long) 4
Cross section thermal Number (Double) 8
Cross section 30keV Number (Double) 8
Cross section 14MeV Number (Double) 8
Resonance Integral Number (Double) 8
TotalReaction
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
MT Number (Integer) 2
4. The definition of the library.mdb database tables
Elements
Name Type Size
z Number (Integer) 2
Symbol Text 2
MTvalues
Name Type Size
MT Number (Integer) 2
Reaction name Text 7
RawData
Name Type Size
Source Text 50
Database name Text 50
Path Text 100
Strict ENDF Yes/No 1
ADL-3 Yes/No 1
JENDL Yes/No 1
EAF Yes/No 1
XY Table Yes/No 1
Version 6 Yes/No 1
MF2 Yes/No 1
MF4 Yes/No 1
MF32 Yes/No 1
MF33 Yes/No 1
1 material per file Yes/No 1
Header Yes/No 1
FEND Yes/No 1
MEND Yes/No 1
TEND Yes/No 1
IEAF Yes/No 1
MF6 Yes/No 1
IPType Text 10
Derived Yes/No 1
ANITA Yes/No 1
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Reaction
Name Type Size
Reaction number Number (Long) 4
Source Text 50
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
MT Number (Integer) 2
QM Number (Double) 8
Ql Number (Double) 8
LR Number (Integer) 2
NR Number (Integer) 2
NP Number (Long) 4
Source

Name Type Size
Source ID Number (Integer) 2
Source Text 50
Number targets Number (Integer) 2
Number reactions Number (Long) 4
Number n Number (Long) 4
Number 2n Number (Long) 4
Number 3n Number (Long) 4
Number f Number (Long) 4
Number na Number (Long) 4
Number 2na Number (Long) 4
Number np Number (Long) 4
Number n2a Number (Long) 4
Number nd Number (Long) 4
Number nt Number (Long) 4
Number nh Number (Long) 4
Number 4n Number (Long) 4
Number 2np Number (Long) 4
Number g Number (Long) 4
Number p Number (Long) 4
Number d Number (Long) 4
Number t Number (Long) 4
Number h Number (Long) 4
Number a Number (Long) 4
Number 2a Number (Long) 4
Number 2p Number (Long) 4

