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ABSTRACT

This report documents the code module BURNLR for nuclear reactor
exposure calculations. The ccmputer reqiiirements are shown, as are the
reference data and interface data file requirewments, and the progracmed
equations and procedure of calcuiation are described. The operating
history of a reactor is followed over the period between solutions of
the space, energy neutronics problem. The end-of-period nuclide concen-
trations are determined given the necessary informatinn. A steady state,
continuous fueling model is treated in addition to the usual fixed {uci
wmodel. The control options provide flexibility to select among an
unusually wide varietry orf prcgrame-d procedures.  The code also provides
user option to make a number of auxiliarv calculations and print such
information as the local gamma source, cumulative «xposure, and a rine
scale power density distritution in a seierred zone. The code is uscd
locally in a system for computation which contains the VENTURE diffusion

theory neutrorics code and other modules.
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COMPUTER CODE ABSTRACT

Identification: BURNER is a code module for exposure calculations.

Function: This code is designed to solve the nuclide chain equations
to estimate the nuclide concentrations at the end of an exposure time

and also after a shutdown period in a compatible code system.

Method of Solution: The explicit chain equation solution is cast in a

general form for application. Altermatively, by user option, either a
difference formulation using average generation rates or the matrix ex-
ponential arnroach may be applied with selected chains also treated
explicitly. Given the necessary cross sections, /n,gamma), ‘n,a),
(n,2n), (n,pj, (n,d), (n,t), and (n,f), transmutation products may be
detex, ined, and fission product vield fractions may be incident-energy
dependent. Nuclides at both a zone and a subzone level are exposed to
the zone~average flux., The usual fixed fuecl model is treated and alsc a
steady state, continuous fueling model. There is a provision for a
fine-scale exposure to be calculated with‘n select:d zones, and the

gamma source and cumulated exposure inforwition may be obtained.

Related Material: Code blocks satisfying the basic requirements of
the DOE reactor physics code coordination effort will interface with

this module by way of defined external data files,

Restrictions: Data arrays are variably dimensioned and allocated disc
space only as necessary for effective application to a wide range of

problems, with a reasonable use of memory.
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Computer: This code has been run on IB¥ computer models 360/75, 91, and

195,

Running Ti~=: The computation time varies approximately as the number of
depleting zones and as the square of the number of nuclides in a zone.

for typical produ:tion type problems for which each zone contains a number
of mesh pOinﬁi; the exposure calculation for a modest number of nuclides is
trivial cis’ared with that required for solution of the neutron flux

problem.

Prograraing Languages: FORTRAN lauguage is used vith a few extensions
to th2 ASA 1966 Std., especizlly in the service routines. The source

deck contains apvwroximately 24,000 cards.

Operating System: The 05-260 IRM operating system is used under HASP

with a FORTPAR 1V, H level compiler version 21.8, not extended.

Machine Requirements: A 4,000 word core is needed, and vnreferably

considerably more for usual application (total requirements are

usually governed by the neutronics code used). Auxiliary disk

storage is required for up to 10 sequential scratch files and 4

direct access scratch files.

Authors: G. W, Cunningham ani D. R. Vondy, Oak Ridge National

Laboratory, P. 0. Box X, Oak Ridge, Tennessee 37830.

References:

a. D. R. Vondy and G. 4. Cunningham, "Exposure Calculation Code

Module for Reactor Core Analysis: BURNER," DOE Report
ORNL-5180 (1979).

b. D. R. Vondy et al., "A Computation System for Nuclear Reactor

Core Analysis,” ERDA Report ORNL-5158 (1976).



ix

c. G. E. Bosl/r et al,, "LASIP~III, A Generalized Processor for

Standard interface Files,” ERDA Report LA-6280-MS (April 1976).

13. Material Available: FORTRAN source deck card images are included in

the package submitted to the Argonne Code Center.
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SECTION 01: GENERAL DISCUSSION
Introduction

This report documents the code module BURNER which calculates the
effects of exposure. Given neutron flux values as dependent on material
location and energy, the nuclide concentrations at tne end of an exposure
step are predicted from those at the start. BURNER has been devgloped
to serve in a computation system with other compatible codes developed
in the DOE reactor physics area, especially those such as VENTURE" or
SYN3Db which sclve the neutron flux problems. This module is in operation
on the local romputers at ORNL in the systeac which contains the VENTURE
code.

In the local computation system there are a number of modules, each
designed to perform specific tasks. They are accessed in accordance with
user instructions along a prescribed path of calculation, under the direc-~
tion of a control module. As the development effort continues, the capa-
bility is being enhanced to treat more sophisticated and complicated
situations. For example, a relatively simple control module is in use
at the time this is written. We expect to add to the system another con-

trnl module which will effect a desired calculational path and automatically

?p. K. Vondy, T. B. Fowler, G. W. Cunningham, "VENTURE: A Code Block for
Soiving Multigroup Neutronics Prcblems Applying the Finite-Difference
Diffusion-Theory Approximation to Neutron Transport, Version II, "Oak
Ridge National Laboratory report ORNL-5062/R1 (1977).

bC. H. Adams, "SYN3D, A Single-Channel, Spatial Flux Synthesis Code for

Diffusion Theory Calculations,” ERDA Report ANL-76-21 (July 1976).

°D. R. Vondy, T. B. Fowler, G. W. Cunningham and L. M. Petrie, " A
Computation System for Nuclear Reactor Core Analysis,” Oak Ridge National
Laboratory report ORNL-5158 (April 1977),
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exercise control over instructions to the calculational modules from
simple, global instructions by the user for reactor history calculatioms.
A veutronics module is of course essential for solving usual depletion
problems. Other modules are necessary to perform specific tasks as allo-
cated in this system. Certain modules process user input data to generate
interfacing data files, including an input data processor that originated
at LASL? which has been modified and extended to serve local requirements.
A particular advantage of a truly modularized computation system is its
flexibility; given the necessary data fiies already in existence or
generated from user input data, the exposure module may be used without
access of other calculational modules. Thus given flux data, the changes
in an initial set of nuclide concentrations may be determined for a period
of exposure. A disadvantage of a modular system for routine application
to simple situations involves the calculational path: a viable calcula~
tional procedure must be gspecified as defined by the path through the

modules. The processing of user input data and computations must be

properly sequenced. Normally the user input data must be processed first
to supply data, and then a neutronics module must be executed before execut-

ing the exposure module, in order to supply it with neutron flux values.

Method of Solving Problems

This exposure module was designed for application to the longtime
reactor exposure problem, with emphasis on those aspects associated with
assessment of reactor performance, Typically a neutronics module is

executed to determine the neutron flux di{stribution at come point in

8G. E. Bosler et al., "LASIP-III, A Generalized Processor for Standard
Interface Files,” ERDA Report LA-6280-MS (April 1576).
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time for the reactor model, given nuclide concentrations or a state ccn-
dition to be satisfied. Expeosure to this flux over an interval of time
causes the nuclide concentrations to change. The periods between suc-

cessive reactor fuelings are treated by alternating between neutronics

and exposure calculations. This separability assumption is necessary

when large, time consuming neutronics px. »w. <nvolved. To hold
down computation cost, a relatively long expc {od is required
between neuironics problemss. Techniques are userd e~"> a reliable
calculation over a long expisure period. The ~ - may be read-

justed to effect the desired average power level, an. reexposure may

be done to use average flux values over periods during which shifts can
occur, as due to control rod positioning. The objective is reliable
analysis under the severe burden of high computation cost forcing rela-
tively coarse approximations. The analyst musi choose from among the
large number of alternatives available to describe a problem in detail
so as to satisfy the primary objectives of the calculation. The primary
considerations often include the requirements to predict power density
peaking, reactivity effects of changes in the concentrations of those
nuclides contributing significantly to the neutron balance, and fuel
nuclide accounting in the mass balance sense.

If 20 nuclides are congidered in 1,000 zones, there are 20,000
nuclide concentrations to follow; if 1,000 nuclides were considered in
10,000 zohes, there would be the burden of following 10,000,000 nuclide
concentrakions, unreasonable in the present state of the art of compu-
tation. froblems must be tailored to emphasize the more important as-

pects and methods implemented which utilize the available computation

capability effectively.
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Selection of appropriate methods must be based on a number of
considerations. We see the need in application over the range from a
very simple treatment to a sophisticated one. There has been wide use
of the elementary finite-difference solution. Given the linear chain
equation

dN_(t)
Fra N O B gAY

for a very shert time interval 4,

N (8) = N_(0)(1-a 8) + % [P_(0)+P _(A))

where Nn is the concentration of a mclide, a is its specific loss rate
(neutron absorption plus decay), and Pn is its generation rate from all
possible sources. This formulation allows for complicated chain relation-
ships, but unfortunately there are many situations where it is quite in-
accurate. Since 1 - anA is an approximation of exp (-anA), the next term

of an expansion would be + (anA)Z/Z, so the error of the expansion decreases
in proportion to A. It is often inadequate to take many short steps, so

ve implement a precise solution of this differential euation using average
generation rates.

Alternatively, the conventional matrix exponential technique is
offered on demand. Also, there is provision to solve the nuclide chain
equations exclueively with an explicit solution, or with only special
designated ones to supplement the applicatioa of one of the other schemes.
Each scheme has advantages and disadvantages, and cost of computation
bears consideration. We only hope that the analyst will not become bogged

down testing all of the possible alternatives!
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In usual application for reactor core analysis, only a few energy
groups are treated to make the multidimensional neutronics problems
tractable. Typically éach nuclide has several sets of microscopic
cruss sections to account for spatial dependence of neutron reaction and
transport. The data requirements for exposure calculations are compacted
significantly by associating the chain equations and data such as fission
yield with absolute nuclide names.

The analyst is given full flexibility over the problem definition,
which does place the burden on him to make certain that those aspects of
importance in a specific application are treated. A reasonable amount
of experience is essential for reliable application; some of this neces-
sary background can be established bv application of the methods to simple

models at reasonable comoutation cost. Such calculations are usually
essential as backup to costly three-dimensional calculations in order to

assess modeling and aspects of importance including power density peaking,
reactivity behavior, and the estimates of the fuel enrichment required
to satisfy criticality and physical design constraints.

In this report we discuss a number of aspects to support application,
present information needed for efficient implementation and verification
at other installations, show the mathematical equations programmed, and
document input requirements.

END OF SECTION



SECTION 02: USER INFORMATION

The user is reminded that exposure calculations are 1cne on a micro-
scopiz sciale. Only changes in those nuclides identified in the chain
specifications will be calculated. It is possible to lump together
nuclides and data ivr treatment in the macrosccpic sense only if associ-
ated expcsure effects are not to be treated. Thus, structural material
may be represented by a mixture of the isotopes. Take care, however,
that such lumping does not cause the loss of the ability to produce the
desired results. Care must also be tzken to effect true neutron absorp-
tion rates, integral 5%, so usually pseudo nuclide concentrations can
not be used (deplete Blo, not natural Boron). It is the intesral ~:
which must be correct; smeared nuclide concentrations can be used to
eliminate fine geometric detail.

A diagram of the flow of an exposure calculation is shown in
Figure 02-1, hopefully self-explanatory. The three implemented methods
of solution are in parallel for selective application per user instruc-
tions. As shown, a supplemental explicit chain solution is available

for application when this method is not applied exclusively. Instructions

for a calculation are contained in the record for this module (EXPINS) in
the file CONTRL, and special data, including chain descriptions, are in file

EXPOSE (see Section 04).

