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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 environment and the modules currently used 
to implement FOtSS Sensitivity and Uncertainty Methodology. 
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I . INTRODUCTION 

The purpose of th is document is to provide guidance on the use of the 
computational methods that are germane to FORSS1 Sens i t iv i ty and Uncertainty 
Methodology. In i t s t o t a l i t y FORSS is not a single code system but rather 
a col lect ion o f code systems and stand alone codes that contr ibute to the 
solution of a FORSS problem. FORSS includes multigroup cross section pro­
cessing, uncertainty f i l e processing, neutronics calculat ions, source 
calculat ions, sens i t i v i t y p ro f i l e generation, uncertainty analysis, and 
estimation of accuracy •'equ"rements for nuclear data to meet pre-determined 
design constraints a:id error margins. A modular code system under dr iver 
control has been developed and is commonly cal led FURSS; however, i t does 
not at present place a l l the FORSS methodology under the control of a 
single dr iver . This document w i l l attempt to show the relat ionship c f a l l 
the codes and code systems that contribute to the solut ion of a p0RSS 
problem. Some of the major code systems used are well established and 
documented. Such documentation w i l l not be duplicated here but v i ' l l 
be referenced as required. The scope of th is report assumes fam i l i a r i t y 
with the discussion of FORSS methodology found in reference 1 . 

A. Cross Section Processing 

Hultigroup cross sections must be prepared for the neutronics calcula­
t ion selected to model the assembly being investigated. The MINX-SPHINX- >-
and the AMPX1* cross section processing systems are examples of cross section 
processors that provide th is capabi l i ty . The AXHIX5 code is also useful 
in cross section preparation, "owever, in sens i t i v i ty and uncertainty 
analysis par t ia l cross sections must be avai lable. FORSS uses the proposed 
CCCC6 f i l e MATXS7 as the data base for par t ia l cross sections. The afore­
mentioned cross section processors do not now produce a MATXS f i l e although 
such capaDil ity is currently being tested. At present, the FORCS system 
includes three translators for producing MATXS from the more mature IS0TXSf 

AMPX master, or ANISN8 formats. 
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B. ENDF/B Uncertainty File Processing 

Uncertainty analysis withi^ the FORSS system requires that multigroup 
covariance matrices be produced from ENOF/B9 formatted uncertainty files. 
Covariance matrices are produced by the PUFF 1 0 code. The matrices are 
placed in a proposed CCCC file COVERX 1 1. COVERX files must be available 
before uncertainty analysis can be initiated. If appropriate, available 
multigroup covariance matrices can be used directly thus bypassing the 
PUFF processing step. 

C. Neutronics Calculations 

The ANISN, DOT 1 2, and VENTUPE 1 3 neutronics codes are used *r. 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 calculations required for a study *s a 
function of the number and type of responses 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. Fc~ worth sensitivity, four 
neutronics calculations are required; these being a forward and adjoint, 
and a generalized forward and adjoint. The JULIET module uses the 
fluxes produced by these neutronics calculations. 

D. The JULIET Module 

This modute calculates sources, responses, normalization parameters 
and sensitivity coefficients. The JULIET algorithms for generalized 
sources, responses, and normelization parameters use FORSS ANISN 
(FANISN) produced angular fluxes. The sources calculated by JULIET 
are returned to FANISN as input to generalized neutronics calc^ations. 
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 f i l e SENPRO11. 
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JULIET is organized in to execution paths, i . e . , i t has mult ip le entry 
points. A source calculat ion may be performed and execution terminated 
without generating sens i t i v i t y coef f ic ients . When su f f i c ien t results are 
available from preliminary calculat ions, JULIET may be asked to generate 
sens i t i v i t y coeff ic ients and bypass the source ca lcu la t ion. 

E. Two-Dimensional Analysis With DOT or VENTURE Neutronics 

With an understanding of how ANISN and JULIET interact to produce 
generalized f luxes, sources, and normalization parameters, the use o f 2-D 
neutronics in FORSS can be c l a r i f i e d . Before sens i t i v i t y coef f ic ients are 
generated, JULIET prepares a so-called <0*0> f i l e . This i s symbolic since 
i t could be <r*0> or <0*r> (brackets i.nply integration over spatial regions 
and angles). This f i l e *s used in the generation of sens i t i v i t y coef f ic ients . 
When 2-D neutronics is used in FORSS, the selected 2-0 code system, DOT or 
VENTURE, is used to produce the equivalent fluxes as produced by ANISN and 
the JULIET-SOURCE algorithms. The V IP l H code is then used to prepare the 
<0*0> f i l e . The selected 2-D code system must also produce the normaliza­
t ion parameters required by the JULIET sens i t i v i t y p ro f i l e ca lcu lat ion. 
With appropriate <0*0> f i l e s and normalization parameters avai lable, the 
JULIET-SENSE execution path is entered and the problem solut ion path is the 
same as when ANISN neutronics is used. 

F. The SENPRO Service Module 1 5 

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 
complete inventory of the modules capabilities is available in Chapte" VIII. 

6. Cross Section Difference Effects 

When the calculation of sensitivity coefficients is complete and 
SENPRO file(s) are available, the effects of proposed cross section modifi­
cations may be investigated. The SENTINEL 1 6 module computes the percentage 
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(or fractional) change in the perfonnance parameter of a given assembly due • •• 
to specified percentage (or fractional) changes in desic-^'-id reaction cross 
sections over a number of energy regions. An edited list of the most signi­
ficant individual contributions to the response char.ge i s also provided. 

H. COVERT17 

The modtle COVERT copies a covariance file in COVERX format, and in 
tht copying process changes the file representation from binary to card c 

image fcn» 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. = 

I. the COVERX Service Module ~ . 

As stated in Section B, COVERX files must be available before un­
certainty analysis can be initiated with the CAVALIER or UNCOVER modules. 

The COVERX service module operates on tr-.e file providing a number 
of services such as listing and merging. A con.plete irventory of the v 
capabilities is available in Chapter XI. 

J. Uncertainties Due Exclusively to Nuclear Data Uncertainties 

When COVERX and SFNPRO files are available, uncertainty analysis may 
be initiated. The C/VAL1ER17 module folds sensitivity profiles (SENPRO) 
and covariance matrices (COVERX) to estimate reactor performance uncer­
tainties which result from uncertainties in nuclear data. 

K. Uncertainties With Integral Experiments Taken Into Accourv. 

The module UNCOVER 1 8 finds the adjustments of both integral and differ­
ential data which are most consistent (In a general least squares sense) 
with the data and with the calculational model as represented by the sensi­
tivity coefficients. The input to UNCOVER includas data from SENPRO 

http://con.pl
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sensitivity and COVERX (a priori) covariance files. The output includes a 
posteriori covariances for the adjusted data in addition to the adjustments 
themselves. The adjusted data and associated covariances can be applied to 
design models for improved predictions of performance parameter and of their 

--.--uncertainties. 

L. COVERS 

COVERS is a convenience module whose sole function is to process data 
from a SENFRO file and a COVERX file into informal files acceptable as input 
to the UNCOVER module. 

M. ADJUST 

The ADJUST module modifies the cross sections on an AMPX master file 
by the percent changes calculated by the UNCOVER module. This creates an 
adjusted cross section library for dissemination via the AMPX system. 

W. The Inverse Problem 

The NUTCRCKR19 module is a first attempt at solution of the "Inverse 
Problem" of reactor sensitivity. The objective is to provide quantitative 
guidance 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 r.rror margins, 

0. System Structure 
\ 

The system is composed of modules whict. may be executed under DRIVER 
control or they may be executed as stand-alone programs. Under DRIVER con­
trol, a run is executed from a procedure which includes most of the IBM JCL 

- needed. We are indebted to the AMPX project for the DRIVER and procedure 
technology. 
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Data interchange between modules is accomplished by well defined 
files which are located on external storage devices such as magnetic 
tape or disks. Proposed CCCC files are used for partial c* >ss sections 
(MATXS), sensitivity coefficients (SENPRO), and covariance matrices 
(COVERX). In this version of the system, FORSS ANISN uses a traditional 
ANISN formatted tape which is discussed in Chapter V, The COVERS module 
prepares,from SENPRO'and COVt'RX files two other files which are suitably 
formatted for the flexible structure of the UNCOVER .nodule. FORSS ANISN 
and JULIET interchange data via a repository wuich is implemented with 
the FMANG module. FMANG and the repository are discussed in Chapter IV. 

FORSS is designed to permit multiple entry points into the system. :•" 
A canprehensive calculation may be designed to generate fluxes, normaliza­
tion parameters, sensitivity coefficients and perform an adjustment ir. 
a single-computer rurr. Conversely, many computer runs may be used to ob­
tain the same results. The latter approach requires that the appropriate 
files (Repository, SENPRO, COVERS files, etc.) must be saved en semi­
permanent external storage devices. It is also good policy to do this for 
the comprehensive run unless the calculation is small enough to make little 
demand on computer resources. A correct calculational hierarchy (mist be 
defined andexecuted for either the comprehensive or the segmented solution. 
A correct hierarchy 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 multigroup neutron cross sections. 
Resulting files may be an AMPX master, ISOTXS, or ANISN cross-
section library. 

2. Processing of ENDF/B uncertainty files re*ulting in a COVERX file. 
NOTE: The FORSS DRIVER controlled program 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 translation module. 
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5. Generating normalization parameters and generalized sources 
on the repository with JULiET. 

6. Generating generalized forward and adjoint fluxes on the 
repository with FANISM. 

7. Calculating sensitivity coefficients and preparing a SENPRO 
file(s) with JULIET. 

8. Operating en SENPRO files Kith the SENPRO SERVICE module. 
9. Performing perturbation analysis with SENflNEL. 
10. Operating on COVERX files with the COVERX SERV-ICE module. 

r. 11. Performing uncertainty analysis with CAVALIER. 
12. Preparing input for UNCOVER HITH COVERS. 

- 13. Performing uncertainty analysis and adjustment fcith UNCOVER. 

The multiple entry feature of FORSS permits entry at the module level and 
in some situations at the submodule level. Some modules perform more than 
one task and some of these tasks may be selected for execution in a parti­
cular run and others excluded. This concept is referred to as execution 
paths. 

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

P. FORSS Input Preparation 

Detailed input requirements for each module are included in the 
chapters describing the modules. Hie user creates an input stream by pre­
paring = MODNAME cards and, where appropriate, execution path names. 
Immediately following the = MODNAME and execution path names place the 
required input cards. 

Example: 
*FMANG - Repository nanaoer (input data, see Chapter IV). 
«IT0M - 7S0TXS to MATXS translator (r-o input data required). 
=ANTMX - ANISN to MATXS translator (input data, see Chapter III), 
=AMPXM _ AMPX to MATXS translator (input data, see Chapter III). 
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=PHATXS 
=FANISN 
=FJULIE 
NIX 

FLUX 

SOLRCE 

SENSE 

=SEHPRO 
LIST 

PLOT 

ADD 

MERGE 

SEND 

SIZE 

NORM 

FIX 

GRID 

Lists a MATXS file (no input data required). 
1-0 Sf, transport calculation (input data, see Chapter V). 
JULIET for sources and sensitivity coefficients 
execution path For operator def initial (input data, see 
Cnapter VII). c 

execution path for flux preparation and $*<fr generation. 
(Input data, see Chapter VII). 
execution path for response and source calculation (input 
data, see Chapter VH). 
execution path for generation of senstivity coefficiants 
(Input (lata,.see Chapter VII). 
Senpro service module. 
execution path of a f i le l i s t (input data, see Chapter 
VIII). 
execution path for plotting a file (input data, see 
Chapter VIII). 
execution path for adding, deleting, or copying. (Input 
data, see Chapter VIII). 
execution path for merging two SENPRO files. (Input data, 
see Chapter VIII). 
execution path for mode conversion unformatted to formatted 
and reverse. (Input data, see Chapter VIII). 
execution path for listing profile titles in descending 

up 
order of the absolute magnitude of c whe^e 
C.j is the sensitivity coefficient for group ^, (Input 
data, see Chapter VIII). 

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

- 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). 

k 
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EDIT - execution path for selectively editing or copying a 
file. (Input data, see Chapter VIII). 

SUM -execution par.h for suroroing all profiles in a file and 
produci •} a new file. (Input data, see Chapter VHiJ. 

=SENTIMEL - perturbation analysis. (Input dat a, see Chapter IX). 
=C0VERT - format conversion of COVE3X files. (Input data, see 

Chapter X). 
=C0VEPX - Coverx Service Hodule. 
LIST -execution path for listinj a file. (Input data, see 

:. Chapter A I ) . 
ADD — execution path for addii.g to a file. (Input data, see 

Chapter XI). 
DELETE —execution path for deleting from a file. (Input data, 

see Chapter XI). 
MERGE — execution path for merging two files. (Input data, see 

Chapter XI). 
CONVERT —execution path for format conversion. (Input data, see 

Chapter XI). 
FIX -execution path for record modification. (Input data, 

see Chapter XI). 
EDIT — execution path for selectively editing or copying a file. 

(Input data, see Chapter XI). 
-CAVALIER -Nuclear Data Uncertainty Analysis, differential data only. 

(Input data, see Chapter X). 
=C0VERS - prepares input for UNCOVER. (IiJDiit data, see Chapter XIII). 
=UNC0VER — 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). 
•NUTCRCKR - Nuclear data accuracy requirement determination. (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 
encountered. 
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I I . THE IMPROVED FIDO INPUT SYSTEM 

The FIDO input Method was devised for entering data into large 
arrays, using patterns of repetition and syswetry wherever possible. 
This Method was designed by Ward Engle and Wayne Rhoades using the input 
netted of the Los Alamos FLOCO coding system as r model. I t was f irst 
applied to the DTF-II code, and since that tine FIDO has been applied to 
other codes. For these a free-field option and other features were 
incorporated. 

Recently extensive improvements were made by Janes Marable. These 
improvements include the reading of formatted or unformatted pieces of 
arrays from various I/O devices, reading hollerith characters, reading 
numbers to an arbitrary base (e.g., octal, binary, and hexidecimal), 
modifying (by multiplication, etc.) numbers already in storage, entering 
double precision arrays, and other changes. I t is important to note 
that these improvements have been incorporated without changing the pre­
vious definitions. Old FIDO input decks will st i l l be"read correctly! 

Each FIDO call for input allows data to be read into a "block"- until 
a delimiter 'T' instruction operator appears in the input. Such a 
"block" is partitioned into consecutive arrays, each of which is nuirbered 
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 en array can be designated 
an arbitrary number of times in a single FIDO input call . 

For example, an array can be f i l led with zeroes using a special 
option, a».i <hen a few scattered locations can be changed by designating 
the array again and reading in a partial set of new data for that array. 
I f no entries to the arrays in a block are needed, the 'T' delimiter 
alone satisfies the FIDO input call . 

Three major types of FIDO input are available: fixed-field input, 
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free-field input, and user-fomat input. Only the free-field option is 
discussed her*. Free-^ield FIDO reads data into an erray 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, i t is convenient to think of an "index" or "pointer" 
which specifies the array location into which the next data entry is tp 
go. The pointer is always positioned ut array location #1 by entering 
the array designator f ield. The pointer subsequently moves through the 
array according to the data operators chosen. 

Each field is broken up into three subfields. However, i t is not 
always necessary that al l three subfields appear explicitly in the 
input. Frequently only one or two subfieltfs are given, and any missing 
subfield is implied or is simply not required. 

The three subfields which make a field are Ml, Op, and N3. The 
f irst subfield HI is an integer and the second subfield Op is a character 
specifying a typ» of input operation. The third subfield N3 if an integer, 
a floating point number, a double precision number, or a string of 
hollerith characters according to the array type and the input ooeration. 
FIDO input fields must not extend beyond the f irst 72 characters of a 
card image, and all subfields of a field must be on the same card. 

The first stibfield is an integer Nl which has a preset default value 
of zero. (Operations denoted by Z and R are exceptions in that the de­
fault value of Nl is unity.) I f the first subfield appears explicitly 
in an input field i t must be followed immediately by the second subfield 
operation character without an intervening space. Negative integers are 
allowed fr Nl 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 decimal number with an arbitrary number of digits. I f 

no decimal is given explicitly i t 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 space before the exponent itself is 
given. 

(4) A floating point number (with or without an exponent) <£ 
an arbitrary base b (2 through 36). For this purpose 
digits are chosen from 0, 1 , 2, 9, A, B, C, . . 
. . Z as required. If the base b is greater than 12, the 
character D is no longer valid as an exponent indicator, 
and i f the base b is greater than 13, E *s no longer valid 
as an exponent indicator. Of course, + and - are st i l l 
available as 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. Ho 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. I f an exponent 
appears, i t is also to the base b and gives powers of the 
base b. Each subfield is assumed to be the base 10 unless 
the base is given explicitly in that subfield. 

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

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

The characters and the corresponding operation instructions are 
listed in Table 1. Operator characters with superscript 'a' denote 
operations which ignore the first subfield value Nl. Operator characters 
with a superscript 'b' denote operations for which i t is not possible 
to enter a third subfield (using free-field input). These characters 
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 allowed between the first and second subfields, 



II-6 

and spaces are allowed but are not required between the second ard third 
subfields. Between 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 I . Characters and Their Corresponding Operation Instructions 

Character Operation Instruction 

$$ Designate array Nl to be an integer array and set the 
pointer to the f i rs t location in array Nl . When inter­
polated, etc . , numbers are always rounded off to the 
nearest integer value. 

^ b Designate array Nl to be a floating point array and set 
the pointer to the f i r s t location in array Nl . 

.J> Designate array Nl to be a double precision array and 
set the pointer to the f i rs t location in c.-ray Nl. 

,a,b Skip to the next card ignoring a l l comments following 
the slash. 

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

,b Enter 0 |N2| times and advance the pointer by jN l j . I f 
zero or blank is entered for Nl i t is replaced by 1 . 

R Enter the third subfield |N1| times, and with alternat­
ing sign i f Nl is negative. Increase the pointer by 
|N1(. I f a zero or blank is entered from Nl , i t is 
replaced by 1. 

I Determine Nl+2 numbers by linear interpolation starting 
with the third subfield of this f ie ld and ending with 
the third sucfield of the next f i e ld . Enter the f i r s t 
Nl+1 numbers. 

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

(blank)3 
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Table 1. (continued) 

Character Operation Instruction 

L Determine Nl+2 numbers determined by logarithmic inter­
polation starting with the third subfield of this field 
and ending with the third subfield of the next f ield. 
Enter the first HI+1 numbers. (The logarithms of the 
numbers entered are uniformly spaced.) 

__..__.._____—__—__ __ _____ _ _ _________ ___________ ____ ___ 
W Repeat the sequence of |N3| numbers immediately preced­

ing the; pointer |NV| more times, multiplying on each 
repetition each number of the sequence by 10 or 0.1 
according as N3 is positive or negative. I f Nl is nega­
tive the sign of the sequence changes on each repetition. 

Q Repeat the sequence of |N3[ numbers immediately preced­
ing tne pointer (Nl| more times. I f Nl is negative 
change the sign of each number of the sequence on each 
repeat. I f N3 is negative reverse the order of the 
sequence for each repetition. The pointer is f inally 
advanced by |N1|*|N3|. 

N This is equivalent to the operation Q with a f i r s t sub-
field Nl and a third subfield - |N3| . 

M Thic is equivalent to the operation Q with a f i r s t sub-
f ie ld - |N1 | and a third subfield N3. 

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

«b I f NT>0 the print trigger is turned on. 
I f N1=0 the print trigger i f Hipped. 
I f N1<0 the print trigger i f turned off. When the print 
trigger is on, each card image is printed as i t is read. 
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Table 1 . (continued) 

Character Operation Instruction 

J> . Add Nl to the pointer value. Nl may be negative thereby 
desc -easing the pointer value. 

^a Place the pointer at N3. 

F F i l l the remaining locations of the array with the third 
subfield entry. I f Nl is negative the entries alternate 
in sign. Set the pointer after the last location. 

E a,b Skip over the remainder of the array by placing the 
pointer after the last location. 

H Enter the Nl hollerith characters Which are in the th:rd 
subfield. Advance the pointer by the number of words 
required-to store t'lese Ml characters, 
(number of words = (Nl+NCPW-1)/NCPW where NCPW is the 
number of characters per word). 

G Read N3 words from I/O device with data set reference 
number Nl according to the format to be specified in the 
next f ield which is hollerith. I f the next f ie ld is 0 
or hollerifci blank the f ield is unformatted. Advance 
the pointer by N3. 

Y I f Nl is positive, change the input unit so as to read 
the succeeding card images from unit Nl until a delimit­
ing T operation appears (or until a similar Y instruc­
tion appears). I f N3>0 change a l l FIDO edit to unit N3. 
I f N3<0 change card image listing (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 value. 

gb Ordinarily FIDO enters data - interpolated, sequence 
repeat, etc. - by entering each "raw entry" into the 
proper location obliterating the previous "old number" 
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Table 1. (continued) 

Character Operation Instruction 

in that location. By means of the operation denoted by 
character '&* F: DO changes its mode of entering data 
according tc the value of the first subfield Nl preced­
ing the operation character '§' . The various manipula­
tions are performed on the "old number" in storage and 
the "raw entry" in order to obtain the final number 
which i s stored. Let A be the "old number" previously 
stored, let B be the "raw value" determined by the usual 
FIDO entry. We have the following possibilities for the 
number finally stored according to the value of HI. 

JI Number Entered 
r 

0" B (the default mode) 
1 A+B 
2 A-B 
3 A*B 
4 A/B 
5 B/A 
6 B*EXP(A) 
7 B*LN(A) 
8 EXP(B) 
9 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. 
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Figure 1. Data for Three Calls for FIDO Input on Unit 5 

//GO.FT13F0O1 DO » 
1 2 #- a16329999999999999 

**999k9T1111i111111111111 /• //GO.FT05F00I DO • /THIS IS THE FIRST CARD READ IN THE F!»Sf CALL FOH FIDO INPUT O / THIS FLJPS THE PRINT TRIGGER. O -10 / THIS EVENTUALLY TURNS THE TRIGGER OFF. O / THIS CARD *0*iT PRINT 
O O lO / BUT THIS ONE "ILL. AND THE TRIGGER IS TURNED ON. 2SS 2I2T 219X20 21-9 IB / INTEGER INTERPOLATION COMlNfr AND GCING. 
!•* M O . O l**l*lO0 2*1000 3*0.0001 ••lltll. 7*1.0 -155*1.0 6*2.0 6*1. 9*2. E »•• IIH THIS IS IT - 20H THANK GOODNESS E / HOLLERITH »•• IOGIO 9HI 6LI2.51 / READ FORMATTED FRO* FILE 10 • •» IIH THIS IS IT 20H THAHK GOOOMtSS fc/ HOLLERITH 6*» 13610 . 6HI6I2I E /READ IFOR<*ATTEDI INTCGERS INTO F.P. ARRAYI ?•• 2SH THIS IS A USEFUL PACKAGE E/ AT LEAST »E HOPE SO. 12«« I6XF.7FFFFABCDEF 7II(>XABC0-2 16X-AB.C-1/ DOUBLE PRECISION H E X 13»» 1.0990 2 I66B *HiaoiO.«l 1.00903 /•'IXED ENTRIES IN P.P. ARRAY. 
!•«• *«M THIS IS »RITTEN ONTO A OOUHLE PRECISION ARRAY E / TLS 

e»» 16X7FFFF.F-A 7.3I2S«7902176432I79BD 01 -*0-2 / «0« 9>* I6X7FFFFFFF 8X-I777/777777 • »-?/ '#• APPLIED TO LARGE INTEGERS 10SS 1.3 2*7- M 2 BHI5EI2.A) I 7 E T / A GOOD E X A H P L E 1«.0 ^3.0 /DATA ON THE PREVIOUS CARD MERE REAO INTO POSITIONS 3S • OF T»E 1QS* ARRAY /THIS IS THE SECOND CARD READ IN THE SfcCONC CALL FOR FIOO INPUT II** -3RI.5 I2Y0 319. -9. / A OOURLE PRECISION ARRAY. /TH|S IS THE F|RST CARD RCAO I" THE TwjRD CALL FUR F(DO INPUT !•• 999.9 9123.9 123A9. / A FE» SIMPLE F.P. fcU»*RERS. 2l«7«83.b«7|23*567B9 2|«7*83.6«»11111;I 1/ »"0 Sn*C L0r->6 ONES. 0.9990E 2 / AND ONE »ITH A SPACfcO tXPONEWT. 16XF.7FFFFFF 16XABC0EFD-A/ THESE AWE S0»t HEX NUMBERS. 2*1011.OMOOIi F2XIOO!.Ioe-IOOI/ SOvf BINARY NUMBERS. 2«* -7R9.5 3R7.7 «Ll 9 3*6 «»-6 «05 «C5 «NS •MS «L1 9 *0S -«0S «0-S 3»» -TR5.5 SRT.7 »LI 9 3W6 ••-* •OS »P5 «N5 •"»» «L1 9 *05 ~*0i »0-9 •*» 2127 219X20 21-9 0 3SS 96 99 8300*07 8308608 21«7«B36*7 2I«7«836«B II 16XFFEQ I6XFFE* F 2X1I0I01 9S* 61 I6X7FFFFFFF BX 23777777776 F2X1I011 C 
/• 
//GO.FTIOFOOl DO • 

1*1 »••> «.S 7.B 9.95 S.SS 
1.1 1.3 »,5 7.B /• //GO.FT16F0OI DO • 

123*50 0 125 02 123.6 5555.66 555.66001 1239003 A56.0-05 123* 
//G0.FT12F00I 00 • 

-1F12.34/ A DOUBLE PRECISION ARRAY. |S* -7R5.5 3R7.7 «LI 9 306 »»-6 »05 «P9 4N5 4H9 •LI 9 «09 -*0» AO-5 -•0-5 E T /• 
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A. Introduction 

To calculate sensitivity coefficients the JULIET1 module requires 
access to partial cross section sets. This ic achieveo with the proposed 
CCCC 2 file HATXS 3 which is specified in Section iC of Chapter VII. 
However, many cross section sets of interest are available in other formats 
such as ANISN\ AMPX 5, and ISOTXS2. 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 trinslator includes a selective 
copy capability which produces a subset of the original ANISN file con­
taining only the materials to be translated. 

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 translator, 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 
between table position and reaction type: 

ANISN PE»CTI0N NAM*: 
TABLE POSITION REACTION CH MATXS 

1 c ABSORP 

2 v , j f NU-CIS 

3 o t TOTAL 

When IHT = 5, the following correspondence is assumed: 

1 x CHI 
2 af FIS 
3 o a ABSORP 
4 vo f NUFIS 
5 a t TOTAL 

The translator calculates c = a — o- only when IHT = 5 and 
C 3 T 

identifies the reaction as MT101 on MATXS. 
For those specialized cross section files for sensitivity analysis 

where a single reaction type has been placed in the ANISN; format, the 
identification of the reaction type as a function of table position cannot 
be accomplished and the user must expand the material identification card 
to also identify the reaction type. 

1) Input Description 

1S$ Integer Parameters [11] 
1. NNG - Number of groups 
2. IHT - Position of cr in cross section table 
3. ITL - Length of cross section table 
4. IGG - Position of i (self scatter) 
5. NL - Order of scatter, every material or. the ANISN file 

must have the same order of scatter , enter 1 for Po, 
4 for P 7, >:tc. 
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6. NMAT - Number of materials on A4ISN file- Pn>0 are not counted 
as materials for this inpul. Set NMAT = -NMAT if ANISN 
cross sections are on cards. See description of 
2S$ card. 

7. IVERS - MATXS File version number. IVERS can be any 
number the user selects. 

8. ISIG - Unit number of ANISN file (default = 4) 
9. NN - Unit number of MATXS file (default = 8) 
JO. IOUT - Unit number of copy of ANISN file (default - 35) 
11. LECT - Set to 0, reserved for future option 

Integer Parameters [100] 

M, > - ANISN oiaterial identifiers, any material identifier 
(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 
2S$ card may be omitted if no copy is desired. If a 
copy is made, N.-'AT, see 1SS card item 6 ; must be 
equal to the number of materials copied to Unit IOUT. 

Group Boundaries [NNG + 1 ] . Enter the energy group boundaries, 
high energy to low energy, in units of eV. 
T 
NMAT - Fixed field cards follow, one for each 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 a word that identifies the reaction type, 
otherwise leave blank 

If (NMATO), i.e., cross sections on cards, prepare 5** arrays. 
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5** [ITL*NN3] 

ANISN cross section cards 
Repeat 5** data for each scattering order 
Repeat 5** sequence for each material to bs translated 

End each 5** array with a T. 

2) Sample Input For ANISN to MATXS Translator 

=ANTMX 
1$$ 100 5 105 6 4 7 FO 
2$$ 9 36 p 0 T 
4** 

(Group boundaries, 101 entries) 
T 
PU240 
PU241 
U235C 
U235B 
U238C 
U238B 
PU239 

The sample input takes seven, P_ materials with material identifiers 
9-36 from an ANISN file on Unit 4 and writes a 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 1/0 operations, 
and 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 mane for AMPX master files containing 
both neutron and gamma cross sections. An established option is NITAWL 
to ANISN then to MATXS. AMPX uses the F.NDF/B numerical material (MAT) 
reaction type (MT) identification scheme. MATXS uses Hollerith character 
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(word) ident i f i ca t ion schemes. The t rans lator requires user input to 
establish a correspondence. Every material on the AMPX master is t rans­
lated to MATXS. An input card is prepared fo r each material on the AMPX 
master containing the name to be assigned to the material on the MATXS 
f i l e . The input order of these cards is c ruc ia l . A one-to-one correspond­
ence between the name cards and the materials on the AMPX master must be 
correct ly established. The translator establishes the fol lowing reaction 
type correspondence: 

ENPF/B (MT) MATXS 
1 TOTAL 
2 ELSCAT 
3 NONELS 
4 TNSTOT 
16 N2N 
17 N3N 
18 FIS 
19 FCFIS 
20 SCFIS 
21 TCFIS 
51 INEL01 

90 
91 
102 
452 
1452 

1NEL40 
CTNUUM 
CAPT 
HUBAR 
NUFIS 

For other ENOF/B MT numbers the translator forms a MATXS six character 
string as follows. If the MT = 1234 the MATXS identifier will 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) 
NMU - Number of materials on AMPX file to be translated 
NLD - Maximum order of scatter, enter 0 for Po, etc. 
Cards 2 through NMW+1 F0RMAT(A6,4X,I6) 
HMATI - MATXS material description, <6 Hollerith characters (left 

adjusted) 
MATH - AMPX material identification number (right adjusted) 

2) Sample Input for AMPX to MATXS Translator. 

Coluwi 1 5 10 12 
2 3 

016-C 12761 
016-B 12762 

The sample input translates two, P,, 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 I/O 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 lists a MAT£S file. 
No input data are required for either module. 
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A. Data Interchange Between FANISN and JULIET 

The solution of a FORSS problem requires a significant inter­
change of information between 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 
I/O device which is referred to as a repository: 

UL 
1 FANISN forward angular flux 
3 FANISN calculated multiplication factor 
4 Fission term in FANISN forward equation. Results labeled as 

FISSION DENSITY on FANISN output 
5 FANISN adjoint angular flux 
6 Fission term in FANISN adjoint equation. Results labeled as 

FISSION DENSITY on FANISN output 
7 An eight word record containing responses and normalization 

parameters 
IS, Wl, W2, W3, W4, W5, W6, i 
IS is a signal. If IS = 1, "he 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 

<0*H,0> 
Wl = - X <0»H 0> (see Chapter VII, Equation 19). Wl is used 
as a normalization parameter in the calculation of a worth 
sensitivity profile 
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O*H10> 
W2 = / 0 * H 0 \ ( s e e Chapter V I I , Equation 19). HZ is the 

bilinear response. 

W3 = <0*H,0> numerator of bilinear response, used as a 
normalization parameter in worth sensitivity (see Chapter V I I , 
Equation 39). 

H4 = <0*H„0> denominator of bilinear response, used as a 
normalization parameter in worth sensitivity (see Chapter V I I , 
Equation 40) . 

T M <»' <0*^0> 
H " = /0*H 0 x ^ •"^'"' | . differential worth 

where N is the number density (atoEis/bn-cm) of the material 
of interest. 

W6 =A<0*H 20> , the normalization parameter for k sensitivity. 

l!7 = FANISN calculated multiplication factor. 

When IS = 0 

<H,0> 
Wl = xu iiv the linear response (see Chapter V I I , Equation 23). 

< H 2 P > 

W2 = <H,0>numerator of linear response, used as a normalization 
parameter in the calculation of a reaction rate ratio sensiti­
vity (see Chapter V I I , Equation 35). 

W3 = <H ?0> denominator of linear response, used as a normali­
zation parameter in the calculation of a reaction ratio sensi­
t i v i ty (see Chapter V I I , Equation 36). 

W4 
W5 
W6 
W7 
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9 Generalized adjoint source calculated by JULIET. For bilinear 
source see Equation 25, for linear source see Equation 31 
JULIET Users Guide Chapter VII. -

11 Generalized source normalization calculated by FANISN = 
<V(j) S(j,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 (tee p. 6). 

FHANG 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 JULIET. FMANG scans the repository which contains the numerically 
identified data described above, and sets up a directory of the data on the 
repository. The directory is updated in FANISN and JULIET when any action 
involving the data is taken. Both modules know the position of the reposi­
tory at all times to permit access to a particular data type with reasonable 
efficiency. Since the repository 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 have 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 preceded by i ts des­
criptive 10-word record. 

The user must supply the assembly identification numbtr and the response 
related identification number (IRESP). The IRESP is used throughout ANISN 
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 FHANG 
module which must be executed prior to each FANISN run. PMANG 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-SOURCE 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 FKANG module identifies the generalized 
source input to be used in the FANISN generalized flux calculation. The 
generalized flux set, r 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 
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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 f i les . 

1 - <0*P> for k sensitivity 
2. <r*0> for rea:tion rate ratio sensitivity 
3. <r0*> and 1 and:2 for worth sensitivity 

The fi les are prepared by the JULIET-FLUXP execution path. The user must 
identify the component fluxes for the sensitivity calculation. The identi­
fication of 0 with IRESF=1 is assumed by the FORSS system. Any- tampering 
with the identification of 0 wi l l destroy the calculation. Since 0 is 
identified by default, for flux folds involving 0, only the adjoint flux 
must be identified. This can be adequately accomplished with FMANG input 

(Section 2.A). The generation of <F0*> is more complex and 
correct identification requires zhe use of input parameters to the JULIET-
FLUXP execution path. A detailed description of the input required may be 
found in Chapter V I I , Section B, Block 3, the 60$$ 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 V I I , equations 32-37). The parameters were calculated 
by the JULIET-SOURCE module and placed in the repository identified with 
same number used to identify the adjoint generalized source (see Chapter V I I , 
Section B, Block 4, the 74$$ card, the IDA parameter). Identification 
of these parameters to the JULIET-SENSE execution path may be accomplished 
with input to the r'MANG module (see p. 6) which is executed 
immediately preceding JULIET. The identification provided by FMANG may be 
superseded by input to the JULIET-SENSE execution path (see Chapter V I I , 
Section B, Block 5, 83$$ card, IRESP parameter). 



IV-8 

B. FORSS Manager (FMANG) 

1) FANISN-JULIET Data Transfer 

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

1$$ Integer Parameters [10] 

— Assembly identification number 
— Response related identification number 
— Status signal 

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

IAC - Unit number of FANISN cross section file 
(Default = 4) 

— Enter 1 if FANISN case is adjoint 
— Number of source moments 

- Unit number of the repository (Default = 2) 

1. IASB 
2. IRESP 
3. ISIG 

5. ITH 
6. IQM 
7. 0 
8. 0 
9. IR2 
10. 0 

If a zero is encountered on the 1$$ card for a parameter that has a 
default value, the default value is used. Parameters 5 and 6 ITH and IQM 
are used in the revision of FANISN input. When zeroes are encountered on 
the 1$$ card for these 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. 
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2) Error Recovery 
If an error is discovered which invalidates any type of data in the 

repository, the erroneous data nwst 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 
1$S Integer Parameters [10] 

- NIS, the number of data types to be removed (entered as a 
negative number) 
F0 - Fill 0 option 

T 
2$$ Integer Parameters [3*JNISJ] 

IASB - Assembly ID 
IRESP - Response related ID 
ITYP - Data type ID 

The 3 integer sequence is repeated jNIS; tiroes. 
T 

Option 2 permits data description by block number. This option is 
useful i f 2 or more sets of data are on the repository with 
ident ical IASB, IRESP, and ITYP iden t i f i ca t ion numbers. 

Input 
1S$ Integer Parameters [10] 

- NIB, the number of data blocks to be removed (entered as a 
negative number). 

0 
0 

-1 
F0 

T 

2$$ Integer Parameters [ |NIBj ] 
IBN . . . , the block numbers to be removed 
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The fol lowing is input i f an ANISN or JULIET run is to be made af ter 
the data removal. 

3SS Integer Parameters [10] 
IASB - \ssembly ident i f i ca t ion 
IRESP - Response related iden t i f i ca t ion 
1 - Indicates useful data in repository 
F0 - F i l l 0 option 

3) Repository Copy 

There are occasions when it is useful to copy the repository. 
Input 
1SS Integer Parameter [10] 

8Z 
IOUT - Unit number of new repository (default = 31) 
IN - Unit number of existing repository (default = 2) 
T 

The repository is copied without modification from unit IN to 
unit IOUT. 

4) Repository L is t 
A complete l i s t i n g of the repository may be obtained or a selected 

l i s t is available with the data ident i f ied by IASB, IRESP, ITYP. 