5. The definition of the parameter.mdb database tables

A2 IAEA
Name Type Size
ZA Number (Long) 4
Isom Number (Integer) 2
A2 Number (Single) 4
AdditionalData
Name Type Size
Add number Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Cross section Number (Double) 8
AnalysisFits
Name Type Size
ID Number (Integer) 2
Source Text 50
Curve Number (Integer) 8
Order Number (Integer) 2
Type Number (Integer) 2
Axis Number (Integer) 2
a Number (Double) 8
b Number (Double) 8
c Number (Double) 8
d Number (Double) 8
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MT Number (Integer) 2
Details Text 50
AverageXS
Name Type Size
Reaction number Number (Long) 4
Spectrum ID Number (Integer) 2
Average XS Number (Double) 8
AverageXS Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Spectrum ID Number (Integer) 2
Average XS Number (Double) 8
bound 069
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
Weight Number (Integer) 2
bound 100
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
Weight Number (Integer) 2
bound 172
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
Weight fission Number (Integer) 2
Weight fusion Number (Integer) 2
bound 175
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
Weight Number (Integer) 2
bound 211
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
bound 315
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
Weight fission Number (Integer) 2
Weight fusion Number (Integer) 2
bound 351
Name Type Size
Group number Number (Integer) 2
Energy Number (Double) 8
Boundary
Name Type Size
subfile Number (Integer) 2
ZA Number (Long) 4
| Number (Integer) 2
BranchingStatus
Name Type Size
Reaction number Number (Long) 4
All branching Yes/No 1
Low branching Yes/No 1
Mid branching Yes/No 1
High branching Yes/No 1
Mid factor Number (Double) 8
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BRData
Name Type Size
Isomer spin Number (Single) 4
BR_1 Number (Double) 8
BR_2 Number (Double) 8
BR_3 Number (Double) 8
Clearance IAEA
Name Type Size
ZA Number (Long) 4
Isom Number (Integer) 2
Clearance Number (Single) 4
Clearance IAEA old
Name Type Size
ZA Number (Long) 4
Isom Number (Integer) 2
Clearance Number (Single) 4
DecayData
Name Type Size
Nuclide number Number (Integer) 2
Name Text 7
Source Text 50
ZA Number (Long) 4
AWR Number (Double) 8
MAT Number (Integer) 2
ELIS Number (Double) 8
STA Number (Integer) 2
LISO Number (Integer) 2
THALF Number (Double) 8
D_THALF Number (Double) 8
EA Number (Double) 8
D_EA Number (Double) 8
EB Number (Double) 8
D_EB Number (Double) 8
EG Number (Double) 8
D_EG Number (Double) 8
SPI Number (Single) 4
PAR Number (Integer) 2
NDK Number (Integer) 2
RTYP_1 Number (Single) 4
RTYP_2 Number (Single) 4
RTYP_3 Number (Single) 4
RTYP_4 Number (Single) 4
RFS_1 Number (Integer) 2
RFS_2 Number (Integer) 2
RFS_3 Number (Integer) 2
RFS_4 Number (Integer) 2
Q_1 Number (Double) 8
Q.2 Number (Double) 8
Q3 Number (Double) 8
Q4 Number (Double) 8
D_Q_1 Number (Double) 8
D_Q_2 Number (Double) 8
D_Q_3 Number (Double) 8
D_Q_ 4 Number (Double) 8
BR_1 Number (Double) 8
BR_2 Number (Double) 8
BR_3 Number (Double) 8
BR_4 Number (Double) 8
D BR_1 Number (Double) 8
D BR_ 2 Number (Double) 8
D BR 3 Number (Double) 8
D BR 4 Number (Double) 8
A2 Number (Double) 8
A2SOURCE Text 50
CING Number (Double) 8
CINH Number (Double) 8
HAZSRC Text 50
Clearance Number (Double) 8
ClearSource Text 50
OrigSource Text 50
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DeltaQ Number (Double) 8
Decaydata sources
Name Type Size
Source Text 50
Header Number (Integer) 2
Details
Name Type Size
Name Text 50
Description Text 255
Start Mod Number (Long) 4
PreModMaxAddnum Number (Long) 4
DecayDB Yes/No 1
MasterDB Yes/No 1
FoundPM Yes/No 1
FinalDB_PM Yes/No 1
AdjacentTable Yes/No 1
FoundM_BR Yes/No 1
FoundM_Exp Yes/No 1
FoundM_Sys Yes/No 1
FoundM_Zero Yes/No 1
FoundM_20 Yes/No 1
FoundM_Thresh Yes/No 1
FoundM_LowE Yes/No 1
FoundM_NonThresh Yes/No 1
FoundM_Suspect Yes/No 1
FinalDB_M Yes/No 1
Calc_Summary Yes/No 1
Calc_069 Yes/No 1
Calc_100 Yes/No 1
Calc_172 Yes/No 1
Calc_175 Yes/No 1
Calc_211 Yes/No 1
Calc_315 Yes/No 1
Calc_351 Yes/No 1
Calc_Uncert Yes/No 1
Write_ GXS Yes/No 1
Write_XS Yes/No 1
Write_ UN Yes/No 1
Elements
Name Type Size
z Number (Integer) 2
Symbol Text 2
Error factors
Name Type Size
MT Number (Integer) 2
f Number (Double) 8
name Text 50
ExpData
Name Type Size
Exp number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use B Yes/No 1
Use R Yes/No 1
Use V Yes/No 1
Energy Number (Double) 8
Cross section Number (Double) 8
Delta Cross section Number (Double) 8
Source Text 5
FinalSummary
Name Type Size
Reaction number Number (Long) 4
Cross section thermal Number (Double) 8
Cross section 30keV Number (Double) 8
Cross section 14MeV Number (Double) 8
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Resonance Integral Number (Double) 8
Cross section 40MeV Number (Double) 8
GammaGamma
Name Type Size
A Number (Integer) 2
Width Number (Double) 8
HighEnergyFactors
Name Type Size
Reaction number Number (Long) 4
Factor Number (Double) 8
Important_2003
Name Type Size
Reaction number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
MT Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
Important_2007
Name Type Size
Reaction number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
MT Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
Import Number (Integer) 2
ImportantDaughter 2007
Name Type Size
Reaction number Number (Long) 4
Daughter Text 7
ImportantNuc 2003
Name Type Size
ZA Number (Long) 4
LISO Number (Integer) 2
Import_2003 Number (Integer) 2
ImportantNuc_2007
Name Type Size
ZA Number (Long) 4
LISO Number (Integer) 2
Import_2007 Number (Integer) 2
ImportantNucElem 2007
Name Type Size
ZA Number (Long) 4
LISO Number (Integer) 2
Import_2007 Number (Integer) 2
Element Text 2
Integral Data
Name Type Size
Exp number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use Yes/No 1
Spectrum ID Number (Integer) 2
Cross section Number (Double) 8
Delta Cross section Number (Double) 8
Source Text 5
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InterpMods
Name Type Size
Reaction number Number (Long) 4
Source Text 50
E low Number (Double) 8
E high Number (Double) 8
E ref Number (Double) 8
Xref Number (Double) 8
factor Number (Double) 8
Add number Number (Long) 4
Exp number Number (Long) 4
Comment Text 50
KnownHazards
Name Type Size
ZA Number (Long) 4
Isom Number (Integer) 2
CEDE_Ing Number (Single) 4
CEDE_Inh Number (Single) 4
Source Text 7
LevelDensity
Name Type Size
Nucleon Number (Integer) 2
a Number (Double) 8
Pz Number (Double) 8
PN Number (Double) 8
LevelDensityRIPL?2
Name Type Size
Z Number (Integer) 2
A Number (Integer) 2
aa Number (Double) 8
del Number (Double) 8
LineData
Name Type Size
Nuclide number Number (Integer) 2
STYP Number (Byte) 1
RTYP Number (Single) 4
Energy Number (Double) 8
DEnergy Number (Double) 8
Intensity Number (Double) 8
Dintensity Number (Double) 8
Log
Name Type Size
Date_Time Date/Time 8
Action Text 100
Comment Text 100
Type Number (Byte) 1
UserlD Text 3
ModAdhocAdd
Name Type Size
Mod number Number (Long) 4
Reaction number Number (Long) 4
ModAdhocDel
Name Type Size
Mod number Number (Long) 4
Reaction number Number (Long) 4
Mod type Number (Integer) 2
E low Number (Double) 8
E high Number (Double) 8
E ref Number (Double) 8
Xref Number (Double) 8
factor Number (Double) 8
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ModDetails
Name Type Size
Mod type Number (Integer) 2
Action Text 30
Specification Text 200
Modification
Name Type Size
Mod number Number (Long) 4
Mod type Number (Integer) 2
E low Number (Double) 8
E high Number (Double) 8
E ref Number (Double) 8
Xref Number (Double) 8
factor Number (Double) 8
Add number Number (Long) 4
Exp number Number (Long) 4
Kind Number (Byte) 1
Comment Text 50
ModSummary
Name Type Size
Reaction number Number (Long) 4
Number Mods Number (Integer) 2
Mod 1 Number (Long) 4
Mod 2 Number (Long) 4
Mod 3 Number (Long) 4
Mod 4 Number (Long) 4
Mod 5 Number (Long) 4
Mod 6 Number (Long) 4
Mod 7 Number (Long) 4
Mod 8 Number (Long) 4
Mod 9 Number (Long) 4
Mod 10 Number (Long) 4
NucComments
Name Type Size
Nuclide number Number (Integer) 2
Comments Memo -
NucProperties
Name Type Size
ZA Number (Long) 4
Isom Number (Integer) 2
MAT Number (Integer) 2
AWR Number (Double) 8
ELIS Number (Double) 8
SPI Number (Single) 4
PAR Number (Integer) 2
NucSummary
Name Type Size
ZA Number (Long) 4
Isom Number (Integer) 2
Target Yes/No 1
Source Text 50
PreModAdhocAdd
Name Type Size
Mod number Number (Long) 4
Reaction number Number (Long) 4
PreModAdhocDel
Name Type Size
Mod number Number (Long) 4
Reaction number Number (Long) 4
Mod type Number (Integer) 2
E low Number (Double) 8
E high Number (Double) 8
E ref Number (Double) 8
Xref Number (Double) 8
factor Number (Double) 8
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PreModification
Name Type Size
Mod number Number (Long) 4
Mod type Number (Integer) 2
E low Number (Double) 8
E high Number (Double) 8
E ref Number (Double) 8
Xref Number (Double) 8
factor Number (Double) 8
Add number Number (Long) 4
Exp number Number (Long) 4
Kind Number (Byte) 1
Comment Text 50
PreModSummary
Name Type Size
Reaction number Number (Long) 4
Number Mods Number (Integer) 2
Mod 1 Number (Long) 4
Mod 2 Number (Long) 4
Mod 3 Number (Long) 4
Mod 4 Number (Long) 4
Mod 5 Number (Long) 4
Mod 6 Number (Long) 4
Mod 7 Number (Long) 4
Mod 8 Number (Long) 4
Mod 9 Number (Long) 4
Mod 10 Number (Long) 4
ReacSummary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
MT Number (Integer) 2
Source Text 50
Status Number (Byte) 1
Score Number (Byte) 1
ExtScore Number (Byte) 1
ReactionType
Name Type Size
MT Number (Integer) 2
Reaction Text 8
Reference
Name Type Size
Source Text 5
Reference Text 250
RIData
Name Type Size
Rl number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use B Yes/No 1
Use R Yes/No 1
Use V Yes/No 1
RI Number (Double) 8
Delta RI Number (Double) 8
SourceData
Name Type Size
Reaction number Number (Long) 4
Source | daughter Number (Integer) 2
Source Multiplicity Number (Integer) 2
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Source MT Number (Integer) 2
Spectra
Name Type Size
ID Number (Integer) 2
Group number Number (Integer) 2
Flux Number (Double) 8
SpectraSummary
Name Type Size
ID Number (Integer) 2
Name Text 20
Structure Number (Integer) 2
Groups Number (Integer) 2
Description Text 200
Reference Text 10
StablesData
Name Type Size
ZA Number (Long) 4
| Number (Integer) 2
Spin Number (Single) 4
Parity Number (Integer) 2
Mass Number (Double) 8
Abundance Number (Double) 8
SystData
Name Type Size
Syst number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use B Yes/No 1
Use R Yes/No 1
Syst30Data
Name Type Size
Syst number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use B Yes/No 1
Use R Yes/No 1
SystematicsSummary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
MT Number (Integer) 2
Cross section 14MeV Number (Double) 8
Systematics Number (Double) 8
Systematics_alt Number (Double) 8
Systematics20Summary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
MT Number (Integer) 2
Cross section 20MeV Number (Double) 8
Systematics Number (Double) 8
Systematics30Summary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
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| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
MT Number (Integer) 2
Cross section 30keV Number (Double) 8
Systematics Number (Double) 8
TotalFinalSummary
Name Type Size
Reaction number Number (Long) 4
Cross section thermal Number (Double) 8
Cross section 30keV Number (Double) 8
Cross section 14MeV Number (Double) 8
Resonance Integral Number (Double) 8
Cross section 40MeV Number (Double) 8
TotalFinalUncert
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Energy Number (Double) 8
DeltaSquared Number (Double) 8
TotalReacSummary
Name Type Size
Reaction number Number (Long) 4
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
MT Number (Integer) 2
Source Text 50
UncertData
Name Type Size
Uncert number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use B Yes/No 1
Use R Yes/No 1
Use V Yes/No 1
EV Number (Double) 8
EH Number (Double) 8
DeltaV Number (Double) 8
DeltaH Number (Double) 8
Delta20 Number (Double) 8
Delta60 Number (Double) 8
E20 Number (Double) 8
UncertDataThreshold
Name Type Size
Uncert number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
ZAD Number (Long) 4
ID Number (Integer) 2
MT Number (Integer) 2
Use B Yes/No 1
Use R Yes/No 1
Use V Yes/No 1
VAR Number (Double) 8
Delta60 Number (Double) 8
E20 Number (Double) 8
WapstraMass
Name Type Size
ZA Number (Long) 4
Mass Number (Double) 8
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6. The definition of the master.mdb database tables

