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ABSTRACT

FORSS is a code system used to study relationships between nuclear
reaction cross sections, integral experiments, reactor performance
parameter predictions and associated uncertainties. This report
describes the computing enviromment and the modules currently used
to implement FORSS Sensitivity and Uncertainty Methodology.
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I. INTRODLCTION

The purpose of this document is to provide guidance on the use of the
computational methods that are germane to FORSS! Sensitivity and Uncer‘ainty
Methadolegy. In its totality FORSS is not a single code system but rather
a collection of code systems and stand alone codes that contribute to the
s)lution of a FORSS problem. FORSS includes multigroup cross section pro-
c=ssing, uncertainty file processing, neurronics calculations, source
calculations. sensitivity profile generation, uncertzinty analysis, and
estimation of accuracy requ’rements for nuclear data to meet pre-determined
design constraints and error margins. A modular code system under driver -
control has been develcped and is commonly called FURSS; however, it does
not at present place all the FORSS methodology under thre control of a
single driver. This document will attempt to show the relationship cf all
the codes and code systems that contribute to the solution of a FORSS
problem. Some of the major code svstems used are welil establiched and
documented. Such documentation will not be duplicated here hut will
be referencad as required. The scope of this report assumes familiarity
with the discussion of FORSS methodology found in reference 1.

A. Cross Section Processing

Multigroup cross sections must be prepared for the neutronics calcula-
tion selected to model the assembly being investigated. The MINX-SPHINX- s-
and the AMPX“ cross section processing systems are examples of cross section
processors that provide this capability. The AXMIX® code is also useful
in cross sectiocn preparation. Yowever, in sensitivity and uncertainty
analysis partial cross sections must be available. FORSS uses the proposed
CCCCh file MATXS7 as the data base for partial cross sections. The afore-
mentioned cross section processors do not now produce a MATXS file although
such capapility is currently being tested. At present, the FORCS system
includes three translators for producing MATXS from the more mature ISOTX5%
AMPX master, or ANISN? formats.
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B. ENDF/B Uncertainty File Processing

Uncertairty analysis withi~ the FORSS system requires that multigroup
covariance matrices be produced from ENDF/B® formatted uncertainty files.
Covariance matrices are produced by the PUFF!® code. The matrices are
placed in a proposed CCCC file COVERX!!. COVERX files must be available
before uncertainty analysis can be initiated. If appropriate, available
mul tigroup covariance matrices can be used directly thus bypassing the
PUFF processing step. ’ '

C. Neutronics Calculations

~ The ANISN, DOT!2, and VENTUPE!3 neutronics codes are used *rn the
FORSS methodology. ANISN is a module in the FORSS driver controlled
system and its interaction with the other modules in the system is some-
what automated. Comments about the use of DOT and VENTURE in FCRSS

will be made in Section E.

The number of neutronics calculatinns reqtired for a study s a
function of the number and type of responsés under consideration. Sensi-
tivity analysis for criticality requires a forward and adjoint neu-
tronics calculation; reaction rate ratio analysis requires, in addition,
the computation of a generalized adjoint. Fe¢~ worth sensitivity, four
neutranics calculations are required; these being a forward and adjoint,
anc a generalized forward and adjoint. The JULIET module uses tne
fluxes produced by these neutronics calculations.

D. The JULIET Module

This moduie calculates sources, responses, normalization parameters
and sensitivity coefficients. The JULIET algorithms for generalized
sources, respons2s, and normelization parameters use FORSS ANISN
(FANISN) produced angular fluxes. The sources calculated by JULIET
are returned to FANISN as input to generalized neutronics calcylations.
A more detailed description of the FANISN and JULIFT data interchange
mechanism is available to Chapter IV.

The sensitivity coefficients calculated by JULIET are placed in a
proposed CCCC fiie SENPRO!!.

L AR LT e LR ¢ BT Sl DS A S A L s, e e

\ .
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JULIET is organized into =xecution paths, i.e., it has multiple entry
points. A source calculation may be performed and execution terminated
without generating sensitivity coefficients. When sufficient results are
available from preliminary calculations, JULIET may be asked to generate
sensitivity coefficien*s and bypass the source calculation.

E. Two-Dimensional Analysis Wiih DOT or VENTURE Neutronics

With an understanding of how ANISN and JULIET interact to produce
generalized fluxes, sources, and normalization parameters, the use of 2-D
. neutronics in FORSS can be clarified. Before sensitivity coefficients are
generated, JULIET prepares a so-called {(@*@) file. This is symbolic sirce
it could be {r*g)> or {P*r> (brackets imply integration over spatial regions
and angles). This file s used in the genera.ion of sensitivity coefficients.
When 2-D neutrunics is used in FORSS, the selected Z-D code system, DOT or
VENTURE, is used to produce the equivalent fiuxes as produced by ANISN and
the JULIET-SOURCE algorithms. The VIP!“ code is then used to prepare the
(p*@) file. The selected 2-D code system must also produce the normaliza-
tion parameters required by the JULIET sensitivity profile calculation.
With appropriate (p*g) files and normalization parameters available, the
JULIET-SENSE execution path is entered and the problem solution path is tne
same as when ANISN neutronics is used.

F. The SENPRO Service Module!®

JULIET generates the SENPRO file containing sensitivity profiles.
However, before using the file in uncertainty analysis, it may be desirable
to examine the file{s) in detail. The SENPRO service module operates on
the file proviaing a number of services including plotting and listing. A
compl2te inventory of the modules capabilities is available in Chapte- VIII.

G. Cross Section Difference Effects

When the calculation of sensitivity coefficients is cermplete and
SENPRO file(s) are available, the effects of proposed cross section modifi-
cations may be investigated. The SENTINEL!® module computes the percertage
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(or fractional) change ‘in the perforaance parameter of a given assembly due i;}s
to specified pefcentaéé (or fracticnal) changes in desihh;‘ed reaction cross
~sections over a number of energy t°gIons. An edited ;ist of the most signi-

-f*cant 1nd1v1dua1 contr1but1ons to the. response char.ge is also provided.

LY covsaTl7va .

’ The mod-le COV;RT cop1es a coiar1anne file in COVERX fcrmat. and in .
the copylnn prncess changes the. f11e representatIOn from binary to card
[1unge fcrm or vvce versa. InLadditlon, a complete listing or a part1al
"Itsttug of the f\le 1s pr1nte!;to g1ve the user 1nfbrmat\on about the
ontents nf a par*Iculdr f1!e. - e ’ s

e}

A'I. “ihe COVERX Sefviteiﬂoduié ; RN - L ;:"v .

As stated in Section B, COVERX files must be available before un- . {:
certaintv analysis can be initiated with the CAVALIER or UNCOVER modules. N

s
4
e w08 A .

The COVERX service module operates on the file providing a number ]
of services such as 1isting and merging. A conplete irventory of the ‘ v ;
~ capabilities is available in Chapter XI. : o

J. Uncertainties Due Exclusively to Nuclear Data Uncertainties

When COVERX and SFNPRO files are available, uncertainty analysis may
be initiated. The CEVALIZR!7 module folds sensitivity profiles (SENPRO)
~ and covariance matrices (COVERX) to estimate reactor performance uncer-
tainties which result from uncertainties i3 nuclear data.

K. Uncertainties With Integral Eiperiments Taken Into Accoun~ ’ ‘ :

The module UNCOVER!® finds the adjustments of both integral and differ-
ential data which are most consistent (in a general ieast squares sense)
with the data and with the calculational model as represented by the sensi-
tivity coefticients. The input to UNUOVER includ2s data from SENPRO
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sensitivity and COVERX (a priori) covariance files. The output includes a R

posteriori covarianczs for the adjusted data in addition to the adJustments

themselves. The adjusted data and associated covariances’ ‘can be appll“d

desigh models fbr improved predlct1ons of performance parameter and of their -
%:;;::sﬁcé?tainties. | | |

L. 'covERs"

COVERS is a convenlence module whose sole- functlon 1s to process data

to_the UNCOVER module
»gﬁ. ADOUST

The ADJUST module modifies the cross sectlons on an AMPX master file.
by the percent changes calculated by the UNCOVER module. This creafes an
adjusted cross §ect10n ].brary_for dissemination via the AMPX system.

‘N. The Inverse Problem

The NUTCRCKR!? module is a first attempt at solution of the "Inverse
Problem” of veactor sensitivity. The objective is to provide quantitative

guidaince to data acquisition, data evaluation, and associated data processing
code development programs by giving estimated accuracy requirements on

. various multigroup nuclear data to meet predetermined design constraints
and error mabgins.

0. Sy tem Structure 1\\

The system is composed of modules whiéh,may be executed under DRIVER
cortrn] or they may be executed as stand-alore programs. Under DRIVER con-
trol, a run is executed from a procedure whizh includes most of the IBM JCL

- needed. We are indebted to the AMPX project tor the DRIVER and procedure
technology.

v from a SENFRO f11e and a COVERX f1le into 1nfbrma1 f\les ac;epxable at 1nput' -
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Bata interchange betueen modules is accomplished by well defined

files which are located on external storage devices such ag’magnetic

tape or disks.  Pvoposed CCC’ files are used for part1a] ot 23 sectlons
(HATXS), ‘'sensitivity coeftICIents (SENPRO), and covariance matrlces
(COVERX). In this version of the system, FORSS ANISN uses a trad1t1onal

' ANISN formatted tape- wh1ch is d1scussed in Chapter V. The COVERS module

prepares from ShHPRO and CﬁVle files two other: files which are su1tably

_ formatted for the flexible structurc of the UNCOVER module. FORSS ANISN
: ; and JULIET 1nterchange,data via a repos1tory unlch is 1mplenented with
:fﬂ the FMANG module THANG and the repos:tory are dxscussed ln Chapter IV

*,‘rORSS 1s deSIQned to permIt multlple entry p01nts 1nto the system

A conprehen51ve calcu]atIOn may be des1gned 0. generate £luxes, normallza- 4

tion parameters sensxt1v1ty coeff1c1ents and perform an adJustment in

‘a- 51ng!e computer’ run' Conversely, many computer runs may e ased to ob-

tain the' same resu!ts The Iatter approach requires that the appropriate
files (Repos:tory, SENPRO, LOVERS files, etc.) must be saved cn semi-
permanent external storage d:vices. It is also good policy to do this for
the comprehensive run u.less the calculation .s small enough-to make little

“demand on computer resources. A correct calculational hierarchy must be
def1ned and, executed for either the comprehensive or the segmented solution.

A correct h1erarchy is determined by the prerequisites of the modules

needed to solve the problem of -interest. An example of a correct hierarchy .

is: .

1. Processing of ENDF/B files into muitigroup neutron cross sections.
Resulting files may be an AMPX master, ISOTXS, or ANISN cross-
section library.

2. Processing of ENDF/B uncertainty f11es resulting in a COVERX file.
NOTE: The FORSS DRIVER controlled progrim does not include the

modules needed to implement steps 1 and 2; these are external prepa-

ratory steps for FORSS.

3. Generating forward and adjoint fluxes on the repository with
FANISN.

4. Translating AMPX, ISOTXS, or ANISN cross sections to the MATXS
file with the appropriate transiation module.

s e, a0 R w - R — o N L T T -
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5. Generating normalization parameters and generalized sources
on the repository with JUL.ET.
6. Generating generalized forward and adjoint fluxes on the
~ repository with FANISN.
7. Calculating sensitivity coefflcrents and prepar!ng a SENPRO
, file(s) with JULIET. ‘
| Lo 8. Operating cn SENPRO files ¥ith the SENPRO CCRV'CE modu'e
SR 9. Performing perturbation analysis with SENTINEL.
10. Operating on COVERX files with the COVERX SERVICE module.
< 1. Perfonm1ng uncertainty anz]ysls with CAMALIFR
12. Preparing input for UNCOVER WITH COVERS. =
. 13. Performing uncer;ainty analy515 and adjustment hlth UNCOVER.

>The mu?tlple entry feature of FORSS permlts entry at the module level and -

in some situations a. the submocule level.. Some modules perform more than
one task and some r.7 these tasks may be selected for execution in a parti-

ST QRSP | S PR R ISR S

L Y

cuiar run and others excluded. This codtept isAreferred to as execution
paths.

~

P e

FORSS has a very powerful and flexible free field data input scheme
called Improved FIDO which is discussed in Chapter I'.

¥ | P. FORSS Input Prgparation'

Detailed input requirements for each module are included in the
chapters describing the moduies. ihe user creates an input stream by pre-
; paring = MODNAME cards and, where appropriate, execution bath names .

i Immediately following the = MODNAME and execution path names place the o
' required irput cards. ’

"(
5
¥
7
i
F;
1
i
i
7

Example: i

=FMANG —-Repository nanaver (input data, see Chapter IV).

=]TOM — ISOTXS to MATXS translator (ro input data required).
=ANTHMX — ANISN to MATXS transiator (input data, see Chapter III).

=AMPXM — AMPX to MATXS translator (input data, see Chanter 1{I).




=PMATXS
=FANISN

=FJULIE ~

MIX

FLUX

SOLRCE

T USENSE

=SEHPRO
LIST

PLOT
20D
MERGE
SEND

SIZE

NORM
FIX

GRID

]

— Lists a MATXS file (no input data required).

— 1-D S, transport calculation (input &ata. see Chapter V).

— GULIET for sources and sénsitivity‘cocfficients

— execution path for ooerator definitisn {input data, see.
Cnapter VII). -

—

—“exéCJtion path for ‘lvx preparation and ¢* generation.’ -

(Input data, see Chapter VII)
—-°xecut10n path for response and source catculation (lnput
data, see Chapter VII)

!ln—-executcon path for gﬂnerat1on of senst1v1ty coeff1c1°nta

(Input data, see Chapter VII).

— Senpro service uodule. 2 S

-executlon path of a file list (tnput data, see Chapter
VIII). : 4

—-execut10n path for platting a flle (lnPUL data, see
- Chapter VIJI). .

— execution path for addirg, deletmng, or ccpying. (Input -
data, see Chapter VIII).

— execution path for merging two SENPRO files. (Input data,
see Chapter VIII).

— execution path for mde conversion unformatted to formatted.

and reverse. (Input data, see Chapter VIII).

— execution path for listing profile tltles ln descending
order of the absolute magnitude of Z where

==y

Cy is the sensitivity cvefficient for group i. (Input
data, see Chapter VIII). _

— execution path for normalizing the sensitivity coefficients
in a file. (Input data, see Chapter VIil).

— execution path for modifying the MAT-MT control record.
(Input data, see Chapter VIII).

— execution path for placing the sensitivity coefficients
in a file on a user supplied group structure. (Input
data, see Chapter VIII).

et ek, Wik ek, s B i e’ o £ sk 2k i

el el e iA
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E0IT "~ — execution path for selectively editing or copying a

file. (Input data, see Chapter VIil). -
SUM — execution parh for swoming all profiles in a file and _ T
' N produci-« a,newffile.~ (Input data, see Chapter VIIi). B ~f§
=SENTINEL ~ — perturbation analysis. (Iput dats, see Chapter IX}. e
 =COVEKT — format conversion of COVE?X f1!es. (Input data, see- ;
' ' Chapter x). g
=COVEPX — Coverx Service Hodule.
LIST , ,—-executlon path for 115t1n; f’le. (Input,data, see
, B 0 Chapter “aI). ' , R
CADD - —-execu;10n path for addlhg to a ftle. (Input,déta, see
3 - Chapter XI). - 3 :
DELETE — execution path for deleting fram a file. (Input data, -
see Chapter XI). '
MERGE - execution path for merging two files. (Input data, see
~ Chapter XI). ’ 7
CONVERT — execution path for format conversinn. (Input data, see
_ Chapter XI).
FIX — execution path for record modification. (Imput dats,
see Chapter XI). . ' ;
EDIT -— execution path for selectively editing or copying a file. k
(Input data, see Chapter XI).
=CAVALIER — Nuclear Data Uncertainty Analysis, dvfferent1al data only.
(Input data, see Chapter X).
=COVERS ~— prepares input for UNCOVER. (Inout data, see Chapter XIII).
 =UNCOVER v-—uncertainty analysis and least squares adjustment taking

into account results from integral experiments. (Input
data, see Chapter XII).
=ADJUST — cross section modification (input data, see Chapter XIV).
sNUTCRCKR — Nuclear data accuracy requirement detenminatlon (Input
data, see Chapter XV).

The modules are executed in the order the = MODNAME cards are encountered
and the execution paths are executed in the order the path names are
gncountered.
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-~ other codes.’ For th_ése a free-field option and other features were
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II. THE IMPROVZD FIDO INPUT SYSTEM

The FIDO input method was aevised for entering data into large
arrays, using patterns of repetition and symmetry wherever possible.
This method was designed by Ward Engle and Wayne Rhoades using the input
method of the Los Alamos FLOCO coding system as » model. It was first
applied to the DIF-II code, and since that time FIDO has been applied to
incorporated. . , B

~ Recently extensive improvements were made by James Marable. These

 improvements include the reading of formatted or unformatted pieces of .
- arrays from various I/0 devices, reading hollerith characters, reading

numbers to an arbitrary base (e.g., octal, binary, and hexidecimal),
modifying (by muitiplication, etc.) numbers already in storage, entering
double precision arrays, and other changes. It is important to note
that these iuprbvements have been incorporated without changing the pre-
vious definitions. 01d FINO input decks will still beread correctly!

Each FIDO cail for input allows data to be read into a "block™ until
a delimiter 'T' instruction operator appears in the input. Such a
"block™ 5 partitioned into consecutive arrays, each of which is numbered
according to its order in the block. Input data is read into an array
by first designating the array number and the data type - integer, floating
point, or double precision. For each FIDO input call the order in which
arrays are designated is of no importance, and an array can be designated
an arbitrary number of times in a single FIDO input call.

For example, an array can be filled with zeroes using a special
option, an1 chen a few scattered locations can be changed by designating
the array again and reading in a partial set of new data for that array.
If no entries to the arrays in a block are needed, the 'T' delimiter
alone satisfies the FIDO input call.

Th:ee major types of FIDO input are available: fixed-field input,
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free-field input, and user-format input. Only the free-field option is
discussed here. Free-field FIDO reads data into an array by units called
fields. To read data into an array, an array designator field must
first appear. Data defined by successive fields are then entered until
the required number of entries has been accounted for.

In entering data, it is convenient to think of an "index" or "pointer”

which specifies the array location into which the next data entry is o

go. The pointer is always positioned Lt array location #1 by entering
the array designator field. The pointer subsequently moves through the

~ array according to the data operators chosen.

Each field is broken up into three subfields. However, it is not
always necessary that all three subfields appear explicitly in the

- input. Fregquently only one or two subfielas are given, and any missing

subfield is ipplied or is simply not required. ;

The three subfields which make a field are N1, Op, and N3. The
first subfield N1 is an integer and the second subfield Op is a character
specifying a tyre of input operation. The third subfield N3 ic an integer,

‘a floating point number, a double precision number, or a stFing of

hollerith characters according to the array type and the input oneration.
FIDO input fields must not extend beyond the first 72 characters of a
card image, and all subfields of a field must be on the same card.

The first subfield is an integer NI which has a preset default value
of zero. (Operations denoted by Z and R are exceptions in that the de-
fault value of N1 is unity.) If the first subfield appears explicitly
in an input field it must be followed immediately by the second subfield
operation character without an intervening space. Negative integers are
allowed fr N1 for some of the operations defined by the second subfield.

The third subfield N3 may have one of the following five forms:

(1) An integer (positive, negative, or zero) of any magnitude
allowed by the computer.

(2) A decima) numter with an arbitrary number of digits. If -
no decimal is given explicitly it is assumed to follow
the last digit. :

(3) A floating point number which consists of a decimal number
(as defined above) followed by an exponent indicator E, D,

~—
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+, or -. Any of these four exponent indicators may be
followed by a single cpace before the exponent itself is
~ given. '

(4)' A floating point number (with or without an exponent) o
an arbitrary base b (2 throﬁgh 36). For this purpose
digits are chosen from0, 1, 2, . . . . . 9, A, B,C, ..
. . 1 as required. If the base b is greater than 12, the
character D is no longer valid as an exponent indicator,
and if the base b is greater than 13, E is no longer valid
as an exponent indicator. Of course, + and - are stil]
availahle ac exponent indicators. The subfield entry
consists of the base b (using the base 10) followed by
the single character "X" and then the floating point
number itself. Mo blank may appear, between the base b
and the 'X’', but any number of blanks may occur between
the 'X' and the floating point entry. If an exponent
appears, it is also to the base b and gives powers of the
base b. fach subfield is assumed to be the base 10 unless
the base is given explicitly in that subfield.

(5) A string of alphanumeric or hellerith characters. This is
used only with the operation character 'H', and the first
subfield N1 is the number of such characters.

The second subfield consists of a single character, except for ihe
three array-designator characters $$, **, and ##, which when entered in
pairs indicate that data is to be entered using the free-field input
option.

Tre characters and the corresponding operation instructions are
listed in Table 1. Operator characters with superscript 'a’ dcnote
operations which ignore the first subfield value N1. Operator characters
with a superscript 'b’' denote operations for which it is not possible
to enter a third subfield (using free-field input). These charactei's
terminate the field, and a new field starts immediately reagardless of
whether there is a space or not. Except for these operations a field is
terminated by a space following the third subfield. ,

In general, no space is allcwed between the first and second subfields,
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and spaces are allowed but are not required between the second ard third
subfields. Seiween fields spaces are'allowed and one is required (except
for above exceptions associated with superscript 'b’).

Typical FIDO input is shown in Figure 1. The resulting contents of
the arrays is given by the output shown in Figure 2.
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Table 1. Characters and Their Corresponding Operation Instructions

Character

Operation Instruction

- - -

- ———— . ——— —— ——— - -

Designate array N1 to be an integer array and set the
pointer to the first location in array N1. When inter-
polated, etc., numbers are always rounded off to the
nearest integer value.

- - ———————— - - — - - - - - -

Designate array N1 to be a floating peint array and set
the pointer to the first location in array NIl.

Designaie array N1 to be a double precision array and
set the pointer to the first location in i-ray NI.

- - - - - - - -——

Skip to the next card ignoring all comments foliowing
the slash.

Enter the third and only nonblank subfield into the
location indicated by the pointer and then advance the
pointer by 1.

- —— - - - — - — - — - — - — — - - — - — - -

Enter O |[N2| times and advance the pointer by [N1}. 1If
zero or blank is entered for N1 it is replaced by 1.

- — - - — " - - - —— - - - - -~ — - -~ —— - -

Enter the third subfield |NL| times, and with alterna:-
ing sign if Nl is negative. Increase the pointer by
INI[. If a zero or blank is entered from N1, it i<
replaced by 1.

Determine N1+2 numbers by linear interpolation starting
with the third subfield of this field and ending with
the third su-field of the next field. Enter the first
N1+1 numbers.

- - - - - — - - - - - - - - - .y > o -

Terminate this call for FIDO input and return to the
calling program.

P D R @@ T T " W Y - - -y W —— - - -
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Character

(continued) ; 3

e BTt

Operation Instruction

Determine N1+2 numbers defermﬁned by logarithmic inter-
polation starting with the third subfield of this field
and ending with the third subfield of the next field.

Enter the first W1+1 numbers. (The logarithms of the ¥
numbers entered are uniformly spaced. ) :

_ Pepeat the sequence of |N3| numbers 1umed1ate]y preced- <

| ff according as N3 is positlve or negat1ve If N1 is nega-
‘tive the sign of the sequence changes on each repet1tlon

- - —— - - > — - - - - - -

‘ing tne pointer |N1| more times. If N1 is negative

ing the pu1nter INII more times, multiplying on each
repetltlon each number o the sequence by 10 or 0.1

5§ RO | P A L

Repeat the sequence of [N3| numbers 1mmed1ate]y preced-

change the sign of each number of the sequence on each
repeat. If N3 is negative reverse the order of the
sequence for each repetition. The pointer is firally
advanced by [N1[*|N3].

This is equiValent to the operation Q with a first sub-
field Nl and a third subfield -|N3|.

Thic is equivalent to the operation Q with a first sub-
field -[N1| and a third subfield N3.

Print the pointer value of the last array item entered.
This is one less than the pointer position.

If N1>0 the print trigger is turned on.

If N1=0 the print trigger if ylipped.

If N1<0 tne print trigger if turned off. When the print
trigger is on, each card image is printed as it is read.
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Table 1. (continued)

Qperation Instruction

. Add N1 to the pointer value. Nl may be negatlve thereby
deSC'eas1ng the pointer value. -

Place the p01nter at N3.

Fill the ren31n1ng locations of the array utth the third
subfield entry. If N1 is negatxve the entries alternate
in sign. Set the p01nter after the last locatlon.

Sk!p over the rema1nder of the array by placing the

po1nter after the last locatlon. .

Enter the ‘N holler1th characters uh1ch are 1n the th rd

subfield. Advance the pointer by the number of words
required- to store these N1 characters.

(number of words = (N1+NCPW-1)/NCPW where NCPW is the
number of characters per word).

- — - - - - - - - - - - —— - - - - - - - - ] - -

L L L T R

oo

Read N3 words from 1/0 device with data set reference

“number N1 according to the format to be specified in the
_next field which is hollerith. If the next field is 0

or hollerita blank the field is unformatted. Advance
the pointer by N3.

- - P —— - - - - —

If N1 is positive,-change the input unit so as to read
the succeeding card images from unit N1 until a delimit-
ing T operation appears (or until a similar Y instruc-
tion appears). If N3>0 change all FIDO edit to unit N3.
If N3<0 change card image 1isting (see '0' operation)
only to unit |[N1|. After a delimiter T appears the next
call to FIDO resets the input and output unit numbers

to the original vaiue.

---------------------------------------------------------

Ordinarily FIDO entei's data - interpolated, sequence
repeat, etc. - by envering each “raw entry" into the
proper location obljterating the previous "old number"
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Table 1. (continued)
Character Operation Ins truction

in that location. By means of the operation denoted by
charicter '@’ FZ'DO‘ch‘anges its mode of entering data
according tc the value of the First subfield N1 preced-
ing the operation character '@'. The various manipula-
tions are performed un the “old number” in storage and
the "raw entry" in order to obtain the final number
* which is stored. Let A be the “old number” previously
 stored, et B be the “"raw value” determined by the usual
FIDO entry. We have the following possibilities fcr the
number finally stored according to the value of Ni.
Nl Mumber Entered |
< B (the default mode) _
A+B '
A-B
A*B
A/B
B/A
B*EXP(A)
B*LN(A)
EXP(B)
LN(B)
Each time an array is designated by an array designator
field the default mode (N1=0) is reactivated causing
raw data to be entered directly into array storage.

W 0O N O O &N - 0O

i AECY AL F DRI AETGT QRIS YRR S i WA T Y T e AN RFAIIE DS e g s TSR L ey s e R

?Auj’}f n‘.

R et I A L4 b 4. 55 s a1 S W g H

RS




o

T . T

i
¥
%
z
b4
;
B
4
]

%
2
-

o jelv wey

A 2 A A AU s Ao ok

O

Ir-1

Figure 1. Data for Three Calls for FI90 Input on Unit 3

7/760,FT13F001 0D *
| 3 4 816329999999999299
64999b97111141111018112101111

T4l

IIGO-'TOSFOOI 00 ¢

/TH1IS 1S THE FIRST CARD READ IN THE F'W5T CALL FUR FIDD JuPUY
0 I THIS FLIPS THE PRINT TRIGGER,
0 10 U4 THIS EVENTUALLY TURNS TrHE TRIGGER OFF,

o / tnxs CARD &ONIYT PRINT

0 © /7 - BUY THIS ONE “ILLe AND TE TREIGGER IS TURNED ON,
IE:’P llZ' Zl’l!@ “2%3=9 18/ INTEGER INTERPOLATION Cﬂlllb AND GCINGe
10.0
19418100 201000 J.0.0DOI Cllllllo 781.0 ~1S581.0 6.2-0 831, 992. E
3¢8 131H TwIS IS IV 201 THANK GUODNESS / HOLLERITH
See - J0GIO oH 6L12.5) I READ FORNATTED FROM FILE 10 )
43S 11= TH1S IS IV 20 THAHK  GUOOMESS - Ef WOLLERITH
68 136:0 ‘oHisl2 E /READ [FOURYATIED) INTEGERS INTD F.P, ARRAY!

‘1.. 231 'Hl‘ IS R USEFUL PACKAGE €/ AT LEAST »E MUPE SU,

I288 16XF,TFFFFABCDEF 7116XABCO=2 16X=AB.C=1/ DOUBLE PRECISION WEX
1380 1,0990 2 1663 B8H{BD1D,8) 1,09903 /»1XED ENTRIES 1IN D,P, ARQAY,

1800 a8% IMIS IS SRITIEN ONTO 4 DOUHLE PRECTSIUN ARRAY € /s VLS
e L6RTFFFFoF~A - 7,3125%54790217643217980 01 =a0=2 / 10Q°
953 LOXTFFFFFF¥F 8X=1TTITITTTITT7 ane2/ 'uv AVPLIED 10 LARGE INTEGERS
j08s 1.3 z.z~J 62 BHISELI2.4) 1 7 E T /7 A GOOD EXAMPLE

16 4
IDA'A oN TRE DHEVlous CARD wERE READ INTO POSITIONS 30 & OF THE 10S» ARRAY
FTnlS 1S TwE SECOND CARD REBRD IN THE SECONC CALL FOR FIDC INPUT
1188 =3R1,5 12Y0 J3]19, =9, / A DOYRLE PRECISION ARRAY,
/THES IS TRE FERSY CARD READ [N THE THIRD Carl FUR F DU IwpUT
1% 999,9 9123.9 12389, 7 A FEs SIMPLE F,r, MMRERS,
2187083.6471234506789 21-7-oa.b-olll||;|l/ AUD SDRE LUNG ONES»
CoY990E 2 /7 AND UNE »JTW & SPACED bAPOMNENT,
I6XF (TFFFFFF I6XABCDEFD=A/ THESE AHE SOME HEX NUMBENS,
2x1011.01100113  F2x1001,J0E=1001/ SOVE BINARY NUVBERS,
258 oTR5,5 INYIST SLL 9 306 sn=6 405 4C5 aN5 aM5 4Ll 9 405 =405 &0=5
388 =TAS,5 INT,7 AL 9 ING aw=H nos AP5 an5 4¥S sLl 9 405 =405 40-3
(23] 2127 219%20 2)-9

588 55 99 8388507 CJUUQO' 2187483687 2187883648
11 16XFFESD J6XFFLES F 2x110101 .
95 bl J6XTFFFFFFF 8x 23773717776 F2Xx1103} E =
e - N
//60,FYi0F00) OD &
le} 1,3 8,5 78 995 8.88
/e 1.1 1¢3 4,5 7.8
/7/760,FY16F001 DO o
12350 O 125 D2 123.5 5555,66 555,66001 1239003 456,0=05 123¢,700

/8
//60,FY12rF00) DO ¢

IFI2+384/ A DOUBLE PRECISION ARRAY,
185.3125.5 391.7 oty 9 Jwe .--o 803 aP3 aNS a3 ALl 9 405 =405 Q-5

/"




TR T 17 Y PR BT Ay s

4

-
b

£0.0000000000000600 *1
€0 0000000000099485°S
£.0. 80000000084CVELO 1
80 CO0SESRO460008EL0°)
[

[ 7331

bﬂ“.ho_-

I-12

o~
-
[

n-
{8 114423 3 _

‘1 24nbid uy

. v -
A!J!l";i«vi,.al«.\,3,:.......fi?

W o
o .

LR 1111121

CO~080006065050L688°Y
£0 0900000000 00008&* \

10 000008EO0NIvO 48
uooooch'-bonaﬂ.o

seg
**1

10 300000V}

Q0 B3osadeR*)
00 ROO0OON*Y

P
on
oo
(x4
[ =

18281

[ o4
e

AVEUY NOISIDAdd 318N0Y ¥V UANO Nililua 1

tovee)
£0 00000VAOVOODDOES Y
80 V0000000000082 ¢
tE81°930nut )
10 0000RACAS00CYILL S
20 000000821Vi00WLL ")
(81°9xasutl)
3
tsgizeotozazct* 921 )
(11758
R 14 L2 AL £
t9¢i16)

(9*92dsd)
tevee)

00 40606600 °t A
o0 dsssoeel
(9*9Rdguatl )

tevae)d

teovee)

L4
L]

(9218)

I

4000008 *o~
t9*92aNal)
L

siny
AVRUO4 NI OBANI ¥d AvNUY 28l

no sV’.’.I:‘ISW¢ﬂ
20 Q000000200000840"
AVNuDd NI QAN BG AvBluvy »sect
J

0 Q033003TICO2CEEO S
10 OG0LOCRINIRGEOVSE" I
AVNN04 NI Q2iNI bu AVHGY S0t

'3
\
AVREOs NI O2iRIug Avasuvy 88Ol

dcovt o i~
Lv9ievevie
AVNb0d NI VALNI Bd AVUEEY WS
10 M6 "2
40 -21LCROLSY
AVMuDd NI QHANI ¥d AVEWY sol

29VIIVE MEASA ¥ B StwWa
AVHUOS NI ABLNI ¥d AVHUY el

E 4.

AYNUUS NI OBLANI 6o AVHWY se9
00 2bhboLe°S
00 Jotaee0*)

LYwuDd NI "3LNI bd AVHEY seb

BEMNOOOY NNWHA X1 Bl EAMA
AvmaDd NI GIANE 4w Avouv LBV

SSIN00DD Wi Al 51 EBlwd
AVNE04 NI QALNI Bd Avuly el

°
X

AVRUDY NE UANE NG AVNNY 38
*Q0 3DF WOy

<0 20 1 134
AVNUODd (. LILNI Bd AVENY o0l

UMOYS SPURMNO) 0QOT4 Y3 WO4J 3LNSAY UDLYM 340D U} SIUIIU0Y Aeady 3yl 2 aunbyy




P e AP

£
x
¢
I
5
¢
4
L

bl

Figure 2. (continued)

o

I1-13

n..:g;;szqbooopao-P737bn-uul?-rwouo-?nr-

noeo O OrO~OnDw00CPOCOrOND e ND Ne
1 =ouooe . T [ R
-

BEKNOOOO0ONO~ ~ =" O=O~0=0~OLECHEOCEONTCNECNENG
L1 Lade L J L2 L |
-»:0

PN LEC OB~ 0 e oD anl~0~0~egeeeedvedoqeeeee
s -ogszu i1 i

DT =0 COI00O0CO00O0OCOOC0OOO0OORARNNANNASNERONEN
[} €COO0~p [ L
O:ﬂ

18% ARPAY PR INTED IN FORMAY (3124}

143000000000000000 00
-9.,000000000000000D 00

=1.300000000000000N 20
=4.9000000000000000 00

1« 300000C000000CON 00

1188 ARRAY PR INTED 1IN FORMATY CIPSD248,1%)
0.0

O




L T R D ETIE S e

e AT I Vs

I1-14

- -

35"“””!!’3'1& “p?""m“mﬁ

0280900000, caceeeaoacaccoas
. °° '. ‘..,. .G.c.o“o‘o.

[ 1 14 ---—--'——--0—0- :
'b“b.h '.O..O. ."0. Y
*B e -dal -ded

- :
«e ee9eeOeOe .
L1 3l L1113 1 117 773 - .
PEOC v m s wr o w0 O e Ovw

asrarocoon
reEE L]

[ L . . .

88°‘83$S°&8§SGS°8°8°8‘8358888€8§58868

WO OOORNPVRESE 20O o‘c.oocoooeoooooco
oou‘aoouaannnﬂﬂ°ﬂ°ﬂ’ s d i)
COEN—OOP ¢ Wt e =0 =0 =D =D = OO Seo ‘
. OOBRAPOOrCRPPSSPOPOSOSGOPVO co®o
oo 444 LO0O0 ToMmO
) b4 ” oro VODO -4
. e e o oor COO0O B 80
. o . - CONEPOOY % o R

Cae S :00.ﬂ‘ooc...C"0000.0‘0.000000000"0009
- - OO =RE O a--....eoie-ono.oooooooaoucu-e
N o'-.—o O P § v ow v or o K w0 Qo -D-oooeooeoou—oz!

[P

R tsb-noo»bv » © o . .

- .’..‘."...’.I..-.'I...I-l...DI-'.. - -

Tz i -"ﬂ'--'ﬂ'-———-—.-'-?-:-‘."....(‘O—'-' N
’ - s

- : [] Il
— ~
o
g Q@9 OCOO=KNAND > mwm— e = ar0OC0000000000
= oo oooocooooouo????oo?ooo?ceooooocoooooo
N -1 ocooccaceoroococcccocccaoooooecncoooc - B}
Fe) os QO G v er ) O vt e o no () 0 @ Lo L L i
o ooooooc > 0020¢€0O ococu-nnc:-nrcqcon .
= oe oucneoxnczuuooooﬂoncﬂo'ruhuxrcunacﬁcu i
o et OOOVOONCORNLOOOOO Carpogron :
o - fin 50K =~000¢EC~-00000 it it dob 444 34T S E 33 34N !
~— nmE OONPAORERIOOD PD0OCTODONMAANNRAAN NN UR 5
ve OONMEDEENR”OCOODOMNONCMNOTOCC T TITTNENE !
. —— GCOOrGCr.~ErOOOOOONOMONOAOHFANAANASLREN M
. oooaoo—ccaooouoenoaonouo-—-------c-c-
oS anoccucrcgooeot ncnouncbc¢¢c (oc‘aa R
TO00CONEO0O0000TQEOTOCOITECTETITINS - 5
gg:ccoa:btcgg:ggnongcg-outcnta:aa:w:ﬂ .
@ ~OOONE~O . OwO =D D oRCPACHED
[ Pl 0OONNOE NONRBO000O0DY DNOV.OrDeOUDOBOAR SO 3
S ChCNOOAMCr.O000D00K.ONCHONCAMAALARAR GO c
| PP PP PO IPTPOPPONPOPIPP PSPPI BEIC PO x
I nsu--onnu--ooooo—o-.:o:onnmnr7¢?n~n~$ %
.- - 3
S < [T 5
- %
Me NOOSaNF DO =t wwamwewe~BOCO000000000C - ¥
- o0 oceocoocoooo0o0e ev?oooooooonooooo 2
ue ecgcecccaeocoe S
(3 aeoo - 3 o ot o - i
co ocootaveooc:c 3 - )
«e ocnocuagnoan«u aven {
no OOROONESrOouNg . ° ¥§
[ 1.3 [-3-8~4 Pk =000 bl
-8 OOO0OORCNOOON
- v» OOFOO0OsEHY.00s e
0= OEMRCGEA=-ENOCP. F
~OONCORELBO0~ 3
- nog:“6=§00086 b
- Pl o
‘- OOGZG'I"‘-ROSO;I 2
-9 Goc-ooOb'-oosl ]
~ KOO O00OMONOOD! #1
w CFFROOMREeVOCONM? 2
o Covovoovervnee L
e [ Y LT 2 z
- - F
- - T
4
- »- N
) H 100€COnAR~s cooo0 i}
- - Pt nd - B
Ego sooooezoooeoo ccoo i~
wgph - [ [3-] é
35 “5E8EECRES85S RERS
ZOV ZOVDOEF P GV 3 124
=00 =00OONTONCO NNY NOND
[ 14 -4 - on fnw novw .
sve o OV eL~00Ve vere ;
e orSND ne o i
—rr »OOO0QVWTIVLE new
Z0r TOVOON~EMO one
- —;05;;""0:- v d 7
x ° "eTOOE 0@ :
cCOOcCIPNINOe [ a4
. ‘gogSnzzcgon o~
» » - -
% %58383h5753% 53
& NS OOrA grCon L 4
t-4 Qeoerprsvse fFe
< (ﬂ'" Lid A A T 1. L1 1)
. »
o [
- ~
}

b

W it S ¢ o




et éa e e AND E e e ek s s e el e s e

PPABNRIRH Ao SO TIY NI SAES U d SIRIE0 it 4 ) MBS i IS,

o - .71 ' oo e  nr -: o
s AR ! cew LS
»n
0bcn-oooo.nunnncnanononoooo.o.acoouo * :
MANBAOC =P BECBRS B DO 00000 - -
ittt -1 ucuep.s.---__----o-un ~ °
N DO IPMeeeesereBet e ppns~ps;; -~ - b4
oe '":zooozn-onOuo - Ao - .
e o »
it IOM e aad °§5330385 So0d ot T -
L s m;.!sg_‘_stg.cl.c-l’- w»
»an-~ _—:huhcusnac“¢n -
- '-o-ono-occoccuococow
- O30 O 00 NEE uuum-a--tc:g oG -4
PrCTVUDOCOVOLOL s s @ e O oo
- onouooovooo.eoorctcct cNnonon
= ~e e r~reheh soncosEnvovon
‘:...I. e ey .l..'.ll... L N
L [ 2 E
- ] [ ] ;
COCumNNE~0 an ou 9~
oeeooooocoooeoooooeoooococoooocoooooe -) Ow =N
<n - *
322'355&!&&‘!:!3"!942 "ﬁ&!“htt&b!ikﬂx s 2 :
- coo ”» " - i
GG ~OOCO ceneneno ° 23 - - =
€ "I O20 " - 000~ ON - -
KRONNNO O ] o
NNGEROOSN D bt ° - L
ooz-o»oco«psbb~ P oo e B n 000000000 [ )

)

oc-onooehg coocbo»c»cncocoooocooo-ono ~
PONNNOO~G ’

¢ Pone0OC €0 00U0000OCeC ¢O g

:rpncoc‘ PCOOOCOOODOOCOCO “
>~ =00 0 =0 =0

oonozco:noaannr B NG

¢

secePvevere
-

0o0o nOoOvo
NOOECO00C000ORD D

© .
b - . . -~ ~
= 3 OOOCTHUAMIK~ON o P mw e =0 BLO0000C00000 D ~0 o0~
= 0000000060000 000000000C0000CO0AT00000 ~ oo 14 Lo
> AR AR AN on »~ ;
) WHLUCDBEEER EASE UL EUSUUUGE .60 K SuR <N por
O e OOOOBMOmmwmwt, wle el BCCELOTO=0~a o [ 34
= ErIO000OFAD ~NRARRNONONAONONTIIN AFRALASr M ” o9
O €~ ~OCONCArEeee el FRef eBeDOCCIOCT0CO00 < 0
o % .
Nty -
g s
i - . -
o ~N e .
= By e .
bid [ 1] CORCOVN~NOOC OPOOECOEOEHENS ERNECY BELENE
p [ OOC~OOOARC~POONIC~DwP~O~000RT 0N rON0 OM
& =1 Quowoevﬂofoeooconcoononoovonncooooron
I eCenoO * 0 o neaenchbunbbhhhchcb
1% - -0--.- svevPosseessesPPI VIS
= - L 2 3] u—occ ¢c—¢-u~¢-onr rrtrnnﬂnﬂn
b .
£- -
i ]
g 00O~ AMN~O e wrDO0O0000000C0 @ O@ nn
b ooocoo0000 oooooooooooncaoaooono "~ oo o®
ES (AN ARERN) » ]
£ w (19 % n ~D
2 vaO i sl d o 1]
o <%0 nrnh ~m
i €€ S™Cw on .
'. Ll ded TEeR ~0
: N ~oOnp 4.
: rma e NI .
H SvO ~ i ']
3 e csofce
3 oown ™ AL gy
. —p08 ovoo ~
[T 444 wlo.w [ ooc
: 4 t5a5 RRRARERE
-
1 3gvn 0’8’ ld dd el iiad - -
: weesk e L " ©
Y Neovwy soee [ sewrver N ~ (3
: Cre— ‘&ﬂ&ﬁ&f&tﬂ’ﬂ?ﬂﬂﬂﬂﬂﬂfﬂﬂ - - -
b -t L} ’ n n [ ]
& - - - -
. > [ - -
IS < < < o
- IO0O00O~ --_--ooocooaoco IrC TNO Frp
B goo00C OCOCOSO000C00CE0 gn 800 squ
i See ¢ & 2 &8¢
: '3033* ~ °0
H ZOWwCOL7, z T ¥ gFev
- -y GOO - -~ g
< wNOo . L e
OwWNO [-] o ~ Qowm
o [l led - w N NN
33358 : 3'%'
!OOODN ey [ 4 - - -
goooonOoNns LA I I I T X 4 - 3 a g
82C00eENOD OQBGGOCDDGGQNNsw % 3
ooogngcq :hhhhhhp ~¢O ¢ » 4 »
-
533308'091'3 Ldd¢ nnnnrﬂn'moo [-4 .1 < <
PR - LS hhhhhhhhhhhh" ve T &« <
:v-l-volv" rrOPOPTFOICPIESEOIETS & 4 4
SOV QP N wp rﬂ»nr'qrnnnqnnuﬂ < q 4
'
[ L - ”
[ ® (4 -
L] e [ L




CHAPTER

[

Y

ITI. THE ANISN, AMPX, ISOTXS TO MATXS TRANSLATORS

J. L. Lucius

Pt b N s A

s DA




SETETANE B AT eha] e

R ,,qy‘L-lﬁl;g? UMy

B &y

]

el

CHAPTER 111
Table of Contents‘

. v Page No.
Introducticn . . . . . . .. ... ...l I11-3
VANISN to MATXS Cross Section Tramnciator . . . . . . .. IT1-3
1) Input Description. - . . . . - . . . .. .. . e I11-4
2) Sample Input for ANISN to MATXS Translator . . . . .  III6
AMPX to MATXS Translato.r et e e e e e e e e e e e . I11-6
1) Input Description . . . . .. .. ... P §3 X
2) Sample Input for AMPX to MATXS Translater . . . . . - 111-8
ITOM and PHATXS e e e e e e e e e e e e e e e e e - I11-8

e



I1-3

A. Introduction

To calculate sensitivity coefficients the JULIET: module requires

2ccess to partial cross section sets. This ic achievec with the. proposed

CCCC? file MATXST which is specified in Section iC of Chapter VII.