Input for complete l i s t 
15$ - 1100 1 ro T 

Input for Selective L is t 
1$$ Integer Parameters [10] 

- NTS, the number of data types to be l i s ted (entered as a 
negative number) 
1 
FO 
T 

file:///ssembly
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21$ Integer Parameters [3*|NTS(] 
IASB 
I!£SP 
ITYP 

The sequence is repeated JNIS| times. 
T 
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INPUT INSTRUCTIONS FOR CCC-254/ANISN-ORNL 

H. 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 
follow each of the five sets of arrays if that set is entered. (Old A 
definition of LIM1 no longer valid) 

The title card may contain only 48 characters. Columns 61-72 of the 
title card are used to enter a maximum execution time (ignored if zero). 
FORMAT (12A4, 12X, 112) 

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 

3. ISCT maximum order o» scatter found in any zone (P value) 
4. ISN order of angular quadrature (S value) 
5. IGE 1 - slab; 2 - cylinder; 3 - sphere 
6. BL left boundary condition 

0 - vacuum (no reflection) 
1 - reflection 
2 - periodic 
3 - white/albedo 
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11. IGM 
12. IHT 
13. IHS 
14. IHM 
15. MS 
16. MCR 

7. IBR right boundary condition, same options as IBL 
8. IZM number of zones or regions (same material) 
9. IM number of mesh intervals 
10. IEVT eigenvalue type 

0 - fixed source 
1 - k calculation 
2 - a calculation 
3 - concentration search 
4 - zone width search 
5 - outer radius search 
6 - buckling search 
number of energy groups 
position of a. . , in cross section table 
position of a (self-scatter) in cross section table 
length of cross section table 
cross section mixing table length (10S, 11$, 12*) 
number of cross section sets to be read from cards 
(14*) 

17. MTP number of cross section sets to be read from tape 
(13$) 

18. MT total number of cross section sets (elements + mixtures) 
19. IDFM 0 - density factors (21*) not used 

1 - density factors used 
20. IPVT 0 - no effect 

1 - enter k as PV (16*) 
o 

2 - enter a as PV 
21. IQM 0 - no effect 

1 - enter distributed source (17*) 
22. IPM 0 - no effect 

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

23. IPP interval number which contains shell source if 
IPM = 1; 0 otherwise 

24. IIM inner iteration maximum 
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25. ID1 0 - no effect 
1 - print angular flux 
2 - punch scalar flux 
3 - both 1 and 2 

26. ID2 0 - no effect 
1 - use specially prepared group independent cross 
section tape (contains KTP materials) 

27. ID3 0 - no effect 
C-- N - compute N activities by zone where N is any 

positive integer 
28^ ID4 0 - no effect 

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

29. ICM outer iteration maximum 
30. IDATi 0 - all data in core 

1 - cross sections and fixed sources stored on tape 
2 - fluxes and currents on tape also 

/ 31. IDAT2 0 - 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 S n 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 n calcula­
tion for all groups until convergence is obtained or 
ICM is reached. 

• 32. IF6- 0 - no effect 
1 - execute cross section weighting 
2 - read cross sections weighted 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 
/ Updated 1973 
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/ 33. IFLU 0 - step model used when linear extrapolation yields 
negative flux (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 
linear model 

34. I FN 0 - enter fission guess (2*) 
1 - enter flux guess (3*) 
2 - use fluxes from previous case 

35. IPRT 0 - print cross sections 
I - do not print cross sections 
0 - enter zero; not used 

Floating point parameters [11] 

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 factor (usually 1) 
0.0, k , or a according to IPVT = 0, 1, or 2 
X ? relaxation factor, normally 0.5 
point flux convergence criterion if entered greater 
than zero 
upper limit for |!.0 - X,\ used in linear search 
eigenvalue change epsilon 
new parameter modifier 

The above data are followed by a T. 

/ 36. IXTR 

16* Floal 

1. EV 
2. EVM 
3. EPS 
4. BF 
5. DY 
6. OZ 
7. DFM1 
8. XNF 
9. PV 
10. RYF 
11. XLAL 

12. XLAH 
13. E0L 
14. XNPM 

NOTE 

/Updated 1973 
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: Cross Sections (ID2 = 0) 

13S Library ID numbers [MTP] (MTP > 0) (Omit if using cards) 

14* Cross sections [HCR x IGM x IHH] (MCR > 0} 

NOTE: If entered, the above data are followed by a T. 

Fixed Source (IEVT = 0 and ID2 < 2) 

17* Distributed source LIGM x IHJ (IQM = 1) 

18* Shell source [IGM x IPM x NK] (IPH > 0} 

NOTE: If entered, the above data are followed by a T. 

Flux or Fission Guess (IFN < 2) 

2* Fission density [IM] (IFN = 0) 

3* Flux guess [IGM x IM] (IFN = 1) 

NOTE: If entered, the above data are followed by a T. 

Remainder of Data 

1* Fission spectrum [IGM] 
£* Rtdii by interval boundary [IM + 1] 
5* Velocities [IGM] 
6* Angular quadrature weights [MM] 
7* Angular quadrature cosines [MM] 
8* Zone numbers by interval [IM] 
9$ Material r.umbers by zone [IZM] 
10$ Mixture numbers in mixing table [MS] (MS > 0) 
11$ Component numbers in mixing table [MS] (MS > 0) 
12* Number densities in mixing table [MSJ (MS > 0) 
19$ Order of scatter by zone [IZM] (ISCT > 0) 
20* Radius modifiers by zone [IZM] (IEVT = 4) 
21* Density factors by interval [IM] (IDFM = 1) 
22$ Material numbers for activities [ID3] (ID3 > 0) 
23$ Cross section table position for activities [ID3] (103 > 0) 

MM = ISN + 1 for plane or sphere 
MM = (TSn x (ISN + 4))/4 for cylinder 



/ 
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24$ Calculation type markers [IGM] (IDAT2 = 1) 
25* Albedo by group - right boundary [IBM] (IBR = 3) 
26* Albedo by group = left boundary [IGM] (IBL = 3) 
27$ Few group parameters [5J (IFG = 1) . 

1. ICON 0 - no effect 
1 - micro cross sections desired 
2 - macro cross sections desired (minus 

implies cell weighting) 
position of a. . , in weio^ted cross sections total 
position of a in weighted cross sections 

9*9 (minus implies upscatter removal) 
table length of weighted cross sections 
0 - no effect 
1 - punch weighted cross sections 

28$ Few group number for each multigro'jp [IGM] (IFG = 1) 
NOTE: The above data are followed by a T. 

2. IHTF 
3. IHSF 

4. IHMF 
5. I PUN 

"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 
a velocity (5*) array, even if they are just filled with *eros. 

ANISN should always be run in a model which ignores floating point 
divide, overflow and underflow checks, and integer divide and overflow 
checks. 

/ Updated 1973 
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B. Detailed Data Notes 

This section presents a 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 system 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. 

10$ 11$ 12*. 
1. M 0 X 
2. M N X 
3. M M 0.0 

1. Multiply all cross 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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Posit ion 
1 

Cross section type 
a c t i v i t y 

IHT-2 
IHT-1 
IHT 
IHT+1 

IHS-1 
IHS 
IHS+1 

IHM 

absorption 
nu x f iss ion 
to ta l 

r-CT g+NUS-^ 

upscatter* 

ro 

9+1-9 
Vg 
g-l^g 

downscatter" 

'g-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 = IHS (i.e., a one group problem). 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$, 23S). 

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

NUS is the number of groups of upscatter 
NDS is the number of groups of downscatter 
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P, cross sections by 3.0). This factor may be included externally or 
internally via the mixing table. 

Material numbers - 10$, 11$, 9$, 22$ 

All cross section sets, whether elements or mixtures, are 
referred to by a continuous set of Material numbers. In particular, 
the materials supplied in card form (14*) become materials 1 through 
MCR, the materials read from a library tape become MCR + 1 through 
MCR + MTP, 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$) is greater than zero, 
ANISN expects the P, cross sections to be material M + 1, the P- cross 
sections to be M + 2, etc. where M is the P material number specified 
in the 9$ array. 

Density factors - IDFM, 21* 

All 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 multiplication factor of PV. If IPVT = 2, ANISN will search for 
the parameter which results in a multiplication factor of 1.0 when 
a = PV. If IPVT = 0, ANISN will search 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 IPH = 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 - IB2 = 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 + KTP) x IGM x IHM] 
is larger than the number of data locations available. 

Activities - ID3, ID4, 22$, 23S 

Activities may be computed by zone and interval as specified 
in 103 and IDA. 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. 

22$ 23$ 
1. 1 3 
2. -5 * 
3. 7 -1 
4. -3 -1 

1. Compute activity for material 1, cress 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-
2 vals and/or zones and multiply interval activities by 1.0, 2rr, or 4~r 

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 - 1DAT1 

If IDATl is specified as zero, ANISN will use the most efficient 
tape storage possible and modify IDATl accordingly, IDATl 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, 24$ 

If IDAT2 = 1 the 24S array must be entered. A zero implies a 
transport solution, ? one inplies 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. 

* 
Weighted cross sections - IFG, 27$, 28$ (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 determine the 
components of a material, MS should not be zero when ICON = 1. 

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 complete removal of the upscatter is desired, IHSF should be minus. 
jIHSF[ should be the position of the self scatter cross section before the 
upscatter is removed. IHMF should be the final table length. After the 
upscatter is removed, IHSF will be IHTF + 1. The upscatter is removed by 
subtracting the reaction rate due to a. . from the reaction rate due to 
a. • where jj .> 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 library; materials MCR+MTP+1 
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 .. .. .:•---

IEVT EV EVM 
0 0.0 0.0 
1 0.0 0.0 
2 best guess for a 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 a is the eigenvalue. 
When IEVT = 3 the eigenvalue is defined by its use in the mixing 

table. 
When IEVT = 4 the eigenvalue is used as follows: 

ARj = AR| (1.0 + EV x RM Z) 
where AR? is the initial AR 
RM, is the radius modifier (20*) 

When IEVT = 5 the outer radius is the eigenvalue. 
When IEVT = 6, EV = DY/DY° = DZ/DZ0 

where DY° and DZ° are input. 

Convergence - EPS, XLAL, RYF 

The inner or flux iterations are considered converged when bcth 

Zero is the best guess unless one is reasonably sure that his guess is 
close 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. EFS 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 be 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 frcr.i 1.0 by less than EPS/RYF. 

Buckling correction - BF, DY, DZ 
2 ANISN computes a correction factor of the DB form for finite 

transverse dimensions. The correction is applicable only with "transport 
corrected" P cross sections where position IHT is occupied by the trans­
port cross section. 

Void streaming correction - DFMl 
2 Since the DB term is not applicable to a void region, ANISN 

7 
computes a simple correction 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 

2 are the DB losses. This omission causes the neutron balance to differ 
from 1.0. If DFMl is zero, no correction is computed for the void regions. 

Normalization 

When IEVT is greater thdn zero the total fission source is nor­
malized to XNF. When IEVT is equal to zero the tocal fixed source i< 
normalized to XNF and the fission source, if any, is unnormalized. If 
XNF = 0.0 there is no normalization. 

Olsen, T., "Void Streaming in S n Calculations," Nucl. Sci. Fng. £1 
271 (1965). 
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Searches - XLAH, ZQL, XNPM 

When the absolute value of the difference between two successive 
lambdas (A,) is less than EQL, the eigenvalue, EV, is changed. The first 
EV chan*,2 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 
difference between 1.0 and A, is not allowed to exceed XLAH. To prevent 
oscillations when using the linear search, the extrapolation is limited 
by XNPM. The third EV change is the result of the quadratic search. The 
quadratic search is used until the absolute value of 1.0 - A, is less than 
EQL. At this point, the 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 p.001 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 the 
fission spectrum (1*). No data are destroyed between cases. If problem 
dimensions change, the repositioned arrays are simply read into core over 
the previous data. The result is that all arrays 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. Multiple cases in which IDAT1 changes 
will not retain data properly. If IDAT1 = 1, multiple cases will retain 
data prcperly 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 
retain data properly only if ID2 = 2 or if the complete cross section 
matrix^ is read in all cases. 

In cases where the data in a particular section remains the same 
in multiple cases, one may enter a card containing only a T in any of the 
six appropriate columns for that section of data (e.g., the 15$, 16* 
section). 
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If any case is preceded by an adjoint solution, the following arrays 
must be respecified if they are required for the next case: 14*, 17*, 
18*, 3*, 1*, 5*, 24$, 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. 
This "double T" is used in lieu of the normal single T. If ANISN termi­
nates a case for any reason, the code will search for the "double T" 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] 
(IGM+1)(2) [8] (IM)(IGM) if IDAT1 < 2 [105] 
(IGM)(5) [15] (IM) if IDAT1 = 2 [0] 
(IM)(U) [385] (IHP)(IGM)(MT)8 if IDAT1 = 0 [216] 
(IM+D(4) [144] (IHP)(KT) if IDAT1 > 0 [0] 
(MM)(5) [25] (IM)(IGM)(IQM) if IDAT1 = 0 [0] 
(IZM)(3) [9] (IM)(IQM) if I0AT1 > 0 [0] 
(MS)(3) [36] (IPM)(MM)(IGM) if IDAT1 = 0 [0] 
(MTP) 10] (IPM)(MM) if IDAT1 > 0 [0] 
(ID3)(2) [12] (IGM) if IBR = 3 ,. [0] 
(IF6)(5) [5] (IGM) if IBL = 3 [0] 
(IFG)(IGM) [3] (MM)(JT) if ISCT > 0 [15] 
(IM)(ISCT) [105] (IM)(JT)(IGM) if ISCT > 0 and 

IDAT1 < 2 
[315] 

(IM)(MM) (1973) 
(IM+1)(NM)(5) [900] (IM)(JT) if ISCT > 0 and IDAT1 = 2 [0] 
(IM)(JT)(2) [210] (MM)(IGM) if I0AT1 < 2 [15] 
(IM)(JT) + 1 [106] (MM) if IDA!1 = 2 [0] 
(IGM)(IDAT2) [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 problem. 

8 IHP = IHM if there is no upscatter 
IHP = IHM + 1 if there is upscatter 
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1. IGM 
2. ITLI 
3. ITL0 

INPUT INSTRUCTIONS FOR PSR-75/AXMIX 

G. C. Haynes 

TITLE CARD — First card of a problem, Format (20A4), identifying the 
problem and/or the output data set. 

AXMIX Control Parameters (Array Block 1) 

IS Array — Primary Control Parameters (12 entries) 

Number of energy groups for this problem 
Input x-sect table length 
Output x-sect table length. If ITL0*ITLI, the 
difference is either truncated or padded with 
zeros. (At the end of the table if ITL0 is 
positive, or at the beginning if ITL0 is negative). 

4. MCR Number of materials inpjt from card*; (30*). A 
"material" is one IGM*ITLI cross-section set. 

5. MTP Number of materials input from nuclide libraries 
(13$). 

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- N0S13 Number of nuclide libraries specified by logical 
unit number (negative ent>yi in the 13$ array. 
If NDS13=0, MTP materials are input from unit KU3. 

8. NDS15 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 problem. 

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. 
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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 

to 16$ with materials on unit KCMB and 
write all onto unit KU4. N=(table 
length)*(ruK of groups) for largest 
material on KCMB if greater than 
IGM*IT10. 
(Check IDLST (3$ array) when using *his 
option) 

12. IDUP4 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 FIDO 

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

card image format. 
When using unit 7 in this option be sure to 

specify PARM.G0='CK=-7' because unit 7 
will be rewound at problem completion. 

2$ Array — Control for GIP data sets, P Adjustment 

1. IGIP0 Output GIP dota set control (17$) such that: 
0 means no output GIP data set, omit 17$ 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.) 
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Note: If a GIP tape is to be output, cross 
sections may not contain upscatter. 
This limitation does not apply to input 
GIP data sets. (See special section 
on upscatter) 

0 means no P adjustment, omit 21$ through 
24$ arrays. 

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

Table position of total cross section. 
(Not used if IGIP0=IPNC=ITRC=O) 
Table posit ion of within-group scattering 

cross section. 
(Not used i f IGIP0=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 
total in the transport library if 
I7RC*0, (zero means no effect) 

Upscatter GIP data set input type. 
0 means input data sets contain no upscatter 

(be sure IHS=IHTJ-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. LAD0 Not presently used. Enter zero. 

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

3$ Array ~ Input/Output Logical Units (8 entries, default values in 
parenthesis) 

1. KUl (1) GIP tape input logical unit number. This 
number is used if the 15$ array is not 
entered,: or if the first entry in the 15S 
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/DOT nuclide library input logical 
unit number. This number is used if the 
first entry in the 13$ array is positive. 

4. KU4 (4} ANISN/DOT nuclide library output logical 
unit number. Negative ontry prevents rewind 
at problem completion. 

(5) Card input logical unit number. 
(6) Printed output logical unit number. 
(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 
KCMBj<KU4 

J . KU5 
6. KU6 
7. KCMB 



V-23 

8. IDLST 0 = (if ITP0UT<2) No effect. 
0 = (if ITP0UT=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. 

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

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. 
Puncned output, if any, nust be output to logical unit number 7. 
Note: The 1$, 2$, and 3$ arrays are the first array block for a probleri, 

and the block is terminated with a "T". 

AXHIX Input Arrays (Array Block 2) 

10$ Mixture numbers in mixing table. [MS entries] 
Negative entry causes division (10$/(11$12*)) 

11S Component numbers in mixing table [MS entries] 
Negative entry causes multiplication (10S-11S-12*) 

12* Number densities in mixing table [MS entries] 
13S 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 ID 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] 

14$ List of ID numbers of materials to be dropped from library on 
KCMB when merging output with KCMB and [-IDLST entries] 
writing on KU4. {omit if IDLST>0} 

15$ Input 6IP tape control array. Data set logtcal unit numbers, 
if any, are negative entries which are followed by the position 
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numbers of materials required? from each data set. Duplicate 
posit ion numbers are permitted i f they occur on d i f fe ren t data 
sets. I f the f i r s t entry is pos i t ive , i t i s assumed that IU1 
is the data set logical uni t number for a l l entr ies before the 
f i r s t negative entry. Pois i t ion numbers need not sat is fy any 
f ixed order. 

[-HGIP+NDS15 ent r ies ] 
{omit i f MGIP>0} 

Output ANISN/DOT nuclide l i b ra ry ID numbers. These may be up 
to 8 d ig i t s long (b d i g i t l i m i t is recommended), and need not 
be arranged in order. One entry is required for each material 
of the problem, and a zero means that material is not output. 
I f th is l i b ra ry is being merged wi th one on KCMB, a new material 
may be substituted for one on KCMB by using the same ID number. 
Regardless of the array order here, a l l resul t ing output is 
. . r i t ten i n order of ascending ID number. [MT ent r ies] 

{omit i f ITP0UT=O} 
Output 61P tape control array. One entry is required for each 
material of the problem. A zero entry means that material i s 
net output. Any nonzero entry (usually a 1} means that material 
is output. [MT entr ies] 

{omit i f IGIP0=O} 
Output cross-section t i t l e control array, one entry for each 
mater ial . 
A zero entry means no t i t l e i s to be assigned to that mater ia l . 
Any posit ive entry means keep old t i t l e i f one exists (from an 
ANISN/DOT nuclide l i b ra r y , KU3, not KCMB). 
Any negative entry means a new t i t l e is to be read from a t i t l e 
card fol lowing the las t data block of that problem. 

[MT entr ies] 
{omit i t a l l pos} 

Output cross-section pr in t control array, one entry for each 
mater ial . 
A zero entry means do not p r in t that mater ia l . 
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Any nonzero entry means p r in t that mater ia l . 
[MT ent r ies ] 
{omit i f a l l zt.ro} 

<;0S Output c ross-sect ion punch con t ro l a r r ay , one e n t r y f o r each 

mater ia l . 
A zero entry means do »ot punch that mater ia l . 
A posit ive entry means punch in f ixed FID0 format. 
A negative entry means punch in free-form FID0 format. 

21S Material numbers of the P~ scattering components of elements or 
mixtures to be "P n adjusted". [IPNC en t r i es ] 

22$ Material number of pQComponent to be used for the P adjustment. 
[IPNC en t r ies ] 

23$ New (adjusted) scattering order of elements or mixtures 
ident i f ied in the 21$ array. [IPNC en t r ies ] 

24$ Energy groups to which the P adjustment is to be appl ied, one 
entry for each group. 
A zero menas that group i s not affected. 
Any nonzero entry means that group is affected. 

[IGM ent r ies ] 
{omit i f IPNC=0} 

25$$ Output ID numbers for PQ materials to be "transport corrected". 
Zero entry for a l l other materials. Be sure the P, material 
follows the P f l material referenced here. 

[MT ent r ies ] 
{omit i f 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 
Al l cross sections to be input from cards go here, one material 
immediately fol lowing another. They may be f ixed FIDO format 
and/or free FIDO format. I f the format changes, however, a new 
30* or 30** must be entered to indicate the format of the data 
fol lowing i t . [MCR*(IGM*ITLI) entries 

NOTE: This is the f ina l array block, and i t must be terminated with a "T" 

http://zt.ro%7d
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(Caution: The "T" roust not be Immediately preceded by a "F" 
Option) Omit ent i re block, Including the "T" i f MCR=0 

Cross-Section T i t l e Cards 

A t i t l e card must be entered, fol lowing the las t array block, fo r 
each negative entry in the 18$ array. Any desired t i t l e i s punched in 
Columns 25-72 of each card, and a l l other columns are i r re levant . 

Mult iple Problems 

Mult ip le problems may be run consecutively by fol lowing the input to 
a previous problem with a new problem t i t l e card and new input data. Data 
from the previous problem is not automatically saved, and a l l default 
options apply independently to each problem. Output data sets from a 
previous problem, however, may be referenced as input to a problem i f 
they were rewound. Data sets from previous problems may be added onto 
i f they were not rewound. 

Job Termination 

A job may be terminated by any of the fol lowing ways: 
1. End of data set on un i t 5. 
2. "STOP" command by entering a f ina l card with STOP in Columns 1 - 4. 
3. Call to ''EXIT" by entering a f ina l card with EXIT in Columns 1 - 4. 
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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 of sensi-

vity coefficients for linear responses such as reaction rate rati is and 
bilinear responses ^uch as worth require the use of generalized fluxes. 
Tho linear response uses a generalized adjoint flux r* and the bilinear 
response uses r* and in addition a generalized forward flux r. These 
generalized fluxes are calculated by FANISN as a function of generalized 
sources wh'ch are calculated by the JULIET module (see Chapter vil). This 
dictates the following hierarchy of events which must precede the calcu­
lation of generalized fluxes. 

1. The preparation of ANISN multigroup cross sections. 
2. The calculation of ANISN forward "lux, y. 
3. The calculation of ANISN adjoint flux, f*. 
4. For li tear responses, the calculation of a linear source for 

each response. 
5. For bilinear responses, the calculation of a bilinear forward 

and adjoint fource for each response. 
The results of the calculations performed in steps 2 through 5 are 

placed in the repository (see Chapter IV) and the calculation of generalized 
fluxes i.an now proceed. :.i demonstrated by steps 4 and 5, generalized 
fluxes are response dependent and the nocessary care must be taken to insure 
that a generalizeJ flux calculated for -i particular response is not used in 
subsequent calculations for aj.y ocher response. The definition o^ the 
IRF.SP parameter in the FMANG input (see Chapter IV) deserves careful 
attention. The system cannot detect response identification errors and if 
such errors are made disaster is certain and often subtle. 
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The following modifications to the input data for the FANISN forward 
calculation which generated 4 results in the input required for an FANISN 
generalized calculation. 

FANISN INPUT FOR GENERALIZED CALCULATIONS 

The input for the initial ANISN forward k calculation 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 
Parameter 10 IEVT = 0 
Parameter 20 IPVT = 1 
Parameter 21 IQM = 1 for linear source 

IQM = number of moments of P» source 
Parameter 33 I FLU = 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 PV » k g f f 

Remove the 2** fission density data, replace with 3** FO.O T. 
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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 
generalized FANISN case. This is demonstrated in a comprehensive sample 
case at the end of Chapter VII. 

c SAMPLE INPUT FOR FANISN GENERALIZED CASE 

FO 

0 1 0 
1 . 0 . 9 8 5 4 3 

=FMANG 
1*S 12 42 1. 16 
=FANISN 
ZPR 6 / 7 GENERALIZED AJOINT RUN 
15*S 1 1 3 4 3 1 0 2 6 0 

O 1 4 2Z 12 
1 6 * * 2Z i . O - 5 4Z 
3 * * Fu.O T 
1 * * 

9 . 0 5 7 6 E - 0 5 
I . 0 2 8 7 E - 0 1 
4 . 8 3 3 8 E - 0 2 
3 . 7 3 1 3 E - 0 2 
2 . 3 5 8 3 E - 0 2 
6 . 0 1 1 0 E - 0 3 
7 . 4 6 2 2 E - 0 4 
5 . 2 5 7 0 E - 0 3 
2 . 6 0 7 8 E - 0 3 
7 . 0 9 0 4 E - 0 4 
9 .1435E-OS 
2 . 3 0 8 2 E - 0 4 
1 . 2 6 6 2 E - 0 5 
5 . 9 8 5 7 E - 0 6 
1 . 7 7 5 4 E - 0 6 
1 . 0 2 5 8 E - 0 7 
1 . 1 5 0 6 E - 0 9 

lOO 5 6 
O 25 1 
0 . 5 1 . 0 - 5 

1 . 3 8 4 4 E - 0 3 
6 . 9 8 5 9 E - 0 2 
4 . 7 7 8 0 E - 0 2 
3 . 4 4 9 4 E - 0 2 
2 . 1 1 6 2 E - 0 2 
5 . 6 4 1 8 E - 0 3 
2 . 0 0 4 2 E - 0 3 
4 . 5 7 8 9 E - 0 3 
2 . 2 6 0 6 E - 0 3 
2 . 1 3 2 2 E - 0 3 
1 . 2 0 8 7 E - 0 4 
1 . 5 8 9 1 E - 0 4 
1.09O0E-O5 
1 . 1 5 6 8 E - 0 5 
1 . 2 2 0 3 E - 0 6 
4 . 8 4 7 2 E - 0 8 
5 . 4 7 0 7 E - 1 - ) 

6 . 5 9 0 7 E - 0 3 
1 . 5 9 4 6 E - 0 2 
4 . 6 5 4 6 E - 0 2 
1 .354SE-02 
1 . 8 9 1 0 E - 0 2 
1 . 0 2 5 4 E - 0 2 
3 . 8 1 3 9 E - 0 3 
3 . 9 8 3 6 E - 0 3 
4 . 4 1 3 7 E - 0 3 
1 . 4 7 6 7 E - 0 3 
5 . 7 1 5 0 E - 0 5 
1 .0936E-04 
9 . 3 P 3 5 E - 0 6 
7 . 9 S 2 6 E - 0 6 
8 . 3 8 7 8 E - 0 7 
2 . 2 9 0 9 E - 0 8 
2 . 6 1 I 8 E - 1 0 

105 2Z 
2Z \:> 1 

3Z f 
8 

2 . 0 7 5 8 E - 0 2 
4 . 0 3 8 2 E - 0 3 
4 . 4 7 6 0 E - 0 2 
1 . 8 U 2 E - 0 2 
1 . 6 8 3 4 E - 0 2 
9 . 0 0 3 5 E - O 3 
6 . 9 0 1 8 E - 0 3 
3 . 4 6 2 1 E - 0 3 
6* 7274E-04 
1 .0209E-O3 
5 . 5 0 6 5 E - 0 5 
7 . 5 2 4 0 E - 0 5 
4 . 1 9 0 1 E - 0 6 
5 . 4 6 6 8 E - 0 6 
9 . 7 2 7 7 E - 0 7 
1 . 0 8 3 1 E - 0 8 
2 . 5 2 2 0 E - 1 0 

4** 3910.0 19186.16 121.97 
5** Fl. 
6** 0.0 .17392742 .32607*57 .*32607257 .17392742 
7** -1. -.66113631 -.33998104 «33998104 .86113631 
8S» 40R1 20R2 
9** 1 5 
19SS F3 
T 

4 . 5 6 9 3 E - 0 2 
3 . 9 9 4 3 E - 0 3 
4 . 2 5 4 7 E - 0 2 
2 .8861E^02 
1 . 4 9 3 5 E - 0 2 
9 . 6 9 8 2 E - 0 4 
3 . 1 1 6 5 E - 0 3 
1 . 5 5 6 2 E - 0 3 
4 .9410E-O4 
3 . 4 3 6 8 E - 0 4 
3 . 7 4 0 2 E - 0 4 
S . 1 7 5 3 E - 0 5 
3 . 8 8 7 6 E - 0 6 
3 . 7 5 7 8 E - 0 6 
4 . 5 9 5 6 E - 0 7 
5 . 1 2 3 8 E - 0 9 

8 
O 

7.6253E-02 
2.4139E-02 
4.0028E-02 
2.6157E-02 
1.3210E-02 
3.5574E-04 
2.9113E-03 
1.4497E-03 
1.1962E-03 
1.4894E-04 
3.3512E-04 
2.2930E-05 
6.9535E-06 
2.5830E-O6 
2.1712E-07 
2.4262E-09 
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A USER'S GUIDE FOR THE JULIET MODULE OF THE 
FORSS SENSITIVITY AND UNCERTAINTY ANALYSIS CODE SYSTEM 

J. L. Lucius, E. H. Oblow, and G. W. Cunningham, III 

ABSTRACT 

JULIET is the FORSS module that calculates generalized 
sources, responses (e.g., criticality, reaction rate ratios, 
reactivity worths), normalization parameters and sensitivity 
coefficients. 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 
entry points). JULIET normally operates with fluxes generated 
by the FORSS version of ANISN; however, the execution path 
concept permits interaction with other neutronics codes such 
as DOT and VENTURE. 

The proposed CCCG 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. 

I. INTRODUCTION 

JULIET is the FORSS1 module that calculates sources, responses (e.g., 

criticality, reaction rate ratios, reactivity worths), normalization param­

eters, and sensitivity coefficients. As a user'- guide, 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 SWANLAKE3 codes. 

JULIHT 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 FAF;iS*^ (the FORSS 
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version of ANISN) and JULIET. When FANISN has been selected as the neu-

tronics code for a FORSS study, JULIET receives angular fluxes and coniputes 

generalized source data for subsequent steps in which FANISN is used to 

generate generalized2 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 5 and VENTURE.6 Addi­

tional information on this interaction is available in the FORSS user's 

guide.7 

Sensitivity analysis requires access to partial cross sections. The 

proposed CCCC file MATXS8 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 9 file, SENPRO. 1 0 A SENPRO Service 

Module7 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,11 

CAVALIER,12 and UNCOVER.13 
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I I . EXECUTION PATHS 

JULIET has four execution paths *nd the corrsbination selected is 

problem-dependent. 

A. Operator Def in i t ion 

The path is selected by the word, MIX. This path prepares the cross-

section operators required for the problem solut ion (these correspond to 

cross sections appearing i n the response de f in i t i on and/or cross sections 

in the terms of the Boltzmann equation). The MATXS cross-section f i l e i s 

the primary data base fo r operator de f i n i t i on . User input defines the 

operators required for the problem solut ion. An operator may be a single 

material-reaction type or i t may be a mixture of many materials and i n ­

clude several reaction types. 

B. Flux Preparation 

The path is selected by the v/ord FLUX. This path calculates moment 

fluxes from exist ing forward and adjoint angular fluxes for use in comput­

ing certain reactor parameters (e .g . , worth). This path also prepares 

the <<•>*<{>>, <r*<{>>> or <r<{*> inner products needed for a sens i t i v i t y 

ca lcu lat ion. 

C. Source Response Calculation 

The path is selected L. the word SOURCE. The path has the capabi l i ty 

to calculate bi l inear sources, l inear sources, responses, and normaliza­

t ion parameters. 
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D. Sensitivity Coefficient Generation 

The path is selected by the word SENSE. This oath calculates sensi­

tivity coefficients using the SWANLAKE algorithm expanded to include 

direct effects. 

III. OPERATOR DEFINITION 

The FORSS system is an attempt to provide a sensitivity analysis 

capability with respect to a response defined as: 

<**Hi<J>> <Hi$> 
for bilinear R = ..±u . v , for linear R = y u . v with sensitivity coeffi-

<9 H29/ <H2<f>> 

3R/R cients defined as: . ' where 1 is a cross section appearing in the 
xx x 

Boltzmann equation or in the definition of H 2 or H 2- In the above equa­
tions <{> and (j>* represent the forward and adjoint fluxes, the brackets 
denote integration over phase space, and the operators H and H 2 can in 
general be arbitrary. However, the physical cases of most practical 
interest occur when either H x or H 2 is a macroscopic cross section, in 
which case R would represent a weighted reaction rate ratio. For example, 

< 2 3 V> 
the linear response 2 8 6 would be defined as R = ; clearly H, is 

< 2 3 5 V > 
the 2 3 8 U capture reaction and H 2 is the 2 3 5 U fission reaction. Operators 
may also b3 linear combinations of any or all terms appearing in the 

Boltzmann equation. For example, the bilinear response for Na worth 

would be defined as: 

-<j*(sT* "Z^s' (g'-*g)<H(g') P> 
R = , 9'/' 1 <**(x£^f)\> 
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Here H, is the Boitzmann operator for Na. and H. is the fission operator 

for all fissionable materials in the system of interest. 

IV. FLUX PREPARATION 

A. Moment Fluxes 

Angular fluxes are input to a JULIET calculation. Moment fluxes 

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

according to the following equation: 

NOA 
<f>(j,g,**) = T W.YjtuTMj.g.Ui) (1) 

where 

ISCT - order of scattering, 

NMOM - maximum of (ISCT, ISM), 

NOA - number of angles, 

for slab and spherical geometry NOA = ISN + 1 

for cylindrical geometry NOA = (ISN * (ISN + 4))/4 

ISN - quadrature order, 

iMOM - number of moments, 

V - moment index which assumes values from 1 to LMOM. ;,' 

is a function of m and i. Equations 4,6, and 7 illustrate 

the relationship of ?.', t, m as implemented in the code. 

g - group index, 

i - angle index, 

W. - quadrature weight (input, see Section VI, Block }), 

p. - discrete angle cosine (input, see Section VI, Block 1), 

YT - spherical harmonic, 
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<f>(ji9iUi) - angular f lux calculated by FANISN, 

4>(j.g»^') - angular f lux moment calculate^ by FANISN. 

B. <(j»*4>> Fi les 

<$*<{>> f i l e s are prepared for use in the sens i t i v i t y equations. 

<$*<{>> is a syrJ>olic term since the f i l e may represent products of <r*$> 

or <r<J>*>. A <$*<J>> f i l e i s required fo r K and worth sens i t i v i t y analysis. 

h <r*<*>>file is required for reaction rate ra t i o sens i t i v i t y analysis. 

<<(>*<{;> f i l e s are prepared in the ANISN cross-section format. For 

the Oth moment the to ta l posit ion of the <<{»*<!>> f i l e is calculated as: 

PS(IHT,g,z,l) = - X V ^ E r t J . g J u J ^ O ' . g . n - M i ) (2) 

jez i 

where 

IHT - posit ion of to ta l cross section in ANISN cross-sect on tab le , 

g - group index, 

z - zone index, 

R - the rad i i by interval boundary, 

V( j ) - volume of spatial interval j , 

= R(j+D - R(j) fo r slab, 

= (R 2(J+U - R 2(j)) for cylinder, 
- |(RJ(J+1) - R 3(j)) for sphere. 

For slab and spherical geometry and the P 0 and P, scattering orders 

of cylindrical geometry the scattering positions are 

PS(G,g,z,*) - £<J>(j,g\r)<P*(J,g,nv(j) (3) 
jez 
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where 

G = IHT + g ' + l , 

IHT is the to ta l cross-section pos i t ion, 

£. = V assumes values of 1 and 2. 

For cy l indr ica l geometry and scattering order higher than P x 

Ll (£) 
PS(G,g,z,£) = I I t f J . g M ' t o M j . g . f W j ) (4) 

l '=11(1-1) 5ez 

initially the code defines LL(2)=2 then LL(£) = LL(Jl-l) + 1 + ^j^-

where 
I is the scatter1'"? order index and assumes values from 3 to iSCT 

(order of scattering) V is the moment index. 

V. SOURCE RESPONSE ALGORITHMS 

A. The [Ki<{>] and [H2<{>3 
Components of a Bi l inear Response 

The [H,4>] function includes three terms, a to ta l term, a scattering 

term, and a f i ss ion term. 

1. Total 

T , ( j , g , r ) = - Z y U . g M j . g , * ' ) 

where 

j - spatial index, 

g - group index, 

V - moment Index, 

Ey - to ta l cross section, 

<f> - forward moment f l ux . 
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2. Scattering for Slab and Spherical Geometries 

When V <_ ISCT, ISCT = order of scattering 

1,(3,9.1") = I z (j.g'-^g.i'Wj.gV) (5, 
g' 

where 

T - scattering matrix. 

3. Scattering for Cylindrical Geometry 

For the P and Px scattering orders Eg. (5) also applies for 

cylindrical geometry. 

For scattering orders greater than ?t Eq. (6) and Eq. (7) establish 

the correspondence between the cross-section scattering order (index I) 

and the flux moment (index I'). 

T (j.g.i') =IUj,g,-g,<D<i>(j,g,,r) (6) 
9' s 

To define the values of 9. and ?,' in Eq. (6), initially the code defines 

£=3 and the indexing control parameter LHI=4. Then as V assumes values 

from 3 to LMQM (number of moments) the values of 2.' and LHI are compared. 

If V <_ LHI, the values of LHI and I are unchanged. When 9.' > LHI, 4=4+1, 

and LHI is redefined by Eq. (7) as follows: 

LHI = LHI + 1 + (2«*l)/4 (7) 

when £ > ISCT 

T 2(j,g,n ' 0 . (8) 
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4. Fission 

For £' = 1 

T3(j,g,*,) = Xx(g)ZvEf(j,g')$(j,g',;.') (9) 
9' 

where 

X = fission spectrum , 

For 8.' > 1 

T 3(j,g,r) = o . (io) 

5. The [H^l Term 

[H^Kj.g.JL') = TjU.g.i') + T 2 ( j , g , n + T3(j,g,£') . (11) 

6. [H,$] is a f iss ion function with one term. 

For V = 1 

g' f 

For [H2(}i], v£ f is a mixture of all fissionable materials in the assembly. 

For V > 1 

[HjOHj.g.JL') = 0 . (13) 

B. The [H*<̂ *] and [HVr*] 
Components of a Bilinear Response 

The [H*#*](j,g,P.') function has the same form as the [II,tj function. 

1. Total 

T,(j.g,n - -rT(j,gh*(jfg,?.') (14) 
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2. Scattering 

T,(j,g,£') = Xi c ( j , g -*g \0< i* ( j , c \ r ) 
•*, s 

(15) 

The discussion of geometry and moments for the [ K j i ] function applies 

for the [H*<{»*] funct ion. 

3. Fission 

T 3(j,g,?/) = vUj.gJlxte'HMJ.g'.ft ') 
f g' 

4. The fHftf>*1 Term 

(16) 

[H>*] ( j . g .d ' ) = Tj t j .g . a ' ) * T 2 ( j , g , l ' ) + T 3 ( j ,q , ; . ' ) (17) 

5. The [H*6 ] function is very similar to the ["H-al function. 

[H*<* ] ( j ,g , ; . ' ) = v Z f ( j , g ) Z x ( g , k * ( J ^ g , . £ , ) 
f g' 

C. The Bil inear Response 

A b i l inear response is defined as: 

<6*H 1 0 
R = 

<t*M> 

(18) 

(19) 

where 

<**M> " I I 2>(.i,g,Ji')[H A](j,g,nv(j) , 
a' g j 

<**H 2 *> = I I 4*(J,g,i)[H2*](.i,n,i W.j) , 
g J 

( $ H , V > S I I £ D(.i,g,f-')[H^*](j,g.;.')v(j) , 
v.' g i 

<*H 2***> = £ 2 l i ( j , g J ) [ H ^ ] ( j , q , l ) V ( j ) . 
g i 

(20) 

(21) 

(22) 
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D. The Bi l inear Forward Source 

r tH^Kj^ , . * ) [ H 2 : ] ( j , q , ; ' ) ] 

E. The Bilinear Adjoint Source 

r[HT6*](j,3,?.') [H^*](j,g.f.')l 

F. The Horth in an Interval 

Reactivity worth, w, is defined as: 

w(per mole) = R [ ^ ^ ] (26) 

R - the bilinear response. 