Cross section

Name Type Size
Reaction number Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Cross section Number (Double) 8
Interpolation
Name Type Size
Reaction number Number (Long) 4
Range number Number (Integer) 2
Range limit Number (Long) 4
Interpolation law Number (Integer) 2
Reaction
Name Type Size
Reaction number Number (Long) 4
Source Text 50
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
Source | daughter Number (Integer) 2
Source Multiplicity Number (Integer) 2
MT Number (Integer) 2
QM Number (Double) 8
Ql Number (Double) 8
LR Number (Integer) 2
NR Number (Integer) 2
NP Number (Long) 4
Target
Name Type Size
Target number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
7. The definition of the cache.mdb database tables
Cross section
Name Type Size
Reaction number Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Cross section Number (Double) 8
Interpolation
Name Type Size
Reaction number Number (Long) 4
Range number Number (Integer) 2
Range limit Number (Long) 4
Interpolation law Number (Integer) 2
Reaction
Name Type Size
Reaction number Number (Long) 4
Source Text 50
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
Source | daughter Number (Integer) 2
Source Multiplicity Number (Integer) 2
MT Number (Integer) 2
QM Number (Double) 8
Ql Number (Double) 8
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LR Number (Integer) 2
NR Number (Integer) 2
NP Number (Long) 4
History Text 255
Target
Name Type Size
Target number Number (Integer) 2
ZA Number (Long) 4
| Number (Integer) 2
8. The definition of the final.mdb database tables
Adjacent cross section
Name Type Size
Reaction number Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Cross section Number (Double) 8
Next Energy Number (Double) 8
Next Cross section Number (Double) 8
Cross section
Name Type Size
Reaction number Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Cross section Number (Double) 8
Group 069[Link]
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Cross section Number (Double) 8
Group 069 Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Group number Number (Long) 4
Cross section Number (Double) 8
Group 100[Link]
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Cross section Number (Double) 8
Group 100_Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Group number Number (Long) 4
Cross section Number (Double) 8
Group 172F[Link]
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Cross section Number (Double) 8
Group 172F Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Group number Number (Long) 4
Cross section Number (Double) 8
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Group 172V[Link]

Group 172W/[Link]

Group 172W_Source

Group 175F

Groupl75F Source

Group 175V[Link]

Group 175V _Source

Group 211F/[Link]

Group 211F Source

Group 315F[Link]

Group 315F Source

Name

Reaction number
Group number
Cross section

Name

Reaction number
Group number
Cross section

Name

Reaction number
Source ID

Group number
Cross section

Name

Reaction number
Group number
Cross section

Name

Reaction number
Source ID

Group number
Cross section

Name

Reaction number
Group number
Cross section

Name

Reaction number
Source ID

Group number
Cross section

Name

Reaction number
Group number
Cross section

Name

Reaction number
Source ID

Group number
Cross section

Name

Reaction number
Group number
Cross section

Name

Reaction number
Source ID

Group number
Cross section

Type

Number (Long)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Integer)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Integer)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Integer)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Integer)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Long)
Number (Double)

Type

Number (Long)
Number (Integer)
Number (Long)
Number (Double)

SAFEPAQ-II

Size

Size

oo BN

Size

Size

oo BN D

Size

Size

oo BN D

Size

Size

oo BN
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Group 315V
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Cross section Number (Double) 8
Group315V_Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Group number Number (Long) 4
Cross section Number (Double) 8
Group 315W
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Cross section Number (Double) 8
Group 315W _Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Group number Number (Long) 4
Cross section Number (Double) 8
Group 351F[Link]
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Cross section Number (Double) 8
Group351F Source
Name Type Size
Reaction number Number (Long) 4
Source ID Number (Integer) 2
Group number Number (Long) 4
Cross section Number (Double) 8
Interpolation
Name Type Size
Reaction number Number (Long) 4
Range number Number (Integer) 2
Range limit Number (Long) 4
Interpolation law Number (Integer) 2
Reaction
Name Type Size
Reaction number Number (Long) 4
Source Text 50
ZA target Number (Long) 4
| target Number (Integer) 2
ZA daughter Number (Long) 4
| daughter Number (Integer) 2
Multiplicity Number (Integer) 2
MT Number (Integer) 2
QM Number (Double) 8
Ql Number (Double) 8
LR Number (Integer) 2
NR Number (Integer) 2
NP Number (Long) 4
History Text 255
Suspect points
Name Type Size
Reaction number Number (Long) 4
Point number Number (Long) 4
Ratio Number (Single) 4
Interpolation law Number (Integer) 2
Treated Number (Byte) 1
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Target
Name Type Size
Target number Number (Long) 4
ZA Number (Long) 4
| Number (Integer) 2
Uncertainty
Name Type Size
Reaction number Number (Long) 4
Group number Number (Long) 4
Energy Number (Double) 8
DeltaSquared Number (Double) 8
9. The definition of the EXFOR.mdb database tables
Conferences
Name Type Size
Code Text 11
Name Text 56
CountryCodes
Name Type Size
ID Number(Integer) 2
Name Text 30
Code Text 3
Cross section
Name Type Size
Full access Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Delta energy Number (Double) 8
Cross section Number (Double) 8
Delta cross section Number (Double) 8
Evaluated Graphs
Name Type Size
ZA Number (Long) 4
| Number (Integer) 2
MT Number (Integer) 2
Status Number (Integer) 2
Library Text 50
File name Text 50
Graphs
Name Type Size
ZA Number (Long) 4
| Number (Integer) 2
MT Number (Integer) 2
Status Number (Integer) 2
File name Text 50
Journals
Name Type Size
Code Text 10
Name Text 50
LabCodes
Name Type Size
Code Text 3
ID Number (Integer) 2
Name Text 60
Private Cross section
Name Type Size
Full access Number (Long) 4
Point number Number (Long) 4
Energy Number (Double) 8
Delta energy Number (Double) 8
Cross section Number (Double) 8
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Delta cross section Number (Double) 8
Private Reaction
Name Type Size
ZA target Number (Long) 4
| target Number (Integer) 2
Full access Number (Long) 4
FS Number (Long) 4
MT Number (Integer) 2
Code Text 6
NP Number (Long) 4
Date Text 4
Type Text 3
E low Number (Double) 8
E high Number (Double) 8
Title Text 100
Authors Text 50
Reference Text 6
Reaction
Name Type Size
ZA target Number (Long) 4
| target Number (Integer) 2
Full access Number (Long) 4
FS Number (Long) 4
MT Number (Integer) 2
Code Text 6
NP Number (Long) 4
UseP Yes/No 1
Factor E Number (Double) 8
Factor DE Number (Double) 8
Factor X Number (Double) 8
Factor DX Number (Double) 8
ReacCode
Name Type Size
Code Text 3
MT Number (Integer) 2
FS Number (Integer) 2
Reports
Name Type Size
Code Text 11
Name Text 50
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Appendix 2. Practical details