However, many .cross section sets of interest are available in other formats

such as ANISN*, AMPX3, and [SOTXS®. The translation capabilities des-

cribed in this chapter make these cross section sets available in the
MATXS format. '

B. ANISN to MATXS Cross Section Translator

Many problems do not require the translation of every material on
the ANISN file to MATXS format. The translator includes a selective
copy capability which produces a subset of the original ANISN file con-
taining only the materials to be transiated.

The ANISN cross section format uses numerical material identifiers
and the reaction type is defined as a function of table position. The
user must provide the translator enough information for materials and
reaction types on the MATXS file to be identified by hollerith character
strings (words). An input card is prepared for each material on the
ANISN file containing the name to be assigned to the material on the
MATXS file. The order in which these cards are input is crucial.
Material 1 on the ANISN file goes on the MATXS file with the name found
on the first material name card input to the translatur, etc. This one-
to-one correspondence must be correctly established or disaster is as-
sured. Reaction type identification is built into the translator as a
function of the ANISN table position (IHT) of the total cross section.

—
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% When IHT = 3, the translator assumes the following correspondence
E between table position and reaction tyge:

i ANISN PEACTION NAME

¥ TABLE POSITION REACTION - CH MATXS

g 1 : . ABSORP

£ a

E 2 vig NUFIS

i oy TOTAL

?,

When IHT = 5, the following correspondence is assumed:

1 X CHI

? 2 o FIS

3 a, ABSORP
?, 4 vog NUFIS
5 5 TOTAL

The translator calculates cc =0, ~O¢ only when IHT = S and
identifies the reaction as MT101 on MATXS.

For those specialized crouss section files for sensitivity analysis
wkere a single reaction type has been placed in the ANISKk format, the
identification of the reaction type as a function of table position cannot
be accomplished and the user must expand the matcrial identification card
to also identify the reaction type.

1) Input Description

1$$ Integer Parameters [11]

NNG - Number of groups

—
.

2. IHT - Position of S, in cross section table

3. ITL - Length of cross section table

4. 166 -~ Position of Teg (self scatter)

5. NL - Order of scatter, every material on the ANISN file

must have the same order of scatter, enter 1 for Po,

_4 for P3. LG,
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i 6. MMAT - Number of materials on AJISN file. Pn>0 are not counted
as mcterials for this inpui. Set NMAT = -NMAT if ANISN
cross sz=ctions are on cards. See description of
288 card.

7. IVERS - MATXS Fiie version numnber. IVERS can be any
number the user selects.
g 8. ISIG - Unit number of ANISN file (default = 4)
9. NN - Unit number of MATXS file (default = 8)
10. I0LT - Unit number of copy of ANISN file (default = 35)
1. LECT - Set to 0, reserved for future option :

258 Integer Parameters [100]

ﬁt} - ANISN material identifiers, any material identitier
(ID) on the ANISN file satisfying the test NL>ID<NU
will be copied from Unit ISIG to Unit IOUT. A
maximum of 49 pairs of NL,NU may be entered. The
. ’ 23S card may be omitted if no copy is desired. If a
; copy is made, NAAT, see 1%S card item 6. must be
ecual to the number of materials copied to Unit IOQUT.

i 4** Group Boundaries [NNG + 1]. Enter the energy group boundaries,
| ' high energy to low energy, in units of eV.
T
NMAT - Fixed field cards follcw, one for 2ach of the NMAT
materials.
Columns 1-6, Hollerith identification to be assigned
to each material on the ANISN file. NOTE: Pn>0 not
counted as a material for this input.
Columns 7-10, blank
Columns 11-16, if a specialized file is being pro-
cessed, enter 2 word that identifies the reaction type,
otherwise leave blank

1f (NMAT<0), i.e., cross sections on cards, prepare 5** arrays.
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5ex [ ITL*NNG]

ARISN cross section cards

repeat 5** data tor each scattering order

Repeat 5** sequence for each material to t2 translated
End each 5** array with a T.

2) Sample Input For ANISK to MATAS Translotor -

=ANTMX
1$$ 100 5 . 105 6 4 7 r0
25% 9 36 k0

4**

(6roup boundaries, 101 entries)

PU240
PU241
u235C
U2358
u238C
uz238s
PU239

The sample input takes seven, P3 materials with material identifiers
9-36 from an ANISN file on Unit 4 and writes a3 new file on Unit 35 con-
taining only the seven materials of interest. The seven materials are then
translated from the ANISN format (Unit 35) to the MATXS format (Urit 8).
Resource requirements are 270K bytes of core storage, 1900 I/0 operdtﬁons,
ang eight seconds of execution time on an IBM 360/91.

C. AMPX to MATXS Translator

This module will translate AMPXS master files containing neutron
data. Other arrangements must be maae for AMPX master files containing
both neutron and gamma cross sections. An established option is NITAWL
to ANISN then to MATXS. AMPX uses the ENDF/B numerical material (MAT)
reaction type (MT) identification gcheme. MATXS uses Hollerith character
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(word) identification schemes. The translator requires user input to
establish a correspondence. Ctvery material on the AMPX master is trans-
lated to MATXS. An input card is prepared for each material on the AMPX
master containing the name to be assigned to the material or the MATXS
file. The input order of these cards is crucial. A one-to-one correspond-
ence between the name cards and the materials on the AMPX master must be

correctly establisned. ‘The translator establishes the following reaction
type correspondence: '

ENDF/B (MT) MATXS
1 : TOTAL
2 | ‘ ELSCAT
3 NONELS
4 INSTOT
6 NN
17 ) N3N
18 | | FIS
19 FCFIS
20 SCFIS
21 TCFIS
51 INELO1
90 INEL40
91 CTNUUM
102 CAPT
452 NUBAR

1452 NUFIS

For other ENDF/B8 MT numbers the translator forms a MATXS six charcacter
string as follows, [f the MT = 1234 the MATXS identifier wiil be MT1234.
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1) Input Description for the AMPX to MATXS Translator. Formatted
input is required rather than FIDO input.

Card 1: FORMAT (215)
NMW - Number of materials on AMPX file to.be transliated
NLD - Maximum order of scatter, enter 0 for Po, etc.

Cards 2 through NMW+1 FORMAT(A6,4X,16) ,

HMATI - MATXS material description, <6 Hollerith characters (left
adjusted) o

-MATW - AMPX material identification number (right adjusted)

2} Sample Input for AMPX to MATXS Translator.

Column 1 5 10 12

3
016-C 12761
016-8 12762

The sample input translates two, P3, AMPX materials from an AMPX
master on Unit 3 to a MATXS master on Unit 8. Resource requirements are
270K bytes of core storage, 6300 1/0 operations, and 40 seconds of
execution time on an IBM 360/91.

Unit numbers 3 and 8 are defined in the code. A more efficient and
flexible AMPX to MATXS translator is under development.

D. ITOM3 and PMATXS3

ITOM translates an ISOTXS file to MATXS. PMATXS Tists a MATYS file.

No input data are required for either module.

. ’
gt



e

S Ny 7 AR IR T R YL a7

IT1-9

REFERENCES

J. L. Lucius, E. M. Oblow and G. W. Cunningham, III, "A User's
Guide for the JULIET Module of the FORSS Sensitivity and Uncertalnty
Analysis Code System," ORHL/TM-6594 (ENDF-275) (February 1979).

B. M. Carmichael, "Standard Interface Files and Procedures for Reactor
Physics Codes, Vers1on I11," LA-5486-MS (February 1974).

R. J. Barrett, R. E. MacFarlane and R. M. Boicourt, Los Alamos
Scientific Laboratory (to be published).

W. W. Engle, Jr., "A Users Manual for ANISN, A One-Dimensional Discrete
Ordinates Transport Code with Anisotropic Scattering,” K-1692, Computing
Technology Center, Oak Ridge Gaseous Diffusion Plant (1967).

N. M.  Greene, J. L. Lucius, L. M. Petrie; W. E. Ford, III, J. E. White,
R. 0. Wright, "AMPX: A Modular Code System for Generating Coupled

Mult;group Neutror-Gamma Libraries from ENDF/B,” ORNLITM 3706 (March
1976




LR A o PRI N, i v v

CHAPTER 1V.

(\

THE FORSS DATA REPOSITORY

J. L. Lucius

NG



g
. R T
:

( - ~ CHAPTER IV

[}

Table of Contents

Page Ho.
A. Data Interchange Between FANISN and JULIET . . . . . . . Iv-3
1) Initial FANISN Runs . . . . . . PP .- IN-6
) 2; JULIET Generalized Source Runs . . . . . . . . . .. IV-6
3) Flux Preparation for Sensitivity Calculations. . . . IN-7
{ ) o o 4) Normalization and Response Parameters for JULIET
4 . Sensitiyity Calculations . . . . . . .. ... C e Iv-7
B. FORSS Manager (FMANG) . . . - » v v v v v o w e oo e Iv-8
1) FANISN-JULIZT Data Transfer . . . . . . .. . ... Iv-8
2) ErrorRecovery . . . . . . . . . . .t i e e 1v-9
( 3) Repository Copy . - -« v - v v e v e e e e e e e IV-10
4) Repository List . . . . . v v v v v v v v e e e Iv-10

111




e SR

AR AR RIS B ¢ L mre s ke s

R R 0 £ it R v, -y

Iv-3

A. Data Interchange Between FANISN and JULIET

The solution of a FORSS problem requi}es a significant inter-
change of information betwcen FANISN and JULIET. Under DRIVER control

this process has been somewhat automated. The following types of data

have been assigned a numerical identification and placed on a sequential
1/0 device which is referred to as a repository:

1D

oW -

a

FANISN forward angular tlux

FANISN calculated multiplication factor

Fission term in FANISN forward equation. Results labeled as
FISSION DENSITY on FANISN output

FANISN adjoint angular flux

Fission term in FANISN adjoint equation. Results labeled as
FISSION DENSITY on FANISN output

An’eight word record containing responses and normalization
parameters

IS, W1, W2, W3, W4, W5, w6, 7

IS is a signmal. If IS =1, -hec data on the record are for
a bilinear response (see Chapter VII, Equations 19-23).

If IS = 0, the data on the record are for a linear response
(see Chapter VII, Equations 28-30).

When IS = 1

<¢*H1ﬂ> A
Wi = X;ﬁ;ﬁzﬁ; (see Chapter VII, Equation 19). W1 is used

as a normalization parameter in the calculation of a worth
sensitivity profile

.
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(B*i,0)
W2 = W (see Chapter VII, Equation 19). U2 is the

bilinear response.

W3 = (ﬂ*H]ﬂ) numerator of bilinear response, used as a
normalization parameter in worth sensitivity (see Chapter VII,
Equation 39).

W4 = (ﬂ*Hzﬂ) denominator of bilinear response, used as a
norimalization parameter in worth sensitivity (see Chapter VII,
Equation 40).

e o IO | 6023
(P*HP> | N

where N is the numbér density (atoms]bn-cm) of the material
of interest. '

] . differéntial worth

W6 =A<¢*H2¢) , the normalization parameter for k sensitivity.

1'7 = PANISN calculated multiplication factor.

When IS = 0
(H8) . .

Wl = ———=— the linear response (see Chapter VII, Equation 23).
CHy8) ,

W2 =

CH;@> numerator of linear response, used as a normalization
parameter in the calculation of a reaction rate ratio sensiti-
vity (see Chapter VII, Equation 35).

W3 = (H,#) denominator of linear response, used as a normali-
zation parameter in the calculation of a reaction ratin sensi-
tivity (see Chapter VII, Equation 36).

w4

W5

we | ©
W7
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9 Generalized adjoint source calcuYated by JULIET. For bilinear
sgurce see Equation 25, for linear source see Equation 31
JULIET Users Guide Chapter VII. _

1n Generalized source normalization calculated by FANISN =
() S(i.g (brackets imply integration over space and

energy of Oth moment source).

12 Generalized forward source calculated by JULIET. See Equation
24 JULIET Users Guide Chapter VII.

The repository has been designated by default as unit 2. This designa-
tion can be changed by user input to the FMANG module (vee p: 6}.

FMANG is a modu'e that manages the data interchange between ANISN and
JULIET. The execution of FMANG is a prerequisite to the execution of either
FANISN or JULIEY. FMANG scans the repository which contains the numerically
identified data described above, and sets up a direc*ory of the data on the
repository. The directory is updated in FANISN and JULIET when any action
involving the data is taken. Roth modules know the position of the reposi-
tory at all times to permit access to a particular data type with reasonable

“efficiency. Since the refository is a sequential device, it is structured
to accommodate the typical problem with a minimum of device scanning.

A labeled common /D3MGT/ and unit 2 are used to make the directory

available to points of interest throughout the system.

The directory includes a 10-word record for each type of data that has

“been written on unit 2. Currently six of these words hcve an assigned func-

tion and four left open for expansion.

Word Function -

1 Assembly identification number

2 Response related identification number
3 Data type identification number

4 Block number

5 Number of records

6 Record length



|
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7 0
8 0
9 0
10 0

Each data block on the repository is immediately ﬁfeceded by its des-
criptive 10-word record.

The user must supply the assembly identification number and the response
related identification number {IRESP). The IRESP is used throughout ANISK
and JULIET to achieve correct identification and retrieval of information.

1) Initial FANISN Runs

The initial FANISN forward and adjoint runs generate fluxes, fission
densities and k (if calculated). This data is stored in the repository for
use by subsequent ANISN and JULIET runs. This data must be identified by
setting IRESP = 1. This identification is accomplished with the FMANG
module which must be executed prior to each FANISN run. FMANG input is

described in detail on pp. 6-9.
2) JULIET Generalized Source Runs

Generalized sources may be generated for several responses with a
single pass through the JULIET-SQURCE execution path. Each source must

~ be uniquely identified for correct deposit in and withdrawal from the re-

pository. A detailed description of the JULIET-SOURCE input required to
accomplish unique identification is found in Chapter VII, Section B, Block 4,
the 74%$ card, parameters IDA and IDF.

The user via input to the FMANG module identifies the generalized
source input to be used in the FANISN generalized flux calculation. The
generalized flux set, I or r*, calculated by FANISN is identified by the same
number used to identify the generalized source which was input to the ANISN
calculation. The user must insure consistency between the response related
identification numbers input to FANISN via FMANG (see P. 6) and the
identification numbers assigned to the generalized sources via JULIET-
SOURCE input (see Chapter VII, Section B, Block 4, the 74$%$ card, parameters

S R ] W B4 B e’ W T A

—
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IDA and IDF).

3) Flux Preparation for Sensitivity Calculations

Any FORSS sensitivity calculation requires the preparation of at least
one of the following files.

1. (@#*B) for k sensitivity

2. {r*p) for rea:tion rate ratio sensitivity

3. {rp*> and 1 and- 2 for worth sensitivity
The files are prepared by the JULIET-FLUXP execution path. The user must
identify the component fluxes for thersensitivity catculation. The identi-
fication of § with IRESF=1 is assumed by the FORSS system. Any tampering
with the identification of P will destroy the calculation. Since g is-
identified by default, for flux folds involving @, only the adjoint flux
must be identified. This can be adequately accomplished with FMANG input
(Section 2.A). The generation of <I'§*> is morée complex and
correct identification requires the use of input parameters to the JULIET-
FLUXP execution path. A detailed description of the input required may be
found in Chapter VII, Section B, Block 3, the 60S$ card, parameters IRF and
IRA.

4) Normalization and Response Parameters for JULIET Sensitivity Calcs.

See p. 1, data type 7, for a review of normalization and response
parameters. These parameters are used in the calculation of a sensitivity
profile (see Chapter VII, Cquations 32-37). The parameters were calculated
by the JULIET-SQURCE module and placed in the repository identified with
same number used to identify the adjoint generalized source (see Chapter VII,
Section B, Block 4, the 74%$ card, the IDA parameter). Identifi:ation
of these parameters to the JULIET-SENSE execution path may be accomplished
with input to the rMANG module (see p. 6) which is executed
immediately preceding JULIET. The identification provided by FMANG may be
superseded by input to the JULIET-SENSE execution path (see Chapter VII,
Section B, Block 5, 83$$ card, IRESP parameter).
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B. FORSS Manager (FMANG)
1) FANISN-JULIET Data Transfer

FMANG manages the data transfer between FANISN and SULiET. An I/0Q
unit (Default = 2) is used as a repository for such data. The data are
categorized by three integers, assembly, response related, and type identi-
€ication numbers. Normal input to FMANG is one free form card. -

18§ Integer Parameters [10]

- 1. 1ASB —-Assémhly identification number
. 2. IRESP — Response related identification number
3. ISI6 — Status signal

0 - no useful data in repository
i - useful data in repository

4. JAC — Unit number of FANISN cross section file

| (Default = &)

| 5. ITH — Enter 1 if FANISN case is adjoint

| 6. IQM — Number of source moments

7. ©

< 8. 0

9. IR2 — Unit number of the repository (Default = 2)
10. O

T

If a zero is encountered on the 1$$ card for a parameter that has a
defauylt value, the default value is used. Parameters 5 and 6 ITH and IQM
are used in the revision of FANISN input. When zeroes are encountered on
the 158 card for tnese parameters no data revision occurs. See the dis-
cussion of input for FANISN generalized cases in Chapter VI for more detail
about ITH and IQM. When FMANG is signaled that useful data are in the
repository, it scans the unit and constructs a directory of contents. This
directory is used throughout FANISN and JULIET. A FMANG execution must
immediately precede each FANISN and JULIET calculation in the job stream.

SEN—Y
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2) Error Recovery

1f an error is discovered which invalidates any type of data in the
repository, the erroneouys data must be removed. FMANG provides two options
for describing the data to be removed.

Option 1 permits data description by assembly, response related,
and type identification numbers.

Input
18$ Integer Parameters [10]
- NIS, the number of data types to be removed (antered as a
negative number)-
FO - Fill O option

283 Integer Parameters [3*|NIS|]
IASB - Assembly 1D
IRESP - Response related ID
ITYP - Data type ID

The 3 integer sequence is repeated ;NIS; times.

Option 2 permits data description by block number. This option is
useful if 2 or more sets of data are on the repository with
identical IASB, IRESP, and ITYP identification numbers.

Input
1$$ Integer Parameters [10]
- NIB, the number of data blocks to be removed (entered as a
negative number).

0
0
-1
FO

2¢$ -Integer Parameters [|NIB|]
I[BN . . . , the block numbers to be removed



Iv-10

-

The following is input if an ANISN or JULIET run is to be made after
| the data removal.
‘ 35S Integer Parameters [10]

IASB - \ssembly identification

IRESP - Response related identification

1 - Indicates useful data in repository
FO - Fill 0 option

3} Repository Copy

There are occasions when it is useful to copy the repository.

Input
1$S Integer Parameter [10]
81
IOUT - Unit number of new repository (default = 31)
IN - Unit number of existing repository (default = 2)
T
The repcsitory is copied without modification from unit IN to
unit I0UT. )

4) Repository List :
A complete 1isting of the repository may be obtained or a selected
Tist is available with the data identified by IASB, IRESP, ITYP,

Input for complete list ;
1§ -11001T 70T

Input for Selective List
158 Integer Parameters [10]
- NTS, the number of data types to be listed (entered as a
negative number)
1
FO
T
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258 integer Parameters [3*|NTS|]
1ASR
I..ESP
ITyp

The sequence is repeated |NIS| times.
T
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INPUT INSTRUCTIONS FOR CCC-254/ANISN-ORNL
W. W. Engle, Jr. '

A. Data Description

This section is intended to be used as a guide in preparing problems
for ANISN. The following section presents a more detailed description of
the data. The quantity in brackets is the array dimension and the ex-
pression in braces is the condition requiring that array or set of arrays.
Arrays or sets of arrays which are not required should not be entered.

If no condition is specified the array is required. Note that a T must T
follow each of the five sets of arrays if that set is entered. (01d A
definition of LIMI no longer valid)

The title card may contain dn]y 48 characters. Columns 61-72 of the
title card are used to enter a muximum execution time (ignored if zero).
FORMAT (12A4, 12X, I12)

Parameters
15¢ Integer parameters [36]

1. ID problem ID number: if greater than 1,000,000,
disadvantage factors will be computed by group
for each material which appears in the calculation
2. ITH 0 - forward solution
1 - adjoint solution
ISCT maximum order o/ scatter found in any zone (P value)
ISN  order of angular quadrature (S value)
IGE 1 - slab; 2 - cylinder; 3 - sphere
‘BL  left boundary condition
0 - vacuum (no reflection)
1 - reflection

[>T 5 A S — S O

2 - periodic
3 - white/albedo
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10.

1.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21,

22.

23.

IBR
1ZM
M
TIEVT

IHT
IHS
IHM
MS

MCR

MTP

IDFM

IPVT

IQM

IPM

IPP

[IM

V-4

right boundary condition, same options as IBL

“number of zones or regions (same material)

number of mesh intervals
eigenvalue type
0 - fixed source

1 k calculation

a calculation

concentration search
zone width search
outer radius search

S N AN
|

buckling search
number of energy groups

position of ¢ in cross section table

position of c;:t?lelf-scatter) in cross section table
length of cross section table

cross seccion mixing table length (10S, 11§, 12%)
number of cross section sets to be read from cards
(14%)

number of cross section sets to be read from tape
(13%)

total number of cross section sets (elements + mixtures)
0 - density factors (21*) not used

1 - density factors used

0 - no effect

1 - enter ko as PV (16*)

2 - enter G, as PV

0 - no effect

1 - enter distributed source (17%)

0 - no effect

1 - enter shell source by group and angle (18*)

IM - enter shell source by interval, group, and angle
interval number which contains shell source if

IPM = 1; O otherwise

inner iteration maximum

T

»agdf



25.

26.

27.

28~

29.
30.

v/ 31.

Y 32.

ID1

1D2

1D4

ICM
IDATI

IDAT2

[FG~

v Updated 1973
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0 - no effect
1 - print angular flux
2 - punch scalar flux
3 - both 1 and 2
0 - no effect
1

- use specially prepared group independent cross
section tape (contains MTP materials)

0 - no effect

N - compute N activities by zone where N is any
positive integer

0 - no effect

1 - compute N activities by interval where N refers to
ID3

outer iteration maximum

0 - all data in core

1 - cross sections and fixed sources stored on tape

2 ~ fluxes and currents on tape also

C - no effect

If IDAT2 is greater than zero, the first IDAT 2 outer
iterations will be executed according to the specifi-
cations in the 24% array. In the 24% array 0 indicates
an Sp calculation, 1 indicates a diffusion calculation
and 2 indicates an infinite homogeneous medium calcu-
lation. If convergence is not obtained after IDAT2
iterations, the problem continues using the S, calcula-
tion for all groups until convergence is obtained or
ICM is reached.

0 - no effect

1 - execute cross section weighting

2 - read cross sections weighfed in previous ANISN
cases

3 - write weighted cross sections on tape/disk/etc.

at completion of ANISN case, or

4 - both 2 and 3




£
L
by
3
>
:

Line !=fj“fﬁﬁqm?§myﬂwﬂg=r;‘wr L A bt o e s

Y 33.

34.

35.

v 36.
. 16*
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12.
13.
14.

IFLU

IFN

IPRT

IXTR
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e - step model used when linear extrapolation vields
negative fiux (mixed mode)

1 - use linear model only

2 - use step model only

3 - weighted difference model

4 - weighted model used as negative flux fixup for
Tinear model

0 - enter fission guess (2*)

1

enter flux guess (3*)

use fluxes from previous case

]

print cross sections

2
0
I - do not print cross sections
0

)

enter zero; not used

Floating point parameters [14]

Ev
EVM
EPS
BF
DY
0z
DFM1
XNF
PV
RYF
XLAL

XLAH
EQL
XNPM

NOTE:

v Updated 1973

first guess for eigenvalue (usually 0.0)
eigenvalue modifier

epsilon - accuracy desired

buckling factor, normally 1.420892

cylinder or plane height for buckling correction
plane depth for buckling correction

transverse dimension for void streaming correction
normalization factur {usually 1)

0.0, ko’ or a according to IPVT = 0, 1, or 2

kz relaxation factor, normally 0.5

point flux convergence criterion if entered greater
than zero -

upper limit for |1.0 - A]I used in linear search
eigenvalue change epsilon

new parameter modifier

The above data are followed by a T.

\.ﬂ',#

o




N

MM = ISN
<

3

M

Cros
139
14*

Fixe
17*
18*

Flux
2*

3*

Rema

]f

93
108
11s
12*
19%
20*
21*
22%
23%

s Sectigns (ID2 = 0)

Library ID nembers [MTP] (MTP > 0)  (Omit if using cards)

Cross sections [MCR x IGM x IHM] (MCk > 0)
NOTE: If entered, the above data are followed by a T.

d Source (IEVT = 0 and ID2 < 2)
Distributed source [IGM x IM] (IQM = 1)

Shell source [IGM x IPM x NM] (1PM > 0)
NOTE: If entered, the above data are followed by a T.

or Fission Guess (IFN < 2)
Fission density [IM] (IFN = 0)

Flux guess [IGM x IM] (IFN = 1)
NOTE: If entered, the above data are followed by a 7.

inder of Data

Fission spectrum [IGM]

Rédii by interval boundary [IM + 1]

velocities [IGM]

Angular quadrature weights [MM]3

Angular quadrature cosines [MM]

Zone numbers by interval [IM]

Material rumbers by zone {I1ZM]

Mixture numbers in mixing table [MS] (M5 > 0)
Component numbers in mixing table [MS] (MS > 0)
Number denpsities in mixing table [MS] (MS > Q)
Order of scatter by zone [IZM] (ISCT > 0)
Radius modifiers by zone [I1ZM] (IEVT = 4)
Density factors by interval [IM] (IDFM = 1)
Material numbers for activities [ID3] (ID3 > 0)
Cross section table position for activities [ID3] (ID3 > 0)

M

:(I

+ 1 for plane or sphere
2ox (ISN + 4))/4 for yiincer
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24S Calculation type markers [IGM] (IDAT2 = 1)

25* Albedo by group - right boundary [IBM] (IBR = 3)
26* Albedo by group = left boundary [IGM] (IBL = 3)
27S Few group parareters [5] (IFG = 1} .

1. 1ICON 0 - no effect
1 - micro cross sections desired
2 - macro cross sections desired (minus
* implies cell weighting)

2. IHTF position of e tal in weiohted cross sections
3. [IHSF position of °g+g in weighted cross sections
(minus implies upscatter removal)
THMF table length of weighted cross sections
5. IPUN 0 - no effect

1 - punch weighted cross sections

s 28% Few group number for each multigroup [16M] (IFG = 1)
NOTE: The above data are followed by a T.

“Double T
Each ANISN/360 case must be followed by one extra card. This card
may be blank or may contain the "double T~ if desired. If a case termi-

nates normally, this extra card is read and ignored. If a case is termi-
nated by an error, the "double T" is searched for, and, if found, ANISN
expects a title card and associated data to follow

SPECIAL NOTE: You should always put in a fission spectrum {1*) and
3 velocity (5*) array, even if they are just filled with zeros.

ANISN should always be run {B'o wodel which ignores floating point
divide, overflow and underflow checks, and integer divide and overflow
checks.

Y Updated 1973

S’
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B. Detailed Data Notes

This section presents a3 more detailed definition of selected para-
meters and arrays. Some comments derived from experience are also
included.

Boundary conditions - IBL, IBR, 25*, 26*

The white boundary condition causes the entering flux at the
specified boundary to be isotropic. This is accomplished by summing the
flux-leaving the Sysfem and returning an average flux in all directions.
The albedo for each group specifies the fraction of the flux leaving to
be returned. If the albedo is not specified it is assumed to be 1.0.
The white boundary is recommended for the outer boundary of spherical
and cylindrical cells.

Cross section mixing table - MS, 10§, 11§, 12*

The cross section mixing table is used to combine elements
into macroscopic mixtures and to specify the method of the concentation
search. Experience will reveal that only the imagination limits its
flexibility. The following table illustrates the three types of opera-
tions performed by the mixing table.

108 ns 125
1. M 0 X
2. M N X
3. M " 0.0

1. Multiply all cruss sections in material M by X.

2. Multiply all cross sections in material N by X and add to
corresponding cross sections in material M.

3. Multiply all rross sections in material M by EV, the eigenvalue.
(concentration search)

Cross sections - 13%, 14*

ANISN expects a table of cross sections for each group, g, of
each material in the following format:
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Position Cross section type
1 activity
IHT-2 7 absorption
IHT-1 nu x fission
IHT total
IHT+1 °g+NUS->9
. . upscatter5
IHS o
. gq
+
THS+] Tg-T~g
downscatter5
IHM cg-NDS+g

Thus, the parameters IHT, IHS, and IHM completely describe the format
of the cross sections. If there are no activity cross sections,

IHT = 3. [If there is no upscatter IHS = IHT + 1. If there is no down-
scatter IHM = [HS (i.e., a one group proble.). If there is upscatter
ANISN will compute a total upscatter cross section for each group of
each material and place that cross section in position IHM + 1. The
activity cross sections are used only for activities (22§, 23S5).

The PL cross section tables must correspond in format to the P0
tables even though the transfer coefficients are the only numbers used.
Note that the PL cross sections must contain a (2L + 1) term. Previous
Sn codes supplied this term internally (e.g., DTF-II multiplied by the

5NUS is the number of groups of upscatter

NDS is the number of groups of downscatter

Mgt

™
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P] cross sections by 3.0). This factor may be included externally or
internally via the mixing table.

Material numbers - 105, 11$, 95, 22$

A11 cross section sets, whether elements or mixtures, are
referred to by a tontinuous set of material numbers. In partizular,
the materials supplied in card form (14*) become materials 1 through
MCR, the materials read from a library tape become MCR + 1 through
MCR + MIP, and any number greater than MCR + MTP but less than or equal
to MT refers to a mixture.

When the order of scatter for any zone (19%) is greater than zero,
ANISN expects the P, cross sections to be material M + 1, the P, cross
sections to be M + 2, etc. where M is the P0 material number specified
in the 9% array.

Density factors - IDFM, 2i*

A1l cross sections appropriate to an interval are multiplied
by the density factor for that interval. Thus, one may easily and ef-
ficiently describe a void or a density variation by interval.

IPVT and PV - used in search

If IPVT = 1, ANISN will search for the parameter which results
in a multiplica;ion factor of PV. If IPVT = 2, ANISN will search for
the parameter which results in a multiplication facter of 1.0 when
a = PV. If IPVT = 0, ANISN will searcn for a multiplication factor of
1.0 with a = 0.0.

Distributed source = IQM, 17*

The distributed source is entered by group and interval as
follows: group 1, interval 1 through IM; group 2, etc.

Shell source - IPM, IPP, 18*

If IPM = 1, the shell source is entered By group and angle for
interval IPP as follows: group 1, angle 1 through angle MM; group 2,
etc.
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If IPM = IM, the shell source is entered by group, interval and
angle as follows: group 1, interval 1, angle 1 through angle NM; inter-
val 2, etc.

Special cross section tape - ID2 = 1

A special purpose program is available which will prepare a
group independent cross section tape for ANISN. This tape is required
if the complete input cross section matrix [(MCR + MIP) x IGM x IHM]
is larger than the number of data locations available.

Activities - 1D3, ID4, 225, 233

Activities may be computed by zone and interval as specified
in ID3 and ID4. The zone activity is a total reaction rate and the inter-
val activity is per unit volume. The following table illustrates the
use of activity specifications.

225 235
1 1

2. -5 }
3. 7 -1
4 -3 -1

1. Compute activity for material 1, crcss section position 3 in the
intervals and/or zones in which material 1 appears.

2. Compute activity for material 5, cross section position 1 in
all intervals and/or zones.

3. Compute activity for material 7, position 1 in appropriate inter-
vals and/or zones and multiply interval activities by 1.0, 2-r, or 4~r2
for slab, cylinder, or sphere respectively.

4. Compute activity for material 3, position 1 in all intervals
and/or zones and multiply interval activities by geometry factor.

Auxiliary tape storage - IDATI

If IDAT1 is specified as zero, ANISN will use the most efficient
tape storage pos¢ible and modify IDAT1 accordingly. IDAT] may be specified

as 1 or 2 if cross section and/or flux tapes are available from a previous
problem or if ID2 = 1.
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Diffusion theory solution or infinite homogeneous medium solution
IDAT2, 243

If IDAT2 = 1 the 245 array must be entered. A zero implies a
transport solution, @ one implies a diffusion solution, and a two implies
an infinite medium solution for the corresponding group. If IFN =0,
ANISN will use diffusion theory on the first outer iteration. 4

*
Weighted cross sections - IFG, 27$, 285 (see bottom of page)

When microscopic weighted cross sections are requested (ICON = 1),
a set of cross sections is produced for each component of each material
in each zone. When macroscopic cross sections are requested (ICON = 2),
a set of cross sections is produced for each material in each zone. The:
cross sections are weighted by the flux or current in the zone in which
the material appears. Since the mixing table is used to determina the
components of a material, MS should not be zero when ICON =

If the cross section structure specified for the weighted cross
sections will not accommodate the complete multigroup scattering matrix,
the "extra" transfer coefficients are placed such that they transfer as
far down (or up) as possible.

If com-iete removal of the upscatter is desired, IHSF should be minus.
| IHSF| should be the position of the sel’ scatter cross section before the
upscatter is removed. IHMF should be the final table length. After the
upscatter is removed, THSF will be IHTF + 1. The upscatter is removed by
subtracting the reaction rate due to o. . from the reaction rate due to

i
945 where j > i. Thus, the net transfer rate between groups j and i is

preserved.

*

when IFG is 1, 3, or 4 the 27% and 28% arrays 'must be entered. When IFG
is 2 or 4, cross section order is as follows:' materials 1 through M -
weighted by previous case; materials M+l through MCR - read from cards;
materials MCR+1 through MTP+MCR - read from lxbrary, materials MCR+MTP+]
through MT - mixtures.
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Starting guess - IFN, 2*, 3*

If IFN is specified as zero, ANISN will execute a diffusion
solution for the first outer iteration. Since this is undesirable for
fixed source calculations where one normally desires a zero flux Guess
one may set IFN = 1 and enter no guess. Simply enter a card with a T
in column three for that section of data.

EV and EVM guesses

11 EV EVM
0 0.0 0.0
1 0.0 0.9
2 best quess for a6 0.0
3 1.0 | -0.1
4 0.0 -0.1
5 outer radius -(10% of outer radius)
6 1.0 -0.1
When IEVT = 0 there is no eigenvalue (EV).
When IEVT = 1 the multiplication factor (k) is the eigenvalue.
When IEVT = 2 o is the eigenvalue.
When IEVT = 3 the eigenvalue is defined by its use in the mixing
table.
Whein IEVT = 4 the eigenvalue is used as follows:

iR} = bR (1.0 + EV x RMZ)

where AR? is the initial AR

RMZ is the radius modifier (20*)
When 1EVT = 5 the outer radius is the eigenvalue.
When IEVT = 6, EV = DY/DY° = DZ/D/°

where DY° and DZ° are input.

1

n

Convergence - EPS, XLAL, RYF

The inner or flux iterations are considered converged when hcth

6Zero is the best guess unless one is reasonably sure that his guess is

ciose to the answer.
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the integral self-scatter error and the integral removal error are less
thin EPG or when the maximum flux deviation is less than EPS. EF5 is
related to EPS by a normalization factor, the total source diviucd by

IGM. Since the integral tests are sometimes easily satisfied, a point
flux conve 'gence may he specified. If XLAL is greater than zero, the
inner iterations are not considered converged until the maximum flux devi-
ation is less than XLAL.

The outer or power iteration is considered converged when the total
source ratio between successive iterations differs from 1.0 by less than
EPS, the total scatter ratio differs from 1.0 by less than EPS/RYF and
the upscatter ratio differs frcw 1.0 by less than tPS/RYF. '

Buckling correc‘ion - BF, DY, DZ

ANISN computes a correction factor ov the DB2 form for finite
transverse dimensions. Tke correction is appli.able only with "transport
corrected” P0 cross sections where position IHT is occuried by the trans-
port cross section.

Void streaming correction - DFMI]

Since the DB2 term is not applicable to a void region, ANISN
computes a simple correcticn7 which effectively removes the transverse
component of eacn angular flux in the void region. This correction term
is not included in the calculation of the absorption reaction rate as
are the DB2 losses. This omission causes the neutron balance to differ
from 1.0. If DFM1 is zero, no correction is computed for the void regions.

Normalization

When IEVT is greater “han zero the total fission source is nor-
maiized to XNF. When IEVT is equal to zero the tucal fixed source is
normalized to XNF and the fission source, if any, 1s unnormalized. If
XNF = 0.0 there is no normalization.

/01sen, T., "Void Streaming in S, Calculations,” Nucl. Sci. Fng. 21
271 (1965).
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Searches - XLAH, zQL, XNPM

When the absolute value of the difference between two successive
Jamhdas (A]) is lesz than cQL, the eigenvalue, EV, is changed. The first
EV chany2 is the result of adding or subtracting the eigenvalue modifier,
EVM. The second EV change is the result of a linear extrapolation. To
prevent large changes early in the calculation, the absolute value of the
uifference between 1.0 and A] is not allowed to exceed XLAH. To prevent
oscillations when using the linear search, the extrapolation is 1imited
by YNPM. The third EV change is the result of the quarratic search. The
quadratic search is used until the absolute value of 1.0 - A] is less than
EQL. At this point, tne linear search is used to complete the problem.
XLAH is normally 0.05 and XNPM is normally 0.75. EQL should be the larger
of .501 and three times EPS. In cases where EPS is quite small, EQL
may be less.