V - volume of the interval. 

N - density of the material 

w(per kiloqram) = — j— [wfper nole)] (27) 

A - the atomic mass. 

G. The Linear Response 

A linear response, R, is defined as: 

where 

<V'> * I I H/j.qka.q.DVCj) (29) 
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<"-*> = I I H.(i.g)>(j,g,l}V(j) 
9 J 

(30] 

where 

H and H. are simply reaction cross sections or other response 

functions, 

c ( j , q , l ) - 0th moment f l u x , 

g - group index, 

j - spatial index. 

h. The Linear Source 

r H j j . g ) H 2( j ,g)] 
S * ( J ' 9 ) = R L7H^-WTJ (31) 

V I . GENERATION OF SENSITIVITY COEFFICIENTS 

JULIET implements the sens i t i v i ty equations discussed in Section I I I 

oc 0f<fiL/TM-5563.1'' The equation below is soWed to y ie ld the sens i t i v i t y 

of a response to a cross ssction as defined by an operator. A common 

fom 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 Sensi t iv i ty Coeff icient Defini t ions 

NOA 
T,(g,z) = - Z x ( 9 , z ) J v ( j ) £ { * ( j , g , k ) * ( j t g . k ) w ( k ) 

jez 

. I6M 
T,(q.z) -- r]Ev(j)[v(g,z)Z f(g,z)MJ,q,1) I **(j 

j t z q M 
, g M ) y ( g \ z ) (33) 

(32) 
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L#OM IGM 
3 £=1 <cz g* = l x 

Tw(g,z) * rJg.dWd.g.UKH^ 

T (g,z) = 0 unless Z appears in the definition of H i 

T 5(g,z) = -Ix(g,d)>(d,q,l)/<H.i> 

T s (g ,z ) = O unless I appears in the de f in i t i on of H. 

The d indicates the space increment where the direct effect j* 0 ( i . e . , 

where Hj and H are def ined). 

T j g . z ) = T j g . z ) = 0 i f d is not v/ithin zone z. 

P(g,z) = ^ [ " U g . z ) + T . ( q , z ) • T 3 ( g , z ) ] - T „ {q , z ) + T J~,z\ 

where 

g - group index, 

g ' - group index, 

z - ..one index, 

j - spatial interval index, 

k - angle index, 

W j ) - volume of in te rva l , 

~ (g f z) - cross section operator, 

^ ( j . g . k ) - adjoint anqular f l ux , 

M.jt9»k) - forward angular f lux , 

w(k) - d^cre te ordinates weiqht, 
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•(g,z) - neutron? per fission, 

^f(?»z) - fission cross section, 

"(j»9>;) _ forward moment flux, 

- +(j*9»0 " adjoint monent flux, 

'(9'>2) - fission spectrum, 

Z (g'-g,..} - scattering cross section. 

All of the five tei.ns in tie equation do not appear in every sensi­

tivity calculation. The terms included are a funcMor. of J-he response 

and the operator of interest. 

B. K Sensitivity 

1. Absorption Reactions, Nonfi^siooab^e, Nonscatterinq Reactions such 
as Capture 

Tne equation reduces to T (g,z) where Z (g,z) is tne absorption cross 

sectic-. of the naterial of interest. 

2. Fission Reactions 

Tne fission -ea;tion requires only T.(q,z) and T.'g.z). In T., 

Z (".,z) is the fission cross section of the material of interest, x 

3. . Sensitivity 

Tne v reaction requires only T,(g,z). 

4. Scattering Reactions 

h scattering reaction such as elast ic requires T ^ q . r ) and T,!g,z) 

wnere r, (g,z) in Ts is the e last ic scattering cross sect ion. Z (q'-»q,.') 

in T3 is the e last ic group-to-group scattering matrix for moment . of 

the material of interest . 
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5. Total Reaction o f a F iss ionable Mater ia] 

The t o t a l reac t ion of a f i s s i onab le mater ia l requi res the ~ . ( q , z ) , 

T 2 ( g , z ) and T 3 ( g , z ) terms. Z ( g , z ) in Tj is the t o t a l cross sect ion 

and I ( g ' - * g , 0 i s the t o t a l group-to-group sca t te r i ng m a t r i x . 

6 . Total Reaction o f a Nonf iss ionable Mater ia l 

The t o t a l reac t ion of non- f i ss ionab le mate r ia l s is the same as (5) 

except the T 2 ( g , z ) term i s 0 . 

The T^ and T 5 terms do not enter i n t o a k s e n s i t i v i t y since they 

are d i r e c t - e f f e c t expressions f o r reac t ion r a te r a t i o responses. For k 

s e n s i t i v i t y , ths R i n Eq. (37) i s to be in te rp re ted as P. = ' < : * - - , O -

C. Reaction Rate Ratios 

When the response is a reac t ion ra te r a t i o such as : - 4 U cap tu re / ' 3 *U 

f i s s i o n , the 2 e c / 2 S f , both i n d i r e c t and d i r e c t e f f ec t s must he considered. 

D i rec t e f f e c t s occur only when the operator of i n te res t is a r a t e r i a l 

reac t ion type which is a cons t i tuen t of tne response d e f i n i t i o n . A l l 

operators have i n d i r e c t e f f e c t s . 

1 . I n d i r e c t E f f e c t 

The a lgor i thm i s i den t i ca l to k s e n s i t i v i t y w i tn ?* reulac inq ; * in 

Eqs. (32) , (33) and (34 ) , and the R appearing in Eq. (37) i s to be i n t e r ­

preted as: 

"<H,:>] 
« - Jr /"5:>J :w 

<H.:> 
where -, -^ is the response c a l c i l o t e d by tne source exocu?i^n :>r.rr, and 

S is the source nf ) rmal izat ion from the AN ISN general ized H 1 i r, i n r 

c a l c u l a t i o n . 
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2. H. Direct Effect 
When the operator of interest is the material-reaction type which 

forms the numerator of the reaction rate ratio, the H, direct effect is 
calculated and sunned with the indirect effect to complete the profile. 
The H. direct effect is calculated by the T f c(g Tz) term in Eq. (37). For 
the example, Z (g,z) in T\ is the 2 3 e U capture cross section. <K 1d> 
is available frorc the source execution path. The T u term and <H.i> must 
be calculated over the same space; frequently this is the central inter­
val. T is zero in any zone that does not include the space increment 
used in the <sHj> calculation. 

3. H; Direct Effect 
When the operator of interest is the material-reaction type which 

forms the denominator of the reaction rate ratio, an H direct effect 
is calculated and sunned with the indirect effect to complete the pro­
file. The H direct effect is calculated by the T,(g,z) term in Eq. (37). 
For the example, : (g,z) in T £ is the 2 5 5 U fission cross section. <H 2?> 
is available fror: the source execution path. The T, term and <H,;> 
r\;st be calculated over the 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 2i> calculation. 

D. Worth Sensitivities 

The following is based on a definition of the worth R of a material y 
in region . of the form 

R ='h & (39) 

1 N 5 N 
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where the eigenvalue >. is equal to 1/k and N i s the density of material u 

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

expression for R is 
(**H l f i ) 

R- ma ( 4 0 ) 

where operators H, and H2 are given by 

H1 = - AN + XBN (41) 

and 
H2 = B (42) 

The Boltzmanr operator L i~ of the form A - >B and Operator B is that part of 

the Boltzmann operator which depends on -jZe. B.. is that cc t r ibu t ion to B 

from material u in region .-. A„ is the contr ibution to the operator A from 

material u in region c and consists of tota l and scattering cress section 

terms. The "unperturbed" f lux and adjoint f lux are given by c and :* 

respectively. Sens i t iv i t ies of a worth response may be calculated with 

respect to any material-reaction type. Let th is type be indicated by . . 

I f the material of type • is the same as the material ,. which defines the 

worth response, then these sens i t i v i t ies have d i rect -ef fect contributions 

and ind i rect -e f fect contr ibut ions. In general, there are f ive contr ibu­

tions to a sens i t i v i t y : Two are d i rec t -e f fec t contr ibut ions, and three 

are indirect ef fects . The f ive contributions are: 

1 . Hj d i rect ef fect 

2. H2 d i rect ef fect 

3. Eigenvalue indirect ef fect 

4 . Forward flux indirect ef fect 

5. Adjoint f lux indirect ef fect 

I f material of type . / i s d i f ferent from material ;;, then only indirect 
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effects are nonzero and contribute to the ' . ens i t i v i t i es . The H 2 d i rect 

e f fect is nonzero only for f issionaole material-reaction types. 

1. H t Direct Effect 
<<f>*Hla<t» 

Th s effect is defined as *„ > where H l c i s that part of the Hj 

operator which consists of the cross sections of tne material-reaction 

type a in the region o f in teres t . The sens i t i v i t y of every reaction 

type of the material n appearing in the response de f in i t i on w i l l have 

an Hj direct effect contr ibut ion. 

2. H 2 Direct Effect 
< * * H 2 a * > 

This ef fect is defined as - * „ > where H^ i s that part of the H 2 

operator which consists of the f iss ion operator for the mater ia l -

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

assembly. The sens i t i v i t i es of the ch i , nubar, and f iss ion reactions 

of the material a appearing in thp response de f in i t i on have an H 2 

di rect ef fect contr ibut ion. 

3. Eigenvalue Indirect Lf fect 

This effect is defined as 

S!» (g) is the group dependend k se i .s i t iv i ty of the material-reaction 

type of in teres t . 

The sens i t i v i t y of every reaction type w i l l have an eigenvalue d i rect 

ef fect contr ibut ion. 

4. Forward Flux Effect 

This effect is defined as < T * ^ > where U is that part of the Boltzmann 
S* 

operator due to cross sections for the material-reaction type * to 
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which sens i t i v i t i es are being calculated. La is defined over a l l 

spatial regions i n which the material of type a occurs in the system. 

S* is the source normalization calculated j y FORSS ANISN fo r the case 

which generated I* . Computationally JULIET solves the same equation 

used for k sens i t i v i t y wi th the adjoint f lux $* replaced by the 

generalized adjoint f l ' :x r* and x<$*H2<|» replaced by R/S*. 

5. Adjoint Flux Effect 

This e f fec t i s defined as ^~s—- where Lz i s , as above, that part of 
S" 

tne Boltzmann operator cue to cross sections for the material-reaction 

type a to which sens i t i v i t i es are being calculated. La is defined over 

a l l spatial regions in which the material occurs in the system. S i s 

the source normalization calculated by FORSS ANISN for the case which 

generated r. Computationally JULIET solves the same equation used for 

k sens i t i v i t y with the forward f lux <p replaced by the generalized fo r ­

ward f lux rand X<^*Hz<t>> replaced by R/S. 

V I I . JULIET INPUT PREPARATION 

JULiET performs two major functions, source generation and the calcu­

la t ion of sens i t i v i t y coef f i c ien ts . A single computer run may be set up 

to accomplish both functions or they may be done independently, formally 

a source calculation must precede a sens i t i v i t y calculat ion since source 

generates normalization parameters used in the sens i t i v i t y ca lcu lat ion. 

A. Execution Paths 

JULIET is divided into four execution paths. Path selection is 

accomplished by the user to solve the problem of in teres t . The paths 

are: 
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1. Operator Definition, Selected by the Uord, MIX 

This path must always be executed because operators are required 

for any JULIET function. Operators are defined from cross 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 Z , y, Zf, Z,, vZ~, Z-- and the 
c T a T i 

tota l _roup-to-group scattering matr ix. This is referred to as an auto­

matic operator in JULIET. I t i s used to form both the H, and H2 b i l inear 

operators in a SOURCE ca lcu la t ion. When an automatic operator is re fer­

enced in a sens i t i v i t y ca lcu la t ion, sens i t i v i t y coeff ic ients are calcu­

lated for the capture, f i s s i o n , v", y, and to ta l reactions. 

2. Flux Preparation, Selected by the Word, FLUX 

The path calculates moment fluxes from angular fluxes and also pre­

pares the so-called 4>*<f> f i l e used by the sens i t i v i t y calculat ion. 

Actual ly, the f i l e may also be r*<{> or r<{>*. The execution of th is path 

is prerequisite to a SOURCE-RESPONSE calculat ion. The execution of the 

path may be omitted when going d i rec t ly to the calculat ion of sens i t i v i t y 

coeff ic ients and appropriate <J>*$ f i l e s already ex i s t . 

3. Source Generation, Selected by the Word, SOURCE 

This path is executed to calculate sources, responses and normaliza­

t ion parameters. The equations solved are outl ined in Section IV. Do 

not execute th is path in stud'es using two-dimensional sens i t i v i t y 

analysis. 
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4. Sensitivity Coefficient Generation, Selected by the Word, SENSE 

This path implements the sensitivity coefficient generation algo­

rithms outlined in Section V. 

B. Input Blocks 

Since JULIET input is a function 01 the execution paths selected, 

the input is divided into five distinct blocks. 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 selected. 

If FLUX is a member of the execution path, Block 1 input is: 

15$$ Integer Parameters [36] 

1. Any integer 

2. ITH -100 only downscatter cross rections; >100 upscatter 

3. ISCT - maximum order of scatter found in any zone 

4. ISN - order of angular quadrature 

5. IGE - 1 - slab; 2 - cylinder; 3 - sphere 

6. Any inteoer 

7. Any integer 

8. IZM - nu.aber of zones 

9. IM - number of mesh intervals 

10. Any integer 

11. IGM - number of energy groups 

12. IHT - posit ion of ^ total ^ n <J>*<t> table 

13. IHS - posit ion of agg (se l f -scat ter) in 4.*$ table 

14. IHM - length of $*$ table 
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15. 

Any integer 

36. 
T 

T 

1** Fission spectrum [IGM] 

4** Radii by interval boundary [IM + 1] 

5** Velocities [IGM], the array may be omitted 

6** Angular quadrature weights [KM] 

7** Angular quadrature cosines [MM] 

8SS Zone numbers by interval [IM] 

T 

Note that Block 1 input is ANISN input with deletions and minor modifi­

cations. The 8$$ card describes the spatial dependence in the sensitiv­

ity calculation except for reaction rate ratio direct effects. The 35$ 

card does account for the spatial dependence of worth direct effects and 

the card used in the ANISN calculation usually must be modified. All 

entries on the 15$$ card are not used in JULIET, but the format is 

unchangeu to permit the convenience of reproducing the card from existing 

H M S N input. 

If FLUX is not a member of the execution rath, Block 1 input simpli­

fies to: 

15SS 0 ITH ISCT 4Z IZM 2Z IGM IHT IHS IhW FO 

T 

T 

T \ 



VII-25 

where 

ITH <100/>100, no upsca t t e r / upsca t t e r , 

ISCT maximum order of s c a t t e r , 

IZM number of zones, 

IGM number of energy groups, 

IHT p o s i t i o n o f a. . , i n c r o s s - s e r t i o n t a b l e , 

IHS p o s i t i o n o f c ( s e l f - s c a t t e r ) i n c ross -sec t ion t a b l e , gq 

IHM length o f c ross-sec t ion t a b l e . 

2. Block 2 (always provided) Operator D e f i n i t i o n 

This input def ines the operators to be used in subsequent source 

and s e n s i t i v i t y c a l c u l a t i o n s . A l l Elock 2 input i s i n a f i x e d f i e l d 

format. Operators are def ined as a func t i on o f cross sect ions and t h i s 

input references tne MATXS f i l e . 

MIX (columns 1-3) selects execution pa th . 

Operator D e f i n i t i o n Cards. Columns (1-5) (15) Operator ID. This 

may be an a r b i t r a r y number assigned by the user. Ho. aver, i f a n p l i c a b l e , 

an ENDF/B mater ia l i d e n t i f i c a t i o n number i s suggested f o r t h i s i npu t . 

Columns (11-16) (A6) MATXS p a r t i c l e i d e n t i f i e r , NEUT is normal i n p u t . 

Columns (21-26) (A6) MATXS type i d e n t i f i e r , NSCAT is normal i npu t . 

Columns (31-36) (A6) MATXS mater ial i d e n t i f i e r . 

Columns (41-46) (A6) MATXS react ion type iden t i f i e r /b lank /AUIN l /ELSCAT 

or other react ion type name. 

Columns (51-60) (E10.4) Densi ty . 

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

Columns (66-70) (15) I f < 0 , e l iminates •/. 

When a l l operators are def ined, i n se r t 1 blank card . 
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Mixing. Operators are frequently defined as cross-section mixtures. 

A set of two or more operator 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 coefficients 

are placed in a proposed CCCC file SE'IPRO. Part of the identification 

of a set of coefficients in SENPRO 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 is a mixture or somethi'.c- else 

that cannot be properly identified with an Ef.'DF/B HAT number, the jser 

must take appropriate action to insure proper identification and use cf 

the data. For some applications, JULIET sabotages the SENFRO ENDF/B 

material identification scheme. Two or mop-: equal operstor ID numbers 

define a mixture. This can cause difficulty when several operators are 

defined for the same material but with different reaction 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 

C'lick and easy method to redefine the number used as an t'NDF'B material 

identification. This service may also aid the user with an operator 

that cannot be correctly identified in ENOF/B terminoloqy. 

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

•iote this is a six-character string, a word not an integer. The MATXS 

files currently in jse 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 (HT) HATXS (Columns 41-46 e n t r y ) 

1 TOTAL 

2 ELSCAT 

3 NONELS 

4 INSTOT 

16 N2N 

17 N3N 

18 FIS 

19 FCFIS 

20 SCFIS 

21 TCFIS 

51 INEL01 

90 INEL40 

91 CTNUUM 

102 CAPT 

452 NUBAR 

1452 NUFIS 

For o ther ENDF/B HT numbers the t r a n s l a t o r forms a HATXS six-character-

s t r i n g as f o l l o w s : I f the MT = 1234, the HATXS i d e n t i f i e r w i l l be 

MT1234. 

I f columns ( 4 1 - 4 6 ) are l e f t b l a n k , an automatic operator i s generated. 

I f columns (41-46) are ALLINL, sensitivity coefficients will be 

generated for al l inelastic levels and the continuum. 

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

ture, this entry prevents a mixing operation on the fission spectrum. 
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3. Block 3 (Optional) 

FLUX Preparation r 

FLUX (Columns 1-4) selects execution path. 

BOSS Integer Parameters [11] 

KCI - 0/1, prepare /$V 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 8SS 

card in Block 1. If KCI<0, no $*> 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. 

F0 - reserved. 

T 

For both IRF and IRA, enter negative values wfien 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 identifica­

tion number (second *ntry FMANG 1$S card) and the forward flux is c. 

4. Block 4 (Optional) 

SOURCE Generation 

SOURCE (Columns 1-6) selects execution path. 

70$$ Integer Parameter [1] 

NRESP - number of res rinses. 
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71* • Floating point parameters [21 

k - I f k = 0 is entered, the value i s retr ieved frotr. the repository. 

FO.O 

T 

•••Repeat the fol lowinq t i t l e , 72SS, 73$$, 74SS, IS**, T sequence 

of cards for each response** 4 

HOLLERITH TITLE of response (20 M) 

72S$ Integer parameters [2+IM] where IM is the number of mesh in terva ls . 

1 . ILBL - operator type i d e n t i f i e r . 

0 - linear operator 

1 - b i l inear operator 

2. ISCT - scattering order (P^O). 

3. Hj operator i den t i f i e r for each mesh i n te rva l . See Bloc'r- 2 

input for operator de f i n i t i on . 

W+2 

73SS Integer Parameters [2+IM] 

1. 0 

2. 0 

3. H} operator i den t i f i e r for each mesh in terva l . 

IM+2 

74$$ Integer Parameters [10] 

1. LPRT - source print option. 

0 - no print 

1 - print 
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2. LSAVE - source save option ir the repository. 

0 - no save 

1 - save 

3. IDA - adjoint source identification nwnber. 

4. IDF - forward source identification number. 

5. 
I F0, reserved for future options. 

10. 

75** Omit if response is not a reactivity worth [2] 

A - Atomic mass of material of interest. 

B - Density of material of interest. 

T 

5. Block 5 (Optional) 

Sensitivity Coefficient Cal/--j1at,'orr 

SENSE (Columns 1-5) selects execution path. 

80SS Integer Parameters [2] 

HRESP - number of responses. 

ILNG - last neutron group. 

T 

81** Floating point parameters [ILNG+I] 

Neutron group structure. 

82** Floatinq poirt parameters [NGG=1] where NGG is the number of -.- groups. 

v group structure. 

T 

L 

r 
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***Repeat the following sequence cf cards ending with 91SS T for 

each response*** 

HOLLERITH TITLE FOR ASSEMBLY (20A4) 

KOLLERITH TITLE FOR RESPONSE (20A4) C 

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

be calculated, extra care must be taker with the response descriotion. 

Columns (1-8) material identifier for the numerator, example >i-?33. 

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

CAPT. 

Columns (17-24) material identifier for the denominator. 

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

NOTt: These material and reaction rate identifiers must be identic.) 

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

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

the operator definition cards and the identifiers used here must be identical 

to those assigned by the code, see page 24. 

83SS Integer Parameters [13] 

NE - number of operators tc be processed. 

IRESP- response identifier for data retrieval fron repository. 

IDS - response identifier placed on SENPRO. 

NTRN '- reaction rate ratio identifier placed r\r SENPRO. 

KERT - unit number of %**, file, default - 9, default used wrier- ' 

is entered. 

IPRO - 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 future options. 

T 

86** Floating point parameters [6] 

R - calculated value of response. 

Rl - <Hj$>, used only when direct effects are to be calculated; 

otherwise enter 0. 

R2 - <H 2o>, used only when direct effects are to be calculated; 

otherwise enter 0. 

EK - k; if not applicable, enter 0. 

EVR - measured *a!ue of response; if not applicable, enter 1.0. 

FUT - enter 0; reserved for future option. 

When R, Rl, R2 and EK are all entered as 0, these parameters are 

retrieved from the repository. 

*****'Repeat following sequence for NE operators 

HOLLERITH TITLE for material-reaction (20A4) 

87SS Integer Parameters [10] 

1. LMAX1 - Order of P , enter 0 for P B. 
n o 

2. IFISS - Fission option. 

0 - no fission 

3 - total sens i t i v i ty of f issionable material 

13 - sens i t i v i t y of f iss ion 

23 - sens i t i v i t y of \7 

3. I0P - Direct ef fect opt ion, 

0 - no di rect effect 

1 - material-reaction type in response numerator 

2 - material-reaction type in response denominator 

cross section 
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4. NZP - number of entries on 91SS card. 

5. J0PA(1} G- 0/1 do not save/save indirect effect. 

6. J0PA(2) a- 0/1 do not save/save direct effect. 

7. J0PA(3) a- 0/1 do not save/save indirect + direct effect. 

8. INC - 0/1 do not include/include results in summation over 

all operators. 

9 . LCRH - 0 . 

TO. LPRT - 0/1 normal output/ l imited output. Normal output 

l i s t s a sens i t i v i ty matrix which includes sens i t i v i ­

t ies by group and group-to-group t ransfers. Lir-ited 

output l i s t s only tota l sens i t i v i t i es by zone. 

T 

88$$ Integer Parameters [NZONE] 

Operator i den t i f i e rs by zone. 

89** Floating point parameters [NZOrtE] 

Zone densi t ies. 

90$$ c 0 - reserved for future options. 

91$$ Integer Parameters [NZP] 

00 - loop l imi ters for zone summations. 

^hen ,..ocessing responses that do not have d i rec t e f fec ts , for example k, 
th«m JOPAOH, J0PA(2)=JOPA(3)=O i s su f f i c ien t to save the sens i t i v i t y 
coeff ic ients on a SENPRO f i l e . This is also true when processing responses 
that have di rect effects but the material-reaction type being processed 
does not appear in the response de f i n i t i on , i . e . the d i rect e f fec t sens i t i ­
v i t y is 0. In the above s i tuat ions, avoid the conclusion that J0PA(1)= 
J0PA(2} 0, J0PA(3)=1 w i l l sum the ind i rect ef fect and 0 and thus save the 
indirect e f fec t sens i t i v i t i es on a SENPRO f i l e . I t w i l l not happen and 
the erergy dependent sens i t i v i t y coeff ic ients w i l l be los t . 
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Example: 91$$ 1 1 2 2 1 2 will produce three sets of 
coefficients: zone 1, zone 2, and a summation over 
zones 1 and 2. 

T 
****** En(i 0 f sequence 

= VIII. RESOURCE UTILIZATION 
&fr i-J* l->> ' X 

pi??!1-T; T h e a m o u n t of computer core required is highly problem-dependent. 

I^Jk'3ii>i••"-'-' The parameters affect ing core size requirements are l i s ted in the d is -

m^ir."^^-':'-. cussion of the container array. The most important parameters are the 

*- % i : number of groups and the number of spatial mesh intervals. The number 
|:i- , "»f moments and the scattering order have little impact on core require­

ments bu<- are imporJ.?m: factors in the amount 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 container 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 maximum value calcu­
lated DIUS a common term IC. Parameters of interest in determining con­
tainer array length: 

i 

IGM - number of groups. 
IM - number of space intervals, 
MOA - number of angles. 

L 
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NZ - number of zones. 

ITL - ANISN cross-section table length. 

IDP - precision parameter. 

IDP = 2 fo r double-word precision. 

IDP = 1 for single-word precision. 

MKNT - number of materials i n the bilinea-'-H operator. 

KLSA - length of the largest compressed scattering matrix in the 

problem. 

ISCT - o"der of scattering. 

MS - to ta l number of reactions available for sens i t i v i t y analysis. 

NH1 - number of materials i n the l inear Hj operator. 

NH2 - number of materials in the l inear H2 operator. 

COMMON TERM 

IC - 132 + C*IGM + 3*IM + NZ 

1 . Operator Def in i t ion 

ICO = MS*(2*ISCT + 14) + 2*16M2 + IGM*(6 + 2*ISCT) + MAXO(7500, 

IGM2,75*IGK) 

2. Flux Preparation 

11 = 2*(IM+1)*N0A + IGM * (IM + NZ) 

12 = IGM * (ITL + 2*NZ + ITL) 

13 ! = IGM * (ITL + 2*NZ + 2*IM) 

ICF = MAX0(I1, 12, 13) 

3. Source Response 

Bil inear 

14 = IGM*(IM*I0P + MKNT + 1 ) + MKNT + MLSA + MS*(ISCT + 2) 
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15 = IM*I6M*(2*IDP + 1) 

IC1 = MAX0(I4, 15) 

Linear 

IC2 = 2*IGM*(NH1 + NH2) + MS + IM + IGM 

ICR = 2*IM + 4 + MAX0(IC1, ICZ) 

4. Sensitivities 

ICS = 2*MS0P + MS*(ISCT + 3) + 3*(ITL*IGM) + 2*IGH*(NZ + ISCT) 

+ ISCT*NZ; HSOP is the total number of operator definition 

cards required (see p. 22). 

Container Array Size 

KS = IC + MAX0(1C0, ICF, ICR; ICS) 

B. Overlay Structure 

JULIET uses a simple overlay structure v/hich could bo made more 

detailed if required. Basically each execution path is contained in 

an overlay segment. The sensitivity path uses three overlay segments-

The overlay structure is shown in Fig. 1. 
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JULIET 

OVERLAY ALPHA 
1 1 

FLUXP SOURCE 
CHAN H1FP 
CHKE H1AP 
PFM0 H2FP 
PFML H2AP 
PHIC ,- PHNP 
PRAF PJIM 
PRFF PLNS 
PLEG BRAT0 
RDIR SJL0C 
FFLUX L0CATE 

SRCA 
CLIN0 
PBLS 

LFMIX SWAN 
PCMIX FIXT 
MIXER AUT0 
RKATXS 
NMIX 

MAUT0 RKATXS 
NMIX 
CPRESS 
VMIX 
PFMIX 

OVERLAY BETA^ 
1 

RESULT BRA 
Z0NE PL0TP 
GETCR CARDS 
SUMPL 
WSET 

SH0W SUMPL 
WSET 
DEB 
REVERT 

Fig. 1. Overlay Structure 
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C. I/O Units 

Unit Use Record Lenqth 

623 

Number of 
Records 

1 PMANG Record 

Record Lenqth 

623 1 

2 Repository a 

5 Input 

6 Output 

8 MATXS Interface b 

9 $*$ Fi le ITL*IGM HNZMSCT 

10 DA, Angular (N0A+1KIM) 2* IGM 

11 DA, Moment (IGM*IM) 2*l«0Ml 

12 DA, Bilinear Sources IM IGM*LM0N1 

13 DA, $*$ Preparation ITL*IGM HZ*LM0M1 

14 Scattering Blocks c NSR*ISCT 

15 ID Cross Sections IGM NID 

23 SEMPRO Interface IGM NP 

In Source Execution Path 

31 Scratch (Unformatted) 2*IM*IGM LM0M1 

32 Scratch (Unformatted) 2*IM*IGM LM0M1 

33 Scratch (Unformatted) 2*IM*IGM LM0M1 

34 Scratch (Unformatted) 2*IM*IGM LM0M1 

35 Scratch (Unformatted) 2*IM*IGM 2*LM0M1 

In Sensitivity Execution Path ^ 

31 Scratch (Unformatted) ITL*IGM ISCT 

32 Scratch (Unformatted) ITL*IGM . ISCT 

33 Scratch (Unformatted) ITLMGM ISCT 

34 Scratch (Unformatted) ITL*IGM ISCT 



VI1-39 

dumber of 
Unit Use Record Length Records 

3b Scratch (Unformatted) ITL*IGM ISCT 

41 Scratch (Formatted) 80 NR 

42 Scratch (Formatted) 80 NR 

a. Problem-Dependent, 

Angular f lux record length = (N0A+1)(IM+1), 

Number of records = IGM, 

Source record length = IM*LM0M1, 
r 

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

IGM2 

For downscatter only problems, length = ? + IGM. 

NOA - number of angles. NSR - number of scattering reactions. 

NZ - number of zones. NIO - number of ID reactions. 

LMfWl - 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, 

DO Card Preparation for Direct Access (DA) 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/O's. The procedure is 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 for unit 13 when 

ITL = 131, IGM = 126, NZ = 3, LM0H1 = 4. 

L = 131 * 126 = 16506 words 

L = 66024 bytes 

Rule 1 is violated since 66024 > 32000. c 

Therefore, 

LI = L/N where N is large enough for LI < 32000. 

Let N = 6, then Ll = 66024/6 = 11004. 

Now for rule 2, 11004 is not an even multiple of 16 so set Ll = 11008. 

Ll = 11008 satisfies both rules 1 and 2. I f M could have been 1 , then 

the number of records would = rjZ*LM0Ml = 3*4 = 12. Since N = 6 , number 

of records = 12*6 = 72. Increase number of records by « 102 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),,C0NTIG,ROUND), 

/ / DCB=(RECFM*F7,BUFK0=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 code also in­

cludes two error detecting subroutines (ERRA and CRASH). The unnumbered 

STOP statements always follow a printed statement indicating the nature 

of the difficulty. 

A. The Unnumbered STOP Statements 

Location: Subroutine RMATXS, format statement 93 

Message: RMATXS is dimensioned for 1500 materials, this problem 

has, IIIIIIII 

Action: The fixed dimension of iMATNM(1500) in RMATXS 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 = 

IIIII, MSCAT = JJJJJ. 

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 problem is less 

than P 2 I , check MATXS for errors; if a scattering order 

greater than P 2 0 is desired, program changes will be 

required in the routines cited in the message. 
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Location: Subroutine RMATXS, format statement 76 

Message: See RMATXS, increase diriensions of variables associated 

with N1DR from 100 to 11 III. 

Action: Check KATXS 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 

IIIIIIII, required space JJJJJJJJ. 

Action: Increase the container array as indicated in the message 

or reduce problem size. 

B> The Numbered STOP Statements 

Statement: STOP 11 

Location: Subroutine LOCATE 

Action: An undefined cross-section operator was requested in 

either a 72$$ or 73$$ card. Insure that operator defi­

nition input (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 guidance see Secticr 

VII, A.(3). 
" i " • ' 

Statement: STOP 111 

Lpcation: Subroutine ERRA 

Action: See following discussion of ERRA. 
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C. Subroutine ERRA 

Certain types of errors trigger a call to subroutine ERRA 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 

SOURCE. Subroutine ERRA terminates with a STOP 111 statement. 

Message: Error stop 2 in subroutine MAIN 

Called from: Subroutine SOURCE 

Action: The scattering order requested for the H, operator of 

a bilinear function exceeds the maximum scattering 

order allowed for the problem. Check the third entry 

on the 15$$ card (see Section VI, B, Block 1) and the 

second entry of a 72SS card (see Section "I, B. Block 

4 ) . The entry on a 72$$ card cannot exc^ec the entry 

on the 15$$ card. 

Message: Error stop 4 in subroutine MAIN 

Called from: Subroutine SOURCE 

Action: A non-zero scattering order was requested for the H 2 

operator of a bilinear function. Correct the third 

entry of any 73$$ cards (see Section VI, B, Block 4) 

found in error. 

Hessage: Error stop 6 in subroutine MAIN 

Called from: Subroutine SOURCE 

Action: 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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Hessage: Error stop 8 in subroutine HAir; 

Called from: Subroutine SOURCE 

Action: A non-zero scattering order was requested for the 

denominator of a l inear response. Locate and correct 

the 73S$ cards in er ror . 

Hessage: Error stop 1 in subroutine PLEG 

Called from: Subroutine PLEG 

Action: Check 15SS card for input errors re la t ing to the 

geometry and quadrature order. 

Hessage: Error stop 1 in subroutine RDIR 

Called from: Subroutine RDIR 

Action: Check input weights and cosines (see Section V I , E., 

Block 1). 

Message: Error stop 2 in subroutine RDIR 

Called from: Subroutine RDIR 

Action: Check inpu* weights and cosines (see Section V I , E., 

Block 1). 

Message: Error stop 3 in subroutine RDIR 

Called from: Subroutine RDIR 

Action: Check a l l input re lat ing to the S quadrature. 

D. Subroutine CRASH 

This routine is called several times throughout the code to insur 

that the size of the container array is-adequate. When an insuff icier,: 

size is detected, a self-explanatory message is printed s tat ing: 
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•••CRASH IK HKHHHHKK, Requi red I I 7 I I I I I , Avai lable JJJ.- .I: 

where 

H—H is the subroutine name, 

I . . . I is the required container array s i ze , 

J . . . J is the available container array s i ze . 

X. THE HATXS CROSS-SECTION FILE 

^ • • • • • • • • • • • • • • • • • • • • • • * • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • > • • • • • • • 
c oeVISES otrz*/7t, 
C 
C F «*A T » S 
ee co"p«CMe«Ji*E c«»oss SECTIC*. f i t ; 
c 
o» w i s F I L E S C C M T M N S WACPOSCOPIC «•« 
C N " I C P O S C C P I C C W C S S S E C T I O N S . Y I E L D S AMD 
CM F - F A C T O P * FOR A L L P A R T I C L E S . « A T £ s » I ALS 
C N ANO » C A C T I O N T Y P E S 
c 
C " J B « » P E T T . P C VACFARLAME 
C 
C * « * • • • • • • • • » • • • * • « • r * * • « * • « * • • • » . * • • • • • « • • • • • • • • * * « • • • • * • « • • • • • • 

cs F I L E STPLCTIF»E 
cs 
CS t r - O W O T Y » E 

cs F I L E I S E N T I F I C A T I O N ALWAYS 
CS F I L ? CONTROL A L « A r S 
CS S E T M O L L F B I T H I D E N T I F I C A T I O N A L k A V S 
CS F I L E OATA » l . » » Y 5 
CS 
CS • • • • • • • • • • • • r P E F f A T F O B A L L P A R T I C L E S ! 
CS • G » 0 ' J » 3 T » I T T'JPf S ALWAYS 
cs • • • • • • • » • • • • • 
CS 
CS • • • • • • • • • • • • • I O E P E A T F O P A L L DATA T Y P E S * 
CS * DATA T Y P E C O N T R O L A L P A Y S 
cs • 
CS • • • • • • • • • • • C P F P E ' T F O P «|_|_ M A T E R I A L S 
cs • • WATEPIAL CONTROL AC'Ars 
CS • • V E C T I P CDNTWOL M D 3 . > T . ; 
CS • • 
CS * • • • • • • • • ! P E P E A T F O » ALL VEC TCP P A P T I A L 
CS • • • B L O f t S J 
CS • • • VECTOR P A R T I A L B L O C K M O H . I T . n 
CS • • • • • • • • • 
cs • • 
CS • • S C A T T E R I N G M A T R I X C O N T P C L « S 1 . <iT . Z 
CS • • 
CS • • • • • • • • • ! P E P F A T FOP ALL S C A T T F P I N C 
CS • • » SvlB 9LOCKSI 
cs • " » S C A T T E R I N G su^-aincK F C O B . < I T . T 
cs • • • • • • • • • • • • • 
c 
c 

c 
CP F f L F 1 » ? N T I F { C A T I O N 
C 
CL H A N * * , ( H U S F f I I , f * \ , 2 1 . I VEPS 
C 
c» i •;••«<*. T 
c 
C 8 F r > P « A T I A M <V , * / • , i n * . 1 2 * 6 . I " • . I f t l 
C 
CO MNAHE I r t L L E P l r K F J t E NAPE - M A T ' S - C * * l 
r_C **l*.£ H O L L E R I T H USER I O E N T I F I A T I C f . C A M 
CC f V F P S F l F L O V F P ? l O N NUXWFP 
cc MULT DOOF.LC P R E C I S I O N PARAMFTEF 
f R I - Aft WOBO 15 SfNT. l .E «r>or> 
CO 2 - A 6 »OPO I S OOOBLF P R E C I S I A N Wfmo 
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c 
CL 
c 
c» 
c 
ce 
c 
CO 
cc 
ce 
CO 
CO 
c 
c — 

F I L E CONTROL 

NPAO' . f I T T P E . M K I L 

r a n « » T ( » M 10 . 3 i e i 

N T Y » E 
NMS.L 

NUM3EP OF P « » I I C L E S FCP WHICH CPOUP 
5 I » < X I v * £ 3 »PF G I V E N 
NUMBER OF DATA TTPes PGESEnT I N SET 
NU—BEP OF WOODS I K SET H O . I E O I I M 
I D E N T I F I C A T I O N RECORD 

C 
CP 
c 
a. 
c 
o» 
c 
ce 
c 
co 
CO 
c 
C 

SET HOLLERITH I D E N T : F | C A T I C N 

I »-S£T IOC I I . 1= l.'JHCLL » 

• 1S.U»»ULT 

F O R M A T C A * 29 . 1 1 4 6 / ( 1 2 * 0 1 

MSETIO HOLLERITH I D E N T I F I C A T I O N OF SET 1 * * 1 
( TO BE EOITEO OUT 7 2 CHARACTERS PER L I N E ! 