File locations

The locations of the various files used by SAFEPAQ-II are
defined in the Settings window (Figure 1). This appendix gives
more details of the locations. To increase flexibility a special
folder termed the ‘Extra folder’ is used. If the folder is
safepaq DotNet all the folders defined in the Settings window
are assumed to be in this folder. Figure A2.1 shows a case with
the Extra folder.

Source database disk = E
SAFEPAQ database disk = E

— Safepaq DotNet —7— ascii

— Cross section data
— Decay data

— Documents

— Exfor

— Graphs

— New_Safepaq

— Scraps

Linked tables

Fig A2.1 Disk structure with extra folder.

In all cases the default location of the safepaq2.exe file is on the
‘Base disk’ (C) in the folder Programe Files\safepaq?.

As the SAFEPAQ-II application has become more sophisticated
and the sizes of the EAF projects have increased there are
several cases where the databases contain linked tables. This
can be a problem when transferring projects between various
computers. The reason is that the location of a linked table is
specified in terms of the path on the computer where the link
was created, if the database is then moved or copied to another
disk the link may no longer be valid, causing a crash of
SAFEPAQ-II. Although a tool (Linked Table Manager) exists
in Access to deal with such problems, it can only be used if the
version of the database is the same as the version of Access.
Since in many cases these are different it is necessary to
consider this problem within SAFEPAQ-IL

The linked tables within compare.mdb can be dealt with by
recreating the database on the new computer, and it is

CCFE Fusion
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x4s file format

recommended that this be done as soon as SAFEPAQ-II is
opened with a new project.

Prior to EAF-2005 the size of final. mdb was well below the 1
GB limit that is part of the Access specification. However, with
the significant increase in the number of reactions from EAF-
2005 this size became a real limitation. In order to overcome
this limit most of the tables containing multi-group data (the
exception is Group 175F) are transferred to the final add.mdb
database, and final.mdb contains links to the tables in
final _add.mdb. This change is transparent to the Visual Basic
code, but the location of final add.mdb is ‘hard-wired’ into
final.mdb. This means that if the specified path does not exist
on a computer that both Final databases are moved to, then a
crash will occur.

A similar problem occurs for the source databases e.g.
talys5.mdb under certain circumstances. If the procedure to
generate a summary for validation has been carried out for the
source database then links are included to parameter.mdb of the
current project. Again, if the source database is moved to
another computer then these links will be incorrect and while
the summary can be regenerated, this can be time consuming
for large source libraries.

The solution to these problems is to use the ‘Linked tables’ tool
available on the Tools menu of SAFEPAQ-II. This shows the
current location held in the link and enables this to be changed
to the correct path. Note that when a new project is created the
links in the new version of final.mdb are automatically changed
s0 as to point to the new version of final add.mdb.

Another problem with links also has to be avoided when a new
EAF project is created. This arises because when the files are
copied to a new folder, the new final.mdb still contained links
to the original final add.mdb. When the data in the new
final. mdb were removed, what actually happened for the group
data was that the original final add.mdb was cleared. This
problem has been corrected and the links are automatically
updated when the new project is created.

Private EXFOR data are held in an x4s file. The format of the
file is illustrated below.

2 9 2
GEO65
Energy (MeV) Xsect (mb) D-Xsect (mb)

1.3940E+01 1.1000E-01 2.0000E-02
1.4500E+01 2.1000E-01 4.0000E-02
1.4920E+01 2.1000E+00 4.0000E-01
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1.5350E+01  4.5000E+00  6.0000E-01

1.5890E+01 5.4000E+00 1.0000E+00

1.6500E+01  1.3000E+01  2.0000E+00

1.7060E+01 2.6000E+01 0.0000E+00

1.7490E+01 2.6000E+01 4.0000E+00

1.7980E+01  3.8000E+01  5.0000E+00

3 1 2

ITJ73
Energy (MeV) Xsect (mb) D-Xsect (mb)

1.4000E+01 1.3000E-01 5.0000E-02
Line 1 contains the number of the data set (any unique value
can be used) in positions 1-3, the number of points in the data
set in positions 5-9 and the final state identifier (0, 1, 2, 99 or
blank = 99 can be used) in position 10-11.
Line 2 contains the data set identifier (XXXnn format) in
positions 1-5.
Line 3 contains the data headers, note that units must be given,
these can only be ‘eV’, ‘MeV’, ‘b’ or ‘mb’. The data can be in
two columns (Energy and Xsect) or three columns (Energy,
Xsect and D-Xsect).
Following lines show the data points is standard scientific
notation.
The next data set then follows with no blank line separating the
data.

XY table file format

One of the options for the format of the source data files is ‘XY
table’, see the Library options window (Figure 24). The format
of the file is illustrated below.

18039 O
102 99
2
49
2.00000E+00 3.84000E+01
4.60000E+00 1.75000E+01
1.00000E+01 8.30000E+00
1.50000E+01 5.58000E+00
2.20000E+01 3.84000E+00

Line 1 contains the ZA identifier of the target in positions 1-6,
and the initial state of the target (0, 1, 2) in postion 9.

Line 2 contains the reaction MT number in positions 4-6 and
the daughter final state (0, 1, 2, 99) in positions 8-9.

Line 3 contains the interpolation law (only one law is possible)
in position 6.

Line 4 contains the number of data points in positions 3-6.

CCFE Fusion
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Scrap file format

XML files

Following lines show the data points (energy, cross section) in
standard scientific notation. The data must be in the format
shown (5 decimal places) starting in columns 1 and 13.

Data scraps are held in a very similar file format to the ‘XY
table’ however Lines 1 and 2 are not present.