Multiple cases

The ANISN data arrays are stored in core in the order in which -
they are numbered. For example the fission density (2*) follows tke
fission spectrum (1*). No data are destroyed between cases. If probiem
dimensions change, the repositioned arrays are simply read into core over
the previous data. The result is that all errays following and including
the first array tc be repositioned must e respecified. It should be noted
that the 15% and 16* parameter arrays are exceptions to the above dis-
cussion and are never destroyed. Mulitiple cases in which IDAT1 changes
will not retain data properiy. If IDAT1 =1, multiple cases will retain
data preperly only if 102 = 2 in all cases following case 1. If IDAT1 = 2,
multiple cases will retain data properly only if ID2 = 2 and IFN = 2 in
all cases following case 1. If there is upscatter, multiple cases will
retaiﬁ data properly only if ID2 = 2 or if the complete cross section
matrix is read ir all cases.

fn cases where the data in a particular section remains the same
in muﬂtip]e cases, one may enter a card containing oenly a T in any of the
six appropriate columns for that section of data (e.g., the 158, 16*
section).
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If any case is preceded by an adjoint solution, the following arrays
must be respecified if they are required for the next case: 14*, 17%,
18%, 3*, 1%, 5%, 24$, 25%, 26*.

If multiple cases are completely independent of each other (i.e., all
data are specified in each case) the data of each case may be terminated
with a T in the third column of two successive fields on the same card.
Thic "double T" 1is used in lieu of the normal single T. If ANISN termi-
nates a case for any reason, the code will search for the “"double 7" and
attempt to execute the following problem. This option may also be used
for independent sets of multiple cases.
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C. Problem Size

(24) [240] (1M) (IDFM) (0]
(16M1)(2)  [8] (IM)(IGM) if IDATI < 2 [105]
(16M)(5) [15] (IM) if IDATI = 2 fo]
(IM)(11) [385] (1HP)(16M)(MT)® if 1DATI = 0O [216]
(M+1)(8) [148] (IHP)(MT) if IDATI > © {03
(M) (5) [25] (IM)(IGM)(IQM) if IGATI = 0 [0]
(IZM)(3) f9] (IM)(1QM) if IDATY > G fo]
(M5)(3) [36] (IPM)(MM)(IGM) if IDATI = 0 (0]
(MTP) (0] (IPM)(MM) if IDATI > O [0]
(103)(2) [12] (IGM) if IBR=3 _ [0]
(1F6)(5) [s1 - (IM) if IBL=3 [0}
(IFG)(IGM)  [3] (MM)(JT) if ISCT > 0 [15]
(IM)(IScT)  [105] (IM)(JT)(IGM) if ISCT > O and [315]
IDATT < 2

(IM)(MM)  (1973)

(IM+1)(NM)(5) [900] (IM)(JT) if ISCT > O and IDATI = 2 [0]
(M ET)(2)  [210] (MM)(IGM) if IDATI < 2 [15]
(IM)(JT) + 1 [106] (MM) if TDATY = 2 [0]
(16M)(1DAT2)  [0] TOTAL  [2869]

To determine the number of data locations required for a given problem,
each of the above expressions should be evaluated and summed. Tne numbers
in the brackets apply to the sample prablem.

THP
IHP

IHM if there is no upscatter
IHM + 1 if there is upscatter

Yapn
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INPUT INSTRUCTIONS FOR PSR-75/AXMIX

G. C. Haynes

TITLE CARD -- First card of a problem, Format (207A4), identifying the
problem and/or the output data set.

AXMIX Control Parameters {Array Block 1)

1$ Array -- Primary Control Parameters (12 entries)

1. 1GM Number of energy groups:for this problem
ITLI Input x-sect table length
ITLO Output x-sect table length. If ITL@#ITLI, the

difference is either truncated or padded with
zeros. (At the end of the table if ITLP is
positive, or at the beginning if ITL® is negative).

4. MCR Number of materials inpst from cards (30*). A
"material” is one IGM*ITLI cross-section set.
5. MIP Number of ma*erials input from nuclide libraries
(133).
- 6. MGIP Number of materials input from GIP data sets (15%).

+M means entire GIP input is on KU1. -M means
GIP input is specified in 15% array.
7. NDS13 Number of nuclide libraries specified by logical
unit number (negative ent.y) in the 13$ array.
1f NDS13=0, MTP materials are input from unit KU3.
8. NOS!5 Number of GIP data sets specified by logical unit
number (negative entry) in the 15% array. If
NDS15+0, MGIP materials are input from unit KU1.
9, MS X-sect mixing table length (10$, 11§, 12*),

10. MT Total number of materials processed in this prcblem.
MT=MCR+MTP+MGIP+mixtures. All materials are numbered
consecutively from 1 through MT, and are defined
in the orde~ of the terms of the equation above.

N
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11. ITPOUT Output nuclide library control (16$), such
that:

0 means no output library, omit 16$ array.

1 means output materials according to 16%
array onto unit KU4.

2 or N means combine materials according
tc 16% with materials on unit KCMB and
write all onto unit KU4. N=(table
length)*(gg, of groups) for largest
material on KCMB if greater than
IGM*ITLD.

(Check IDLST (3% array) when using *his
option)
12. 1DUP4 0 means no effect.

K means make extra copy of KU4 onto unit K.

-K means same as K, but prevents rewind at
completion of this problem.

7 means copy KU4 onto unit 7 in fixed FIDBO
card image format.

-7 mears copy KU4 onto unit 7 in free FIDO
card image format.

When using unit 7 in this option be sure to
specify PARM.GO='CK=-7' because unit 7
will be rewound at problem completion.

2% Array -- Control for GIP data sets, Pn Adjustment

1. IGIPP Qutput GIP data set control (17S) such that:

0 means no output GIP data set, omit 17S array.

1 means write materials as specified in the
17$ array onto GIP unit Ku2.

-1 means same as 1 except output GIP data
set is adjoint. (If this option is used,
no input GIP data set is allowed, and all
output will be adjoint.)



IPNC

ITRC

THTSAV

IAD]

Note: If a GIP tape is tc be output, cross
‘ sections may not contain upscatter.
This Timitation does not apply to input
GIP data sets. (See special section
on upscatter)

0 means no Pn adjustment, omit 21$ through
248 arrays.

J means do Pn adjustments on J elements or
mixtures as specified in the 21$, 22S,
23%, and 24$ arrays. (In these arrays
refer to only the P0 component of eéch
element or material to be adjusted.)

Table position of total cross section.

(Mot used if IGIP@=IPNC=ITRC=0)

Table position of within-group scattering
cross sectvon.

(Not used if IGIP@=IPNC=ITRC=(C)

Note: If IHS > IHT+1, upscattering is
implied and any output GIP libary re-
quested will be aborted.

Output logical unit for a transport-corrected
cross section library to be written ac-
cording to the 25% ID array. Negative
entry prevents rewind at problem completion. .

Cross section table position to save sigma
totat in the transport library if
I7PC#0, (zero means no effect)

Upscatter GIP data set input type.

0 means input data sets contain no upscatter
(be sure IHS=IHT#1). '

1 means input data sets were for ANISN,
and the total upscatter'coefficients
are in table position ITLI+1.
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2 means input data sets were for DOT, and
the total upscatter coefficients are in
table position IHT+1.

Note: GIP data sets contain one extra table
position for total upscatter coef-
ficient. Disregard this extension
of the table length when specifying
ITLI. :

8. LAD® Not presently used. Enter zero.

This array defaults to all zero values‘if not entered as input.

3$ Array -- Input/Output Logical Units (8 en*ries, default values in
parenthesis)

1. KUl (1} GIP tape input logical unit number. This
number is used if the 155 array is not
entered; or if the first entry in the 15§
array is positive. Negative entry prevents
rewind at input completion.

2. KU2 (2) GIP tape output logical unit number.

- Negative entry prevents rewind at problem
completion.

3. Ku3 (3) ANISN/UOT nuclide library input logical
unit number. This number is used if the
first entry in the 135 array is positive.

4, Ku4 (4) ANISN/DOT nuclide library output logical
unit number. Negative rntry prevents rewind
at probiem completion.

KU5 (5) Card input logical unit number.
KU6 {6) Printed output logical unit number.
KCMB (8) Logical unit number for old ANISN/DOT nuclide

library to be combined with new library.

The resulting library is written on unit KU4
and the library on KCMB is unaltered if

! KCMB#KU4
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IDLST 0

u

(if ITPPUT<2) No effect.

(if ITPPUT=2) Merge output with KCMB, ID
numbers in ascending order (KCMB and KU4
must be different); KCMB is not altered.

-I = Same as above. but drop I materials (14%)
from library on KCMB when transferring to
KU4.

Add output to KU4 following this ID on KCMB
(KCMB may eaual KU4).

o
I}

ID

This array is not required if the default values enclosed in parentheses

are satisfactory. Any units not required by a problem are irrelevant, no

DD cards are required for them, and any integer will suffice for them.

Note:

The 1S, 25, and 3$ arrays are the first array block for a problem,
and the block is terminated with a "T".

AXMIX Input Arrays (Array Block 2)

|
| 106
|
. 18

12*
133

145 -

Mixture numbers in mixing table. [MS entries]

Negative entry causes division (10$/(11$°12%))

Component numbers in mixing table {MS entries]

Negative entry causes multiplication (10$-11%-12%)

Number densities in mixing table [MS entries]

Input ANISN/DOT nuclide library ID numbers, and logical unit
numbers if NDS13>0. Data set logical unit numbers, if any are
negative entries which are followed by the [0 numbers of
materials required from that data set. Duplicate ID's are
permitted if they appear on different data sets. Entries may
be up to 8 digits long. If the first entry is positive, it is
assumed that KU3 is the data set logical unit number for all
ID's before the first negative entry. [MTP+NDS13 entries]
List of 1D numbers of materials to be dropped from library on
KCMB when merging output with KCMB and  [-IDLST entries]
writing on KU4. {omit if [DLST>0}
Input GIP tape control array. Data set logical unit numbers,
if any, are negative entries which are followed by the pnsition




165

17

18$

198
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numbers of materials required from each data set. Duplicate
position numbers are permitted if they occur on different data
sets. If the first entry is positive, it is assumed that IU]
is the data set logical unit number for all entries before the
first negative entry. Poisition numbers need not satisfy any
fixed order. :

[-MGIP+NDS15 entries]

{omit if MGIP>0!
Qutput ANISN/DOT nuclide library ID numbers. These may be up
to 8 digits long (b digit Timit is recommended), and need not
be arranged in order. One entry is required for each material
of the problem, and a zero means that materia: is not output.
If this library is being merged with one on KCMB, a new material
may be substituted for one on KCMB by using the same ID number.
Regardiess of the array ordgr here, all resulting output is
written in order of ascending ID number. [MT entries]

fomit if ITPPUT=0}
Output GIP tape control array. One entry is required for each
material of the problem. A zero entry means that material is
nct output. Anry nonzero entry (usually a 1) means that material
is output. [MT entries]

{omit if IGIPP=0:
Output cross-section title control array, one entry for each
material.
A zero entry means no title is to be assigned to that material.
Any positive entry means keep ¢1d title if one exists (from ar
ANISN/DOT nuclide library, KU3, not KCMB).
Any negative entry means a new title is to be read from a title
card following the lact data block of that problem.

[MT entries]

{omit it all pos;
Output cross-section print control array, one entry for each
material.
A zero entry means do not print that material.
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Any nonzero entry means print that material.
[MT entries]
{omit if all zcro:
0% Output cross-section punch control array, one entry for each
material.
A zero entry means do rot punch that material.
A positive entry means punch in fixed FIDP format.
A negative entry means punch in free-form FID§ format.

21$ Material numbers of the P scattering components of elements or
mixtures to be "Pn adjusted”. LIPNC entries]
22S Material number of Pocomponent to be used for the Pn adjustment.
[IPNC entries]
23% New (adjusted) scattering order of elements or mixtures
identified in the 21$ array. [IPNC entries]
248 Energy groups to which the Pn adjustment is to be applied, one

entry for each group.
A zero menas that group is not affected.
Any nonzero entry means that group is affected.
(IGM entries]
{fomit if IPNC=Q}
2585 Qutput ID numbers for P0 materials to be "transport corrected”.
Zero entry for all other materials. Be sure-the P] material
follows the P0 material referenced here.
| [MT entries]
fomit if ITRC=0}
NOTE: End of array block 2, terminate with “T"

Card Input Cross-Sections (Array Block 3)

30* and/or 30** and/or any number from 01 through 99
A1l cross sections to be input from cards go here, one material
immediately following another. They may be fixed FIDO format
and/or free FIDO format. If the format changes, however, a new
30* or 30** must be entered to indicate the format of the data
following it. [MCR*{(IGM*ITLI) entries]
\ { NOTE: This is the final array block, and it must be terminated with a "T".
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(Caution: The “T° must not be immediately preceded by a “F" }
Option) Omit entire block, including the "T" if MCR=0

Cross-Section Title Cards

A title card must be entered, following the Tast array block, for
each negative entry in the 18% array. Any desired title is punched in
- Columns 25-72 of each card, and all other columns are irrelevant.

Multiple Problemz

o )

b

“Multiple problems'may be run consecutively by following .the input to
- a previous problem with a new problem titlelcard and new input data. Data
-~ from the previous problem is not automatically saved, and all default
options apply independently to each problem. Output data sets from a
previous problem, however, may be referenced as input to a problem if
they were rewound. Data sets from previous problems may be added onto
if they were not rewound.

Job Termination

Ak job may be terminated by any of the following ways:

1. End of data set on unit 5.

2. "STOP" command by entering a final card with STOP in Columns 1 - 4.
3. Call to “EXIT" by entering a {inal card with EXIT in Columns 1 - 4.
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‘dictates the following hierarchy of events which must precede the calcu-

FORSS ANISN (FANISN) GENERALIZED FLUX

The “heoretical developmert for FANISN generalized flux calculations -

may be found in ORNL/TM-4437 by E. M. Oblow. The calculation or sensi-

vity coefficients for linear responses such as reaction rate ratias and
bilinear responses zuch as worth recuire the use of generalized fluxas.
The Tirear response uses a géneralized adjoint flux r* and the bilinear
resonse uses T* and in addition a generalized forward f1uk r. These
gene}alized fluxes are calculated by FANISN as a function of generalized
sources wn’ch are calculated by the JULIET mudule (see Chapier VII)l This

TR A A i il S B ot b B ey S8 s 2

lation of generalized fluxes.

1. The preparation of ANISN multigroup cross sections.
2. Tﬁe calculation of ANISH forward “lux, ..

3. The calculation of ANISN adjoint flux, ¢*. 4

4. For 11iear responses, the ralculation of a linear source for
each response. '

5. For bilinear responses, the calculation of a bilinear forward
and adjoint source for each response.

, The results of the calculatioas performed in steps 2 through 5 are
placed in the repository (see Chapter IV) and the calculaiion of yeneralized
fluxas can now proceed. .5 demonstrated by steps 4 and 5, generalized
fluxes are response dependent and the necessary care must be taken to insure

- that a gereralized flux calculated for a particular response is not used in

subsequent calculations for any ocher response. The definition of the
IRFSP parameter in the FMANG input (see Chapter IV) deserves careful
attention. The system cannot detect response identification errors and if
such errors are made Zisaster is certain and often subtle.
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The following modifications to the input data for the FANISN forward
calculation which generated ¢ results in the input required for an FANISN
generalized calzulation.

FANISN INPUT FOR GENERALIZED CALCULATIONS
The input fof the initia] ANISN forward k caiculation is defined as
the reference case. .
~ = FMANG
1$$ IASB IRESP 1 FO T
IASB - Assembly identification number

IRESP - Is the response related identification number. It must
be set to the appropriate source identification number
specified in JULIET.

Changes to the 15%$$ card of the reference ANISN case.
Parameter 2 ITH = 1 if adjoint
0

Parameter 10 IEVT

u

Parameter 20 IPVT =1

Parameter 21 IQM = 1 for Jinear source

IQM = number of moments of Py source
Parameter 33 IFLU = 1
Parameter 34 IFN =1

Changes to the 16** card of the reference ANISN case.
Parameter 1 EV = 0.0
Parameter 2 EVM = 0.0
Parameter 9 PY = keff

Remove the 2** fission density data, replace with 3** F0.0 T.

S
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FMANG (see Chapter IV) and FANISN can revise the input for a preceding
FANISN forward case and automatically generate the input required for a
geheralized FANISN case. This is demonstrated in a comprehensive sample
case at the end of Chapter VI‘I.

_~ SAMPLE INPUT FOR FANISN GENERALIZED CASE

=FMANG

e PR LT 1

SREE & 2 3 12 a2 2 16 . FO T
- EFANLSN
ZPR 677 GEHERALIZED AJOINT RUN
5 123 1 1 3 4 3 1 0 2 650 0 100 5 6 195 22 8 8-
i Q- ) | 4 - 27 12 (1] ) ] 0 25 1 2Z 11 1 O
1L6%% 2Z 105 az 1e0 98543 0.5 le0-5 32 T
i 36E Fuel T ) C s
" 9o OSTOE~0S 163B44E-035 ©6¢5907E-03 2.0758E-02 A4.,5693E—02 7+.6253E~02
. Je028BTE~0]1 669859E-02 1.5946E-02 4.0362E-03 3.9943c-03 2.4139%—-02
- BeB3IIBE~02 A4eTTBOE~02 G,6596E~02 Q:8760E~02 4.2547E~02 4.0028E-02
"3eT313E-02 3e48498E-02 1.3545E-02 18112E—02 2.8BB61E=02 2,6157TE—-02
" 203583E02 201162E-02 1.8910E-02 1¢6834E—-02 14935E-02 1 3210€-02
660110E-03 Se6418E-03 1.,0254E~02 9e0035€E~03 9.6982E-~04 33.55TAE-04
TeA622E~04 2.0082E-03 3.8139E-03 6¢901BE—-03 3¢1165E-03 29112303
$562570E-03 AQA6eS5STB9E-03 3¢98B36E-03 3¢84621E-03 1¢5562E-03 1 .4497E-03
26607TBE-03 262606E-03 B,8413TE-03 6¢7274E-04 4.94}30E-04 1¢1962E-03
Te0904E-08 261322E-03 147T67E-03 10209E-03 3.4368E-04 1.4894E-04
901435E-05 1e208TE-08 Se7IS0E-05 5¢5065€-05 3.7802E~04 3,3512E—04
203082E-048 1.,5891E-04 1e0936E~04 TS5240E-05 S.1753E-05 2.,2930E-0S
12662E—-0S5 160900E=05 9¢30ISE06 401901E-06 3.BBT76E-06 6+9535E—06
569857E-06 1e1568E~0S T+9526E—06 5SeA466BE~06 3I7S5STBE—~06 25830E—~06
1e7754E-06 162203E-06 B8.3878CE-07 OQ9eT27TE-0T 4,5956E-07 2.1712E-07
100258E~07 48A4AT2E-08 2,2909E-08 1.0831E-08 50123BE-~09 2.4262E—09
. 1olSO6E—~09 Se4TOTE~1) 2¢6118BE~10 2.5220E-10
4%% 3010.0 1918816 121.97
S5s% Fl.
6%% 0.0 017392742 32607257 32607257 17392742
TS% =le¢ —086113631 —e33998104 ~-33998104 .,86113631
8%s 40R1 20R2
933 | S
%95‘ F3 -
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A USER'S GUIDE FOR THE JULIET MODULE OF THE
FORSS SENSITIVITY AND UNCERTAINTY ANALYSIS COBE SYSTcH

J. L. Lucius, E. M. Oblow, and G. &. Cunningham, 111
ABSTRACT

JULIET is the FORSS module that calculates generalized
sources, responses (e.g., criticality, reaction rate ratios,
reactivity worths), normalization parameters and sensitivity
coefficients. JHULIET is organized into execution paths which
are in effect submodules. This permIts a problem to be seg-
mented for solution at the user's discretion (i.e., mltiple
entry points). JULIET normally operates ‘with fluxes generated
by the FORSS version of ANISN; however, the execution path
concept permits interaction w1th other neutronics codes such
as DOT and VENTURE.

The proposed CCCC file MATXS is the cross-section data
base for JULIET permitting the calculation of sensitivity
coefficients with respect to partial cross sections. The
sensitivity coefficients calculated by JULIET are placed in
the proposed CCCC file SENPRO where they may be accessed by
other modules in the FORSS system or transmitted to other
installations.

.7 1. INTRODUCTION

vquiE;Ais the FORSS! module that calculates sources, responses (e.g.,
critiéality, reaction rate ratios, reactivity worths), normalization param-
eters, and sensitivity coefficients. As a user'. quide, this document
presents the algorithms implemented in JULIET but does not include their
theoretical development which is available in Ref. 2. JULIET optimizes and
extends algorithms that were initially implemented in the SOURCE (see
Ref. 2 for theoretical development) and SWANLAKL® codes.

JULICT is designed to execute as a module of the FORSS driver con-
trolled system. It withdraws and deposits information in the fORSS reposi-

tory which serves as an information exchange medium for FANIS&“ (the FORSS
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version of ANISN) and JULIET. When FANISN has been selecte& as the neu-
tronics code for a FORSS study, JULIET receives anéu]ar fluxes and computes
generalized scurce data;for subsequent steps “in which FANISN is used to -
generate generalized’ angular fluxes. JULIET is organized into execution
paths which are in effect submodules.  This permits a problem to be seg-
mented for solution at the user's discretion (i.e.; multiple points of
entry into the system). The execution path concept also permits interaction
with neutronics codes other than ANISN such as DOT® and VENTURE.® Addi- -
tional information on this interaction is available in the FORSS user's
guide.’

Sensitivity analysis requires access to partial cross sections. The
proposed €CCC file MATAS® is the cross-section data base for JULIET. The
preparation of a MATXS file is discussed in the FORSS user's guide.

The end product of JULIET is sensitivity coefficients (profiles).

They are placed in a proposed CCCC® file, SENPRO.!® A SENPRO Service
Moduie’ is available in the FORSS system which operates on a SENPRO file
providing a number of functions such as listing, plotting, merging, etc.
SENPRO files are input for sensitivity analysis modules such as SENTINEL,'

CAVALIER,'? and UNCOVER.'?
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II. EXECUTION PATHS

JULIET has four execution paths and the combination selected is

problem-dependent.

_ A. Operator Definition

The path is selected by the word, MIX. This path prepares the cross-
section operators required for the problea solution (these correspond to
cross sections appearing in the response definition and/or cross sections
in the terms of the Boltzmann equation). The MATXS cross-section file is
the primary data base for operator definition. User input defines the
operators required for the problem solu:ion. An operator may be a single
material-reaction type or it may be a mixture of many materials and in-

clude several reaction types.

B. Flux Preparation
The path is selected by the word FLUX. This bath calculates moment
fluxes from existing forward and adjoint angular fluxes for use in ~omput-
ing certain reactor parameters (e.g., worth). This path also prepares
the {¢*¢>, {T*¢), or {I's*> inner products needed for a sensitivity

calculation.

C. Source Response Calculation
The path is selected v the word SOURCE. The path has the capability
to calculate bilinear sources, linear sources, responses, and normaliza-

tion parameters.
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D. Sensitivity Coefficient Generation
The path is selected by the word SENSE. This path calculates sensi-
tivity ceefficients using the SWANLAKE algorithm expanded to include

direct effects.

III. OPERATOR DErINITION

The FORSS system is an attempt to provide a sensitivity analysis

capability with respect to a response defined as:

bitinear g o o> iy ey o
for bilinear 7 = %S for linear R = Zﬁzas-WIt sensitivity coeffi-

cients defined as: 3ng§ where Zx is a cross section appearing in the
x 7x

Boltzmann equation or in the definition of H, or H,. In the above equa-
t{ons ¢ and ¢* represent the forward and adjoint fluxes, the brackets
denote integration over phase space, and the operators H1 and H, can in
general be arbitrary. However, the physical cases of most practical
interest occur when either H, or H, is a macroscopic cross section, in
which case R would represent a weighted reaction rate ratio. For example,
<338£c§>

<2352f¢>

the >*®U capture reaction and H, is the 2®°U fission reaction. Operators

the Tinear response 285 would be defined as R = ; clearly H, is

may also b2 linear combinations of any or all terms appearing in the
Boltzmann equation. For example, the bilinear response for Na worth

would be defined as:

-6* <ZT¢> -y z’;" (g'~g)42(g") )>

R - gl’g'l

Gl

s o guadosl At et e
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Here H, is the Boltzmann operator for Na, and H. is the fission onerator

for all fissionable materials in the system of interest.

IV.J FLUX PREPARATION

A. Moment Fluxes

Angular fluxes are input to a JULIET calculation. Moment fluxes

are prepared for use in source, response, and sensitivity caiculations

according to the following equation:

where
ISCT
NMOM

NOA

TSN
LMCM

l'

| NOA -
$(3,9.2") = Z} WY (17)4(3,9,:9) m
1=

4

order of scattering,

maximum of (ISCT, ISN),

number of angles,

for slab and sprerical geometry NOA = ISN + 1

for cylindrical geometry NOA = (ISN * (ISH + 4))/4
quadrature order,

number of moments,

moment index vhich assumes valves from 1 to LMOM. '

is a function of m and 4. Equations 4, 6, and 7 illustrate
khe relationship of £', ¢, m as implemented in the code.
group index,

angle index,

quadrature weight (input, see Section VI, Bluck 1),
discrete angle cosine (input, see Section "I, Block 1),

spherical harmonic,
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¢(3,9,u;) - angular flux calculated by FANISN,

¢(3.g,%"') - angular flux moment calculated by FANISN.

B. ($*¢) Files
{¢*¢> files are prepared for use in the sensitivity equations.
{¢*¢> is a syrmbolic term since the file may represent products of {I™*é)
or {I'$*). A (¢*¢) file is required for K and worth sensitivity analysis.
A {T*6) file is required for reaction rate ratio sensitivity analysis.
{¢*¢> files are prepared in the ANISN cross-section format. For

the 0th moment the total position of the (¢*¢) file is calculated as:

PS(INT,g,2,1) = - T V(3) T 6(3.93u;)e*(5.9.1:; M(i) (2)
Jez i

where :
IHT - position of total cross-section in ANISN cross-sect on tab]e,l

g - group index, 7 !

2 - zone index, |

R - the radii by interval boundary, :

V(j) - volume of spatial interval j, ‘

n

R{j+1) - R(j) for slab, ‘
(R2(J+1) ~ R2(3)) for cylinder,

%(R’(j+l) - R¥(j)) for sphere.

For slab and spherical geometry and the P, and Pl scattering orders

of cylindrical geometry the scattering positions are ‘

PS(G,9,z,8) = ¥ o(3,9'.2"Jo*(3,9,2' WV(J) (3)
Jez .
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where
G = IHT + g'+1,
IHT is the total cross-section position,

2 = £*' assumes values of 1 and 2.

For cylindrical geometry and scattering order higher than P,

LL(e) )
PS(G,9,z,2) = T o(3,9%,0" Yo% (3,9,2° W(J) (4)
L= (8-1) jez
initially the code defines LL(2)=2 then LL(2) = LL(%-1) + 1 + lg%fl)-
wher;

£ is the scatterirg order index and assumes values from 3 to ISCT

(order of scattaring) ¢' is the moment index.
V. SOURCE RESPONSE ALGORITHMS

A. The [Hi¢] and [H.0]
Components of a Bilinear Response

The [H,¢] function includes three terms, a total term, a scattering

term, and a fission term.

1. Total

T,(3,9,2') = -5;(3,9)6(3,9,2")
where

e
|

spatial index,

(Vo]
]

group index,

o
-
]

moment index,

(e}
]

T total cross section, ‘

forward moment flux. |

g
.
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2. Scattering for Slab and Spherical Geometrics

When L' < ISCT, ISCT = order of scattering

T,03,8,4") = 2 5. (5,9'+9,0" )¢ (5,9",2") (5)
gl
where

ES - scattering matrix.

3. Scattering for Cylindrical Geometry

For the P and P, scattering orders Eq. (5) also applies Vor
cylindrical geometry.

For scattering orders greater than P Eq. (6) and Eq. (7) establish
the correspondence between the cross-section scattering order (index 1)
and the flux moment (index £').

T (5.9,2') = 2 I (5.9"9,)0(3,0",2") (6)
g

To define the values of £ and £' in Eq. (6), initially the code defines
£=3 and the indexing control parameter LHI=4. Then as %' assumes values
from 3 to UMM (number of moments) the values of &' and LHI are compared.
If 2* < LHI, the values of LHI and % are unchanged. When £' > LHI, #=041,

and LHI is redefined by Eq. (7) as follows:
LHI = LHI + 1 + (24+41)/4 (7)
when ¢ > ISCT

T,05,9.0') = 0 . (8)
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4. Fission

For £' =1
T,05,0,4") = ax(9) X vEe(3,0')e3,0",5") (9)
gl
where
_ 1
Y
x = fission spectrum
For &' > 1
T,(5,9,2') =0 . (10)
5. The [H 0] Term
(H,01(5,9,2") = 7,(i,9,2") +T,(j.g,2") + T (i.9.2") . (11)

6. [H,41 is a fission function with one term.

For 2' =1

[H61(3.8.2") = x(9)2vEe(3.9%.0" )2ldaa"s0") . (12)
g

For [H2¢], vZf is a mixture of all fissionable materials in the assemhly,

For ' > 1

[H,01(i.5,2') =0 . (13)
B. The [H*¢*] and [H%:~*
Components of a Bilinear Response

The [H¥¢*1(j,g,4') function has the same form as the [ii ¢} function.

1. Total !

T,(3,9,2") = -0p(3,3)%*(§,9,0") (14)
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2. Scattering

T,(3,9.2") = Xz (3.9-9",0)e*(j,0" 2"
gl

The discussion of geometry and moments for the [H <] function applies

for the [H:¢*] function.

3. Fission

T,(3,9,2") = vigli.g)2xle" )e*(i.g",5")
g
4. The [HIe*] Term
[Hfé*] (3,9,2") = T, (i,9,£") + T,(3,9,2") + T,(3,3,.")
5. The [H¥»*] function is very similar to the [H.+] function.
[H5e*1(5,9,5") = vig(3,9)X x(g"):*(5,0",2")
gl
C. The Bilinear Response
A bilinear response is defined as:
- (o*H1¢>
) <':’*H2¢>
where |

(15}

(16)

(17)

(i

™o
(X%
——
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D. The Bilinear Forsard Source

$(3,9,¢")

PR T (fHD

E. The Bilinear Adjoint Source

, [His*1(3.3,2")  [He*105,9.0)
S*(j.9.2")

GG

F. The Horth in an Interval

Reactivity worth, w, is defined as:

#

- .6023
w({per mole) = R [_ﬁ—v—]

R - the bilinear response,
V - volume of the interval,
N - density of the material.
vwiper kiloaram) = l%?Q- [wiper mole)]
A - the atomic mass.

G. The Linear Response

A linear response,'R, is defined as:

where

CHi> = T X H (Gumeliq Vi)
y

[[Hx:](j,gu') (H,-1{5,0,.") } '

(25)

(2€)

(27)

(28)
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CHe = X Y HA§,9)2{5,6.1 9 (5) {30}
g ]

where
Hl and H,  are simply reaction cross sections or other response
functions,
=(j,a,1) - Oth moment flux,
g - group index,

j - spatial index.

h. The Linear Source

H,(j,9) Hz(j,g)]
(31)

.9 - R[ DR X
VI. GENERATION OF SENSITIVITY COEFF ICIENTS

JULTET implements the sensitivitv equations discussed in Section [I1]
0° ORNL/TM-5563.'" The equation below is soived to yield tha sensitivity
of 32 response to a cross section as defined by an operator. A common
form of the operator is a single material--reaction type. However, the
operator can take the form of a cross-section mixture. In the equation,
the cross-section operator of interest is designated by the subscript X.

A, General Representation of Terms
in Sensitivity Coefficient Definitions

HOA
T.(9,2) = -7 (g,2) YV Y 4 (5,9,k)0(d,9,k)w(k) (32}
jez k=1

(T
T.(q,2) = ]pZV(j)[\J(g,Z)Zf(q.z)o(j.9.1) 2 e*liag" ilethz)  (33)
jez q'=1 :




The d indicates the space increment where the direct effect # 0 [i.

T,(g,2)

T (9,2)

T(9,2) =

Vil-15

{MOM IGM
Y z v(i) 'Z c‘*(j.c',-‘.]f(j,g,?)T;X{Q*G',-’F
=1 ‘iz q'=1

i

T.(g,2) = 2 (g,d)2(d,g,1}/CK; 5>

= ) unless Zx appears in the definition of H
T.{g,z) = -Z (g.d)2(d,q,1)/KH 2D

0 unless Ex appears ir the definition of H,

whers H, and H, are defined) .

where

T (g,

Plg,z) = %

v(j)
Tx(g.z)
¢*{3+9,k)
2(3,9,k)
wik)

z) =T (a,z2) = 0 if d is not within zone z.

. '] .
[T;(q.z) *T.(9.2) ¢ T l0,2)) + T {g,2) = 7 Me,2)

- group ndex,

- group index,

- [one index,

- spatial interval index,
- angle index,

- volume of interval,

-~ Cross section operator,
- adjoint angqular flux,

- formard anqular flux,

- discrete ordinates weinqht,

f ! |

(38)

{(35)

:-"
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~{g,z) - neytrens per fission,
“f(g,z) - fission cross section,
:(j,g,%) - ferward moment flux,
-*(j.a,.) - adjocint moment flux,

«{g",z} - fission spectrum,

?x{g'*g,;) - scattering cross section.

AlY of the five tevms in tie eguation do not apuear ir every sensi-
tivity calculation. The terms included are a functior. of the response

and the operator of interest.

B. K Sensitivity

1. Ausorption Reactions, Monfissionable, Wonscattering Reactions such

as Capture

Tna equation reduces to T‘(g,z) where Zx(g,z) is tn2 aosorption cross

sectic~ of the material of interest.

2. Fission Peactions

Tne fission -ea.tion requires only 7.(q,z) and T.(5,z). in T,

Tx(:,z} is the fissizn cross section of the material nf interest.

3. . Sensitivity

Tne . reaction requires only T, (q,z).

4. Scattering Reactions

# scattering reaction such as elastic requires Tl(q,t) and T.0(5,2)

wnere ix(g.z) in T, is the elastic scattering cross section. ix(q'wq.:)
in T, is the elastic group-to-group scattering matrix for moment . of

the material of interest.
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5. Total Reaction of a Fissignable Naterial

The total reaction of a fissicnable material requires the 7.

{g,2),
T,{(g9,z) and T, (g,z) terms. Zx(g.z) in T s the total cross seccion

and Zx(g'+g,i) is the total group-to-group scattering matrix.

6. _Total Reaction of a Nonfissignable HMaterial

The total reaction of non-fissionable materials is the same as {5}
except the T,{g,z) term is 0.

Tha T, and T, terms do not enter into a k sensitivity since they
are direct-effect expressions for reaction rate ratic responses. For k

sensitivity, the R in £q. (37) is to be interpreted as P = *(:*4,:).

C. Reaction Rate Ratios
When the response is a reaction rate ratio such as -~ % canture/ %y
fission, the 2%/ %5f, both indirect and direct effects must he consiserea.
Direct effects occur only when the operator of interest ic z ~ateriz
reaction type which is a constituent of tne response defiriticn. All

operators have indirectr effects.

V. Indirect Effect

The algorithm is identical to k sensitivity witn ™ reislacing :* in
Eqs. (32), (33) and (34), ard the R appearing in £q. (27} is to be inter-

preted as:

GRS

where Zpl;; is the response calculated by the source ecxccutinng natn and
e
S is the source normalization from the ANISN qeneralized adinint

calculation.
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2. H. Direct Effect

Wwhen the gnerator of interest is the material-reaction type vhich
forms the numerator of the reaction rate ratic, the H, direct effect is
calculated and sumed with the indirect effect tc complete the profile.
The H. direct effect is calculated by the T_(3,2) term in Eq. (37). For
the example, Zx(g,z) in T_is the 2°°U capture cross section. <H ¢)
is available from the source execution path. The T_ term and <H15> must
be calculated aver the same space; frequently this is the ceatral inter-

val. 7_ is zero in any zone that does not include the space increment

used in the {¢H,) calculation.

3. H. Direct Effect

Wnen the onerator of interest is the material-reaction type which
farms the denominator of the reaction raterratio, an H2 direct effect
is calculated and surmed with the indirect effect to complete the pro-
file. The H, dirert effect is calculatec by the T.(g,z) term in Eq. (37}.
For the example, :x(g,z) in T, is the “*% fission cross section. (H, 2%
is avsilable from the sou-ce execution path. The T. term and {Hﬁ;)
mJs3t be calculated over *he same space; frequently this is the central

interval. T, is zero in any zone that does not include the Space incre-

ment used in the (H,2) calculation.

D. Worth Sensitivities

The following is based on a definition of the worth R of a material .
in reqion . of the form |

N
R :2'-'“ (39)
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where the eigenvalue » is equal to 1/k and N is the density of material .

in region . On the basis of generalized perturbation theory, an equivalent

expression for R is

(’;'*HXC)
R= ¢*Hz¢-) (40)
where operators H, and H; are given by
Hy = = Ay + 3By (a1)
and
Hz =B (42)

The Boltzmanr opverator L i< of the form A -- »B and Operator B is that part of
the Boltzmann operator which depends on Vg B" 15 that cc tribution to B
from material .. in region :-. AN is the cnntribution to the operator A from
material . in regiun ¢ and consists of total and scattering crcss section
terms. The "unperturbed” flux and adjoint flux are given by : and :*
respectively. Sensitivities of a worth response may be calculated with
respect to any material-reaction type. Let this type be indicated by :.

If the material of type . is the same as the material . whizh defines the
worth response, then these sensitivities have direct-effect contrihutions
and indirect-effect contributions. In general, there are five contribu-
tions to a sensitivity: Two are direct-effect contritutions, and three

are indirect effects. The five contributions are:
1. H; direct effect

H, direct effect

Eigenvalue indirect effect

S W N

! Forward flux indirect effect

5. Adjoint flux 'indirect effect

'1f material of type .'is different from material i, then only indirect

'
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effects are nonzero and contribute to the -ensitivities. The H, direct
effect is nonzero only for fissionable material-reaction types.

1. Hy Direct Eifect

<o*H o>

Th.s effect is defined as LIRS

where H;, is that part of the H,
operator which consists of tne cross sections of tne material-reaction
type 2 in the region of interest. The sensitivity of every reaction
type ¢f the material .. appearing in the response definition will have
an H; direct effect contribution.

2. B, Direct Effect

<¢*H, o>
This effect is defined as —-EE;R?%—;'where H,, is that part of the H,

operator which consists of the fission operator for the material-

reaction type a with the spatial dependence of the material in the

: ‘ assembly. The sensitivitias of the chi, nubar, and fission reactions
direct effect contribution.

w ' 3. Eigenvalue Indirect [ffect

This effect is defined as

] <¢*AN¢‘> A k
["Qm—1—|5a (9) (43)

S§ (g) is the group dependend k sersitivity of the material-reaction
type of interest.
The sensitivity of every reaction tvne will have an eigenvalue direct
effect contribution.

4. Forward Filux Effect

This effect is defined as f:-E%ﬂz'where Lz is that part of the Boltzmann
¥
operator due to cross sections for the material-reaction type . to
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which sensitivities are being calculated. Lg is defined over all
spatial regions in which the material of type a occurs in the system.
S* is the source normalization calculated Ly FORSS ANISN for the case
which generated r*. Computationally JULIET solves the same equation
used for k sensitivity with the adjoint flux ¢* replaced by the
generalized adjoint fiux I and A<¢*H,¢> replaced by R/S*.

5. Adjoint Flux Effect

e 4
This effect is defined as 59—ELL?where Lz is, as above, that part of

S
tne Boltzmann operator cue to cioss sections for the material-reaction

type a to which sensitivities are being calculated. Lz is defined over
all spatial regions in which the material occurs in the system. S is
the source normalization calculated by FORSS ANISN for the case which
generated 1. Computationally JULIET solves the same equation used for
k sensitivity with the forward flux ¢ replaced by the generalized for-

ward flux T and r<¢*H,¢> replaced by R/S.

VII. JULIET INPUT PREPARATION

JULLET performs two major functions, source generation anc the calcu-
Tation of sensitivity coefficients. A single computer run may be set up
to accomélish both functions or they may be done independentiy. MNormally
a source:ca1culation must precede a sensitivity calculation since source

generate§ normalization parameters used in the sensitivity calculation.

| A. Execution Paths

JULIET is divided into four execution paths, Path selection is

accomplished by the user to solve the problem of interest. The paths

are:
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1. Operator befinition, Selected by the lord, MIX

This path must always be executed because operators are required
for any JULIET function. Operators are defined from cress sections.
They may have the form of a single material reaction cross-section type,
a mixture of a single reaction from several materials or other combina-

tions of materials and reaction cross-section types. A common operator

S a mixture or material which includes ZC, Yy Zf, Za, vlgs ET and the
total .. oup-to-group scattering matrix. This is referred to as an auto-
matic operator in JULIET. It is used to form both the H, and H, bilinear
operators in a SOURCE calculation, When an automatic operator is refer-
enced in a sensitivity cal~ulation, sensitivity coefficients are calcu-

lated for the capture, fission, v, y, and total reactions.

2. Flux Preparation, Selected by the Word, FLUX

The path calculates moment fluxes from angular fluxes and also pre-
pares the so-called ¢*¢ file used by the sensitivity calculation.
Actually, the file may also be M™¢ or T¢*. The execution of this path
is prerequisite to a SOURCE-RESPONSE calculation. The execution of the
path may be omitted when going directly to the calculation of sensitivity
coefficients and appropriate ¢*¢ Tiles already exist.