C CR C CL a. a. c 
C«r 
C ce 
CB 
CB 
c 
CO CO cc CO cc 
CO 
CC cc co ce CO CO CO CO CO CO CO CC CC CC CO CO CC CO CO en CO C C ~ 

FILE OAT* 
f MPPTI J ) . J : | , H P > R T ) , ( M T V P E ( K I . K = t .NTYPEI , I N " * T ( K » ,K=1 . N T Y P E I . 

ICNINPilC ) . K = | . N T V P F > . f W t N G C K t ,K=1 .NTYPEJ . (NOuTPCO ,*.-\ . N . -YP£| , 
2 I M O J T G « K » . K = I . N T r P E » . l l . O C T ( » C J . B = I .NTYFEl .€ NGPPI J l , J = I . N P » « . ' : 

I»IPAR T *NT YPE »»«UL T»«»NT YPE»NPAR T 

FO«»MATt*H 3D . U A 6 / ( I 2A6> I 
F O R M A T M 2 I 6 I 

HPPT.HTTPE 
NMAT.N INP.N ING .NOUTP.NOUTG. 
LOCT.NGRP 

t « « » n j > 

KTrPEflCJ 

NMATIK) 
N [NP(K I 

NlNCIK ) 

N O U T P I * I 

NOUTGIK) 

LOCTflC ) 

NGRPf J > 

HOLLERITH I D E N T I F I C A T I O N FQP PARTICLE J 
NEUT NEUTRON 
6A MA PHOTCN 
BET* ELECTRON 

HOLLER I I M I D E N T I F I C A T I O N FCP DAT* IYf f£ K 
NSC AT NEUTRON SCATTERING 
NGAMA NEUTRON |N*>UCE1 GAWMA PPCOUCTION 
NGCUP NE LTRON-CAMMA COUPLED SET 
CS.CAT GAMMA SCATTERING 
HHF(- NEUTRON F-FACT OPS 

NUMBER OF MATERIALS I N SET POP DATA TYPE K 
NUMBER OF INCIDENT PARTICLES ASSOCIATED WITH 
DATA TVPF K 
NUMBER OF INCIDENT GPCUPS ASSOCIATED WITH 
DATA TYPE K 
NUMBER OF OUTGO!HC PARTICLES ASSOCIATED K I T H 
DATA TYPE K 
NUMBER Of OUTGOING GROUPS ASSOCIATEO WITH 
OA TA TYPE It 
NUMBER JF RECORD* TO BE SHIPPED TO READ DATA FC» 
0*TA TYPE K L O C T ( I ) = 0 
NUM8ER OF ENERGY GROUPS FOR PARTICLE J 

C — 
CR 
r 
CL 
C 
cw 
c 
CB 
c 
CO 
CO 

C»OL*» STRUCTURE 

CV>fl( I 1 , I = I , N G R P ( J > 1 , F M I N 

NGOOfJ»»l 

F0«"»ATI4H AO . | P S E I 2 , S / ( A £ I 2 . S H 
GPBl I > 
EM IN 

M A X I M U M FNFPr,Y BTUND FOR GRCtJP I FOR PARTICLE J 
MINIMUM ENERGY ROUND FOR PARTICLE J 
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c— 
CR c 
CL. 
CL a. c cc cc cc c c» c 
CB 
C" 
CB 
c 
CO 
CD 
CO 
CO 
CO 
CO 
cc 
CO 
CO 
CO 
c 
C — 

DATA T Y P F CONTROL 

( m t T N M I I I . 1= l . N M A T I . ' T £ M P | I I . I = 1 . N M A T I . I S r S Z d l . I =1 . N M l T I , 
1 C L O C A I I ) . 1= | , m « I I . I l | N a ( J I . J = I . S ! -«P> . C I O J T P t J l . J s | . K ~ j t P | , 
ZNSBLK 

NNJtT = N M A T t K • 
N I N P c N I N P f K I 
NOUTPsrNOUTPf K I 

I 3»«*Ut- T | * t M A T W I N P * H O U T P * - 1 

F O R M A T ! A H SO . I I A 6 / T I 2 A C I I 
F O R M A T ! | P f c E I 2 . 5 l 
F O R M A T ! 1 2 I C I 

H M A T N M 
T E M P . S I G Z 
LOCA . 1 I N O . I O U T P . H S B L K 

H M A T N M C I ) H O L L E R I T H I O E M T I F I C A T I ON FC«5 » A T £ P I > L I 
T E M P I I 1 A M B I E N T T F M P r B A T U R c l O E G O E E S K E L V I N ! 
S IGZC I > M A T E R I A L D I L U T I O N F A C T O R 
L O C A t l l NUMBER O F RECORDS TO BE S K I P P = 0 TO » E A D DATA FCC 

M A T E R I A L I L O C A l I » = 0 
I I N P f J I NUMBER O F THE P A P f t C L E T r P i C O R P 5 S P C * O I MO 

TO I N C I D E N T P A R T I C L E I F O B D A T A T Y P E K 
I O U T P C J I NUMBER O F THE P A R T I C L E T V P ^ C 0 R B £ S 3 0 N 3 r N G 

TO O U T G O I N G P A R T I C L E I F O R DATA T Y P E * 
NSBLK S U B - B L O C K I N G P A R A M E T E R 

MA TER I A L CON TROL 

H M A T , A M A S S . i M A C . N I 0 R . N I O S . N 2 O 8 

" U L T » 5 

FORMAT CAM 6 0 . A 6 . I M « . E I 2 . S . « I 6 1 

C 
CR 
C 
CL 
C 
O f 
C 
ce 
c 
CO 
CO 
CO 
CO 
cc 
cc 
c 
c— 

HMAT 
AMASS 
IMAC 
NIOR 
NIOB 
N2DR 

H O L L E R I T H M A T E R I A L I D E N T I F I E R 
OPAM A T O M I C MASS 
1 / 2 M E A N S M I C R O S C O P I C / ' M A C R C S C O P I C CROSS S E C T I O N S 

NUMRFP OF VECTOO P A R T I A L S 
NUMBER OF VECTOR P A R T I A L BLCCKS 
NUMBER O F S C A T T E R I N G B L O C K S 

C — 
CR 
C 
CL 
CL 
C 
CM 
c 
CM 
c 
CO 
CO 
CO 
cc 
CO 
CO 
CO 
CO 
cc 
CO 
C 
c— 

VECTOR C O N T R O L 

( H V S P C I I . I = I . N I O P ) . f I S L K C I 1 . 1 = 1 . N | O R > . I N F G I I ) , I = I , M D S ) , 
I ( M L G ( I I . 1 = 1 . N I O R | 

C 3 » M U L T | * N I O R 

F O R M A T ! AH 7 0 . t l I C / I I 2 I I M I 

H V P S f I > 

I 9 L K I I I 
HfC.f [ I 
N L & I I ) 

H O L L E R I T H I D E N T I F I E R CC P A R T I A L ( I » 
SN&»«> NEUTRON C A P T U R E 
SFI I ^ IS-WCN 
S«iHE H E L I U M P P C O L C T i n n 

NUMBER OF BLOCK I N WHICH P A R T I A L C I I I S L C C A T F D 
1 U « » f O OF F I O J T N O N - / E R 0 GROUP FOR P A R T I A L ! I I 
N U M 8 F R OF L A S T N C N - Z E B C GROUP FOP P A R T I A L I I ) 

C — 
CP 
C a 
c 
cr. 
c 
Cw 
r 
C " 
c 
CO cc c c--

VECTOR PAR'.JAL BLOCK 

IVPSI 11. I « I , H I I I ) 

KMAVRSUM OVER PARTIALS I N BLOCK J OF NON-7ER0 GBTJPS 
KMAK 

F 0 R M A T I 4 H no ,IPSEI2.5/I6CI2.SJI 

V P i ( [ I V F C T O P 0 » TA FOP ALL N O N - / t r f C GROUPS F 0 » ALL 
P A R T I A L ^ Wl f H I R L K I I I - J 

http://iMAC.NI0R.NIOS.N2O8
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C.n S C A T T E R I N G ( M ' o i x CONTROL 
c 
CL t H M T X ( N | . N = | . . ? D R > . ( L O N E ( N ) . N = I . K 2 Q S I .C LCCD CNl . N = l . N 2 D R I . 
CL 1 C I J ! i A N D ( L . N > . L = l . N O U T G C K>> , N = 1 . N 2 0 8 ) 
CL 2 1 ( I J J I L . N > . ! . = I . N O J T G I K I I . N = 1 . N 2 0 B I 
C 
CW I N U L T « 2 * 2 * N 0 U T G C K ) | * N 2 D 8 
C CH FORMATCAH 9D . M H / U 2 X I ) HHTX CB FORMAT! I2I6» LONE .LORD . JBANO. I J./ C 
CO H M T X t N l H O L L E R I T H I D E N T I F I C A T I O N F C BLOCK N 
CO L O N E C N I LOWEST L E G E N D B E ORDER P R E S E N T I N BLOCK N 
CO L O R O ( N ) NUMBER OF S C A T T E R I N G CRDE RS P R E S E N T I N SLCCK N 
C D J B A N O C L . N I S C A T T E R I N G B A N D W I D T H FOR GROUP L . S C A T T e R l M J 
CO BLOCK N 
CD I J J I w . N I L O W E S T E N E R G Y GROUP OF BAND JSANO 
C 

C : •*-
CR S C A T T E R I N G S U B - B L O C K 
C -
C L < C S C A T { K . L > > K = ! . K M « X I . L = I . L O R 3 l N l ! 
C 
CC KMAX=SUK O V E R I OF ALL J B A N ' D C F . N t I N Trtz I RANGE OF S U 8 - B L C C K M -
C -
CW K M A X * L O R O ( N ) 
C 
CO S C A T C K . L I M A T R I X DATA FOR GROUP TO GROUP TRANSFER OF P A R T I C L E S 
C 

XI. SAMPLE PROBLEM 

This sample problem demonstrates the interaction of the FMANG, FANISN, 
ANTMX, and JULIET modules in calculating sensitivity coefficients for the 
V. and 28C/25F responses of the ZPR 6/7 assembly. It also demonstrates the 
calculation of generalized sources for a worth response. Cross section 
requirement?, 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 file 
generated by AXMIX is available on unit 16. 

3. A shielded, macroscopic, adjoint, ANISN cross section file 
generated by AXMIX is available on unit 17. 
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4. The input for a forward FANISN core model of ZPR6/7 has been 

prepared and the card images placed on unit 38. 

5. The following identifiers have been assigned: 

IASB = 12, assembly identifier on the Repository and the SENPRO 

file for ZPR 6/7. 

IRESP = 21, response related identifier on the repository for the 

bilinear, genaralized, adjoint, 5 3 9 P u worth, source 

and flux. 

IRESP = 22, response related identifier on the Repository for the 

bilinear, generalized, forward, 2 3 9 P u worth, source 

and flux. 

IRESP = 31, response related identifier on rhe Reporitory for the 

linear, generalized, adjoint 28C/25F ratio, source, 

flux, and normalization parameters. 

IDS = 4, response identifier on the SENPRO file for 28C/25F 

sensitivity profile. 

NTRN = 3, reaction rate ratio identifier on the SENPRO file for 

the 28C/25F sensitivity profile. 

OPID = 1, the automatic operator identifier for the mixture of 

fissionable materials in the ZPR 6/7 core. 

OPID = 2, the automatic operator identifier for 

6. The $*$ file for k sensitivity will be placed on unit 9. 

7. The k sensitivity profile will be placed on unit 23. 

8. The r*rr file 28C/25F sensitivity will be placed on unit 28. 

9. The 28C/25F sensitivity profile will be placed on unit 24. 
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In the ANISN to MATXS input, note that the group boundaries are 

all one, 4** Fl.O T. It is not essential for ..his p; obi em that 

the MATXS file contain a realistic group structure since the 

MATXS file is not being retained as a file of record. 

In the input to calculate sensitivity profiles for 28C/25F, note 

that the group boundaries are all one, 81** Fl.O 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 f i le . 

The group boundaries from unit 23 will be placed on this new 

SENPRO fi le . Therefore, a repetition of the group boundaries 

is unnecessary. 
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* * * CONTENTS OF UNIT 3 6 FOLUONSCCARD IMAGES) 
1 5 * * I 0 3 4 3 1 C 2 6 0 1 lOO 5 6 105 2Z 6 8 

0 O O ZZ 12 O I O 0 2 5 1 3 2 1 1 0 
1 6 * * 21 1 . 0 - 5 4Z l . O 0 . 0 0 . 5 1 . 0 - 5 32 T 
3 * * F I . O T 
l * » 

9 . 0 5 7 6 E - 0 5 I . 3 8 4 4 E - 0 3 6 . 5 9 0 7 E - O 3 2 . 0 7 5 8 E - 0 2 4 . S 6 9 3 E - 0 2 7 . 6 2 S 3 E - 0 2 
1 . 0 2 8 7 E - O 1 6 . 9 6 S 9 E - 0 2 1 . S 9 4 6 E - 0 2 4 . 0 3 8 2 E - 0 3 3 . 9 9 4 3 E - 0 3 2 . 4 1 3 9 E - 0 2 
4 . 8 3 3 8 E - 0 2 4 . 7 7 8 0 E - 0 2 4 . 6 5 4 6 E - 0 2 4 . 4 7 6 0 E - O 2 4 . 2 5 4 7 E - 0 2 4 - . 0 0 2 8 E - 0 2 
3 . 7 3 1 3 t - 0 2 3 . 4 4 9 4 E - 0 2 1 . 3 5 4 5 E - 0 2 1 . 8 1 1 2 E - 0 2 2 . 8 B 6 I E - 0 2 2 . 6 1 5 7 E - 0 2 
2 . 3 5 8 3 E - 0 2 2 . U 6 2 C - 0 * 1 . 8 9 1 0 E - 0 2 1 . 6 8 3 4 E - 0 2 1 . 4 9 3 S E - 0 2 1 . 3 2 1 0 E - 0 2 
6 . 0 U 0 E - 0 3 5 . 6 4 I 6 E - 0 3 1 . 0 2 5 4 E - 0 2 9 . 0 0 3 5 E - 0 3 9 . 6 9 B 2 E - 0 4 3 . 5 S 7 4 E - 0 4 
7 . 4 6 2 2 f c - 0 * 2 . 0 0 4 2 E - 0 3 3 . 0 1 3 9 E - 0 3 6 . 9 0 1 8 E - 0 3 3 . I 1 6 5 E - 0 3 2 . 9 1 1 3 E - 0 3 
5 . ^ 5 7 0 £ - 0 3 4 . 5 7 8 9 E - 0 3 3 . 9 8 3 6 E - 0 3 3 . 4 6 2 1 E - 0 3 1 . 5 5 6 2 E - 0 3 1 . 4 4 9 7 E - 0 3 
2 . 6 0 7 6 E - 0 3 2 . 2 6 0 6 E - 0 3 4 . « 1 3 7 t - 0 3 6 . 7 2 7 4 E - 4 4 4 . 9 4 I 0 E - 0 4 1 . 1 9 6 2 E - 0 3 
7 . 0 9 0 4 b - O 4 2 . 1 3 2 2 E - O . S 1 . 4 7 6 7 E - 0 3 I . 0 2 C 9 E - O 3 3 . 4 3 6 6 E - 0 4 1 . 4 8 9 4 E - 0 4 
V . 1 4 3 5 E - 0 5 1 . 2 0 8 7 E - 0 4 S . 7 1 S 0 E - 0 5 5 . S 0 6 5 E - 0 5 3 . 7 4 0 2 E - 0 4 3 . 3 5 1 2 E - 0 4 
2 . 3 0 6 2 t - 0 4 1 . 5 6 9 1 t - 0 4 I . 0 9 3 6 E - 0 4 7 . 5 2 4 0 E - 0 5 5 . l 7 5 3 t - 0 5 2 . 2 9 3 0 E - O 5 
1 . 2 6 6 2 E - 0 5 1 . 0 9 0 0 E - 0 5 9 . 3 8 3 5 E - 0 6 4 . I 9 0 I E - 0 6 3 . 6 8 7 6 E - 0 6 6 . 9 5 3 5 E - 0 * 
5 . 9 8 5 7 E - O b 1 . 1 5 6 6 E - 0 5 7 . 9 5 2 6 E - 0 6 5 . 4 6 6 8 E - 0 6 3 . 7 5 7 8 E - 0 6 2 . 5 6 3 0 E - 0 6 
1 . 7 7 5 4 E - 0 6 1 . 2 2 0 3 E - 0 6 8 . 3 8 7 8 E - 0 7 9 . 7 2 7 7 E - 0 7 4 . 5 9 5 6 E - 0 7 2 . 1 7 1 2 E - 0 7 
I . 0 2 S 3 E - O 7 4 . S 4 7 2 E - 0 8 2 . 2 9 0 9 E - 0 8 1 . 0 6 3 1 E - 0 8 5 . 1 2 3 6 E - 0 9 2 . 4 2 6 2 E - 0 9 
1 . 1 5 0 6 E - 0 9 5 . 4 7 0 7 E - 1 O 2 . 6 I 1 8 E - I 0 2 . 5 2 2 O E - 1 0 

4 * * 3 9 1 0 . O 1 9 1 8 8 . 1 6 1 2 1 . 9 7 
S * « F I . 
t>»* 0 . 0 . 1 7 3 9 2 7 4 2 . 3 2 6 0 7 2 5 7 . 3 2 6 0 7 2 5 7 . 1 7 3 9 2 7 4 2 
7 * * - 1 . - . 8 6 1 1 3 6 3 1 - . 3 3 9 9 8 1 0 * . 3 3 V 9 8 1 0 4 . 8 6 1 1 3 6 3 1 
b » * 4 0 R 1 2 0 K 2 
9 * * 1 5 
19»» F 3 

7 
* * * END OF CARD IMAGt. INPUT ON UNIT 3 e 

FORSS INPUT 

=FMANG 
l » S 12 1 0 16 FC T 
=FANJSN 
ZPR 6 / 7 FANISN FORWARD RUN 
38V0 
3 6 T 0 
3 8 V 0 
=FMANG 
1 * * 12 I I 17 1 FO T 
ZPR 6 / 7 FAWISN ADJOIN* RUN 
38Y0 
38V0 
36V0 
=ANT«X 
I S * 100 5 1 0 5 t> 
2 * * 9 36 FO 
4 * * F I . O T 
PU24& 
r" * 4 i 
U235C 
U23S8 
u23t>C 
W2388 
P U 2 3 9 
sFMANC 
» * * 12 I I FO t 
=FJUL I t 
36V0 
3 8 V 0 
3 8 V 0 
MIX 

4 7 
T 

FO 
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i 
1 
i 
I 
t 

2 
1 0 2 

1 8 
1 3 9 9 

FO 

N t U T 
N t U T 
N t U T 
N t U T 
N E U T 
N E U T 
N E U T 
N E U T 
N E U T 
N £ U T 

t B L A N K CAfcOJ 
F L U X 
o O * » O i l 
SUUfcCt 
7 0 * * 1 
7 1 * * F O . O T 
P U 2 3 9 C . I . tfORTH 
7 2 * * 1 3 1 3 9 9 
7 3 * * O O 4 0 R 1 
7 - * * * O 1 2 1 
7 5 * * 9 4 . 0 8 . B 6 7 2 E -
L I N E A R W t S P O N S E C . I 
7 2 * * O 0 1 0 2 FO 
7 3 S * 0 0 l b FO 
7 4 * * O 1 3 1 F O T 

I S * 1 2 1 1 17 1 1 FO T 
tCPk 6 / 7 G E N E R A L I Z E D F A N I S N A D J O I N T NUN 
3 b YO 

NSCAT U 2 3 S C 1 . 2 b - 5 3 
NSCAT U 2 3 B C 5 . 7 8 0 3 6 - 3 3 
NSC AT P U 2 3 9 8 . 8 6 7 2 - 4 3 
NSCAT P U 2 4 0 1 . 1 9 4 4 - 4 3 
NSCAT P U 2 4 1 1 . 3 3 - 5 3 
NSCAT U 2 3 S U 8 . 5 6 - 5 3 
N S C A T U23fc*l 3 . 9 6 1 7 9 - 2 3 
NSCAT U2 2 8 C C A P ! S . 7 8 0 3 6 - 3 O 
N S C A T U2 3 S C F 1 S 1 . 2 6 - 5 O 
NSCAT P l . 2 3 9 8 . 8 6 7 2 - 4 3 

F O 
2 0 R 2 

2 2 FO 

N t A C T I U N MATE R A T I O 2 8 C / 2 S F 

3 b V 0 
J b Y O 
=FMANG 
I S * 1 2 1 I FO T 
= F J U L I E 
3 6 V O 
3 8 V 0 
3 8 V O 
M I X 

1 3 9 8 NfcUT NSCAT U 2 3 8 C S . 7 8 0 3 6 - 3 3 
9 8 NEUT NSCAT U 2 3 8 B 3 . 9 6 1 7 9 - 2 3 

1 3 9 V NEUT NSCAT Pu23<* 8 . 8 6 7 2 - 4 3 
( B L A N K C A R D ) 

SENSE 
6 0 * * 1 l O O T 
b l U 
( 6 E I 1 . 4 ) 

l . 9 6 4 0 £ * 7 1 . 3 4 9 9 E + 7 1 . 0 0 O O E + 7 7 . 7 8 8 0 E . + 6 6 . 0 6 S 3 E + 6 4 . 7 2 3 7 E + 6 
3 . 6 7 6 8 £ « 6 2 . 8 6 S 0 t * b 2 » 4 6 6 0 E - * 6 2 . 3 b £ > 2 £ « 6 2 . 3 6 S 3 E + 6 2 . 3 4 5 7 E + 6 
2 . 2 3 1 3 E + 6 £ . 0 1 9 0 b « 6 1 . 8 2 6 8 E * 6 1 . 6 S 3 0 E « 6 1 . 4 V S 7 E + 6 I . 3 S 3 4 E + 6 
l . 2 2 4 6 £ « 6 I . I 0 8 0 E « 6 1 . 0 0 2 6 b « 6 9 . 6 I 6 4 £ * S 9 . 0 7 1 6 E * 5 8 . 2 0 6 5 E + 5 
7 . 4 2 7 4 E * S b . 7 2 0 6 E * S 6 t > 0 8 l 0 t * 5 S . S 0 2 3 £ * S 4 . 9 7 8 7 E + S 4 . S 0 4 9 £ * S 
4 . 0 7 6 2 c * S 3 . 8 7 7 4 t » S 3 . 6 8 B 3 E + S 3 . 3 3 7 3 t * S 3 . 0 1 9 7 E * S 2 . 9 8 S 0 E * S 
2 . 9 7 2 0 L + S 2 . 9 4 t > 2 E * S 2 . 8 7 2 S t * S 2 . 7 3 2 4 £ * « > 2 . 4 7 2 4 E * 5 2 . 3 S 1 8 E + S 
2 . 2 3 7 I E * S 2 . 0 2 4 2 E * S I . 8 3 I 6 £ * S 1 . 6 S 7 3 t * S 1 . 4 9 9 6 £ * S 1 . 4 2 6 4 E 4 S 
I . ^ S 6 9 E - » S 1 . 2 2 7 7 E « S I . 1 I 0 9 E + S 8 . b f > 1 7 E * 4 8 . 2 $ 0 0 E * 4 7 . 9 S 0 0 E + 4 
7 . 2 6 0 0 £ * 4 6 . 7 3 7 9 E * * t > . 2 4 7 5 E * 4 4 . 0 B 6 8 E + 4 3 . I 8 2 8 E 4 - 4 2 . 6 S 0 0 E + 4 
2 . 7 0 0 0 E * 4 2 . 6 0 S 8 L 4 4 2 . 4 7 8 8 E 4 4 2 . 4 1 7 6 £ * 4 2 . 3 6 7 9 E + * 1 . 9 3 0 S E + 4 
l . S 0 3 4 t * 4 i . ! 7 0 9 t « 4 V . l l 6 8 t : + 3 7 . I 0 I 7 L + 3 S . S 3 0 6 E + 3 4 . 3 0 7 4 E + 3 
J . 7 0 7 4 t * 3 3 . 3 S 4 6 C + 3 3 . 0 3 S 4 E * 3 2 . 7 4 6 * E * 3 2 . 6 I 2 6 £ * 3 2 . 4 b S 2 £ * 3 
2 . 2 4 8 7 E > 3 2 . 0 3 4 7 E + 3 l . S 8 4 6 E * 3 1 . 2 3 4 I E + 3 9 . 6 I I 2 E + 2 7 . 4 6 5 2 E + 2 
S . 8 ^ 9 S E * 2 4 . S 4 0 0 £ « 2 3 . S 3 S 8 f c * 2 2 . 7 S 3 6 E + 2 1 . 6 7 0 2 E + 2 l . 0 I 3 0 t * 2 
6 . I 4 4 2 E * ! 3 . 7 2 6 7 t * l 2 . 2 6 0 3 E + 1 I . 3 7 1 0 E + I 6 . 3 1 S 3 £ * 0 S . 0 4 3 5 E + 0 
3 . 0 S 9 0 E * 0 

T 
ZPK 6 / 7 
K 
as** 2 I 

l . 6 S 5 4 £ « 0 1 . 1 2 S 4 k * 0 6 . 8 2 S 6 E - I I . O O O O E - S 3 . 0 S 9 0 E * 0 
T 
ZPK 6 / 7 
K 
as** 2 I 

3 . 0 S 9 0 E * 0 
T 
ZPK 6 / 7 
K 
as** 2 I 1 0 FO T 
8 6 4 * 4 Z 1 . 0 FO 1 
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P U 2 3 9 
8 7 * * 3 3 0 2 1 0 0 0 
bSSS F 1 3 9 9 
6 9 * * l . O O.O • -

9 1 S * » 2 1 
U 2 3 6 
8 7 S * 3 3 0 2 ! 1 0 0 0 
6 0 S * 1 3 9 8 9 8 
8 9 * * F l . O 
9 1 * * I 2 T 
FLUX 
6 0 S * 0 1 3 1 0 2 8 FO 
SENSE 
6 0 S * 1 1 0 0 T 
8 1 * * F l . O T 
ZPR b/1 
U238C CAPT U 2 3 5 C F 1 S 
83SS 2 3 1 4 3 2 8 2 4 FO 
8 6 * * 4Z 1 . 0 F O . O T 
P U 2 3 9 
8 7 S * 3 3 0 2 1 0 O 0 
8 8 * * F 1 3 9 9 
8 9 * * 1 * 0 0 . 0 
91 S * 1 2 T 
U 2 3 8 
8 7 * * 3 3 1 0 1 1 1 0 
8 8 * * 1 3 9 8 9 8 
6 9 * * F l . O 
9 1 * * 1 2 T 

o 
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ABSTRACT 

The SENPRO Service Hodule 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). 

1. Lists the contents of a SENPRO file. 

2. Plots a SENPRO file. 

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

4. Merges two SENPRO files and creates a new file. 

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

6. Lists ir order of descending absolute magnitude of the trtal 
sensitivity, the title and total sensitivity for eacn profile in 
the SENPRO file. 

7. Renormalizes sensitivity coefficients. 

8. Redefines any entry in the 12-word MAT-MT control record. 

9. Places the sensitivity coefficients on 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. 
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INTRODUCTION 

Sets of sensitivity coefficients are calculated by the JULIET1 module 
of the FORSS2 system and placed on a proposed CCCC 3file, SENPRO.4 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 
number. These sets of coefficier.ts are referred to as sensitivity profiles. 
If the configuration of interest is a CSWEG5 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 HAT-MT control record description of the 
SEMPRO file. These will be augmented as required. The material and 
reaction type identification numbers are the MAT and HT numbers used in the 
ENDF/B'- tiles. A complete description of the SENPPO file is in Appendix A. 

When the generation of the SENPRO 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 quickly corrected by the 
SENPRO service module. At present, the module has twelve execution paths 
which perform the following tasks. 

1. Lists the contents of a SENPRO file. 

2. Plots a SENPRO file. 

3. Operates on a SENPRO file by adding or deleting sets of sensitivity 
coefficients. 

4. Merges two SENPRO files and creates a new file. 

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

6. Lists in order of descending absolute magnitude of the total 
sensitivity, the title and total sensitivity for «>ach profile 
in the SENPRO file. 



YIII-4 

7. Renormalizes sensitivity coefficients. 

8. Redefines any entry in the 12-word MAT-MT control record. 

9. Places the sensitivity coefficients or. a user-supplied group 
structure. 

10. Selectively edits or copies a file. 

11. Sums all profiles in a file ar,d produces a new profile. 

12. Replaces or modifies the group structure on a SENPRO file. 

The user selects the desired execution 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 reqnirements 
are described for each execution path. 

SENPRO FILE LIST 

LIST 

1SS Integer Parameter [lj 

NBIN unit number of the SENPRO 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 sens i t i v i t y Drof i les. Graphs of sens i t i v i t y coeff ic ients per 
unit lethargy vs. energy in MeV are available with the fol lowing default 
character ist ics. 

1. Logarithmic on both axes. 

2. Calcomp pen and i rk graphs. 
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3. Height - 8". 
4. Width - 8". 

ITOPY 
5. ITOPY - 10 is maximum ordinate value, calculated by code. 
6. NCY=4 - number of cycles on ordinate. 
7. IT0PX=2 - i o I T O P X is maximum absicissa value. 
8. NCX=5 - numberNgf cycles on abscissa. 
9. CUT=0.005, if ^jlSdJI ^ CUT, a graph is not produced. 

Complete File Plotting N G 

Every set of coefficients on the file where jijjS(i)| > CUT will be 
plotted. 

Input Data 
PLOT 
1$$ Integer Parameters [2] 

IPRO - unit number of file 
N - 0 complete file plotting 

> 0 number of coefficients selected for plotting 
2** CUT 
, t t M r v M r Y I All of these cards change defau.t cnaracteristies, 
J W N L Y N L* V ^ t n e default is acceptable, omit the card. 
4$$ ITOPY'ITOPX 
5** WIDTH+ HEIGHT 

Selective Plotting 
The user may select the profiles for plotting. If N > 0, prepare 

6$$ card. The 6$$ entries identify the profiles with information from the 
MAT-MT control record. 

TReducing the plot width will result in a disasi°r. 
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6$$ Integer Parameters [5*N] \ 
IASB - assembly identif ication 
IRESP - response identif ication * 
MATID - material identif ication 
MT - reaction type identif ication 
NTRN - reaction rate ratio ident i f icat ion, enter 0 i f not applicable 

J ;-• Sequence is repeated for each graph requested 
•lff<r T - '-

5ilr SENPRO FILE ADD/DELETE 

This execution path performs 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$$ Integer Para.iiet.ers [4] 

HOLD - unit number ,,f existing SENPRO file 
NEW - unit number of new SENPRO file 
NADD - the number of profiles to be added (may be 0) 
NDL - the nurber of profiles to be deleted (may be 0) . r 

ADD Option 
If NADD > 0, enter the 2$$ array 
2$$ Inteyer Parameters [12]. The MAT-MT control record of the SENPRO *ile 

http://Para.iiet.ers
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CR 
C 
CL 
CW 
C 
CB 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C— 

MAT - MT Control 

IASB,IRESP,MATli>,HT,NZONE,ISTC,NPART,br-M),NZDi^,MATRK,NTRN,NTRD 
12 

F0RMAT(4H 4D 1116 /16 ) 

IASB 

IRESP 

MATED 
MT 
SZOHE 
ISTC 
NPART 
NURD 
NZDEN 

MATRIX 
NTMT 

(EHDF-202) F - l 

NTRD 

Assembly I d e n t i f i c a t i o n 
Reference BNL 19302 

Response I d e n t i f i c a t i o n 
1 - K 
2 - Breeding Ratio 
3 - Worth 
4 - Reaction Rate Ratio 
5 - Other 

Material Identification 
Reaction Type Identification 
Number of Zones 
Scattering Order for Total Coefficients 
Number of Partial Sets 
Number of Hollerith (A6) Words Used to Describe 
Zone Density Option C 

0 - Zone Densities are Oaitted 
1 - Zone Densities are Present 

Reserved 
Reaction Rate Ratio Identification 

1 - 28C/49F 
2 - 28F/49F 
3 - 28C/25F 
4 - 28F/25F 
5 - 49F/25F 
6 - 28C/28F 

Reserved 

the Response-

T 



VIII-8 

Hollerith response description, FORMAT (11A6) 
Input the number of cards needed to define NURD (A6) words 
Hollerith title, 1 card, FORMAT (11A6) 

SENSITIVITY COEFFICIENTS, FORMAT (6E12.4) 
Repeat the sequence until NADD profiles are described. 

DELETE Option 
If NDL > 0, enter the 3$$ array 
3$$ Integer Parameters [5*NDL] 

lASB - assembly identification 
IRESP, - response identification 
MATID - material identification 
MT - reaction type identification 
NTRN - reaction rate ratio identification 

c 

Sequence is repeated for each profile to 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] 

Nl unit number of a SENPRO file 
Ĵ2 unit number of a SENPRO file to be merged 
N3 unit number of new SENPRO file 

T 
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SENDIN8 - 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 lists a SENPRO file. 
SEND 
1$$ Integer Parameters [4] 

NBE Select conversion mode 
= 0 unformatted to formatted 
f 0 formatted to unformatted 

NIN unit number of existing SENPRO file (DEFAULT = 23) 
NOUT unit number of SENPRO file to be prepared by SENDIN (DEFAULT = 24) 
N06 Print option 

<_ 0 File is printed^ 
> 0 No print 

T 

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 
1$$ Integer Parameter 

NBIN unit number of SENPRO file 
T 

SENPRO FILE NORMALIZATION 
This execution path permits the modification of sensitivity co­

efficients in a SENPRO file. The following two options are *«/?ilable: 
1. Renormalize all coefficients by a constant defined as R1/R2, 

see 2** card. This is useful for salvaging sets of coefficients 
with an incorrect R. 

2. Apply a group-dependent multiplication factor. This is useful 
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for applying disadvantage factors. If a profile t i t le card has 
no total sensitivity (A) or an incorrect A, 3** Fl.O input will 
correct the condition. 

NORM 
1$$ Integer Parameters [2] 

NOLD unit number of old SENPRO file 
NEW unit number of new SENPRO file 

2** Floating Point Parameters [2] 
Rl old normalization 
R2 new normalization 

T "..''-
c-

End of input for option 1 
If Rl = R2 = 0, then option 2 is executed c 

3** Floating Point Parameters [IGH] 
Group-dependent multiplication factors 

T 

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] 

Nl - old unit number 
N2 - new unvt number 
NFIX - the number of redefinitions to be made 

T 

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

the current value is not considered and MATMT(IP) = NDV 
NOV - desired value of MATMT(IP) 
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The3 parameter sequence is repeated until 3*NFIX entries are complete. 
T 

SENPRO NEW GRID 
This execution path places each profile in a file in e user designated 

group structure. The group structure may be input from cards or retrieved 
from another SENPRO file. The redistribution of the sensitivity coeffi­
cients on the new grid is done linearly in lethargy. 
GRID 
1$$ Integer Parameters [3] 

Nl - u5it number of old SENPRO file c 
N2 - unit number of new SENPRO file 

- . • . . -

NG - selection option 
When NG > 0, NG is the number of groups in the new group structure 
to be defined on input cards. When NG < C, |NG| is the unit 
nuMber of a SENPRO file containing the new group structure. 

T -
2** Group Boundaries [NG+1] 

(The 2** card is included when NG > 03. Enter values from high 
energy to low energy in units of eV. 

T 
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 MATHT Position 
Assembly 1 
Response 2 
Materijl 3 
Reaction type 4 
Reaction rate ratio 11 
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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 
EDIT/COPY operation. To complete input requirements, a hierarchy must be 
defined establishing the order in which the identifiers in the EDIT command 
will be tested. The hierarchy is defined as a function of the identifiers 
position in the MATMT record. A default hierarchy of 1, 2, 3, 4, 11 is 
established by the coding. This default hierarchy may be replaced by data 
input on the 2$$ card. 

• As each profile is read from the SENPRO file, its five identifiers 
are compared with the corresponding identifiers in each edit command. The 
order in which the identifiers are compared is controlled by the estab­
lished hierarchy. If equality is found between all of the nonzero identi­
fiers in an edit coninand 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] 

fNI| - unit number of existing SENPRO file, if NI < 0 the 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$$ card 
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2$$ Integer Parameters [5] (Omit i f NHI = 0) 
Input the HAT-MT positions 1 2 3 4 11 in the order required to 
define an appropriate hierarchy. 

T 
3$$ Integer Parameters [5*NC] 

Assembly ID 
Response ID 
Material ID 
Reaction type ID* 
Reaction rate ratio ID 

Complete NC edit commands 
T 

SENPRO FILE SUM 
This execution path prepares one sensitivity profile by summing every 

profile contained in a SENPRO file. Practical application usually involves 
executing the EDIT/COPY, SUM, and MERGE paths in sequence. 

Input Data 
SUM 
1$$ Integer Parameters [2] 

NI - old unit number 
N2 - new number c 

T 
2$$ Integer Parameters [12] 

define the MATMT record for the new profile 
T 

*MT=5191 is a special reaction type identifier which permits any Inelastic 
level and the contiuum to be eligible for EDIT/COPY. 
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Response title card for new profile (FORMAT 11A6) 
Profile title card for new profile (FORHAT 8A6) 

The program supplies the last 3A6 words of a profile title. 
SENPRO FILE GROUP 

This execution path replaces or modifies the group structure on a 
SENPRO file. 

Input Data 
GROUP 
1$$ Integer Parameters [2] 

NOLD - unit number of existing SENPRO file 
NEW - unit number of new SENPRO file 

1 c 

2** Group Boundaries or Modifiers [Number of groups + 1 ] 
T 

Comments 
If the first and last entries in the 2** array are equal, the contents 

of the 2** array are used to modify the group boundaries on the SENPRO file. 
GB 1 = G8t * GBM. 

where 
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** Fl.OE+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. 