This module is designed to perform a task which may be very simple
or rather complicated. The nuclide concentrations are estimated for the
end of an exposure period, a shutdown period, or both. The results (final
concentrations and exposure data) depend on the instructions for the

calculations, the reference data supplied, and the neutron flux and nuclide
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ENTER f)————
ACCESS KEY INFORMATION FROM INTERFACE FILES
ALLOCATE STORAGE, SELECT INPUT/OUTPUT
PREPARATORY PROCESS INTERFACE DATA
SELECTIVE DOCUMENTARY EDITS

[T

|

CALCULATE SPECIFIC REACTION RATES AS NEEDED

’

CALCULATE EXPOSURE (see inset)

¢

LOOP OVER ZONES, SUBZONES

— RENORMALIZE POWER LEVEL

— SPECIAL EDITS

LOOP OVER EXPOSURE TIME STEPS
EDITS, WRITE INTERFACE FILES

v

-

>

¢

LOOP OVER ZONES, SUBZONES
—  SPECIAL EDITS

LOOP OVER SHUTDOWN TIME STEPS

-~  EDIT RESULTS, WRITE INTERFACE FILES

RETURN FOR FINE SCALE, POINTWISE CALCULATION
EDITS, WRITE INTERFACE FILES

CALCULATE SHUTDOWN (see inset)

’ EXIT

A}

["MATRIX EXPONENTIAL }——-———%

’ { "TAVERAGE GENERATION RATE

EXPLICIT CHAIN
(all or Supnlementa

§-<

INSET
Figure 2.1. User Flow Diagram of BURNER Module.
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concentrations accessed. It is of special importance and concern to an
analvst to make certain that the details under his control are consistent
and adejuately present the problem he desires to be solved. Some veri-
fication testing, including the solution of a simplified version of the
problem, is usually desirable. The same interpretation of external in-
terface data files must be made by all moduies used and by any other
codes involved as to generate data files or to process results.

It is not intended that some weird combination of the procedures be
applied to a single problem, Rother, a procedure should be selected from
those available. The user should resist the temp.ation to produce edits
of all possible results and should carefully select only those really
needed; more elaborate results may be obtained at any point in a cal-
culation by supplying special instructions for that step of the calcu-
lation.

The provision for treating an exposure period in more *han one step
is made primarily to allow the flux level to be renormalized at the end
of each step to effect the desired average powver level.

If a single exposure period is to be considered, then the BURNER
module need be accessed only once. Usually a neutronics problem must be
solved first. If several exposure periods are to be treated, then usually
a neutronics module and this modile are accessed one after the other.
£ single set of irnstructions for BURNER may be used, or a new record of
instructions can be made available in the file CONTRL when desired. The
system admits access of other modules along the calculational route as
desired. For example, a final neutronics calculation may be required to

establish end-of-cycle conditions, and may be desired for special results
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such as to solve the adjoint flux problem. Quite generally, nuclide concen-
trations can not be changed arbitrarily during the period between fuel-
ings. However, a scparate module could be used to alter specific nuclide
concentrations to simulate control rod positioning and also perhaps to
account for temperature and coolant density changes; similarly the concen—
trations may be changed with new input data in order to effect refueling or
control rod positioning.

There is provision to do an auxiliary exposure calculation on a fine
scale within selected zones which impacts the data requirements and places
additional demands on the neutronics code.

The user is reminded that the exposure calculation is done without
accessing the geometric description of the problem. End-of-exposure step
nuclide concentrations are obtained for each zone and subzome, without
reference tc geometric details. However, the calculation may depend on the
zore volumes provided (when the flux level is renormalized), and edits of
results depen; on volumes, so they should be consistent. User beware!

Recommendations on Chain Equation Solution Meti.od

Generally for simple nuclide chains we recommend the explicit
solution method. This method is not recommended for treating situations
where there is significant feed-back (that cannot be represented simply),
nor for elaborate, complicated coupling situations (reliable elaborate
descriptjons are difficult to write).

For elaborate, complicated coupling situations, the matrix exponen-~
tial method with intermediate nuclides having large loss coefficients
assumed to be at :quilibrium, is recommended.

The average generation rzte wethod can be used to produce reliable
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solutions, but it is deemed to be cost ineffective and is recommended
against generally.

The full matrix exponential method implemented is rather expensive
to apply, and so its use should be limited to testing specific situations,
benchmarking, or possibly the situation where the concentrations of the
nuclides far up th= chains must be determined accurately or at least
spot checked.

Quite generally it is desirable to treat a long exposure period
(between neutron, flux solutions) in two steps rather than one to effect
the desired power lIevel on the average. Alternatively, as when control
rods muct be considered, it may be necessary to repea® the exposure
calculation using a weighting between start-and-end-of -exposure-period
neutron flux estimates to produce accurate results.

For the reverse cxposure problem, exposure with a negative time,
we find tiat an exposure period should be short and that only simple
nuclide coupling should be treated avoiding intermediate nuclides,
limiting the value of the largest loss coefficient (E[Oa(ﬁ)¢(5)d5) to
less than 1.0. It may be necessary tj discard false values of nuclide

concentrations which can lead to unrealistic results (not programmed).

END OF SECTION
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SECTION C3: PROGRAMMER INFORMATION

We consider basic documentation to be the FORTRAN source deck
listing, available elsewvhere. Coarse documentation of the program
routines is presented here. Table 03-1 identifies the roles of the sub-
routines and call references; service routines are identified. For
documentation of the service routines, see ORNL-5062. Table 03-2
identifies a recommended overlay structure.

Basic information about the use of scratch ffles is shown in

Table 03-1.

Conversion

For conversion to other computers, care must be taken to avoid loss
of integrity. Conversion to a long-word machine is best done with a
FORTRAN source deck processor to eliminate the double precision and
references to double precision library routines, and also to convert
the use of apostrophe to delineate Hollerith strings (limited to service

routines). Detailed conversion recommendations will be provided with

the code package.
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TARLE 03-1 INFGRUATINE ABOUT STEPOUTINES

G 22223 I 2RI 222 FITIR TR TR R 2RSS T 222222 RS2 T2 222222 222222 2 2 2t 2 20

ANCP
AR2I

LA A
BPIYX
B35S
BIN?

ByCV
BPIA

PPI®
BPIC
PPIN
BPCI
BRPS
BRYA

RRND
SRNP

BPNC
BRRNS

SRNT
BPYW

BPAINY

BRNY
BRNZ

PRN1
8Py
BRMU
BRN7
BRPF

BRTP

NnAAANAAANNNANNAAANAAANANNANNANANANANNNAANTANANAANTAANN

BURY

BORYER SOP2CUTINE DESCRIPTION

DETFRNINF NCPY OF MATRIX

ST INVENTORY AED REACTIOW RATES (ABSORPTIOw, FISSICON,
PRODICTION, AND CAPTORE(N,G) !} PY ABSOLUTFE NOUCLIDE

WRITE CONDENSED EDIT

NC2®AL EYPOSORE CALCOULATION

PROCESS NEXT-TO-LATEST GROPXS

INITIAL INTESRFACE PRNCESSIPG (EDVYSRF, GEODST, GROPXS,
AND EXPOSE) AND DATA PREPARATIOM

CONTINOOTS FNELING EXPOSURP CALCULATION

CCYTROL GEOMETRY (GENDST) AND POINT PLUX (RTFLOY)
PROCESSING FOR POINT CALCOLATIOM (HETHOD 1)

CONTROL POINT PLTX (RZPL7X~-BODIPIED) PROCESSING
POP POINT CALCULATION (8BETHOD 2)

INITIAL DENSITY PREPARATION, COMPUTE REACTION RATES AND
SETUP STORAGE YOR POINT EXPOSURE AND SHUTDOWN
CALCOLATICN

CONT®OL SETUP ¥OR POINT ZYPOSTERE AND SHYWTDOWE

OB3TAIN EXPOSHIRPE CONTROL INFORMATICY FPOM INTERFACE CONTRL

SETTP DYNANIC DATA STORAGE SPACE

COMPOTE SPECIFIC REACTION RATES POR ABSORPTION, FPISSIOF,

NG*PISSION, (N,G), (N,A), (W,P), (N,2N), (N,D), AND (N,T)-

EDIT SPECIPIC REACTION PATES

SETUP INTERMAL CROSS~REPERENCING INPORMATICN PCR ABSOLUTE
NUCLIDE, XOCLIDE CLASS, AND ZONE CLASS

PREPAPE AWD EDIT FINAL SUMMARY TABLE

DETERMINE STORAGE REQNIRED AND NCDE OF SOLOTION AND
INITIALTZE DIRECT ACCESS ONITS IF NEEDED

PRE-RRYT? DIFRECT ACCESS ONITS IF¥ NEEDED

FDIT CONTENTS OF EXYPCSE FILE - CHECKS DECAY, YIELD, AND
MATRIX DATA POP ERRORS

SETMP DECAY CCUSTANTS AND CORRESPONDENCE BETWEEW DENSITY
AND EXPOSURE DATA

EDIT ATCHM DEVSITIES

PROCESS ZNATDN AND WRITE INITIAL DENSITIES O8N SCRATCH
ONE ZONE/SNBZONE AT A TIRME

OVERALY. CALCTLATION CONTROL

PROCESS PZPLUX AND WRITE ZCNE AVERAGE PLUX ON SCRATCH
ONE GROTUP AT A TINE - PERPORM INITIAL POWER ADJUSTMENT

CHFRCK NTCLIDE NANXES AND CLASS®S PROM 2 SOURCES

COPY PRINCIPAL CROS5 SECTIONS FRON GRUPXS TC SCRATCH

COMPOTE SPECIPIC REACTION RATE FOR FISSION IN ENEBRGY
RARGES OF YIELD DATA POR POINT CALCOULATICH

COMPOTE SPECIFPIC REACTION RATE FOR FISSION IN ENERGY
RANGES OF YIELD DATA

CONTROLS EXPOSURE AND SHOTDCWN CALCULATION

(CORT)
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BZIn

BZTY
BZT2
cRex
CRovV
cnpy
CnPI1
CPH)
cPa2
DEE®

DoEY
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EDED
EDEP
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EPH2
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ETAD
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PERR
PLOC
FLOE
FOOL
GCHK

GN7C
HQU®
ISTR

IX2D
IX3D
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JEnY
Jucy
LAGY
LAOD
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ADDITICHNAL INTERPACE PROCESSING (EZPLUX AND ZEATDY) AEr
COMPJITE REACTIOM ZATES AND SETUP STORASGE FOR
EYPOSTRE AND SHITDOWN CALCOLATICR

DETERNINE IF ZRTENP EXISTS AND CHECK INPIT DATA

PROCESS TEAPERATURZS PROY INTENP

DEBTG FLNX CHECK FOR POINT CALCYLATION (HETHOD 1)

CHECK N'CLIDE SET REPERENCES POP CONTINJO0US FTELING MOrEL

CCHUPARE 2 HCLLERITR ARRAYS

CONPAREZ 2 INTEGER ARRAYS

COPY ONE SET OF EXPJOHT DATA FRCE OFE OKIT TC ABOTHER
EDIT O"% SET OF EXPNOHT DATA

STTUP AND CHECX IYPOIT PARANETEPS FOR CONTINOGUS FUELINA
RODEL

EXIPOSTRE RY VARIOUS NETHODS

SCRATCH PILE DATA TRANSPER NANAGEMENT FCR SPECIAL ACCESS
BPFTHODS (NOT SEQTENTIAL)

SHTTOOVN BY VARIOTS "PTHODS

SHUTDNWY CALCULATION

CHECK NEUTRON ENFRGY SROTP STRUCTURE

EDIT SECCYDAPY ENEPGY DEPNSITICN DATA PROM EXPOSE

SETTP FOR SECOWDARY ENESRGY DEJOSITION EDITS

SET DEPATILT VALUE POP ENERGY/FISSICN AVFD ENERGY/CAPTTRE
I® NECESSARY

EDIT MAXINUNS AND SYSTEN TOTALS NP FXPOHT DATA

DPTER®MINE WHICH EN®RGY GROOP NUNBER IS CUTCFP AND
PRACTIOPAL VART FOR FLOENCE CALCULATION

CALCOULATE AYD BDIT SECONDARY ENERGY DEPOSITION

SETUP 2WD CONTROL POR WPITING IRTERPACE EXPOHT

WRITE PATAY. ERROR MESSAGE AND STOP

PONCTION TO CETEPNINE (PLUX} *(EXPOSTRE TINE) CONSTANT

SOn ZONE PLUX OVPR RANGE OF GROUPS SPECIFIED

EDIT MONITERING INFORNATION

CHECK PCP IMPLEMENTED GEONETRY FOR POINT CALCULATIOZ
(RETROD 1)