3. Source Generation, Selected by the Word, SOURCE

This bath is executed to calculate sources, responses and normaliza-
tion paraméters. The equations solved are outlined in Section IV. Do
not execute this path in stuc’es using two-dimensional sensitivity

analysis.
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4. Sensitivitv Coefficient Generation, Selected by the Yord, SENSE

This path implements the sensitivity coefficient generation algo-

rithms outlined in Section V.

B. Input Blocks
Since JULIET input is a function o1 the execution paths selected,
the inpu* is divided into five distinct biocks. All of the blocks do

not have to appear in a run.

1. Block 1 (always provided)

The content of Block 1 is a function of the execution paths seiected.
If FLUX is a member of the execution path, Block 1 input is:
1588 Integer Parameters [36]
1. Any integer
2. 1TH <100 only downscatter cross <ections; »100 upscatter
3. ISCT - maximum order of scatter found in any zone
4. 1SN - order of angular quadrature
5. IGE - 1 - siab; 2 - cylinder; 3 - sphere
6. Any intecer
7. Any integer
8. IZM - nuaber of zones
9. IM - number of mesh intervals
10. Any integer
11. IGM - number of energy groups
12. IHT - position of oggta] in ¢*¢-table
13. IHS - position of ogg (self-scatter) in ¢*¢ table

14. THM - length of ¢*¢ table |
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15.

Ary integer

36.

1**  Fission spectrum [IGM]
4** Radii by interval boundary [IM + 1]
g%k Velocities [IGM], the array may be omitted
6** Angular quadrature weights [MM]
7** Angular quadrature cosines [MM]
88% Zone numbers by interval [IM]
T
Note that Block 1 input is ANISN input with deletions and minor modifi-
cations. The 8%% caid describes the spatial dependence in the sensitiv-
ity calculation except for reaction rate ratio direct effects. The 3%$
card does account for the spatial dependence of worth direct effects and
-the card used in the ANISN calculation usuaily must be modifiea. A1l
entries on the 15%% card are not used in JULIET, but the format is
unchangeq to permit the convenience of reproducing the card from existing
ANISN dinput.

If FLUX is not a member of the execution path, Block 1 input simpli-
fies to:
156 0 ITH ISCT 4Z IZM 27 IGM IHT IHS IWM FO
T
T
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where
ITH <103/>100, no upscatter/upscatter,
ISCT maximum order of scatter,
IZM4  number of zones,
IGM  number of energy groups,

IHT position of ¢ in cross-section table,

total
IHS position of ng (self-scatter) in cross-section table,
IH4 length of cross-section table.

2. Block 2 (always provided) Operator Definition

This input defines the operators to be ysed in subsequent scurce
and sensitivity calculations. A1l Block 2 input is in a fixed vield
format. Operators are defined as a function of cross sections and thic
input references tne MATXS file.

MIX {columns 1-3) selectis execution path,

Operator Definition Cards. Columns (1-5) (I5) Operator ID. This

may be an arbitrary number assigned by the user. Ho.aver, if anplicable,

an ENDF/B material identification number is suggested for this input.

Columns (11-16) (A€) MATXS particle iden‘ifier,'NEUT is normal input.

Columns (21-26) (A6) MATXS type identifier, NSCAT is normal input.

Columns (31-36) (A6} MATXS material identifier.

Columns (41-46) (A6) MATXS reaction type identifier/blank/ALLINL/ELSCAT
or oiher reaction type name,

Columns (51-60) (E10.4) Density.

Columns (61-65) (15) Order of Pa (P,-0).

Columns (66-70) (15) If < 0, eliminates y.

When all operators are defined, insert 1 blank card,



|

VII-26

Mixing. Operators are frequently defined as cross-section mixtures.
A set of_two or more aoperator definition cards with identical operator
identifiers define a mixture which may be referenced in source and sensi-
tivity calculations,

Comments on the Operator ID (Columns 1-5). Sensitivity coefficierts

are placed in a proposed CCCC file SE'IPRO. Part of the identification
of a set of coefficients in SENPRQO is the ENDF/B material identification.

The operator ID is passed to SENPRO and used as the ENDF/B material

identification number. If the operator i$ 2 mixture or somethins e¢iss
that cannot be properly identified with an ENDE/E MAT nunher, the jser
must take appropriate action to insyre proper identification and use cof
the data. For some applications, JULIET sabntages the SENFRO ENDF/B
material identification scheme. Two or mors equal operz2tor ID numbers
define a mixture. This can cause difficulty when several operators are
defined for the same material but with difforent reaciion types. Future
code development will eliminate this problem. In the interim the ENDF/R
material identification scheme must sometimes be abandoned and arbitrary
unique operator IDs assigned. The SENPRO service module provides a
cuick and easy method to redefine the number used as an ENDF/B material
identification. This service may also aid the user with an aperator
that -annot be correctly identified in ENDF/B terminology.

Comments cn MATXS Reaction Type Identifier (Columns 41-46). Please

n1ote this is a si«-character string, a word not an integer. The MATXS
files currently in use were obtained by translating either ANISN files
or AMPX master files. In either case, the ENDF/B reaction type numbers
(MT) influence the procedure. The translators establish the following

relationship: ‘
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ENDF/B (MT) NATXS (Columns 41-46 entry)
1 TOTAL
2 ~ ELSCAT
3 NONELS
4 INSTOT
16 N2N
17 N3N
18 FIS
19  FCFIS
20 SCFIS
21 TCFIS
51 INELOY
90 INEL40
91 ' CTNUUM
102 CAPT
452 NUBAR
1452 NUF IS

For other ENDF/B MT numbers the translator forms a MATXS six-character
string as follows: [If the MT = 1234, the MATXS identifier will be
MT1234.
If columns (41-46) are left blank, an automatic operator is generater.
If columns (41-46) are ALLINL, sensitivity ccefficients will be

generated for all inelastic levels and the continuum.

Comments on Columns (66-70). If the operator is an automatic miy-

ture, this entry prevents a mixing operation on the fission spectrum,

| I
| |
| |
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3. Block 3 (9ptional)

FLUX Preparation
FLUX (Columns 1-4) selects executior path.
0SS Integer Parameters [11]

KCI - 0/1, prepare iV for central interval/no effect. This param-
eter controls spatial dependence of the direct effect for
reaction rate ratio calculations. Central interval direct
effect is the normal calculation. If a 1 is entered, then
the direct effect spatial dependence is defined by the 8%$%
card in Block 1. [If KCI<0, no z*: file will be made.

IRF - identification number for forward flux.

IRA - identification number for adjoint flux.

LPATH - If <0 no adjoint flux will be read from repository.

KERT - Unit number of ¢*¢ file, default = 9.

FO - reserved.

For both IRF and IRA, enter negative values wien the adjoint flux
component of a worth sensitivity is being calculated. This informs the
code that the forward and adjoint fluxes are to be interchanged.: When
IRF=IRA=0, the adjoint flux used is identified by the FMANG ideniifica—

tion number (second »ntry FMANG 1$$ card) and the forward flux ig Z.

4, Block 4 (Optional)

SOURCE Generation
SOURCE (Columns 1-6) selects execution path.
708$ Integer Parameter [1)

NRESP - number of resr.nses.
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Floating point parameters {21
k - Ifk =0 is entered, the value is retrieved from the repositor..

F0.0

***Repeat the following title, 728%, 738%, 748, 75**, T sequence
of cards for each response***

HOLLERITH TITLE of response (20 A4)

Integer parameters [2+IM] where IM is the number of mesh intervals,
1. ILBL - operator type identifier.

0 - linear operator

1 - bilinear operator
2. ISCT - scettering order (P =0).

3. H, operator identifier for each mesh interval. See Block 2
input for operator definition.
M+2

Integer Parameters [2+IM]

3. H, operator identificr for each mesh interval.

M+2

Integer Parameters [1n]
1. LPRT - source print option.
0 - no print

1 - print



VII-30

2. LSAVE - soyrce save option ir the repository.
0 - no save
1 - save

3. IDAR - adjoint source identification-number.

4. IDF - forward source identification number.

FO, reserved for future options.
10. '
75** Omit if response is not a reactivity worth [2]

A - Atomic wmass of material of inter€st,

B - Density of material of interest.

5. Block 5 (Optional)

Sensitivity Coefficient Cal-'ztian
SENSE (Columns 1-5) selects execution path.
80S$ Integer Prrameters [2]
HNRESP - number of responses.
ILNG - last neutron group.
T
B1** Floating point parameters {ILNG+i]
tieutron group Structure,
R2** Floating poirt parameters [NGG=1] where NGG is the number of - groups.

v group structure.
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each response*t*

HOLLERITH TITLE FOR ASSEMBLY (20A4)

EOLLERITH TITLE FOR RESPONSE (20A4)

—

When the response is a reaction rate for which direct effects will

be calcdlated, extra care must be take~ with the response descriction.

Columns
Colums
CAPT.

Columny

Columns

NOTE:

(1-8) material ident’fier for the numerator, example L-233.

(9-16) reaction ra‘e identifier for the numerator, example

{17-24) material identifier for the denominator.

(25-32) reaction rate identifier for the denominator.

These material and reaction rate identifiers must be identic.l

to *heir appearance in the operator definition cards, see data block 2 input.

If k> automatic operator was designated then the reaction type is blank on

the operator

to those ass

definition cards and the identifiers used here must be identical

igned by the code, see page 24.

83SS Integer Parameters [13]

NE -
IRESP -
IDS -
NTRN -
FERT -

IPRO -

numher of cperators tc be processed.

response tdentifier for data retrieval fror recository,
response identifier placed on SENPRN.

reaction rate ratio identifier placed n~ SENPPRO,

unit number of 2*. file, default = 9, default used wrer °
is entered.

unit number of SENPRO file. Default - 23, code will not

allow a change under the response loop after the initial

definition.
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FO - reserved for Tuture options.
T
86** Floating point parameters [6]
R - calculated value of response.
RT - (K6, used only when direct effects are to be calculated;

otherwise enter 0.

R2 - (H,0)>, used only when diract effects are to be calculated;
otherwise enter 0.

E¥ - k; if not applicable, enter O.

FVR - measured value of response; if not applicabie, enter 1.5,

FUT - enter 0; reserved for future option.

-4

When R, R1, R2 and EK are all entered as 0, these parameters are
retrieved from the repository.
*xk*+Pepeat followsing sequence‘for NE operators
HOLLERITH TITLE for material-reaction (20A4)
87$$ Integer Parameters [10]
1. WMAX1 - Order of Pn’ enter 0 for Po.

2. IFISS - Fission option.

0 - no fission
3 - total sensitivity of fissionable material
13 - sensitivity of fission cross section

23 - sensitivity of v ‘

3. Iop - Direct effect option,
0 - no direct effect \

1 - material-reaction type in response numerator
2 - materiail-reaction type in response denominator
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4, NZP - number of entries on 91%$ card.

5. JOFA{*Y°- 0/1 do not save/save indirect effect.

6. JOPA(2)*- 0/1 do(not save/save direct effect.

7. JOPA(3)%- 0/1 d1 not save/save indirect + direct effect.

8. INC - 0/1 do not include/include results in sum2tion over
all operators.

9. LCRW - 0.

N, LPRT - 0/1 normal output/limited output. Kormai output
lists a sensitivity matrix which includes sensitivi-
ties by group and group-to-group transfers. Limited
output lists only total sensitivitfes by zone.

T

88%$ Integer Parameters [NZONE]
Operator identifiers by zone,

89** Floating point parameters [NIOWE)
Zone densities.

90$$ €0 - reserved for future options.

91$$ Integer Parameters [NZP]

DO - loop limiters for zone summations,

%hen +rocessing responses that do not have direct effects, for example k,
then JOPA(1)=1, JPPA(2)=JOPA(2)=0 is sufficient to save the sensitivity
coefficients on a SENPRO file. This is also true when processing responses
that have direct effects but the material-reaction type being processed
does not appear in the response definition, i.e. the direct effect sensiti-
vity is 0. In the above situations, avoid the conclusion that JOPA(1)=
JOPA(2) 0, JOPA(3)=1 will sum the indirect effect and 0 and thus save the
indirect effect sensitivities on a SENPRO file. It will not happen and
the erergy dependent sensitivity coefficients will be lost.
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Example: 91$$ 1 1 2 2 1 2 will produce three sets of

coefficients: zone 1, zone 2, and @ summation over

zones 1 and 2.

_ wkxes - End of sequence

: . VIII. RESOURCE UTILIZATTON

.V',Tﬁe amgunt of éomputér core required is highly problem-dependent.
: he,ﬁ&famétérs affacting core size requirements are listed in the dis-
thion of the container array. The most important'parameters‘are the
umber of‘gfqups and the number of spatial mesh intervals, The number
~-»f moments and ithe scattering order have little impact on core require-
k ments Buf are impor:ant factors in the ambunt of usage of external
storage devices such as disks and tapes. Computer CPU usage by JULIET
is trivial relative to cross-section preparation and neutronics

calculations.

A. Container Array

Most data storage is in a single _ontainer array. The length of
this array varies for each execution path. It is necessary to calculate
the container array length for each execution path activated in a run.
In the main program the length must be set to the maximuﬁ value calcu-
lated olus a common term IC. Parameters of interest in determining con-
tafner array length:

IGM - numser of groups.

IM - number of space intervals,

NOA =~ number of angles,
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NZ - number of zones.
ITL - ANISN cross-section table length.
IDP - precisjon parameter.
" IDP = 2 for double-word precision.
IDP = 1 for<single-word precision.
MKNT - number of materials in the bilinea"’7Hl operator.
_ FLSA - length of the largest compressed scattering matrix in the
problem, ‘
jSCT - o~der of scattering.
MS - total number of reactions available for sensitivity analysis.
NH1 - number of materials in the Tinear H, operator.
NH2 - number of materials in the linear H, operator.
COMMON TERM
IC - 132 + (*IGM + 3*IM + NZ
1. Operator Definition
ICO = MS*(2*ISCT + 14) + 2*1GM? + IGM*(6 + 2*ISCT) + MAX0(7500,

1GM? ,75% IGM )

2. Flux Preparation

I = 2*(IM+1)*NOA + IGM * (IM + NZ)
12, = IGM * (ITL + 2*NZ + ITL)
13, = IGM * (ITL + 2*NZ + 2% IM)
| ICF. = MAXO(I1, 12, 13)
: 3. 50ur£e Response
: Biﬂinear
‘ [6 = 1GM*(IMFI0P + MKNT + 1) + MKNT + HLSA + MS*(ISCT + 2)

(@]
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I

| = IM*IGM*(2*IDP + 1)
|

% IC1 = MAXO(14, I5)

i Linear

IC2 = 2*IGM*(NH]1 + NH2) + MS + IM + IGM
ICR = 2*IM + 4 + MAXO(IC1, IC2)

4, Sensitivities

ICS = 2*MSOP + MS*(ISCT + 3) + 3*(ITL*IGM) + 2*IGM*(NZ + ISCT)

N + ISCT*NZ; MSOP is the total number of operator definition
c -
: cards required (see p. 22).

& o ) Container Array Size

KS = IC + MAXO(ICO, ICF, ICRS ICS)

B. Overlay Structure
JULIET uses a simple overlay struéfure vihich could be made mere

detailed if required. Basically each execution path is contained in

an overlay segment. The sensitivity path usec three overlay segments .

The overlay structure is shown in Fig. 1.
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£
: c JULIET
OVERLAY ALPHA
1 ’ 3 : T 1
FLUXP SOURCE LFMIX - | SWAN
CHAN HIFP PCMIX FIXT
c CHKE HIAP MIXER AUTP
PFH@ H2FP RMATXS MAUTP
PFML H2AP MMIX
< PHIC | PHNP CPRESS
PRAF PJIM VMIX
PRFF PLNS PFMIX
PLEG BRATQ
- : RDIR SJLEC
L FFLUX LOCATE
8 SRCA
: CLIND
PBLS
- OVERLAY BETAY
[ 1
RESULT BRA
ZONE PLPTP
GETCR CARDS
SUMPL SHOW
WSET
y DEB
REVERT

Fig. 1. Overlay Structure
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C. I/0 Units
Number of
tUnit Use . Record Length Records
1 PMANG Record 623 1
2 Repository a
5 Input )
6 Output 3
8 MATXS Interface b
9 ¢*o File - TTL*IGH T+NZ*ISCT
10 DA, Angular S (NOAHI)(IM)  © 2*I6M
11 DA, Moment ( IGM* M) 2¥1LMOM1
12 DA, Bilinear Sources ™ " tomrLMon
13 DA, ¢*¢ Preparation ITL*IGM NZ*LMOM1
14 Scattering Blocks c NSR*ISCT
15 ID Cross Sections M NID
| | 23 SENPRO Interface 16M NP
" In Source Execution Path
31 ‘ Scratch (Unformatted) 2* IM* IGM LMOM]
32 Scrgtch (Unformatted) 2% IM* IGM LMOMY
33 Scratch (Unformatted) 2* IM* IGM LMOM1
- 34 Scratch (Unformatted) 2% M TGM LHOM)
35 Scratch (Unformatted) 2* 1M+ IGM 2*LMOM]
In Sensitivity Execution Path ~ -
k)| Scratch (Unformatted) ITL*IGM ISCY
32 Scratch (Unformatted) ITL*IGM . ISCT
33 Scratch (Unformatted) ITL*IGM ISCT

34 S#ratch (Unformatted) ITL* IGM ISCT |
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liunher of
Unit - Use Recorq Length Records
35 Scratch (Unformatted) ITL* IGM ISCT
41 Scratch (Formatted) v80 MR
42 Scratch (Formatted) 80 NR

a. Problem-Dependent,
Angular flux record length = (NOA+1)(IM+1},
Number of records = IGM,

Source record length = IM*LMOMI1,

O

Number of records = IGM.
There will be fluxes and sources for each response in the study.

b. Use a tape; if it is desirable to set up disk space, study the prob-
lem and the MATXS format and estimate space requirements.r

c. For upscatter problems, the length of a scattering block is IGMZ,

For downscatter only problems, length = Iﬁgz + IGM.

NOA - number of angles. NSR - pumber of scattering reactions.
NZ - number of zones. NID - number of 1D reactions.

LMOM{M- number of moments + 1., IM - number of space points.

IGM - number of groups. ISCT - scattering order + 1.,

ITL - cross-section table NP - total number of profiles.

length,
DD Card Preparation for Direct Access (DAR) Units
DD cards for direct access units require the entry of a block length
and the number of blocks. These should be calculated with care since
inadequate space will kill the run, Large block lengths use core storage;
small block lengths increase I/0's. The procedure 1s illustrated by

-example.
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Rule 1
Length < 32000 bytes.
Rule 2
Length must be an even multiple of 16.

Example

Determine record length and number of records Yor unit 13 when

ITL = 131, IGM = 126, NZ = 3, LMOM] = 4,

L =131 * 126 = 16506 words

L = 66024 bytes
Rule 1 is violated since 66024 > 32000. -
Therefore,

L1 = L/N vhere N is large enough for L1 < 32000,
Let N = 6, then L1 = 66024/6 = 11004.
Now for rule 2, 11004 is not an even ultiple of 16 so set L1 = 11008,
L1 = 11008 satisfies both rules 1 and 2. 1If N could hase been 1, then
:Ehe number of records would = [Z*LMOM] = 3*4 = 12, Sihce N = 6, number
of records = 12*6 = 72. Increase number of records by =-10% and on the
DD card for unit 13 enter 11008 for the block size and 82 for the number
of blocks.

//G0.FT13F001 DD UNIT=SYSDA,

//  SPACE=(11008, (082),,CONTIG,ROUND),

//  DCB=(RECFM=F7 ,BUFNO=1)
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IX. JULIET ERROR STOPS

Several error stops are built into JULIET which abort the calcula-
tion when a condition is detected that will invalidate the results. In
addition to numbered and unnumbered stop statements, the cede alse in-
cludes two error detecting subroutines (FRRA and CRASH). The unnumbered
STOP statements always follow‘a printed statement indicating the nature

of the difficulty.

A. The Unnumbered STOP Statements
location: ~Subr6uténe PMATXS, format statement 93 ‘
Message: RMATXS is dimensioned for 1500 materials, this problem
has, ITIIIIIII
Action:  The fixed dimension of {MATNW(1500) in RIATYS must be

increased or the problem size reduced. The latter is

recommended.

Location: Subroutine RMATXS, format statement 23
Message: Dimensioning problem in RMATXS with variables associated
with N2DB, take action in RMATXS, MIXER, PCMIX, N2D3 =

‘ ITITI, MSCAT = 3JJJJ.
Action: A material has been read from the MATXS file with a
higher scattering order than anticipated by the program
writer. If the scattering order for the p-oblem is less
than P, , check MATXS for errors; if a scattering order
greater than on is desired, program changes w%]l be

required in the routines cited in the message..
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Location: Subroutine RMATXS, format statement 76
o A Message: See RMATXS, increase dimensions of variables assaciated
| with NIDR frem 100 to TFIIT.

Action: Check MATXS for an error; if none, take the action indi-

cated in the message. -

Location: Subroutine RMATXS, format statement 78
Message: Dimension of D exceeded in RMATXS; available space

ITITTIII, required space JJJJJJJJ.

Action: Increase the coutdiner array as indicated in the message

or reduce problem size.

B. The Numbered STOP Statements

Statement: STOP 11

Location: Sub}outine LOCATE

Action: _ An undefined cross-section operator was requested in
either a 72%$ or 73%$ card. Insure that operator defi-

nition ihput (see Section VI, Block 2) is compatible

with SOURCE input (see Section VI, Block 4).

Statement: STOP 67, STOP 74, STOP 75, STOP 76, STOP 78
Location:  Subroutine SOURCE
Action: Increase container array size; for quidance see Sectic:

VI, A.(3).

- Statement: STOP 111
Lbcation: Su&routine ERRA

Abtion: Seé following discussion of ERRA,
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C. Subroutine ERRA

Certain types of erfors trigger a call to subroutine ERRE which

prints a message containing an error STOP number and the subroutine name

from which the call to ERRA originated. ERRA is misleading in that,

when reference is made to subroutine MAIN, it should read subroutine

SWRCE. Subroutine ERRA terminates with a STOP 111 statement.

Message:
Called from:

Action:

Ervor stop 2 in subroutine MAIN

Subroutine SOURCE

The scattering order requested for the H, operator of
a bilinear function exceeds the maximum scatteriny
order ailowed for the problem. Check the third entry
on the 158$ card (see Section VI, B, Block 1) and tha
second entry of a 7288 card (see Section YI, B, Block
4). The entry on a 72$8$ card cannot excces the entry

on the 15%$ card.

Message:
Called from:

Action:

Error stop 4 in sutroutine MAIN

Subroutine SOURCE

A non-zero scattering order was requested for the H,
operator of a bilinear function. Correct the third
entry of any 7388 cards (see Section VI, B, Block 4)

found in error.

Message:
- Called from:

Action:

" Error stop 6 in subroutine MAIN

Subroutine SOURCE
A non-zero scattering order was requested for the
numerator of a linear response. Locate and correct

the 72%% cards in error,
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Message: Error stop 8 in subroutine MAIN

Called from: Subroutine SOURCE

Action: A non-zero szatteriny order was requested for the
denominator of a linear response. Locate and correct
the 7388 cards in error.

Message: Error stop 1 in ;ubroutine PLEG

Called from: Subroutine PLEG

Action: Check 1588 card for input errors relating to the
geometry and quadrature order.

Message: Error stop 1 in subroutine RBIR

Called from: Subroutine RDIR

Action: Check input weights and cosines (see Section VI, E.,
Block 1).

Massaqge: Error stop 2 in subroutine RDIR

Called from: Sybroutine RDIR

Action: Check inpu~ weights and cosines (see Section V[, =.,
Block 1).

Message: Error stop 3 in subroutine RDIR

Called from:

Action:

Subroutine RDIR

Check all input r=lating to the Sn quadrature.

D, Subroutine CRASH

This routine is called several times throughout the code to in-ur-

that the size of the container array is-adequate. When an insufficien:
self-explanatory mecsage ic printed stating:

size is detected, a




**+(RASH [N Hupuny

IR

where

»

H...H is the subroutine name,

[...1 is the required container array size,

J...J is the available container array size.

X. THE MATXS CROSS-SECTION FILE
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XI. SAMPLE PROBLEM : .

This sample problem demonstrates the interaction of the FMANG, FANISN,

ANTMX, and JULIET modules in calculating sensitivity coefficients for the

k. and 28C/25F responses of the ZPR 6/7 assembly. It also demonstrates the
calculation of generalized sources for a worth response. Cross section
requirements, identification schemes, and unit assignments are discussed
-in tne following comments.
1. A shielded, microscopic, ANISN, cross section file is available
on unit 4.
2. A shielded, macroscopic, forward, ANISN, cross section f{le
generated by AXMIX is available on unit 16.
3. A shielded, macroscopic, adjoint, ANISH cross section file

generated by AXMIX is available on unit 17.
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The input for a forward FANISN core model of ZPR6/7 has been

prepared and the card images placed on unit 38.

The following identifiers have been assigned:

IASB

IRESP

IRESP

IRESP

IDS =

NTRN

OPID

OPID

1

The ¢*¢

12,

21,

22,

31,

2,

assembly identifier on the Repository and the SENPRO
file for ZPR 6/7.

response related identifier on the repository for the
bilinear, gera2ralized, adjoint, >°Pu worth, source
and flux. '

response related identifier on the Repository for thei
bilinear,:generalized, forward, 239Pu worth, source
and flux.

response rejated identifier on rhe Reporitory fhr the
linear, generalized, adjoint 28C/25F ratio, source,
flux, and normalization parameters.

response identifier on the SENPRO file for 28C/25F
sensitivity profile.

reaction rate ratio identifier on the SENPRO file for
the 28C/25F sensitivity profile.

the automatic operator identifier for the mixture of
fissionable materials in the ZPR 6/7 core. -

the automatic operator identifier for -

file for k sensitivity will be placed on unit 9.

The k sensitivity profile will be placed on unit 23.

The ™™ file 28C/25F sensitivity will be placed on unit 28.

The 28C/25F sensitivity profile will be placed on unit 24.



10.

11.

VII-50

In the ANISN to MATXS input, note that the grcup boundaries are
all one, 4** F1 .0 T. it is not essential for .nis p.oblem that
the MATXS file contain a realistic group structure since the
MA}XS file is not being retained as a file of record.

In the input tq calculate sensitivity profiles far 28C/25F, note
that the group boundaries are all one, 81** F1.0 T. However, the
group boundaries are specified for the k sensitivity calculation
with the 81U (6E11.4) and following cards ending with the T. It
is anticipated that the k profiles (unit 23) and the 28C/25F
profiles (unit 24) will be merged to create a single SENPRO file.
The group boundaries from unit 23 will be placed on this new
SENPRO file. Therefore, a repetition of the group boundaries

is unnecessary.

[
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ABSTRACT

The SENPRQ Service Module includes twelve execution paths to aid in
understanding and using the group-dependent sensitivity coefficients con-
tained in the standard interface file SENPRO. The execution paths provide
the following operations on SENPRO file{s).

10.
11.
12.

Lists the contents of a SENPRC file.
Plcts a SERPRO file.

Operates on a SENPRO file by adding or deleting sets of sensi-
tivity coefficients.

Merges two SENPRO files and creates a new fiie.

Changes the mode of 2 file. Unformatted to formatted and con-
versely.

Lists ir crder of descending absolute magr.itude »f the tctal
sensitivity, the title and total sensititity for eacn profile in
the SENPRO file.

Renormalizes sensitivity coefficients.
Redefines any entry in the 12-word MAT-MT control record.

Places the sensitivity coefficients on a user-supplied group
structure.

Selectively edits or copies a file.
Sums ali profiles in a file and produces a new profile.

Replaces or modifies the group structure on a SENPRQ file.
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INTRODUCTION

Sets of sensitivity coefficients are calculated by the JULIET! medule
of the FORSSZ system and placed on a proposed CCCC3 file, SENPRO.* Each
set is identified by an assembly number, a response number, a material
number, a reaction type number, and,if applicable, a reaction rate response
numher. These sets of coefficierts are referred to as sensitivity profiles.
If the configuration of interest is a CSWEGS fast reactor benchmark, the
CSWEG assigned assembly number is used throughout FORSS analysis. If the
configuration is not a CSWEG fast reactor benchmark, the assignment of the
assembly number, and the identification must be consistent throughout
FORSS analysis. The response and reaction rate ratio identification numbers
currently used are listed in the MAT-MT control record description of the
SENPRG file. These will be augmented as required. The material and
reaction type identification numbers are the MAT and MT numbers used in the
ENDF/B* tiles. A compléte description of the SENPPQ file is in Appendix A.

When the generation of the SENPRQO file(s) is complete for a study, a
careful review is recommended before it is used. The SENPRO service
module is available to aid in this review. If identification or normaliza-
tion problems are detected, they can often be Juickly corrected by the
SENPRG service module. At present, the module has twelve execution paths
which perform the following tasks.

1. Lists the contents of a SENPRO file.
Zz. FPlots a SENPRC file.

3. Operates on a SENPRQO file by adding or deleting sets uof sensitivity
coefficients.

4. Merges two SENPRO files and creates a new v;le.

5. Changes the mode of a file. Unformatted to formatted and con-
versely.

6. Lists in order of descending absolute mag:.itude of the total
sensitivity, the title and total sensitivity for eack profile
in the SENPRQ file.
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Renormalizes sensitivity ceefficients.

Redefires any entry in the 12-word MAT-MT contfol record.

Yo A o]

. Flaces the sensitivity coefficients or a user-supplied group

structure.
10. Selectively edits or copies a file.
11. Sums all profiles in a file and produces a new profile.
12. Replaces or modifies the group structure on a SENPRO file.

The user selects the desired executior path by entering one of the
following words on a card beginning in column 1: LIST, PLOT, ADD, MERGE,
DELETE, SEND, SIZe, NORM, FIX, GRID, EDIT, SUM, GROUP. The control words
ADD and DELETE access the same programming. Additional input reqiirements
are described for each execution path.

SENPRO FILE LIST

LIST
15$ Integer Parameter [1]

NBIN unit number of the SENPRC file, if NBIN <0, only the profile
titles will be listed

T -

GRAPHIC DISPLAY

The INTRIGUE-II-C IBM-3607 subroutine package is implemented to provide
graphs of sensitivity orofiles. Graphs of sensitivity coefficients per
unit lethargy vs. energy in MeV are available with the following default
characteristics.

1. Llogarithmic on both axes.

2. Calcomp pen anc irk graphs.
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( 3. Height - 8".
- 4. Width - 8"
5. IfDPY - 10”0PY is maximum ordinate value, calculated by code.
6. NCY=4 - number of cycles on ordinate.
7. ITOPX=2 - 10"TOPx is maximum absicissa value.

8. NCX=5 - numberNef cycles on abscissa.
9. (UT=0.005, if Z,|S(i)] < CUT, a graph is not produced.

Complete File Ploiting 4 NG
Every set of coefficients on the file where %ZIIS(1)| > CUT will be
ploctad. ’
Input Data
PLOT

1$$ Integer Parameters [é]
IPRO - unit number of file

N - 0 complete file plotting
er ‘ > 0 number of coefficients selected for plotting
2** CUT )

Al11 of these cards change defau.t cnaracteristics,

5$$ NCY NCX > if the default is acceptable, omit the card.

4$$ ITOPY ITOPX |
5%% WIDTH' HEIGHT
T /

Selective Plotting -

The user may select the profiles for plotting. If N > O, prepare
6$$ card. The 6%% entries identify the profiles with information from the
MAT-MT control record.

——

+Reducing the plot width will result in a disascer,
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63$ Integer Parameters [5*N] ‘ )
IASB - assembly identification
IRESP - response identification

MATID - material identification

MT - reaction type identification . .
NTRN - reaction rate ratio identification, enter 0 if not applicable

i
i
¥

yi.SeQUeﬁ;ef3$ repea§ed_for each graph requested

SENPRO FILE ADD/DELETE

- ;Thisfexecution7path'perforﬁs three functions. Profiles'may be added
‘to the file from card input. Profiles may be deleted from the file. If
no profiles are added or deleted, the file is copied without change.

ADD
1$3% Integer Parameiers [4]
NHOLD - unit number of existing SENPRO file
NEW - urit number of new SENPRO file
NADD - the number of profiles to be added (may be 0)
NDL - the number of profiles to be deleted {may be 0)

B e A O L ML ki i b i e

#
(

ADD Cption
: If NHADD > 0, enter the 2$$ array
! ] 2%$ Integer Parameters [12]. The MAT-MT contrel record of the SENPRO file

¥
5
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(. | ¢ g
s CR MAT - MT Control - s -
c -
CL  IASB,IRESP,MATL.,“T,NZONE,ISTC,NPART NWRD ,NZDEN, MATRIX,, NTRN, NTRD -
oW 12 -
Cc , ‘ -
CB FORMAT(4H 4D 1116/16) ‘ -
C . . ) -
. CD 1ASB Assemb]y Identification ) ' - -
= CD i s Reference BNL 19302 (ENDI"-ZOZ) F-1 R -
- 'CD  IRESP Response Ident:l.fication a , =
o (4)] 1=K s ’ ) ) k -
cD 2 - Breeding Ratio , " - =
Lo 3 st Horth h S B PR R i y,—ﬂ o
.CD 4 - Reaction Rate Ratio ST o e
CD . 5= Other B SR R O R R
CD MATID ~ Material Identiflcation s FERR R T e
'CD MT . - Reaction Type Ideneification CETLLAT -
'CD " NZONE Number of Zomes . . S -
'CD  ISIC =~ ~Scattering- Order for Total Coefficients § ' , S -
../ -CD NPART Number of Partial Sets o -
T CD NWRD Number of Hollerith (A6) Words Us& to Describe the Response-
CD NZDEN Zone Density Option C -
cD - 0 - Zone Densities are Omitted , -
( v B . 1 - Zone Densities are Present -
) CD MATRIX Peserved - -
CD NIRN. Reaction Rare Ratio Ideutification : -
CD 1 - 28C/49F -
CD 2 - 28F/49F -
CD 3 - 28C/25F ) : -
CD 4 - 28E/25F ) , -
CD 5 - 49?/ 25F , -
CD 6 - 18C/28F : -
CD NIRD Reserved -
c
T
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Hollerith response description, FORMAT (11A6) \ : P
Input the number of €ards needed to define NWRD (A6) words
Hollerith title, 1 card, FORMAT (11A6)

SENSITIVITY COEFFICIENTS, FORMAT (6E12.4)

Repeat the éequence uhtilkNADD profiles are described.

- DELETE Option R : ’ -
- If NDL > O, enter the 3§$ array : :
3$$cInteger Parameters [5*NDL)
~IASB - assembly identification
* IRESP. - response identification
MATID - material identification R .
iréaction type identification ’
reaction rate ratio identification

g3
g :

e 91

Sequence is repeated for each profile fto be deleted. -

T
If NADD = 0 and NDL = 0, the SENPRO file on unit NOLD is copied

without change to unit NEW.

SENPRO FILE MERGE

This execution path merges two existing SENPRO files and creates a
third file containing all of the profiles on the original files. The
files to be merged must have identical group structures.

MERGE

1$$ Integer parameters (3]
N1 unit number of a SENPRO file
N2 unit number of a SENPRO file to be merged
N3 unit number of new SENPRO file

gy SRR D e PR TR R LS Rt i Ay
? SRR :
(

Y
-
e
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SENDIN® - FORMAT CONVERSION

This execution path implements the SENDIN code which converts the
SENPRO file from unformatted (binary) to formatted card images and
conversely. SENDIN also 1ists a SENPRO file.

SEND

- 18§ Integer Parameters [4]

NBE Select conversion miode
=0 unformatted to fonmatted
f 0 fonmatted to unformatted :
NIN unlt number of ex1$t1ng SEHPRO f1le (DEFAULT = 23) S
HOUT un1t number of SENPRO file to be prepared hy SENDIN (DEFAULT = 24)
N06 Pr1nt option
= 0 File is pr1nted* ' =
> 0 No print

SENPRO FILE SIZE

The total sensitivity of each profile on the file is determined. The
profile titles are then listed in descending order as a function of the .
absolute magnitude of the total sensitivity. ‘

SIZE B
1$$ Integer Parameter
NBIN unit number of SEHPRO file

SENPRO FILE NORMALIZATION

This execution path permits the modification of sensitivity co-
efficients in a SENPRO file. The following two options are available:
1. Renormalize all coefficients by a constant defined as R1/R2,
see 2** card. This is useful for salvag’ng sets'of coefficients
~ with an incorrect R.
2. Apply a group-dependent multiplication factor. This {s useful
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for applying disadvantage factors. If a profiie title card has
L no total sensitivity (A) or an incorrect A, 3** F1.0 input will
correct the condition.

NORM

18§ Integer Parameters [2]

N NOLD unit number of old SENPRO file

o e NEW unit number of new SENPRO file

2** Floating Point Parameters [2] 7 ¢
Rl 0ld normalization |

ik d e AL R ek ]

L ta oo flh ded

R2 new nOnma1izatiqn

T V

" End of input for option 1 ,

If Rl = R2 = 0, then option 2 is executed
3** Floating Point Parameters [IGM] |
Group-dependent multiplication factors

; r
: SENPRO FILE MAT-MT CONTROL RECORD FIX
: This execution path allows any word in the 12-word MAT-MT control
; record to be redefined.
! FIX |
’ 1$$ Integer Parameters[3]
N1 - oid unit number
N2 - new umt number

NFIX - the number of redefinitions to be made
T

2$$ Integer Parameters [3*NFIX]
IP - position in MATMT record to be redefined
NCV - current value of MATMT(IP) on the file. If NCV < -10000,

the current value is not considered and MATMT(IP) = NDV
NDV - desired value of MATMT(IP)

~

(’\’
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The-3 parameter sequence is repeated until 3*NFIX entries are complete. -
I C

[

SENPRO NEW GRID

This execution path places each profile ina file in 2 user designated
group structure. The group structure may be input from cards or retrieved
from another SENPRO vile. The redistribution of the senSItivity coeffi-
cients onthe new grid is done linearly-in lethargy- s “

~

" GRID
1$% Integer Parameters [3]

Nl - @it number of old’SENPRO flle
N2 - unit number. of new SENPRO file
NG - selection option "
.~ When NG > 0, NG is the number of groups in the neu group structure
to be defined on input cards. When NG < C, INGI is the un1t
number of a SENPRQ file contaInlng the new group structure.
T - -

2** Group Boundaries [N56+1] : -
(The 2** card is included when NG > 0). Enter values from high
energy to low energy in units of eV.

SENPRO FILE EDIT/COPY

This execution path permits selective listing'and copying of a SENPRO
file. Each profile on a SENPRO file has five identification numbers,
assembly, response, material, reaction type and reaction rate ratio. The
five identification numbers are located in the following positions of the
MATMT record of the SENPRO file.

Identifier ~ MATMT Position
Assembly - 1
Response 2
Mater:al 3
Reaction type 4

Reaction rate ratio ' N
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[

The five identifiers and their positions in the MATMT record are used
- to provide a general edit/copy capability. An-edit command consists of
the identifiers ordered by aSSembly, response, material, reaction type, and
. reaction rate response. Any identifier may be entered as zero which
" indicates any value encountered for that identifier qualifies for the
fEDIT/COPY operat10n. “To complete input requirements, a h1erarchy must be

fu1ll be tested The hierarchy is defined as a function of the identifiers
;p051t10n in the MATMT record. A default hlerarchy of 1, 2, 3,4, N is )
iestabllshed by the coding. “This default h1erarchy may-. be replaced by data
?Input on the 2§% card.

As each prof1]e is read from the SENPRO f11e, its f1ve 1dentlf1ers ,

/are conpared with the correspondlng identifiers in each edit command. The

T i ,order in which the identifiers are compared is controlled by the estab-

é ' L7 Vished hierarchy. If equality is found between all of the nonzero identi-
. fiers ‘in an edit command and the corresponding identifiers from the MATMT.
- record of the profile, the profile qualifies for the edit/copy operation.

< Input Data

EDIT
1$$ Integer Parameters [5]
INI] - unit number of existing SENPRO file, if NI < 0 tre edited
profiles will be copied with listing omitted
NC - number of edit commands
NEW - copy option
>0, the unit number of a SENPRO file to be written containing
only those profiles edited.
=0, file not written
NSS - unit number of a scratch device, default = 31
NHI - hierarchy definition option
=0, use default definition
>0, prepare 2$$ card

'defined establishing the. order in which the identifiers in the EDIT command
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O 2$$ Integer Parameters [5] (Omit if NHI = 0) _
o Input the MAT-MT positions 1 2 3 4 11 in the order required to
“define an appropriate hierarchy.
T : - |
3$$ Integer Parameters [5*NC] ) S
Assembly ID V i
Response ID
Material ID
‘Reaction type ID*
Reaction rate ratio ID - |

£

o Méompieie'ﬂc edit commands
_ .

SENPRO FILE SUM

| This execution path prepares qne,sensitivity profile by summing every
i , profile contained in a SENPRC file. Practical application usually involves
i“ executing the EDIT/COPY, SUM, and MERGE paths in sequence.
| B

N

Input Data

SUM
1$$ Integer Parameters [2]
NI - old unit number

N2 - new number o
T

2%$ Integer Parameters [12]
define the MATMT record for the new profile

*MT=5191 is a special reaction type identifier which permits any fnelastic
( Tevel and the contiuum to be elfgible for EDIT/COPY.




B S N
. e e e e e = e e st

viTi-14 : o

Response title card for new profile (FORMAT 11A6) - )
Profile title card for new profile (FORMAT 8A6)

The program cupplies the last 3A6 words of a profile title.
' SENPRO FILE GROUP i

_This execution path replaces or modifies the group structure on a
'SENPRO file. |

_Input Data -

(v
f

" GROUP R

 ‘515$~Integer éafameters {21 - .