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 
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about the nunber 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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APPENDIX A 
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cs 

c» 
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C I 
a 
cs 
c» 
cs 
CS 
cs 
c 
cs 
c -
c 
c 
c 
c « 

The Format for Standard Interface File SENPRO for 
Group-Oependent Sensitivity Coefficients 

S27ISE3 3 5 / 1 2 / 7 S 

SSSPTO 
THIS PILE C3S71ISS S E I S i r m T T 
coErrrciEsrs sr saoa? i s i FSBCTIOB or 
S1T2SIIL - SS1CTXOB TIPS. 1SSES3LT, ISD 8ESP085E 

OITISIOS 3 t 3»oa? LSTXISCT BIBTSS •sir e: 
n c r s s t s r roa . i m n c n L raipsic 3 i s ? t i r . 
ISCL3820 132. 70T1L SESSITITtTT C3»r?tCIEsrS 
ST 6Z0QP S34.1E3 OTSS EPPECT TTP2S, Z35ES, ISO 
SCITTESCTG a>3!3S. OS OPTTOS, P197I1L 
cocFncxssrs BIT ILSO se BEP»2S2S723 i s T I B I S S S 
C3=SZSITZOSS ar OHECT n o rssrascT s r r s c r , 
ZOSE, i so sc irrEsrse OBOES 

I PILE sacs i s rsrs i s s : s 3 s o 3T OBSI - ra s s s 

c— 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
<s 
cs 
c 

JTL2 S733CTCJSE 

3EC33D TT?2 

PILE roEsririCArros 
?rtE C3ST33L 
323730* K830P 300*313123 
s i s s i GROOP soosonsrES 

» • • • • « • (REP2M P09 ILL 5 1T22I1L -
» ! » : n a » p u s s , s i r - STJ 

s i r - .IT cssr »CL 
32SP3SSE 3ESC2I?TtOS 
I3SE DESSITI2S 
•3LL2SI7S 2ESC3IPrrOS 9T 73711. 
S C T S I T I T I T T ; 0 2 P r : ; i 2 s T S 
T O T I L s 2 s s r 7 t r r r T c a s m c r r s T s 
3T 3330? SOUSES 0 7 2 8 , TIPS, 7-012 
1*0 SC1T7ESISG 330Z3 
PlSTIlL C3ST30L 

» • • • • • • « [REPS1T POI ILL P l t T t l L 
c o s f f r c r s s T S E T S ) 

30L1ESITH OESCaiPriOS OP 
P187I1L SET 
PH8TIIL C32ffICI2STS S i 3303P 

P32S2S7 Tf 
Z S * * * S X X * K S J 

1 L E 1 7 S 
1 LI" JITS 
S S G a S P . GT. a HGG33?. cr. 3 

iLifJTS 
5 5 3 3 . 3 " : . 3 
SZ32S. 37 .3 
I L I I T S 

ALIirS 

IP19T.G7.3 

IP18T.3T.3 

»P>.?.. . 3 7 . : 

C 
a. 
Ci 
c 
C3 
C3 
CD 
C3 
C3 
C3 

f i t IDESTIPTC17I3S 

H I M ! , (.TJS2(I) , I « t , 2 } , 1 7 2 2 3 
l»3»n3L7 

POIRirtlfK 3T SESPRO , 16, T»«, 2 16, 13«, TS\ 
«»A«E 30LLE2I7S PIL2 « K - S E » ? S C - f 15* 
HOSE HOLLERITH 35 E3 :3EJTI?IC*73>» (*' 
17 E»S PILE TERSrO* ,f7SB£* 
15LT ! • U IS SrXJLS PSECIHOII 10K 

2 ' 16 IS 0OJ9LE P32C:3iO!. ¥0 2r. 
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cs rrtr COST SOL 
c 
C t S 3 3 0 5 1 ? , J S K i K P . s e : 2 3 ? . SSAZ. S * Z 3 2 2 . , S : J S 2 
c 
C» 6 
c 
C3 M S " * ? [ O K TO . S I S ) 
CO S<133«? S 3 S 3 2 3 Or 2 3 2 3 3 1 32O0PS 
CO SSKa? 5HM2B Or "BOT'CS 3 3 0 3 P S 
CO SCi^CP SCH3E3 Or Si-•_"!» 3 3 0 0 P S 
CO SSAT SUB323 Or HAT- ST PAZ3S co -»to»o aiiTsaa scATTJsrss 0202a 
CD - T . a s e SAXtSO". SBX32S 3 ? ZOSES 

C3 JETT3QS G303P 3CQ3GA3I2S 
c 
CL {3P3S (J) „J»1,S5CM), 23.115 
C 
c c P32S2JT rr .wcap.cr.3 
a ss<arp»t 
c 
C9 ?0as»T{*!l 29 , 5 C 1 2 . * / ( S 2 l 2 . i | | 
CO ;?35(JJ SAXITO.'! 25E2CT 30IJS3 OP SE3T3CS J33OT {J) C2T) 
co 2JRE5 nrs isas es233r or 323720s ESSSST SASGZ 

C3 CASS* C307P 303S3A3IZS 
c 
c (n?3<;(Ji ,j*i,*r.c?.?) ,zzmn 
r. 
cc »I?2S2ST : r scsa?.:;?.! 
or sCftacoi 
C 
C3 r O S ' A T p K JO , 5 2 1 2 . S > ' C S 2 T 2 . - ! ! 
co w a c j j ) S A I I S T ? ESZBTT sooso or CA.-.SA ;aca?;J! (»7) 
CO £ 3 * 1 5 C K W I 232SCT Of S1S5 * 2S23GT S A i r ; 

C3 SAT - 3T C0K7 3CL 
c 
CL r » S 3 r r a 2 S ? , 3 » T r 0 , R T , ! C 0 S 2 . I S T C . SPA3T.SW33 , SI32S . S l T 3 : i , « T r : , 
C3 T2 
C 
ca r3B.iAT(*s »o , t trs /rs i 
c 
CO IASB AS5E33LT I 3 2 S T T r r C l T T 3 > ' 
CO !»2r23ESC2 SSL 19 J52 f 2 5 0 f - 2 C ; . 
CO IB ESP BES?OSSt l O E S T i r l C A T I O H 
CO 1 - K 
CO 2 - S B E 2 3 I S S lATTO 
CO J - SOSTR 
co • - «Arrros BATT ?.I-.ZC 
CO S - CTH7-
CD RATIO SATEBIAL VHHTZTZCXTZO' 
co RT SEACT:O» TTPT io2ST:r:cir::K 
co stose S'/SSER or IOSS:-
co ISTZ s c m i s i n c OHOEB roB TOTAL azrrz;:z:r: 
co UPABT senses or ? M T : A L ;:rs 
co ssgo xn.-BEH or ROLLZUIT3(*6) VGRDS 3S2D TS 3t:rr:::-
CO TBS »2:5?0<tn. 
co "ZOES IOSE stssrrr 3?r:o-
CO 0 - lOHi 3 E s n r t ! S » 2 i O.TTT?-
C3 ' - IOK-. 3 £ S 5 3 ; 3 S A S . r » 2 . ' : : - -
CO 1»TSIX k E 5 ~ ? n -
co HT3S at: IST »: 
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CI 8ESP3SSE DESCEIPTIOI 
c 
CL (ZBES(T) , I » 1 , « » 8 0 J 
c 
CC PBESBIT IT BBBO.KT.O 
C 

C 
C8 DES*T(»i l 5D , H « , I U 6 / ( 1 U 6 ) ) 
C 
CO ?DES(I) JIBBIT COS Til»IHe KOLLZSITS 3E5C3I?TI01 OF 
CD . 3ES?<MSE 

C K zoie oEssmss 
c 
CL (ZDES(J) . J = 1 » I Z 0 5 E } 
c 
CC P3ESEJT T> XZDES. 5 S - 1 
C c 
C» SZOBE 
c 
CB rOHlUT{*S SO , 5 E 1 2 . * / ( 6 S 1 2 . « I ) 
C 
C9 Z3ES ZOVE 0EMSC7IES 
c~ 

c 

Ct 1CLL2HITH DESC3r?TIO!l OF 707XL S E S S I T I T I t r C3ZTTZZ1ZX7S 
C 
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C 
Clf 11"SU[T 
C 
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c 

c 

c» TOT*L sesstTi7irr C3£?ncrzsTs at GBCOP 
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C 
c » »3 Ron ? 
c 
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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 
performance parameters due to proposed changes in the cross section data 
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 converts unfor­
matted (binary) sensitivity files to card image form and vice versa. 
This is useful for transferring sensitivity files from one installation to 
another. 
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INTRODUCTION 

Sensitivity coefficients for performance parameters of reactor and 
shielding systems,1 especially benchmarks, have been collected in an 
interface file 2 using the SENPRO format. This format.was developed 
according to the standards established by the Coanittee on Computer Codes 
Coordination (CCCC). 3 The description of the SENPRO format is given in 
Appendix A. 

c " _ 
In order to use the sensitivity data on a file, it is necessary to 

have codes which can read such files as well as to perform the required 
computational manipulations. Such files are ordinarily unformatted 
(binary) for computational efficiency, but are not easily read on a 
different type of computer. To facilitate the transfer of data from one 
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 binary to card image, for converting 
from card image to binary, and for obtaining a printed listing 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 list of the most 
significant individual contributions to the response change is also given. 
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SENDIN 

The program SENDIN copies a sensitivity file in SENPRO 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 
:'-J'-^& partial listing of the file is printed to give the user accurate infer-
sStwaation about the contents of a particular file. 

'flSSf^.. There are two (2) input files: 
'.100?.:' W ^ S E N P R 0 sensitivity file to be converted and which is 
••?&$?.'•'• specified by the FORTRAN data-set reference number NIN (default 

r % value 20). 
(2) The control file Which consists of a single card (card image) 

and which is specified by FORTRAN data-set reference number 5. 
This card consists of four integers in (415) format: NBE, NIN, 
NWJT, N«5. 

NBE - 0 conversion is binary to card image. 
t 0 conversion is card image to binary. 

NIN = FORTRAN data-set reference, number of the input sensi­
tivity file to be cor/erted (a zero or negative value 
is replaced by the default value of 20). 

N0OT = FORTRAN data-set reference number of the converted 
output file of sensitivities (a zero or negative value 
is replaced by a default value of 21). 

N06 specifies the printer output FORTRAN data-set reference 
number and the type of edit - complete or reduced 
(a zero value of N06 is replaced by the default value 
of -6). 

) 
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N06 > 0 an edit of the entire file is formed on the unit 
\— 

with FORTRAN data-set reference number N06. 
N06 < 0 a reduced edit of the file is formed on the unit 

with FORTRAN data-set reference number -N06. 
There are two output files (both referred to above): 
(1) The converted sensitivity file with data-set reference number 

N0U7 (default value 21). 
(2) The file of printer output with data-set reference number 

specified by NJJ6 (default value 6). 

Sample Problem for SENPIN: 
The input on unit 5 consists of a single blank card. Unit 20 

contains the binary SENPRO file. On unit 21 is a dummy file. 
//G0.FT2OFOO1 DD DSN= etc., UNIT= etc. 
//G0.FT21FOO1 OD DUMMY 
//G0.FTO5FOO1 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 produce* a reduced edit of the SENPRO 

file on unit 20. 
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SENTINEL 

The program SENTINEL computes the percentage (or fractional) change 
in the performance parameter of a given assembly due to specified per­
centage (or fractional) changes in designated reaction cross sections 
over a number of energy regions. 

The input data consists of: 
(1) Parameters defining the performance parameter, the reactor 

or assembly, the number N of such sensitivities to be 
included, and the identification for these so that they may 
be selected from the sensitivity file which is in SENPRO format. 

(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 10). 

(5) Information limiting the printout of the most important indi­
vidual contributions to the resulting change in the performance 
parameter. 

(6) The binary sensitivity file in SENPRO format. 

The output consists of: 
(1) The input information. 
(2) Information selected from the sensitivity file. 
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( 

(3) The resulting value of the percentage (or fractional) change in 
the performance parameter. 

(4) An ordered list of the most important individual contributions 
to the change. 

Specifically, the input to SENTINEL for one case consists of one card < 
of six numbers and three arrays entered in FIDO system fonnat. The FIDO 

. - - """ c 

system is described in Appendix B. Several stacked cases can be calculated 
in one run. The following input is required for each case: 

• • ' - • • • • • • • c 

one card (fonnat 215, F10, 315): N,KHAX,PERCNT,NUMB,L«INIT,I0OT 
array of energy regions: 1** ((EHI(K),EL0(K)),.V.,>:HAX) 
percent changes: 3** ((PRCENT(K,N1),K=1,KMAX),N1=1,N) 
sensitivity identifiers: 5$$ ((INF0(I,N1),I=1,9),N1=1,N) 
FID0 terminator: T 

N = the number of sensitivity profiles to be included. 
KMAX = the number of energy regions to be included. 
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 roost important individual 
contributions, 

NUMB = the maximum number of most important contributions to be 
printed out individually. 

UNIT = the data set reference number of the sensitivity file in 
SENPRO format (default value = 1 0 ) , 

I0UT = printer output data-set reference number (default value = 6 ) . 
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EHI(K) = an energy bound in eV for energy region K (the regions 

should appear in order of decreasing energy). 

EL0(K) = the other bound for region K. 

PRCENT(K.Ml) = the percent change in nuclear data associated with 

sensitivity Nl in energy region K. 

IKFfJ (I,N1) 1=1,9 consists of nine identifiers'for the sensitivity 

profile Nl. The nine identifiers in order are: 

tASB = the assembly identifier as it appears in the file, or, 

if the first IASB (=INF0(1,1)) is negative, cases are 

made to include every assembly in the file. 

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, respectively; or, if the 

first IRESP (=INF0(2,1)) is negative, cases are made to 

include all responses. 

MATID = nuclide identification using ENDF assignments. 

MT = reaction identification using ENOF assignments. 

NTRN = 1,2,3,... an arbitrary identification number chosen by 

the file creator to distinguish different reaction rate 

or worth responses (0 for 1RESP=1). 

ITYPE, IZ0N1, IZ0N2, ISCAT refer to partial sensitivities and 

are set to zero since no partial sensitivities are 

presently used. 
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Sample Problem for SENTINEL: 

This problem determines the effect of proposed changes in the fission 

cross section (MT number 18) of 2 3 5 U , 2 3 8 U , and 2 3 9 P u (MAT numbers 1261, 

1262, and 1264 respectively) on the multiplication factor (IRESP=1 and 

tiTRN=0) of each assembly fh the file (five), and on the central reaction 

rate ratio 2 8c/ , , 9f (IRESP=4 and NTRN=1), and on the central reaction rate 

ratio- 2 8f/* 9f (IRESP=4 and NTRN=2) of the ZPR-6/7 assembly. (IASB=5 is 

the nwnfcer assigned this assembly in the SENPRO file reported in Ref. 2.) 

The proposed changes represent approximate changes in going from ENDF/B-IV 

to ENDF/B-V. These changes are given in five groups as follows: 

Energy Range Change in »f 5 Change in o| 8 Change in ajt9 

(MeV) (percent) 

1.44 

(percent) 

-2.50 

(percent 

3.679-10.000 

(percent) 

1.44 

(percent) 

-2.50 -1.07 
1.353-3.679 -0.24 -3.W 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 benchmarks for which sensitivities 

are reported in reference 2. We assume these sensitivities are available 

in binary SENPRO 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 INF0(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, regardless 
r>f magnitude. 



IX-10 

The second of the three input cases finds the change in the central 
reaction-rate ratio 28c/'*9f in ZPR-6/7 and prints out the largest indi­
vidual contributions, each of which is not less than one percent 
(PERCNT = 1.0) of the total calculated change. Not more than five such 
contributions will be printed out. • _ . 

The third input case calculates the resulting change in the 2 8c/ I f 9f 
ratio in ZPR-6/7 and prints out (not more than six) individual contribu­
tions greater than four jOercent of the total. -..'-' 

The input data files are as follows: 
//G0.FT1OFOO1 DD DSN=etc.,UNIT=V0L= etc 
//G0.FTO5FOO1 DD * ^ :--

3 5 0.0 10 
V**^.679E6 10.0E6 1.353E6 3.679E6 0.498E6 1.353E6 

"'^"" 0.498E6 2R0.183E6 0.067E6 
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 1 1262 18 5R0 12 1 1264 
18 5R0 T 
3 5 1.0 5 

5$$ 12 4 1261 18 1 4R0 12 4 1262 18 1 4R0 
12 4 1264 18 1 4R0 T 
3 5 4.0 6 

5$$ 12 4 1261 18 2 4T0 12 4 1262 18 2 4Z 
12 4 1264 18 2 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 calculation. 
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** arra>) 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 Format for Standard Interface File SENPRO for 
Group-Dependent Sensitivity Coefficients 
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c»» 
c 
c 
CP 
CE 
CE 
CE 

en 
a 
c« 
o» 
CR 
a 
CR 
c 
ce 
c 
c 
c 
c 

i e n sco 05 / i * / 7 * 
SERPRO 
THIS PILE CORTAIRS SEBSITXTITT 
COEPPICTEBTS BT GBODP IS A FOBCTIOB OP 
KATERIAL - REICTIOH TTPE, ASSEBBLT, ABB BBS FOBS E 

DIFLSTOP BT 3BO0P LET9ABGT HIDTRS BAT BE 
RECESS ART FOB HEABIPGPOL GRAPHIC DISPLAI. 
IRCLBDED ARE, TOT»L SEBSITITITT COEPPFCXEBRS 
BT GROUP SOBBED OTEB EPPECT TTPES, ZOBES, ABD 
SCATTEBIHG ORDERS, OB OPTIOH, PARTIAL 
COEPPICIEBTS HUT ILSO BE BEPBESEBTED AS TABIOOS 
COBBIBATIOBS OF DTBECT ABO IBDIBECT EPPECT, 
ZOBE, ABO SCATTER IHG ORDER 

K PILE SOCH AS PHIS IS SEEDED BT OBBL - POBSS 

J . L . LSCID5 

cs riLE STRUCTURE 
CS 
CS PECO ID TTPE PBESEBT IP 
CS r = z : z = 3 S 2 S l X = S : S 3 S S S Z » » 3 B S S X S • t S 1 2 B t « E X t 

CS PILE IDERTiriCATIOH ALRATS 
CS PILE COHTROL ALHATS 
CS REOTROH GHOOP 800 RD ARIES •BCaOP.GT.O 
CS GAMA GBOOP BOOHDARIES BG580P. GT.O 
C S . . . . . . . . . • • » . . ( R E p e A T FOR *LL HATERIAL -
cs • REACTION PAIRS, HAT - HTJ 
CS • RXT - HT CONTROL ALHAIS 
CS • BESPOBSE DESCRIPTION BBRD.GT.O 
CS • ZOHE DERSITIES BZDER.GT.D 
CS • HOLLERITH DESCRIPTION OP TOTAL ALHATS 
CS • SERSITITITT COEPPICIERTS 
CS • TOTAL SERSITITITT COBPPICIEBTS ALRATS 
CS • BT GROUP SOHHEO OVER, TTPE, ZOIE, 
CS • AHD SCATTERING ORDER 
CS • PARTIAL CORTBOL RPART.GT.O 
c s • • • » • • • • • • • • ( R E P E A T FOR ALL PARTIAL 
CS • • COEPPICIERT SETS) 
CS • • HOLLERITH DESCRIPTIOR OP RPART.GT.O 
CS • • PARTIAL SET 
CS • • PARTIAL COErriCIEHTS BT 5RO0P RPABT.GT.O 

c s • • • • • • • • • • • « • • 
c 
c —_ 

c — 
CR PILE IDERTIPICATIOR 
C 
CI HRAHE, (HUSE(I) , I « 1 , 2 ) . ITERS 
CR 1»J»H01T 
C 
CB POBHlffMK Of SBRPBO , A6, f ft*, 2 A6, 1H*, It) 
CD RRARE HOLLERITH PILE RAHE-SERPRO- (16) 
CD HDSE HOLLERITH USER IDEVTIPICATIDB (A6) 
CD ITERS PILE TERSIOR ROBBER 
CD HOLT 1 - Aft I S SIB3LE PBECISIOB RORD 
CD 2 - Aft IS DOUBLE PBECISIOB RORD 
O 
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c__. 
CB PILE COBTBOL 
r 
C L a ; a o o p , a a e B a p r B G 6 a a p , B B a r . R k T O B D > a z o B E 
c 
c a 6 
c 
CB PORRAT(*H 10 , 6 1 6 1 
CO • GROUP BOBBER OP EBERGT CBOBPS 
CO BBGRP ROBBER OP BEST BOB CBOBPS 
CD BGGBilP ROBBER OP GABBA 3IODPS 
CD BRIT BDRBER OP B I T - Bt P U B S 
CD i R I O R D RIITHOB SCATTEBIBG ORDER 
CD B7.0BE B U t R O n BOHBEW.OP ZOBES 

CR REOTROR GROBP BOBBDABIES 
C 
CL p P B B ( J J , J = 1 , B R G R P ) . E B R t B 
C 
CC PRESERT TP HRGRP.GT.O 
CB B B G B P * 1 -
C 
CB » B B A T { « B 70 , 5 E 1 2 . » / ( « ' 2 - « l » 
CD ; P B H ( J ) BAXIIBIB EIEHCT BOOBD OP BEDTBOR GR30P (J ) (ET1 
CD EBRIR B K I R 01 EiEBJT Of BEOTBOB EBEBEY BABGE 

c 

CR GAHRA GBOOP BOOBDARIES 
C 
CL (GPBG(J) , J = 1,BCG*P) ,ESHIB 
C 
CC »BESERT IP BGGBP.GT.O 
CB R G G R P ' 1 
C 
CB PORHAT(«K 1 0 , 5 E 1 2 . a / ( 6 E 1 2 . « ) ) 
CD GPBG(J) BAXIBOR EHERGT BOORO Or GARBA GROOP(J) (ET) 
CD EGHIR BIRtROn EBERGT Of G U M EBERGT RARCE 

c 

c 

CR H»T - HT COBTBOL 
C 
CL tkSa,IRESP,aa?ID,RT,BZ05E, tSTC,BPA|T,B«BD,BZDeR,SATaiI,»Taa,RTRD 
a 12 
C 
CB r>RftAT(«H W , 1 1 1 6 / 1 6 ) 
C 
m USB 13SEBBLT IDERTiriCATIOE 
CD RErBRERCE BBL 19 102 (EBDP-202) t- 1 
CO IRBSP RESPORSE IDERTIPICATIOR 
CD 1 - R 
CO Z - BREE0IR3 RATIO 
CD J - BOBTR 
CD • - R E i r U O E RITE RATIO 
CD S - OTBER 
CD RATIO RATERIAL IDEBTIPICATIOfl 
CD RT REACTIOR TTPB XPERTXPICATtOR 
CD RZORE ROBBER OP SORES 
CO ISTC SCATTERIRG ORDER TOR TOTAL COErPICIEHTS 
CD RPART ROBBER OP PARTIAL SETS 
CD RRRD ROBBER OP ROLLEBITB(At) BORDS OSEO TO DESCRIBE 
CD TRE RESPOBSE 
CD RZDER ZOBE DEBS XTT OPTIOB 
CD 0 - ZORE ftEBSTTIES ARE ORTTTED 
CD 1 - ZOHE OBESITIES ARE PRCSEBT 
CD MATRIX RESERVED 
CO RT»* RESERVED 
CD RrtD RESERVED 
C"T-
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CB RESPORSE DESCBIPTIOB 
C 
CI ( B D E S ( I ) . I * 1 , B B B B ) 
C 
CC rBESBBT I P B 8 B D . 6 T . 0 
c 
CB BBRD'RBIT 
c C 
CB P3RHAT(*R 5D # 1R*,1U6/f11A«J) 
C 
CD RDE5(X) IRRAT COBTAIBEBS BOLLERITR DESCBIPTIOB OP 
CD BBSPOBSP 

C • 
CB ZOBE DEBSRIES 
C 
C t (ZDEB(J) ,J s1 ,BZOBE) 
C 
CC PBESEBT I P BZDEB. EQ.1 
C 
CB BZOBE 
C 
CB PORRtTpR KD , 5 E 1 2 . « / f 6 E 1 2 . « | ) 
C 
CD ZDEB ZOBE DEBS IT IBS 

c 

c 

CB HOLLERITH DESCRIRIOB OP TOT XL SEBSITXflTT COEPPICIEBtS 
C 
CL ( H O L ( I > , 1 = 1 , 1 1 J 
C 
CB 11*HRLT 
C 
CB rOBHATpR 7 0 . 1 H», 111S , 1H») 

c 

c 

CR TOTAL SEBSITITITT COEPPICIEBTS BT CBOOP 
c 
CL ( T O T S | J ) , J * 1 , B G B 0 B P ) 
C 
CB R3B01TP 
C 
CB PORHAT(»R 9 0 , S E 1 2 . « / ( 6 E I 2 . » ) ) 
C 
CD TOTS SEBSITITITT COEPPICIEBTS 

c 
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CR PARTIAL COBTAOL 
C 
CL | I T T P E ( I ) . I Z 0 3 1 ( I | . I Z O » 2 { I ) , I S C » T C I ) , I » = l » B P A B T ) 
C 
CC PBESEBT I P BPABT.QT.3 
C 
C» «*BPART 
C 
CB FORRATIBB I D ,»n»/(»isn 
c 
CD I TYPE | I | TTPC TDEBTIPICATIOI 
CD 1 - HI DIRECT ErPECTCBIDEI 
CD 2 - R2 DIRECT EPPECTIR2DE) 
CD 3 - FORWARD P U S PEBTDRBftTIDB | P P P ) 
CD - • - ADJOIRT FLOS PERTORBATIOB (AFP) 
CD 5 - R1DE»R2DE»PPP 
CO f, - H1DE»S2DE»PFP*APP 
CD IZOB1 ( I ) LOVER DO LIBITEB POB ZOBE SORHATEJR 
CD U O B ? ( Q OPPRR DO LIBITER POR ZOBE SUB RATIO* 
CD I SCAT (11 SCATTERIBG ORDER SPECIPICATIOB 
CD I E . I S T C - SCATTERIBS ORDER 
CD GT. ISTC - SDR OVER ALL SCATTER IBS ORDERS 
C .̂ 

c 

CR ROLLEBITR DE5C8IPTIOB OP PARTIAL SET 
C 
CL (BOLP(I) , 1 = 1 , 1 1 ) 
C 
CC PRESEBT I P RPART.Cr.O 
C 
CB 11•HOLT 
C 
CB POBHAT(«H10D , 1 H » , 11A6 , 1H*J 

c 

c 

CR PARTIAL SEBSITIT ITT COEPPICIEBTS BT GBOOP 
C 
CL (PARTS(J) ,J*1 ,BGR0OP) 
C 
CC PRESEBT I f HPART.GT.O 
C 
CB B5ROIIP 
C 
CB rORHATfOHIID , 5 E 1 2 . « / ( 6 E 1 2 . « ) ) 
C 
CD PARTS SEBSITIYITT COEPPICIEBTS 
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APPENDIX B 

The FIDO Input System 
The FIDO input method is especially devised to allow the entering 

or modTfying of large data arrays with minimum effort. Special advantage 
is taken of patterns of repetition or symnetry 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-II 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 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 
locations could be changed by reading fn 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 illustrates a typical data field. The three subfields always 
comprise 2, 1, and 9 columns, respectively. 

Subfield Subfield Subfield 
1 2 I 1 I 1 I I I 1 

6 7 8 0 10 11 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 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 sample data sheet shown on page 19 
illustrates this input. 

In entering data, it is convenient to think of an "ind^x" 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 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 F9.0 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 N 3 in the following discussion. 



*"', !«*!*,?;: Sf;*q<!S? f 1 l?* |MWHWIBWS^^ja>)Mfl»^^ O M K H M U M 

N M , General Exanple of Fido Input Chargt. 
v. '' 

Dot* P O M 

lOeHTiriCATIOH REMARK* ( 0 0 NOT PUNCH) 
i 

. 1 . $ 

ta aa 

Begin the 1$ array, fixed-field, integral 
*» 

i i i i i i i i 1 

ta aa 

Enter 1. 
i t F i i i i i i i i 2 

ta aa 

Fil l array with 2. 
la* ^7 

i 2 , * 
ta aa 

Begin the 2* array, fixed-field, real. 
4 * 

1 , . , 2 , 3 , 4 , . i , ta aa Enter 1.234. 
- • < 1 . 2 , , , 3 , 4 , , , - , 1 1 1 1 1 1 _L,LjJL 

,1 .1 

t 
. S, - 1 , 2 , 3 , 4 , , , + , 0 , 2 

»a aa 

,, ,1 

>* T i i i i i l | 2 , 3 , 4 

»a aa 

ii ir i i i i i l | 2 , 3 , 4 

»a aa 

ii ir 

aa 
. , I . , i : , 7 

»a aa 

» 7.0 
at 

»a aa 

A blank field is always ignored. 
«t ,T »a aa Terminate this block. 
•« 

1 1 J | . _ , J I ,?„ | ° No entries may follow T on a card. 
- i 

3 , * 

it ao 

Begin 3* array, fixed-field real. 
- i t 

L 9 , I . . . . . . . , 0 

it ao 

1 Enter 0,1,2,3,4,5,6,7,8,9,10,10,10, 
at 3 ,R , i i . i . . 1 , 0 

it ao 

as real numbers. 

!!L * « • , 1 | 0 , S , , 1 , 0 , 
it ao 

1 Repeat 3* in free-i ield, skip 
4* 

1 1 , 1 , 2 , , , , , , , it ao to 11th entry, correct sequence to 
- 4> 

l i i i x I.3...I 0 > ----9,10,11,12. 
1 

4 • , * : , i , i . , , 4 , . , o , 

Ta ao 

Begin 4* array, free-field, real. 
ia 

2 , Q.Tl 

Ta ao 

Enter 1,2,3,4, 1,2,3,4, 1,2,3,4. 
aa 

. . t . . , , , . 

Ta ao 

End reading this array, remainder of array unchangei 
a* 

. T . i . , , , , 

Ta ao 

Terminate this block. 
4* 

Ta ao .' 
• 1 

» » • • • 1 4 j 0 ..__ _ _ __ 

X 
) 

R • R E P E A T I - INTERPOLATE S 'SKIP T • TERMINATE 
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A list of data operators and their effect on the array being input 
c 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 data entry in the third 
field is entered and multiplied by 10* *, where N t 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 Ni times. The 
pointer is advanced by Ni. 

"I" indicates linear interpolation. The data numerator, 1^, 
indicates the number of interpolated points to be supplied. The 
data entry in the third subfield is entered, followed by Nj 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 Hx + 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" is used to repeat sequences of numbers. The length of the 
sequence is given by the third subfield, N 3. The sequence of N 3 



IX-23 

entries is to be repeated N t times. The pointer is advanced by 
Ki*N 3. If either Hx or N 3 is 0, then a sequence of N x + H3 

is repeated one time only, and the pointer is advanced by Nj + N 3. 
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. 

"H" 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: 

1 2 3 2M2 
would be equivalent to: 

1 2 3 - 3 - 2 2 3 
This option is also useful in entering quadrature coefficients. 

"Z" causes Hi + N 3 locations to be set to 0. The pointer is 
advanced by N> + N 3. 

"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. When the trigger is on, each card image is listed 
as it is read. 

"S" indicates that the pointer is to skip Ni 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 Nj + 1 . 

"A" moves the pointer to the position N 3, 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 specifijd. 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 filled, 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 termination consists of a field having "T" in the second 
sub-field. All 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 placing an apostrophe 
('} in column 1. Then columns 2-80 will be Fisted, 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 tne 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 C«-e-» 
"$$" or " * * ' * ) . The blank third subfield required in fixed-field input 
is not required. For example: 31** indicates that array 31, a real-
data array, will follow in free-field format. 

Data fields may follow the array origin field immediately. The 
data field entries are identical to the fixed-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 f^rst and second subfield entries are used, no blanks 
may separate them, i.e., 24S, 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 1+4, 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 123456.789E07. 

(5) The Z entry must be of the form: 738Z, not Z738 or 738 Z. 
(6) The + or - data operators are not needed and are not available. 
(7) The Q, N, and M entries are restricted: 3Q4, 1N4, 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 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 t.ie data for the entire 
array must 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, th? remainder must be left blank. 

"V" has the same effect as "U" except that the format read in the 
last preceding "U" array is used. 
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ABSTRACr 

A description is given of the computer code CAVALIER, which provides 
a simple 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 for 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 coefficients 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) has 
2 been applied to several data-testing CSEWG benchmarks in order to 

determine, for calculated performance parameters, the uncertainties 
which result from uncertainties in nuclear data. Interface files for 3 multigroup sensitivity coefficients in SENPRO format are used herein, 
as well as multigroup cross-section covariance interface files which 4 use the COVERX format. These formats were developed according to the 
standards established by the Committee on Computer Codes Coordination 
(CCCC). The description of the COVERX format is given in Appendix A. 

In order to use the covariance information from computerized data 
fV ;t is necessary to have codes which can read such files as well 
a to solve the pertinent algorithms. This report documents two 
sue odes. The first, CAVALIER, is used to estimate the uncertainties 
in calculated neutronics parameters using sensitivity coefficients in 
3ENPR0 format and covariance data in COVERX format. The second, COVERT, 
is useful for converting a covariance file from binary to card image 
(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 result 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 SEHPRO file to determine 
the standard deviation for response R by the following equation: 

[(S.D.)R]2 - E ^ M [ | Sj.j (1) 
gV 

0 

where: S . is the relative sensitivity coefficient for response R 
to the cross section o ' of type i (denoting nuclide and 
reaction) in group g. This sensitivity is given by 

S

R = i _2!L { 2 ) 
gi R - i u ' 

(cov) **\ is the relative covariance of cross sections o 

and o Q i J . 

(S.D.) is the standard deviation of response R resulting 

from the uncertainties included in the sum. 

The input 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 
for reporting results from searches on one or more of the 
above parameters as described below. 

(3) The printer output data-set reference number (default value 6) , 
the SENPRO sensitivity f i le data-set reference number (default 
value 10), and the COVERX covariance f i le data-set reference 
number (default value 11). 
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(4) The binary sensitivity 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 reactio is of interest which are selected from 

the cuvariance matrix file witlcassociated warnings if a 
covariance is not found in the file. 

(4) Assemblies and responses of interest which are selected from 
the sensitivity file with associated warnings if a sensitivity 
is not found £rn the file. 

(5) The correlations included in the problem. 
(6) The resulting relative standard deviation (%) for each of 

the calculated performance oarameters of interest. 
(7) The contributions from covariances in 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 arr3y entered in FIDO system format. The 
FIDO system is described in ppendix B. Several stacked cases can be 
calculated in one run. The following input ii required for each case: 

one card (format 515): NB, N, LUNIT, MUNIT, IOUT 
sensitivity & covariance matrix identifiers: 5$$((INF0(I, J),I=1,9),J=1tN) 
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 f*le in 
SENPRO format (default value = 10). 

MUNIT = the data set reference number of the covariance file in 
COVERX format (default value » 11). 

IOUT • printer output data-set reference number (default value * 6). 
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INFO ( I , J ) 1*1,9 J=1,N, consists of nine identifiers for the 
sensitivity profile J . The nine identifiers in order are: 
IASB = the assembly identifier as i t appears in the f i l e or, 

i f the f i rs t IASB (=INF0(1,1)) is negative, searches are 
nade to include every assembly in the f i l e . (Assembly 
identifierr. were selected as reported in Ref. 2. Arbitrary 
numbers were chosen by the f i l e c.-eator in cases where 
assembly identification did not e*?st.) 

IRESP = 1,2,3,4,5 according as the response is multiplication 
factor k, breeding rat io, worth, reaction rate rat io, or 
some other type of response. I f the f i r s t IRESP (=IMF0(2,1)) 
is negative, a l l responses are included by the search. 

MATID = nuclide identification using ENDF assignments. 
MT = reaction identification using ENDF assignments 
HTRN = 1 ,2 ,3 , . . . an identification number chosen by the f i l e 

creator (presently arbitrary) to distinguish different 
reaction rate or worth responses (0 for IRESP=1). 

ITYPE, IZ0N1, IZ0N2, 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 2 3 8 U ( n , f ) , 
2 3 8 U ( n , Y ) , 2 3 9 P u ( h , f ) , 2 3 9 Pu(n ,y ) , 2 3 'Pu(v) including the correlation 
between 2 3 9 Pu(n , f ) and the 2 3 9 Pu(n,Y) cross sections. The calculated 
responses for this sample are multiplication factor (IRESP=1 and NTPN=0), 
central reaction rate ratios 2 8 c/"* 9 f (IRESP=l and NTRN=1), and ^ f / ^ f 
(IRESP=4 and NTRN=2) of the ZPR-6/7 assembly. (IASB»5 is the number 
ass^ned this assembly in the SENPRO f i l e reported in Ref. 2.) The relative 
standard deviation for the three responses using CAVALIER are: 

Assembly Response Standard Deviation (%) 
ZPR-6/7 k 3.57 
ZPR-6/7 2 8 c / ^ f 8.86 
ZPR-6/7 2 8 f / - g f ^gg 
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This sample problem uses the fast benchmarks for which sensitivities 
are T-rtri in Ref. 3 and the covariance matrices from the LMFBR Core 

4 
Physics Co/ariance Matrix Library. He assume these sensitivities and 
covariances are available in binary SENPRO and COVERX formats and reside 
on units having data set reference numbers 10 and 11. c 

The input, as will be shown below, can be stacked as three cases. 
The first searches through all the responses in the SENPRO file (since 
INF0(2,1) is negative) and calculates a standard deviation for each 
response found. In this example the ZPR-6/7 assembly was specifically 
selected and five MAT-HT pairs were specifically identified. 

The second of the three input cases finu. the standard deviations 
for all assemblies (INFO(l.l) is negative) and all responses (INF0(2,1) 
,-s negative) in the file, but five nuclide and reaction types (MAT-MT 
pairs) were specifically identified. 

The third input case calculates for al1 assemblies and responses in 
the SENPRO file, the standard deviations which result from errors in all 
nuclide reaction types residing in the COVERX file (tf is negative). 

The input data files are as follows: 
//GO.FT10F001 DD DSK=etc.,UNlT=VOL=etc. 
//G0.FT11F001 DD DSN=etc.,UNIT=VOL=etc. 

1 5 
5$$ 
12 -1 1262 18 5R0 12 1 1262 102 i!U/ 12 1 1264 18 5R0 
12 1 1264 102 5R0 12 1 ,^64 452 5R0 T 

1 5 
5$$ 
-:2 -1 1262 18 5R0 12 1 1262 102 5R0 12 1 1264 18 5R0 
12 1 1264 10? 5R0 12 1 1264 452 5R0 T 

1 -5 
5$$ 
-12 -1 7R0 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, such as those between the 2 3 9Pu(n,f) and 
the '^Pu(n,Y) cross sections in the 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 cova»-iance 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 

by the FORTRAN data-set reference number NIN (default value 20). 
(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, N06. 
NBE = 0 conversion is binary to card image. 

t 0 conversion is card image to binary. 
NIN = FORTRAN data-set reference number of the input 

cova~iance file to be converted (a zero or negative 
value is replaced by the default value of 20). 

NOUT = FORTR/N data-set reference number of the converted 
output file of covariances (a zero or negative value 
is replaced by a default value of 21). 