OBTAIN 20%E CLASSES PROM GEODST

CHECK POR UNIQUENESS I¥ LIST OF HOLLERITH NAAES

PINCTION TO ASSIGN A REAL VARIABLE TO AW INTEGER VARIAPLE
LOCATIC* WITHOUT TYPE CONVERSIOY

PONCTION TO DETERNINE SUBSCRIPTS OF A TWO-DINENSIONAL
ARRAY, GIVEF DIMENSIONS A¥D POSITICN IN ARPAY

PONCTION TO DETERNINE SUBSCRIPTS OF A THREE-DIMENSIONAY
ARPAY, GIVE® DINEYSICHNS AND POSITINN IN ARPAY

AVERAGE GENERATIOY RATE SOLUTION PUR BEYPOSURP

SETOP OFF-DIAGONAL WATRIX ELEMENTS POR NATRIX EXPONENTIAL
AND AVEPAGE GENERATION RATE SOLUTIONS (EXPCSTRE)

SETUP NATRIX EXYPONENTIAL SOLUTION POR EIPCSOIE

EXPLICIT CHAIN SOLOTION POR PXPOSURE

AVERAGE GENSRATION RATE SOLOTION FOR SHUTDCHEY

SETUP CPP-DIAGORAL NATRIX ELPRNEYTS POR WATRIX EXPONENTIAL
AND AVERAGE GENERATION RATZ SOLNTIONS (SHUTDOWNW)

(CONT)
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LEGP

LEAY
LOCY
HALN
1EIT
AFYA

MESA
HESB
HETS
ANRP
NSHK

nSHO
“SHY

HSH3
nxwe
NRCP

oeuxp
orPIX
OnOvV
COWN
PARI

PDPT
PDST
PPIX
PGEO

PLOC
PNAW
PONI
POWL
POWN
POWP
PPOE

PREA

PRWD

03-4

PUTCTION TO COYPARE (LT,BQ,GT) T70 REAL NUMEERS
YITHIN PPSILO®

SETUP WATRIX EXPONENTIAL SOLUTION POP SHUTDOUN

EXPLICIT CHAIY SOLOTICN POR SHUTDOWYF

INITIALIZE TXPOYX/O0TPOT TRITS

WATRIX EYPONENTIAL SOLOUTION

MATPIX EXPONENTIAL - ELININATE NUCLIDES ASSOMED TO BE 1%
EQUILIPPION

AATRIX EXPONENTIAL
BQ"ILIBRIUY

MATRIX RIPOSENTIAL 1 TERY MTTHOD

MATRIX TXPONENTIAL 2 TERN “ETHOD

AATRIY EXPONENTIAL - TRANSPCSE MATRIX ELENENTS

LOCATE SAALLEST POSITIVE VALUE IY AF ARRAY

“HECK COARSE MESH DATA PROM GEBODST POR POINT

CALCTILATIGN (METHOD 1)

SETOP COARSE MESH PRRAMETERS POR 1-D AND 2-D GECMETRIES
POR POI®T CALCOLATION (32THOD 1)

CALCULATF PINE ¥BESH DISTANCES FOR POINT CALCULATION
(HETHOD 1)

EDIT PINE WESH SPACING POR POINT CALCULATICHN (METHOD 1)

LCCATE LAPGEST POSITIVE VALUE IN A® ARRAY

CONVERT REGION ASSIGNAENTS FOR COARSE NESE ITERVALS
TO RPGINN ASSIGYMENTS POR PINE YESH INTERVAL5S POR POINT
CALCULATION (RETHOD 1)

BEXPOSURE CALCULATIONS (POR OVERIAY CONVENIENCE)

NOSNAL EYPOSTRE CALCULATL(ON (POR OVERLAY CCFVENIENCE)

CONTINUOUS FUELING BEXPOSTRE (POR OVERLAY CONVENIENCE)

SHOTDOWN CALCOLATION (POR OVEPLAY CONVENIENCE)

EDIT START AKD END OF STEP INVENTORY AND REACTION PATPS
BY ABSOLOTE WNCLIDE

CALCOLATE POVER DEWSITY

POWER DENSITY STATISTICS FOR POINT CALCOLATION

POINT EXPOSURE CALCOLATION

PROCESS GEODST GEOMETRY PILE POR POINT CALCOLATION
(NETHOD 1)

LOCAT® PCINTS WITHIN SELECTED ZOFES AND CCHPUTE
POINT VOLUNES POR POINT CALCOULATION (NETHCD 1)

WRITE POINT NUCLIDE DENSITIES CN INTERPACE FILE PTATDN
POF POINT CALCULATION

EDIT PEED AND DISCHARG® RATES IN KG/DAY

ACCOMULATE POWER A¥D LOCATE WAXIWUM POVWER DENSITY

POINT SHNTDOWN CALCOLATION

ACCUATLATZ POWER ALONG PATH POR CONTINGOOS FUELING MODEL

EDIT POWBR, ACTINIDE PEED RATE, AND EXPOSORE BY ZOYE PATH
AND STUBZONE PATH POR CONTINUOUS PUBLING MODEL

COMPUTE SPECIPIC REACTION RATES POR ABSORPTION, PISSION,

COBPOTE DENSITIES FOR NOUCLIDES 1IN

NOsPISSION, (F,G), (N,A), (W,P), (N,2W), (M,DY, AND (P,T)-

FOR POIMT CALCOULATION
EDIT SPECIFPIZ RPACTION RATES POR POINT CALCCLATION

(CONT)
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03-5

PRNS DETERNINE STORAGE REQUIRED AND MODE OF SCLUTION AND
I®ITIALYZE DIPECT ACCESS OJPITS 1P NEEDED FOR POIET
CALCUOLATION

PRNT PRE-WRITE DIRECT ACCESS UNITS IF WEEDED FCP POINT
CALCUOLATION

PRNY EDIT ATOR DERSITIES PCR POINT CALCOLATION

PPN?7 SETOP TFITIAL DENSITIES POR POINT CALCOLATION

PRN? PROCESS RTPLUX AND WRITE SELECTED POIRT PLOUXES ON SCPAT'H
ONF GROUP AT A TIME FPOR 20INT CALCULATION (RITHOD 1)

PRPP EDIT SPECIPIC REACTION RATE FOR FISSION IN ENERGY RANGES
OF YIELD DATA POR PCINT CALCULATION

PRRF EDIT SPECIFIC REACTION RATE FOR FISSICY 1IN EXERGY RANG®S
OF YIELD DATA

PRTD PRINT DONBLE PRECISION ARRAY

PRTH PRIET HCLLERITH ARRAY

PRTI PRIAT INTEGER ARRAY

PRTR PRINT PERL ARRAY

PRTT PRITT HOLLERITH TITLE

PTAT CBTAIY REFERENCE ZONE NUMBERS FROM PTATDN IF IT EXISTS
POR POINT CALCCLATION (METHOD 1)

OTHNS DETERNIRE WOCLIDE SET AND INITIAL OZWSITY INDEX (ZONE OR
STBZONE) POR POINT CALCOLATIOr

PORN CONTROLS POINT EXPOSTURE AND SHUTNOWN CALCOLATION

PZT2 PPOCESS TEMPERATOURES PROY ZNTEHP (POINT CALCULATION)

QNAT WRITE INTERFACE FILT QNATDN

QNAW VRITE INTERPACE® FILE ZNATDN (CONTINNOUS POELING EXTOSTRE)

REERD ENTPY IN RITE ~ DATA TRANSFER (EXTEWNAL DEVICE TO MENORY)

PEHT CALCULATE REACTION RATE TYPE DATA POR CXPOHT

REOR CHANGE VOLTYE AND LOCATION DATA OFDER POR PCINT
CALCOLATIO® (EETROD 1)

RITE DATA TRANSPER (MEAORY TO EXTERNAL DRVICE)

R0XY ENTRY IN RITE - SPECIAL ADDRESS INITIAUIZATION

rOXY ENTR2Y IN DOPC - SPECIAL ADDPESS INITIALIZATION

PSTI POUNCTION TO ASSIGN AN INTEGER VARIAPLE TO A REAL VARIAPLE
LOCATIOR WITHOUT TYPP CORVERSION

SEEK INTERPACE PILE WANAGENENT

SFRY WRITE INTERFACE FILE PROCESSING 2ZRROR MESSAGE

SKER WRITE SEFK RELATED ERROR NESSAGE AND STOP

SKNO DETERMINE NUCLIDES 1IN SOPPLEMENTAL BXPLICIT CHAINS
NOT TO PE TREATED WITH MATRIX PXPONENTIAL CR AVERAGE
GENERATIOR PRATE METHODS

STOR HOVE ARRAY Y TO ARRAY X

TIYER MOLTI-PTPPOSE ROOTINE TO PROVIDE CPO TINE, CLOCK TINME,
CPU TINE REMAINING, I/O COUNT REMAINING, COMPUTER BODEL,
JOB WARE, DATE AND TIAE INFOREATIOM

TPNE EDIT POWEZR NORMALIZATION PACTOPS, EXPOSURE SUBSTEP TINES,
AND SHOUTDOW® SUBSTEP TINES

yoLp CONPOTE REGION VOLUMES AND ZONWE VOLUNMES PRCH POINT
VOLOMES POR PCINT CALCULATION (SETHOD 1) (DEBUOG ONLY)

ABQC INITIALI7E AI' ARRAY WITH A CONSTANT

(CowT)
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YBXC
XBYC

PYC
cPrI

7pwe
ZFNV

7F%3

2IGY
78AW
70%D
2097
70CY
79CZ
22PD
12PF

03-6

®ILTIPLY APRAY X SY A CGNSTANT

MOVE DATA PRON ARRAY Y TO APRAY X AND NULTYPLY BY A
COXSTANT

ADD ARRAY Y NOLTIPLIED BY A CONSTANT TO ARRAY X

S0% BY ZCONE CLASS ABSORPTIONS BY NUCLYDE CLASS,
PISSILE ABSORPTIONS, PERTILE CAPTWRES, PISSILF
DESTRIC~ION RATE, AND FISSILE IWVERTORY

PROCESS RZPLNXY (MODIFIED) FOR ZONFP WIARERS AND POINTS
PER ZONE PCR PCIYT CALCTLATION (N°THOD 2)

DUXMY VOLTN® AND LOCATION DATA POR POINT CALCOLATICY
(METHOD 2j

PROCESS QRZPLJIX (%ODIFIED) AND WPITE 20I™r PLOUXES ON
SCPATCY OWE GROTP AT A TIVE PGP POIET CALCULATION
("ETHOD ?)