The settings required in several areas of SAFEPAQ-II are
stored in XML files since the change to VB.NET. The folder
containing the safepaq.exe file also contains a folder settings.
This contains three files:

SafepagProgramSettings.xml
SafepagFormSizeAndLocations.xml
AnalysisTrends.xml

These files are maintained by SAFEPAQ-II and require no
direct user interaction.

Appendix 3. Multi-group cross sections

Introduction

Calculations of multi-group cross sections are made exactly in
SAFEPAQ-IL, i.e. by summing the contributions made by all
pairs of data points in a particular group. The data points and
the interpolation law define exactly the form of the cross
section in that range and by using one of a small number of
weighting functions the contribution can be analytically
evaluated. Note that it is assumed that the weighting function
cannot change between any two points.

For a particular energy group the definition of group cross
section is given in equation (1), where ¢(E)is the weighting
function in the group, o (E) is the cross section and ¢, is the

value of the weighting function integrated over the group.

1
o :EL HEVG(EVE oo (1)

If there are n data points in the group, then it is necessary to add
the two additional points that lie on the upper and lower
boundaries. The cross section values for these are obtained by
interpolation.

Thus the value of the multi-group cross section will be given by
equation (2), where E; is the energy of the ith point.
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n+1

o, = LZ j}j PEYG(EVAE  —ooovoooooeoeeeeeeeeoeeeeeeeeeeeoeee )

& i=0

By the use of one of the five standard interpolation laws, o (E)
is expressible as an analytical formula, and ¢(E) is one of five

standard formulae. The five standard forms of weighting
function are shown in equations (3) - (7).

H(E) = C {F1at WEIGNtNE} . vveoveeeeeeeeeeeeeeeeeeeeee oo eeee e (3)
G(E)=C/E {1/E WEIGNUNZ} ..o (4)
#(E) = CE exp( - E/kT) {Maxwellian thermal weighting} ..............oooccoovvee..... (5)
$(E) = CNE exp(— E/T,) {Fission spectrum weighting} ..........ccoooocoveeerrrrrr (6)

HE)=C exp(— 5/ kT (\/E —JEs )) {Velocity exponential fusion weighting} .(7)

In these equations, C is a constant, kT'= 0.0253 eV, kI;= 1.4
MeV (in (6)), kTy=0.025 MeV (in (7)) and Er= 14.07 MeV.

The problem of calculating the 25 expressions resulting from
using these weighting functions and interpolation laws yields
simple analytical expressions in most cases. However, for the
fission spectrum weighting some of the analytical expressions
are very complicated (involving Error and Hypergeometric
functions) and it is be preferable to replace equation (6) by a
quadratic function that fits (6) extremely well.

Interpolation laws

Expressions for the form of the cross section are given in terms
of the energies (£ and E3) and cross sections ( o, and o, ).

Law 1, constant

o 020 o SR (8)
Law 2, linear-linear
204
o(E)=0,+ (E—E\)=A+BE ..o, 9)
2~ M
o,E,—0o,F 0,—0O
A=—"2 2L B=—2 L e, (10)
E, - E, E, - E,
Law 3, log-linear
0,0,

o(E) =0, (In(E)-1In(E,))= A+ BIn(E) .. (11)

+
In(E,)—In(E))
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= A= In(E,)-In(E)) b= In(E,)—1In(Ey) 777 (12)

Law 4, linear-log

In(o/(E)) = In(e) + M) ") (p_py_ 4188 (13
E2 - El

= G(E) = €€l oo, (14)

_ In(o))E, —In(o,)E, ‘B = In(o,)—In(oy)

= A4
E,—E, E,—E, (15)

Law 5, log-log

- In(o,) —In(o,) _ _
In(o(E)) = In(o,) + nE)~InED) (In(E)-In(E,))= A+ BIn(E) (16)

= G(E)= e EP e (17)
4= In(o)In(E,)—In(c,)In(E) B = In(gy)~In(oy) (18)
In(E,)—-In(E}) In(E,)-In(E,)
Flat weighting

Using equation (3) for the weighting and each interpolation law
in term yields the following expressions for the multi-group

cross section integral J = I;zﬁ(E)a(E)dE .

Law 1
E,
J(EI,EZ):CGIIE AE = CO(Ey = E1) evvorreeeeereeseeeseeseenens (19)
Law 2
E,
J(El,Ez):CJ.El (A+ BE)dE = CA(E, — E,)+ Y4CB(E5 — E) .20)
:%C(0'1+0'2)(E2—E1)
Law 3
E, E,
J(E,E,)=C| "(4+BIn(E))dE = CA(E, — E,)+ CB[EIn(E) - E
(EyE2)=C[ " (4+ BIn(E)) (E2-E)+ CBIEW(E)-E] )

=C(A-B)E, - E|)+CB(E,In(E,) - E, In(E,))
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Law 4

E 2
J(EEy) = CeAI " ePEdE =%6A[eBE]E
E

1 E,
_C 4 BE, BE
=3¢ (e P-e l)fOrB?fO ............................ (22)
=Ce”(E, —E,)for B=0
Law $§
£y Ce” B
JE, Ey)=Ce™ [ " EPdE - 5]
E, (B+1) E,
Ce” B+1 B+1
= Ey" —-E for B#0and B # —1
(B + 1) ( 2 1 ) ...... (23)
= Ce?(E, - E,)for B=0
= Ce? In(E, /E,) for B = -1
1/E weighting
Using equation (4) for the weighting and each interpolation law
in term yields the following expressions for the multi-group
cross section J. Note that these are the same formulae as used in
the calculation of the resonance integral.
Law 1
By dE E
JELEy) =Coy [ "= CoinED)
(B x) = Con [, = ConIn ) 4)
Law 2
£y (A+ BE E
J(E,,E,) = CJ A+ BE) e _cu In(-2) + CB(E, ~ E))
E |
E (25)
=CAIn(=2)+C(0, — o))
E,
Law 3

Using the standard integral (A2):

J(E,, Ey)=C I B A BIED) 4y cqincEry 4y (:B[(ln(E))2 ]E
E, E E, A

=CA(In(E,) - In(E,)) + Y5 CB(In(E,) — In(E)))(In( E, ) + In(E})) (26)

= /4 C(oy +0)In(22)
El
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Law 4

Law 5§

) eBE

4 E
J(E,,E,) = Ce L T 27)

Using the standard result, shown in equation (A3), and defining
1,(E,E,,a) by equation (28) the final expression is given in
(29).

1,(E,,Ey,a) = szE”e"‘EdE ................................................... (28)
J(E|,Ey)=Ce™ I [(E{,E3,B) oo (29)
E 4 £
J(E\,Ey) = CeAJ.Ez E"\dE = CZ [EB]
1 El
A
- CZ (B2 —EPJfor B#0and B=1 .. (30)

=Ce?(E,—E,)for B=1
=Ce” In(E, /E,) for B=0

Maxwellian thermal weighting

Law 1

Law 2

Using equation (5) for the weighting and each interpolation law
in term yields the following expressions for the multi-group
cross section integral J.

J(E,,E,) = Calj'szexp(—E/kT)dE ................................ (31)

Using the standard result, shown in equation (Al), and using
I, (E, Ey,a) defined by equation (28), the final expression is
given in (32).