N06 = specifies the printer output FORTRAN data-set 
reference number and the type of edit - complete or 
reduced (a zero value of N06 is replaced by the 
default value of -6). 
N06 > 0 an edit of the entire file is formed on the 

unit with FORTRAN data-set reference number N06. 
N06 < 0 a reduced edit of the file is formed on the 

unit with FORTRAN data-set reference number -N06. 
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 output with data-set reference number 

specified by N06 (default value 6). 
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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 dummy file. 
//CO.FT20F001 DD UNIT=3330,VOL=SER=ZXOOOO,DISP=SHR, 
// DSN=JDD.COVERX.FICS.SPEC.VI.OCT2477 
//G0.FT21F001 DD DUMMY 
//G0.FT05F001 DD * 

(] 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 \ reduced edit of the COVERX 

file on unit 20. 
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APPENDIX A 

The Formal: fur Stdndard Interface File COVERX for 
Multigroup Cross-Section Covariance Matrices 

C 

( 
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C REVISED 1 1 / 0 1 / 7 7 
C 
CP COVERX 
CE THIS P I L E CONTAINS CROSS S E C T I O N S , 
C E STANDARD D E V I A T I O N S , AND 
CE »T DESIGNATION EITHER COTARIANCE, 
C E RELATIVE COVARIANCE, 
CE OS CORRELATION R A T R I C E S . 
C 
CE A PIL? SnCH AS THIS IS NEEDED BT ORNL - PORSS 
C 
C 

J. L. LUCIUS 

CS 
c— 

c 

CS PILE STRUCTURE 
CS 
CS PECORD TTPE - PRESENT IP 

CS PILE IDENTIFICATION ALWAYS 
CS *TLE CONTROL ALWAYS 
CS FILE DESCRIPTION NHOLL.GT.O 
CS - NEUTRON GRODP BOUNDARIES NNGRUP. GT.3 
CS GASBA GROUP BOUNDARIES NGGRUP.GT.O 
CS HAT - HT CONTROL ALWAYS 
C S * * • • • • • * * * . * • . ( R t ; p E H T poP ALL HATESIAL-
CS * REACTION TYPE PAI3S) 
CS * 1AT-ST CROSS SECTION AND ALWAYS 
CS * STANDAPD DEVIATIONS 
C s * • • • * • • • • » • • • • 
CS 
CS 
c s * * • * • » . . • • • » * « ( S p P E A T p 0 p A L L ^HTPICES) 
CS * HATRIX CONTROL ALWAYS 
CS • BLOCK CONTROL ALWAYS 
c s • • • • • • • • • • • • f R p p r ^ T p 0 S I L L BLOCKS) 
CS • * BATRIX DATA ALWAYS 

c 

CR FILE I D E N T I F I C A T I O N 
C 
CL HNASF, ( H U S E ( I ) , 1 = 1 , 2 > , I V E R S 
CW 1*3*«0LT 
C 
CB F0RHAT(11H OV COVER! , A 6 , 1 H « , 2 A 6 , 1 H * , I M 
CD HWAHE HOLLERITH F I L E WA*Z-COfER* CA6| 
CD HUSE HOLLERITH nSER I D E H T I F I C A T I O N ( A 6 ) 
CD IVERS P I L E VERSION ROBBER 
CD HOLT 1 - Aft I S SINGLE PRECISION WORD 
CD 2 ' A6 I S DODBLE PRECISION WORD 
c . 
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c 

CR PILE CONTROL 
C 
CL BGROUP.NSGRnp,KGGROP,NTYPE,NMP, BIT BIX, S ROLL 
C 
C» 7 
C 
CB POP"lAT(»H ID ,"»T6) 
C 
CD NGBOUP NONBER OF ENERGY GROUPS 
CD 1MGRIJP JIOHBER OP WEOTRON GROUPS 
CD HGGBnP 501HEP OP GAHHA GROnPS 
CD HTTPE ~TPE OP DATA 
CD 1 - COVABIAKCE IUTRIX, STANDARD 0E7TATI0M 
CD * - BELATITE COVARIANCS RATPIX, 
CD H~I.ATITE STANDABD DEVIATION 
CD 3 - CO.ELATION HATPIX, STASDAPD OETHTION 
CD N1HP NUHBEP OP 1AT - HT PAIRS 
CD NHTRIX NIJHBFR OP HATRICES 
CD NROLL N1BBER OF HOLLERITH WORDS I * DESCRIPTION 

CR FILE DESCPIPTIO:: 
C 
CL (WORDS(J) ,.l=1,H»«"OLL} 
CW HOLT*KHOLL 
C 
CB PORHAT(»H 2D , ".»• , 11 AG/ (11A6) ) 
C 
CD WORDS (J) HOLT.ERITH DESCRIPTION OP PILE 
C-

c 

CR NEUTRON GPOOP BOUNDARIES 
C 
CL (GPBI»(J) ,J=1,NNGRDPJ ,EN!1IN 
C 
CC PP».SENT IF NNGPtfP.GT.O 
CW NNGRTJPO 
C 
CB PORflATfttH ID , SE12.tt /CiK12. ») ) 
CD GPBH(J) NAXI«fJ« ENERGT POIND OF NE'JTRON GPO0?(J; (SV) 
CD ENBIN HINI1UH EWSRGT OP NEUTRON ENE8GY RANGE 
c 

c 

CR GAHfIA GRO'IP BOHNDAPIES 

CL (GPBGfJ) , J = 1,NGGPT;P) ,EGHIN 
C 
CC PRESENT IF NGGRUP.GT.O 
CW NGGRHP 1 
C 
CS PORBATfttH OD , « > E 1 2 . « / ( 6 E 1 2 . U)) 
CD GPBG(T) BAXIWrjH ENERGY POIND Of GAHNA GROrfP(.T) (SV> 
CD EGffIN HINIBHH ENERGY OP GAK1A ENERGY RANGE 
c 
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CB BAT - HT CORTBOL 

CL (HATID(I) , S T I D ( I ) ,RWGTfl) ,1=1,BBNP| 
C 
C» 3*BHHP 
C 
CB POR«AT(4H 5D , 1 1 1 6 / ( 1 2 1 6 1 ) 
C 
CD RATIO ( I ) BA7ERIAL IDEBTIPICATIOR M71BFB 
CD HTID(I) REACTION TTPE IDEHTTPICATina R7HBSB 
CD RWGTfl) CROSS SECTIOB WEI3HTTBG OPTIOB 
CD 1 - COBSTART 
CD 2 - 1/E 
CD 3 - THERMAL * 1/E » PISSIOW 
CD « - ARBITRARY 
CD 5 - CORBIRED CTS CRP5 
c 

CB SVTERIAL - PEACTION TTPE CROSS SECTIONS 
CB ABD ERROR PILES 
CL (CRS(J) , .=1 ,NGPO0P) , (EB5OP(J) , J = 1 ,N<;SO^! 
C» 2"HCROnF 
C 
CB rORHATdH 6D , • > 5 1 2 . » / ( 6 E 1 2 . ») ) 
C 
CD CRS CROSS SECTION 
CD ERRO? STANDAPD DEVIATION 
c i _ . 

CB HATPIX CONTROL 
CL rtAT1,HT1,HAT2,nT2,NBLOK 
CW 5 
C 
CB FOR« , 7(«H 7D , 5 1 6 ) 
C 
CD HAT1 MATERIAL 1 IDENTIFICATION *"»N 1BEK 
CD B»1 REACTION TYPE 1 IDENTIFICATION NaiBER 
CD HAT2 BATHIAL 2 IDENTIFICATION TUBEP 
CD H?2 REACTION TTPE 2 TOENTIPJCA riON N'JIRER 
CD BBLOK RtllbER OP BLOCKS INTO WHICH HATRIX If? S(f 3!»IV IDEO 

CB BLOCK CONTROL 
CL (JBAND(J) , I J J ( J ) .JslfW.ROTP) , (L^PP(H) ,N=1 ,NBLOK| 
C 
CB 2*NGPOOP •NPLOK 
C 
CB POR*AT(«H HO , 1 1 1 6 / ( 1 2 1 * ) ) 
C 
CD JBAND(J) BANDWIDTH FOR GPO'»P J 
CD IJJ(J) POSITION OP DIAGONAL ELEHE1T FOR P.R51P J 
CD LGRP(S) 30HBEP OP GROUPS IB 5L0CK(1») 



( 
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c f 

CB HA^IX DATA 
CL (COVfK) rr-1,KBAX> 
c - ; 
CC KHAX=S0I1 OTEB JBAID(J) FOR ALL J IB BLOCK R 
C» KltAX - t 
C - ! 
CB FORK AT(«H «>D , 5 E 1 2 . * / f 6 R 1 2 . « | ) 
C 
CD COT *TTPE BAT BIX T>ATA 
c 

coer 

l 
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APPENDIX B 

The FIDO Input System 
The FIDO input method is especially devised to allow tUe 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-II 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 program. A group of one or more arrays read 
witn 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 pach other, 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 d3ta 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 illustrates a typical data field. The three subfields always 
comprise 2, 1, and 9 columns, respectively. 

Subfield Subfield Subfield 
1 2 I 3 I I I I I 

6 7 8 9 10 11 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 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 untiJ the required nunber 
of entries has been accounted for. A sauple 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 entry 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 pofiter. 

A data f*erd has the following form: 
Subfield 1: The data numerator, an integer < 100. Me refer to this 

entry as Nj 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 if 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 N 3 in the following discussion. 



*M<f^':<»*'»W^ 

M M Ganwml Ex—pie off Pido Input _0tf«_ 

IMNTIPICATWM RIMANKt ( 0 0 NOT PUNCH) 

Begin the lj array, fixed-field, integral 
Enter 1. 
Pill array with 2. 
Begin the 2* array, fixed-field, real. 

•• Enter 1.234, 
I, I „„i i„ J ,1 .0 

7,0 
A blank field is always ignored. 
Terminate this block. 
No entries may follow T on a card. 
Begin 3» array, fixed-field real. 
Enter 0,1,2.3.4,5.6.7,8,9,10,10,10. 
as real nunbers. 
?;-*at 3» in free-field, skip 
to Alth entry, correct sequence to 

•9,10,11,12. 

w 

Begin 4* array, free-field, real. 
Enter 1,2,3,4, 1,2,3,4, 1,2,3,4. 
End reading this array; remainder of array unchangsi 
Terminate this block. 

•i 
• ' • • • 

• . MPIAT I - INTIRPOLATt S • SKIP T • TtftMIMATS 



X-20 

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 data entry in the third 
field is entered and multiplied by 10" *, where N x 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 Ni times. The 
pointer is advanced by Ni. 

"I" indicates linear interpolation. The data numerator, Ni, 
indicates the number of interpolated points to be supplied. The 
data entry in the third subfield is entered, followed by Ht 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 Hi + 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 L 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" is used to repeat sequences of numbers. The length of the 
sequence is g^ven by the third subfield, N 3. The i^quence of N 3 
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entries is to be repeated Ni tines. The pointer is advanced by 
N!*N 3. If either Hx or N 3 is 0, then a sequence of Nj + N 3 

is repeated one tine only, and the pointer is advanced by Ni + N 3 

This feature is especially valuable for geonetry specification. 

The "rr option has the sane effect as "Q", except that the order 
of the sequence is reversed each t ;ne it is entered. This is 
valuable for the type of symmetry possessed by quadrature 
coefficients. 

"M* has the sane effect as "N" except that the sign of each 
entry in the sequence is reversed each tine the sequence is 
entered. For example, the entries: 

1 2 3 2M2 
would be equivalent to: 

1 2 3 - 3 - 2 2 3 
This option is also useful in entering quadrature coefficients. 

"Z" causes Nj + N 3 locations to be set to 0. The pointer is 
advanced by Nj + N 3. 

"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 chanacd. 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 t 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 Ni + 1. 

"A" moves the pointer to the position N 3, 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 natter 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 
origin field is supplied, or when the block is terminated. If an incor­
rect number of positions has b»»en filled, an error edit is given, and a 
flag is set which will later at<or'. 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 termination consists of a field having "T" in the second 
sub-field. All 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 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 sliqhtly 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 1s still applicable to free-
field Input, but If no entry for a field 1s 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 subfi^ld required in fixed-field iGput 
is not required. For example: 31**" indicates that array 31, a real-
data array, will follow in free-field format 

Data fields nay follow the array origin field immediately. The 
data field entries are identical to tte fixed-field entries with the 
following restrictions: 

(1) Any number of blanks nay separate fields, but at least one 
blank lust follow a tf.ini subfield entry if one is used. 

(2) If both first and second subfield entries are used, no blanks 
•ay separate then, i.e., 24S, but not 24 S. 

(3) Number; written with exponents mist not have imbedded blanks, 
i.e., .01+4, 1.0E4, 1.0+4, or even H 4 , but not 1.0 E4. 

(4) In third-subfield data nntries, only 9 digits, including the 
decimal but not includir.'-, the expment field, can be used, i.e., 
123456.89E07, but not 123s56.789E)7. 

(5) The Z entry must be of the form: V38Z, not Z738 or 738 Z. 
(6) The + or - data operators are not needed and are not available. 
(7) The Q, N, and M entries are restricted: 3Q4, 1N4, or M4, but 

not 4Q, 4N, or 4H. 
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 TORMAT 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 must 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. 

"V" has the same effect as "IT except that the format read in the 
last preceding "IT array is used. 
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CHAPTER XI. THE COVERX SERVICE KDDULE OF THE FORSS SYSTEM* 
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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 pf.ths 
provide the following operations on COVERX file(s): 

1. List the contents of a COVERX file. 

2. Allow adding new multigroup cross-section covariance matrices 
to an existing COVERX file. 

3. Allow deletion of multigroup covariance matrices from an 
existing COVERX file. 

4. Merge two COVER, files and creates a new file. 

5. Change the mode of a file from unformatted to formatted and 
conversely. 

6. Allow modification cf the records contained in a COVERX file. 

7. Selectively edits or copies a file. 

v 



I. INTRODUCTION 

Multigroup cross-section covariance matrices are created using the 
PUFF ccvariance file processing code* and placed on a proposed CCCC^ file, 
C0VERX.3 Each covariance matrix is identified by the matrix control 
record of the COVERX file. The material and reaction type identification 
numbers are the MAT and MT numbers used in the ENDF/B* files. Libraries** 
of multigroup matrices in COVERX format are currently available through the 
Engineering Physics Information Center (EPIC) at Oak 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 utilizing 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 reccmended 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 quickly corrected by the COVERX service 
module. At present, the module lias seven execution paths which perform the 
following tasks: 

1. Lists the contents of a COVERX file. 
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, ADO, DELETE, FERGE, 
CONVERT, FIX, EDIT. Additional FIDO 6 input requirements are described for 
each execution path. 

II. COVERX FILE EXECUTION PATHS 

A. List 

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. 

T 

B. Add 

This execution path allows multigroup cross-section covariance 

matrices to be added by creating a new f i l e from the card input. The 

existing and newly created f i les are then merged producing a new COVERX 

f i l e . 

Input Data 

ADD 

1$$ Integer Parameters [4] 
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NOLD - Unit number of existing COVERX file 

NADD - The number of coven'ance matrices to be added 

NEW - Unit nunber of new COVERX file 

NSSS - Unit number of a scratch device (default = 3 1 ) 

T 

2$$ Integer Parameters [4]. The MATRIX CONTROL record of the COVERX 

file. 

MAT1 - Material 1 ID 

MT1 - Reaction type 1 ID 

MAT2 - Material 2 ID 

MT2 c- Reaction type 2 ID 

T 

3** Floating 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),J=1,NG) 

CRS - Cross sections (from E„,„ - E - J 
* max mm' 

T 

[The 3** card is omitted i f (MAT1.NE.MAT2.0R.MT1.NE.MT2)] 

4$$ Integer Parameters [NG*2+1]. The BUCK CONTROL record of the 

COVERX f i l e . 

Block control = (JBAND(J),IJJ(J),J=1,NG),(LGRP(N),N=1,NBL0K) 

For simplicity in creating the block control record of a covarlance 

matrix, let NG equal the number of groups of the existing COVERX f i l e and 

let NBL0K«1. The current version of FORSS7 requires that NBL0K-1. 
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Then: the 4$$ card for a three-group problem with NBL0K=1 would be: 

4$$ 3 1 3 2 3 3 3 

OR: using the improved FIDO 

4$$ 0 1 [NG-1]Q2 Al [NG] 1 1§ [NG-1]Q2 OS [NG] 

This is especially useful i f matrices are large. 

5** Floating Point Parameters [MG*HG]. The WTRIX DATA record of the 

COVERX FILE. I f the preceding scheme for blocking is exercised, 

then the entire matrix can be input in one block. 

COV - Matrix data (input by col.) 

T 

The 2$$, 3**, 4$S, and 5** sequence is repeated until NADO entries 

are complete. 

C. Delete 

This execution path allows multigroup cross-section covariance 

matrices to be deleted from a COVERX f i l e . 

Input Data 

DELETE 

1$$ Integer Parameters [3] 

NBIN - Unit number of existing C0VE n v file 

NEW - Unit number of new COVERX file 

NDEL - The number of covariances to be deleted 
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2$$ Integer Parameters [4*NDEL]. The MATRIX CONTROL record of the 
COVERX FILE. 
MAT! - Material I ID 
MT1 - Reaction type 1 ID 
MAT2 - Material 2 ID 
MT2 - Reaction type 2 ID 

Sequence is repeated for each covariance to be deleted 

T 

D. Merge 

This execution path merges two existing COVERX files and creates a 
third file. 

Input Data 
MERGE 
1$$ Integer Parameters [3] 

Nl - Unit number of original COVERX file 
If identical matrix control records are encountered on both the 
original files (Nl) and the file to be merged (N2), the matrix 
found on unit (N2) is written on unit (N3), and the matrix found 
on unit (Nl) is skipped. 
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E. Format Conversion 

This execution path implements features of the COVERT8 code which con­

verts the COVERX f i l e from unformatted (binary) to formatted card images 

and conversely, and also l ists a COVERX f i l e . 

CONVERT 

1$$ Integer Parameters [4] c 

NBE - Select conversion mode 
= 0, unformatted to formatted 
t 0, formatted to unformatted-

NIN - Unit number of existing COVERX file (DEFAULT = 23) 
MOUT - Unit number of COVERX file to be prepared by COVERT 

(DEFAULT = 24) 
N06 - Print option 

> 0, file is printed on unit N06 
<_ 0, reduced file edit on unit (N06| 

1 

F. Record Modification 

This execution path allcvs modification to toe records contained in a 

COVERX f i l e . FIX modifies only those covariances which have been selected 

by previously using EDIT and updates the existing COVFRX f i l e by using 

MERGE. 

Input Data 

FIX 

1$$ Integer r'*rameter [5] 
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NOLO - Unit number of existing COVERX file 
> 0, complete listing 
< 0, reduced listing 

NEW - Unit number of new COVERX file 
NFIX - Nun&er of covariance matrices to be reparied 
NHOL - Modify file description record 

= 0, file description record net modified 
4 0, prepare 2## card 

NSSS - Unit number of a scratch device (default = 31} 
T 
2## Doubled Precision Parameters [200(A6) words max.]. The FILE 

DESCRIPTION record of the COVERX file (omit if NHOL = 0). 
NUNIT - Unit number Mhere Hollerith description of file is input 
NH - Number of (A6) words in Hollerith description 
Then: using the improved FIDO 

[NUNIT]G[NH] 6H(12A6) 6Hbbbbbb E T (b = blank) 
would allow NH (A6) words to be input from unit NUNIT. 

3$$ Integer Parameters [8] 
NMAT1 - Material 1 ID 
NMT1 - Reaction type 1 10 
NMAT2 - 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 modification 

t 0, prepare 5$$ card 

NBLK - Modify block control record 

= , no modification 

t 0, prepare 6$$ card 

NCOV - Modify matrix data record 

< 0, switch rows and coitions 

= 0, no modification 

> 0, prepare 7** card 

T 

4** Floating Point Parameters [ N 6 ] . The MATERIAL-REACTION TYPE CROSS 

SECTIONS record of the COVERX f i l e (omit i f NCRS = 0 ) . NG is the 

number of groups of the existing COVERX f i l e . The standard 

deviations are automatically calculated by the code. 

(CRS(J),J=1,NG) 

CRS - Cross sections (from E n a x - E m j n ) 

T 

5$S Integer Parame'ers [ 4 ] . The MATRIX CONTROL record of the COVERX 

f i l e (omit i f NMT = 0) . 

MAT1 - Material 1 ID 

KT1 - Reaction type 1 ID 

MAT2 - Material 2 ID 

MT2 - Reaction type 2 ID 

6$$ Integer Parameters [NG*2+1]. The BLOCK CONTROL record of the 

COVERX f i l e (omit i f NBLK • 0). 
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Block control = (JBAND(J),IJJ(J),J=l,NG),(LGRP(M},M=l,l«LOIC) 

JBAND(J) - Band for group (J) 

IJJ(J) - Position of diagonal element for group (J) 

LGRP(N) - Number of groups In block (N) 

For simplicity In creating the block control record of a covarlancc 

matrix, let NG equal the number of groups of the existing COVERX f i l e and 

let NBLOK = 1. The current version of FORSS requires that NBLOK = 1 . 

Then: the b$$ card for a three-group problem with NBLOK = 1 would be: 

6$$ 3 I 3 2 3 3 3 

OR: using the Improved FIDO 

6$$ 0 1 [NG-1]Q2 Al 1NG] 1 13 [NG-1]Q2 09 [NG] 

This Is especially useful I f matrices are large. 

7** Floating Point Para-ecers [NG*NG]. The WTRIX DATA record of the 

COVERX f i l e (omit i f NCOV = 0) . I f the preceding scheme for 

blocking is exercised, then the entire matrix can be input in one 

block. 

COV - Matrix data (input by col.) 

T 

The 3$$ through 7** sequence i f repeated until NFIX entries are 

complete. 

G. File Edit/Copy 

This execution path permits selective l ist ing and copying of a COVERX 

f i l e . Each multigroup cross-section covariance matrix 1n a COVERX f i l e Is 

Identified by the COVERX matrix control record. This record contains five 
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nunbers: Material 1 (MATl), reaction type I (MT1), Material 2 (MAT2), 

reaction type 2 (MT2), and the number of blocks into which natrix is sub­

divided (not used as input). Correlations between Material-reaction types 

are extracted from the COVERX f i l e using HAT1, HT1 as the f i rs t Material-

reaction type (column designation), and HAT2, MT2 the second material-

reaction type (row designation). 

As each covariance natrix is read from the COVERX f i l e , its f i rst four 

identifiers are conpared with the corresponding identifiers in each edit 

coanand. I f equality is found between al l of the identifiers in an edit 

command and the corresponding identifiers from the Matrix control record of 

the COVERX f i l e , the multigroup cross-section covariance matrix qualifies 

for the edit/copy operation. 

Input Data 

EDIT 

1$$ Integer Parameters [ 4 j 

NBIN - Unit number of existing COVERX f i l e 

> 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 (default * 31) 
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2$$ Integer Paraneters [4*NC] 
MAT1 - Material 1 ID 
MT1 - Reaction type 1 ID 
HAT2 - Material 2 ID 
MT2 - Reaction type 2 ID 

Complete NC edit conands 
T 
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C * * * * * * • • * * * • * * • * • * * * * • * * * * * * * • * * * * * • * * * * * * * • • * • * * * * * * * • * * • * * • • * * * • * * • * < 
c 
C 
CP 
CE 
CE 
CE 
CB 
CE 
C 
CE 
C 
C 
c 

REVISED 1 1 / 0 1 / 7 7 

COVER! 
THIS PILE CORTAIRS CROSS SECTIORS. 
STARDARD DEVIATIONS, AHD 
PT DBSIGRATIOS EITHER COVARIARCB, 
RELATIVE COVARIARCB, 
OR CORRELATIOR HATRICES. 

A PIL? SUCH AS THIS IS REEDED BT OBRL - PORSS 

J . L. tO-TIDS 

C — 
CS 
C"S 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
CS 
C — 

PILE STS0CT1RB 

RECORD TTPB 

PILE IDERTIPICATIOR 
*ILE CORTROL 
TILE DESCRIPTIOR 
REDTROR GROUP BOUNDARIES 
GAKHA GRODP BOORDAPIBS 
BUT - BT CORTROL 

**************(BKPEAT POB ALL RATBRIAL-
* RBACTIOR TTPB PAI9S) 
* RAT-HT CROSS SECTIOR ARD 
* STARDAPD DEVIATIONS 

**«*»**•*•*•** (REPEAT POR ALL BATPIC»S) 
* HATRIX CORTROL 
* MOCK CORTROL 
* ***********(REPEAT POB ALL BLOCKS! 
* * HAT7IX DATA 

PBESBRT I P 

ALfATS 
ALVATS 
RHOLL.GT.O 
RRGRnP. GT.O 
RGGROP.GT.O 
ALBATS 

ALIfATS 

ALWATS 
ALWAYS 

ALVATS 

C- -
CR 
C 
CL 
Cf 
C 
CB 
CD 
CO 
CD 
CD 
CD 
C — 

PILE IDERTIPICATIOR 

HRAftE,4.HOS.?(I) ,1*1,2),IVERS 
1*3*H0IT 

P0RRAT(11H OV COVER! , A 6 , 1 H » , 2 » 6 , 1 H * , I 6 ) 
HVASE HOLLERITH PILE RARE-COVER! (A6) 
HOSE HOLLERITH OSER IDERTIPICATIOR (A6) 
IVERS PILE VERSIOR ROHBER 
HOLT 1 - A6 I S SXRGLE PRECISIOR WORD 

2 - 16 IS 0OCBLE PBECI5I0R WORD 
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c— 
CB 
C 
CL 
C 
CB 
C 
CB 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

fILB CORTBOL 

•GROUP. NNGRUP, RGGROP, RTYPE, BHHP, NSTBIX, RROLL 

7 

FORNAT(«R 1D , 7 1 6 ) 

•GROUP 
RNGBOP 
NGGRUP 
RTTPB 

NSRP 
RHTRIX 
HHOLL 

ROBBER OP ERBRGT GROUPS 
ROBBER OP RBOTBOR GROUPS 
ROBBER OP GAHHA GROUPS 
TTPE OP DATA 

1 - COVARIAHCE HATRIX, STANDARD DEVIATION 
2 - RELATIVE C07ARIARCB RATRIX, 

RELATIVE STANDARD DEVIATION 
T - CORRELATION MATRIX, STANDARD DEVIATION 

BOBBER OP 1AT - NT PAIRS 
ROBBER OP MATRICES 
NOBBER OP HOLLERITH WORDS IN DESCRIPTION 

CB 
C 
CL 
CB 
C 
CB 
C 
CD 
C — 

FILE DESCPIPTION 

(WORDS (J) , .1= 1 , NHOLL) 
HULT*NHOLL 

POBBAT(»H 2D , 1H*, 11 A 6 / ( 1 Ufi) ) 

WORDS(J) HOLLERITH DESCPIPTION OP PILE 

C — 
CR 
C 
CL 
C 
CC 
CB 
c 
CB 
CD 
CD 
C — 

NEOTRON GROUP BOUNDARIES 

(GPBfT(J) ,J=1,NNGRUP) ,ENNIN 

PPBSENT IP NNGRUfc'.GT.O 
NNGRUP*1 

P0RHA7(«H 3D , 5 6 1 2 . 4 / ( 6 8 1 2 . ft) ) 
GPBN(J) BAXIHOH ENERGT BOUND OP NEUTRON GROUP (J) (BV) 
ENRIR NININUH ENBRG1 OP NEOTRON ENERGT RANGE 

C — 
CR 

CL 
C 
CC 
CB 
C 
CB 
CO 
CD 

GANHA GROUP BOUNDARIES 

(GPBG(J),J*1,NGGRUP),EGHIN 

PRESENT IP NGGROP.GT.O 
RGGROP»1 

PORN AT («H «D , 5 E 1 2 . f t / ( 6 E 1 2 . « » ) 
GPBG(J) BAXIHOR ENERGT BOUND OF GABHA GROUP(J) (BV) 
ECBIN BINIBOH ERBRGT OF GAHNA ENERGT RANGE 

C 
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CI 
c 
CL 

cw 
c 
CB 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C — 

HAf - HT CONTROL 

(HATID(I) . H T I D ( I ) ,HWGT(I) ,I=1,NHHP) 

3 * MRP 

FORHAT(ftK 5D , 1 1 1 6 / ( 1 2 1 6 ) ) 

HATID(T) MATERIAL IDENTIFICATION NlflBER 
BTID(I) REACTION TTPE IDENTIFICATION N7HBER 
HWGT(I) CBOSS SECTION WEIGHTING OPTION 

1 - CONSTAUT 
2 - 1/E 
3 - THERMAL • 1/E • FISSION 
ft - ARBITRARY 
5 - COHBINED CTS CRBR 

CR 
CB 
CL 
C» 
c 
CB 
c 
CD 
CD 

HATBRIAL - REACTION TTPE CBOSS SECTIONS 
AND ERROR PILES 

(CRS(J) , J = 1 ,NGPOCP) , (ERROR (J) rJ=1,NGROT?) 
2*HGROf?P 

FORHATflH 6D , 5 S 1 2 . « / ( 6 E 1 2 . U ) ) 

CRS 
ERROR 

CROSS SECTION 
STANDARD DEVIATION 

CB 
CL 
CR 
C 
CB 
C 
CD 
CD 
CD 
CD 
CD 
C — 

NATBIX CONTROL 
HAT1,HT1,HAT2,NT2,NBL0K 
5 

FOB«AT(»H 7D , 5 1 6 ) 

HAT1 
HT1 
HAT2 
HT2 
NBLOK 

MATERIAL 1 IDENTIFICATION NfllBEB 
REACTION TYPE 1 IDENTIFICATION N01BER 
HATERIAL 2 IDENTIFICATION N7HBEP 
REACTION TTPE 2 IDENTIFICATION N01BER 
NMBEB OF BLOCKS INTO WHICH HATBIX IS SUBDIVIDE!) 

CB 
CL 
C 
Cf 
C 
CB 
c 
CD 
CD 
CD 
C — 

BLOCK CONTBOL 
(JBAND(J) , I J J ( J ) ,J»1,NGROTJP) , (LGRP(N) ,N=1 ,NBLOK) 

2*NGBO0P •NBLOK 

P0RNAT(«H «D , 1 1 1 6 / ( 1 2 1 6 ) ) 

JBAND(J) BANDWIDTH FOB GROUP J 
I J J ( J ) POSITION OF DIAGONAL ELEMENT FOB GB3f?P J 
LGKP(N) RUBBER OF GROUPS IN BLOCK(II) 
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c 
CR HATBIX DAT* 
CL (COT(K) ,K=1 r K!UX) 
C 
CC KHAX = SQ!1 OTBR JBAIDfJ) FOR ALL J I S 3LOCK R 
C» KKAX 
C 
CB POB.1AT(«H «»D , 5 E 1 2 . * / ( 6 « » 1 2 . * ) ) 

C 
CD COT JTTPE MATRIX f>ATA 
C 

COEf 
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APPENDIX B. 

Sample Problem 

The following sample input and output problem utilizes the seven execu­

tion paths available in the COVERX Service Module. The user should be 

aware that although all the execution paths are utilized in the sample 

problem, the input parameters may vary depending on the user's require­

ments. 

A description of the input to the sample problem follows: 

1. CONVERT - The formatted card image COVERX f i le residing on unit 24 

is converted to a binary f i le on unit 32, and the 

resulting f i le is listed using the reduced f i le edit 

option. 

2. EDIT - The 2 3 5 U(n, f ) covariance matrix is extracted from the 

binary COVERX f i le and copied to unit 33 creating a new 

COVERX f i le containing one covariance matrix. The output 

for EDIT gives a complete listing of the COVERX f i l e . 

3. FIX - The 2 35u(n,f) covariance data residing on unit 33 is 

changed as follows: 

The Hollerith description of the fi le is modified 

(2##), 

The cross sections were modified (4**), 

The matrix control record was modified renaming the 
2 3 5 U(n, f ) covariance data (5$$), 

The block control record was modified (6$$), and 

The covariance data was modified (7**). 
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The output of FIX resides on unit 34, and a complete 
listing of the input plus all modifications is given. 

4. EDIT - Three additional covariance matrices were extracted from 
unit 32 and copied to unit 35. 

5. MERGE - The COVERX file residing on unit 35 and the one residing 
on unit 34 are merged to produce a single COVERX file on 
unit 33 containing four covariance matrices. 

6. DELETE - The covariance matrix indicated in the 2$$ array is 
deleted from unit 33, and the remaining covariances are 
placed on unit 34. 

7. ADD - A new covariance indicated in the 2$$ array was added to 
the COVERX file residing on unit 34 with inclusion of the 
Block control record (4$$) and covariance data (5**). 
This produced a new COVERX file on unit 33. 

8. LIST - The entire COVERX file residing on unit 33 was listed. 
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APPENDIX B.l. Job Control Cards for Local Use and Sample Input 
for the COVERX Service Nodule 

/VJDOP0002 JCE ( 1 8 0 7 ? ) . ' J OKISCHt.FR. 6 0 2 5 * 
• • •CLASS C F U « l = l O S . I C = 0 2 . 0 . P = 2 7 0 K 
/VST=P1 EXEC FCPTHLC.£»«=*.LKEO=*NC»«AF,NOLIST* .RFGlON«GO=270K 
••LKEC.C0VEPX CC UNIT=3320.VCL=SEP=ZX0000.DISP=SHR. 
// OSN=JDD.J»*.2teO.CCV?RX.SeRVlCF 
/ • /LKED.SYSIN CC » 

INCLUDE CCVEPX 
/ * 
/VGO.FT24F001 CD UN IT=5PTA.C ISF= (SHR.CATLG) . VCL = • 
// CCR= (RECF*=Fe.LRECL=80*eLK«; ! 7 E = 3 I 2 0 ) . 
ff S P A C E = I T R K . < ? 0 . 2 0 ) . R L S E ) . 
• • DSN=T.JDC1C075.TE»F1.JAN 1780 
• • G C . ^ T 3 1 F 0 0 1 OD U N I T = S Y S O * . S P * C E = f T R K . ( 0 1 0 . 0 1 0 1 I . 
// OCB=(RECFI»=VBST,LRECL = X.BLKSlZ€=31201 
X /GO.FT32F001 CO UN IT = SYSDA ,SPACE=(TRK, (010 .010>» 
// DC6=(RFCF»=VPST.LPECL = X.FLICSIZE=3120) 
/ / •GO.FT33F001 00 U N n = SYSCA,SPACEs(TRIC«(010.OlOI 1. 
• • CCB=(RECFI»sVBST.LPECl. = X.ec»C<?IZE=31201 
/ • G O . F T 3 4 F 0 0 1 CO UN IT=SYSCA,SPACE=CTRK.(010.0I0»»> 
// OCB=(RECF»=VBST,Li:ECL = X.I?LKSIZe=3120» 
/VGO.FT35F001 CO UN IT = SYSOA.S»ACE- (TRK. (010 .010)> 
// DCB=(RECF*=VBST.LRECL=X.BLKSIZE=3120I 
/ / G O . F T 4 1 F 0 0 1 CC UNII=SVSOA, 
f/ SPACF = CTCIC. (05 .0E»1 . 
• / OCB=(RECFf=FB.LRECl. = 8 0 . e L K S I Z F = 32O0) 
• / •G«".FT42F00l CC UNIT=SYSDA. 
• / SPACE=(TRK. (05 ,0e>> . 
// OCB=(RECF» = Fe.LRECL = , 30.ELteSIze=3200) 
/ / G O . F T 0 5 F 0 0 1 CC * 
CONVERT 
O 
1*» I 24 32 0 
EOIT 
\%\ 32 1 33 f T 
2 S f 1261 IB I i f c l 18 T 
F I X 
1S< 33 34 1 i 0 T 
20* 
£64 6H(12A6> «|- E T 
THIS IS A SAfFtE PRCELEM 
3ss i 2 6 i i e i 2 e i i e i i 1 1 T 
4»4 F I . O T 
5 * f 1266 i e 1266 18 
6 * S 0 I 502 M 6 1 18 SC2 02 6 
7#4 1Z 3S 3Z 25 3Z 3£ 3Z 2S 3Z 3S 3Z 3S 2Z T 
EDIT 
1»« 32 3 35 0 T 
2 * t 
1262 18 126? H 
1264 18 1264 1C 
1262 18 1264 16 
T 
MERGE 
I f f 35 34 33 T 
DELETE 
l f S 23 34 1 T 
2 9 * 1262 18 1Z64 18 T 
ADO 
I f S 34 1 33 0 T 
Z%% 1261 4 5 2 1266 4 5 2 T 
4 * « 0 I 502 # 1 6 1 l « 502 <» 6 
5 0 * F 1 . 3 3 2 2 5 - S T 
L I S T 
1»» 33 T 
/ • 
• / 
I H C 0 0 2 I STCP 0 

http://OKISCHt.FR
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APfZNOIX B.2. Sample Output for the COVERX Service Module 
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I 

t 
S 

t 
u m «• c > « -~ I c» tn 

l > 
G 
V7 

o 
r» v u 
*- o 
z > V 
aw — « # * • 

ff -*< c 
c c • 

f 

! 