~ NOLD - unit number of existing SENPRO file -
NEW - unit number of new SENPRO file

§ 2** Group Boundaries or Modifiers [Number of groups * 1]

3 T | \
i Comments | - P

% If the first and last entries in the 2** arrzy are equal, the contents ‘

3 of the 2** array are used to modify the group boundaries on the SENPRO file.

i GBi = GB; * GBHi =

; where

b S GB* - group boundaries on SENPRO

GBM - modifiers read in 2** arra-
The intent of this is to provide a capability to change the units of the
group boundaries on a SENPRO file. For example, 2** F1.0E+6 T would
) change the units from MeV to EV.

If the first and last entries in the 2** array are not equal, the
contents of the 2** array replaces the group boundaries on the SENPRO file.

The group boundaries entered in the 2*~ array may be in either
ascending or descending order. GROUP will insure that the boundaries
:: placed on:the new SENPRO are in descending order.

IR Y "("37?"»!‘“,{%:&1% ‘ b o PSR o,

GROUP assumes the number of entries in the 2** array are equal to the
number of group boundaries on the SENPRO file. Since all information

i f
| | |

| | | I
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about the number of boundaries is taken from the SENPRO file, any indi-
cation of an error in the number of entries read in the 2** array is

disasterous and the input should be carefully checked.

"
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i APPENDIX A
» The Format for Standard Interface File SENPRO for
Group-Dependent Sensitivitv Coefficients
c’.....-..............-..I..............'....--.‘.-....l..‘.......-.....
c 2EIISED 35/12/76 ) -
B [ = -
- cy sZypvQ -
ce TRIS PIL2 COFTRAINS SENSITIVIUY -
feg4 COeRPYICIENTIS 3t GR0G? AS Lk FINCTION OP -
cz EATYSIAL - ETACTYON TYPZ, ASSEN3LY, AYD BRESPOSE -
c -
cN SITISION 3T Z200P LZTNARGY VIOTIS %WAY B2 -
ce JECESS 23T POR NZANIIC?UL GaiP JIC JIS2LaAY. -
cy INCLJIDED AREZ, TOTAL SERSITIVITY C2ZFPICIE®TS -
cy S3Y G2O0P SIANID GQVER EPPECT TIPZ2S, ZIJSEBS, AYD
(= ] SCATT®RISC OR323IS. O QPTION, PARTIAL - -
" s COZPPICIZYCS AAY ALSD 32 RZPYUSZITED AS TARIJDS -
" [ ] COESIATIONS J2F DIIESCT AND I MIDIRTCT EPPECT, -
b Ccx I0¥E, AND SCATTERING JRDER -
[ -
ce . A PILZ SOCYH AS P9IS IS ¥223fPD 3¥ OR3L - FORSS -
c - - -
c 35 -LLLICTUE -
[«f -
c -
c'..'.....'.‘.-..........-.-...-..--.'...'....--.I.-....'.--....-.‘.I.l’.
1 Crvmmr e e e rrreeeea -—————- -
cs FILZ STagcooRE -
[t - -
) cs 22C22D TY2T pe2szyT Ir -
‘ : G FEIBIEEITITTT N IIIFIIERNIFEIIIZIESET ETYSEFIFEEEEINXEEIY -
Cs YILE YDEXNTIZICAT ION ALELTS -
[oc 7YLE ZQ¥TIaL ALY RYS -
< ¥23T2WY GRAWP 300X22ALZS ¥YNGRS?.G2.0 -
S JASTA GROOP BOOUYOA2IZS NG32IP.GT.3 -
’ cs ssedosscvoses® (RPPEAT PG ALL R ATERIAL -~ -
(e - REAZCTION PAIRS, NAT - 27) -
cs - %AT - XT C2NT RCL ’ ALELYS -
- Ccs 14 REZSPONSE 25T L PTION $3R3.57.3 -
S L4 ZJ3MZ DENSITIZS 222X, 37,5 -
[ . SOLLZRITH 22SCIIPTIOY 3P TITAL ALSRYZ -
[t . SEYSIZITITY ZOZPPIZIZNTS -
< . TOTAL SENSI7ITTTY COEBPPICINTS ALSAYS -
[« L4 3Y SRIOP S3mTEI 0YER, TYPZ, IQy¥e, -
cs L4 AND SCATTEZRING 32022 -
(& . ?3RTIAL COYTIOL P38T.G67.C -
[of.1 ¢ oevecesvesss (RPPELT POR ALL PARTIAL -
(o4 o » CoZPPICIENT S527S) -
cs s * FOLLERITH OESCRIPTION OF BPART.ST.D -
Ccs v e PARTIAL SET -
S . PARTIAL CO2PPICIZYTS BY 3203F RPLEL. ST,
Cs rY I I rXrrIerrl
~ c -
c2 FPOLE IDENTIPYZATION -
c -
(=4 AMARE, (TISE(L) ,I[=1,2) , 27225 -
c? foleqaLy . -
c -
c3 PORNAT (TTH OV SEYPRD , A6, THHe, 216, TH?, T6) -
[od+] AN AR E ADLLEZRITA FILZ YA RE=SENPRO~ (15 -
< HOSE AOLLERITH JISEZR IDEYTIZICATION (a8 ~
[ {7 reg PILZ YZRSION s7RBEY | -
[l 177 1 « A6 IS SIXILZ PRECIZIQN ¥NRD -
(’ <3 2 - A6 I3 DOIBLE PRECISION #OPRT -

Crnemmrraas e s mr e o — o w- - - - - - - 0 20 o it v 5 w2 B 2 0 et e e e
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e B i iatatatadtt g -—
(o | PrLZ CINTTOL -
c -
c Y5 30T, 5GP, ¥CT 2T 2, ¥NAT, TATI22, 223 2 -
C -
c¥ 6 - -
c . -
ce POREAT (Y 1D ,51I5) -
< 1GIITP S31823 OF TYEATTY 320375 -
co 5629 . ¥UMSER QF VEITICY 53IIPS -
Lat: ] scoanp SORaER OF ZASMA 320025 -
c ST SGNAER OF JAC- YT PAI3S -
cD “AYI20 HAXTNIY STATTINING G232R -
<o RT.0NE INXINV T ST2BZT 37 IO¥S -
c -—— —-—

C - - -

c3 SETT IO GIOUP ICBMGAILTS -
C -
CcL GP3%(I) . J=1,9IXGAP), 2XALY ’ -
C g -
cc PE2S2YT [P ¥¥GAP.ST.)D -
G 1NCRP -
C - -
(4] PIINATI(IY > ,L,5212.3/(5212.3)) -
co 3738 (J) EAXIYIY 2YE2GY SOAY3 OP YEITICY S2IGE (I) 73 -
() Z¥REY RININOY £Y¥233T7 OF J2IT0N ZXZLY 2A¥CZ -
e A .
Corerercemwn - > - —r
cz GANNA 5AOTP 2WINORALZS -
[od -
c (GP3G LN ,I=1,86529) ,228LN -
p ' i -
c< PEZS2YT IF WGGRP.ST.2 -
o NCGAP »1 -
[ -
c3 PIARAT @A 33 ,5212.67(5212.3)) -
co 523G(J BATINNY ZSTIZY 3COND 3P GARMA SROIIISY (27) -
c2 ESALY AINIMIY 282RCY AP SITYA W EIGY 2R3 -

c---------------—-----‘---——‘--‘--'--—’0-

o T ——
ca 2AT - AT C2NTTL . -
[~ -

CcL [AS3,I325P,3ATID, %0, VZION2, ISTC, NP ART, NV, 3208, 22T, ¥ T3V v Ti2
(o] 12

]

c -
co PIREAT(IH 30 , $1L5/T6) -
C -
cp 1As8 ASSIEBLY T2SYTIFICITICV -
¢ REPEAENCZ INL 19152(MDP-20C, -
co IR BSP RES?ONST IDENTIFICATION

<o 1 -k -
co 2 - BREZOINS BATIO -
co 3} - goeTH -
c3 8 -~ WEAZTION BATEZ 21772 -
< § - cruv: .
co AATIO TATESRIAL IDENTIFICATION -
cd ne ATACTION TYP® [IENTIFICITISN -
c3 vzong NUNBER OF I3NLZ -
co s SCATTZRING ORDER POR TOTAL COZFPIZIv=: -
c3 "warT NCORSER OF PAATINL $T77 -
e TR WNESER CF RCLLZZITI(A6) 4GADS 3523 75 JEIs7Io. -
<3 TR RZSPINCT -
co vzoey TONE 380G ITY ZpTIO -
c3 0 - IDNC JENZITISS Az STTTYT -
€3 1 - TOK: JEXSITTIS AL FRELICC -
e ATYIX KEESETY -
€3 sTax agszave: -
€3 ¥TRD agsen e .
Crrrmvrsvarrrrcrn e s om et . m—— - m - e ———— - —————————— - s W -, ——

My
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c
o RESPINSE DESCRIPTIOE -
[ of -
@ (*pES(D,Ix1,398D) - -
c
cC PRESSERT IPF ¥VRD.GT.O -
c i -
O SURDeNOLT ‘ : - -
c- . e . -
= PIEIAT(EA SD , IR, 1WME/{11A6)) -
c . - - . o -
co “POES(D ARBAY CONMTLINIVG HOLLZRITR DESCIIPTION aF -
. ; aESPONSE S : -
c --- -
® 2032 DENSITI®S ‘ . -
c Co RS J - . . _ ) = -
€L (zDEN(J),Js1,PZOSE) ; -
g cl ‘ : - ::1 ; ‘| ) S . -
€C . PHESEYT I? NZDEN. 2L 1 -
L~ P ~
cew . wmowr - L -
€8 PORRAT(A 6D ,SE12.3/(6212.3}) -
@ 1928 10¥E OENS ITIES -
C-"f"."‘-"""’,--'"" — -
c - - -
a SOLLZPITH DESCIIPTION OF TOTAL SEVSITIVITY C38YPISIzyss -
c ’ -
CL  MOL{I),I=1,11) -
c -
cy T1e830LT -
(g POR®AT (83 7D ,1A®, 1315,149) -
(P o e et e m PO, S S - - - —— - - - ———
c———------------—-----—-o-—-o—-----—-——--- - -
cr TOTAL SENSITI7IDY COZZPICIZNTS 2r GHCOP -
[« -
CL  (TOTS (J},J=1,9GRODP) -
Cc -
€y wsa00P -
C -
cs PORBAT (0 3D ,S5E12.3/(5212.3)) -
c . -
¢ Tors SZISITITITY COEPPICIZYTS -
Covemrnmrserwrenecrcrrerrrconson. - -

0




c e

3. 'FOREAT (BHIOD

t1emsLT 7

cs

BARTIAL SESSITIVITY CD

 EPARTS (), 3

- PRESEBT TP SPART.GT:

swone o ‘
FORRAT (343ID ,SE2.8/(6212.9))

PARTS SEFSTIIVICY G’.’?.’F;CZZS‘!S

c
cp
[ <

S
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ABSTRACT

A description is given of the computer code SENTINEL, which provides
;% a simple means for finding the effects on calculated reactor and shielding
g E B performance ﬁhrameiers due to proposed changes in the crossfsection data
A base. This code uses predetermined detailed sensitivity’COefficients in
SENPRO format, which is described in Appendix A. Knowledge of details of

the particular reactor and/or shielding assemblies is not required of the

" user. Also described is the computer code ‘SENDIN, which cenverts unfor-

“»;;ﬁi' matted (Linary) sensitivity files to card image form and vice versa.

This is useful for transferring sensitivity files from one installation to

another.

-y
X VA“M“""Z"\W?M,, Bk o



T TR FI S kb e bk WY st e o e e

-3
,lmémi‘cnon

Sens1t1v1ty coeff1c1ents for performance paraneters of reactor and

o

shleldlng ‘systems, ! espec1ally benchmarks, have been collected ln an ’ | ’
1nterface fllez usmg the SENPRO formt. This fornat llas developed R P ‘
accordlng to the standards establlshed by the Conmrttee on Couputer Codes ig;: :?;
' Coord1nat1on (CCCc) 3 The descr1pt10n of the SENPRO for-at is: g1ven 1n ' :’ : f
‘li:ADPendlx AL - "-ffdrn“.ﬂ' | 2 5‘; B ',‘ rﬁfr}_ =f;;jﬁf?fif‘"

C =
In order to use the SEﬂSlthlty data on a f1le. lt lS necessary to

_vc‘have codes wh1ch can read such flles as uell asto perfbrn the requlred j;ff

\computatlonal;man1pulat1ons. Such files are ordlnarlly unformatted

(binary) for computational efficiency, but-are not easily read on a
different type of computer. To facilitate the transfer of data from one

y - : , installation to another, the data are converted to card image form. This
; | requires a code which can translate a binary file to card image form and
| vice versa.
. This report documents two codes. The first, SENDIN, is useful for
| converting a sensitivity file from binery tec card image, for converting
S from card image to binary, and for obtaining a printed 1isting of a sensi-
! tivity file. The second, SENTINEL, calculates the percent change in a

! specified response due to given percent changes in specified reaction

‘\

cross sections over specified energy regions. An edited Tist of the most

significant individual contributions to the respuuse change is also given.




SENDIN

The program SENDIN :opies a sensitivity file in SENPRO-format, and

—in the copying process changes the file repre;entatiou'from binary to
SCaru inage fonu or.vice versa. In addftibn, a complete listing ora
partla] llstlng of the flle is prtnted to glve the user. accurate lufar-
natwun about the contents of a partIcu]ar fl]e. . |
There are tuo (2) 1nput ‘lles. ) ;
:.(1) The SENPRO sensrtlvrty filerto be converted and uhlch 1s
i“ spec1fred by the FORTRAN data—set reference number NIN (default
= value 20) o .
(2) The control file wnich con51s§§ -of a single card (card image)
and which is specified by FORTRAN data-set reference number 5.
- This card consists of four integers in (4I5) format: NBE, NIN,
NQUT, N5 |
>ﬂBE = 0 conversion is binary to card image.
# 0 conversion is card image to binary.

NIN = FORTRAN data-set reference,number'of the input sensi-
tivity file to be corserted (a zero or neqgative value
is replaced by the defauit value of 20). _

NBUT = FCRTRAN data-set reference number of the converted
ovtput file of sensitivities (a zero or negative value
-is replaced by a default value of 21).

NG6 specifies the printer output FORTRAN data-set reference

number and the type of edit — complete or reduced

{a zero value of NP6 is replaced by the default value

| Of '6)-

O
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N6 > 0 an edit of Epe entire file is formed on the unit
- with FORTRAN d;ra-set'reference number N@6.
ﬁﬂG <0 a reduced’edit of the file is formed on the unit;
with FORTRAN data-set referenco number -NDG |

There are two output files (both referred to. above) | -
(I) ‘The converted sen51t1v1ty flle wlth oata-set reference number
) NEUT (default value 2]3 e o o
(2) The file of pr1nter output Hlth data-set reference numberFlf

spec1f1ed by NEG (default value 6)

Sample Problem for SENDIN:

 The input cn unit 5 consists o?~a single blank eard. Unit 20
contains the binary SENPRO file. On unit 21 is a dummy file.

//59.FT20F001 DD DSN= etc., UNIT= etc.
//G@.FT21F001 DD DUMMY
//G@_FTOS5F0C1 DD *
(1 blank card)
/*

The blank card could be replaced by the following:
0 20 21 -6
with the same result.

The printer output on unit 6 produces a reduced edit of the SENPRO

file on unit 20.

0

0o
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SENTINEL

The program SENTINEL computes the percentage (or fractional) change

’ 1n<%he performance parameter of a given assembly due to spec1f1ed per—'
T centage (or fractwonal) changes in desrgnated reaction Ccross sections

- over a number of energy regions.

'The lnput data conSIsts of'

-

f;rg;or assembly, the number N of such senstt1v1t1es to be

lncluded and the 1dent1f1catlon for these so that {hey may

(2) The number of energy regions KMAX and the energy bounds for

each such region.

(3) The percentage (or fractional) change in nuclear data for each

of the N reactions for which a sensitivity is specified by (1)

above, and over each of the KMAX energy regions specified in (2). -

(4) Certain information specifying the printer output data;set
reference number (default value 6), and the SENPRO sensitivity"
file data-set reference number (default value ld).

(5) Infornation limiting the printout of the most important indi-
vidual contributions to the resulting change in the performance
parameter,

(6) The binary sensitfvity file fn SENPRO format.

The output consists of:
(1) The input information.

(2) Information selected from the sensitivity file.

(]) Parameters def1n1ng the perfbrﬁance:parameter, the reactorp ','"

jbe selected from the sens1t1v1ty flle which is in SENPRO fbrmat.’

s
4
£

“x
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e
1

= ,<i,f , - (3) The resulting value of the percéhtaéé {or fractional) change in
A the performance parameter.

(4) An ordered list of the most important individual contributions

_ to the change.
Specifically, ihe input to SENTINEL for one‘casejconsists of one c&rd
of six numbers and three arrays entered’in FI00 system fbhggt. The FIDD -
system is~désdribéd in Appendix k;' Severaﬁ Stackéd'casés can be caltylated
.. in one ruq; The follouing inputﬁfs required for each case:
one Ear& (format ZIS;TFIO,V3IS): | N,KHAX,PERCNT.NUHB,[ﬁNIT,IDUT
; arrayrof energy regions: " 1* ((EHL(K),ELB(K)),\ =7 ,"MAX)
"percest changes: T g ((PRCENT(K,NI),K=1,KHAX)',NI=I,N)
| ; sensitivity identifiers: 5¢$ ((INF@(I,N1),I=1,9),N1=1,N)
l{ . l;'lDa terminator: | T

N = the number of sensitivity profiles to be included.
KMAX = the number of energy regions to Bé incliuded.

1 PERCNT = the minimum magnitude (in percent of the‘total contribution)
| | of a single (one energy region and one reaction) contribution to
be included in a printout of the most important individual

contributions,

NUMB = the maximum number of most important contributions to be
printed out individually.

LUNIT = the data set reference number of the sensitivity file in
SENPRO format (default value = 10),

IUT = printer output data-set reference number (default value = 6).

C N
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EHI(K) = an energy bound in eV for energy region K (the regions
should appearfin order of decreasing energy) .
ELA(K) = the other bound for region K_

PRCENT(K,N1) = the percent change in>nuc]ear data associated with

- sensitivity N1 in energy region K.
IPFP (I,N1) [=1,9 consists of nine ident:fiers for the sensitivity

profile N1. The nine identifiers in order are:

IASB = the aséembly identifier as it appears in the file, or,
if the first IASB (=INFB(1,1)) ic negative, cases are

made to include every assembly in the file.

v SRRV, L

IRESP = 1,2,3,4,5 according as the response is multiplication
factor k, breeding ratio, wortk, reaction rate ratio, or
some other type of response, respectively; or, if the
first IRESP (=INF@(2,1)) is negative, cases are made to
include all responses.

MATID = nuclide identification using ENDF assignments.

MT = reaction identification using ENDF assignments.

NTRN = 1,2,3,... an arbitrary identification number chosen by
the file creator to distinguish different reaction rate
or worth responses (0 for IRESP=1).

ITYPE, IZON1, IZ@N2, ISCAT refer to partial sensitivities and
are set to zero since no partial sensitivities are

presently used.
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to ENDF/B-V. These changes are given in five groups as follows:

IX-9

Sample Problem for SENTINEL: -

This problem determineé the effect of proposed changes in the fission
cross section (MT number 18) of 235y, 238y, and 239Pﬁ (MAT numbers 1261,
1262, and 1264 respective]y) on the multiplication factor (IRESP=1 and
HTRN=0) of each assembly'fh;the file (five), and on the ;entral reaction
rate ratio 28¢/%3f (IRESP=4 and NTRN=i), and on the central réaction‘raté
ratio 28f/%9¢ (IRESP=4 and NTRN=2) of the ZPR-6/7 assembly. ~(IASB=5 is
the nuater assigned this assembly‘in tﬁe SENPRO file reported in Ref. 2;);'
The proposed changes représént approximate changes~fn goingAfrom ENDF/B-iQ'

~

o

Energy Range Change in 0%5 Change in o%a Change in 029
MeV) (percent) (percent) (percent
S 3.679-10.000 1.44 -2.50 ’ -1.07
1.353-3.679 -0.24 -3.50 0.83
.498-1.353 -2.57 12.00 1.02
.183- .498 -3.32 0.00 -0.30
.067- .183 -2.13 0.00 -2.13-

This sample problem uses the fast benchmerks for which sénsitivities
are reported in reference 2. We assume”these sensitivities are available
in binary SENFRO format on a unit with data-set reference number 10.

The input. can be stacked as three cases. The first searches through
all the assemblies in the file (since INFO(1,1) is negative) and manufac-
tures a case for each assembly found. For these we limit to ten (NUMB = 10)

the number of individual largest contributions to be printed out, regardlesc

of magnitude.
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The second of the three input cases finds the change in the central
reaction-rate ratio 28¢c/“2f in ZPR-6/7 and prints out the largest indi-
vidual contributions, each of which is not less than one percent

(PERCNT = ] 0) of the total calculated change. Not more than five such

: contrlbutlons ulll be pr1nted out.

The third input case calculates the vesulting change in the 28¢/59f
| ‘ratio in ZPR-6/7 and prlnts out (not more than six) individual contribu-
- tions greater than fbur<9ercent of the total. . 4i

' The input data files are as fbllous.

//69.FT10F001 DD DSh=etc. ,UNIT= -vpL= etc.
//GR.FTO5F001 DD * N
3 5 . 00 10 )
1** 3. 679E6 10. OE6 1.353E6 3.679E6 0.498E6 1.3536
"7 0.498E6 2R0.183E6 0.067€6 :
3% 1.44 -.24 -2.57 -3.32 -2.13
-2.50 -3.50 12,00 2Z
-1.07 0.83 1.02 -0.0 -2.13
5$$ -12 1 1261 18 5R0 12 11262 18 5R0 12 1 1264
18 5RO T
35 1.0 5
5$§ 12 4 1261 18 1 4R0 12 4 1262 18 1 4RO
1241264 18 1 4RO T
3 5 40 6
5$$ 12 4 1261 18 2 4T0 12 4 1262 18 2 4Z
12 41264 182 4R0 T

The output prints a warning message to note whenever a sensitivity
is missing in the file and, hence, is not included in the calculaticn.
Note that since the dimensions N and KMAX are constant the order of the
reactions (MAT-MT pairs) remains fixed and that the energy regions
(1** array) and the assigned percentages (3** array) remain fixed in
storage location as well as in value. Therefore, the FIDO 1** and 3**
arrays need not be read in again after the first case.

;':
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APPENDIX‘A

The Fsamat for Standard Interface File SENPRO for

Gioup-Depgndent~Sensitivity Coefficients
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TRIS PILE CONTALISS SEFSITIVITY

COEPPICIESTS BY GROOUP AS A YUBCTION OF )
RATERIAL - BREACTION TIPE, ASSENBLY, AND RESPONSE

DIVISIOI BY SBOUP LETNARGY WIDTHS BAY BE
SECESSARY POR REANINGPUL GRAP WIC DISPLAY.
INCLUDED ARE, TOTAL SENSITIVITY CD!P"CI!I!S
BY GROGP SURAED OVER EFPECT TYPES, ZJINES, llD
SCATTERING ORDERS. OF OPTION,  PARTIAL
COEPPICIESTS BAY ALSO BE BEPRESESTED AS VIIIOUS
COBRBINATIONS OF DINECT ABD IBDIRECT EFPPECT,
ZOBE, AND SCArTERING JRDER

A PILE SUCH AS PHIS IS NEEDED BY ORNL - PORSS.

FILE STRUCTORE

J. L. LOCIUS

t =

(I}

BECORD TYPE PRESERT IF

ET RS I ST I SIS IIEIEIRTBRT '.ISS‘.“S"»IBIS
PILE IDERTIPICATION ALNAYS

FILE CONTROL ALWRYS

WEUTROWN GROUP BOJEDARIES - EBCRUP.GT. O
GARAA GROUP BOUNDARIES NGGRUP. GT. 0

es00ccs0e 60095 (REPEAT POR ALL NATERIAL -~

REAZTTION PAIRS, HNAT - HT)

BAT - BT COBSI ROL ALUA XS
BESPONSE DESCRIPTION FIRD.GT.O
ZONE DENSITIES WIDEB.GT.0
SOLLERITR DESCRIPFION OF TOTAL ALURYS
SENSITIVYITY COEPPICIENTS

TOTAL SERSIVITITY CORPPICIENTS ALUAYS

BY GROUP SORAED OVER, TIPE, Z0KE,

AND SCATTERING ORDER

PLRTIAL CONTROL BPART. GT.O
se0400 000es (REPEAT POR ALL PARTIAL

COEPYICIENT SZTS)

BOLLERITR DESCRIPT ION OP WPART.GT.0
PARTIAL SET °
PARTIAL COEPPICIENTS BY GROUP WPART.GT.O

PILE IDENTIPICATION

RUARE, (RUSE(T) ,I=1,2) ,IVERS
1+ 3on0LT

FORRAT (TIH OV SENPRO , A6, TH®, 246, 1He, 16)

ANARE

v ems
BOLT

ROLLERITA PILE NANE-SEWPRO- (AS)
ROLLERITH USER IDESTIPICATION (A6)
PILE VYBRSION NORBER

1 - A6 IS SINZLE PRECISION WORD

2 - A6 IS DOUBLE PRECISION WORD
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C -— P

cr PILE COSTROL -
(g -
cL %3 ROUP,NNG WP, NGGII P, NRAT, HAYORD,HZOB E : = -
C - - -
cy 6 T
C -
cs PORRAT (M 1D ,616) -
co sGcROwP NUNBER OF EBERGY GROOPS -
€6’ sEGRP SUMBER OF SEUZRON CROUPS -
CD - NGHRAP MUNBER OF GARAA SROUPS -
cp _.mmAT WUNBER OF BAT- NT PRISS -
co 1AXORD HAXTRGN SCATTERING ORDER -
<o nz.oxe WAKIAUN WURBER-OP ZOWES -
L s < .
P -------;-_-

.CR SEUT ROS cronp BOUEDARLES -
[ -
ctL (GPBE (J),J=1,RNGRP) , ESNIN -
c ‘ -
cc _PRESENT TP NNGWP.GP.0 -
o nEGar e - -
C . i - ) -
cs PIRMAT(SR 2D ,5E12.0/(6E12.8)) -
co sesN(d) BAXIWIN ENERCY BOOSD OF NEITRON GRIOP (J) (V) -
co RIS BINIAUY EFEASY OF WEOTROW EPENGY. WANGE z
C~- — - ———y
[ e ——— - D T S P -
cr GARRA GROUP BOUNDARIES -
C - -
CL.  (GPBG(J),I=1,BCGRP) ,ESALE -
c -
cc PRESENT I? WGGRP.GT.0 -
(o] BGGRP e -
c -
cB PORAAT (%H 3D ,5E32.8/(6B12.8)) -
co GPAG(J) AAYIAUN ENERGY BOUBD OF GAMAA GROUP(J) (EV) -
co EGWIN PINIAIN ENERGY OF GANAA ENERGY RANGE -
Cr~womean - e S e, - . .- - - - -
C -------- oo - LT TR P - - — - -
cn BAT - AT CONTROL -
C -

(49 IASH,IRESP, HATID,OT, uo.:, (STC,IPI‘T,l'lD,liD!l,!l‘ll!l,l‘lil WTRD
o 12

CB YIRBAT (3R 4D , 1916/16)

c -
cn IASS ASSENBLY IDESTIPICATION -
co REFERESCE PSL 19302 (RNDP-202) P-1 -
co IR 25¢ RESPONSE IDESTIPICATION

(o ] 1 -K -
co < - BREEDINZ RATIO -
cD 3 - TORTR -
(4] 8 - REACTION RATE RATIO -
(o4 ] S - OTRER -
[ NATID BATERIAL IDENTIPXICATION -
(o4 ] Lid REACTION TYPE IDENTIPICATION -
cD sLoste WORBER OF ZONES -
co IS SCATTERING ORDER POR TOTAL COEPFICIENTS -
<D UPART NORBER OF PARTIAL SETS -
cb R0 WIASER OF ROLLERITH(A6) WORDS USED TO DESCRIBE -
[o4. I TRAE RESPONSE -
co wZpen ZONE DEES ITY OPTIOW -
cp ' 0 - ZOWE NENSITIES AREZ ORITTED -
cp | 1 - ZONEZ DENSITIES ARL PRESENT -
CD  AATRIX RESERVED -
co neow RESEZRY 2D -
cd ' mrmd RESERYED -

c"f-'--".'------'-"‘ Rt A L L L Ll Lt DL L2 g g L ey
|

1




fote

-
(O

IX-16
c-- -
ca RESPOBSE DESCRIPTION -
c , -
a (ROES( 1), I=1,B0RD) -
c : -
cc PRESEST IF EURD.GT.0 -
[og -
s ] SERDOAULY -
c : C -
cB PIERAT(ON SO , IN®, 1TAG/(11A6)) -
C. -
Co - BDES(D ARBAY CONTAINING ROLLERITS nzscnntol or -
co HESPORS P -
c-- ———- -
Croerr et e e e -
ce ‘ZONE ‘DEFSITIES -
C : o . -
CcL {ZDEX (J) ,J=1,852082) - -
c ' -
- cc PRESENT IV WIDEE.E2Q. T -
c -
cE-  wTOmE -
c ] , -
cB FORAAT (3B KD ,SEV2.8/(6E12.¥})) . -
c : : = -
(] e ZOWE DERSITIES' -
Crrmrrrrrrr s crrrr e a - - - — - - ——— e > -—
c---- ............ - - orw - - - -
R BOLLERITR DLSCRIPTION OF TOTAL SESSITIVITY COEPPICIENTS -
c -
cL (ROL(I)},I=7,1%) -
C -
cv 11epnLT L -
C i -
cp FORMAT (8RR 7D ,IRe, lus 18¢) -
[ D et bl Rt Ll il el Rt et L L T g - - -
c---o ----------------- - - - —— - ———— - - - - - -~ - e > o -
cR TOTAL susn"rn COEFPICIENTS BY cnour -
[ -
cL (TOTS (J) ,3=3 ,NGROUP) -
Cc -
ce 3 RO P -
Cc -
cp FORRAT (R 3D ,SE12.8/(6212.8)) -
c -
co 0TS SEFSITIVITY cozrncrurs -
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‘ H ;i : Crmecmcmecen cemmmetccreamaa —————
~ ce PABTIAL COBTROL - .
1 c - : _ - %
1 CL . (ITYPR (X),1ZONT (I}, IZON2(I), ISCAT (1), I=1,NPART) - :
c - ; - :
cc PBESENT IP BPART.ST.D - -
Cc - - :
cy e BPART - P
c - -
cB FORRAT {88 3D 816/ (316)) -
c - -
= < co LTYPE (I} TYPEZ IDENTIPICAT ION -
e Ccp 1 - R DINECT EPPECT(HIDE) -
EIE cb . -2 - N2 DIRECT BFPECT (H2DE) - ;
cp 3 - PORSARD PLUX PERTURBATIOIN (PPP) - o
cp Z 3 - ADJOINT PLUK PERTURBATION (APP) k - .
cp S - HIDECRIDRIPFP -
cp 6 - NIDEeN2DE+FPPeAPP - ;
c»- 1Z0M1 (1) LOYER D0 LIAITER POR ZONE SORNATIDN -
B cp noE2(y OPPRR 00 LIBITER POR ZORY SUABATIOP -
- < Vo cp TSCAT (T} . SCATTERING ORDER SPECIPICATION - : .-
- B . €D LE.ISTC - SCATTERING ORDER : ‘ - :
S T <o GT.ISTC - SOM OYER ALL SCATTERING ORDERS | - -
Cr=vmwercwancncrrervaccac—a- -— - - —
c ---------------------------- - - - - —— e - ———
ce - ROLLERITH DESCRIPTIOB OF PARTIAL SET -
c ’ . -
cL (BOLP(I) ,I=1,17) -
[og -
cc PRESENT TP NPART_CI.O0 -
Cc -
cy $1eROLT -
[ o -
cs vonnn(-mon m- ViNG, m-) -
e c-- ----------------------------- - - - - - - - — -
c ------------ - - - —————— A - —— - - -
ce PARTIAL SEESITIVITY COEFFICIENTS BY GROOP -
c

CL {PARTS {J) ,J=1,0GCHO0P)

-

a
LI I I }

cc PRESENT If WNPART.GT.0

(2]
(]

ce NS ROUP

C -
[} FORBAT (SHIVD ,SEV12,.4/(6B12.8)) -
o4 -
co PABRTS SEFSITIVITY COEPPICIENTS -

Corrrcorvoncsmssrrrcerrmonn - - " ———— - - - -
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APPENDIX B

The FIDO Input System

The FIDO lnput method is. espeCIally devised to allow the entering

Sioer mod'fylng of large data arrays with minimm effort. Special advantage
" is taken of patterns of repetition or symmetry wherever possible. The

FIDO system was patterned by Ward Englée and Wayne Rhoades after the- input

“method used with the FLOCO Coding system at Los Alamos,-and was first

applied to the DTF-II code. - Since that time, Vumerdus features requested
by users have been added, a free-field option has been developed and the
application of FIDO has spread to innumerable codes. i

The data are entered in units called "arrays." An array comprises

- a group of contiguous storage locations which are to be filled with data
_ at one time. These arrays usually correspond on a one-to-one basis with

FORTRAN arrays used in the program. /A group of one or more arrays read
with a single call to the FIDO package forms a "block," and a special
delimiter is required to signify the end of each block. Arrays within a
block may be read in any order with respect to each other, but an array
belonging to one block must not be shifted to another. The same array
can be entered repeatedly within the same block. For example, an array
could be filled with "0" using a special option, and then a few scattered
Tocations could be changed by reading in a new set of data for that array.
If no entries to the arrays in a block are required but the condition
requiring the block is met, the delimiter alone satisfies the inn:t
requirement.

Three major types of input are available: fixed-field input, free-
field input, and user-field input.

Fixed Field Input - Each card is divided into six 12-column data
fields, each of which is divided into three subfields. The following
sketch illustrates a typical data field. The three subfields always
comprise 2, 1, and 9 columns, respectively.

Subfield  Subfield Subfield
1 2 3
l | ! ' N N N B

1 2 3 b S 6 7 8 9 1011 12
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To begin the first array of a block, an array originator field is

placed in any field on a card:

Subfield 1: An integer array identifier < 100 specifying‘thc data
’ array to read '

© Subfield 2: An array-type indicator - :
"$" if the array is integer data
"*" {f the array is real data

Subfield 3: Blank

Data are then place in successive fields until thé reduired number
nf entries has been accounted for. A sample data sheet shown on page 19
illustrates this input.

In entering data, it is convenient to think of an "index" or
"pointer” which is under control of the user, and which specifies the
position i~ the array into which the next data entry is to go. The
pointer is always positioned at array location #1 by entering the arriy
originator field. The pointer subsequently moves according to the data
operator chosen. Blank fields are a special case, in that they do not
- cause any data modification and do not move the pointer,

A data field has the following form:

Subfield 1: The data numerator, an integer < 100. We refer to this
entry as N] in the following discussion.

Subfield 2: One of the special data operators listed below.

Subfield 3: A nine-character data entry, to be read in F9.0 format.
It will be converted to an integer if the array is a "$"
array or it a special array operator such as "Q” is
being used. Note that an exponent is permissible but
not required. Likewise, a decimal is permissible but
not required. If no decimal is supplied it is assumed
to be immediately to the left of the exponent, if any;
and otherwise to the right of the last column, This
entry is referred to as N3 in the following discussion.

[a]
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Neme General Example of Fido Input Cherge
1 IDENTIFICATION REMARKS (DO NOT PUNCH)
1,8 I W S N W B T { _B_e_gin the 1$ 82‘1‘&)’. fixed -field, integral
i A N N Y I B T Enter 1, ‘
L 4+ F L L4 L4 1 12 Fill array with 2.
"
R T N | Begin the 2* array, fixed- f1e1d real,
]
) 1 i 11~1213141 L 1L 1 " «0 |Enter 1,234,
[ 1]
- 11 1121~13J41 i 1"11 | SU S B | lll£ " "
p3,-11,2,3,4, ; +,0,2 " "
AL ] .
;".‘31 o1 (132,34 ro"
e Lt 3 4 1 |7‘ " 7.0 ‘ ‘
3 "
L1 N Y T A blank field is always ignored,
“ R S T T T T T T £ « |Terminate this block.
* L1 T v 3 1 3 % ,0 |No entries may follow T on a card,
' 1 L * L L1 1 11 ! 1 . Begi-n ki array, fixed'field real,
TS & I | WEnter01234156789101010
:: SORL g0 as real numbers.
S,y o 41,0,8, 1,0, Repeat 3* in free-iield, skip
“1 J 1, 11,20 4 o 4y e a0 || to 1l1th entry, correct sequence to
[ 1)
L4 PR S NS N T S S vy 4 4 43,0]7 ----9,10,11,12, .
NI T T Begin 4* array, free-field, real.
L_ 2 |Q1" | 1 1 1 1 1 1 Enter 1'2!3’42 1»203v4| 10233|4° :
C L End reading this array; remainder of array unchange
e IR Terminate this block.
4
| I NS B N | L1 1 ” "0
(1]
1 1 1 l 4 1 ] ¥ Ll L L ] L 14 1 0
R - REPEAT 1- INTERPOLATE $.SKiP T . TERMINATE .

Le-X1
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A list of data operators and their effect on the array being input

follows:

“Blank" indicates a_single entry of data. ﬂThe data entry in the
tﬁird subfield is entered in the location indicated by the pointer,
and the pointer is advanced by one. However, an entirely blank
field is ignored. ‘

“+" or "-" indicates exponentiation. The data entry in the third
field is entered and multiplied by 10°N!, where N, is the data
numerator. in the first subfield, given the sign indicated by the
data operator itself. The pointer is advanced by one. In cases
where an exponent is needed, this option allows the entering of
more significant figures than the blank option.

"&" has the same effect as "+".

“R" indicates that the data entry is to be repeated N; times. The
pointer is advanced by Ny. ~

"I" indicates 1inear interpolation. The data numerator, N;,
indicates the number of interpolated points to be supplied. The

data entry in the third subfield is entered, followed by N; inter-
polated entries equally spaced between that value and the data entry
found in the third subfield of the next non-blank field. The pointer
is advanced by N, + 1. The field following an "I" field is then
processed normally, according to its own data operator. The "I"
entry is especially valuable for specifying a spatial mesh. In "§"
arrays, interpolated values will be rounded to the nearest integer.

"L" indicates logarithmic interpolation. The effect is the same
as that of "I" except that the resulting data are evenly separated
in log-space. This i< especially convenient for specifying an
energy mesh,

"Q" 1is used to repeat sequences of numbers. The length of the
sequence js given by the tnird subfield, N3. The sequence of N,

S
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entries is to be repeated N, times. The pointer is advanced by
N,*N;. If either N; or N3 is 0, then a sequence of N; + N3

is repeated one time only, and the pointer is advanced by N, + Nj.
This feature is especially valuable for geometry specification.

The "N" option has the same effect as "Q", except that the order
of the sequence is reversed each time it is entered. This is
valuable for the type of symmetry possessed by quadrature
coefficients.

"M" has the same effect as "N" except that the sign of each
entry in the sequence is reversed each time the sequence is
entered. For example, the entries:

12 32M2
would be equivalent to:

123-3-223

This option is also useful in entering quadrature coefficients.

"I" causes Ny + N3 locations to be set to 0. The pointer is
advanced by N, + Nj.

"C" causes the position of the last arrcy item entered to be
printed. This is the position of the pointer, less 1. The
pointer is not moved.

"0" causes the print trigger to be changed. The trigger is
originally off. Successive "0" fields turn it on and off
alternately. Whan the trigger is on, each card image is listed
as it is read.

"S$" indicates that the pointer is to skip N; positions leaving
those array positions unchanged. If the third subfield is non-
blank, that data ertry is entered following the skip, and the
pointer is advanced by N; + 1.

“A" moves the pointer to the position N;, specified in the third
subfield.
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"F" fills the remainder of the array with the datum entered in
- the third subfield.

"E" skips over the remainder of the array. The array length
criterion is always satisfied by an "E", no matter how many
entries have been specifi:d. No more entries to an array may

= be given following an "E", except that data entry may be restarted

with an "A".

The reading of data to an array is terminated when a new array

origin field is supplied, or when the block is terminated. If an incor-

rect number of positions has been %illed, an error edit is given, and a
flag is set which will later abort execution of the problem. FIDO then
continues with the next array if an array origin was read. Otherwise,
it returns control to the calling program.

A block termipation consists of a field having "T" in the second

sub-field. A1l entries following "T" on a card are ignored, and control
is returned from FIDO to the calling program. -

Comment cards can be entered within a block by piacing an apostrophe
(*} in column 1. Then columns 2-80 will be Tisted, with column 2 being
used for printer carriage control. Such cards have no effect on the data
array or pointer.

Free-Field Input ~ With free-field input, data are written without
fixed restrictions as to field and subfield size and positioning on the
card. The options used with fixed-field input are available, although
some are slightly restricted in form. In general, fewer data cards are
required for a problem, the interpreting print is easier to read, a card
listing is more intelligible, the cards are easier to keypunch, and cer-
tain common keypunch errors are tolerated without affecting the problem.
Data arrays using fixed- and free-field input can be intermingled at will
within a given block.

The concept of three subfields per field is still applicable to free-
field input, but if no entry for a field is required, no-space for it need
be left. Only columns 1-72 may be used, as with fixed-field input.
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The array originator field can begin in any position. The array
identifiers and type indicators are used as in fixed-field input. The

- type indicator is entered twice, to designate free-field input (i.e.,

"$§" or "***)_  The blank third subfield required in fixed-field input
is not required. For example: 31** jindicates that array 31, a real-
data afray, will follow in free-field format.