SETUP INTEGRATION RAWNGE POR FISSION REACTIiOR RATE

PRITE IVTERPACE FILE ZNATODN

EDIT ATOM DENSITIES FOR ON® ZONB/SUBZONE

ACCURDLATE WASS RATES IN KG/SEC

CHECK AND EDIT EXPLICIT CHAI® DATA

DETERMIN® BAXIADR 2YPLICIT CHAIN LENGTH

EDIT ZONF POWEP DENSITY AND GRITE IMNTERFACE PILE ZNPCWD

CALCULATE ACTINIDE PEED RATE (KG/SEC) BY PATH FOR
CORTINUOUS FNELIKG RODEL

(CONT)
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BORNER STBRONWTIIF DESCPIPTION (SPECIAL) =

A CLOSDA CLOSE DIPECT ACCESS SCRATCH FIL® (OPENED SITE DEPILE) -
TRED ENTPY IN CRIT - DTINY - DATA TRANSFEF PXTENDED CORE TO -
PAST CO®E -

CRIT DTANY - DATA TRASSPPR PAST CORE TO EXTENDED CORE -

A DEPIL® 0®Z” DIRECT ACCESS SCPATCH PILE (REPLACES IBRM -
DEFINE FILE STATEYENT) -

$ EYIT  IB% PORTFAN H LYBRARY -
FESAN  DOYMY - LOCAL I/0 PACEAGE -
PCHECX ENTRY IN PBSAN - DUNAY - LOCAL I/0 PACEAGE -
PDISP PENTPY IN FBSAM - DUMAY - LOCAL I/O PACKAGE -
*PNTP ENTRY IN FBSAWM - DTMNY - LOCAL I/0 PACFAGE -
FPOIRT FENTRY INY P3ISAR - DIMMY - LOCAL I/C PACKAGE -
FREAD PENTRY IN PBSAM - D"MRY - LOCAL 7/0 PACFAGE -

A PBECOR RELEASE DYNAMICALLY ALLOCATED STCRAGE -
PoER ENTRY IN PBSA® - DTNAY - LOCAL I/O PACKAGE -
PERITE ENTRY IN PBSAN - DINNY - LOCAL I/C PACKAGE -
GETCOR DYWARIC STOFAGZ ALLOCATION -
ICLOCK PUNCTION RETN®WS C°®7 TIAMZ IN RONDREDTRS OF SECO¥DS -
(INTEGEP*3) -

I0AY SUBROTTINE RETURNS THE DATE “A-DD-YY (RPAL®S) -
IHC®DICS IB® PORTRAN H LIBPARY (DIPPEXSWT PCR H EXTENDED) -
THCUATAL IRM PORTRAN H LIBRARY (DIPPERERT POR Y EXTENDED) -
TOLEPT SURROUTINE PETORNS THE I/0 COUNT PENAINING FROM AN -
INITIAL ESTIAATE (INTEGER®3) -

ITTIEE POUNCTION RETJRNS THE CLOCK TINE IF H'EDREDTHS OF SECOKDS -
(INTEGEP*4) -

JOBKUN SUBROUTINE RETOURNS THE JOB NANE (REAL®8) -
JSTINE PUNCTION OR SUBROUTINE RETURFS THE REMAINING JOB STEP -
CP7 TINE PPOM AN INITIAL ESTIFATE (INTEGER*S) -

=ODEL  POUNCTION RETORNS THE CONPUTER MCPEL NOUMBER (75,91,155,195) -
(INTPGER*G) -

TINE SOUBROTTINE RETNRES TINS OP DAY HH.WA.SS (REAL®S) -

NOT SUPPLIED IN PROGRAN PACKASE -
ASSENBLER LANGUAGE -

ARNNANANAANAANANAAYANNAANOTANANANANNNNANANAAN
> N w w C R _J » N B X _J " »

S0P DPIDSPOON ISR PR SN PPESPIPPSR PP SIS0 OSPPPNPR RSP 0000008008908 0000 -

(CONT)
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CP 00800000 00000 NOP00000000 0000000000000 08008008000000800080008003800880880000-
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BPNER STBROTTINE CROSS-REPERENCE

—— -~ - —— —

SOBROUTIMF 0900089808008 88

ANOP
ARRI
ANXE
BPIX

PPIA

BPIV.
BPIC

PPIN
BRCI
BRDS
arma
BRND
BRYP
PRNO
BRES
BRNT
BRNW
BRNX
BRAY
BRNZ
BRNt
BRN3
BRNG
BRNT7
BRPP
BRR?
BURN

RZIN
RZT1

BZT2
CHEK

APRI
REED
Z2PD
BREA
suen
BGXS
EPPD
SK¥U
ARRI
PONI
RITE
yAL L)
CHEX
REOP
PRTY
BRPP
P2T2
PPIA
PERP
BRW 1t
|EPD
REFD

DOPC
RITE
Z0CY
RQUE

LEGP
B1INP
ISTP
CHAPH
REPD
REED
REED
AOXE
XEQC
BRNA
BZT2
REED
PRTR
IX3D

BRNC
STOP

~aPI

PRRF
PERR
STOR
RRRC
POWL
STOR
72PD
PGEO
STOR
PRTP
PRNA

RE:IB
SEED
DOPC
RITE

FERR

zZ0C2

REED
BPIN
PEED
caPl
RIT?
°ITE
PITE
BRNY

BRND
cnov
SEEK
PEED
PRTI

CALLS SUB®YOUTINF

BR®Y
XeQC

PRTI

BRNG
GR°C
ZIGY
RREY
POWP
XEQC
77PP
PR¥1

PTNS
PRND

BPIC
SEEX
ROYX

RITE
BTIRN
RITP
PRTH

EpEP
BRNS
DE®F
SERR
PATR

(CONT)

DOEX
XYEXC

PRTT

BREX
PRTT

DOEX
PPOE
IPXC
PRTI
(24,0
PRNS

SKER
ROXY

SEEX
B7ZINR
SEErX
PRTI

EXPH

BRNT
PERR

REED

PAPI
XPrPYC

REED

RRES
PEED

IX2D
QVAT
TEYC
PPTR

rav
PRIT

“RPCOP

SFPR
YERR
SKER

CEXP

BPNZ
PPRP

PDPY
ZCPrl

RITE

BRR?
SEP"

7 ARI
QmaAe
ZCPI
PIAT

z a3
PRNZ

GETCOR

rFCOL
XPIC

ocun

BRN3

POWL
ZNAW

SZPK

BZT)
SKE®R

PDPT
PEED
ZOWd

PTNS

PRPF

PORY

TPNE

BRRF

-
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canvy
cHpPy
CHPI
CPH1
CPH2
DEZF
porx
DOPC

DOSH
DOWN
PCHK
EDED
PDEP
EPPD
PPA2
rSeT
ETAB
PIPH

PERR
FLOC
PLUE
L0 L)
GCHK
GNZC
#OJIP
ISR
Ix2p
1X30
JAGY
JAGD
JERY
J9CY
LAGY
1AOD
LEGP
LERY
LOCY
BAIB
REIT
NEAA
HEPA
RESA
BESH
BETS
nER?
ASPK
ASHO
9SH1
nsSH3

112D
°FED
PRTF
JAGY
FE*F
CLOSODA

LAGY
RPRY

EDFD

REPD
CPH.,
LEGP
STOP
SE2K

JACD
JAOD

LADD

LAOD

BRI
ANOR

PRTD

PPTD

PITE
FEED

JPRY
PRE®
DEPILE

LENY
DCSH

ETAB

YEQC
CPH?
AXRP
XBYC

RETD

MEIT

aPIT

BRDS
MERA

PRTI

03-9

RSTI

JICY
REED
PCHECK
LICY
STOP

REED

IEYC
ECHK
REED
IPYC

DOPC
NEPA

(CONT)

YPH2
REHT

SKER

TINER

YESA

SEEK PESAN

SKEP

FSFT FLNC
RITE SEEK

STOP

NESP RETS

PDISP

FPLOE
SKER

PRTD



ﬁﬂﬁﬂﬁﬁﬁﬁﬂﬂﬁﬂﬁﬁﬁﬂﬂﬁﬁﬁﬂﬁﬂﬁﬂﬂﬂﬁﬂ-ﬁﬁﬁﬁﬂﬁﬂﬁﬂﬁﬁﬂﬁﬂﬂﬁﬁﬁﬂﬂﬁﬁﬂﬁ

Axrp
SRCP
CEXP
orix
Onoy
oown
PARI
PDPT
PDST
PPIX

PGEO

PLOC
PRAW
PONI
POWL
POVN
POWP
PPOP
PRNA
PRND
PRES
PR>™T
PRNY
PREZ
PPN}
oRPP
PRR®
PPTD
PRTH
PRTI
PRTR
PPTT
PTAT
PTHS
PORYN
PZT?
QWAT
QNAW
RERT
REOR
RITE

RSTI
SEEK
SERR
SKER
SKNT
STOR
TIMER

REED
OFIX
BPIX
BROV
DOwN

AnRp
11014 4
XEQC
GCHY
PRTI
yoLpP
REED
REED

DOSH

PRT®
REED
REED
poPC
PITF

(of 19§
PRTP
REED
REED

PRTI

PFIY
PRTFR
REED
REED
PATR

CRED
PPOINT

RPED

SEEK

TDAY
JSTINE

FYITE
cHov

HYRP
PDPT
YEXC
"3HK
PRTPR

RITE

PRAW

PITF

LEGP
PEED

PEED

POWN
"EEL
RITE
RITE
PRED

CRIT
FWRITE

RITE

TINE

03-10

XYEQC
PRTR
PDST PEAW PPNY REED STO®
XBYC
ns|0 1sal 1SH NPCF PLOC

rRE%D RITE SEEK SEanm STOP

SePK SERf STOPR

PRYY STO®

PRTI REED RITE SEEK SEFRR
RITE SEEK SFR® XEXIC

SERK SE°Rm

PRNY

SEEK

SEPK SKPR

XBYC

PERR FREW FPNTR FREAD PCHPCK

NODEL ICLOCK TIOLEPT ITTIRE JOBNN®

(CCHNT)
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TPSE -
vorp PEED -
TEQC -
IBXC -
XEYC -
XPYC -
“CP1 -
zrmp peTY PRTP ERED -
TPy -
Al K PRTP PITE XBXC -
21GY -
YAV vERD °ITE seek SKEP -
7049 -
ZONWT -
7oCY -
20Cc2 -
77PD PRTP °ITE sgeg -
270P -

0
m™m
9
i

BARPNER STRPGTITINE CPOSS5-REFEPENCT (SPECIAL) -

SNDENTI™INE 0808069908066 08 CALLS 'IRCOTTIAF 0265988980508 00000¢809_

CLOSDA -
cPI- ) , -
DPFILE  IHCEDINS IHCTATAL -
FYIT (5) -
FRSAY (%) -
FCHPCY (%) -
FDISP  (5) -

FPNTR () -
FPOIXT (5) -
PSEAD () -
PRECOR  PXT™ -
1431 () -
PYPTTE (S) -
GETCOY ®°YI~ -
1cLecK -
IDAY -
1HC2nI0S -
IHCTOATBL -
10LBPT -
ITTINE -
JOPNOUN -
Jsriae -
BODEL -
TINE -

(Sy DENNTES STOP -

MAAAAAAAAAANAANANAAAANABAYTANYASNANNANAAASAANNN aEaNaNsNaNaNaleNe

SOOPPOOOROPSI VI RENOOPOOOOPOSOOEPOODPIEPOSEOOOIS0OPSOESISOOOOOSIPSPOOOIOO
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eDEP
EPPD
TPR2
BESET
TTAB
EXPH
PERE

PLOC
PLOE
POOL
FRPCU®
GCHK
GETCOR
GEZC
HQUE
ISTR
IX20
IX3D
JAGY
JAOD
JENY
JOY
LAGY
LAOD
LEG?
LPYY
14 o §
BAIN
AeIT
NERA
REPA
qESA
BESB
RETS
1] 44
AsSHK
ASHO
AsH
nSH3
AXRP
BPCF
OEXP
orIX
onov
oowN
PARI
PDPT
PDST
PPIX
PGZO
PLOC

aoan
BINP
EX®H
eYoR
EDEP
BOURN
BINP
RITE
EXPH
ZXPE
BRI
BERDS
PGEQ
BR"S
BIPF?
BRNX
BRY3]
snov
CHEK
DOEX
JAGY
DozX
pory
POSE
LAGY
BRN?
DOSE
DOSH

JERY
HEIT
HEIT
neIT
NEIT
MEIT
PDST
PGEOQ
PGEC
PGEC
PGEO
EXPH
PGEC
BORN
orxe
OEXP
BORN
BPIX
BPIX
PPIX
PORN
BPIA
PGEC

03-13

B®CI ERYS BRR®I 8721%

cHov

JENY

12nY
EXPH PRNZ

Leny

PDST

BNOV
EROV PPIX

{CORNT)

DOPC

GNZC
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PNAW
POYNI
PONL
oovYy
powp
PPGE
PREA
PRED
PRNS
PRYT
PRNY
PRNZ
PR3]
PRPP
PRRP
PRTD
PRTH
PRTI

PRTR

PRTT
PTAT
PTNS
PNRN
PZT2
QNAT
QEAW
REED

REAT
REOR
PITE

ROXX
ROYY
RSTI
SEEK

SERW
SKER

SKNN
STOR

pTIX
BROY
EPIX
POEN
BANY
BROY
BPIC
BPIC
BPIC
BPIC
PFIX
BPIC
EPIA
BPIC
BZIN
REIT
BRNY
BGXS
PRYZ
BPIA
PPOE
BGXS
BPIA
PPIA
PRN1
BPIC
BNOV
BROV
3PIY
BR¥®2Z
CHEK
FLOE
PREA
P2T2
ZFP3
EXPH
BPIA
BGXS
BRPF
PRAV
SEEK
BRDS
BEDS
CPR2
BGYXS
EDEP
PPM3
BGYXS
BINP
QYAW
BINP
BPIX
PFPIX