Ul 
> 
z 
o 

u — 

a — 

z 

s ua 
1 1 0 
ou. 
ft! IV 
k , x n r« 

> !U> — 
7 aoz O O U } 
u zu 
• o—>-
• Ci t z 
• « o*>u 

a •' •> j 

»- u i v — » 
»- ft V 
n VI * mt « i V I 
J mm i t l U " 
It a JZS 
01 *• «.< z • • » . i 
£ m •»« — ** —« « • «>z a >Ou. 

z w-
c U.Z — 
m* a w n 
* u—a 
3 • w.-
U « Oft) 
u. a •uc i 
X a >m 
k- « Z 1 J 
X * »» l^tfl** 

a • » O i . u a 
w a > I U C 
(J - z u *« 

— J I f 
bi n x o *• 
J — k. 

c u 
k. • - O X 

< r> — 
» « T •" — — — — — — — . - - » — « — — - . — — - # — — — — « 
y — n »-
2 w • < 
< • u - * 
» n z 
e<r < t> 
+ tt.'i~ « <>fvcicCN«ii«i<i«i i«>-n>n«M«:( i i f i iWii (uf«<»Mfa W MnsM«i( .> 
» c c o - r o — « o ( i n - r r « r r o - r n « ' a o o r r < i o r > ( i o z 
Oik •* • *- « « « « «r «. « « * «r——4r4t* . .4r « « * < 
u > • ; — 

• a o n a 
2 u e*o < 
0 - 1 ° *• i -»••—<>:««f«ct4}fv(iif'jf<.Ai<iini««tfi4B«4r «*rfR49«>g'43434>49> 
. . z a e iu^C4>« . w 4 * « 4 ? * 4 ' 4 » « 4 > 4 9 ^ « e « 0 ««4*%4.«^4/404»«?«>o 
• - B 3 •>0<»niAin>1K<»IH(VfV ' l»<«K«>AlWa>«l< l l< l ( f l l«CM<VMMW*><«m( l t«kU vu a n o — • • » • — — • — • • ' • — — • - » ' • " — * • - « • » - « — w* *• o x « " o o «c 
l t < K •* t C N I « C S " l l l l « l « f « l - N > l « l « C a i l « N t « n « « l « l « N > * W I I 

iriki a o — < , . o - - « » « i r - « i « ' r i < i * i o - r « i r - » o - * « i < i o i i - » o > 
« t> «n « — * • • « « — « « « • — » » « — » * — o 
c c u y 
i u z e * u o a s i 
orb. ir •oi>-niiviviv<v<i>WNAi«'igmiv«<Ki«iu<v<>'iuAi«t<«<i>w*>iuwikW«i^ 
» ,> — » • _ . , „ - » „ . — „ . « — „ ^ - _ _ . „ — _ « , - _ » 
> c k. *> a 
cu • *> kj 

> C C 0 » O U 0 C 0 0 D 0 C C O 0 O 0 C O 0 C C « 3 C 0 O 0 C O 0 O O 0 0 O « . 
h . e ' " ^ ^ * » * * r » r » M * - * » * N * .» • • • • • -»» •» M W » * . »»»* .» p. fw#*p*p* p. » „ ^ | * # * J w u 
X • ». . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . o . . . . . . . . . . . . . . . . . . . . . . . . . . . z • 
ii. . • • « • i k r , t « i r > s r e * * i ' > « i « ^ t v o < ' i » n f i > c ^ > v > , ' i « > i o 
c • • • • *»—~———~—*-~—f*mi» n,niM<viv&***'•?**• # k> . . . » a . . 
* . ' • • • • a 
. . . . . . . * . . . . . . . . . . . • . . . . • . . . . • • . . . • • » » u 

C . . . . C b O L U l U U U U C O U U O C O O O U O U U O O O O J U C C O * W 
B , . . . . zzzzzzzzzzzzzzzzxzzzzztfzzzzzzzzx* 

. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >. 
^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J « . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . w » . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . # 3 
# f | • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. 
S 0 r . . . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . . . . « • «t 
# c » » »> • • • • • • • » • • • » . • • • • • • » • » • • • » • » • • • » # n 
t U » • »• « • • • « • • • » • • » • • » » • • » » » • • • » • • • • • • » # Mi 
w * m ** . . • . » » . • • » • . . . • . • • • . . . • • . • • . . # • • # v 
• B . . |ft u u u u b f U l f U U U U U b U I W U U U t f b U U U b U U U U U U U v W 
• • • « m . g . i i i i i . K i i t i i . i l ( i m i . i M t i i i K a . i t J 
• Z O • u Q O V O O V O O O P b B O O b O O O O p O O O O O O u O O O O O * *> 
# U > • ^ U V V U U V l ' V W V U V V U U U V U V V V U V V V V V V V V V I 
• » 0 • 3 Wk ll'tt-wli u .axuub.ui t .uuf t .wk.k 'krk i l ik i f t i luk . f t .k . ivuklk , * Z 
9w~uz u i g » m g > i t i i t i i m i u i i K > t i i t i i i ( t « i t •> 
K k U •- • k> 
• U H — . J ' J ^ J J J . ^ ' . J J J J J , J V ^ ' J < I M ' . ^ J J J * " 
a * * »- b t i / u u b b u u u i / u b u w u t i u u w v u u u u u u u u u u u u t 
• u->n 3 B B U K U I I K u t t i . i i i i i t i t . a u a s a a v a a B B u a a r. 
• ^ U w U k K K ^ I - ^ h ^ p ^ K P ^ » - ^ ^ ^ ^ ^ l > ^ ^ ^ ^ N ^ ^ ^ » ^ ^ K 9 < 
I r l a S Z Z { 2 Z Z Z Z I I Z Z Z Z I I 2 Z I J Z Z Z ^ 2 . Z | Z Z I Z * X • z«-u o o u u u c o o C o o o c a e u o c o u o o o o Q o e u o o o e o * 
• «•<!/> v u v v i k i ^ u v v v v u u b u v v u v i ; v u v v w i / v u v v v u * v 
• COu. Z • J 
t - U O U KKKXKXXKXXMXKKXKKKXK KKKKKKKKKKKKB — a > _ _ ^ _ « — « „ „ — • - » — — — „ - - — _ _ _ — _ _ - » « t 

a«wu. >- > t i i s i i > t t a b > t . a i t i g ; J t t a i t t i ( i i i t 
• m i z K i i f f f i i l t i i r i t f f i f f i J i i l f f f t f i * •-

http://Oi.ua
http://Kiitii.il
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Q 
UJ 

o t» 
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« o - « • * * » • • w « • - o < e o o o e • » e » i M i i • ( • 
« • «* ^ k W K t t l 

o o * o o o ^ k. «* k W K t t l 
o o * o o mr O z e 
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c 

£ S i 
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I I I . FIX OUTPUT 

cov in* e x e i b i t o P A T * s r U C i f o . . . M * 

I t ABOAY <i C K T R I t t BF«C 

I t t 33 3« I I 0 T 

© t 

a* »»RAV roo P M O I H HMD 

CG« 6 M I I 4 6 ) 6X r: T 

OT I 

I K r r u . e r s t «v * i t * r i .F >«0OO ecu*. N r r o e i 
*««•>• | M U t l l 1 I NC> I 

» U » I f S CCVP»KCRM - "Cfc!« i 

0« 

« • AARAV 

6 FK»«M«S ap»n 

A rMmes «i»r 

i » j 

stt i«6i ia iaoi i t i i i i T 

« • • M . O T 

I 

8 

01 

%t AfcfiAV 

f t ARRAY 

4 f h T B I M BMC 

-is fKTnirs ne»c 

St* 1866 IS 1866 16 
6 * 1 0 I 9Q2 AI 6 I I • 9>a M t. 

T»* I I SS I I JS 31 38 3I ?« 31 39 3I !9 31 T 



I I I . FIX OUTPUT (cont 'd . ) 

OT 
' i i f C C N ' D C I « t o r i i « 

F IuF O F S C G | f 1 | r N 
THIS IS * 5*»PV€ F K f P t " * 

bQGAJP flOUfciC'FIFS 
2.O00OC 57 3 . F T « 0 e Of » .?5?0 - 9h « .«?oj<; OS I . H 3 ? 0 « J * ».J<J70f I 04 

»4«T-»JT CC*.T*Cl 
12t>6 1ft « 

"? .oooo > oV 'oe F i 5o '83o i oF 80 uftoofto 1'- o o N r . o 8 o 3 S ? 00 V ? O O O O O F 00 i . o o o o o r oo j , 
0 . 0 0 . 0 

M41RIX C ( M K l 

PLCCK CONIPCl 
* I e 2 ft a 
* * t 

B F L 4 T I W F C C V 4 D I 4 N C C »AT«MK 
0.0 0 .0 0.0 0.0 0 .0 0 .0 
3 .94 I90E-04 S.49400F-04 l .?4000f -04 1.39900F-04 «.56'.OOE-03 0 .0 
I . * A I 9 0 O C - 0 4 ; . ? 4 0 C O F - 0 4 T . I T ? O O C - 0 4 s.f-Joooe-04 Z . 2 4 ? O O F - 0 4 o.o 
4.24000F-0? I.*1<«900F-04 * ) .e3«00 r -04 T.S0I00F-04 3.40600F-04 2.60«00?-04 
0.0 0.0 0.0 0.0 0 .0 0 .0 
0.0 0.0 0.0 0.0 0.0 0.0 



IV . EDIT OUTPUT 

f O y " » e x ? C l i 1 U N «>*1V SM ?CTS">.« . c O JT 

I t IDKtY 4 SME1FS t«»T 

0T 

IN " 1 I T , C f t f * V » l l » P l = ?900<» CORP NfEllEC 181 

I I * 3 ? 3 3 & 0 T 

\it>2 It l.?t. .•> I« 
126 4 I f 1 2 * 4 IB 
l ? 6 ? i e ISO4 l » 
3 

? t < n p « V | ? * M B I « S B * « r 

OT 

»?«.? i n »?F? \e i?rt \ i ^^^4 i« uft« \p uft* IB ' 
>: 

M i l I i". r f » r » X C « M . - ' ! ! ( « « I 
F i i r ccKTRri. t *• o a l e 3> u 

F I L f O E S C B I f l l C N 
M « S I C N SPFCTOUM fCVAOIANCr K4TPIK I I R B 4 P V ( G f O I V * WEIGHTING) . 

«0f Ot l . ^ J O * Oft 4 . W 9 0 F 0*> I . H 3 2 0 K 0» 4 . 0 8 T 0 E 04 
I.OOOOE-O* 

K4T-MT C C * l » C l 
l?6 2 I * I l i M 14 4 

MAT • NT T t P t CROSS SF.CTIOS AND STANOARO DEVIATIONS 
6 . 4 3?00f -C I 4 . 7 0 2 0 0 F - 0 I I . 3 3 3 0 0 F - 0 2 1 . 0 4 4 0 0 E - 0 4 4 .43SOOP-03 7 . 0 I 9 0 0 F - 0 5 3 . I 2 0 0 0 C - 0 ? S . 4 9 I O 0 C - O J J . 3 9 0 0 0 * - 0 2 3 . I 4 6 0 0 C - 0 C 
r .aioooc-o? i.OTioof oo 
\ . A 2 A 0 0 t 00 1.9QA04E 00 l . f » ' 0 0 F 00 l . * ? 3 0 0 F 00 t . f * . 3 0 0 F 00 l . « « 7 Q 0 F 00 3 . 0O700P.-02 » . : ? 8 0 0 « - 0 2 2 . 7 3 1 0 0 8 - 0 2 . ' • M f 0 0 e - 0 > 
? « 7 7 3 0 0 € - 0 ? 3 . 4 0 0 0 0 E - 0 ? 

M4TB1I C t M f t l 
I?*. J II l?62 \n \ 

ro 

BLOCK CCNTKCl I b ? 6 
e * t 



IV. EDIT OUTPUT (cont d.) 

RELATIVE COVARIAl.CE M T R I X 
9 . 7 3 8 0 0 6 - 0 4 4 . I 4 7 0 0 E - 0 * 2 .1960OE-O4 5 . 1 9 7 0 J E - 0 3 - 3 . 9 1 8 0 0 E - 0 6 - 3 • 3 * 7 0 0 6 - 0 7 
4 . I 4 7 0 0 E - 0 4 C . 0 0 9 0 0 E - 0 4 3 .94 100E-04 1 . B 6 0 0 0 E - 0 4 6 . 2 3 0 0 0 6 - 0 9 2 . 9 4 7 0 0 E - 0 7 
-.19800E-04 3 . 9 4 1 0 0 8 - 0 4 6 . 7 0 9 0 0 E - Q 4 2 . 8 7 0 0 0 E - 0 4 8 . 1 7 8 0 0 8 - 0 3 - 6 . 0 7 9 0 0 6 - 0 7 

1 9 7 0 0 8 - 0 8 1 . 8 6 0 0 0 F - 0 * . 2 . 8 7 0 0 0 F - 0 4 9 . 8 9 & 0 0 E - 0 4 | . | 6 8 0 0 e - 0 3 2 . 2 6 7 0 0 8 - 0 4 
- S . 4 I 9 0 0 E - 0 C 6 . 2 3 0 0 0 F - 0 3 2 . 1 7 8 0 0 8 - 0 3 1 . 1 6 8 0 0 E - 0 3 6 . I 1 6 0 0 E - 0 3 6 . 4 6 2 0 0 E - 0 4 
- 3 . 3 4 7 0 0 E - 0 T 2 . S 4 7 0 0 F - 0 7 - 6 . 0 T 9 0 0 F - 0 7 2 . 2 6 7 0 0 E - 0 4 6 .46.";00e-04 1 . 1 4 6 0 0 S 00 
MATRIX CCNTSCl 

12«2 H 1264 18 

Bl"CK CCMTRjL 
C 

RELATIVE CO VARIANCE K A T M I X 
9 . S 0 4 0 0 E - 0 4 : . 9 4 1 0 0 8 - 0 4 1 . 9 I 9 0 0 » - 0 4 4 . 2 9 9 0 0 8 - 0 9 8 . 1 4 9 0 0 E - 0 6 
3 . 9 4 I 0 0 F - 0 4 5 . 4 8 4 0 0 F - 0 4 3 . 2 4 0 0 0 F - 0 4 I . 5 9 9 0 0 8 - 0 4 4 . 3 6 9 0 0 8 - 0 3 
1 . S 1 9 0 0 E - 0 4 3 * 2 4 0 0 0 8 - 0 4 7 . 1 T 3 0 0 8 - O 4 3 . 6 3 9 0 0 8 - 0 4 2 . 2 4 7 0 0 E - 0 * 
4 . 2 9 9 0 0 E - 0 9 I . S 9 9 0 0 F - 0 * S . 6 3 9 0 0 " - 0 4 7 . 9 0 1 0 0 E - 0 4 3 . 9 0 6 0 0 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
2 . 6 0 9 0 0 8 - 0 4 

8 . 1 4 9 0 0 F - 0 * 4 . 5 6 9 0 0 8 - 0 3 2 . 2 4 7 0 0 E - 0 4 3 . 9 0 6 0 0 8 - 0 4 7 . 2 6 2 0 0 8 - 0 4 3 . 4 0 3 0 0 8 - 0 * 
0 . 0 0 - 0 0 . 0 2 . 6 0 9 0 0 8 - 0 4 3 . 4 0 3 0 0 F - 0 4 1 . 0 8 2 0 0 8 - 0 3 

MATRIX CCKTCCL 
126 4 

BLCCK CONTRCl 
« 
e 

;« 1264 

RELATIVE CCVAR1ANCF M T P t X 
9 .S91OOE-04 4 . O 0 S 0 0 F - 0 4 1 . 3 3 9 0 0 8 * 
4 .OOS00E-04 5 . 6 3 7 0 0 8 - 0 4 3 .217Q0E-
1 . S S 9 0 0 E - 0 4 3 . 3 1 7 0 0 E - 0 4 7 . 4 9 7 0 0 E -
4 . 4 6 0 0 0 8 - 0 * 1 . 6 3 0 0 0 8 - 0 4 3 . 8 0 4 0 0 ' -
7 .994OOE-0C 4 . 8 8 0 0 0 8 - 0 3 2 . 3 4 800E-
2 . 2 6 9 O O E - 0 7 - 7 . 6 8 8 0 0 E - 0 7 8 . 0 8 2 0 0 E -

>04 4 . 4 6 0 0 0 8 -
04 l . 6 3 8 0 0 e -
'04 3 . 8 0 4 0 0 8 -
.04 8 . 0 7 4 0 0 8 . 
04 4 . 0 0 9 0 0 e -
07 2 . 6 2 2 0 0 8 -

18 

2 

03 7 .994008< 
04 4 . 8 8 0 0 0 8 ' 
0 * 2 . 3 4 8 0 0 8 
04 4 . 0 0 9 0 0 E 
04 7 . 6 8 7 0 0 e 
04 9 . 3 7 2 0 0 E 

•06 2 . 2 8 9 0 0 S - 0 7 
• O S - 7 . 8 8 8 0 0 F - 0 7 
•04 9 . 0 8 2 0 0 E - 0 7 
•04 2 . 6 2 8 0 0 8 - 0 4 
•04 3 . 3 7 2 0 0 E - 0 4 
•04 1 . 1 3 6 0 0 8 - 0 3 

http://COVARIAl.CE


V. MERGE OUTPUT 

COVERX EXECUT1CN PAT*- S F L C C T E C . . . MERG 
M * 3 5 3 4 3 3 T 

I S ARRAY 3 E M R I = S R E * C 
x 
• -< 

IN FKEB6, CCRE AVAIt*eL« 25000 CORK NEEOEC 190 
MERGE 3 5 24 32 

I PC 6 6 0 2 a 3 I I 

JFC 6 6 0 2 1 1 4 
1 5 6 2 1C 4 1 2 6 4 16 4 1 2 6 6 1 8 4 



^ 

If* 33 34 I T 

VI. DELETE OUTPUT 

COVEPX EXECUTICN FATH SEL?CT?C... CELF 

l« ARRAY 3 ENTRIES RE*H 

OT 
IN P P F L i CCCE A V A I I A F L F ??<JOO CO" 1 ; N E E 0 E 3 1 1 4 X 

2 1 * 12C2 13 1 2 6 4 Ifl T 7' 
U> 

? * ARRAY 4 F t ^ B I E S G C » P VI 

OT 

NB1N= 33 r«EW= 34 NC = 1 
1262 IP 1264 IS 

***** OELETeC **••* MATRIX CCNTROL RECORD... NO. 2. 1262 ie 1264 1* 
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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 gives the minimum variance esti­
mates x' of experimentally determined quantities x e 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 c 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 e = P,'(x c-x e) 

where P. is a projection operator given by 

P, = BST(SBST)"1 S. 

The super-f indicates the transpose. 
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The covariance associated with these adjusted values x* is given by 

B- - (1-Pj) B (1-Pjj r 

= B " P I B - e c In application it is convenient to partition the matrices x , x , B, and 
S into submatrices; x', Pi, and B' are also partitioned accordingly. 

x e = [x e x* . . . x e ] Y 
T 

x c = C*a *B . . x C l 
Y 

S = t S a S B " s ] 
YJ 

B =< 

ota 

Ba 

VB 

aB 
B es 

aY 

YY 
The partitions and the form of S can be chosen so that S is the 

ct 
negative of a unit matrix. This form is assumed in the code UNCOVER, and 
accordingly S is not required in the input. The remaining S g • S are Y then ordinary sensitivity coefficients. The code also assumes submatrices 

Accordingly the xf ••• x c are chosen to be equal to submatrices x? ••• x* 
P Y P 
input only requires the first submatrix of its difference ( x~ _ x C) S 1 n c e 
the other partitioned submatrices have zero differences. 

The chi-square of the adjustment is given by 

= (x'-x e) T B" 1 (x'-xe) 
= ( x c - x e ) T S T (SBS T) _ 1 X(xc-xe) 
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and components of x 2 are found from 

*ae = ^ ^ ^(SBS 7)" 1 S y ^ C S ^ S B S 1 ) - 1 S(x C-x e)] a 

These components sum to x 2-

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 partition­
ing of the sensitivity coefficient matrix into (NP-l)xNC submatrices. This 
partitioning is defined by two 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*1 

Assembly Response Exp. Calc. W«* Std. Dev. (%) 

ZPR-6/7 k 1.000 0.9844 1.61 0.20 
26 f /*9 f 0.02421 0.02344 3.32 1.78 
2 8 c / u 9 f 0.1406 0.1524 -7.57 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 f /*9 f 1.058 1.014O 4.37 1.32 
28f/'*9f 0.0300 0.0288 4.17 1.33 

"c/^f 0.1230 0.1311 -5.96 1.46 

a This data was provided by ANL (R. HcKnight and P. Co l l ins) . 

Y f = (Exp - (Calc + Bias))/Calc where bias designates known correc­
t ions , e . g . , homogeneous to heterogeneous, 1-D to 2-D, etc. 

UNCOVER uses the container Mock concept for data storage: a l l data 
i s stored in a single block and base addresses are provided which point to 
the star t ing locations of sublets or arrays of da:a wi th in the container 
block. UNCOVER creates these base addresses and stores them in the OSS 
array. 

The improved FIDO routine is used to input data into the various arrays 
of the container block. The features of th is rout ine, as described in 
Chapter I I permit considerable f l e x i b i l i t y in the preparation of input 
data. The @ feature, which allows modif icat ion j f data already in memory, 
and the capabi l i ty to d i rect the acquisi t ion of d3ta from external storage 
devices as well as from the card input stream are par t icu lar ly useful . 

The input of both the sens i t i v i ty matrix and the extended covariance 
matrix is by submatrix. The (NP-1)*NC submatrices of the sens i t i v i t y matrix 
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are entered through improved FIDO into the 22** array. UNCOVER provides 
several alternatives for entering the covariance submatrices. The f i rs t 
option (determined by IACSYM) is whether to enter all NPxNP submatrices 
of the symmetric covariance matrix or to apply symmetry and use the 
NP(NP+l)/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+l)/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$$ base 
address array and (2) the f i rs t word of the 23$$ 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 
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acceptable to UNCOVER. A description of the COVERS module is available 
in Chapter XIII. 

UNCOVER INPUT 

1$$ Integer parameters [10] 
1. NP - Order of the first partition specifying the number 

of submatrices along a row (or column) of the 
extended covariance matrix 

2. NC - Order of the second partition 1 for this version of 
the code 

3. IACSYM - Options for defining extended covariance matrix 
-1 input only lower triangle submatrices 
+1 input only upper triangle submatrices 
0 input all submatrices 

4. ICLROS - Options for ordering submatrices of the extended 
covariance matrix 
+1 order submatrices by column 
-1 order submatrices by row 

5. MB - Storage options 
2 all submatrices of extended covariance 

matrix to be in core 
>1000000 all submatrices are in 1/0 device 

MB/1000000 
6. MBB - Storage options 

0 all submatrices of adjusted extended 
covariance matrix to be in core 

>1000000 submatrices are to be on the 1/0 device 
MBB/1000000 

7. LC0M - Edit option 
0 Normal output 
1 Hordes of intermediate results for trouble 

shooting 
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8. IBCHK - Option to check*2 input covariance matrix B 
0 No ef fect 
1 Check is made 

9. IBBCHK - Option to check a output covarian'-2 matrix BB 
0 No ef fect 
1 Check is made 

10. IESENS - Option to calculate from sensitivities 
0 No effect 
>0 Integral experiment adjustments are calculated 

from sensitivities and cross section adjust­
ments 

|>2[ Uovariance of adjusted integral experiments 
calculated from sensitivities and from the 
covariances of adjusted cross sections 

2$$ First Partition Integer Parameters [NP] 
1. NIE - The number of integral experiments. 
2. 

The dimensioi 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: 
Integral experiment value - caVulated value 

Calculated Value 
T I 

aThe covariance matrix is checked for symmetry. Correlations are checked 
and a warning message is generated for each correlation with an absolute 
magnitude greater than one. 
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22** Relative Sens i t iv i ty Coefficients [SUM1*NIE], See COMMENTS ON THE 
22** CARD for de f in i t i on of SUM!. 

T 
0$$ Base Addresses [30] 

Modify base address number 26 according t( the memory required for 
covariance data. (Modify only i f d i f fe rent from that calculated 

by the code). 
24** Covariance Data 

Relative Covariances of integral experiments and other re la t ive 
covariance data which are not available on the external storage 
device(s) specified in the 23$$ array. 

23$$ Addresses and Indicators of the Extended Covariance 
Matrix [2*NP*NP] 
IADDR ( I ) , 1=1, NP 
IND(I), 1=1, NP (Enter only i f the storage option provided by MB 
is to bt> overridden.) 

Indicators are: 
0 - Null submatrix 
1 - Unit submatrix 

-1 - Negative uni t submatrix 
2 - Submatrix stored in address specified 

-2 - Transpose of submatrix stor td in address specif ied 
>10 6- Read submatrix from uni t and record designated and store in 

address specif ied 
<10 6- Read transpose from unit and record designated and store in 

address spe-.ified 
uni t number = |IND[/10 6 

record number = jIND( - (un i t number)*10& 

T 
27$$ NOMIT, (LIST(I ) , 1=1, NOMIT) 

,'OMIT - The number of integral experiments to be omitted in 
adjustment. NOMIT is preset to 0. 

LIST - A l i s t of integral experiment number., which are to be 
omitted from the adjustment (assuming the order con­
sistent with arrays 20, 22, and 24). 
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Note: If no integral experiments are to be omitted from the 
adjustment, the 27$$ card *"s not included in the input 
stream. 

T 

COMMENTS ON THE 22** CARD 

The first partition is made up of NP numbers, the first corresponds 
to the number of integral experiments and the rest give the dimensions 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 eyery 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+l)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-1 
such submatrices. The total number of sensitivity coefficients is NIE*SUM1 
is the sum of the LV(I). 

Note in the sample input the first card in the 22** array contains 
the fission spectrum temperature sensitivity coefficients for eight 
responses. This forms the first submatrix. (The fission spectrum 
temperature corresponds to a subnatrix 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/O 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 SUM is 547(=1+21*26). Unit 31 was prepared by the COVERS 
module which is discussed in Chapter XIII. 
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CWHENTS ON THE 0$$ ARRAY 

The 0$$ array contains the base address fo r the FIDO arrays used i n 
UNCOVER. The code correct ly calculates these base addresses under e i ther 
of two a'.sumptions: (1) a l l submatrices of the extended covarianc? matrix 
(hereafter referred to as the B array) are assigned storage in the memory 
(the 24** ar ray) , or (2) a l l submatrices are stored on an I/O device and 
are read in to the core (24** array) one submatrix a t a t ime. I f any sub-
matrices are declared to be zero or i f some are in core and some on an 
I/O device, then the length required for B-array core storage changes. 
This invalidates the precalculated 25$$ array base address which in the 
0$$ array follows the 24** array base address. The user must inser t the 
correct 25$$ array base address via input into the 0$$ array. 

Note that the base address of the 24** array i s stored i n posit ion 
25 of the 0$$ array, and that the base address of the 25$$ array is stored 
in posit ion 26. F i r s t , the base address of the 24** array is entered in to 
posit ion 26 of the 0$$ array by FIDO command A26 1Q1. In the sample 
problem the correct 25$$ array base address i s determined by using the 
improved FIDO command A26 1@741. This command causes the base address j us t 
put into posit ion 26 to be incremented by 741, which is the length required 
for B-array storage in the sample problem according to the par t i t ion ing 
and storage al locat ion used. For the sample problem, 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. NIE2 locations are reserved 
in memory for storage of the integral experiment covariances, one location 
is reserved in memory for the variance of the f iss ion spectrum temperature. 
IGM2 is the storage required to read from external storage the largest 
submatrix for the d i f fe ren t ia l experiments. The operation of UNCOVER is 
such that i t i s unnecessary to correct any base address i n the 0$$ array 
beyond posit ion 26. 
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COfWENTS ON THE 23$$ ARRAY 

According 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 base address assigned to them will be ignored. The 
total memory requirec' of the 2*.** array for storage and reading of the 
submatrices of the extended 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$$ array is made up of two sets of numbers, each set consisting 
of NPxNP numbers. The first NPxNP numbers of the 23$$ 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 address, that for the in te rna l l y stored f i ss ion 
spectrum variance, th is address is one less than the address for reading 
in external ly-stored submatrices. 

Recall that the extended covariance matrix for the sample input i s 
part i t ioned into 23x23 submatrices (NP=23). We now define the base 
address for reading i n the external ly stored submatrices. The FIDO 
command A2 1Q1 places the f i r s t address in to the second locat ion , to which 
the improved FIDO command 1@ A2 65 adds 65. (The addit ion of 65 provided 
space for the 8x8 integral experiment covariance matrix and the variance 
of the f iss ion spectrum temperature.) The second address is now the 
correct base address for reading in the external ly stored submatrices. 
The remaining 527 addresses are set to th is same address by the 0@ 527Q1 
command on the 23$$ card. At th is po in t , the base address for the tempera­
ture variance (submatrix number 25) is yet undefined. However, i t i s one 
less than the base address for reading the external ly-stored submatrices. 
This is indicated on the 23$$ input cards by the improved FIDO command 
1@-1. The fol lowing command 00 cancels the preceeding 1? command. This 
completed the def in i t ions of base addresses for the submatrices of the B 
matrix. 

The indicators for the subrnatrices of the B-matrix must now be entered 
into the 23$$ array s tar t ing in location 530 (af ter the f i r s t 23x23 base 
addresses). The f i r s t submatrix, the covariances of the integral exper i ­
ments, i s stored in core - i t was read by FIDO into the 24** array. Hence 
the indicator for the f i r s t submatrix is 2 as shown on the secord card for 
the 23$$ array. The next 23 submatrices are zero matrices (see Fig. 1) 
with 0 indicators. These are entered by the 23Z fol lowing 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 
fol lowing th is 23Z 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 wil l clarify 
others. 

The Integral Experiment Partition Partition 1 - ' 

Column 
Label on Output 

Listing 
1 (E/C-1) 

OLDU) 

2 (E-AJ/C 
NEW(S) 

3 ST.DEV. 
EXP.(%) 

4 ST.DEV. 
OLD CALC(%) 

5 ST.DEV. 
NEW ADJ.(S) 

experimental value _ , 
calculated value 

experimental value - adjusted value 
original calculated value 

uncertainties reported by the 
experimentalist 
uncertainty in calculated response due 
to uncertainties in the nuclear data 
(cross sections) 

standard deviation associated with the 
adjusted values. 

The results in output columns 6 - 9 are functions of the results in 
columns 1 - 5 as indicated below. 

6 EXP. CHANGE 
(IN S.D.'S) 

, CALC. CHANGE 
1 ( IN S.D.'S) 

Q S.D. RATIO 
b (ADJ./EXP) 

- 2 / 

1 . 2 
4 

5 / 3 
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I . I 7 e S 6 - 2 * . 3 6 S S I - 2 

O 
| » S 2 J I - I I 32OO0OO0 350O0OOO 
2 * 1 . e i 

2 If* 26 
3 » * 8 T 
2 0 * * 

• INTEGRAL. EXPERIMENT VAL.UCS 
1 . 6 1 1 2 4 - 2 3 . 3 1 6 1 1 - 2 - 7 . S 6 6 9 S - 2 9 . 1 5 2 6 1 - 3 

4 . 1 6 6 6 7 - 2 - 5 - 9 6 4 0 5 - 2 
I 
2 2 » » 

0 . 1 3 1 5 ZL 2 * * 0 . 1 3 1 S 3 2 
3 I G 2 O 0 9 3 I G 2 0 6 O 3 1 6 2 0 6 O 3 1 ( . 2 0 8 0 3 1 G 2 0 8 O 
3 I & 2 0 6 0 3 1 0 2 0 8 O 3 I G 2 U 8 O 3 I G 2 G S O 3 I C 2 0 8 O 
3 I G 2 0 8 O 3 1 G 2 0 6 O 3 1 G 2 0 6 O 31G20H O 3 I G 2 0 8 O 
3 I G 2 0 8 O 3 1 G 2 0 * O 31GZOS O 31s>c0fe O 3 1 G 2 0 6 O 
3 I G 2 0 6 O 

T 
<•/*•» A26 lOl A2t> ia 7*1 E 
2»*» 

/ CO VARIANCES OF INTEGRAL. EXPERIMENTS 
• . - 6 <*Z 3 . 1 7 - 4 1 . 4 6 - 4 2Z 3 . 9 9 - 5 S . 4 5 - 5 2 . 8 6 - 5 O 1 . 4 6 - 4 / X O V - 2 t 
6 . 6 5 - * 2Z 4 . 0 6 - S 3 . 7 S - 5 4 . 8 8 - 5 3 2 4 . - 6 4Z « 2 2 . 2 5 - 6 3Z ^ C O V - 2 3 
O 3 . 9 9 - 5 • . O b - 5 2 Z 1 . 7 * - * 5 . 4 4 - 5 S . 7 6 - 5 0 5 . 4 5 - 5 3 . 7 5 - 5 2 2 / X G V - 2 3 
5 . 4 4 - 5 1 . 7 7 - 4 6 . 0 2 - 5 O 2 . 6 6 - 5 *.*>fe-b 2 Z 5 . 7 6 - 5 6 . 0 2 - 5 2 . 1 3 - * / 'COV-2 * 

+ . 0 - * /VAR F 1 S S SPEC1 TEMP 
AI 3 > 6 4 R 4 . 

F 
.-?3*S A2 l O l IS A2 6 5 OS !>270l A25 

?• 23Z 2 23Z 
32OO0O02 ZZ 3 2 0 O O 0 O 3 32O0OO0* 

2 3 2 3 2 0 0 0 0 0 6 
1*Z - 3 2 O 0 O O O 2 

3 2 0 0 0 0 1 1 19Z 
2 2 3 2 0 0 0 0 1 3 
ZZ - 3 2 O O 0 O I O 

- 3 2 0 0 0 0 0 * ZZ 
320OOO17 172 

2 Z 3 2 0 0 0 0 1 * 

->r>OO00Ol 2Z 
16Z 3 2 0 0 0 0 0 5 

2 2 3 2 0 0 C 0 0 8 
2Z 3 2 O 0 O O I 0 

20Z - 3 2 0 0 0 0 0 7 
1*Z - 3 2 0 O 0 O O 3 

3 2 0 0 0 0 1 6 I S Z 
ZZ - 3 2 0 0 O 0 1 6 
ZZ - 3 2 0 0 0 0 1 * 

2 3 Z 32OOOO20 
3 2 0 0 0 0 2 * 
3 2 O O 0 0 2 . 
3 2 0 O 0 O 3 1 
3 2 0 O 0 0 3 5 
3 2 O O 0 0 3 9 
3 2 0 0 0 0 * I 
3 2 0 O 0 0 4 5 

- 3 2 O 0 0 0 3 3 
3 2 0 0 0 0 5 0 

2 3 Z 
3 2 0 0 O 0 2 5 
320O00<:9 
3 2 0 0 0 0 3 2 
3 2 0 0 0 U J 6 

I 3 Z - 3 2 0 0 0 0 2 3 

l a - I 0 3 A 5 3 0 

3 2 0 O O 0 O 3 
ZZ 3 2 0 O 0 0 O 7 
2Z 3 2 0 O 0 0 O 9 

320OO012 
2Z 320O001* 
ZZ 3 2 0 O 0 0 1 5 

- 3 2 0 O 0 0 I I 
-320OO0Ofc 

23Z 32OO00I9 
32O0OO2« 3200OO.12 32000023 

32000026 32000027 

320000*2 
320000*6 

- 3 2 0 0 0 0 * 1 
320OOG5I 

3 2 0 0 0 0 3 0 
3 2 0 0 0 0 3 3 
3 2 0 0 0 0 3 7 

- 3 2 0 0 0 0 3 2 
3 2 0 0 0 0 * 3 
320COO«7 
3 2 0 0 G O 4 6 
3 2 0 0 0 0 5 2 

I 3 2 - 3 2 0 O 0 O 2 2 
3 2 0 0 O O 3 * 
3 2 0 O O O 3 8 

3 2 0 0 0 0 * 0 
3 2 0 0 O 0 * * 

I3Z - 3 2 0 0 0 0 2 * 
3200OO49 
3200O053 

32000054 I3Z -320v0025 -32000034 -320000*2 
-3200>0*V 3^00O0bt> 32000056 32000057 

32OO0O58 32000059 32 000060 132 -32000026 
-320O0035 -320000*3 -32000050 -32000056 

32000061 3200O062 32000063 3200006* 
320O0U65 132 -3^00002 7 -32000036 -320000*4 

-32000051 -3200i>OS7 -32000062 32000066 
320O006 T 3Z00006& 32000O6V 132 -32000O28 

-J20«0037 - 3 2 0 0 0 0 * 5 -32000O52 -32000056 
-32000U63 -32000057 320000 70 32000071 

32OO0U72 132 -32000029 -32000O36 -32000046 
-320001*63 -3200005V -32000O64 -32000068 
-32000071 32000073 320000 7* 132 -32000030 
-3200003V -320000*7 -32000O5* -32000060 
-32000065 -32000069 -3?0000 72 -320J.007* 

32000075 
1 
1 

Fig, 2. List of Sample Irput 
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S.D. RATIO = , . . 
(ADJ./CALC) D ' * 

Part i t ion 2 . . . NP - The Nuclear Data Part i t ions 

, CHANGE adjusted value - old value „ l f i n 
1 (%) old value x 1 0 ° 

2 

3 

ST.DEV. _ standard deviation associated with 
0L0(%) ~ nuclear data 

ST.DEV. _ standard deviation associated with 
NEW(*) " adjusted nuclear data 

The results i n output columns 4 and 5 are functions of the results i n 

columns 1 , 2, and 3 as indicated below. 

CHANGE 
(IN S.D.'S) 

S.D. RATIO 
(NEW/OLD) 

= 1 / 2 

= 3 / 2 

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 avai lable. The container array size must be i n ­
creased or tne problem requirements reduced by par t i t i on ing . 

STOP - Statement i n sub rou t i ne COPYIT, see the p r i n t e d message on 
the output. 

STOP - Statement i n sub rou t i ne COPYIT, see the p r i n t e d message on 
the output. 

STOP 13579 - The statement is located in subroutine UNPART. The numter 

of par t i t ions 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 sensit ivity 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 XII should be reviewed before attempting ^o 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 the user should 

prepare input data directly for UNCOVER. When all or part of the required 

sensitivity and covariance data is on a SENPRO 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 consists of 

three data files: 1) an extract of the SENPRO file, 2) an extract of 

the COVERX file, and 3) a file containing all of the card images required 

to define an UNCOVER input case. However, there are cases when it is 

convenient to use the SENPRO and COVERX extract files, abandon the card 

image file, and prepare the card input stream directly in U?!C0VER. There 

are other cases when it is efficient to use the COVERS prepared input 

stream but modify it with card input directly in UNCOVER. 

II. INPUT PREPARATION FOR COVERS 

Before attempting to prepare input for COVERS, it is suggested that 

an extended covariance 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 subrratrix 

of the extended covariance matrix. Such data may be provided via the 
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the card input stream and/or obtained from SENr?0 and COVERX files. 

Realistic problems typically utilize data from both sources. COVERS 

input consists of Improved Fido Cards for the l$Z, 2$$, and 3$$ arrays 

which contain information used in COVERS computation and decision making. 

COVERS also reads three other types of data in the Hollerith 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 information, and the brief defini­

tions of each parameter ... the COVERS Inr>;t Data Description section 

should suffice with the exception of the ninth parameter, KRECT:. KRECT 

is a modifier for input data contained on the 3$$ cards and its jse will 

be described in the discuss-.on of the 3$$ cards. KRECT is a very useful 

input parameter, but it is also very dangerous. If improperly used, 

disaster is certain. The most prudent use of KRECT is to initially set 

its value to zero and lejve i": unchanged until the need for a chanqe is 

clearly demon' «,rated and understood. 

B. The COVERS 2$$ Card 

The info nation on this card is a list of the experiments included 

in the adjustment. 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). Thfs information, along 

with the material-reaction type identifiers provided on the 3$$ cards, 

identifies all of the sens-; "^vity profiles located on a SENPRO file to be 

used in the adjustment. 
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C. The COVERS 3SS Cards 

The 3$$ cards provide a transcription of the diagram in Fig. 1 of 

the extended covariance matrix into functional numerical nomenclature. 

F e 3$$ cards serve the following functions: 

1. Delineate the partitions included in the extended covariance 

matrix. 

2. Indicate the source of data for eacn stbmatrix of the extended 

covariance matrix. Recall that as used in this context, data 

is to be interpreted as sensitivity profiles and covariances. 

Two sources are available, the card input stream and the files 

(SENPRO, COVERX). 

3. Identify the cross correlations needed between material-reaction 

type pairs. The correlation ~>f a material-reaction type to 

itself is assumed. 

4. Coupled wich the 2$$ card, identify all sensitivity profiles 

to be used in the adjustment. 