J(E17E2):CO-III(E17E2’_1/kT) .......................................... (32)

EZ
J(E,,E,) = CL (A + BE)E exp(— E/kT)dE
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Law 3
J(E,,E,)=C LE (A+ BIn(E))E exp(- E/KT ) dE
= CAI,(E,,E,,~1/kT)+ CBk*T*I_(E,,E,,~1/kT)~ (34
CBk*T? {exp(— E/kT)(w + 1JI
Law 4

E E _ _
J(E,, Ey) = CeAIEzEeBE exp(— E/kT)dE = CeAIEz Eexp(%}ﬁ .(35)

Defining a new variable ¢ such thate = (1-47B)E means that
(35) can be written as (36).

Cel (1-kTB)E,
JEL,E)=——— cexpl—¢/kT e
(E\, Ey) (1—KkTB)? Ll_kTB)El P( / )d
= LAZQ (1-kTB)E,,(1- kTB)E,,~1/kT), where B # 1/kT 36
(1_kTB) ...... ( )
= %CeA(EZZ —E}), where B =1/kT
Law 5

J(E|,E,) = CeAI;ZEB+1 exp( = E/kTYdE oo (37)

Note that in equation (37) B is not generally an integer, and the
solution for non-integer B involves incomplete gamma
functions. The solution for integral B is given in equation (38),
for the general case the solution using gamma functions is
shown in equation (39).

J(E,E,y) = CeAIBH(El’EZ’_l/kT)
Equation (37) can be written as equation (39) using equation
(A13).

J(E,,E,) = Ce(kT)®*?T(B+2)[P(B+2,E,/kT)— P(B+2,E,/kT')] with B > -2 (39)

Equation (39) is only valid for B > -2, in order to extend the
range to more negative vales of B, equation (37) can be
integrated by parts. K,(E},E,)is defined by equation (40) and

F,(E|,E,) by equation (41).

J(E,,E,)=Ce"K,(E,,E,)
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1
(B+n)

Fy(E,Ey) = [E5°7 exp(— B, /7Y = EF*" exp(— E, JkT))] ......(41)

Then K, can be written in several forms as shown in equations
(42) — (44) following integration by parts.

K
K =F+——2*—
1 > KT (B $2) 7 (42)
F. K
K, =F, + 3 4 e 43
VU2 KT (B+2)  (kT)A(B+2)(B +3) “3)

+ S +
kKT(B+2) (kT)*(B+2)XB+3) (kT)>(B+2)B+3)B+4)
K, can be written in terms of gamma functions in a similar

fashion to equation (39) as shown in equation (45).

K, (E,Ey) = (kT)2*"" ' T(B+n+D[P(B+n+1,E, [kT)— P(B+n+1,E, /kT)] with B> —(1+n)

For more negative values of B, a quadratic fit as described in
the following section is used.

Fission spectrum weighting

Using equation (6) for the weighting leads to extremely
complicated integrals. Over the energy range of interest it is
possible to very accurately fit the weighting function to a
simple quadratic function shown in (46). The constants are
found by fitting to the original function. Using this and each
interpolation law in term yields the following expressions for
the multi-group cross section integral J.

BE) = A A BE 4 VE? oot (46)

Law 1

E, 5
J(E,,E,) = UIJE (a+ PE + yE?)dE
1

= ol + 5 pE? + YR | (47)
= o (Ey — B+ Y BER — E2)+ Y y(E2 - ED))
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Law 2

J(E,E,) = IEEZ(A+BE)(0¢ + BE + yE*)dE

E
= | a4+ BAE + yAE? + aBE + BBE® + yBE *dE
E,

= [aAE + W (BA+aB)E* + Y (yA+ BB)E’ +%yBE4]gf

—(0A(E, - E))+ (B +aBYE2 — EX)+ Y GA+ BBYES — E})+ YV, yB(ES - EM)

Law 3

J(EEy) = [ A+ BIn(EY e + BE + 75 )dE
] (49)
:J'jzaA-i-,BAE +7AE2+(ZBIH(E)+,BBE 1n(E)+}/BE21n(E)dE

Using the standard integrals shown in (A6)-(A8) this integral
can be evaluated as shown in equation (50).

E
aAE + Y5 PAE? + V, yAE® + aBE In(E) — aBE + Y BBE* In(E) - Y, BBE* ... |

J(E,Ey) = 1 5 1 5
...+A}/BE ln(E)—A}/BE E,
= [a(A—B)E+%ﬂ(2A—B)E2 + Y% r(34-B)E’® + }/, B(6a +3ﬂE+2yE2)Eln(E)]§f
.................................................................................................................................. (50)
Law 4
J(EI,EZ)—eAI " eBE (o + BE + yE?)dE
A A F
e 2\ BE |E2 e 2 BE
= E + yE - 29E)dE
e e [ (g2
Al Be 152 4
_€ 2\ BE _ € € [™ BE
= | @ BE+ED (B 2E) } +B2JE1 FoE 5y
- 1
oA . oBE oBE £y
=—/|(a+BE+yE —(B+2yE)—+2y——
2 _( PE +yE”)e™ — (B +2yE) FIAAS .

A
- Z_S[eBE (aB* - fB+2y + B(ﬂB—2y)E+yB2E2)]§f

Law 5§

E E
J(E, E,) = eAj *E8(a + BE + yE?)dE = eAJ' TQEP 1+ BEB 4 yEBT2gE .....(52)
E,

1

Equation (52) can be solved trivially except for three values of
B =-1, -2, -3. In these cases a log term is introduced.
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J(ElsEz):eA

[ B+l B+2 B+3
ok +ﬂE 7E , where B # {~1,-2,-3}
B+1 B+2 B+3
i B+2 B+3
= e aln(E)+ﬂE /E , where B =—1
B+2 B+3
I e L (53)
= e + ﬂln(E)+ , where B = -2
| B+1
[ B+l B2
= e ok + + yln(E) where B=-3
| B+1 B+2

Velocity exponential fusion

Law 1

Law 2

E,
J(E,E,) = CgI * (A + BE ) exp( aE V?)dE
E;

Equation (7) can be rewritten in a simpler form as shown in
equation (54), where g =5,/E, /ka and a=-5/kT, . Using

equation (54) for the weighting and each interpolation law in
term yields the following expressions for the multi-group cross
section integral J.

HE) = Cg eXPGE") oooooooieeeoeeeeeeoeeeee (54)

_cgo [ 2 55
J(E\,E,)=Cgo, . eXP(aE "7)dE oo (55)

1

By changing the variable, E = z*, equation (55) can be written
as equation (56).

J(E,,E,) =2Cg al_[gzexp( GZ)AZ  cvveerresrosessessesesssesesens (56)

1

Using the integral shown in equation (28), this integral can be
evaluated as shown in equation (57).

J(Ey,Ey) = 2Cg oy, (E{ EY? = 5/kT}) ovevvvnecvicrecrr (57)

.(58)
E,

= 2Cedl | (E\* ,EY?,~5/kT ;) + CgB IE " E exp( aE V?)dE
1

Changing the variable as in Law 1 enables the second integral
to be written in standard form yielding equation (59).