POWN

BANY

POWN

MSHK

BPI?
PTAT
BOTE
PRN3
BINP

'p1g

BGXS
RRN3
CcpPat
GNZC
PRND
QWAT
ZUAw

BROV
PRRP
PREA
ZFrn3

BINP
EXPH
PTAT
B7?T1
BRCI
THAW

BINP
PGEO

03-14

PPN

asH

BPIB
14414
B2T2
P2T2

BITP
BRN7?
CPH2
RRCY
PRNZ
QNAW

BRNA
of 48]
PRNT
ZHAW

BRCI
PERR
QWAT
PGEOD
RRNZ

BYOV
PUAV

(CONT)

CHEK
REAT

380V
BRPP
DoPC
PPIX
PRN3
REAT

BRYT
DOPC
PRNZ
Z2PD

BRNZ
GNZC
QWAW
PNAW
BRN3

BPIA
POWN

CHEK

CPH2
Irnp

BRCI
BRRP
EDFP
PGEO
PRPF
SFPEK

BRR?,
BXPH
PRN3

BRHN3
PGEO
SK®R
PPNZ
EDPP

DOWN

ASHK

PDST
ZFrn3

BRNA
BZTY
ETAB
PLCC
PRRF
ycLe

BRE2Q
WRCF
QWAT

BZT1
PUAR
ZEv
PRE3
EXPH

EXPH

PGEO

PGEO
2p)

BRFD
BZT2
EXPE
PNAR
PTAT
rnp

BRN?
PG2O
QEAW

DOPC
PRN?
2ZPD
PTAT
GNZC

GNZIC

]
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TIAER HAIN -
TPNE BURN -
YOLP PGEC -

XBQC BPIY 1.1} J 8gRY ETAB OEXP PFIX -
XEXC PPIX ol 0] J RRY3 PPIX PEN] ZrPnl -
iBYC SPIY B%OV ®TAB EXPH PFIY PERT -

TYPYC  EXPH -
7CRY  BPIX AROY -
144,12 B2IP -
zrav’. BPLE -
ZpPm3 - BPIY -
ZIGY * BIN® \ -
ZWAR - BFIX  N\ooun -
708D  PROY -
7081 BYOV -
zZncY BREV -
zZncz BRYW -
22PD RPIX BHOV -
Z2ZPP BACY -

EURNER SOPRCUTINE CROSS-REFERENCE (SPECIAL) -

SOUBROUTINE 9988398398888 CALLED PRON SUPROUTINE ¢#3528838888888888

CLOSDA DOPC -
CRED RITE -
CRIT PITE -
DEPILE DOPC -
EXIT PRECOR GETCOR

PBSAR DOPC -
PCHECK DOPC PITE -
PDISP D0PC -
PPRTR RITE -
FPOINT RITE -
PREAD RITE -
PREN DOPC RITE -
PRRITE RITE -
ICLOCK TINMER -
IDAY TINER -
IACEDIOS DE¥ILE -
IHCUATBL DEPILE =
IOLEPT TINPR -
ITTIRE TIMER -
JOBNUN TIMER -
JSTIAE TINER -
RODEL TINER -
TINE TINER -

AAAAAAANANALANANAACANANAAANAAARAANANAAAANAAAAANANANOANIANNDN

(R R XIE R RRI 2RI RIS R R R R AR RO R R R B2 2T RA2 R RS At R Rt Rl R Rl ] 2 B

(CONT)
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COSC8080¢888280058088400880 0880008008085 0508888080888088088880888 0088888888800

C

C

C | =ccemuwea-
C

r CONNAON
C

c ACES)Y
C ACES2
C CPEED
C PACES
C

C

C GENDS
C SLOBE
C

C

C

C

C

C

C

C PARRPES
C

C PAR™Y
C

C

C PBORV
C POINT
C

C

C PEACX
<

C RPTCL
C

C

C

C

C

C

C

C ORITS
C

C

C

C OSRID
C VCTRL

PNPNER CONMON -

$8888808% PEFERENCED IN STEBROTTIRE $588808808 9880888888880~

BZIr EDEP £XPH JFIX cnov -
BPIC PTRN -
BRNY BRES BZINR cmov DEEP QuAW -
BGXS SINP L2IA BPIE BPIC BR®S BURY -
RZIN EDEP EXPH OPIX cCHOY ocwr PRANS -
pRx -

RPIA PpPIP BPIC PGED PORY -
AUXE PPIX B3XS BINP BMOY BPIA BPIR -
RPIC BPIN ER¥O BRHS BR"W BENX BRNZ -
rP2Y1 BRN3 BIRN BZIN RZT1 BZT2 DEE?P -
DGEX DCSH DOWN EDEP TTAR EXPR PONL -
JAGY Jeny Jncy LAGY LEMY LOCY JEIT -
PAPI PPIX PG®0 PNAW PONI PCHF PPOE -

PRNS PANZ PRY3 DTRN PZT2 QNAT QNAV -
REHT ZPNpP 7P13 %AW 70NI ZZP0 22PF -

BIN® BPIC BRNS RORYN BZIN EDEP EXPH -
OEYP NPIX ooV OOWN PPES POPR -
BFPIY BINP M0V RPIA BPIP BPTIC BZIN -
DONN EDEP ETAB 2IPH AAIF PPIX PNAW -
PCWHR PORN QWAT QNAW PERT ra-11 22PD -
BPIA BPIE BPIC PRES PORF -

BPIX BINP RNOV BPIA BFIB BPIC BRNI -
BOEN BZIW DOEX DOSH DOWN EDEP EXPH -
OEXP OFP1X o030V plel ) ) PPIX PCEN PORN -
BPIX BINP BRNOV BPIC BZIN DCEX PPIX -
PORN -
ADX? BPIX BGXS BINP BHOV BPIA BPIB -
BPIC B?IE BRCI BRNS BREW BRNX BREY -
RRYZ 9RN1 BRN3J BURN BZIN BIT? BZT2 -
DEEF DOEX DOSH DOVN EDEP ETAB EXPH -
JAGY JEAY JICY LAGY LERY LOCY REIT -
OEXP PDST PPIX PGEO PNAV pown PRES -
PRNZ PRN3 PORN P2T2 QNAT QWAW RERT -
zrap zrn3 ZI1GY ZNAW 22PD -
BPIX PINP BROYV BPIA BPIB BPIC BPIN -
BRN1 RIRN BZIN DOWN EDEP ETAB EXPH -
ronL BAIN PPIX PRAW POWN PORN QFAT -
QNAW REAT ZHAW 2P0 -
BRCI EXPH PRAW QWAT QNAW r4 1) ZZPD -
BRI -

(CONT)




C
C
C
C
C
C
C COASAN DOPC RITE -
C
C
C
C
C

03-17

BURNER CONAC™ (SPPCIAL) -

. ———— -

CORTON ¢¢900¢e9s NEFEIENCED IF SUPRONTINE 0000205085880 0008000000-

CTABLE FRECOR GETC R =
DEPILCO% DEFILE CLO:DA -
NGATIO DOPC RITE SE®K -

SBOOPIPOOPOOOCOPRO O O0D LS PROOP OGS LR PP IOOOOOEPPOOORO PRSI ORBEEEOEOIDRS-

TABLE 03-1 EWD
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TAPLE 03-2 OVERLAY STROCYCUPE

CEESA SR SRR SRS SRR NS RE SRR E RS BESE BRBESSE RS SRS LV S SRS SE VU RRRERBSS S 26—

c -
C RENER OVERLAY STROCTORE -
c ........................ -
C -
c PEOGRAM SIZT (DOFS NOT INCLODE DATA ARPAY OF I/O EUFFERS) -
C WIT™H CVSRLAY 49500 RORDS -
c ViTHOOT CYERLAY 92500 WORDS -
c INCLTDES 7100 WORDS ISM PORTRAN LIBRAPRY -
C -
< EAIN -
C BRCI -
C BRDS -
C BR™1 -
C DORX -
C DOSH -
C Jeny -
C LBy -
c JAOD -
C LAOD -
o MEIT -
C AN9R -
C MESA -
C .41:] -
C NE%A -
C MEPA -
< METS -
C Jucy -
c LICY -
C JAGY -
c LAY -
C PDPT -
C DOPC (ROXY) LIBRARY -
C RITE (REED,POXX) LIBRARY -
C SEEK LIBRARY -
C PRTD LIBRARY -
C PRTH LIBRARY -
c PRTI LIBRARY -
c PRTR LYBRARY -
c PRTT LIBRARY -
C 1X2D LIBRARY -
C IX30 LIBRARY -
of MNRP LIBRARY -
C MXRP LIBRARY -
c XEQC LIBRARY -
C 440N LIBRARY -
c XBYC LIRRARY -
¢ x°YC LIBRARY -
c STOR LIBPARY -
C LEGP LIBRARY -

(COHT)
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CHPE LIBRARY

capl LIBRARY

ISTR LIBRARY

RSTI LIBRARY

PERR LIBRARY

SEPN LIBRARY

3KER LIBRARY

TINER LIBRARY

GETCOR LIPRARY

PIECOR LIBRARY

DEPILE LIBRARY

CLOSDA LIBRARY

ITTINE LIBRARY

CRIT (CRED) LIBRARY DUMAY

PBSAM(ENTRIES) LIBRARY DUMRY

1CLOCK SYSTER LIBRARY

IDAY SYSTE® LIZRARY

IOLEPT SYSTER LIERARY

JOR%UN SYSTEM LIBRARY

SSTIAE SYSTEN LIBRARY

RODEL SYSTEN LISRARY

TINE SYSTEY LIPRARY

(OTHERS) IBH PORTRAN LIBRARY

ACES? conaon

ACES2 ccasow

CPEED COMRON

FACES CoNmON

GEODS CONmON

GLOBE coxnoN

PARRS CoRnoON

PARMY COMMON

PBIRN connon

POINT CORAON

REACX CONMON

RRTCL ccaney

INITS CONRON

USRID CCRHON

YCTRL ccmuon

CONSAN COMMON

CTABLE comnow

DEPILCON comnon

HGATIO CONNON

*
LA 2 iR P R 2RI R 222 RS2 Rt 2 R 22 R R R R R 2R R R R R YT T
* * * * *
BIFP  BZIY  PBORN  POIJL BPIN PORN
GNZC  DEEF  BRNY PTNS PRNY
BRN?  CNOY  ZNAW . PPIX
BRAD BRNS 2P0 2908050088008 S8%S POWN
BGXS  BRN3  AUXE » . » PEAW
BZT1 BRNZ  TPNE BPIA BFIB  BPIC  PDST
BRNF  BRNT » PTAT  ZPRP  PRNS

(CONT)
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C BRNW BZT2 . PGEO PNl PE"2 -
c 20C2 BRYA * GCaK kA 4.\ PR™T -
C 20CY BRYD * nsno P2T2 ~
C Z1GY BPRP * 1SBK PREA -
C EPFD PRRP 1 ASHY PRED -
C RREX * ise) BRPY -
C HQDE bd NRCP PRPP -
r SKRO * YOLP -
C * PLOC -
C * PRP3 -
C * REOR -
C hd CHEX -
4 * -
c * -
C SS90 5550 8888980808008 -
C ] » * s -
C OEXP EXPH EDZP nowy -
C POWL CPHY EDED powy -
C ARRY vCHK ETAB -
C 2ZCRI1 ESET -
| C PARI PLOC -
C BRNO PLOE -
C . REHT -
C * CPH2 -
C * EPR2 -
c * -
C * -
C 2955098800888 0888 8 -
c * * -
c Orix oROv -
C BPIX BHOV -
C * -
C * -
c S5E9882850888 0899 -
o » ] -
C ZOND PoNI -
C zzey PPOE -
C zZ0mY QUAW -
C POWP QWAT -
C -
COSSSBREPIRBRSSEEIA S0 0S08SSERASS0S 0000980080800 050088088000080 0008~