5. Identify all of the covariances needed in the adjustment. 

In discussing preparation of the 3S$ 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). COVERS requires that all partitions requiring 

data from the card input stream be described before the partitions obtain­

ing data from the files. If the sensitivity data is provided via the 

card input stream so must be the covariance data and converse.^. Refer 
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its 2 3 24 31 32 33 23 6 FO T 
•rtt 12 1 0 12 4 2 12 4 1 21 I 0 
29 I 0 2:2 4 7 22 4 2 29 4 1 t 

3t* F«J I 
3tt Fl f 
Jtt 1261 18 FO T 
3*1 iCsl 102 FO I 
Jtt !2ol 452 FO T 
J* I 1262 la 3 FO T 
Jt* 12t>2 102 FO r ill 12o£ 452 5 FO T 
j t t 1264 18 3 6 FO T 
3*1 Ii.6* 102 3 6 9 FO T 
31* 126* '_ • 62 5 8 FO T 
jit !2o5 102 FO T 
Jtt 1276 2 FO T 
jtt 398 SI FO T 
3t* 39 b 52 I* FO T 
Jtt 3*6 S3 14 15 FO T 
jtt 398 54 14 15 16 FO T 
3tt 398 Si. 21 14 17 FO T 
3tt J98 56 31 14 18 FO T 
Jtt 348 S7 4t 14 19 FO r 3tt ?vb bOt> 51 14 20 FO T 
3tt 3«»6 559 61 14 21 FO T 
Jtt 39b 560 71 14 22 FO T 

/• INTtORAL EXPERIMENT VALUES 
1 . 6 1 1 2 4 - 2 3 . 3 1 6 1 1 - 2 - 7 . 5 6 8 9 5 - 2 9 . 1 5 2 6 1 - 3 1 . 1 7 8 5 6 - 2 4 . 3 6 5 5 1 - 2 

4 . 1 6 6 6 7 - 2 - 5 . 9 6 4 6 5 - 2 
IdLCNK CARD) 

0 . 1 3 1 5 22 2 R 0 . 1 3 I S 3Z 
(BLANK CARD) 

/ COVARIANCtS OF INTEGRAL EXPERIMENTS 
4 . - 6 62 3 . 1 7 - 4 1 . 4 6 - 4 2 2 3 . 9 9 - 5 5 . 4 5 - 5 2 . 8 6 - 5 O 1 . 4 6 - 4 / X P V - 2 I 
6 . 5 5 - 4 2Z 4 . 0 6 - 5 3 . 7 5 - 5 4 . 8 8 - 5 32 * . - o 4 / 42 2 . 2 5 - 6 3Z ~ / X 0 V - 2 3 
O 3 . ^ 9 - 5 4 . 0 6 - 5 2Z 1 . 7 4 - 4 S . 4 4 - 5 5 . 7 U - 5 O 5 . 4 5 - 5 3 . 7 5 - 5 2Z / C O V - 2 3 
5 . 4 4 - 5 1 . 7 7 - 4 b . 0 2 - 5 O i : . W . - 5 4 . O 0 - 5 £2 5 . 7 8 - 5 6 . 0 2 - 5 2 . 1 3 - 4 • C O V - 2 4 

4 . 0 - 4 /VAR F l & S Sf-'«1CT TLMP 
A I 3d o 4 R 4 . 

(BLANK. CARD) 

Fig. 2. Sample Input for a COVERS Case. 

to the diagram of the extended covariance matrix 'in Fig. I; in reading 

down 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 3S$ 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 3$$ card is 3SS F8 T. This card deals with the 

integral experiment partition which is unique in that no sensitivity 

coefficients are entered for the partition. UNCOVER generates the sensi­

tivity coefficients for the integral experiment partition internally. 

However a covariance matrix must be input for the integral experiment 

partition and the 3$$ F8 T card directs that 64 numbers, an 8 * 8 

covarirince matrix, be entered in the covariance block. In Fig. 2, the 
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second 3SS card content is 3$$ Fl T. This partition deals with the 

temperature associated with a fission spectrum. The first eight numbers 

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 block have been used for the 8 * <s 

covariance matrix associated with the integral experimert partition, 

bcsta for 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 establishes 

the correspondence. 

Now consider the content of the 3$$ 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 tyK, and 5) reaction rate ratio. 

Obviously items 2 and 5 are related and merely constitute a dual identifi­

cation of a response. Identification of covariances is simpler. Co-

variance matrices are not assembly and response dependent. They are 

identified by four integers material-reaction type correlated to the same 

n'.aterlal-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 3$$ 1261 18 FO T- The 1261 is 

the material identifier for " 3 U on both the SENPRO and COVERX files 

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 3$$ cards, the SENPRO file, and the COVERX 

file. The ENOF/B material-reaction type (MAT-MT) identifiers serve very 

effectively as identifiers in the adjustment process. With the assemblies 

and responses identified on the 2$$ cards and the material-reaction type 

identified on the 3$S cards, COVERS can search a SENPRO file for the 
235 sensitivity profiles for all assemblies and all responses to U fission. 

Also, COVERS can search a COVtRX file for the covariance of U fission 

correlated to itself. This process is now repeated for every partition 

of the extended covariance matrix. To further illustrate the preparation 

of 3$$ cards, consider the sixth partition of the extended covariance 

matrix. It is indicated that 28F is correlated to itself and cross 

correlated to 25F. Referring to the sixth 35$ card in Fig. 2, the 1262 
238 is the MAT number for 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 3$$ card. It may also be convenient to note in Fig. 1 that the 

X indicating the cross correlation is in colimn 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 parti Lions must precede the Dartitions 

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 should be incremented by one. Before discarding | 

all input and starting over, examine the 1S$ card, item 9, 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. 

III. 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 3 need 

to know any numerical values of this data and treats all of these cards 

as Hollerith information. However, the user must know how much and what 

information to prepare. A review of the UNCOVER input requirements in 

Chapter XII would be helpful, but all of the "how much" question is 

already answered in the preparation of the COVERS 15$, 2$$, and 3$S 

cards. 

A. Block 1, Tne Integral Experiment Data 

Enter one value (V) for each integral experiment: V = - .̂-~- -- - , 

where VM is the measured value of the experiment and VC is the calcu­

lated value of the experiment. Data must be entered in this block. End 

the bVock with a blank card. 

B. Block 2, The Card Input Stream Sensitivity Coefficients 

Excluding the 3$S card for the integral experiment partition, 

examine all of the 3SS cards relevant to partitions with sensitivity 

and covariance data being entered via the card input stream. In the 
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sample input shown in Fig. 2, this is one card 3$$ Fl T. From the 

seventh parameter on the 15$ card it is known that the problem includes 

eight integral experiments; therefore, 1 * 8 is the number of sensitivi­

ties to be entered in Block 2. This completes the Block 2 data entry 

for the sample input, but assume following the 3$$ Fl T card there was 

another 3$$ card with the content 3$$ F4 f. In this hypothetical case, 

the total number of sensitivities to be entered would be calculated as 

(1,'+ 4) * 8. The first eight entries correspond to the 3$$ card 

(3$$ Fl T) and the following 32 entries would correspond to the hypo­

thetical 3$S card (3$$ F4 T). The 32 entries must be defined in the 

following order four sensitivities for the first integral experiment, 

four sensitivities for the second integral experiment, etc,^, until 

fouf sensitivities have been entered for each of the eight integral 

experiments. If all sensitivity and covariance data were to be obtained 

from the files (SENPRO, COVERX), Block 2 would be empty. 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, note the 

first two 3$$ cards: 3$$ F8 T, 3$$ Fl T, The number of values to be 
2 2 entered in Block 3 is calculated as 8 + 1 . If all sensitivity and 

covariance data were to be 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. 
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IV. COVERS INPUT DATA description 

1$$ Inteyer parameters (12) 
1. IPRO - unit numer of SEMPRO file ^ -
2. ICOU - unit number of COVERX tile 
3." JAMS - unit number of data extracted from SENRPO 
4. JAHC - unit number of data extracted from COVERX 
5. JAMI - unit number of UNCOVER card image input stream 
6. NP - number of partitions in extended covariance matrix 
7. NRESP - number of responses (integral experiments) 
8. LCOM - edit option 

0 - normal output 
>0 - full output for troubleshooting 

9. KRECT - constant to be added to KN, see 3SS card, 
KRECT may be negative 

10. IBCHK - Option to check input covariance matrix 8 
0 - ho check 
1 - check 

11. IBBCHK - option to check*2 output covariance matrix BB 
0 - no check 
1 - check 

12. IESENS - option to calculate from sensitivities 
0 - no effect 

The ccvariance matrix is checked for symmetry. Correlations are 
checked and a warning message is generated for each correlation witu an 
absolute magnitude qreater than one. These checks have the potential 
for generating thojsands of lines of print. 
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- integral experiment adjustments calculated 
from sensitivities and cross section adjustments 

- covariance of adjusted integral experiments 
calculated from sensitivities and from the 
covariances of adj&sted cross sectior.s 

2$$ Integer parameters (3*NRESP) response description 
IASB - assembly identification 
IRESP - response identification 
NTRN - reaction rate ratio identification 

complete for all responses 
T 
The 3$$ card indicating data is to come from the card input stream alid 
has the following form: 
3$$ Integer parameters (100) 
F ND T 

The array is filled w:th the dimension (ND) associated with the 
experiment being described. On the first 3$$ card, N D J S equal to the 
number of integral experiments. On succeeding 3$$ cards, the associated 
dimension is typically the number of groups. In reference to a sensi­
tivity partition, it is the length of the vector. In reference to a 
covariance matrix, it is the order of the square matrix. 

>0 

!>2l 
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The 3$$ card indicating data is to come from SENRRO and COVERX 
files and has the following form: 
3$$ Integer parameters (100) 

HAT - material identification for the row 
MT - reaction type identification for the row 
KN - the partition column numbers of all nonzero covariance sub-

matrices in the row and to the left of the diagonal element 
FO - the FIDO fill with 0 option; this input is mandatory : 

T ' 
The following three types of data are card images which COVERS uses 

to prepare the 20**, 22**, and 24** arrays for UNCOVER. Note each type 
of data is terminated with a blank card. 
Block 1, Integral experiment data (NIE) 

For each integral experiment enter: 
Integral experiment value - calculated value 

calculated value 
End with a blank card. 
Block 2, Sensitivity 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 SENPRO file, COVERS indicates the profile 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 COVERS: ah extract of SENRPO, an 
extract of COVERX, and the card stream input for UNCOVER. 

VI. COVERS ERROR STOPS 

STOP 1 at least one 3$$ card did not end with 0, check 3$$ cards 
STOP 2 all 3$$ cards were filled with 0, COVERS has nothing 

to do, check 3$$ cards 
the container array is too small to accommodate 
the problem, reduce problem or increase the size 
of the container array 

( 
VII. COVERS RESOURCE UTILIZATION 

For the sample problem the container block size was 20,000 words, 
the problem loaded and executed in 180K bytes of core storage, execution 
timers five seconds on the IBM 360-91, 386 1/0 requests were made in 
the GO step. Two external storage units were required for the SENRPO 
and COVERX files, three external storage units were used for the SENRPO 
extracts, the COVERX extracts, and the UNCOVER card input stream. 

( 
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THE ADJUST MODULE 

I. INTRODUCTION 
The preparation of a functional, adjusted cross section set is a three 

step operation involving the UNCOVER module, the ADJUST module and the 
AMPX1 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 
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 adjustment made. 

A. Correspondence Between UNCOVER and the AMPX Master File 

A correspondence is established between each UNCOVER differential 
parameter (e.g., cross section) partition, and one or more material-
reaction types on an AMPX master file. Tne multiple correspondence is 
especially useful in the adjustment *** inelastic levels. UNCOVER produces, 
a file containing one record for ea-n differential partition in the UNCOVER 
run. Typically, each record contains the percent changes by energy grouD 
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 the appropriate energy 
ranges of the AMPX master. 

B. Adjustment of Fission Spectrum Parameters 

Unlike other reactions, the fission spectrum on the AMPX master is not 
mechanically adjusted by a multiplicative constant factor, but is rather 
replaced by recalculating group values based on modified parameters. 
UNCOVER produces percent changes to be applied to these parameters, which 
are passed to ADJUST which calculates a new fission spectrum and places it 
on the AMPX master. Both the Watt 2 and Maxwellian2 definitions of a 
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fission spectrum are available (although ENDF/B-V allows for energy depen­
dent parameters a and b , since in the AMPX master f i l e there is only one 
fission spectrum, only one set of parameters per material is handled): 

The Maxwellian fission spectrum 

f ( E + E . , = ^ e " E , ' « 

I is the normalization constant, 

I = a3/2 |V|L e r f ^ E . u ) / C ) - V(̂ U)7a e-(E-U)/a] 

u i* *•*" adjusted parameter input from a 4** card. 
U is a constant introduced to define the proper upper limit for 
the final neutron energy such that 0 < E' \ E - U. 

The Watt fission spectrum 
-V/a 

f(E-*E') = — j sinh ( bV) 

I is the normalization constant, 

• • i ^ « p (f) y(w -#)• - w • #)] 
-aexp (- (^) sinh (>/fc(FuT)\ 

a and b are adjusted parameters input from a 4** card 
'' 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 Constantsa and b at i MEV which were used to calculate the 
corresponding Watt spectrum on the AMPX master (see Appendix A). The 
UNCOVER results (percent change of a and £ ) must then be applied by hand 
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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 ainterpreted as the Maxwellian 8 and the constant b 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 ENOF/B-V f i l e is beyond the scope of this version of 
ADJUST. 

C. The ADJUST 2$$ and 3$$ Input Arrays 

The ADJUST input to implement the correspondence between UNCOVER and 
the AMPX master f i l e is provided in the 2$$ array and the 3$$ arrays. 
Typically there is a one-to-one correspondence between an UNCOVER partition 
and a 3$$ array. The correspondence is established by inspecting each 
UNCOVER partition and determining the applicable corresponding AMPX master 
material (MAT) and reaction type (MT) identifiers which are then entered in 
i$$ arrays i - t.ie same order. A single UNCOVER partition may be designed 
to adjust parameters for more than one material-'-eaction type. For 
example, the parameters a and b may be adjusted for both 2 3 9 P u and 2 l* 0Pu in 
the same UNCOVER partition. In this situation, a 3$$ array must be pre­
pared to identify each material treated in the partit ion. The 2$$ array 
contains an indicator for each 3J> array in the input stream. The indica­
tor defines the relationship of the material-reaction type(s) specified in 
the 3$$ array with the corresponding UNCOVER partit ion. Also, a specific 
adjustment may be desired that does not require the results of every par­
t i t ion included in UNCOVER run. This condition can be indicated in the 2$$ 
array. 

D. Preparation of a Consistent Cross Section Set With AMPX-COMST 

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 
a l l partial disappearance cross sections ( i . e . (n,y) , (n,p), 
( n , o ) , . . . ) (MT - 100 + 1 , 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 v.telastic total cross section has been 

adjusted, the inelastic level 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 
cross sections residing on an AMPX master file. 

II. ADJUST INPUT 

1$$ Integer Parameters [6] 
1. NR - The number of differential parameter sets in the UNCOVER 

case. NR is also the number of 3$$ cards to be prepared. 
2. NOMT - 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. 

3. N61 - The unit number of the file containing the UNCOVER results. 
(percent changes) (default = 6 1 ) . 

4. NMG - The unit number of the AMPX master file to be adjusted 
(default = 45). 

5. NAD - The unit number of the adjusted AMPX master file (default = 
46). 

6. ISU - The unit number of a SENPRO f i l e containing the group boun­
daries and sensitivity coefficients used in the UNCOVER run 
(default * 23). 



XIV-7 

T 

2$$ Integer Parameters [NR] 
These parameters describing the requested operation for each 3$$ card 

assume 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 corresponding record 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 recr 
skipped. 

+1 - This indicates a record is read from unit N61 and the com. r,s 
are used in the adjustment. 

T 

prepare a 3$$ card for each differential experiuent (partition) in the 
UNCOVER run, i.e., prepare NR (see 1$$ card) 3$$ cards 
3$$ Integer Parameters [NOMT + 1] 

MAT - The material identifiers on the AMPX master of vht material to be 
adjusted by the percent changes calculated in the cc-responding 
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. 

F 0 

*For records to be skipped, the 3$$ card should be f i l l ed with zeros 
(3$$ FO T). 
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4** Adjusted Fission Spectrum Parameters [2] 

a - This parameter is interpreted as the adjusted value of the 
constant a us<»d in the definition of a Watt Spectrum. For a 
Maxwellian spectrum, this parameter is interpreted as the 
constant 8. 

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. 

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. 

REFERENCES 
1. N. M. Greene, J . L. Lucius, L. M. Petrie, W. E. Ford I I I , J. E. White 

R. Q. Wright, "AMPX: A Modular Code System for Generating Coupled 
Multigroup Neutron-Gamma Libraries from ENDF/B," OP.NL/TM-3706 (March 
1976). See also RSIC PSR-63/AMPX-II Code Package Material (1978). 

2. R. Kinsey, "Data Formats and Procedures for the Evaluated Nuclear Data 
Fi le , ENDF," BNL-NCS-50496 (ENDF 102), 2nd Edition (ENDF/B-7) (1979). 
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Figure 1 : Sample Input for ADJUST and AMPX (AJAX, COMET, RADE) 

/ / C C * t » A J3B I 1 9 7 3 8 1 . ' C C WEBSTER 602S • 
/ • J O B P A » * L H E C T = t 3 
/ / • C L A S S C P U 9 I = O 3 > U I U = O 1 0 . R £ G I 0 N = 0 5 * 0 K . l I A£S=OSO 
/ / EXEC FJWTHCU ;.PA-*M.FOBT=»XK£F • .KCvil ON. viC =2 7 0 * . 
/ / - - » A R * . « i J = ' l } = - l , l O = - l . F 3 = - l , E G = - 1 . E J = - l • 
/ / F J R T . S V S I N JO * 
/ / L < E 3 . * J O S T 3D VOL = £ t R - Z X C O 3 0 . D I ' J F s S 1 « . u M T = 3 T , j - l . 
/ / O S * = J U - . F O - * S S . A t > J C « I . H £ X 
/ / L K E d . I F I O O 3 3 V O L = S C R = Z » C O O a . J I S P = S M f i . U N | T ^ J 3 3 0 - I . 
/ / DSN=JU- . *ARA3|_E .F IDU.HEX 
/ / L K E D . S Y S I N 3D * 

fNClUDx A JUST 
INCLU05 I F 1 ) 3 

/ / C 3 . F T ? 3 F OOI <30 UNI T = 3 3 3 0 - l . » a L = S £ R = Z X 3 0 0 0 . 3 I S P = i r t P . 
/ / ^ S N = J L L . A 3 J I S T > S N P 2 6 
/ / G O . F T / - I F 001 D? 3 S N = l . > i V I S C 7 3 . l iCCV?B?y. VEPVSft«X, 
/ / V 3 L = . 
/ / UNI T= SS>3A. >ISP=SHR 
/ / G 3 . F T 4 9 001 OJ UNI 1 - 3 3 3 0 . V O L = SEH =ZX0303 . O I S F = S M K . 
/ / i>SN= I L » .A«J>X.V*-:FPOT 
/ / U J . F T A t * 001 D"» UNI ?=S>£OA.SPAC£ = C »MK , | f » 0 a . 5 0 l » . 
/ / ' J I S > s f N E » . ' A i S I . ? S N = C t J L L A P * . 
/ / JC3 = ifctCF'<= VdS. i_«ECL=x,HLKSIZt =CA 10 ,DJFL = 7 lO0 I 
/ / G O .FTC5F CCI 0 > • 
3 
1 1 * 5 0 12 ' . I A5 46 2 3 1 
2 » * O . * * - ! - 2 S C C *2<»l 0 T 
3* * r 0 T 
» 1 I J V S 1 0 1 8 FC 1 
I * « I 3 9 e 1018 r e I 
J H I 399 1018 rc 1 
3 t * 13<;0 1018 FC 1 
J» * F 0 T 
St* F 0 T 
» * * 1306 2 FC 1 
3* * 1 3 0 t A F C 1 
l» «• 1306 102 F 0 I 
3»< I 2 7fc 2 FC T 
J » * I 2 7 i * FC T 
311 1211 2 ro T 
3« * t 21 I 4 FO T 
3»* 12 11 102 FO T 
5 * f 1 3 2 * 102 FO 1 
1*1 1326 * FC T 
H I 1326 4 FC » 
S » * 1 3 * 6 102 FO T 
3»1 I J i 8 102 FO 1 
3*» I 3 V 5 2 FC 1 
3 » * 1395 • FC T 
I f * 1395 102 FO I 
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l i t 1 3 9 5 1 8 F 0 1 
3S& 1 3 9 5 * S 2 FO I 
3 » * 1398 2 FO T 
3 « * I 3 9 e 51 FO T 
l i t I 3 9 e 52 FO t 
3 i « 1398 5 3 FO I 
3SJ 1396 5 * FO I 
3 » * 1393 5 5 FO ? 
3 * 1 1 3 9 1 5 6 FO T 
3 « * 1 3 V * £ 7 FO 1 
I t * 1398 21 aa e i F t T 
3*1 1398 31 C2 6e FO T 
) * * 139e 91 t 7 77 91 FO T 
* * * 1398 1 0 2 FO T 
* » * 1398 18 FO 1 
3 * 1 1398 4 5 2 FO t 
J* § 13v9 2 F 0 I 
3* * 1399 * F O T 
J « * 1399 102 FO T 
3*1 1399 18 FO t 
M* 1399 * 5 2 FO T 
J* f 13-JC 2 FO T 
i » * 138C « F o T 
3 * * 1380 102 FO T 
J*» 13e0 18 FO T 
» * * 12BC * S 2 FO 1 
J* * KO T 
• * « 9 . 9 0 O 0 5 - - * 5 2 . 1 J 7 9 | F - e T 
* • • *» .«»47ZIZ*5 3 . 2 7 Z 6 S I E - 6 I 
* • # 9.«*C7fc95r*-S 2 . E 9 1 2 E - 6 T 
• • * i . j e e i 7 2 £ : * 6 c . c i 
/ • 
/ / FXEC » « P X , REGION. tiC, = 4 f O K . 'JLKS=64 0O.SdUF =7lbO . 
/ / «>01I»IE=tf2 
/ / O O . F T 04F COI 33 UNI T=£»IO * . S f - \ C E = ( I R K . ( 3 0 0 . ' JO ) ) 
/ / , G 3 . F r 0 9 F 001 0 ) UNI T=SV£i>A,SPvC£ = < TRK.I 3 0 0 . 5 0 1 I 
/ / G O . F T IdF 001 0 ) UNI 1= SVSO A .SPAv- - - ( I R K . l 3 0 0 * 5 0 1 1 
/ / G O .FT I 9F 001 0} UNI T»SV S> A .SPACE = ( I R K . I 3 0 0 . 5 0 1 I 
/ / G O . F T 6 I F 001 0 ) UNI 1= S* 3) A .0 I SP-< CLO . PASS) .OSK=f.& J U . APN 
/ / G 0 . F T 5 7F 001 ->i UNI T ^ S V U A .SPACK M TRK. 1 6 0 0 . SO » ) , 
/ / O ISP=(NEK. 3 ASSI .OSNseCCCMAJAX> . 
/ / 0C»=».«ECF*r=*BS.U»EC.L*X.Bl_KSlZE=6*00 .HUF|_ = 7 160 1 
/ / G D . F T 6 8 F C01 0 ) UN I T=S>SD A .SPACEM TR* , ( 6 0 0 . 5 0 I I . 
/ / j i s ^ i i e n . ' A S S ) .JSN<eecc«CME u . 
/ / )C3 = (RECFM=V8S.L»ECL*X .BLKSI ZEsbAOO . FVFL=7 160 I 
/ /OO.FT59F00I DD UNIT = S>SD#.SP*CE = ( f «K . ( 3 0 0 . 5 0 1 1 . 
/ / OIS>=CNE*.»ASSI i3SN>CtCCMJ«X2. 
/ / 3Ca*(R£CFM = V3S.LR£ClsX«3LKSIZE*6*0<> .0UFL=7I60) 
/ /GO.FT60F001 OO UNI T=StS0A.5PACE*< fPK.C 3 0 0 . 5 0 ) ) . 
/ / DISPMNE».»»SS> .DSN=ieCCMC*ET2. 
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// »Ca = l « c C F * = V H S . L » E C l . = X . a L K S I 7 E = * » 4 3 0 . E U F L = 7 I 6 0 ) 
/ / O J . F T 6 2 F 0 0 1 3 J UNI T = 3 2 3 0 . V O L s S E R = / . X 0 0 3 0 . O I S P = f N E » . K E E M ) . 
// SPACEMT^fC. l 2 0 0 . 1 0 ) 1 . 
/ / OSN=CC».AJST£O.A«»PX.»ASTEP. 
/ • 3CM=IRELFI>= \BS.LRECL=X.OL ' .S IZCs6400 ,BUFL=7 1 6 0 ) 
/ x s r s i N cx> • 
= AJAX 
OSS £ 7 6 1 1S« I t 
2*S E I - I T 
3 * * 1 3 9 * T 
=CO«FT 
- I** 121 lOl 114 0 27 I 01 IS 0 1 2 4 16 17 71 2 2 30 

41 2i 27 0 E 
of * 57 se E 
M S 0 
2SS 4 1C0O1 1 1 
= AJAx 
M S 59 f I I H I I 
2SS ! 1 I T 
3SS 13*r l T 
=CO*ET 
- I S * 121 l O l 114 0 2 7 101 I S 0 1 2 4 l b 17 71 12 20 

41 22 37 0 E 
OSS £<i tO B 
i ts o 
2SS - 4 ICC 01 £ T 
sAJAX 
OS* f. ? 5 8 I S * ? I 
2S S 5e 0 T 
211 tO 0 I 
= J * D E 
I S * t2 E 2Sf A> ICC E T 
/ * 
ff 
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APPENDIX A 

Fiss ion Spectrum Parameters 

The values cf the f i s s i o n spectrum parameters a and £ a t 1 HEV are 

l i s t e d for several mater ia l s . When b i s zero a should be interpreted as 
9 for a haxweUian spectrum. Otherwise the parameters are used in the 
A~*t-i*.***. °f a H a t t spectrum, definition r 

Material a (eV) b (eV~ } 
2 3 5 U 9.88 E+5 2.249 E-6 
2 3 8 U 8.9506*; E+5 3.2953 E-6 
2 3 9 P u 9.66 E+5 2.842 E-6 
2 4 0 P u 1.361 E+6 0 
2 4 1 P u 1.3752 E+6 0 
2 * 2 P u 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 a module to combine 
data from AMPX master interfaces. Options are provided to allow oerging 
from any number of files in a manner as to allow the user to determine U.e 
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 Assignments [2] 

1. MMT - Logical number of new library (default = 1) 
2. HMAX - Logical number of the input file which has the 

largest Duffer requirements. (AJAX uses NMAX and MM! in 
determining total buffer requirements). 

1$ Number of riles [1] 
1. NFILE - Number of fili requests to be made. (When 

"reordering" operations are performed *hich require the 
same file to be accessed several times, each access is 
counted to determine the value of NFILE). 

T Terminate Block 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. I0PT* = -N Delete N nuclides from NF to create the new file 

on MKT 

•Sets with duplicate 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 f i l e on MMT 

= N Add N nuclides from NF to create the new f i le 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 deleted from NF 

4$ New Identifiers [|IOPTl] {Enter only i f an identifier is to be 
changed.} This array allows changing the identifier given in the 
3$ array when i t is selected for the new library. 

T Terminate Block 3. 

9.20.2 AJAX Input/Output Specifications 

Allowing devices are normally needed to execute AJAX: 

Logical Number Purpose 

5 Card input 
6 Standard output 
15 Scratch device 
16 Scratch device 
18 Scratch device 
19 Scratch device 

HWT(l) Master file to be created 
NF File(s) to be merged onto fWT 

COMET - - AMPX Module to Correct Selected 
Portions of AMPX Master Interfaces 

N. M. Greene 

COMET (Correct Old Master Excessive Jolerances) is a module to correct 
selected portions of an AMPX raster interface. A complete library can be 
easily corrected. Operations are provided to ensure that transfer matrices 
normalize to the proper one-dimensional values, or vice versa. Note that 
COMET copies the whole l ibrary, 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 = a l l zeroes) These 

commands are used when i t is desired that certain groupings of 
cross sections sum to a " to ta l value". For example, i t is 
desirable that °a = °c + °f C r t n a t a ^ ine last ic par t ia l values 
sum to the to ta l inelastic values. This array is made up of 
st r ings of MT numbers as fol lows: 

Primary MT number—Secondary MT number(s)—Zero 
This str ing directs COMET to ensure that the SU.TI of the cross sections 
ident i f ied hy the Secondary MT numrers sums to the cross sections iden­
t i f i e d by the primary i den t i f i e r . Zeroes serve as "s t r inq del imi ters. " A 
posit ive primary iden t i f ie r says to ŝ m the secondaries and replace (or 
form) the primary values. A negative primary i den t i f i e r says to normalize 
the secondaries such that they sum to the primary. Up to 20 strings can be 
speci f ied. A negative secondary says to subtract th is process so that one 
can form, for example, o c

 = °a " Of-

OS Logical Assignments [3] 
1 . MMTO - Old master l ibrary (28) 
2. MMTN - New master l ibra-y (1) 
3. MSC - xxatch device (18) 

IS Option Trigger [1 ] 

I . IOPT 
-1 - vio d i rect ly to PECTRY on MMTO and skip any 

"correct ing" . It, is corrects the "Table of Contents". 
The correct 1 ' jn is made on MMTO. (MMTN is not used). 

0 - "Correct" the complete master l ib ra ry on MMTO and write 
a new one on MMTN. 

N - "Correct" N sets from MMTO and wr i te on MMTN. 

2S MT - Numbers of processes to be corrected [100] 

Place up to 100 MT numbers into the 2$ i r ray . A negative 
MT number says to force the ID cross section to agree with 
the appropriate transfer matrix sums while a posit ive MT 
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number forces the transfer matrix to be normalized to the 
ID value. Also, enter a signal defined as 10000 + MT to 
have the reaction type designated by MT located in the ID 
array placed in the infinite dilution array associated with 
the Bondarenko factors for the process identified by MT. 
this is crucial in preparing cross section sets where the 
total cross section has been calculated as the sur, of 
adjusted partial:;. The signal for the total cross section 
is 10001. c 

T Terminate Block 1, 

Block 2 {Input if I0PT > 0} 

3$ Identifiers for master data sets to be "corrected" [I0PT] 

T Terminate Block 2. 

COMET Input/Output Assignments 

requires the following input/output assignments: 

Logical Purpose 
5 Card *nput 
6 Standary output 
9 Scratch device (random access) 
17 Scratch device 

f.MT0{28) Old master library 
MMTN(l) Sew master library 
MCS(18) Scratch Device 

DIAL—AMPX Module to Produce Selected 
Edits from AMPX Interfaces 

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 Assignments [2] 
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 interfc.ce. 
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 ?i 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 n) FO 
T Terninate Block 1. 
Block i (This block is required if NEDIT > 0) 

4$ Identifiers of Data Sets to be tdited [NEDIT] }NEDIT > 0} 
T Terminate Block 2. 

http://interfc.ce
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DIAL Input/Output Assignments 
Dial requires the following input/output assignments: 

Logical Kumbor Purpose 
5 : 

Card input 
6 Standard output 

MMT(l) Master interface 
MWT(O) Working interface 

RADE--AMPX Module to Check 
AMPX Master Cross Sectiort Libraries 

RADE (Rancid AMPX Data £xhorcist) is provided to check the multigroup 
libraries produced by the various AHPX modules. It will check neutron, 
gamma, or coupled neutron-gamma libraries. 

c In its present version, the check includes: 

1- °T ' aa * °s 

7 „ . = T opartial z - ° in 1 - °in 

? 

3- <*a " °c + °f 

*• °c i % + °n + °np * °nd + • * ' 

4 • °p»_n (g +g') °- °ei ' g' °e*,0 

6. r 0 (9*9') > 0 

7. oy» V a f» % ' *np' ' ' > 0 

_, 1 4 <n(g+g') 

In addition to these checks, the code wi l l 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 sections. 
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RAPE Input Daia 

Block 1 

1$ Checking Commands [4] 

1 . MMT - Check the AMPX master Interface on logical MMT. This can 
be a neutron, gamma, or coupled neutron-gamma library. 

2 . MWT - Check the AMPX Working/Weighted Interface on logical MWJ. 
This operation is not operable in the present ve-sion. 

3. MAN - Check the ANISN binary formatted library on logical MAN. 
4 . IFH - - 1 , ANISN library is binary formatted; 

0, ANISN library is BCD free form; 
1 , ANISN library is BCD fixed form. 

2$ Options [20] 
1 . 10PT1 - number of angles at which a display of differential 

cross sections is desired. These angles wil l be 
equally spaced in the cosine range, -1 to +1. These 
edits are for the group integrated ccoss sections and 
not for each group-to-group transfer. 

2. I0PT2 - The E, in the 1/1000's of a percent, to which checks 
are made; e .g . , I0PT2=1 is equivalent to 0.001% 
checking. This is the default value when I0PT2 is not 
input or when a zero value is input. 

3. I0PT3 

Future checking options; skip or input zeroes. 

20. I0PT20 

3$ ANISN Options [7] MAN * 0 
1. NSET - number of ANISN sets to check. 
2. IHT - position of Oj-
3. IHS - position of ogg« 
4. ITL - table length. 
5. NL - maximum order of scattering. 
6. IGM - number of neutron groups. 
7. IPM - number of photon groups. 
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T Terminate this block. 

Block 2 {Input only when MAN > 0} 

4$ Identification Numbers of PQ Sets on ANISN Binary Library on 
Logical MAN [NSET] _ 

5$ Order of Scattering for Sets of ANISN Data on Logical MAN [NSET] 

7* Neutron Group Structure, high-to-low in eV [IGM+1] 

8* Gamma Group Structure, high-to-low in eV [IPM+1] 

T Terminate this block. 

RAPE Input/Output Specifications 

RADE requires the following input/output assignments: 

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 sens i t i v i t y theory. Spec i f i ca l l y , th is prohlem i s as fol lows. 

Assume the ..ollowing are g ven: (1) a specified reactor system wi th 

known sens i t i v i t y coe f f i c ien ts , (2) speci f ic performance parameter 

accuracy requirements ( e . g . , h% in k, e t c . ) , (3) a cross section 

correlat ion matr ix, and (4) a cost functional which gives the cost 

of an experimental program to measure the required cross sections 

to wi th in an accuracy specif ied by the variables X . J X - J . - . X (these 

represent the rms standard deviations of the individual group cross 

sections). Then, what are the optimum set of standard deviations 

on the experimentally measured cross sections which w i l l give a 

minimum cost to the experimental program and at the same time sat is fy 

the accuracy requirements of the design performance parameters? 

Let us represent the variable,standard deviations of the cross 

sections by the vector x and the cost function by C(x). Let D be the 

correlat ion matrix and S_r the sens i t i v i t y coef f ic ient vector of 

performance parameter r. Then we minimize C(x) subject to the 

constraints: 

s'WsT < v r 

x f > 0 

where ̂  indicates the transposed matrix, X is a diagonal matrix with 
diagonal elements x.,x2,...x , and V is the maximum value allowed 
by the constraint on the r performance parameter variance. 
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This is a nonlinear programing problem with nonlinear (quadratic) 
inequality constraints. The module NUTCRACKER uses a modification 
EXCOST of an existing code for nonlinear optimization subject to 
nonlinear constraints. This subroutine vses a gradient 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 

c 
input correlations and sensitivities. VMIN is a quadratic optimization 
subject to one linear constraint and inequality constraints corresponding 
to a positive weight vector with a sum of unity. (This routine is not 
required for the present problems which have but a single weight and a 
single correlation matrix.) EVAL is a subroutine which returns to the 
calling routine EXCOST the cost of attaining the accuracy specified by 
vector x. Other routines, in addition to the FIDO generalized input 
•outines, are as follows: Routine ILYICH apportions lengths of 
the reouired storage arrays. It calls DATAIH for input, sets some 
initiaV convergence and tolerance criteria, calls LIADOV, then calls 
DATOUT which outputs the results. LIADOV initializes the data required 
by the two optimization routines EXCOST and VMIN and controls the loop 
which alternate the above two optimization routines. SPUFFT searches 
through the COV'cRX 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 1s a matrix-inversion 
routine. MAKEM forms the quadratic required by VMIN; MAKEQ, STOREQ, and 
GETQ form, store, and retrieve the matrices Q r which form the inequality 
constraints for EXCOST (xQrx < V r ) , and GETS retrieves the sensitivity 
coefficients as needed. 
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NUTCRACKER INPUT 

1$$ Integer Parameters [12] 

1. NP The number of variable cross section standard deviations. 
2. N The total number of cross section standard deviations = 

variable ones plus fixed ones (for present problems 
NP=K=NG). 

3. METH The number of correlation matrices (HETH=1 for present 
problems). 

4. INEQ The number of performance parameters which heve given 
accuracy requirements with corresponding Inequality 
constraints. 

5. NS Unit number of SENPRO file, If NS=0 the sensitivity 
coefficients must appear in the card input stream on 
the 6** card. 

6. ID1 An instruction for obtaining the correlatier. matrix 
(matrices). IK ID1=0 the off-diagonal triangular 
elements are given in the input card data stream. 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 IDD1. 

7. I0D1 (see 6. ID1) 
8. 102 Set to 0, reserved for future options. 
9. IDD2 Set to 0, reserved for future options. 
10. MINI An instruction determining the form of the cost 

function. 
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MINI = ±1, ±2, ±3, ±4 

If MINI = 1 Cost = C(x) = £ 1/x, 
1 

-1 tost = C(x) = £ (1 /x , ) 2 

i 1 

2 Cost = C(x) = £ (C-/x {) 
i 

-2 Cost = C(x) = £ ( C 1 / x i ) : 

KIHI = 3, - 3 , 4, -4 correspond to 1, - 1 , 2, -2 except :erws 

for which x- < I - are not included. 

l i . IC Is sequential dcta S';t reference number from which cost 

coefficients C, will be read in. If IC = 0 no 

coefficients are read.,. If, however, the correlation 

matrix was read from a COVERXfile, C-'s will already 

be set equal to the group cross section standard 

deviations which were on that~file. If IC = 5, cost 

coefficients are in the input card stream. 

12. IXFACT An instruct'on and scale factor for obtaining init ial 

preliminary /alues of V*e 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. 
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Sensitivity Coefficient Identifiers on SENPRO 
[S*METH*IMEQ], Omit if HS « O and if 101 = 0. 

1. IASB Assembly identifier 
2- IRESP Response identifier 
3. NAT Material identifier 
4. HT Reaction identifier 
5. NTRN Reaction rate ratio identifier 

Note; Complete the five-integer sequence to 

identify all needed sensitivity coefficients 

Sensitivity Coefficients [5*HETH*INEQJ 

Omit i f US f 0. 

Correlation Matrix Elements [(M-l)*N/2] 

Omit if 101 f 0. 

Maximum Allowed Relative Variances [INEQ] 

Cost coefficients C. [NP] 

Omit i f IC * 0, 

Fixed, nonvariable standard deviations 

x f (i»NP+l,N) - [N-NP] Omit i f N = NP 

Initial values of X4 (1=1,NP) [NP] Omit i f IXFACT < 0 