J(E\,Ey)=2CgAl \(E\* \EY? ,~5/kT ;) + 2CgBI y(E\”* \EY? ,~5/kT ;) .(59)
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Law 3

E,
J(E,,E,) = Cg L (A + BIn(E)) exp( aE V?)dE
1

.(60)
_ 1/2 1/2 E 1/2
=2Cgdl ((E|”" ,E, ,-s/ka.)+chI In( E) exp( aE "*)dE

. E,

Defining the integral in the second term in equation (60) as
shown in equation (61).

K(E,,E )=jE21n(E)ex( E'2)dE (61)
E, E] p(a YAE oo,

Changing the variable as in Law 1, carrying out integration by
. d 2 .
parts and noting that d—ln(zz) = — enables equation (61) to be
zZ z

written as equation (62).

K =gln(zz)(ze‘” —leazj—izeaz +izje—dz ................... (62)
a a a a

Changing the variable back to E, equation (62) can be written in
standard form in equation (63).

E,
E” 1) 2 4
K(EI,EZ)=2[exp<aE1/2>[ln(E>( - ——ZJ—a—zﬂ +a—21_1(Ef/2,E5/2,a) (63)

Law 4

Law 5

E, Ey
J(E,,E,) = Cge AJ'E ePE exp( aE V) dE = ceAIE exp (BE +aE " )dE (64)

1 1

Equation (64) can be solved in terms of Error functions (a < 0,
but B can be either positive or negative meaning that the
Imaginary error function would be required). It would be more
practical to use a quadratic fit to the weighting spectrum this
yields equation (65), which has been solved in equation (51) in
section 6.4.

J(EI,EZ):eAJZZeBE (@ + BE +VEYAE oo (65)

1

J(E,,E,) = Cge Ajjz EZ exp(aEVYAE oo, (66)

Changing the variable as in section 7.1 enables equation (66) to
be written as equation (67).

I\/E

E

J(E,,E,)=2Cge” 2B 0Bz e (67)

CCFE Fusion
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If (2B+1) is an integer then equation (67) can be solved by
equation (68), otherwise it is the same form as equation (37)
which was solved using gamma functions. The solution is given

in equation (69).
J(Ey,Ey) =2Cge Iy (B EY = 5/kT /) oo (68)
2B+2
kT SJE SN E
J(E,E,)=2Cge’| —L| T(@B+2) P 2B+2, "2 |-P|2B+2, Y"1 || with B> -1
5 kT, kT,

Equation (69) is only valid for B > —1, in order to extend the
range to more negative vales of B, equation (67) can be
integrated by parts. K,(E|,E,)is defined by equation (70) and

F,(E,E,) by equation (71).
J(E|,Ey)) =2Ce K {(E{,E3) oo, (70)
1 +n +n
F (BB = s [JE P exp(= 5B, k1) B exp(=5\E, /ka)} (1)

Then K, can be written in several forms as shown in equations
(72) — (74) following integration by parts.

5K
K =F+——2
1 =1 KT, (2B +2) ~wr (72)
5F. 5°K
Ky =F)+ ° + 3 . (73)
kT;(2B+2) (kT;)"(2B+2)(2B+3)
2 3
K, =F,+ >F3 + 7 > By + 3 S Ky
kTp(2B+2) (kT;)*(2B+2)(2B+3) (kT;) (2B +2)(2B+3)(2B +4)

................................................................................................................................... (74)

K, can be written in terms of gamma functions in a similar
fashion to equation (69) as shown in equation (75).

2B+n+l
kT 5.JE s5.\E
K, (E,E))=|—L T2B+n+1) P|2B+n+1,~ 2 |- P| 2B+ n+1,—L
nATTR 5 kT kT

f S
with B > —(1+n)/2

For more negative values of B, a quadratic fit as described in
the fission spectrum weighting section is used.
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Summary
A summary of the method of solution in each of the 25 cases is
given in the following table. Note that ‘Simple’ indicates an
algebraic function of E;, E,, o) and o5, ‘Quadratic fit’ indicates
that due to the complexity of the solution a quadratic fit to the
weighting spectrum over the energy range has been adopted and
‘~I, indicates that an algebraic expression and the standard
integral shown in equation (28) has been used. ‘Gamma fun’
indicates that an incomplete gamma function has been used.

Weighting— Flat 1/E Maxwellian Fission Velocity

Law | thermal spectrum | exp. fusion

1 - constant Simple Simple ~ 1) Quadratic fit |~ [,

2 - lin/lin Simple Simple ~0L+1 Quadratic fit [~ [; + 5

3 -logE/linc |Simple Simple ~1 + 1, Quadratic fit [~ I; + 1

4 -lin E/ log  |Simple ~1, ~1 Quadratic fit | Quadratic fit

5 - log/log Simple Simple Gamma fun |Quadratic fit |Gamma fun

Annex: Standard integrals
See reference [ 1] for all except (A13), which is taken from [2]:

m _ax _ax C _1\" m!XM7r
jx e“dx=e ;0( 1) —(m—r)!ar” .................................... (A1)
f lnix) A = Y3000 P oo (A2)
e™ (ax)
J . dx:ln(x)+; T (A3)
Iln(x)e”xdx - l[m(x)(e‘” n-y (“,’f')l) ........................ (A4)
a -1 11

J‘xln(x)eaxdx - %((ax ~DlIn(x)-1)+ al—z{ln(x) vy %} (A5)

i=1

jln(x)dx T E 3 T S (A6)
J‘xln(x)dx = %xz In(x) - %xz ............................................. (A7)
[ In()dx = 6 00) = B8 (A8)

Explicit formulae for the standard integral /,(E;,E,,c) defined
in equation (28) are given forn=-1, 1, 2, 3.

1 a, a
1(E,. Ey.a2) =?[(aE2 1)e — (B, 1) ] o (A9)
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1
I,(E,E,,a)= —3[(052E22 —20aE, +2)e"" —(a’E} —2aE, + 2)eaEl] ....(A10)
(24

I(E,E,,a) = L4 [(a3E23 —3a’E} +6aE, —6)e™ —(a’E} —3a*E} + 6aE, — 6)e™™ ]
o

................................................................................................................................ (Al1)
I (E,E,,a)= ln(Ez/E1)+ZM ...................... (A12)
—~ it!
P(a,x) = ;jgt“_le_tdt A >0 e (A13)
’ T(a)d

References
[1] CRC Handbook of Chemistry and Physics, Editor R. C.
Weast, 68" Edition, 1998.
[2] Numerical Recipes in Fortran, 2" Edition, W.H. Press, S.A.
Teukolsky, W.T. Vetterling and B.P. Flannery, Cambridge
University Press, 1992.
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Appendix 4. Branching ratios

An inconsistent definition of the branching ratio was used in
SYMPAL. This was corrected in later stages of the processing.
The following description shows the definition used in
SAFEPAQ-IL

If there is only a single isomeric state then the branching ratio is
defined by equation (1).

This branching ratio can be calculated by systematics.

If there is a second isomeric state then the branching ratio for
this state (on the assumption that it is the only one), is given by
equation (2).

In SYMPAL, and in early versions of SAFEPAQ-II an incorrect
assumption about how to form b, from the other two b’s had
been made. It was assumed that equation (3) should be used.

It can be easily seen that if b,, and b, are > 0.5 then b, will be
negative. Errors like this were discovered in early versions of
SAFEPAQ-II by the presence of negative cross sections.