TABL® 03-2 END
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TARLE 03-3 SCRATCH INPUT/0U0TPU?YT

[ A3 222222 2122 2222 22 YI T2 2 222222 22212 2222222 12022 22222 22222222222 22%2 2 2

BORNER SCRATCH IYPUO1/00TPOT -

- ——— " —— - - - -

DIRECT ACCESS -

LOGICAL JNIT 28 (IDA2Y SPECIFIC REACTION RATES BY ZO0BE AND -

SOUPZOYE -
NTHBER OF RECORDS WZOXE ¢+ ESZ -
LENGTH OF RECGRD NACT* NS WORDS -

OPTYONAL DEPENDING ON NENORY STORAGE AVAILABLE -

LOGICAL NIT 27 (IDA3) SPECIPIC REACTION RATE PCR PISSION -
IN ENERGY RAEGES OF YIELD DATA -

BY ZONE AND SOPZONE -

NONBER OF RECORDS NZOBE ¢ %52 -
LENGTH OF PECORD NYERSNENS WORDS -
OPTIONAL DEPERDING OY MENORY STORAGE AVAILABLE -
ABD PRESENCE CP ENERGY DEPENDENT YIELD DATA -

LOGICAL JFIT 40 (IDAS) SPECIFIC REACTION RATES BY POINT -
WONBER OF PECORDS NPT -
LENGTH OF RECORD NACT®*NES VORDS -
NPTIONAL DEPENDING O® NEMORY STORAGE AVAILABLE -

FGR POINT CALCTLATION -

LOGICAL ONIT 28 (IDAS) SPECIPIC REACTION PATE POR PISSION -
IN EWERGY RANGES OF YIELD DATA -

B8Y POINT -

WONBER OF RECOPDS wPT -
LENGTH OF RECORD NYER®*N¥NS VORDS -
OPTIONAL DEPENDING OF HEWORY STORACE AVAILABLE -
APD PPESENCE OF ENEPGY DEPENDENT YIELD DATA -
FOR POINT CALCOLATION -

SEQUENTIAL -

LOGICAL UNIT 52 (ISR1) ZORE AVERAGE PLOX -
WIABER OF RECORDS BGROUP -
LENGTH OP RECORD WZONE WORDS -
ALVAYS OSED -

LOGICAL UWIT 46 (IS®2) INITIAL DENSITIES -
NOMBER OF RECORDS NZONE ¢ NSZ -
LENGTH OF RECORD L1 WORDS -
ALWAYS OSED -

NN ANNANNANANAAAAANAANANANANAONNAANANANANNNANANANANNANAANN

(CONT)



LOGICAL T%IT 83 (I5P13) PPINCIPAL CFO. , SEZCTIGMS
(LATEST VEPSIC™)
N'IABEP CP RECNP:IS SRONP
LEXGTH O7 RECNF3 XP5CS ¥OTDS
ALYAY5 9SPD

LNGICAL T8IT 89 (I1SF8) ZOXE AVERAGE FLNX
NTRBER CP PECGPDS nGRONP
LFR5TH OF RECH®D NZO"E ¥OoPDS
DSED VHEN THO PZPIUYX PILES AREZ READ

LOGICAL IRIT &7 (ISES) INITIAL POINT DENSITIES
NTABER ©F PECOPDS NPT
LENGTE 0¥ RECORD n”s yOPDS
ALFAYS WISED ®CE: PCINT CALCTLATION

LOGICAL I%IT S8 (ISP6) PRINCIPAL CFOSS SECTIONS
(SEXT-TO-LATEST VEPSION)
“TALER OF RECO®RDS TGROTP
LENGTH OF RECORD NPSCS WORDS
OSED @H®NY TEAPYRATORE CORRELATION IS TO 3E DONE

LOGICAL O”IT &5 (ISR7) 2YPOSURE HISTCR ! DATA
NTHBER OF RECORDS 1

LENGTH OF RPCORD 80 VORDS
PLOS

N'THBER Or RECOPDS 3

LENGTH CF RECOHRD NZONE ¥o®DS
PLUS

NUABER OF RECO®RDS a

LENGTH OF RECCRD NZONE ¢ NSZ VORDS

IF DATA PRON ALL EYPOSORE CALCULATIONS IS TO BE SAVED
YOLTIPLY THIS REQUIPENENT BY THE NAMBER OF PYPQSURES TO
BE DONE

SED ¥HEN EXPCHAT INTEPFACE IS WRITTEN

LOGICAL UNIT 45 (ISR7) REGICN ASSIGWMENTS TO FPINE HESH
NTBBER OF RECORDS NINTK
LENGTH OF RECORD NINTI®*NINTJ ¥ORDS
O3FD FOP POINT CALCOLATION WHEY DATA IS TAFEN PROS GEODST
AND RTPLUX (3-D ONLY)

LOGICAL DWIT 85 (ISR7) POINT FPLOY
NUMDBER OF RECORDS NGROOP
LENGTH OF RECORD NPT VORDS
ALWAYS OSED PCR POINT CALCOLATIOw™

AMAAAAAAANANANNANANNAANANANNAANAARANAAANAAAATADNAANNTAN

(CONT)
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LOGICAL 79IT 53 (ISR8) BEXPOSURZ HISTCRY DATA -

NTARER CP RECNHPDS 3 -
LER:T® OF RECOPD Nzowe YOorDS -
PLIS -
XTMMBER CF RTCOPDS ) -
LENGTH CF WEC~PD NZOYE + NSZ §CADS -

TSPD BHEX EXPCHT INTEURFACE IS WRITTOR -

LOGICAL 7I¥IT S? (ISTFR) PRINT FLIX -
¥IREE® CP RECAPOS XGPnTp -
LE®5TH CF RECORD NPT ¥N°pSs -
7SED ¥OE PCYNT TALIOLATION WHEN TWO FLIX FIL®S APF ®RFPAD -

TIZGICAL NNIT SV (ISP9) SAVE CTRRENT DPENSITY APRAY -
Y¥ITMBEP OF RECSRNS 1 -
LEXNGTH OF RECNH®D KFS® (N2OXZ ¢ ¥57) WCPDS -
BSED WHFY WEISHTED AVEPASE EXPIASTRT CPNSITIES ARE TO RE -

WEFITTYFN €3 77ATDN INTEDFJCE -
JSEy FHEN TTLTYPLE PASSES BMPE DONE TCP CCNTINTOUS FDELING OPTIONW-

LOSICAL TNIT SO (IS®10) DENSITIES TO FE MOITTPN CN QWATDW -

INTEPPACE -

STRBER OF PBRC:PDS N70%E ¢ NS2Z -
LENGTH OF PPCCPCL NNS YORDS -
MSED WHEY COANTYNICTS FWELING GPTICY IS SPECIFIED -
DEPINITIONS -
IRSHE = TALP & INP ¢ IN¥2N ¢+ IND ¢ INT -
NACT = @ & IPS"m -
NPSCS = (8 + IRSTH + 2% (MAYOKD ¢ 1) ¢ NSTPPD)*NISO -

NGRONTP NUY2ER OP ENERGY GROUPS -
¥1350 NJYBER OF N"CLID®S IN CROSS SEBCTION DATA -
SAXCRD MAXINTN SCATTE?ING ORGE® -
wPsCs LENGTH OF PRINCIPAL CROSS SECTION RECORD -
WSTEPD SNOUNPER CP CNOORDI™ATE DIRECTIONS POR PHICH TRARSPORT -

CRCSS SECTIONS ARE S IVEN -
IALF (N,A) CRNSS SECTION PLAG

-

0,1
Ine (%,P) CROSS SECTION FPLAS 0,1 -
IN2K (W,2%) CPOSS SECTION PLAS 0,1 -
Inp (N,D) CRCSS SECTIODP® PLAS 2,1 -
INT (¥,T) CROSS SPCTIO?N FLASG 0,1 -
NZOo“E NOSBER OP ZONES -
NS?2 NUMEER NP SOBZNNES -
LL 3 MAYINON NURBER CP YU'LIDES IN ANY SET -
NYER NOYBER OF EYEPGY RANGES FOR YIELD DATA -
NPT WORBER OF POINTS TREATED IN POINT CALCOULATION -

NINTI NOABER OF PIPST DIMENSIOI PIEE MESH INTERVALS -
NINTS STABER OF SECOND DINENSION FINE MESH INTERVALS -
NINTX NUMSER OF THIPD DIMEWSICY PIFE H®SH INTERVALS -

(Al RA S SR T 1 R R R RS S I 2 R R Q2 R 202t R 2 2 R R R 1222 82 22 2 22 R RTIITTR T2 N

TABLE 03-3 EFD

END OF SECTION
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SECTION 04: DATA INTERFACING

The axternal data files addressed in BURNER are:

CONTRL

NDXSRF

GRUPXS

EXPOSE

RZFLUX

ZNATDN

PTATDN

EXPOHT

ZNTEMP

QNATDN

ZNPOWD

GEM®ST

RTFLUX

(read only) Instruction records EXPINS,
DVRINS, and PROINS

(read only) Nuclide referencing data ana
nuclide concentration assignment
data

(read only) Microscopic cross section data -

group ordered
(read only) Basic exposure data
(read only) Zone average flux - a’so flux

values at selected po,nts for a
geometry independent g€alculation

(if modified) ’

(read/write) Nuclide concentrations (zone and
subzone)

(read/write) Nuclide concentrations (at selected
pcints)

(read furite) Continuously updated integrals of

exposure conditions
(read only) Temperature data (zone and subzone)

(write only) Nuclide concentrations leaving
the zones and subzones for the
continuous fueling model (same
format as ZNATDN)

(write only) Power density data (zome and
subzone)
(read only) Zone class data - also complete

gevmetry processing for a geometry
dependent calculation at selected
points

(read only) Regular total flux - for a geometry
dependent calculation at selected
points
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The primary zane exposure calculation requires that at least
one version of the files CONTRL, NDXSRr, GRUPXs, FXPOSE, RZFLUX, and
ZNATOXN be available.

Generally, and if not specified otherwise in the control reccrd
EXPIXS, the latest version of any file is used for reading. Also for

files written, the latest existing version of a2 file is rewritten unless

specificd otherwise.

Table 64-1 documents the BURNER contrel record EXPINS in file
CONTRL (page 04-3), and the special files EXPOSE (page 04-17), EXPOHT
(page 064-24), PTATDN {pagze 04-30), ONATIN (pagce 04-33), ZNTEMP (pagze
04-38), and ZNPOWD (page 04-560), and the modified standard {{je RZFIUX

(page 04-35).