Data fields may follow the array origin field immediately. The
data field entries are identical to the fized-field entries with the

following restrictions:

(1) Any number of blanks may separate fields, but at least one
' blank must follow a third subfield entry if one is used.
(2) If both first and second subfield entries are used, no blanks
“may separate them, i.e., 245, but not 24 S.

(3) Numbers written with exponents must not have imbedded blanks,
i.e., 1.0C+4, 1.0E4, 1.0+4, or even 144, but not 1.0 E4.

(4) In third-subfield data entries, only 9 digits, including the
decimal but not including the exponent field, can be used, i.e.,
123456.89E07, but not 123456.789:07.

(5) The Z entry must be of the form: 738Z, not 2738 or 738 7. -

(6) The + or - data operators are not needed and are not available.

(7) The Q, N, and M entries are restricted: 3Q4, IN4, or M4, but
not 4Q, 4N, or 4M.

User-Field Input - If the user follows the array identifier in the
array originator field with the dharacter "U" or "V", the input format is
to be specified by the user. If "U" is specified, the FORTRAN FORMAT to
be used must be supplied in columns 1-72 of the next card. The format

must be enclosed by the usual parentheses. Then tne data for the entire
array must follow on successive cards. The rules of ordirary FORTRAN
input as to exponents, blanks, etc., apply. If *he array data do not
fill the last card, th2 remainder must be left blank.

"V" has the same effect as "U" except “hat the format read in the
last preceding "U" array is used.
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ABSTRACT

A description is given of the computer code CAVALIER, which provides
a simpie means for estimating the uncertainties in calculated neutronics
parameters that result from uncertainties in nuclear data. This code
uses predetermined detailed multigroup sensitivity coefficients in SENPRO
format f6r specific reactor and/or shielding assemblies and MUltigroup
crosc-section covariance uncertainties in COVERX format. Also described
is the computer‘code COVERT, which converts unformatted (binary) covari-
ance files to card image form and vice versa. This is useful for trans-
ferring covariance files from one installation to another. These two
codes, along with extended compilations of sensitivity ccefficients and
covariance matrix libraries are currently available through the Radiation

Shielding Information Center (RSIC) at Oak Ridge National Laboratory.
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{; INTRODUCTION

The ORNL sensitivity and uncertainty analysis system (FORSS)l has .
been applied to several data-testing CSEWG benchmarks2 in order to : :
- determire, for calculated performance parameters, the uncertainties
whichk result from uncertainties in nuclear data. Interface files for i
mul tigroup sensitivity coefficients in SENPRO format3 are used herein,
as well as multigroup cross-section covariance interface fiies which
use the COVERX format.4 These formats were developed according to the
standards established by the Committee on Computer Codes Coordination i
(CCCC).> The description of the COVERX format is given in Appendix A.

PR St Bty

In order to use the covariance information from computerized data
fi” it is necessary to have codes which can read such files as well
a to solve the pertinent algorithms. This report documents two
su. .odes. The first, CAVALIER, is used to estimate the uncertainties
' in calcuiated neutronics parameters using sensitivity coefficiants6 in
fb SENPRO format and covariance data in COVERX format. The second, COVERT,
is useful for converting a covariance file from binary to card imagg
| (and vice versa), and for obtaining a printed edit of the nuclear data
covariance file. This code is essential since COVERX unformatted
(binary) data, for computational efficiency, are not easily read on
different_types of computers. To facilitate the transfer of data from

one installation to another, COVERT can translate a binary file to card
image form and vice versa.
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CAVALIER

The program CAVALIER computes the relative standard deviations of
calculated performance parameters of reactor systems. These standard
deviations are assumed to resuit from specific nuclear data errors, the
covariances of which are contained in a COVERX file. These nuclear data
covariances are used with sensitivities in a SENPRO file to determine
the standard deviation for response R by the following equation:

where:

2 -
fl . :E: R i,j R 1
[s.0.) 2o s} 5 eon i s )
g9 )
Sgi is the relative sensitivity coefficient for response R

to the cross section ogl of type i (denoting nuclide and
reaction) in group g. This sensitivity is given by

1
R _ % R
S¢i TR T (2)
acg

“I,] . . . ]
(cov)g';. is the relative covariance of croass sections og

J
and og. .

(S.D.)R is the standard deviation of response R resulting

from the uncertainties included in the sum.

The nput data consist of:

(1) Problem type specifications for labeling purposes.
(2) The number of parameter sets N. A set consists of nine

identifiers describing a sensitivity profile and covariance
matrix to be included in the calculation. Provisions are made
Tor reporting results from searches on one or more of the
above parameters as described below.

The printer output data-set reference number (default value 6),
the SENPRO sensitivity file data-set reference number (default
value 10), and the COVERX covariance file dJata-set reference
namber (default value 11).
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(4) The binary gensitivity file in SENPRO format.
(5) The binary covariance matrix file in COVERX format.

The output consists of:

(1) The input information.

(2) Problem type identification. _

(3) Materials and reactiois of interest which are selected from
the cuvariance matrix file with_associated warnings if a
covariance is not found in the file. ,

(4) Assemblies and responses of interest which are selected from
the sensitivity‘fi]e with associated warnings if a sensitivity
is not found n the file. :

(5) The correlations included in the problem.

(6) The resulting relative standard deviation (%) for each of
the calculated performance varameters of interest.

(7) The contributions from covariances ir input cross section data
to the output relative variance of the indicated response.

Specifically, the input to CAVALIER for one case consists of one
card of 5 numbers and one array entered in FIDO system format. The
FIDO system is described in ppendix B. Several stacked cases can be
celculated in one run. The fallowing input i required for each case:

one card {format 515): NB, N, LUNIT, MUNIT, IOUT
sensitivity & covariance matrix identifiers: 5$$((INFO(I, J),1=1,9),J=1.N)
FIDO terminator: T

NB = 1, 2, 3 according to problem type selection, fast reactor bench-
mark, shielding benchmark, or thermal reactor benchmark.

N = the number of parameter sets identifying the sensitivity profiles
and the covariance matrices to be included. :

LUNIT = the data-set reference number of the sensitivity file in
SENPRO format (default value = 10).

MUNIT = the data set reference number of the covariance file in
COVERX format (default value = 11).

I0UT = printer output data-set -efcrence number (default value = 6).

AT o R i e b s 12 A R e e
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INFO (1,J) I=1,9 J=1,N, consists of nine idertifiers for the

sensitivity profile J. The nine identifiers in order are.

IASB = the assembly identifier as it abpearﬁ in the file or,
if the first IASB (=INFO(1,1)) is negative, searches are
made to include every assembly in the file. (Assembly
identifier: were selected as reporfed in Ref. 2. Arbitrary
numbers were chosen by the file creator in cases where
assembly identification dic not exist.)

IRESP = 1,2,3,4,5 according as the response is multiplication
factor k, breeding ratio, worth, reaction rate ratio. or
some other type of response. If the first IRESP (=INF0(2,1))
is negative, all responses are included by the search.

MATID = nuclide identificaticn using ENDF assignments.

MT = reaction identification using ENDF assignments

HIRN = 1,2,3,... an identification number chosen by the file
creator (presently arbitrary) to distinquish different -
reaction rate or worth responses (0 for IRESP=1).

ITYPE, 1Z0N1, 1ZON2, ISCAT refer to partial sensitivities and
are set to zero since no partial sensitivities are
presently used.

Sample Problem for CAVALIER:

This problem determines tne relative standard deviations in percent of
the calculated response(s) due to estimated uncertainties in 228U(n,f),
238y(n,y), 239%pu(n,f), 23%u(n,v), 23°Pu(v) including the correlation
Setween 23%Puln,f) and the 239Pu(n,;) cross sections. The calculated
responses for this sample are multiplication factor (IRESP=1 and NTRN=0),
central reaction rate ratios 28c/“91" (IRESP=1 and NTRN=1), and 28f/%°f
(IRESP=4 and NTRN=2) of the ZPR—6/7:assembly. (1ASB=5 is the number
assigned this assembly in the SENPRO file reported in Ref. 2.) The relative

_standard deviation for the three re#ponses using CAVALIER are:

Assembly Response | Standard Deviation (%)
IPR-5/7 k ‘ 3.57
IPR-6/7 28c/u3f 8.86

1PR-6/7 28¢/u0f 4.85
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{ This sample problem uses the fast benchmarks for which sensitivities
are rer-st24 in Ref. 3 and the covariance matrices from the LMFBR Core
Physics Cosariance Matrix Library.4 We assume these sensitivities and
covariances are availabie in binary SENPRO and COVERX formats and reside
on units having data set reference numbers 10 and 17. - “
AThe input, as will be shown below, can be stacked as three cases.
The first searches through all the responses in the SENPRO file (since
INFO(2,1) is negative) and calculates a standard deviation for each
response found. In this example the ZPR-A/7 assembly was specifically
] selected and five MAT-MT pairs were specifically identified.
;' - - The second of the three input cases fin.. the standard deviations
| - for all assemblies (INFO(1,1) is negative) and all responses (INFO(2,1)
is negative) in the file, but five nuclide and reaction types (MAT-MT
pairs) were specifically identified.

The third input case calculates for all assemblivs and responses in
the SENPRO file, the standard deviations which result from errors in all
nuclide reaction types residing in the COVERX file (ﬁ'is negative).

The input data files are as follows:

//GO.FTI0F001 DD DS%=etc. ,UNIT=VOL=etc.
//GO.FTT1F001 DD DSN=etc. ,UNIT=VOL=etc.
1 5
5$$
12 -1 71262 18 SRO 12 1 1262 102 % 12 1 1264 18 5R0
12 1 1264 102 SRC 12 1 1264 452 5R0 T
1 5
5$$
-32 -1 1262 18 5R0 12 1 1262 102 5R0 12 1 1264 18 5R0
12 1 1264 102 5R0 12 1 1264 452 5RO T
1 -5
58$
-12 -1 7RO T )

The output prints a warning message to note whenever a sensitivity or
covariance is missing from the file, and these sensitivities and covariances
ar- set to zero. Correlations, sdch as those between the 2?3%Py(n,f) and

( the ’?Pu(n,y) cross sections in ?he first example are automatically selected,

included in the calculation, and flagged in the printer output.
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COVERT

The program COVERT copies a covariance file in COVERX format, and in

the copying process changes the file representation from binary to card
image form or vice versa. In addition, a complete listing or a partial
listing of the file is printed to give the user information about the
contents of a particular file.

There are two (2) input files:
(1) The COVERX covariance file to be converted which is specified

i
;C
]

(2) The control file which consists of a single card (card image)
which is specified by FORTRAN data-set reference number 5.
This card consists of four integers in (415) format: NBE, NIN,
NOUT,” NO6.
‘NBE

0 conversion is binary to card image.
# 0 conversion is card image to binary.
NIN FORTRAN data-set reference number of the input
§ cova-jance file to be converted (a zero or negative
é value is replaced by the default value of 20).
: NOUT = FORTRZN data-set reference nuzber of the converted
output file of covariances (a zero or negative value
is replaced by a default value of 21).
NO6 = specifies the printer output FORTRAN data-set
reference number and the type of edit - complete or
reduced (a zero value of NO6 is replaced by the
default value of -6).
NO6 > 0 an edit of the entire file is formed on the
unit with FORTRAN data-set reference number NO6.
NO6 < 0 a reduced edit of the file is formed on the

1}

There are two output files (both referred to above):

(1) The converted covariance file with data-set reference number
‘ NOUT (default value 21).
‘ (2) The file of printer cutput with data-set reference number
‘ specified by NO6 (default value 6).

B s G [ (U Y L RN

by the FORTRAN data-set reference number NIN (default value 20).

unit with FORTRAN data-set reference number -NO6.

[
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Sample Problem for COVERT:

The input on unit 5 consists of a single blank card. Unit 20 contains
the binary COVERX file. On unit 21 is a dumy file.
- //G0.FT20F001 DD UNIT=3330,VOL=SER=ZX0000,DISP=SHR,

// DSN=JDD.COVERX.FISS.SPEC.V1.0CT2477

//GO.FT21F001 DD DUMMY

//60.FTO5F001 DD *
(7 blank card)

/t

The blank card could be replaced by the following:
0 20 21 -6
with the same result.

The printer output on unit 6 produces > reduced edit of the COVERX
file on unit 20.
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APPENDIX A

Tha Format for Stendard Inferface File COVERX for

Multigroup Cross-Section Covariance Matrices
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c....‘........‘......"....‘.‘...‘......‘........................‘......

< REVISED 1191777 -
Cc -
CcP COVZIRX . -
fol 4 THIS PILE CONTAINS CROSS SECTIONS, -
ce STANDARD DEVIATIONS, AND -
CE RY DESIGNATION BEITHER COVARIANCE, -
CE RELATIVE COVARIANTE, - . -
ce 0% CORRELATION R®ATRICES., -
C -
CE A PILT SNCH AS THIS IS NFPEDED BY ORNL - PORSS -
c -
jad J. L. LOTIVUS -
c -
CHSSe st ABr Rt S RS EE RS PR LSS ARSI ASEE R AEsES RS SAPISEra s RaCRASyEDsERadyY
Crrrrrecrr e rerccer s s cecccnr e~ ca-- - - - - - - - e . -
cSs PILE STRUCTGRE - -
cs - -
cSs PECORD TYPE - PRESENT 1P -
CS M 2 A SRS s 2 2P A 5 3 5 3 S 55 R B F-F 1 —EmsSS==T====sECs -
cs PILE IDERTIPYCATION ALVUAYS -
CcS PILE CCNTROL RLWAYS -
CSs . FILF DESCPRIPTION NHOLL.GT.O -
CSs - NEUOTRNN GROOP BOUNDARIES NNGRI?, GT.D -
cSs GAMMA SROUP BOURDARIES NGG5RUP.GT.9D -
CcS MAT - MT CONTROL ALWAYS -
CcS 8s80000880888 (RUDPEAT PGP ALL MATERIAL- i -
TS . REACTION TYPE PAIRS) -
CS b KAT-%T CROSS SYCTION AND ALVAYS -
cSs L STANDAPD DEVIATIONS -
Cs SEvEECIrFESPESESS N -
cSs -
cSs -
CS Seahesnsssssd s (RPPEAT POR ALL MATPICTS) -
CS hd BMATRIX TONTROL ALWAYS -
cSs - RLOCK CONTROL ALWAYS ) -
o4 & &ssstsssess (RPPEAT POR ALL BLOCKS) -
CSs s = AATRIX DATA ALUAYS -
cSs PR USSP AP RERNS SRS : -
c---- --------------------------------------- D L R e T
c----—--—-0-00v.-o-----------—--v--o--—-------------——o-—--o----—-. -----
CR PILE IDENTIPICATION -
c -
cL ANANE, (ADSE(I) ,I=1,2) ,IVERS -
cw 1¢3sNULT -
Cc . -
cB FORSAT (116 OV CAVEZRX A6, 1H*, 246 ,1H ,I6) -
co ANARE ROLLERITH PILE NAME-CO7ERY (A5) -
ol ) ROSY. AOLLEZRITH NSER IDENTIFPICATION (A6) -
- €D IVERS FILE YERSION NURBER -
coD noLT 1 - AF IS SINCLE PRECISION WORD -
cD 2 - A6 IS DOUBLE PRECISION WORD -

c--------—aov----—------------—------o--—--------------—--------.----.--

Nvgon”’
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. CR PILE CORTROL - :
c - :
L SGROUP , WNGRNP, NGGRUP, NTYPE, NEMP, RNTRIX, SAOLL - ;
c - :
ce 7 - §
C -
i CB  POPYAT(8H 1D ,7T6) - J
s c - A
)] NGROUIP NUNBER OF ENEQGY GROUPS } -
zh KNGROP NOURRER OP NEUTRON GRNUPS -
cD NGGRUIP NOMRER OF GANAA GROUPS -
Th NTYPE "YPE OF DATA -
cD 1 - COVARIANCE HMATRIX, STANDARD NE7VYAT ION -
cD ¢ = RELATIVE COVARIANCEZ MATPIX, -
cD RTLATIYE STANDARD DEVIATION -
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APPENDIX B

The FIDO Input System

The FIDO input methcd is especially devised to allow ti entering
or modifying of large data arrays with minimum effort. Special advantage
is taken of patterns of repetition or symmetry wherever possible. The
FIDO system was patterned by Ward Engle and Wayne Rhoades after the input
method used with the FLOCO coding system at Los Alamos, and was first
applied to the DTF-1I code. Since that time, numerous features requested
by users have been added, a free-field option has been developed, and the
application of FIDO has spread to innumerable codes.

The data are entered in uni’s called "arrays.”™ An array comprises
a group of contiguous storage locations which are to be filled with data
at one time. These arrays usually correspond on a one-to-one basis with
FORTRAN arrays used in the prograw. A group of one or more arrays read
with a single call to the FIDO packoge forms a-"block," and a special
delimiter is required to signify the ond of each block. Arrays within a
block may be read in any order with respect to each otner, but an array
belonging to one block must not be shifted to another. The same array
cen be entered repeatedly within the same block. For example, an array
could be filled with "0" using a special option, and then a few scattered

locations could be changed by reading in a new'set of data for that array.

If no entries to the arrays in a block are required but the condition
requiring the block is met, the delimiter alone satisfies the input
requirement.

Three major types of input are available: fixed-field input, free-
field input, and user-field input.

Fixed Field Input - Each card is divided into six 12-column data
fields, each of which is divided into three subfields. The following
sketch i1lustrates a typical data field. The three subfields always
comprise 2, 1, and 9 columns, respectively.

Sub{ield Subfield Subfield
2 3
L lJIJlllll
1 2 3 b £ 6 7 8 9 10 31 312



X-18

To hegin the first array of a block, an array originator field is
placed in any field on a card:

Subfield 1: An integer array identifier < 100 specifying the data
array to read

Subfield 2: An array-type indicator -
"$* if the array is integer data
“%*% if the array is real data

Subfield 3: Blank

Data are then place in successive fields until the required number
of entries has been accounted for. A sawple data sheet shown on page 19
illustrates this input. ‘

In entering data, it is convenient to think of an "index" or
"pointer” which is under control of the user, and which specifies the
position in the array into which the next data eﬁfny is to go. The
pointer is always positioned at array location #1 by entering the array
originator field. The pointer subsequently moves according to the data
operator chosen. Blank fields are a special case, in that they do not
cause any data modification and do not move the pointer.

A data field has the following form:

Subfield 1: The data numerator, an integer < 100. We refer to this
entry as N, in the following discussion.

Subfield 2: One of the special data operators listed below.

Subfield 3: A nine-character data entry, to be read in F9.C format.
It will be converted to an integer if the array is a "$"
array or if a special array operator such as *"Q" is
being used. MNote that an exponent is permissible but
not required. Likewise, a decimal s permissiLle but
not required. If no decimal is supplied, it is assumed
to be iimediately to the left of the exponent, if any;
and otherwise to the right of the last column. This

“entry is referred to as N3 in the following discussion,

o 4 SNV
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Neme__Gemwral Exsmple of Fido Input Cherge Dete Pege
| IDENTIFICATION REMARKS (DO NOT PUNCH)
_:_FJ 1,80 Begin the 1§ array, fixed-field, integral
e ro4 1t 3 1 3 41 Enter 1.
v 1 F 2 1 1 11 1 18 Fill array with 2.
T Begin the 2* array, fixed-field, real.
| 31 1, ,2,3,4, | L4 Juw oo’ |Enter 1.234,
:‘1 A 1121-43|‘|¢1‘11 IS B I | 1110 ! "
= S, -11,2,3,4, , ;+,0,2 " "
,_i_..:h' Lo o1 1 132,3,4 "o
i ) | [] i 1 1 1 1 (1 J\ 7 " 700
N N / " A blank field is always ignored.
| T « [Terminate this block. B
" L I R T T O L 3 1 1 12,0 |[No entries may follow T on a card,
L Begin I* array, fixed-field real.
T T o Enter 0,1,2,3,4,5,6,7,8,9,10,10,10.
;—,SIR Ll L 4 a4 4l,0 as real mumbers. ‘
3% 22,0,8; 1,0, Frneat 3% in free-field, skip
“1 BT T M T L sei| to Llth entry, correct sequence to
* ' FYRE T VEE OO I GH L g a4 3, 0]% ==--9,10,11,12.
4,% %12, 1,1, ;, ;34,.,40, Begin 4" array, free-field, real.
_;:2 Q4 [V T T U B ‘1‘4 Enter 1,2,3,4, 1,2,3,4, 1,2,3,4,
A Y - S T S End reading this array; remainder of array
L % I T U T S Terminate this block,
* 1 L | S R N 1 j | 1 | 1 "’ [ 1] oy
. i 1 1 3} | 1 i | 1 ) ] Il | l‘ /]
R - REPEAY t < INTERPOLATE LR 1 {] 4 T+ TERMINATE

¥ 1 TSR ES AR, NG
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A list of data operators and their effect on the array being input
follows:

"Blank"™ indicates a single entry of data. The data entry in the
third subfield is entered in the location indicated by the pointer,
and the pointer is advanced by one. However, an entirely blank
field is ignored.

"+" or "-* indicates exponentiation. The cita entry in the third
field is entered and multiplied by 10:!, where N, is the data
numerator in the first subfield, given the sign indicated by the
data operator itself. The pointer is advanced by one. In cases
where an exponeht is needed, this option allows the entering of
more significant figures than the blank option.

"&" has the same effect as "+".

"R" indicates that the data entry is to be repeated N; times. The
pointer is advanced by N;.

"I" indicates linear interpolation. The data numerator, N;,
indicates the number of interpolated points to be supplied. The

data entry in the third subfield is entered, followed by N; inter-
polated entries equally spaced between that value and the data entry
found in the third subfield of the next non-blank field. The pointer
is advanced by N; + 1. The field following an "1" field is then
processed normally, according to its own data operator. The "I"
entry is especially valuable for specifying ¢ spatial mesh., In "$§"
arrays, interpolated values will be rounded to the nearest integer.

"L" indicates logarithmic interpolation. The effect is the same
as that of "I" except that the resulting data are evenly separated
in log-space. This is especially convenient for specifying an
energy mesh.

“Q" 1s used to repeat sequences of numbers. The length of the
sequence is given by the third subfield, N3. The r:quence of Nj
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entries is to be repeated N; times. The pointer is advanced by
N;*N,. If either N; or N; is 0, then a sequence of N; + N,

is repeated one time only, and the pointer is advanced by N; + Nj.
This feature is especially valuable for geometry specification.

The "{{" option has the same effect as "Q", except that the order
of the sequence is reversed each t:me it is entered. This is f
valuable for the type of symmetry possessed by quadrature :
coefficients.

"M" has the same effect as "N" except that the sign of each
entry in the sequeace is reversed each time the sequence is
entered. For example, the entries: ’
123242
would be equivalent to:
123-3-223
This option is also useful in entering quadrature coefficients.

"I" causes N; + N; locations to be set to 0. The pointer is
advanced by N; + Nj.

"C" causes the position of the last array item entered to be
printed. This is the position of the pointer, less 1. The
pointer is not moved.

"0" causes the print trigger to be chanurd. The trigger is
originally off. Successive "0" fields turn it on and off
alternately. When the trigger is on, each card image is listed
as it is read.

"S" indicates that the pointer is to skip N; positions leaving
those array positions unchanged. If the third subfield is non-
blank, that data entry is entered following the skip, and the
pointer is advanced by N; + 1,

"A" moves the pointer to the position N;, specified in the third
subfield.
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"F* fills the remainder of the array with the datum entered in
the third subfield.

“E" skips over the remainder of the array. The array length
criterion is always satisfied by an "E", no matter how many
entries have been specified. No more entries to an array may

be given following an "E", except that data entry may be restarted
with an "A".

The reading of data to an array is terminated when a new array
wrigin field is supplied, or when the block is terminated. If an incor-
rect number of positions has been filled, an error edit is given, and a
flag is set which will later avor’. execution of the problem. FIDO then
continues with the next array if an array origin was read. Otherwise,
it returns control to the call.ng program.

A block termination consists of a field having "T" in the second
sub-field. All entries following "T" on a card are ignored, and controi
is returned from FIDO to the calling program.

Comment cards can be entered within a block by placing an apostrophe
(") in column 1. Then columns 2-80 will be listed, with column 2 being
used for printer carriage control. Such cards have no effect on the data
array or pointer.

Free-Field Input - With free-field input, data are written without
fixed restrictions as to field and subfield size and positioning on the
card. The options used with fixed-field input are available, although
some are slightly restricted in form. In general, fewer data cards are
required for a problem, the -interpreting print is easier to read, a card
listing is more intelligible, the cards are easier to keypunch, and cer-
tain common keypunch errors are tolerated without affecting the problem.
Data arrays using fixed- and ree-field input can be intermingled at will
within a given block.

The concept of three subfields per field is still applicable to free-
field input, but if no entry for a field §s required, no space for it need
be left. Only colums 1-72 may be used, as vdth fixed-field input.
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The array originator field can begin in any position. The array
identifiers and type indicators are used as in fixed-field input. The
type indicator is entered twice, to designate free-field input (i.e.,
"$$" or "**"). The blank third subfi.ld required in fixed-field irput
is not required. For example: 31*™ indicates that array 31, a real-
data array, will follow in free-field formai. :

Data fields may follow the array origin field immediately. The
data field entries are identical to t'e fixed-field entries with the
following restrictions:

(1) Any number of blanks may senarate fields, but at least one
blank must follow a thira subfield entry if one is used.

(2) If both first and second subfield entries are used, no blanks
may separate them, i.e., 24S, but not 24 S.

(3) Number ; written with expcnents must not have imbedded blanks,
i.e., .OE+4, 1.0E4, 1.0+4, or even 1#4, but not 1.0 E4.

(4) In third-subfield data ~ntries, only 9 digits, including the
decimal but not includirn the expinent field, can be used, i.e.,
123456.89E07, but not 123.56.789E)7.

(5) The Z entry must be of the form: ,38Z, not 7738 or 738 1.

(6) The + or - data operators are not needed and are not available.

(7) The Q, N, and M entries are restricted: 3Q4, IN4, or M4, but
not 4Q, 4N, or 4M.

User-Field Input - If the user follows the array identifier in the
array originator field with the character "\U" or "V", the input format is
to be specified by the user. If "U" is specified, the FORTRAN +ORMAT to
be used must be supplied in columns 1-72 of the next card. The format
must be enclosed by the usual parentheses. Then the data for the entire
array mist follow on successive cards. The rules of ordinary FORTRAN
input as to exponents, blanks, etc., apply. If the array data do not
fill the last card, the remainder must be left blank.

"¥" has the same effect as "U" except that the format read in the
last preceding "U" array is used.
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CHAPTER XI. THE COVERX SERVICE MIDULE OF THE FORSS SYSTEM*
J. D. Drischler

*Originally published as ORNL/TM-7181.

i e kg SRR o o5 e e




-

R T R R T

CONTENTS
Page
ABSTRACY . . . ¢ . ¢« v = = & e s s s e e s s s e e s e s e e e v
I. INTRODUCTION . . . ¢ ¢ ¢ ¢ o v ¢ ¢ o ¢ s o o s o e o s o o o XI-3
II. COVERX FILE EXECUTION PATHS . . . & & ¢ ¢ ¢ ¢ v o o o =« o & . XI-4
S XI-4
B. Add . . . . . . ... ... e o s o o o s s e s s e e s . XI-4
C. PDelete . & v ¢ ¢ ¢ o v o v 6 6 6 o o a o o o s o o o o o XI-6
D. Merge . . & . v ¢ ¢ ¢t o v v o e e 0 e = e s e e e s XI1-7
E. Format Conversion « « « o ¢ ¢ ¢ =« ¢ ¢ o v 2 o o s o s s o » XI-8
F. Record Modification . . . . . . .« . ¢« ¢ . ¢ o o v o o v o X1-8
G. Edit/Copy . . - . . . . et o s o s s s 6 s e o s s e s e s XI1-1
ACKNOWLEDGEMENTS . . & & & ¢ ¢ v e 4 o v o o o o o o o o o o o s o & XI-14
REFERENCES &« & ¢ v ¢ ¢ v ¢ o o o o o o o o o o o o o o o s o o s oo XI-15
APPENDIX A. THE FORMAT FOR STANDARD INTERFACE FILE COVERX FOR
MULTIGROUP CROSS-SECTION COVARIANCE MATRICES . . . . . . . . . . . XI-17
APPENDIX B. SAMPLE PROBLEM . . . . .. .— ............ . XI-23
B.1. JOB CONTROL CARDS FOR LOCAL USE AND SAMPLE INPUT FOR THE
COVERX SERVICE MODULE . . + ¢« v o v ¢ & & & e s e e e . . X1-25
B.2. SAMPLE QUTPUT FOR THE COVERX SERVICE MODULE . . . . . . .. X1-27

114



ABSTRACT

The COVERX Service Module includes seven execution paths to aid in

understanding and u_ing multigroup cross-section covariance matrices

contained in the standard interface file COVERX. The execution peths

provide the foll»rwing operations on COVERX file(s):

1.

zﬂ'v

List the contents of a COVERX file.

Allow adding new multigroup cross- <ect10n covariance matrices
to an existing COVERX file.

Allow deletion of mu1t1group covariance matrices from an
existing COVERX file.

Merge two COVER: filesVand creates a new file,

Change the mode of a file from unformatted tn formatted and
conversely.

Allow modification cf the records contained in a COVERX file.

Selectively edits or copies a file.
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“I. INTRODUCTION

Multigrouwp cross-section covariance matrices are created using the
PUFF cocvariance file processing codel and plaéed on a propoSed ccec? file,
COVERX.3  Each covafiance matrix is identified by the matrix control
record of the COVERX file. The material and reaction type identification -
nutbers are the MAT and MT numbers used in the ENDF/B% files. Libraries®
of multigroup matrices in COVERX format are currently available through the
Enginearing Physics Information Center /tPIC) at Qak Ridge National »
Laboratory and the National Nuclear Data Center (NNDC) at Brookhaven
National Laboratory. ’ The COVERX format is described in Appendix A. A
sample problem utiliz{hg the seven execution paths of the COVERX Service
Module is described in Appendix B.

When the generation of a COVERX file(s) is complete for a study, a
careful review is recomended before it is used. The COVERX service module
is available to aid in this review. If identification problems or errors
are detected, they can often be guickly corrected by the COVERX service
module. At present, the module has seven execution paths which perform the
following tasks:

1. Lists the contents of a COVERX €ile,

2. Allows additional multigroup cross-section covariance matrices to
be added to an existing COVERX file.

3. Allows deletions of multigroup cross-section covariance matrices
from an existing COVERX file.

4. Merges two COVERX files and creates a new file.

5. Changes the mode of a file from unformatted to formatted and
conversely.
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6. Allows modification of the records contained in the COVERX file.

7. Selectively edits or copies a file.

The user selects the desired execution path by entering one of the
following words on a card beginning in column 1: LIST, ADD, DELETE, MERGE,
CONVERT, FIX, EDIT. Additional FIDO® input requirements are described for

each execution path.
IT1. COVERX FILE EXECUTION PATHS

A. List

Q!

Input Data

LIST
1$% Integer Parameter [1]

NBIN - Unit number of the COVERX file, if NBIN < 0, only the
matrix control records will be listed.

8. Add

This execution path allows multigroup cross-section covariance
matrices to be added by creating a new file from the card input. The
existing and newly :reated files are then mergad producing a new COVERX

file.

Input Data

ADD

1$$ Integer Parameters [4]

Lk
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NOLD - Unit number of existing COVERX file
NADD - The number of coyeriance matrices to be added
NEW - Unit nuaber of new COVERX file

NSSS - Unit number of a scratch device (default = 31)

T -

2%% i Integer Parameters [4]. The MATRIX CONTROL record of the COVERX
file.
MAT1 - Material 1 ID
MT1 - Reaction type 1 ID
MATZ? - Material 2 ID
MT2 . Reaction type 2 ID

T

K ikl Floatinyg Point Parameters [NG]. >The MATERIAL REACTION TYPE CROSS
SECTION AND STANDARD DEVIATIONS record of the COVERX file. NG is
the number of groups of the existing COVERX file. The standard
deviations are automatically calculated by the code.
(CRS(J),Jd=1,NG)
CRS - Cross sections (from Emax - Enin)

I
[The 3** card is omitted if (MAT1.NE.MAT2,0R.MT1.NE.MT2)]

4%$ Integer Parameters [NG*2+1]. The BLOCK CONTROL record of the

COVERX file.
Block control = (JBAND(J),IdJ(J),Jd=1,NG), (LGRP(N),N=1,NBLOK)
For simplicity in creating the block control record of a covariance
matrix, let NG equal the number of groups of the existing COVERX file and
Tet NBLOK=1, VThe current version of FORSS/ requires that NBLOK=1,
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Then: the 4$$ card for a three-group problem with NBLOK=1 would be:
48$ 3132333

1 OR: wusing the improved FIDO

43$ 0 1 [NG-1102 A1 [NG] 1 1@ [NG-1]Q2 0@ [NG]

This is especially useful\jf matrices are large.

Sk Floating Point Parameters [NG*NG]. The MATRIX DATA record of the |
COVERX FILE. If the preceding scheme for blocking is exercised,
then the entire matrix can be input in one block.

COV - Matrix data (input by col.)

The 2%$, 3**, 4%3%, and 5** sequence is repeated until NADD entries

are complete.
C. Delete

This execution path allows multigroup cross-section covariance

matrices to be deleted from a COVERX file.

Input Data
3 DELETE

1%$$ Integer Parameters [3]
NBIN - Unit number of existing COVE"Y file
NEW - Unit number of new COVERX file

NDEL - The number of covariances to be deleted
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Integer Parameters [4*NDEL]. The MATRIX CONTROL record of the
COVERX FILE.

MAT1 - Material 1 ID

MT1 - Reaction type 1 ID

MATZ - Material 2 ID

MT2 - Reaction type 2 ID

Sequence is repeated for each covariance to be deleted

D. Merge

This execution path merges two existing COVERX files and creates a

third file.

Ingut\bata

MERGE
1$$

Integer Parameters [3]

N1 - Unit number of original COVERX file

If identical matrix control records are encountered on both the
original files (N1) and the file to be merged (N2), the matrix
found on unit (N2) is written on unit (N3), and the matrix found

on unit (N1) is skipped.
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E. Format Conversion

This execution path implements features of the COVERT8 code which con-
verts the COVERX file from unformatted (binary) to formatted card images

and conversely, and also lists a COVERX file.

CONVERT
13$ Integer Parameters [4] <
NBE - Select conversion mode
= 0, unformatted to formatted
# 0, formatted to unformatted-
NIN - Unit number of existing COVERX file (DEFAULT = 23)
NOUT - Unit number of COVERX file to be prepared by COVERT
(DEFAULT = 24)
NO6 - Print option
> 0, file is printed on unif NO6
< 0, reduced file edit on unit |NO6|
1

F. Record Modification

This execution path allows modification to tne records contained in a
COVERX file. FIX modifies only those covariances which have been selected
by previously using EDIT and updates the existing COVFRX file by using
MERGL.

Input Data 3
FIX

1%$ Integer arameter [5]
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NOLD - Unit number of existing COVERX file

> 0, complete listing
< 0, reduced listing
NEW - Unit number of new COVERX file
NFIX - Nember of covariance matrices to be reparied
NHOL - Modify file description record
= 0, file description record nct modified
# 0, prepare 2## card
NSSS - Unit nunmber of a scratch device (default = 31)

Doubled Precision Parameters [200(A6) words max.].  The FILE
DESCRIPTION record of the COVERX file (omit if NHOL = O).
NUNIT - Unit number where Hollerith description of file is input
NH - Number of (A6) words in Hollerith description
Then: wusing the improved FIDO

[NUNIT]G[NH] 6H(12A6) 6Hbbbbbb E T (b = blank)

would "allow NH (A6) words to be input from unit NUNIT.:
Integer Parameters [8]
NMAT1 - Material 1 ID
NMT1 - Reacti&n type 1 ID
NMATZ - Material 2 ID
NMT2 - Reaction type 2 ID
NC?S - Modify cross sections

= 0, do not modify cross sections

# 0, prepare 4** card
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NMT - Modify matrix control record
= 0, no mdification
# 0, prepare 5$% card

NBLK - Modify block control rggord
= , no modification  l

# 0, prepare 6%% card

NCOV - Modify matrix data record

A

0, switch ruws and columns

0, no modifiéation

v

0, prepare 7** card

Floating Point Parameters (NG]. The MATERIAL-REACTION TYPE CROSS
SECTIONS record of the COVERX file (omit if NCRS = 0). NG is the
number of groups of the existing COVERX file. The standard
deviations are automatically calculated by the code.
(CRS(J),J=1,NG)

CRS - Cross sections (from Emax = Epin)

Integer Parame’ers [4]. The MATRIX CONTROL record of the COVERX
file (omit if NMT = 0).

MAT]l - Material 1 ID
MT1 - Reaction type 1 ID
MAT2 - Material 2 ID
MT2 - Reaction type 2 ID

Integer Parameters [NG*2+1]. The BLOCK CONTROL record of the
COVERX file (omit if NBLK = 0),

R T
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Block control = (JBAND(J),IJ3(J),J=1,NG), (LGRP(N} N=1 ,NBLOK)
JBAND(J) - Baﬁ& for growp (J)

IJJ(J) - Position of diagonal element for grow (J)
LGRP(N) - Number of groups in block (N)

For simplicity in creating the plock control record of a covariance
matrix, let NG equal the number of groups of the existing COVERX file and
Tet NBLOK = 1. The current version of FORSS requires that NBLOK = 1.

Then: the 63§ card for a three-group problem with NBLOK = 1 would be:

6% 3132333
OR: wusing the improved FIDO
65% 0 1 [NG-1]Q2 Al [NG] 1 1@ [NG-1]Q2 0@ [NG]

This is especially useful if matrices are large.

7= Floating Point Parzmecers [NG*NG]. The MATRIX DATA record of the
COVERX file (omit if NCOV = 0). [f the preceding scheme for
blocking is exercised, then the entire matrix can be input in one

block.
COV - Matrix data (input by col.)

The 3%$$ through 7** sequence if repeated until NFIX entries are

i

complete.

f

6. File Edit/Copy

This execution path permits selective listing and copying of a COVERX
file. Each multigroup cross-section cova}iance matrix in ; COVERX file is

identified by the COVERX matrix control rﬁcord. This record contains five

i
|
|
|



XI-12

nubers: Material 1 (MAT1), reaction type 1 (MT1), Material 2 (MATZ),
reaction type 2 (MT2), and the number of blocks into which matrix is sub-
divided (not used as input). Correlations between material-reaction types
are extracted from the COVERX file using MAT1l, MI1 as the first material-
reaction type (column designation), and MAT2, MI2 the second material-
reaction type (row designation).

As each covariance matrix i's read from the COVERX file, its first four
identifiers are compared witk the corresponding identifiers in each edit
command. If equality is found between all of the identifiers in an edit
cosmand and the corresponding identifiers from the matrix control record of
the COVERX file, the multigroup cross-section covariance matrix qualifies

for the edit/copy operation.