The correct way to proceed is to assume that the ratios
0,/0, ando, /o, remain constant irrespective of whether the

number of final states is 2 or 3. The values of these ratios are
given in equations (4) and (5).

R TR )
s, (-b,)
L 5)
s, (-b,)

If Oris the sum of the three final states, then the ith 3-state
branching ratio is given by equation (6).

CCFE Fusion
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Thus for the 1% isomeric state, equation (6) can be rewritten in
equation (7).

v o On/Ce b=,

m s T T L e
o,+o,+o, l+o,/oc,+0,/0, 1-b,b,

Similarly the other two ratios are given in equations (8) and (9).

~ _b,(1-b,)

I T, e (8)
~ _(1-b,)01-b,)
b, T L 9)

Note that the sum of equations (7), (8) and (9) is 1 as required.

Thus equation (3) must be replaced by equation (10).
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Appendix 5. Single Resonance Approximation

If the thermal cross section is large then it is a physically
reasonable approximation to assume that the thermal cross
section (and to some extent the resonance integral) are
determined by a single strong s-wave resonance. The single
level Breit-Wigner (SLBW) formula can be written as shown in
equation (1),

where k is the neutron wave number, g; is a spin statistical
weight factor, I, is the neutron width, I', is the radiative width,
I" is the total width, Ej is the energy of the resonance and F is
the energy. It is assumed that ¢ is measured in m?, and E in J.
Note that the second fraction is dimensionless and so it can be
assumed that all the terms are measured in eV.

The relationship between E and £ is shown in equation (2):

nk?
E =
Sy 2)
The energy dependence of I',, is shown in equation (3):
Ty =TV E oo 3)

where TV is the reduced neutron width (units of eV are used).

Using the numerical values of all the constants the basic
formula can be rewritten so that ¢ is measured in b, and E in
eV. The numerical values are:

h=1.05457266 10" Js

m = 1.008664904 u

1 u=1.6605402 10% kg

17=6.2415064 10" eV

1b=110"m’

Thus using f as the dimensionless fraction, the basic formula
(with units in brackets) is given by equation (4):

O_(mz) _ ”thz(JS)
2m(kg)E(J)
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Using the numerical values equation (4) can be written as
equation (5):

_ Cg,
o(b) = V%) L s (5)

where C = 6.50977546 10°

Assuming that all energies that follow are measured in eV and
all cross sections in b, and that the non-elastic contribution to
the total width can be neglected then equation (1) can be
written as equation (6):

0
:CgJ 1",,1"7
JE (E-Ey)* +1(T, +T,)’

o

In order to determine T the thermal cross section value is used
(and assuming that Ey >> E, and E; >>I") as shown by equation

(7):

_ Cgs Tl

oy \/E— E—g ..................................................................... (7)

In the present version of SAFEPAQ-II the following additional
simplifications are used:

e A value of 0.5 is assumed for g.

e A simple systematic is used for the radiative width as
shown in equation (8) for targets with A <40:

I, =1593/ 4

where A is the mass number of the target. In cases where A >
40, a table of widths stored in the Parameter database is used.

With these assumptions equation (6) can be used to calculate
cross section values from 1 107 eV to Ey.

A similar treatment is used for the (n,f) reactions. In this case I',
is replaced by I'y. It is assumed by default that I'y= 0.235 eV for
fissile targets and 7 10™ eV for non-fissile targets.
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Appendix 6. Low Energy Approximation

It has been demonstrated experimentally [1] that the low energy
component of the (n,y), (n,p) or (n,a) cross sections (for targets
with QO > 0) have the same energy dependence, namely 1/v
connected to the resonance region. The similarity in the shapes
and distribution of resonances in these three reactions has also
been demonstrated experimentally. From this a plausible
assumption can be formulated, namely that the partial widths
I'y, I'i and T'y; obey the same xz - distribution (Porter-
Thomas) which results in the similar behaviour of total widths
I'), T, and I', with values close to a constant mean value for
each reaction.
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F )
1e-06 g /:

N R AR
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Figure 1. Values of (n,p)/(n,y) and (n,a)/(n,y) cross sections for
'97pd and '’ Ag targets respectively calculated by TALYS.

These facts have been later supported theoretically by statistical
model calculations, which show a constant and energy
independent ratio of (n,p)/(n,y) and (n,a)/(n,y) cross sections
from about 1 meV up to 50-100 keV. This is demonstrated in
Figure 1, where the results of calculations with the code
TALYS for '"’Pd and '"’Ag targets are shown. It is obvious that
this feature can be used to approximate the unknown low
energy component of (n,p) and (n,o) reactions from the known
(n,y) cross sections and smoothly join these data with the
excitation curve above the ‘effective threshold’. This feature
was first used by H. Gruppelaar in 1981 to estimate (n,p)

CCFE Fusion
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components in ~*¢Co and **"Co evaluations [2] from the total
absorption cross section and later in a slight modified version
(adjustable MF2 data used to generate data for the resolved
resonance region satisfying the thermal (n,p) or (n,a) cross
sections) for a small number of reactions on targets in the
deformed region between 150 < A < 165 in the JENDL-3
library.

During the development of the TALY'S code [3] this idea of the
low energy treatment of the non-threshold (n,p) and (n,o)
reactions has been included. For normalization of the (n,p) and
(n,a) data either the thermal (n,p) and (n,a) cross sections (if
experimentally known) or values derived from o(n,p)/c(n,y) or
o(n,a)/c(n,y) ratios calculated by TALYS can be used.

This approximation is termed the Low Energy Approximation
(LEA), it can be applied to two groups of (n,p) and (n,o)
reactions with resolved resonance region in the (n,y) [MT=102]
channel in SAFEPAQ-IL

1. The thermal cross section for the (n,p) or (n,a) reaction is
known. In this case the (n,y) component between 10° eV
and Ey (including the resolved resonance region) is merged
with the (n,p) or (n,a) data by means of a Mod type 18
preliminary modification and the low energy (n,y)
component is then normalised to the experimental value of
(n,p) or (n,a) thermal cross section.

2. If the thermal cross section for the (n,p) or (n,a) reaction is
not known, then the ratio cc"l/csf“l at Dy is calculated by
TALYS and this ratio is used to derive from the known
(n,y) cross section the (n,p) or (n,0) thermal value (") as
shown in equation (1).

o = O'}t,h X (Gcal/acal) ....................................................... (1)

It should be noted, that in both cases the resolved resonance
region, if available in the capture reaction, is adopted between
10” eV and Ey. An illustration of the use of this approximation
is shown in Figure 2. The original EAF-2003 data contained a
simple 1/v component joined to the model calculation at 1
MeV. For TALYS-5a a 1/v component is joined to the
statistical calculation at 3 keV. In EAF-2005 the resonance data
from the *’K(n,y) reaction is joined to the TALYS-5a data at
300 keV (Ep) to give a improved description of the reaction.
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Figure 2. Data for *’K(n,0) in EAF-2003, EAF-2005 (Final)
and TALYS-5a.

In cases where no experimental information is available for
either the (n,y) or (n,p), (n,a) reactions, the complete TALYS
calculation is adopted. The (n,y) thermal cross section is
estimated from the crude systematic developed in reference 4.
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