TAPLE 94-1 JINTERPAC® PILE SPFTIPICATINNS

SPECIFICATINY. PCF PYPINS REBCORD IN TNTESPFACYE FILE CNTEY

g
&) EYPCSNEE wOLJLE IKSTRICTINNS -
c -
ry PXPINS, (YXX(T),I=1,179), (IX(I),I=1,197) -
c -
Cw 11senrT » 197 -
[ -
) PYPINS SYSNSIET MO)TLT JATA IDEBYTIZIES (FHEITIYY) -
C -
cye ODPTINK N°T TSPLENENTED -
(uee Co™1Ff% N°T RECCHMENDED -
C -
cn TY(Y) BYPASTOE TIYE STZP (DAYS) -
rnes (A NEAATIV® TIN® I35 7ISED PR SPFCIAL SITOATICWS) -
(_' -
cn XY (?) S4MTD K TIYE STEP APTFS ZvpGSTPE (LAYS AT ZERG -
&) PLIX) -
c A
Y () THE °ATIN OF BACH SHITDN®N SUBSTE? TIPE INTEPVAL -
co TC THAT OF THE PREVIONS STBSTEP (APPLYCAPLE -

n CNLY IP IX(7) .3T. 1) -
D (DZFA*.LT TO 1.0) -
c -
() XX (4) RPCEIVED -
c P
ca XX (5) PECERVED -
(_‘ -
q)) T (F) RPIATIVE POWTR LEVEL {(ALL PEACTISN RATES APE -
cn »ILTIPLIED BY TYIS EACTOP IF NON7ERQ - PROPTR -
co ¥YOR®ALIZATION OF THE PLUX LSVEBYL. RY THE NBEOUTPONICS -
n CrOB T~ BPPSCT SONE PCHEP LEVEL IS PRESNW™EL) -
C -
cn XX (7) RESEPVED -
c -
cD YX (®) PESFRYED -
r . -
cn Y (9) PESZPVED -
C -
cn XX (10) ¥EI5HT1 NG PACTOR POR USE WITH TWO PLUX INTSRFACE -
cD FTLES (IFP IY(13) .EQ. -2) -
N -
c? PHI{TSED) = PHI(LV) + XX (10)®(PHI(NTLV) - PHI(LV)) -~
) WHEPE PHI(LV) IS LATEST VERSION (IN TIEE) PLOYX -
cD WHERE PHI(YTLV) IS NEXYT-TU-LATEST VERSION (IN -
()] TIRE) ?LOX -
c9 (DPPRTTT 75 5.3 -
C -
<o X (11) PLUENCE LCW®® BCIND FOP FI®ST ENEPGY RAFGE (EV) -
c -
CD XX (12) PLUENCE LCWEBR BOTND FOR SECOPD FPNPPGY RANGE (EY) -

(CONT)
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C

cp
co
C

(&)
cp
(o))
co
co
C

cn
cn
rn
C

co
cD
C

cD
(&)
co
cD
(o

ch
cn

IX(13

XX (18)

XX (15)

XX (16)

(M

XX (18).—

ru/////

“T0
C

cp
cp
co
cd
C

cD
co
C

co
cd
co
c

cn
co
co
co
co
C

co
C

co
C

co

XX (19)

XX (20)

(2t
XX (22)
X (23)

////

04-4

COMVERGENCY LEVEL YOR MATRIX EXPONENTIAL METHOD
(DEPAOULT T9 1.02-8)

LIMITING VAL"E OF DIAGONAL TERR POR MATRIX
EYPONENTIAL APTHOD (EACH SOUBSTEP IS SUBDIVIDED
IMTO AS MANY TINE IPFCRENENTS AS NEEDED TO REDUCE
TYE VARGEST DIAGONAL TER® TO THIS LEVEL)

(DEFATULT TO 12.0)

YATRIX FYPONESTIAL TRANWNSPORA, PPACTICN OF LARGEST
DIAGOYAL TERA

(DEPAOLT TO 0.9)

NININTA NOCLIDE DENSITY ALLOWED
(DEPAILT TO 1.0E-50)

SYAGSITODP OPF DIAGONAL TERM® OSED AS CRITERIA FOR
APPLYIY*S THA® PQUILIBRIDE APPROXIFATICE TO A
NOCLIDE WITR THE MATRIX EXPONENTIAL NPTRHOD
{DEFAULT TO 10.0%XX(18))

VEIGHTING FACTOR POR EXPOSTRE WOCLIDE DENSITIES
WRITTEN ON INTERPACP PILE (IP IX{(37) .NE. 0O)
SZNATDN® POR ZCHE CALCULATICN
*PTATON® FOR POINT CALCULATION

N(YRITTEN) = N(B) * XX(18)*(N(S) - N(E))
WHERE Y(E) ARE DENSITIES AT END OF FPYPOSORP
RHEPE N (S} APE DEJISITIES AT START CFP EXPOSURE
(DEPAULT TO 0.5)

AVERAGE GENERATION RATE SEIGRTING FACTOR POR
SOORCE TERY

PRPCIRSOR DENSITY IS
XX(19) *B(T) + (1.9 - XX(19))*"(T+DT)
(DEFAOLT TO 0.5)

CONVERGENCE CRITERIA O% POWEP LEVEL PCR COFTINUOUS
FOELING MODEL TO DISCONTINUE POWER LEVEL
INITIALIZATICN PASSES (APPLICABLP IF IX{(S51) .GT.
AND/OR IX(52) .GT. O AWD IX(61) .GI. 1)

{DEPAOLT TO 0.005)

RESERVED

RESERYVED

RESERVED

(Cowr)

0




04-5

XX (28) RESERVED -

Y (25) ROPERENCE TEMPERATOHRE (DEGREES C) NF THE -
NEXT-TO-LATEST VERSION *GRUPXS® CRCSS SECTICN -
INTSRFACE PILE -

XX (26) REPERFNCE TENPERATIRY (DEGREES C) OF THE -
LATEST VERSYIOR °'GPTIPXS' CPOSS SECTION INTERFACE -
PILE -
XX (27) CORRELATICN PARAMETER FOP THE AFCTANGENT -

DEPENXDENCE OF CROSS SFECTIONS O% 7208F -
TPNPEPATURES (LIYEAR COPRRELATION IF 0.0) -

X (28) RESERVED -
X (29) RESERVED -
XX (20) PESERVED -
XX (31-199) CORE .~ SIDENCE TINE (DBYS) FCR FACH ZCNE PATE -

POLLCWED BY THE COREZ RESIDENCE TIME (DAYS) FOR -
SACH SOBZONE PATH (I® ANY) - SEE IX(51) -
(DEPAOLT TO XX (1)) -

USUAL VALTDES OF SCME OP THE PAPAME™EPRS ARE SHCWK HERE IFN ( )-

Ix¢m RESERVED -
IX(2) COrDENSED EDIT OPTIOR -
0- YES -
1- me -
IX(3) DEBNG EDIT OPTION (O0) -

O0- WO SPECIAL BEDITS -
1- CROSS REPERENCE TABLES, EXPOSURE DATA, -

CHECK AND EDIT DATA FROM °*EXPOSE' INTERFPACP -

FILE, AND EDIT INTERFACE PILE PAPAMETERS -
2- HIGHER LEVEL DATA EDIT -
3- PLUS STARTING NTCLIDE DENSITIES -
8- PLYS INTERMEDIATE LEVEL DATA -
S- PLUS STARTING REACTION RATES -
6- PLOS ALL EDIT OPTIONS ARE TURMNET ON -
7- PLOS MATRIX EXPONENTIAL AND AVERAGE GENERATION -

RATE DEBOG EDITS -
B- PLUS ADDITIONAL MATRIX BXPONENTIAL DEBUG EDITS -

NOTE- 7SE OF 6,7, OR 8 WILL PRODTCF RPANS OF PAPER -

(COXT)
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cp 1Y (3) necEeyED
C
c 1X(5) CETIOT OF BASIC CHALY EQUATICY SOLIYICY WETHOD
c (CONSISTENT CAAIN DATA RJST BE PRES®ET 0N
3] I"TEPPACE PILE "EXPOSE®)
cn 3- WMATRIX SYP0OBESTIAL
cn 1- BXPLITIT CHAIN
on 2- AVEPAGE SEZNERATICY NTR
c
cx (IF IY(S) .B2. O ASD NYATYE(*EYPOSE') .EQ. D AED
cr L.BPICH(*"XPOS2') .GT. O, DEFAOLT TO 1)
c
9 IX16) KNYBEP OF SVASTEP EXPOSTPE INTEPVALS
c) 1Y(6) .. ' IS NOBRNALLY NSED OYLY WHEN THE PLOY
cd LEVSL IS T0O BE ADJNSTED (SEE IX(12))
o} (DEPATILT *0 1 IP XX (1) .¥E. 0.0)
C
! cy EXPOSIRE NPT CALCULATER IP ¥X(1) .EC. 0.0
¢
cY FOP CONTINNONS PUELING MOHPL SET IX(6) .EQ. 1
C
co T1(7) NTMRE® OF SN®STEP SHITPONN INTERVALS
cn IY(7) .GT. 1 IS ¥NRMALLY USED OYLY TC PPNDUCE
r EDITS AT POINTS AL?MG SHUTDOWN STEP
- ("EFATLT <9 1 IP XX(?} .GT. 0.0)
;
Y SHT=90UY NOT CALCULAT®D TF TX(2) .LE. 7.0
¢
cn 17 () CPTINN G¥ VE3SICY 9P NOCLIDE DENSITIES AT START
rn "7YATDN! POR ZONE CALCTLATION
cn *PTATON' FOR FOINT CALCULATION (IFP NOCT AVAILAELZ
cn DENSITIPS WILL BE EXTRACTED PRO® INITIAL ZONE
D DENSITIES)
€D -1- 0SB 7ERSIOr WITH THE SANE TIME AS THE ZO7®
co PL5X PILE
() 0- TSE LATEST VERSIOY (USUAL)
co 1- f1S® NEXT-TO-LATEST VERSION IF IT EBXISTS
c
cb IX (9) OPTIOF TN RCCOUNT POF THP DEPENDEV"CE OP THE
cD C®0SS SECTINNS ON THE LOCAL TPAPERATURE, REQTIRES
) TVQ *GROPXS' PILPS, A °ZNTENP® PILE, A¥D REPERENCE
cD TEMPERATNFES (SEE XX(25),YX(26), AND XX (27))
ch 0- %0
cn 1- YES
C
cp 1X(10) RESERVED
C
co IX(11) NTMBER OF ;IBDIVISIONS OP EACE S7SSTEP POR THE
cn AVERAGE GENERATION RATE KPBTHrO (IP ZERC, THE
co CHOICP IS ATTOMATED)
C

(CGNT)




IX(12)

IX(V))

IX (')

X (15)
1Y (16)
1X(17)

IX(18)

IX(19)
IX (20)

OPTIOR ON POREEk AERO®MALIZATICY (STRSTEPS)
9~ ATTEYPT TO SATISIPY DESIPED POWTR LPVEL BY
ADJGSTISSG PLOX LEVEL AT THRE STAPT CF EACH
STPSTEP APT™R TRY PIBRST
1- DC ¥OT ADJIST THE PLOX LEVEL
2- SORWALIIE 7O THEZ IBNITIAL POUER LEVEL AT THE
START OF EACH sIesTEP

OPTION O™ PLIX VALIES
*RIPLTIX' POR ZOSE CALCTLATION
SSTPLOX® POY PCINT CALCUWLIATIOR (IF IX(73) .E22. V)
'RZPLUX® (WODIPIED) POR PrIRT CALCULATION
(IF IX(7)) .PQ. 2)

-2- SEIGHT LATEST YERSIOS ABD SEXT-TO-LATEST
VERSIOS (SE® XX(19))

-1- 7SE A LIYZAR PLIX A®PROXIWATION WITE TINE PPOR
TH® XEXT-TO-LATEST VERSION FILE TC THE LATESY
VERSTION ®ILE (IP ONLY OWE EXISTS, USE IT)

0- OSE LATEST VEZRSING (7S"AL)
1- USE XEXT-TC-LATEST VEISICY IF IT BXISTS

CPTINN OR INMPE (SUBZINYE) NOCLIDE DENSYTY EDITS
(SYPOSUPE)
N~ SOBE
1- END OF EXPO0SIR2 STEP
2- PXD OF SACH ZXPO0STRE SUBSTEP

RESENVED
RESERV™D
REST"RTED

OPTION ON SECONDARY ZYERGY DEPCSITICN EDITS
0- NONwP
1- DECAY ENZOGY RELEASE ONLY
2- PISSIOR ZNEPGY RELEASE CWLY
- CAPTIPE ZNERGY AELEAS® OBLY
8- DECAY ¢ PISSION ¢ CAPTUPE ENEPCY RELEASE

IP .GT. 0, EDITS BY 7ONE A™D SUBZONE
I* ,LT. 9, EDIT TOTALS OWNLY

RESERVED

OPTION OF ZOWE (SUBZOWE) BCTLIDF DENSITY EDITS
(SEOTDOWN)
0- WOwNE
1- E¥D OF SRUTDONW STTP
2- B7D OF BACH SHITDOWN SOBSTEP

(CCWT)



IX(27)

I%(22)
IX(23)
IX(28)

IX (25)

IX(26)

IX(27)

I%X(28)

054-8

SPECIAL BUCLIDE DEWSITY EDIT OPTION POR A SIV¥GLE
ZONE PROBLER
-1- coLOAN EDIT IN OPE15.6 POREMAT

0- WORBAL BOIT

1- COLUNY BDIT IF TPE15.6 PORMAT

RESERVED
RESERVED
RESERVED

OPTION ON VRITING INTERPACE PILE 'EXPOHT®
(PLOESCE AND REACTION RATE TYPE DATA)
0- DO WOT WRITE
- YES - SAVE LATEST AWD WEXT-TO-LATEST DATA
2- YES - SAVE ALL DATA
3- YES - SAVE LATEST DATA ONLY
8- YES - START OVER AGAIN