Input Data
EDIT
1$$ Integer Parameters [4]
NBIN - Unit number of existing COVERX file
> 0, complete listing
<0, file identification
NC - Number of edit commands
NEW - Copy option
> 0, the unit number of a COVERX file to be written con-
taining only those matrices edited ‘
<0, file not written
NSS - Unit number of a scratch device (cefault = 31)

[
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Integer Parameters [4*NC]
MAT]1 - Material 1 ID

M1 - Reaction type 1 ID
MAT2 - Material 2 1D

MT2 - Reaction type 2 ID

Complete NC edit commands



|
|

|
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( APPENDIX A

The Fo:mat fTor Standard Interface File COVERX for
Multigroup Cross-Section Covariance Matrices




v e

S

(ot 1AL 2223 2 233 22 22123223220 323 P23 2 P12 13 3 3321332 P11 30 12 2 a3 322 4R sd

C REVISED 11/61/77 -
c -
cr COVERX -
ce THIS PILE COMTAINS CROSS SECTIONS, -
CcE STANDARD DEVIATIONS, AND -
Cce RY DESIGNATION EITHER COVARIANCE, -
CcE RELATIVE COVARIANCE, -
CE OR CORRELATION MATRICES. -
c -
ce A PIL?Z SUCH AS THIS IS NEEDED BY ORNL - PORSS -
c -
c J. L. LUTIDS -
c -

CESESRESEE SR REREREEERE LR REEE S EEREE EEAB RSB SIS B S S L ESR SR EE) ChRECEISESPASR RS

Crrrrrmcrrcrwmrercrrwars ter e P r e s e, e Cr e, P EE T, ————————.—- .- —-— -

CS FILE STRUCTNRE -
S -
CSs RECORD TYPE PRESENT IF ~
cs 2+ 2 A + - 2 2 A+ 25 A > 4 2 2 2 S X A A A2 5 E 3 3+ 3 2 S 2 5 0204 -
CS PILE IDENTIPICATION ALWAYS -
CS PILE CONTROL ALWAYS -
CSs TILE DESCRIPTION NHOLL.GT.O -
CS NEOTRON GROUP BOONDARIES NNGRUP.GT.D -
CcS GAMBA GROUP BOUNDARIES NGGRUP,.GT.O -
CcS BAT - AT CONTROL ALUAYS -
cS Sssssscsssnsss (REPEAT POR ALL MATERIAL- -
CS * REACTION TYPE PAIRS) -
Cs * NAT-NT CEOSS S®CTIONK AND ALWAYS -
cS = STARDARD DEVIATIONS -
cs 1 2342243131 F 13 -
cSs

cCS - - -
CcS sssesdvassssss (RPPEAT FOR ALL NATRICES) -
cSs bd BEATRIX CONTROL ALWAYS -
CS * BRLOCK CONTROL ALYAYS -
Cs *  ssssssdssas (REPPAT POR ALL BLOCKS) -
(o1 . HATTIX DATA ALVAYS -
cs SOSBERI NSRS RS -
c---- -------- P e L L Tk R L L ] T mS P - PP ETESCPE R P Ow PEm o wan -
c- - - T T - - D " - - -
CR PILE IDEETIPICATION -
c = -
cL ANARE, (ROS 2(I) ,I=14,2) ,IVERS -
cw 1¢3*801T -
c -
cB PORBAT (VIR OV COVERX ,A6,1A®*,206,10%,16) -
cD ANABE ROLLERITH PILE WARE~-COVERX (A6) -
co 0 E ) 4 ROLLERITH OUSER IDENTIPICATION (A6) -
cp IVERS PILE VERSION NUNBER -
cD 8oLT 1 - A6 IS SINGLE PRECISION WORD -

cb 2 - A6 IS DOGBLE PEECISION VORD -

c----------------—’----------_----.--’-----‘--------------. [

\-o-.-v'

Q
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cc
cw
C

cB
CcD
ch
C~

Crrwerrnmvrrrornsrcnrer v recccrrmmane. -

CR
-~

CL
C

cc
ce
C

cs
co
cD
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TILE CONTROL

SGROUP ,NNGROP, BGGROP, NYYPE, RENP, NNTRIX, NROLL

7
FORMAT (3R 1D ,7I16)

EGRONP NONBER OF ENERGY GROUPS
ENGROP NOMBER OF NEUTRON GROUPS
NGGRUP NUMBER OF GANNA GROUPS
NTYPE TYPE OP DATA

1 - COVABRIANCE MATRIX, STANDARD DEVIATION
2 - RELATIVE COYARIANCE NATRIX,

RELATIVE STANDARD DEVIATION
3 = CORRELRCION BATRIX, STANDARD DEVIATION
mnp NUNBER OF "MAT - MT PAIRS
BNTRIX NUABER OPF AATRICES .
SAOLL NOMBER OF HOLLERITH WORDS YN DESCRIPTION

FILE DESCPIPTION

(RORDS (J) , J=1, NHOLL)
NOLT#NHOLL

PORMAT (3F 2D ,VH*,11A€E/(11A6))

WORDS (J) HOLLERITH DOESCRIPTION OP PILE

L - ————— - = - - - - - - - - -

NEUTRON GROUP BOUNDARIES

(GPBN(J) ,J=1,NNGRUP) ,ENNIN

PRESENT IF NNGROF.GT.0

WNGRUP +1

FORNAT (4H 3D ,S5E12.6/(hR212.0))

GPBN (J) MAXTIMOS ENERGY BOUND OP NEBUTRON GROOP(J) (EV)
ENRTN AINIWUN ENBRGY OP NEUTRON ENERGY RANGE

L A L LT P P P R T T P P P T

~eceTosccecsremrevrToenTcerctTer T T eR e e e

GABNA GRONP RONNDARIES
(GPBG(J) ,J=1,NGGRUP) ,EGNIN

PRESENT IP NGGRUP.GT.O
NGGRUP ¢1

PORNMAT (M 8D ,5B12.8/(6212.4))
GPBG(J) AAXINGN ENERGY BOTWD OF GAMMA GROUP(J) (BV)
ECGHRIN MININUN ENERGY OF GANNA ENERGY RANGE

- — - —— Y D e -

| c-------- B Y Y X T P Y ek L L X L X Y T e




T - -, e o - - W R T S -

ce HAT - AT CONTROL -
(od -
CL (RATID(I) ,ATID(I) ,MUGT (I),I=1% , NHAP) -
cw 3=unnp -
c -
CB PORMAT (8H SD ,1116/(1216)) -
c -
cp BATID(Y) MATERIAL IDENTIPICATION NTMBEP -
cD ATID(I) REACTION TYPE IDENTIPICATION NIRRER

cD RUGT(I) CROSS SECTION WREIGHTING OPTION

CD 1 - CONSTANT -
CcD 2 - /B -
co 3 - THERSAL + 1/E # PISSION -
Cb 8§ - ARBITRARY -
cD 5 - CORBINED CTR CRSR ] -
o rr s cr s rr m s s r o c e c s r e s A e - - - - -
CR BATERIAL -~ REACTIOW TYPE CROS5S SECTIONS -
CR AND BRROR FILES - -
cL (CRS(J) ,I=1,HGPOUP) , (ERROR(J) ,J=1,N5ROTP) -
cw 2=NGRONP : =
C -
cB FORNAT (8H 6D ,5212.8/(6E12.4)) -
Cc -
CD CRsS CRJOSS SECTION : -
cp ERROY STANDARD DEVIATION -
CR MATRIX CONTROL -
CL BATY MTI, HAT2,HT2,NBLOK -
cw 5 -
[o4 -
CB FORMAT (R 7D ,51I6) -
C -
o 1) MATY MATERIAL 1 IDENTIPICATION NOUMBER -
Ch AT REACTION TYPE 1 IDENTIPICATION NUMBER -
cb BAT2 BATERIAL 2 IDENTIPICATION NUNBEP -
co nT2 REACTION TYPE 2 IDENTIPICATIOH NUWBER -
cp NBLOK NDMBER NP BLNCKS INTO WHICH MATRIX IS SUBPIVIDED -
Creroccccvcnvcnrmacaas B L i L R L L e e
CR BLOCK CONTROL -
CL (IJBAND (J) ,IJJ(J) ,J=1,NGRODP) , (LGRP(N) ,N=1 NBLOK) -
C

cw 2*NGROOCP +NBLOK

C -
CB PORNAT (UH BD ,11I6/(1216))

(o4 -
co JBAND (J) BANDWIDTH POR GROUP J -
co 13J3(J) POSITION OF DIAGONAL ELEAENT FOR GRINP J -

cDo LGRP (M) NORBER OF GROUPS IN BLOCK(N) -

c-----------------------'----.-- ----- L T R e P T P P T Y
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c--- ....................................................................
cR MATRIX DATA -
cL (CO¥ (K} ,K=1, KNAX) -
c -
cc KNAX=SON OVER JBAED(J) FOR ALL J IN 3LOCK N -
ce KMAX -
c -
ce PORNAT (8H 9D ,SE12.8/(6712.4)) -
c -
<D cov NTYPE WATBIX DATA ; -
c- ............. - —— - - - ———— - - - - - -
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APPENDIX B.

Sample Problem

The following sample input and output problem utilizes the seven execu-
tion paths available in the 60VERX Service Module. The user should be
aware that although all the execution paths are wilized in the sample
problem, the input pafameters may vary depeading on the user's require-
ments.

A description of the input to the sample problem follows:

1. CONVERT - The formatted card image COVERX file residing on wit 24
is converted to a binary file on wunit 32, and the
resulting file is listed using the reduced file edit
option.

2. EDIT - The 235U(n,f) covariance matrix is extracted from the
binary COVERX file and copied to unit 33 creating a new
COVERX file containing one covariance matrix. The output
for EDIT gives a complete listing of the COVERX file.

3. FIX - The 235y(n,f) covariance data residing on wit 33 is
changed as follows:

The Hollerith description of the file is modified
(244),

The cross sections were modified (4**),

The matrix control record was modified renaming the
235y(n,f) covariance data (5$%),

The block control record was modified (6$$), and

The covariance data was modiffed (7**),



5.

6.

8.

EDIT

MERGE

DELETE

ADD

LIST

The output of FIX resides on wnit 34, and a complete

listing of the input plus all modifications is given.

v e e B e e i Tyedd e isaren

Three additional covariance matrices were extracted from

unit 32 and copied to wnit 35.

b e @ A AN Y faLy e

The COVERX file residing on unit 35 and the one residing
on wit 34 are merged to produce a single COVERX file on
unit 33 containing four covariance matrices.

The covariance matrix indicated in the 2%$ array is
deleted from unit 33, and the remaining covariances are
placed on unit 34. _

A new covariance indicated in the 2§$ array was added to
the COVERX file residing on mit 34 with inclusion of the
Block control record (4%%) and covariance data (5**).
This produced a new COVERX file on wmit 33.

The entire COVERX file residing on unit 33 was listed.




APPENDIX B.1. Job Control Cards for-local Use and Sample Input
for the COVERX Service Module

77J0D00002 JCE (1807S)e*J DRISCHLFR, 6025°
7/78CLASS CPUCS1=10%,1C=02.0,F=270K
Z7/7STEP] EXEC FCRTHLC JFARM LKED="NCMAF NOLIST?®* sREGION.GC=270K
/Z/LKEC+COVERXY CC UNIT=2220,VCL=SER=ZX0000.DISP=SHR,
/77 DSN=JDD ¢JARZ180.CCVERX LSERVY ICE
//UKEL.SYSIN CC *

INCLUBE CCVEFX
/8
/77G0.FT24F 001 CC UNIT=SPIAISF=(SHRLCATLS)»VCL=
77 CCPA=(RECFIF=FEB,LRECL=80vBLKSIZE=3120),
77 SPACE=(TRK . (20.:20)RLSE},
/77 DSN=T.JOL 1E075.TEFF1.JAN1780
7/7GC.FYILIFO001 DD UNIT=SYSDA,SPACE={(TRK.(010.010)),
77 OCB=(RECF¥=VEBST JLRECL=X.8LKS175=3120)
//7GC.FI32FQ01 CD UNIT=SYSCA SFACE=(TRK,(010.,010)).,
77 OCO=(RECFVW=VPST JLFECL=X.FLKSIZE=2120)
/7/7GO0.FTZ3F001 OD UNIT=SYSCA,,SPACE={TRK,+(010,010)1%,
77 CCB=(RECFP=VAST ,LFECL=X,BLKSIZE=3120)
//7GG.FT34F001 CO UNIT=5YSCA,SPACE=(TRK,(010,010) ).,
77 DCB=(RECFF=VRST JLFECL=X+PLKSIZE=3120)
Z7/7GO.FT3SFQ01 CD UNIT=SYSDA,SPACE=(TRK,(01¢,010)),
77 OCB={RECFM=VBST ;LRECL=X,BLKSIZE=2120)
//7GO.FT41F001 CC UNIT=SYSOA,
77 SPACE={TFK, ;{05.,05}},
/77 DCB=(RECFVW=FB,LRECL=80,8LKE12E=3200)
7/7GF «FT42F001 CC UNIT=SYSDA,
77 SPACE=(TRK,(05,0%)),
/77 OCRB=(RECFP=FB,LFECL=90,ELKEIZE=3200)
/7/7GO.FTOSFO001 C~ »
CONVERTY

C

1¢s 1 24 32 0

E01Y

iss 321 33 ¢ 7

28% 1261 12 1iel 18 17

FIX

1 23 341 ;07

200

G4 CH(12A€) €F ET

THIS ]IS A SAFPFLE PRCELEM

3ss 1261 18 12¢1 12 1 11 17
488 F1,0 7

ST¥S 12€€ 1€ 12¢€¢€ 18

683 0 1 S02 A1 € 1 13 SC2 0% 6
76& 12 3S 37 2€ 37 2 37 s 27 23S 22 Is 22 7
EOIY

188 32 3 22 07

2% ¢

1262 18 12¢2 18

1264 18 12€a8 1€

}262 18 12¢4 1€

MERGE

188 35 34 33 7 -
DELETE

198 22 34

2%s 1262 18 l¢60 18 7

ADO

18 34 1 32 0 7

2% 1261 452 126€ a2

498 0 1 S02 41 6 1 112 502 2 6
508 F1,33225-5 7

LISY

iss 33 7

/7@

77

IHCOO021 STCP ]
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¢ APY _NDIX B.2. Sample Output for the COVERX Service Module
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THE UNCOVER MODULE

UNCOVER is the FORSS module that incorporates the data from integral
experiments with the evaluated nuclear data based on differential cross-
section measurements and prepares data files which are used to adjust (see
Chapter XIV) the nuclear data base leading to improved performance

- parameter prediction. UNCOVER requires sensitivity coefficients and

covariance matrices as input. This data may be input by a card input
stream or via SENPRO and COVERX files. A convenience module COVERS (see
Chapter XIII) is available to aid in UNCOVER input preparation when
SENPRO and COVERX files are used.

GENERAL DEVELOPMENT

The least-squares adjustment formula aives the mirimum variance esti-
mates x- of experimentally determined quantities x€ with covariance B. It
is assumed that the estimates x~ are subject to linear constraints imposed
by theory and expressed as

S(x’-xc) =0
where x© is any set of values consistent with the theory. The representation
of the constraints by a matrix S is not unique since any linear equation
remains a valid linear equation when multiplied by an arbitrary nonzero
constant

The least-squares values for x~ are given by

x--x% = Plxxc-xe
where Pl is a projection operator given by

P - BsT(sesh) ! s.

The super-T indicates the transpose.
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The covariance associated with these adjusted values x” is given by
T
B~ 1-P,) B (1-P
( l) ( J)
B - PB.
1

1

In application it is convenient to partition the matrices xe, xc, B, and
S into submatrices; x”7, fl. and B~ are also partitioned accordingly.

T
e _ e e e
x = [xa Xg +e xy]
-7
¢ _¢r.C.C c
x~ = [xa Xg -~ xy]
S = [5,5--- 5]
- 3\
B B .- B
o af ay
B Peg
B { ,
B .
L ya BYyJ

The partitions and the form of S can be chosen so that Sa is the
negative of a unit matrix. This form is assumed in the code UNCOVER, and
accordingly Sa is nct required in the input. The remaining SB cos SY are
then ordinary sensitivity coefficients. The code also assumes submatrices
xg cor x$ are chosen to be equal to submatrices xg oo x5, Accordingly the
input only requires the first submatrix of its difference (xg-xg) since

the other partitioned submatrices have zero differences.

The chi-square of the adjustment is given by

.z
/4

(x’-xe)T B'] (x’-xe)
(xc-xe)T T (SBST)'] x(xc_xe)
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and components of x2 are found from
2 = (€8T eTrepeTy-1 TiepcTy-] c_.e
X2g [(x"-x")" S(SBS") S]aBaB[S (sBS') " S{x -x )]a

These components sum to y2.
UNCOVER INPUT PREPARATION

The input data for code module UNCOVER is based on the partitioning
of the extended covariance matrix into NPxNP submatrices and the part:tion-

. ing of the sensitivity coefficient matrix into (NP-1)xNC submatrices. This

partitioning is defined by twn partitions; the first partition is defined
by NP integer parameters and the second partition is defined by NC integer
parameters. The present restrictions on these partitions are {1) that NP
be greater than or equal to 2 and not greater than 50, (2) that NC be equal
to 1, and (3) that the first integer parameter of each partition be the
number of integral experiments NIE. Thus, the first partition is a set of
NP integer parameters whose sum NIE + . . . . is equal to the order of the
extended covariance matrix, and the second partition is one integer para-
meter NIE. Except for these restrictions partitions are arbitrary and are
determined by the user for his own convenience according to input and
storage requirements.

The sample problem referenced in this description of UNCOVER input has
an extended covariance matrix partitioned as illustrated in Fig. 1 and has
the integral experiment data as described in Table 1. For this discussion,

" the extended covariance matrix is defined as a covariance matrix for all

integral and differential experiments combined. Note that the sample
problem includes data from eight integral experiments and that the extended
covariance matrix is partitioned into 23x23 submatrices. The basic
objective of UNCOVER input is the definition of the extended covariance
matrix partitions and guidance of the code in accordance with these parti-
tions in the assimilation of the associated sensitivity coefficient and
covariance submatrices.
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Table 1. Integral Experiment Data Used for Adjustment®

Assembly Response Exp. Calc. YExp(%)b Std. Dev. (%)
IPR-6/7 k 1.000 0.9844 1.61 0.20
25¢/49f  0.02421 0.02344 3.32 1.78
28c/3f  0.1406  0.1524 -1.57 2.56
ZPR-3/48  k 1.000 0.9911 0.915 0.20
ZPR-9/31 k 1.000 0.9885 1.18 0.15
25€/4%f  1.058 1.0140 4.37 1.32
28¢/49f  0.0300 0.0288 4.17 1.33°
28c/49f  0.1230  0.1311 -5.96 1.46

“This data was provided by ANL (R. McKnight and P. Collins).

bYExp = (Exp — (Calc + Bias))/Calc where bias designates known correc-

tions, e.g., homogeneous to heterogeneous, 1-D to 2-D, etc.

UNCOVER uses the container hlcck concept for data storage: all data
is stored in a single block 2nd base addresses are provided which point to
the starting locations of subcets or arrays of daca within the container
block. UNCOVER creates these base addresses and stores them in the 0%$
array.

The improved FIDO routine is used to input data into the various arrays
of the container block. The features of this routine, as described in
Chapter II permit considerable flexibility in the preparation of input
data. The @ feature, which allows modification >f data already in memory,
and the capability to direct the acquisition of data fiom external storage
devices as well as from the card input stream are particularly useful.

The input of both the sensitivity matrix and the extended covariance
matrix is by submatrix. The (NP-1)}*NC submatric2s of the sensitivity matrix



are entered through improved FIDQ into the 22** array. UNCOVER provides
several alternatives for entering the covariance submatrices. The first
option (determined by IACSYM) is whether to enter all NPxNP submatric2s

of the symmetric covariance matrix or to apply symmetry and use the
NP(NP+1)/2 submatrices of the upper or lower triangle. Obviously, space is
conserved by using the symmetry. Another option (determined by MB) allows
the (NPxNP or NP(NP+1)/2 according to the above option) submatrices of the
extended covariance matrix to be stored all in memory or all on an external
storage device (disk, tape, or drum). For these two alternatives the code
calculates the base addresses and indicator of the 23%$ array correctly.

If however (1) one wishes to mix storage of the covariance submatrices
so that some are in core and some are on external storage devices, and/or
if (2) one wishes not to store zero or unit submatrices by the appropriate
use of indicators in the 23$%$ array, and/or if (3) one wishes to make use
of the fact that one submatrix is identical to another submatrix, then the
addresses and indicators of the 23%$ array must be entered by the user.
Since in these circumstances the length of the core storage required in the
24** array for the extended covariance matrix is changed from that calcu-
lated by the code, the base address (in the 0%$ array) for the following
25%$ array must be calculated and entered by the user. For these purposes
the user should note that the base address for the 24** extended covariance
storage array is always calculated correctly by the code and this base
address is stored in two locations: (1) in the 25'th word of the 0$$ base
address array and (2) the first word of the 23$$ indicator array. The Q
and @ input operations of improved FIDO can then be used to make the
required address changes.

UNCOVER requires sensitivity coefficients and covariance matrices as
input, and the SENPRO and COVERX files are the primary data bases for this
information. However, rather than reading these files directly, UNCOVER
reads compressed extracts from the files permitting more effective
utilization of the improved FIDO input scheme. The COVERS module of the
FORSS system reads SENPRO and COVERX files and prepares the extracts




acceptable to UNCOVER.
in Chapter XIII.
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A description of the COVERS module is available

UNCOVER INPUT

1$S Integer parameters [10]

1.

NP

NC

IACSYM

ICLROS

MB

MBB

LCOM

Order of the first partition specifying the number
of submatrices along a row (or column) of the
extended covariance matrix

Order of the second partition 1 for this versicn of
the code

Options for defining extended covariance matrix

-1 input only lTower triangle submatrices
+1 input only upper triangle submatrices
0 input all submatrices

Options for ordering submatrices of the extended

covariance matrix

+1 order submatrices by column

-1 order submatrices by row

Storage options

2 all submatrices of extended covariance
matrix to be in core

>1000000 all submatrices are in I/0 device
MB/1000000

Storage options

0 all submatrices of adjusted extended
covariance matrix to be in core

>1000000 submatrices are to be on the I/0 device
MBB/1000000

Edit option

0 Normal output

1 Hordes of intermediate results for trouble
shooting
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IBCHK - Option to check? input covariance matrix B

0 No effect
1 Check is made
IBBCHK - Option to check ¢ output covariar~2 matrix BB
0 No effect
1 Check is made
IESENS - Option to calculate from sensitivities
0 No effect '

>0 Integral experiment adjustments are calculated
from sensitivities and cross section adjust-
ments
[>2| tovariance of adjusted integral experiments
calculated from sensitivities and from the
covariances of adjusted cross sections

2%% First Partition Integer Parameters [NP]

1.
2.

NIE - The number of integral experiments.

The dimensio associated with each type of differential
experiment, typically the number of groups. In reference to
a sensitivity partition, it is the length of the vector. In
reference to the NP covariance matrix, it is the order of "..o
square matrix,

3$$ Second Partition Integer Parameters [NC]
NIE - The number of integral experiments.

T

20** Integral Experiment Data [NIE]
For each integral experiment enter:

-

Intecral experiment value - calrulated value

Calculated Value

The covariance matrix is checked for symmevr,. Corre]atigns are checked
and a warning message is generated for each correlation with an absolute
mcgnitude greater than one.
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22** Relative Sensitivity Coefficients [SUMI*NIE], See COMMENTS ON THE
22** CARD for definition of SUMI.
T
0%$ Base Addresses [30]
Modify base address number 26 according t¢ the memory required for
covariance data. (Modify only if different from that calculated
by the code).
24** (Covariance Data
Relative Covariances of integral experiments and other relative
covariance data which are not available on the external storage
device(s) spécified in the 23%$$ array.
23%$ Addresses and Indicators of the Extended Covariance
Matrix [2*NP*NP]
IADDR (I), I=1, NP
IND(I), I=1, NP (Enter only if the storage option provided by MB
is to be overridden.)
Indicators are:
0 - Null submatrix
1 - Unit submatrix
-1 - Negative unit submatrix
2 - Subma*trix stored in address specified
-2 - Transpcse of submatrix stored in address specified
>10%- Read submatrix from unit and record designated and store in
address specified
<10%- Read transpose from unit and record designated and store in
address spe~ified
unit number = |IND|/10%
record number = |IND! - (unit number)*10%
1
278$ NOMIT, (LIST(I), I=1, NOMIT)
"2MIT - The number of integral experiments to be omitted in
: adjustment. NOMIT is preset to O.
LI$r - A list of integral experiment number, which are to be
‘ omitted from the adjustment (assuming the order con-
| sistent with arrays 20, 22, and 24).



Note: If no integral experiments are to be omitted from the
adjuctment, the 27$$ card s not included in the input
stream.

COMMENTS ON THE 22** CARD

The first partition is made up of NP nuinbers, the first corresnonds
to the number of integral experiments and the rest give the dimensicns of
NP-1 types of differential experiments. A set of sensitivity coefficients
or sensitivity submatrix is provided for each type of nuclear data, making
NP-1 sensitivity submatrices. Each sensitivity submatrix contains
sensitivity coefficients for every integral experiment response considered
in the analysis. The sensitivity coefficients for a single response and
for nuclear data of type I form a vector of length LV(I), where LV(I) is
the (I+1)th integer (on the 2$$ card) which defines the first partition.
The length of the I'th sensitivity submatrix for UNCOVER is LV(I)*NIE
where NIE is the number of integral experiment responses. There are NP-]
such submatrices. The total number 5f sensitivity coefficients is NIE*SUMI
is the sum of the LV(I).

Note in the sample input the first card in the 22** array contains
the fission spectrum temperature sensitivi.y coefficients for eight
responses. This forms the first submatrix. (The fission spectrum
temperature corresponds to a submatrix with dimension 1). The last
three cards in the array direct that 21 submatrices be read from unit 31,
each submatrix forming one record. Note there are twenty-one 31G208 0
commands. The 31 is the I/0 unit number, the G is an improved FIDO read
command, the 208 sensitivity coefficients reflect an LV(I) of 26 and an
NIE of 8, and the 0 indicates that unit 31 is unformatted (i.e., binary).
The value of SUMI is 547(=1+21*26). Unit 31 was prepared by the COVERS
module which is discussed in Chapter XIII.
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COMMENTS ON THE 0$$ ARRAY

The 0$$ array contains the base address for the FIDO arrays used in
UNCOVER. The code correctly calculates these base addresses under either
of two ausumptions: (1) all submatrices of the extended covarianc> matrix
(hereafter referred to as the B array) are assigned storage in the memory
(the 24** array), or (2) all submatrices are stored on an 1/0 device and
are read into the core (24** array) one submatrix at a time. If any sub-
matrices are declared to be zero or if some are in core and some on an
I/0 device, then the length required for B-array core storage changes.
This invalidates the precalculated 25%% array base address which in the
0%$ array follows the 24** array base address. The-user must insert the
correct 25%$ array base address via input into the 0$$ array.

Note that the base address of the 24** array is stored in position
25 of the 0$$ array, and that the base address of the 25%$ array is stored
in position 26. First, the base address of the 24** array is entered into
position 26 of the 05% array by FIDO command A26 1Q1. In the sample
problem the correct 258% array base address is determined by using the
improved FIDO command A26 1@741. This command causes the base address jusi
put into position 26 to be incremented by 741, which is the length required
for B-array storage in the sample problem according to the partitioning
and storage allocation used. For the sample probliem, the length is
determined as NIE2+1+IGM2=741, where the number of integral experiments
NIE is 8, and the number of groups IGM is 26. NIEZ locations are reserved
in memory for storage of the integral experiment covariances, one location
is reserveu in memory for the variance of the fission spectrum temperature.
IGM2 is the storage required to read from external storage the largest
submatrix for the differential experiments. The operation of UNCOVER is
such that it is unnecessary to correct any base address in the 0$$ array
beyond position 26.
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COMMENTS ON THE 23%% ARRAY

Accorging to the partition chosen for our sample problem the extended
covariance matrix is partitioned into 23x23 submatrices as shown in Fig. 1.
We have chosen to place two of these submatrices, denoted by 2 in Fig. 1,
into core storage. The first requires 8x8 (=64) locations and the second
requires 1x1 (=1) location making a total of 65 locations required in core.
The submatrices denoted by X in Fig. 1 will be placed on an external device
and will be read into core one at a time as needed. The largest such sub-
matrix (in this example these externally stored submatrices are the same
size) requires 26x26 (=676) locations. The remaining submatrices, denoted
by blanks in Fig. 1 are all :ero. Each will have an indicator 0 and will
not be stored, and any basc address assigned to them will be ignored. The
total memory require¢ of the 22+<* array for storage and reading of the
submatrices of the extonded covariance matrix is 741 (=64+1+676).

Since the storage of the extended covariance matrix is mixed (some
submatrices in internal memory and some on external storage devices) and
also because not all submatrices are stored (some are simply indicated
to be zero), UNCOVER cannot calculate the correct storage required for the
24** array. The user must input base addresses and indicators into the
23$$ array and also must modify a base address in the 0$$ array.

The 23%% array is made up of two sets of numbers, each set consisting
of NPxNP numbers. The first NPxNP numbers of the 23%S array are the base
addresses which specify where the submatrices of the extended covariance
matrix B are stored or into where they will be read. The second NPxNP
numbers are indicators, one for each submatrix of the extended covariance
matrix. The base address of the first submatrix of the B matrix is always
correctly calculated by UNCOVER and is the first number of the 23$%% array.

Our strategy is as follows: after the first address (which already
correctly gives the location of the first submatrix) we set all 528
remaining addresses to the address into which externally-stored submatrices
will be read. Since the addresses of zero submatrices are ignored, we
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need to correct only one addres:, that for the internally stored fission
spectrum variance, this address is one less than the address for reading
in externally-stored submatrices.

Recall that the extended covariance matrix for the sample input is
partitioned into 23x23 submatrices (NP=23). We now define the base
address for reading in the externally stored submatrices. The FIDO
command A2 1Q1 places the first address into the second location, to which
the improved FIDO command 1@ A2 65 adds 65. (The addition of 65 provided
space for the 8x8 integral experiment covariance matrix and the variance
of the fission spectrum temperature.) The second address is now the
correct base address for reading in the externally stored submatrices.

The remaining 527 addresses are sct to this same address by the 00 527(1
command on the 23%$ card.. At this point, the base address for the tempera-
ture variance_(submatrix number 25) is yet undefined. However, it is one
less than the base address for reading the externally-stored submatrices.
This is indicated on the 23$% input cards by the improved FIDO command
18-1. The following command 0@ cancels the preceeding 18 comwand. This
completed the definiticns of base addresses for the submatrices of the B
matrix.

The indicators for the submatrices of the B-matrix must now be entered
into the 23%S$ array starting in location 530 (after the first 23x23 base
addresses). The first submatrix, the covariances of the integral experi-
ments, is stored in core - it was read by FIDO into the 24** array. Hence
the indicator for the first submatrix is 2 as shown on the secord card for
the 23%$ array. The next 23 submatrices are zero matrices (see Fig. 1)
with 0 indicators. These are entered by the 23Z following the 2. The
next submatrix is the temperature variance and was read by FIDO into the
24** array and is in core storage. This is indicated by the next 2, and
following this 237 again indicates 0 covariances for the next 23 sub-
matrices.
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| At this point the next submatrix is stored externally, and all
successive submatrices are stored externally or are zero. The module
COVERS prepared these nonzero submatrices on unit 32 and also prepared
the input stream as listed in Fig. 2.

| OUTPUT DISCUSSION

Following the printing of the two correlation matrices, results are
listed for each partition in the extended covariance matrix. Some of the
output labels are self-explanatory. Perhaps the following will clarify

others.
Partition 1 - The Integral Experiment Partition
Label on Output
Column Listing ’
1 (E/C-1) . experimental value _
OLD(%) calculated value
2 (E-A)/C _ experimental value - adjusted value
MEW(%) original calculated value
3 ST.DEV. _ uncertainties reported by the
EXP.(%) experimentalist
4 ST.DEV uncertainty in calculated response due
oLD éAL((”) =  to uncertainties in the nuclear data
A (cross sections)
| 5 ST.DEV. standard deviation associated with the

NEW ADJ.(%) adjusted values.

The results in output columns 6 - 9 are functions of the results in
columns 1 - 5 as indicated below.

EXP. CHANGE i

6 (IN'S.D.'S) =-2/3

; CALC. CHANGE -1 -z
(IN'S.D.'S) 4

S.N. RATIO _
8 (ADJ. /EXP) =5/ 3

|
|
|
|
|
!
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35000000 © 0 O Y

4 9152613 1-17856-2 4.36551-2
32
316208 O 316208 ©O
316208 0 316208 O
JIG08 0 316208 ©
31w O 316206 ©
1 €&

[]
153 23 | B | 32000000
233 13
23R 2o
3% 8
Z0%¢
7 INTEGRAL EXPERIMENT VALUES
Deb1i28~2 3.3361k-2 =T« 56695
4e40067-2 —S5+96405~2
¥
228
01313 2z ZR0. 3315
316208 0O 3162068 O 316206 ©
3162086 O 31608 © 316248 O
316208 O 316206 © 316208 ©
316208 O 3162086 O 316208 O
¥ 316206 O
(2 X7 A26 101 AZO 19 4
2o s

=6 BZ Il T—4

6354 2Z

4 COVARIANCES OF INTEGRAL EXPERIMENTS

0 3.99-5 8.06-5 2Z

Se88=5 1.77-4 6.02-5 0 2.66-5 S.086-5 2Z S5.76-5 6.02-5 2.13-8 /7COV-2
40— Z/VAR F 1SS SPECT TEmMP
€ Al 3& 6ARA .
23%% A2 101 18 A2 65 08 52701 A2S 1 -l 0@ A530
id 232 2 232
20000013 22 32000002 2z 32000003 32000004
162 32000005 3z 32000006 32000007
2 32600008 182 -32000002 22 32000009
2Z 32000010 32000011 192 3200001 2
202 -32000007 22 32000013 2z 32000014
baz -32000003 2z -32000010 2z 32000035
32000016 15Z -32000004 2Z ~3200001 1
2Z -32000010 32000017 172 -3200000&
22 ~3200001s 2Z 32000017 232 32000039
P34 32000020 23z 3200002 32000022 32000023
32000024 32000025 32000026 32000027
3200002 . 32000029 32000030 132 -32000022
32000031 32000042 32000043 32000038
32000035 32000056 32000037 320000133
32000039 132 -32000023 -32000032 32000040
3200004 32000042 32000043 320000as
320300045 32000040 32000047 132 -3200002a
-32000033 —32000041 320006048 32000049
32000050 32000053 32000052 32000053
32000054 132 ~-320000£5 ~32000034 =-320000e2
~32001049 3c00V05> 32000056 32000057
32000058 32000059 320006060 132 -320000206
-3200093% -~32000043 -320000%0 -3200005%0
32000061 32000062 32000003 32000064
320600005 132 -3,000027 ~-320000306 -32000044
=~320000%51 -32000057 -32000062 320000606
32000067 320000068 3200000% 3d2 -32000028
-320w0037 32000045 ~3200005¢ ~-32000058
-32000063 -32000057 32000070 3200007}
32000072 132 ~32000029 -~32000038 -320000a8
=-3200005 3 -320000% ~32000064 -32000008
=-3200007} 32000073 320000 74 | 74 -32000030
~3£000039 ~32000047 -32000054 =-32000060
-32000005 -32000006v -32000072 -320L0074
' 32000075
¥
Fig. 2. List of Sample Irput

Eo8B—4 22 3e99=5 Sodd5-5 2.86-5
B.060-5 Io7S5-5 B.88-5 3IZ 4.-6 42 A2 2.25-6 32

Ie78-4 5

0 1.46-4 7C0v-2

7COV—-2
e88-5 S.76-5 0 S.85-5 3I.75-5 2z sCO0v-2
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Partition 2 ...
CHANGE

(%)

0LD(%)

NEW(%)

S.D. RATIO

ST.DEV.

ST.OEV.
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5/

CALC)

NP - The Nuclear Data Partitions

adjusted value - old value
old value

x 100

standard deviation associated with
nuclear data

standard deviation associated with
adjusted nuclear data

The results in output columns 4 and 5 are functions of the results in
columns 1, 2, and 3 as indicated below.

CHANGE -
4 (IN S.D.’S) =172
5 S.D. RATIO -
(NEW/OLD) 3712
UNCOVER ERROR STOPS
STOP 1 - Problem size exceeds container array size. A printed message
precedes the STOP 1 which specifies the memory required and
the memory available. The container array size must be in-
creased or tne problem requirements reduced by partitioning.
STQP - Statement in subroutine COPYIT, see the printed message on
the output.
STOF - Statement in subroutine COPYIT, see the printed message on
the output.
STOP 13579 - The statement is located in subroutine UNPART. The numter

of partitions in the extended covariance matrix exceeds 50.

A programming change\is required unless the problem can be
reduced.
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RESOURCE UTILIZATION

For the sample problem, the container block size was 20000 words, the
program loaded and executed in 270 K bytes of core storage, execution time
was 9 seconds on the IBM 360-91, 685 1/0 requests were made in the GO step,
and four external storage units were used (1 for sensitivity coefficients,
1 for covariance matrices, 1 for indicators, 1 for the adjusted extended
covariance matrix). Not every problem requires external storage.
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I. INTRODUCTION

COVERS is a convenience module which prepares input data for
UNCOVER. The input requirements of UNCOVER which are described in
Chapter X1l should be reviewed before attemptire to use COVERS. If all
sensitivity and covariance data is to be made available to UNCOVER via
the card input stream, then COVERS is unnecessary and thne user should
prepare input data directly for UNCOVER. When all or part of the required
sensitivity and covariance data 1s on a StNPRO and/or a COVERX file,
COVERS can relieve some of the burden of input preparation. COVERS can
prepare all of the input needed for an UNCOVER run. This cons’sts of
three data files: 1) an extract of the SENPRO file, 2) an extract ofr
the COVERX fije, and 3) a file containing all of the card images required
to define an UNCOVLR input case. However, there are cases when it is
convenient tg use the SEHPRO and COVERX extract files, abandon the card
image file, and prepare the card input stream directly in UNCOVER. There
are other cases when it is efficient to use the COVERS prepared input

stream but modify it with card input directly in UNCOVER.
[I. [INPUT PREPARATION FOR COVERS

Before attempting to prepare input for COVERS, it is suqggested that
an extended couvariance matrix for the problem of interest be diagrammed
similar to Fig. 1. This diagram illustrates the partitions in the
extended covariance matrix, the cross correlations, and the source of
data for each submatrix. Data as used in this context is to be inter-
preted as the sensitivity coefficients and covariances for each submatrix

of the extended covariance matrix., Such data may be provided via the
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the card input stream and/or obtained from SENT?0 and COVERX files.
Realistic problems iypically uti]izeudata from both sources. COVERS
input consists of Improved Fido Cards for the 1$-. 25%, and 3$$ arrays
which contain information used in COVERS computation and decision making.
COVERS alsg reads three qther types of data in the Ho]]efith format.

This information is passed to UNCOVER witnout modification and defines

the UNCOVER 20**, 22**, and 24*~ input arrays.

A. The COVERS 1$$ Card
This card contains administrative inforwation, and the brief defini-
tions of eacn parameter ... the COVERS Invqt Data Description section
should suffice with the exception of the ﬁinth Parameter,’KRECT, KRECT
is a modifier for input data contained on the 3%% cards and its use will
be described in the discussion of the 3%% cards. KRECT is a very useful
input parameter, but it is aiso very dangerous.. if iwmproperly used,
disaster is certain. The most prudent use of KRECT is to initially set
its value to zero and lv)ve i* unchanged until the need for a change is

clearly demon: .rated and understood.

B. The COVERS 28$$ Card
The infor.nation on this card is a list of the experiments included
in the adju»tmént. SENPRO nomenclature is used; i.e., assembly identifier
and response identifiers (see the discussion of the SENPRO file MAT-MT
control record in Appendix A of Chapter VIII). This information, along
with the material-reaction type identifiers provided on the 3$$ cards,
identifies all of the sensi“ivity profiles located on a SENPRO file to be

used in the adjustment.

b 0 N S A S LI i e 1 TN 0 AR L - AL (VA et iy £ 1 E
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C. The COVERS 3%$ Cards

Nverer’

The 3$% cards provide a transcription of the diayram in Fig. 1 of
the =x«tended covariance matrix into function2) numerical nomenclature.
Tre 3$% cards serve the following functions:

1. Delineate the partitions included in the extended covariance

matrix.

2. Indicate the source of data for each submatrix of the extended
covariance matrix. Recail that as used in this context, data
is to be interpreted as sernsitivity profiles and covariances.
Two sources are available, the card input stream and the files
(SENPRO, COVERX).

3. Identify the cross correlations needed between material—reécticn
type pairs. The correlation ~f a material-reaction type to
itself is assumed.

4. Coupled with the 2$% card, identify all sensitivity profiles
to be used in the adjustment.

5. Identify all of the covariances needed in the adjustment.

In discussirg oreparation of the 3$$ cards, reference will be made
to the sample input shown in Fig. 2. COVERS permits only the lower
triangle of the extended covariance matrix to be described and then
guarantees symmetry. The content of a 3%% card i. different depending
upon whether the data is to come from the card input stream or from the
files (SENPRO, COVERX). (GVERS requires that all partitions requiring
data from the card input siream be described before the partitions obtain-
ing data fram the files. If the sensitivity data is provided via the

card input stream so must be the covariance data and converse,y. Refer !
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v
1ss 23 za 31 32 33 23 & FoO T
<33 | 34 1 [+] | ¥4 Ld 2 12 4 1 2t | § [+]
29 1 [} z2 A 7 22 L] 2 29 L) 1 T
3% Fo ¥
333 F1l L 4
33 1261 18 FO T
3338 1ol 102 FoO A 4
33%S 1201 452 FO ¥
s 1262 jo 3 Fo T
3393 1202 102 FO T
338 1202 A52 S FO A
353 1264 18 3 6 FO T
333 1264 102 3 6 9 FO T
338 1264 . A52 5 e FO T
338 1 20S 102 FoO T
333 1276 2 Fo T
3558 398 S1 FO T
333 %6 52 [ L] FOo T
333 Ivo S3 ia 15 FO T
383 398 54 14 15 | X3 FO T
333 398 S< 21 1a V7 F0 T
33s 398 56 31 14 18 FO T
353 k2T 57 al la 19 Fo T
3338 3ve 39 . S1 14 20 FOo T
333 3ys 559 61 16 21 Fo 2 §
3% 396 S60 71 1A 22 FO T
7 INTEGRAL EXPERIMENT VALUES
Je61124-2 3.31611-2 ~7256895~2 9.35261~-3 Le17856-2 4.3655)-2

4.16667-2 5.96465—2
{OLANK CARD)
01315 2Z 2RO.133S 3z
(BLANK CAROD)
/ COVARIANCES OF INTEGRAL EXPERJIMENTS
Ae—0 BL 34178 1e46=4 2Z 34995 5455 2.80-5 O l.46-4 /7Cov=-2 1
0e55-8 27 8.06-5 3J.75~5 9.88-5 3IZI 4Aa-p 42 AL 2.25-6 3IZ -/7COv—2 3
0 3.99-5 &.06-5 22 Jo78-4 S.84-5 S5.78-5 0 5.45-5 3.75-5 2Z /c0v-2 3
S584=5 J.T7-8 005 0 Zell-—D 48.088-9 ZI 5.78-5 ©6.02-5 2.13~-8 /C0v-2 4
4.0- /VAR F155 SFCCT Tim
Al 3a 04Ka o
(BLANK CARD)

Fig. 2. Sample Input for a COVERS Case.

to the diagram of the extended covariance matrix in Fig. 1; in reading
dowin the diagonal from left to right, notice the two integers with a value
of 2. These indicate that the data for these submatrices will be pro-
vided in the card input stream immediately following the 3$$ cards. The
corresponding 35S cards contain information of a dimensional nature;
i.e., how many numbers are to be read from cards. Note in Fig. 2, the
content of the first 35$ card s 385 F8 T. This card deals with the
integral experiment nartition which is unique in that no sensitivity
coefficients are entered for the partition. UNCOVER generatés the sensi-
tivity coefficients for the integral experiment partition internally.
However a covariance matrix must be input for the inteqral experiment

sartition and the 3%5 F8 T card directs that 64 numbers, an 8 » 8

covariance matrix, be entered in the covariance block. In Ffig. 2, the
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second 3$$ card content is 3%5 F1 7. This partition deals with the
temperature associated with a fission spectrum. The first eight ~umbers
in the sensitivity block of the card input are the sensitivity to the
temperature of each of the eight integral experiments and the 65th entry
in the covariance block is the variance of the temperature. Recall the
first 64 words of the covariance bfbck have been used for the 8 x 8
covariance matrix associated with the integral experimert partition.
Data Tor the integral experiment partition must be entered first and
immediately followed by all of the other partitions for which the data
is entered from the card input stream. The order in which sensitivity
and covariance data is entered in their respective blocks cstablishes
the correspondence.

Now4consider the content of the 35§ cards that deal with the sub-
matrices for which data is obtained from the files {SENPRO, COVERX).
The objective is to identify all of the sensitivity profiles and all of
the covariance matrices needed in the adjustment and to read this data
from a SENPRO file and a COVERX file. Recall that a sensitivity profile
on a SENPRO file has five identification numbers: 1) assembly, 2)
response, 3) material, 4) reaction typc, and 5) reaction rate ratio.
Obviously items 2 and 5 are related and merely constitute a dual identifi-
cation of a response. [Identificction of covariances is simpler. Co-
variance matrices are not ascembly and response dependent. They are
identified by four integers material-reaction type correlated to the same
material-reaction type or cross correlated to another material-reaction
type. Note that the third partition of the extended covariance matrix

in Fig. 1 indicates a correlation of 25F to itself. In Fig. 2, note
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that the third 3SS card is completed as 35S 1261 18 FO 7. The 1261 is

2354 on both the SENPRO and COVERX files

the material identifier for
and the 18 is the reaction type identifier for fission on both files.

The actual numerical values of these identifiers are arbitrary, but they
must be consistent on the 25% cards, the SENPRO file, and the COVERX

file. The ENDF/B material-reaction type (MAT-MT) identifiers serve very
effectively as identifiers in the adjustment process. With the assemblies
and responses ideniified on the 2$5 cards and the material-reaction type
identified on the 3$$ cards, COVERS can search a SENPRO file for the

235U fission.

sensitivity profiles for ail assemblies and all responses to
Also, COVERS can search a COVERX file for the covariance of 235U fission
correlated to itself. This process is now repeated for every partition
of the extended covariance matrix. 7o further illustrate the preparation
of 38$ cards, consider the sixth partition of the extended covariance
matrix. [t is indicated that 28F is correlated to itself and cross
correlated to 25F. Referring to the sixth 3$% card in Fig. 2, the 1262

is the MAT number for 238

U and 18 is the MT number for fission. The 3
indicates the cross correlation to 25F since 25F has already been identi-
fied in the third partition of the extended covariance matrix, hence the
3 on the 355 card. It may also be convenient to note in Fig. 1 that the
L indicating the cross correlation is in col'mn 3 of the extended co-
variance matrix. Now suppose all input is prepared and it is decided
that one additional partition with data in the card input stream should
be added. Recall all card input partitionc must precede the partitions

with data from the files. The 3 in partition 6 used to indicate the

cross correlation of 28F to 25F now should be 4 and every other cross
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correlation indicator shouid be incremented by one. Before discarding
all input and sta-ting over, examine the 1$$ card, -item 2, the parameter
KRECT. When KRECT is nonzero, all cross correlation indicators are
redefined as KN” = KN + KRECT. Where KN is the input value but KN” is

the value actually used by the code to establish cress correlations.
I1I. THE HOLLERITH DATA BLOCKS

COVERS reads three Hollerith data blocks and passes the data
directly to the UNCOVER card input stream to form the UNCOVER input
arrays designated as 20**, 22**, and 24**. COVERS does not have 31 need
to know any numerical values of this data and treats all of these cards
as Ho?férith information. However, the user must know how much and what
infdrmation to prepare. A review of the UNCOVER input requirements in
Chapter XII would be helpful, but all of the "how much” gquestion is
already answered in the preparation of the COVERS 155, 255, and 3$S

cards.

A. Block 1, Tne Integral Experiment Data
_ Enter one value (V) for each integral experiment: V = !ﬂVE;XE',
where VM is the meascred value of the experiment and VC is the calcu-
lated value of the experiment. Data must be entered in this block. End

the block with a blank card.

B. Block 2, The Card Input Stream Sensitivity Coefficients
Excluding the 35% card for the integral experiment partition,
examine all of the 33%% cards relevant to partitions with sensitivity

and covariance data being entered via the card input stream. In the

,
S ent
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| another 3$$ card with the content 38$ F4 T.
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sample input shown in Fig. 2, this is one card 3S$fF1 T. From the

" seventh parameter on the 1$$ card it is known that the problem includes

-

ties to be entered in Block 2. This completes the Elock 2 data entry

forithe Sémple inpuf; but-asspme’fgllowiné fheﬂ3$$fF1,T cﬁ§d“théfe7uas' ‘

the ‘total number of sensitivities to be enfered.wdu]d,bé calculated as

(1.+8) x 8, \The.fifst’efght,entfjes~cor}eSpohdﬂto the.BSStéérﬂ"

thetical 355 card (3%$ F4 1. The_32.éntrigs must be defined in the
following order. four sensié?vit%es for the first integral experiment,
four sensitivitizs for the second integral experiment, etc,, until

four sensitivitfes have been entefed fbr each of the eight integral
éxperiments. If all sensitivity and covariance data were to be obtained
from the files (SENPRO, COVERX), Block 2 would be empt’. One blank ca.d
is always- used to end Block 2, designating either the empty condition or

the end of card input stream sensitivity data.

C. Block 3, The Card Input Stream Covariances
A square covariance matrix must be entered for each partition for
which the card input stream is the source of data. In Fig. 2?‘n5te the
first two 3%§ cards: 3§$ F8 T, 3$S F1 T, 'Tﬁernumber-df values to be

entered in Block 3 s calcujated as 8° * 12

. If all sensitivity and
covariance datz were to he obtained from the files (SENPRO, COVERX) ,
Block 3 would be empty. One blank card is always used to end Block 3,

designating either the empty condition or the end of card input stream

~covariance data.

eight integral experiments; therefore; 1 x 8 is the number of sensitiyi—: '

In this»hypothetica] case, .. . .

(358 F1 T) and the following 32 entries would correspond to the hypo-
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1. IPRO
2. 1COU
3. JAMS
4. JAMC
5. JnI
6. NP
7. NRESP
8. LCOM
9. KRECT
TR 10, IBEHK
11. IBBCHK
12. TESENS

~ IV. COVERS INPUT DATA description

1$$ Inteyer parameters (12) -

1
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unit numer of SENPRO file '953;*?°
unit number of COVERX tile

unlt number of data- extracted from SENRPO

unit number of data extracted from COVERX

unit number of UNCOVER card 1mage lnput stream
number of part:tlons in extended covar1ance matrix

number of responses (mtegra] nxperlments)

[

edlt optlon

0 - normal output

>0 - full output for troubleshooting
constant to be added to KN, see 35$% card,
KRECT may be negative

Option to check? input covariance matrix B

0 - ﬁp check

1 - cﬁeck

option to check® output covariance matrix BB
0 - no check

1 - check

option to calculate from sensitivities

0 - no effect

“The cevariance matrix is checked for symmetry. Covrelations are
checked and a warning message is generated for each correlation with an
- absolute magnitude qreater than one. These checks have the potential
for generating thoisands of lines of print.




:
] XIHI-1375 -
(,>:j E _ >0 - intégral experfment adjhstmentS‘calculated o E
- from sensitivities and cross section adjustments < é:
{>2] - covariance of adjusfed iﬁtegraIAexpGriménts ; :;
) 'calcuiated from‘éehSitivities;and fro@ the'  ;i 5 T
. covariances of adjisted cross sections ¢ o . o
) T B | B L |
2$$~,In;eger parameters (3*NRESP) responSe description & g : *f?',
IASB - assembly identification | ‘ e i
'IﬁESP - resbonSé‘ideﬁtification L T
HIRN - réaction rate ratio identification
b : , complete for all responses 3
T 7 B e | . 3
The 3$% card indicating data is to come from the card input stream and %
has the following form: o 3
355 Integer parameters (100) ) . §
FNDT ‘
The array is filled with the dimension (ND) associated with the é

experiment being described. On the first 3$$ card, MD is equal to the
ﬁﬁmber of integral experiments. On succeeding 3$% cards,?the associated
dimension is typically the number of groups. In reference to a”sensi-
tivity partition, it 1s the Ieﬁgth‘bf the vector. In reference to a

covariance matrix, it is the order of the square matrix.
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The 3%5 card indicating data is to come from SENRRO and COVERX | ‘i) '2'1
. files and has the following form:
- '?{j§7» 3$$ Integer parameters (100)

MAT - m@terial jdentification Tor the row

MT - reactiog-‘ type identification for the row

KK - the partition columm numbers of all nonzero covariance sub-
matrices in théyiby‘and“ﬁqfthe Teft of the diagonal element

FO - the FIDO fi11 with O option; this input is mandatbri“'

The following three types of data are card images which COVERS uses - ‘
to prepare the 20**, 22**. and 24** arréysAfor UNCOVER. Note each type

: of data is terminated with a blank card.

"~ Block 1, Integral experiment data (NIE)

L e, S AR AT Rt
[ i .

For each integral experiment enter:

Integral experiment value — calculated value
calculated value

End with a blénk card. -

Block 2, Sensitivit, coefficients

Enter sensitivity coefficients for each differential experiment not

- retrieving coefficients from a SENRPO file. End with a blank card.

Block 3, Covariance data

Enter the covariances of integral experiments and other covariance

data which are not available on a COVERX file. End with a blank card.

V. COVERS OUTPUT

If a sensitivity profile is needed for the problem and cannot be

located on the SENPRQO file, COVERS indicates the profiie was not found
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and proceedS as -if the profile was found with all coefficients for that

profile set to zero. COVERS also indicates what covariance matrices are

required and those that are found. Any not found are set to zero.

Three files are prepared by COVE'RS':"' an .é)@trgct of SENRPO, an

~ -extract of COVERX, and the card stream input for UNCOVER. _

VI. COVERS ERROR STOPS =

STOP 1 ‘at least one 3%$:card did ﬁbt end with 0, check 3%$ cards

STOP 2 all 3$$ cards were filled with O, COVERS has nothing

to do, check 3%% cards

STOP 3 ) the container array is too small to accommodate
STOP 4 the problem, reduce problem or increase the size
STOP 5 of the contaiﬁér array

VII. COVERS RESOURCE UTILIZATIQY

"~ For the sample problem the container block size was 20,000 words,
the problem Toaded and executed in 180K bytes of core storage, execution
time was five seconds on the IBM 360-91, 386 I/0 requests were made in
the GO step. Two externai storage units were required for the SENRPO
and COVERX fTiles, three external storage units were used for the SENRPO

extracts, the COVERX extracts, and the UNCOVER card input stream.

i gk Ikl R 4 i e ,. (R .
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THE ADJUST MODULE OF THE FORSS SYSTEM

J. L. Lucius
N. M. Greene
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THE ADJUST MODULE

[}

1. INTRODUCTION

The preparation of a functidna], adjusted cross section set is a three

step operation involving the UNCOVER module, the ADJUST modnle and the

AWX! modules, COMET, AJAX, DIAL AND RADE. The objective is to modify
(adjust) an AMPX multigroup, infinitely dilute, master cross section file
with the changes calculated by an UNCOVER adjustment run resulting in an

7 ~ adjusted cross section file in the AMPX master format. Extreme care must

~; " be exercised to insure that a consistent cross section set is produced.

: " This involves application of the AMPX module COMET in a manner consistent
with the type of adjustmént made.

» TP PETPPPREIIVE i 0 grnamoanibe

SE . e

: A Correspondence Between UNCOVER and the AMPX Master File

‘ A correspondence is established between each UNCOVER differential

o parameter (e.g., cross section)upaftition, and one or more material-

) reaction types on an AMPX master file. Tne multiple currespondence is
especially useful in the adjustment ~¢ inelastic levels. UNCOVER produces.
a file containing one record for ea.n differential partition in the UNCOVER
run. éTypica]ly, each record contains the percent changes by energy grouo
to be used in adjusting the corresponding material-reaction type(s) on the
AMPX master. The AMPX master and the UNCOVER results must be in either
identical group structures or the UNCOVER structure must be a subset of the
group structure on the AMPX master. With bcth group structures available,
ADJUST applies the UNCOVER percent changes over ‘he appropriate energy
ranges of tne AMPX master.

B. Adjustment of Fission Spectrum Parameters

Unlike other reactions, the fission spectrum on the AMPX master is not
mechani.ally adjusted by a multiplicative constant facior, but is rather
replaced by recalculating group values based on modified paraﬁéters.
UNCOVER produces percent changes to be applied to these parameters, which
are passed to ADJUST which calculates a new fission spect-um and places it
on the AMPX master. Both the Watt? and Maxwellian? definitions of a
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fission spectrum are available (although ENDF/B-V allows for energy depen-
dent parametersq and b, since in the AMPX master file there is only one
fission spectrum, cnly one set of parameters ver material is handled):

The Maxwellian fission spectrum

f(E+E') = ? e "E'/a

I is the normalizatien constant,

1 = ¢3/2 ["—% erf (\[(E-U)/a )- V(E-U),a e'“‘“”‘{l

4 is *v- Ldjusted parameter input from a 4** card.

U is a constant introduced to define the pioper upper limit for
the final neutron energy such that 0 < E' + E - U,

The Watt fission spectrum

e-E'/a .
f(E-E') = — sinh ( bE')

I is the normalization constant,

o () o (B ) o (T
aem (- (£) sm (votEw))

a and b are adjusted parameters input from a 4** card
I” is a constant introduced to define the proper upper for the
final neutron energy such that 0 < E' <E - U

To calculate a Watt Spectrum, the user must determine the values of
the constants a and b at i MEV which were used to calculate the
corresponding Watt spectrum on the AMPX master (seé Appendix A). The
UNCOVER results (percent change of @ and b ) must Qhen be applied by hand

i
|
|

ey
v ot d St
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to calculate the adjusted values of a and b and be input to ADJUST (4**
cards). The same procedure applies for a Maxwellian spectrum with the
constant ginterpreted as the Maxwellian 8 and the constant p set to zero.
The hand operations are required because values for a ,b, and 8 are
currently not available on the AMPX master and the retrieval of these para-
meters from a basic ENDF/B-V file is beyond the scope of this version of
PDJUST.

C. The ADJUST 2$$ and 3%% Input Arrays

The ADJUST input to implement the correspondence between UNCOVER and
the AMPX master file is provided in the 2$$ array and the 3$$ arrays.
Typically there is a ome-to-one’correspondence between an UNCOVER partition
and a 3%$$ array. The correspondence is established by inspecting each
UNCOVER partition and determining the applicahle corresponding AMPX master
material (MAT) and reaction type (MT) identifiers which are then entered in
38$ arrays i~ tae same order. A single UNCOVER oartition may be designed
1o adjust parameters for moré than one material-reaction type. For
example, the parameters g and b may be adjusted for both 239y and 2“0Py in
the same UNCOVER partition. In this situation, a 3$$ array must be pre-
pared to identify each material treated iﬁ the partition. The 2$$ array
contains an indicator for each 3%» array in the input stream. The indica-
tor defines the relationship of the material-reaction type(s) specified in
the 3$% array with the corresponding UNCOVER partition. Also, a specific
adjustment may be desired that does not require the results of every par-
tition included in UNCOVER run. This condition can be indicated in the 2$$
array.

D. Preparation of a Consistent Cross Section Set With AMPX-COMET

Before an adjusted AMPX master can be used in calculations, AMPX-COMET
must. be used to calculate the following:
1. The neutron disappearance cross section (MT = 101) {is the sum of
all partial disappearance cross sections (i.e. (n,v), (n,ﬂ),
(n,a),eee) (MT = 100 + i, 1 = 2} ...,:14) ‘
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2. The absorption cross section (MT = 27) is the sum of the disap-
pearance (MT = 101) and fission (MT = 18) cross sections.

3. The total cross section as a sum of partials

4. For materials where the inelastic total cross section has been

adjusted, the inelastic levei cross sections must be normalized

to sum to the adjusted inelastic total. For materials where the

inelastic level cross sections have been adjusted, the inelastic

total must be calculated as a sum of the adjusted levels.

AMPX-RADE may used to check the internal consistency of the cross section

set. AMPX-AJAX is very useful in isolating materials requiring the speci-
fic treatments discussed in step 4 and then recombining all of the
materials onto a single AMPX master. AMPX-DIAL may be used to edit the
<zross sections residing on an AMPX master file. '

I1. ADJUST INPUT

1$$ Integer Parameters [6]

1. R

2. NOMT

3. N61

4. NMG

The number of differential parameter sets in the UNCOVER
case. NR is also the number of 3$$ cards to be prepared.
The maximum number of reaction types to be adjusted by the
same factor. NOMT will be equal to the maximum number of
reaction types identified on a single 3%$ card (default =
1), NOMT > 1 is useful for adjusting inelastic levels when
several levels are to receive the same adjustment.

The unit number of the file containing the UNCOVER results.
(percent changes) (default = 61).

The unit number of the AMPX master file to be adjusted
(default = 45).

The unit number of the adjusted AMPX master file (defarlt =
46).

The unit number of a SENPRO file containing the group boun-
daries and sensitivity coefficients used in the UNCOVER run
(default = 23).
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2$¢ Integer Parameters [NR]

These parameters describing the requested operation for each 3$$ card

assumc one of the following values for each 3%$$ card.

-1 - This indicates a fission spectrum is to be calculated from the
adjusted parameters a and b which will be input on a 4** card. A
record on unit N61 is read but the contents are discarded.

-25 - This indicates the same action as -1 above with one important
exception; no correspondingrrecord exists on unit N61 and no
attempt is made to read such a record.

0 - This indicates that a record exists on unit N61 but that the
information is not useful in this particular adjustment. The
record is read and the contents - iscarded, i.e., the recc
skipped.

+]1 - This indicates a record is read from unit N61 and the cont s
agre used in the adjustment.

T

Prepare a 3%% card’ for each differential experiment (partition) in the
UNCOVER run, i.e., prepare NR (see 1$$% card) 3$$ cards
3$$ Integer Parameters {NOMT + 1]

MAT - The material identifiers on the AMPX master of _he material to be
adjusted by the percent changes calculated in the ccrresponding
UNCOVER partition.

MT - The reaction type identifier on the AMPX master of the reaction
to be adjusted by the percent changes calculated in the
corresponding UNCOVER partition. A maximum of NOMT (see 1$$
card) reaction types may be adjusted by the same percent changes.
This is useful for inelastic levels.

. YFor records to be skipped, the 3%$ card should be filled with zeros
(383 FO T).
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4** Adjusted Fissior Spectrum Parameters [2]

a - This parameter is interpreted as the adjusted value of the
| constant a usad in the definition of a Watt Spectrum. For a
| Maxwellian spectrum, this parameter is interpreted as the
‘ constant 9.

b - For a Watt spectrum, this parameter is the adjusted value of the
constant b. Enter a value of zero for this parameter to calcu-
late a Maxwellian spectrum.

T
Enter one 4** card for each fission spectrum identified by a 3%% card
in the same order as the 3%$ fission spectrum identifiers are
encountered.

AMPX Input

Relevant sections of reference 1 have been reproduced and inserted
in APPENDIX B for convenience.

1. N. M. Greene, J. L. Lucius, L. M. Petrie, W. E. Ford III, J. E. White
R. G. Wright, "AMPX: A Modular Code System for Generating Coupled
Multigroup Neutron-Gamma Libraries from ENDF/B,” OPNL,/TM-3706 (March
1976). See also RSIC PSR-63/AMPX-II Code Package Material (1978).

REFERENCES

2. R. Kinsey, "Data Formats and Procedures for the Evaluated Nuclear Daia
File, ENDF," BNL-NCS-50496 (ENDF 112), 2nd Edition (ENDF/B-Y) (1979).
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Figure 1: Sample Input for ADJUST and AMPX (AJAX, COMET, RADE)

77CCusSaA 538 (19738),°C C WEASIER 6025¢
7€ 08P ARM L INZCT=¢3
/778 Q_ASS CPU9I=93M, IU=0]1 0+REGJON=0530K «L I NES=050
77 EXEC FIRTHIL 3¢PAIMFORT=*REZF & QLTSI 0N, =270k,
77 PARYLGI= D=~ 1o1U=-1FI=—1 sEG=-]) JEu=-1"*
Z7/7FURT JSYSIN JD &
J/7LKED AJUST DD VIL=SEZR=ZXCO20DILF=SARUNIT =337~ ,
4 DSE=JULL «FORSSADILEToHEXR
JZ7LKED IF 00 DD VOLSSER=ZRCO0JIISP=SHRUNIT 33301,
77 OSNZ=JLL e MARADLE +F IDULHEX
Z/7LKED .SYSIN DD ¥
INCLUDZ AJUST
INCLUOZ IFIDD
777G FT 23 001 D7 UNIT=3330~1 ¢VOL SSER=ZXIIB0«IISP=3nF,
44 SSNZJLL «ADILST o SNP26
772 GO SKFTHIFOO0L DY DSN=T.YEVIBCT73. MCCVYTR?J . VERVS RYX ,
77 VIL=,
Vo4 UNT=S2DA,)]52=SHR
F7G)eFT4SF GOl DJ UNIT=3230,VUL =SER=ZK0III DISF=SHN ¢
I/ DONZJEL W AN X VEFRDT
F7G3 FTaGF 001 DI UNITI=SYSOA SPACE(TRK (632500 &
7 D152 (NEW+2ALS) I SN=CEILLAPY,

rs ICB=ARECFUTMIS JURECL X ,BLKSILL =040 +BIFL=T710D)

/7/7G0O FTCSF LC1 DY & .
3 .

1 SO0 12 &1 a5 a6 23 1
283 0 R-1 =25 € € 4271 9 T
iss FfFO T

ne 1395 13018 ¥F(C 3
iss 139 1018 fC I
Is e 139% 1018 FC v
3ss 1360 1018 FC )
35Y FO T

3¢s FOC v

s 130 2 FC T
s 13066 & FC )

is = 120€¢ 192 F9O T
o 127¢ 2 FQ ¥

s 127 & FGC 7V

is s 1211 2 FO 7V

s 1211 4 FC 7

Iss 1211 102 FoO T
3 s 1328 302 FO I
3ss 1326 < FC |}
S 132¢ & Fgc J
3% 12z¢ 102 FO T
s s 138 302 FO ¥
3ss 13yS 2 FC 1
388 136 & FC T
Iss 1395 102 FO ¥
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iss 139 18 FoO |

Iss 1395 4a%2 FO T

3ss 138 2 FQ 7Y

3ss 1358 S) FO T

s 135 S2 FO A |

3t s 1398 53 FQO 1 ~
3ss 1393 Sa FO ¥ -
iss 1393 SS FO 1V

3ss 1398 S6 FO T

Ise 1363 =7 FO 1

Iss 1368 2I 52 ¢l FC T

3% s 1398 31 €2 € FO ¥
IJss 1358 SI (X4 77 Gl FO A |
jss 1398 102 FO T

iss 1398 18 FOo 1

3¢ 13198 a4S2 FO 1Y

Iss 139v9 2 FO ¥

s 1399 & FOo 1

3ss 13%6 102 FoO T

3¢ 1399 18 Fo T

188 1396 852 Ffgo 1

35 s 1339¢ 2 Fo T

s s 1 38¢C 4 [ ] 1

35 1380 102 FO 1

3% 130 18 Fo 1

s 1I8C a2 Fo0 1

»s ro A |

e C.90V05 . ¢5 Z,13791€-¢€ T
488  R,9472z1Z2¢5 3.272651E-06 ¥

488 S ,SETESST¢5 2,EG612E-€ 1

a8 e 1e258172- 40 Ce. C 1

/e

/77 SXEC AMPXp RESIONLGUL=CGEO™ ¢ ILKS=0800:53UF =71¢0

v as JOVIME=L2

777G oFT O0AF CO1 DD UNIT=SYE) B8,5FACE=(TRK( 300+50))

£7GleFTQOGF 001 D) UNE T=SYSDOA,SPACE=(TRK,,{ 300 +50))

/7G3FTI8F 001 D) UNIT=SYSDASPAL."=(TRK (300 +50))
//7GDFTIGF 001 D) UNJIZEYDALSPACE=(TRK ({300 ,50))

/7GFTEIF COL D) UNII=SYDALDISP(OLO sPASS) sDOSh=EE ILL APM
//7GFTSTF 00 D) UNIT=SYSIASPACE(TRK.(600,50)),

77 OISP=(NECsIASS)eDSNZEECCWAJAXY o

/77 OCASMNECFM=VWB S,LRECL SX oALKS] ZFE 6400 +UFL=7160)
77G0FISEF COL D) UNIT=SYSDASPACE=(TRK( 600.,50)),

77 DISIP=(NEW,IASS) oISNELECCUIME VS

/7 BZ(RECFMZVB SRECL X 4BLKS] ZE=06400 s FUFL=7160)
/7GDFTSSF 001 DD UNIT=SYD B ,SPACE=(TRK,,(300,50)),

77 DIS?=(NEWIASE) OSNELLLCWAJAXZ

/7 ICBE(RECFM=VYISLLRECL=X,3LV.SIZE=6600 DUFL=T160)
//7GOFTECOF 001 DU UNIT=SYSDA,SPACE=(TRK(300.50)),

77 DISP=(NES+?A5S5) DSN=CILCWUCHNE T2,
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&4 WIA=(RECFM=VAS oLRECL =X BLKSIZE=8I0 4EUFL=7160)
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APPENDIX A

Fissior Spectrum Parameters

The values of the fission spectrum parameters z and p at 1 MEV are

listed for several materials. When b is zero a should be interpreted as
8 for a maxwellian spectrum. Otherwise the parame‘ers are used in the
of a Watt spectrum.

definition
-1

Material a geV[ b eV )
. 235y 9.88  E+5 2.249 E-6

238y 8.95064 €45 3.2953 E-6

239p,, 9.66  E+5 2.882 E-6

280py 1.361 E+6 0

241p 1.3752 E+6 0

212p,, 1.354 E+6 0
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APPENDIX B

AJAX -- AMPX Module to Merge, Collect, Assemble, Re-Order, Join
and/or Copy Selected Data Sets from AMPX Master Interfaces

N. M. Greene

AJAX (Automatic Joining of AMPX X-Sections) is z module to combine
data from AMPX master interface§. Options are provided to allow rerging
from any mmber of files in a manner as to allow the user to determine the
final nuclide ordering. Any form of master interface {neutorn, gamma-ray,
neutron-gamma) can be accessed. (In this discussion, interface, file, and
library have the same meaning).

AJAX Input Data

Block 1
0% Logical Assigmments [2]

1. MMT - Logical number of new library (default = 1)

2. NMAX - Logical number of the input file which has the
1argest bpuffer requirements. (AJAX uses NMAX and MM1 in
determining total buffer requirements).

18 Number of Tiles [1]

1. NFILE - Number of fil: requests to be made. {When
"reordering” operation: are performed hich require the
same file to be accessed several times, each access is
counted to determine the value of NFILE).

T Terminate Biock 1.
Blocks 2 and 3 are stacked, one after the other, NFILE times.

Block 2
2% File and Option Selection [2]

1. NF - Logical number of file considered
2. [OPT* = -N Delete N nuclides from NF to create the new file
on MMT

*Sets with duph’caté identifiers will not be entered on MMT. The
first occurrence of an identifier selects that set for the new library.



XIv-16

0 Add all nuclides to the new file on MMT
. N Add N nuclides from NF to create the new file on MMT

"

"

T Terminate Block 2.
Block 3 {Enter only when I0PT#0}

3%  Nuclides Selected [{I0PT|]
Identifiers of nuclides which are to be added or delrted from NF
43 New Identifiers [NIOPTI] (Enter only if an identifier is to be
changed.} This array allows changing the identifier given in the
: 3% array when it is selected for the new library.

T  Terminate Block 3.

9.20.2 AJAX !Input/Qutput Specifications

The following devices are normally needed to execute AJAX:

Logical Rumber Purpose

5 Card input

Standard output-

15 Scratch device

16 Scratch device

18 Scratch device

19 Scratch device

AMT(1) Master fiie to be created
NF File(s) to be merged onto MMT

COMET -- AMPX Module to Correct Selected
Portions of AMPX Master Interfaces

N. M, Greene

COMET (Correct 01d Master Excessive Tolerances) is a module to correct
selected portions of an AMPX master interface. A complete library can be
easily corrected. Operations are provided to ensure that transfer matrices
normalize to the proper one-dimensi~nal values, or vice versa. Note that
COMET copies the whole library, not just selected master data sets.
Although ccupled neutron-gamma libraries can be read in, COMET only
"operates"” on the neutron data on a master library.
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COMET Input Data Block 1
-1% Special Vector Manipulations [200] (Default = all zerces) These
commands are used when it is desired that certain groupings of

cross sections sum to a “total value™. For example, it is
desirable that o5 = 0. *+ o Cr that all inelastic partial values
sum to the tctal inelastic values. This array is made up of
strings of MI numbers as follows:

Primary MT number--Secondary MT number(s)--Zero

This string directs COMET to ensure that the sun of the cross sections
iGentified by the secondary MT numbers sums to the cross sections idan-
tified by the primary identifier. Ieroes serve as "string delimiters.” A
positive primary identifier says to sum the cecondaries and replace (or
form) the primary values. A negative primary identifier says to normalize
the secondaries such that they sum to the primary. Up to 20 strings can be
specified. A negative secondary seys to subtract this process so that one

can form, for example, o, = 6, - of-

0% Logical Assignments 73]
1. MMTO - 01d master library (28)
2. MMTN - New master libra-~y (1)
3. MSC - scratch device (18)

1$ Option Trigger {1]
i. [0PT

-1 - vo directly to RECTRY on M470 and skip any
"correcting”. Tnis corrects the "Table of Zontents”.
The correct n is made on MMTO, (MMTN 1s not used).

N - "Correct” the complete master library on MMTO and write
a new one on MMTN.

N - "Correct” N sets from MMTO and write on MMTN.

28 MT - Numbers of processes to be corrected [100]
Place up to 100 MT numbers into the 2§ array. A negative
T number says to force the 1D cross seztion to agree with
the appropriate transfer matrix sums while a positive MT
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number forces the transfer matrix to be normalized to the
10 value. Also, enter a signal defined as 10000 + MT fc
have the reaction type designated by MI located in the 1D
array placed in tne infinite dilution array associated with
the Bondarenko factors for the process identified by MI.
ihis i3 crucial in preparing cross section sets where the
total cross section has been calculated as ine sur of
adjusted partials. The signal for the total cross section
is 10001. -

T Termiuate Bioeck 1.
Block 2 {Input if IOPT > 0}

3% Identifiers for master data sets to be "corrected” [IO0PT]

T Terminate Block 2.

COMET Input/Output Assignments

COMET requires. the following input/output assignments:

Logical . Purpose
5 card input
6 Standary output
9 Scratch device (random access)
17 Scratch device
1 MT0,28) 01d master library
MMTN(1) New master library
ACS(18) Scratch Device

DIAL--AMPX Module to Produce Selected
S from A Intertaces

N. M. Greene
DIAL (Display AMPX Libraries) is provided to produce edits from AMPX

master interfaces or working interfaces.
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DIAL Input Data

Block 1
0$ Logical Assignrents [Zj

1. MMT - Master interface logical assignment (1)

2. MWT - Working interface logical assignment (0)
Caution -- A single DIAL execution should edit either a
master or a working interface, not both. If editing a
working interface, MMT must be set to zero.

1$ Editing Options [4]
1.  NEDIT - Number of data sets to be edited (0)

A zero edits a complete interfcce.
2. NIDN - 0; no effect

1, edit one-dimensional neutron cross sections
3. NIDG - 0, no effect
1, edit one-dimensional gamma cross sections
4. NRN - 0, no effect
1, edit resonance data and Bondarenko factor data

2% Transfer Matrices to be Edited [100]
3§ Maximum Order of Scattering to be Edited [100]

The 2% and 3% arrays select two-dimensional array edits. Place up to
100 MT numbers in the 2§ array to select the desired processes. Corres-
ponding entries in the 3$ array specify the maximum order of cross sections
to be edited for the different processes. For example, if one desires
edits of P, elastic data, and nothing else, the input data would read:

2%% 2 FO 3%% 3 FO
To edit the total transfer matrix on a working interface, specify

2%$ 1 FO 3$$ (order of P,) FO

T Terninate Block 1.
Block ¢ (This block is required if NEDIT > 0)
4% Identifiers of Data Sets to be tdited [NEDIT] }INEDIT > 0}

T Terminate Block 2.
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DIAL Input/Output Assignments

Dial requires the following input/output assignments:

Logical Nunbrr . Purggse
5 ‘ Card input
6 Standard output
MMT(1) - Master interface

MWT(0) Working interface

RADE--AMPX Module to Check
AMPX Haster Cross Sectxon Libraries

RADE (Ranc1d AMPX Data Exhorc1st) is provxded to check the multigroup

1ibraries produced by the various AHPX modules. It will check neutron,
- gamma, or coupled neutron-gamma libraries. : .

C
In its present version, the check includes:

e

I. o1 =03 % o

? .
Z artial
2. ojp =T ofy

e

-

3. 03 67 o

Na)

+ + .

3

? z ,
2. LY 2 g 81,0 (g*g )

?
6. ) (g*g') 50
7
50

-, 1(9°9")
8. -1 <u(g+g’) ® 30g(0°0 <1

In addition to these checks, the code will compute an estimate of the
capture binding energy for each neutron group in a coupled neutron-gamma set.
On option, one can request a display of differential cross sectfons.
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1$ Checking Commands [4]

1.
2.

3.
4.

o\

2%
1.

(‘\

20.
3%

MMT - Check the AMPX master Interface on logical MMT. This can
be a neutron, gamma, or coupled neutron-gamma library.
MWT - Check the AMPX Working/Weightéd Interface on logical MWT.
This operation is not operable in the present ve-sion.
MAN - Check the ANISN binary formatted library on logical MAN.
IFM - -1, ANISN library is binary formatted; ‘
0, ANISN library is BCD free form;
1, ANISN library is BCD fixed form.
Options [20] |
10PTL - number of angles at which a display of differential
cross sections is desired. These angles will be

equally spaced in the cosine range, -1 to +1. These
edits are for the group integrated cross sections and

not for each group-to-group transfer.

IOPTZ - The ¢, in the 1;1000's of a percent, to which checks
are made; e.g., I0OPT2=1 is equivalent to 0.001%
checking. This is the default value when IOPT2 is not
input or ﬁhen a zero value is input.

10PT3
. Future checking options; skip or input zeroes.
I0PT20
ANISN Options [7] MAN = O ]
1. NSET - number of ANISN sets to check.
Z. IHT - position of ore
3. IHS - position of ogg°
. 4, ITL - table length.
5. NL - maximum order of scattering.
6. IGM - number of neutron groups.
70 IPM -

number of photon groups.
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Terminate this block.

{Input: only when MAN > 0}

Identification Numbers of Py Sets on ANISN Binary Library on
Logical MAN [NSET] | -
Order of Scattering for Sets of ANISN Data on Logical MAN [NSET]

Neutron Group Structure, high-to-low in eV [IGM+1]
Gamma Group Structure, high-to-low in eV [IPM+1]

Terminate this block.

-

_RADE Input/Outpﬁt Specifications

RADE requires the following input/output assigmngnts:

Logical | Purpose
5 Card Input
6 Standard Output
18 Scratch Device
19 Scratch Device
MMT Master Library
MWT Working Library “

MAN ANISN Library
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XV. THE NUTCRACKER MODULE

The module huTCRACKER solves the so-called "inverse problem” of
reactor sensitivaty theory. Specifically, this proklem is as follows.
Assume the ..ollowing are g-ven: (1) a specified .reactor system with
known sensitivity coefficients, (Z)jspecific perfor.ance parameter
accuracy requirements (e.g., %% in k, etc.), {3) a cross section
correlation matrix, and (4) a cost functional which givés the cost

of an experimental program to measure the required cross sections

to within an accuracy specified by the variab]es xl,xz;.;;xn (these

O

represent the rms standard devictions of the individual agroup cross
sections). Then, what are the optimum set of standard deviations
on the experimentally measured cross sections which will give a
minimum cost to tne experimental program and at the same time satisfy
the accuracy requirements of the design performance parameters?

“Let us represent the variable_standard deviations of the cross
sections b} the vector x and the cost function by C(x). tet D be the
Mcorrelétion matrix and §r the sensitivity coefficient vector of

performance parameter r. Then we minimize C(x) subject to the

constraints:
sTxDxs” < v,

X5 20

where ~ indicates the transposed matrix, X is a diagonal matrix with

d}agona1 elements X{oXoso - - X , and Vr is the maximum value allowed

n
by the constraint on the rth performance parameter variance.
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This is a nonlinear programming problem with nonlinear (quadratic)
inequality constraints. The module NUTCRACKER uses a modification

EXCOST of an existing codel

for noniinear optimization subject to
nonlinear constraints. This subroutine .ses a gradiert search proce-
dure, with refinements for recognizing patterns in_the response surfaces

and boundaries on the variables.

The following is a brief survey of the subroutines used by NUTCRACKER.

EXCOST finds the optimum x's subject to the constraints which depend on the
input correlations and sensitivfties. VMIN is a quadratic optimization
subject to one linear constraint and ineéhality constraints corresponding
to a positive weight vectbr with a sum of unity. (This routine is not
required for the present probiems which have but a single.weight and a

; single c;frelation matrix.) EVAL is a subroutine which returns to the
calling routine EXCOST the cost of attaining the accﬁiécy spécified by

| | vector x. Other routines, in addition to the FIDO generalized input
voutines, are as follows: Routine ILYICH apportinns lengths of

the reauired storage arrays. It calls DATAIR for input, sets some

initial convergence and tolerance criteria, calls LIADOV, then calls
DATOUT which outputs the results. LIADOV ibitia]izes the data réﬁuired

by the two optimization routines EXCOST and VMIN and controls the loop
which alternate the above two optimization routines. SPUFFT searches
through the COVeRX file, XNITIL sets preliminary initial values of the
relative standard deviations x for entry into EXCOST, SCALAR calculates
inner or dot products of two vectors, and AMATQ4 is a matrix-inversion
routine. MAKEM forms the quadratic required by VMIN; MAKEQ, STOREQ, and
GETQ form, store, and retrieve the matrices Q" which form the 1néqua11ty
constraints for EXCOST (}Orx < Vr), and GETS retrieves the sensiéivity

coefficients as needed. ‘
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NUTCRACKER INPUT

Y-

-

Integer Parameters [i2]

The number of variable cross section standard deviations.

The total number of cross section standard deviations = .

variable ones plus fixed ones (for present problems
NP=R=NG) .

The number of correlation matrices (HETH¥1 for present~

~ problems). -

The number of perfbrmance parameters which heve given
accuracf requirements with corresponding inequaf}ty
constraints.

Cnit number of SENPRO file, if NS=0 the semsitivity
coefficients must appear in the card irput stream o;
the 6** card. i

An instruction for obtaining the correlaticr. matrix
(matrices). I¥ ID1=0 the off-diagonal triangular
elements are given in the input card data strcam. If
ID1 = -1 the correlation matrix (and some other infor;
mation) will be found on a COVERX file residing on a
unit with reference number IDDI1.

(see 6. ID1)

Set to 0, reserved for future options.

Set to 0, reserved for future optfions.

An instruction determining the form of the cost

function.
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MINI = 1, *2, 33, 4
C(x) = Z H/x;
1

-1 Cost = Clx) = X (1/x;)?
: i :

2 Cost

Cx) = ‘1; (C;/x;)

-2 Cost = C(x) = X (/x5
. . 1

MINI = 3, -3, 4, -4 correspond to 1, -1, 2, -2 except -erms

for which X < Ii are ndt included;

I1C

IXFACT

Is sequential dci3 st reference number from which cost
coefficients Ci will be read_ini If 1C =0 no
coefficients are read.. If, however, the correlation
matrix was read from a COVERX file, C;"s will already
be set equal to the group cross section s’andarc
deviations which were on that file. If IC =5, cost
coefficients are in the input card stream.

An instruction and scale factor for obtaining initial
preliminary vsalues of thre vector x. If IXFACT > 0.0

then initial values are read in from the 14** card and

‘then multiplied by IXFACT. If IXFACT < 0.0 all

components of x along the principle axes are equal,

and the value is determined from the constraints.



4%%

6**

8**

10**

12*1

16**1

14%
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Seasitivity Coefficient Identifiers on SENPRO
[S*METH*INEQ]. Owmit if NS = 0 and if ID1 = 0.

1. IASB Assembly identifier
2. IRESP Response identifier
3. MAT Material identifier
4. Reaction identifier

.18
5. NIRN Reaction rate ratio identifier

N

Note: Complets the five-integer sequence to
identify all needed sensitivity coefficients

Sensitivity Coefficients [5*?ETﬁ*INEQ]
Omit if WS # 0.
Correlation Matrix Eleuent§ [(N-1)*N/2]
Omit if ID1 # O.

Maximm Allowed Relative Variances [INEQ]
Cost coefficients C; 4]

omit if IC = 0.

Fixed, nonvariable stindard deviations

X; (i=NP+1,N) . [N-NP] Omit if N = NP

Initial values of )(i (i=1,NP) [NP] Omit if IXFACT < 0

|
|