I? .GT. 0, WO EDIZ
IP .1T. O, EDITS OF COMULATIVE DATA BY ZONE AND
SUBZORE

OPTIONS IX(26),XX(27),XX{71), A¥ED XX(12) APPLY ONLY

VAEN ' EXPOHT®' PILE IS INITIALLY WRITTEN
IF TRE PILE BXISTS THNE OPTIONS SPECIFIED
Or THE FILE ARE USED

FLOENCE DATA TO BE SAVED OF °*EXPORT' PILE

0- WOWE

1- TOTAL PLOENCE (AND PIRST AND SECOND
YLUENCE RANGES IF XX (11) AFND XX(12) ARE
PROPERLY DEPINED)

REACTION RATE TYPE DATA TO BE SAVED ON °*EXPOHT'
rILE

0- WONE

7= PISSIONS ARD EXPOSURE

2- P1US ENERGY

3- PLUS UWDEFINED

OPTION TN EDIT EXPOSURE STEP AVERAGE ZONE(SUBZONP)

POWER ORUSITIES
- w0
1- YES
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[a]
(-]

co

IX(29)

IX(30)

IX (31)

IX (32)

IX (33)

IX (38)

1X (35)

OPTION TO WRITE IFTERFACE PILE *ZNPCED® BITH
EXPOSURE STEP AVERAGE ICHE (SUBZOYE) POWER
DERSITIES
0- B0 BOT WRITE
1- REPLAC® THE LATEST VERSION OF AB OLD PILE,

IF WOWNE EXISTS SRITE WEW PILE
2- WRITE WEW PFILE

OPTIOR OF WOCLIDE DENSITY FILE WRITING
*ZNATDE®’ PFOR ZOBE CALCULATIOP
*PTATDE® POR POINT CALCCLATION
C-~ WRIT® OVER ULATEST EXISTING PILE WITH EWD OPF
EXPOSURE DEWSITIES

1- WPITE SEW PILE WITAa EBD OF BXIPOSUBRE DEESITIES

2- WRITE OVER LATEST EXISTIFG PILE WITE EED OF
SEUTDOWN DPEESITIES

3- SRITE WEW PILE WITH END OF SHUTDCWN DETESITIES

§- SRITE OVER LATEST EXISTISG PILE WITH EWD OF
EXPOSURE DENSITIES ABD WRITE BES PILE RITH
2D OF SHUTDOWD DEESITIES

S- WRITE NEW PILE VITH EBD OF EXPOSURE DENSITIES

AND WRITE FEW PILE WITHA EWD OF SHOTDOWE
DENSITIES

OPTIOR TO WRITE WEIGRTED AVEPAGE EXPCSURE DENSITIES

(SEE XX (18))

SZNATDE* POR ZORE CALCULATION
*PTATDN®* POR POINT CALCOLATICN
-1- REPORT NORHAL EFD OP EXPOSURE TINE
0- NO

1- REPORT WEIGHTED TINE

OPTIOR TO CHECK AND EDIT DATA PROR INTERPACE PILE

*EXPOSE’
0- WO
1- 1BS

OPTIOE TO EDIT INITIAL 20BE(SUBZONE) SPECIPIC
REACTION RATES

0- mo

1- 1S

OPTIOB TO EDIT INITIAL ZOWE(SUBZORE) SPECIPIC
REACTION RATE TOR FISSION IB YIELD DATA
ENERGY RANGPS
0- wo
1- YES

OPTION TO EDIT IFITIAL ZONE(SUBZONE) NUCLIDE
DENSITIRS

0- ¥0

1- YIS

(COPFT)
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~n T2 (?) 5PTION TO FO°CE CARLTTLATION INTO I/0C PODE (NN2PRALLY -
D LFTEPMINED BY CODE BASPED NN MNENOPY AVAILABLE) -
CH J- NC (ATTIMATED) -
ke 1- YE3 -
- -
o I GOTION TC INCREASE STNHRAG® FCR COMP2LIYG TERMS -
oo FOR MATPIX SXPONENTIAL ®ETHCD (IN THE EVEET -
cn STrP 8321 NCCURS) -
e (J2PAULT - YIMEEBR OP KOCLIDES I EXPCSURE DATA) -
e -
CD®*s 1IX(38) GPTION TO SHOLYE THE "RANSPOSE OF THE HATRIX POF -
CD*s THE WATRIX EXPONENTIAL METROD (THIS IS Rk SPECJAL -
cnee PEATTPE - ¥OT APPLICABLE TO A PEACYOR CALCILATION) -
CDee 0- NN -
rnss 1- YF®S -
c -
o Y (39) NATRIY EXPONENTIAL EQJILIBPIUM GPTICN -
cs N- DEPATLT, SANE AS I -
cD 1- APPLY BQUILIBRIOM ASSUAPTION TC HIGH LOSS -
co NPCLIDES -
co 2- DO WNT APPLY BQUILIBPINA ASSTAPTICN (REQJIIRED -
co POR HIGH ACCTRACY (BENCHWARKING) BIT IS -
co PYPPNSIVE 1N TER®S OF ROUNNING TINE) -
r -
co X (40) wATPIX EXPONENTIAL PORMOLATION OPTICH -
o 0- DESPAULT, SAWES AZ & -
co 1- O TRANSPORNATION, OKE TEIY -
cn 2-  TRANSPORMATICN, CNE TP3% -
co 3- NO TRANSPORMATION, TWO TERN -
o 8-  TRAYSPORMATINN, TWC TERR -
C -
. IX(UY) MATRIY EXPON"NTIAL REFERPNCE WOMEEP CF TERMS -
cn IN BXPANSION -
co (DEPATLT TO 60) -
C -
o 1% (42) KTPBER OP SURDIVISIONS OF EACH SUBSTEP FJUR THE -
o YATRIX BXPONENTIAL WETHOD (IF ZERO, THE CHOICE -
co 1S ADTONATED) -
c -
O IX(43) JPPER BOUND ON NUMBER OP SUBDIVISIONS OP EBACH -
‘ cn SOPSTEP POR THE WATRIX EXPONENTIAL WETHOD. -
| cn (I? IX(39) .%Q. 2 MWD THE NUYBER OF SOUBDIVISIONS -
i c CONPUTED BY THE CODE EXCBEDS IX (¥3) THEF THE -
co EQUILIBRIOA ASSOAPTION WILL BE USED) -
§ cp (DEPAULT TO 10000) -
c -
| CD  IX(Bu) RESERVED -
C -

{CONT)
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IX (a5) BYPLICIT CHAIN RNISSING WOCLIDE OPTICN (0) -
9~ TREAT SURCHAINS -

1- TREAT FIWST SUSCHAIN C¥LY -

2- SKIP CHAIN -

IX (86) RESERVED -
IX (a7) RESERVED =
IX (88) PESERVED -
1Y (89) OPTION TO ALLOW EBXIPNOSURE WITH ZERO *LOUX AND/CP -
ZERO 7JRE VOLTNE =

0- DC WOT TREAT THE ZONE(SUBZOWE) -

¥- ALLOW (POR TREATIWG OUT-OP-COPE PECAY IN -

PALSE ZONES (SUBZORES)) -

I¥ (50) RESERVED -
IX(51) PALSE ZONE NOMBEPR CONTAIPI™G PEED BMATERIAL -

COFPOSITION FOR ZONZ PATHS (OR THE PIRST IF A

SPQUEXCE OF FPALSE ZORE FT"MBERS IF IX(57) .EQ. V) -

IP IX({5Y) .GT. O AND/OR IX(52) .GT. 0 TRE STEADY STATE,

CONTINJOUS POELING RODEL IS TO EE APPLIED.

TRIS ZONP IS THE PEED BOX (OR THE PIRST OF A SET OF ROXES)
VHYPE FEPD HMATERIAL POR SACH PLOW PATH ORICIWNATES.

THESE ARE TMLSE ZONES WHICH RYUST PE VITRIW THE DATA
DESCRIPTIONM OF THE PROBLEN, THAT AFE FOT ASSIGFED

TO GEONETRIC LCCATIONS YOR THRE NEUTRONICS CALCOLATION (Tﬂ!-

PLIX WILL NOT EE CALCULATED) , AND HAVE ASSIGNED FOYBERS
LESS THAX THE NAXINUN ZONE NNABER IF THE ERCBLEN 1P

THE °DVPNTR®' SPECIAL IYPNT PROCESSOR IS USED.

THZ NUCLIDE DEMSITIES ALONG A FLOW PATR CALCOLATED IN
THIS NMONEL DEPEND ONLY ON THR FEPD MATERIAL, THE
WENTRON FLUX, AND THE RESIDENCE TINE, SO ALL HATERIALS
IN THESE ZOWES IRCLODING STROCTOPE, NODERATOR, ETC.

BUST BE GIVEN 1IN THZ PEED BOX ZOWE (ZOWES). IF THE
DENSITIES OF THE RUCLIDES REPRESENTIYG STROCTURAL
MATERIAL WERE NCT SPECIFIED POR THE PEED ROX (OR BOXES),
WONE WOULD RPPEAR IN THE REACTOR AFTER THE PXPOSURE
CALCULATION EVEN THOUGH VALUES WERE ASSIGNED INITIALLY.
FOR SOSEZ STMPLE SITOATIONS IT IS POSSIBLE 7T0 SEPARATE
OOT SELECTED BATERIALS USING TRE SUPZONE PEPRESENTATION
(THKCSE MATERIALS ACCOUNTED POR WOULD NOT BE ASSIGNED
CONCENTSFATIONS IN THE® PEED BOX(ES)). IT IS DESINABLE

TO CARRY AT LEZAST OFE ROF-DEPLITING NUCLIDE COBRCEBTRATIOrF
ALONG THE PATHAS TO PROVIDE A HASS BALANCE CRECK.
SATERIAL ENTERING A ZOFE IS THAT LEAVING TRE PREVIOUS
ZOFE ALCNG A PATH, SHILE TRE AVERAGE BETIWREF ENTERING
AWD LEAVING NOCLIDE DENSITIES IF EACH ZOFE ARE WRITTEW
IN THE NEW NOCLIDE DENSITY PILE °ZNATDN' POR USE BY

THEZ NT0TRONICS CODE TO ESTINATE THY FLUX DISTRIBUTION.

(CORT)
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(o] THE SPECIAL INPUT DATA POR THIS FODEL ARE TEZ RESIDR¥CZ -
cn TINES ALOBG PLOW PATEHS (XX(31) "P TO XIX(100)), -
cw XX (20), IX(89), IX(ST), XX(52), IX(S3), IX(58), IX(55), ~-
cn IX(S6), IX(57), IX(58), XX(59), IX(60), IX(61), -
cv AND IX(62). TRE BIPOSURE TINE XIX(1) BUST BP -
cr SPECIPIEZD - IT WILL BE USED POR RECOPD KEEPING AND IT -
cr VILL B 7SED FOR BIPOSURE OF ANY ZOBES WOT IN THE PLOS -
cw PATHS, BXCLUDING THE PEED BOX ZOBE(S), AS WIGHT BE USED -
cr TO PEPRESENT A PIXED BLANKEY, AXD THE PINAL BUCLIDE -
cy DENSITIES IN THES® ZOWES WILL BE PLACED I¥ TNE WEW -
cn SUCLIDE DENSITY PILE (WAICH REQUIRES ACTIGCE TO BE TAKEW -
c» 10 PSEVEET CONTINUING BUILDGP PNOHN EXPOSURE IN AN -
cr ITERATION PBOCESS. -
cw QUITE GEWERALLY AW ITERATION PROCESS IS WECESSARY -
cn (NEUTRONWICS, EXPOSTRE) TD ESTAPLISE A BEUTRON PFLUX -
cw DISTRIBUTION BRICY DEPENDS ON TRE WUCLIDE DENSITIES -
o APTER EIPOSURE, THE CONPOSITION IN THE PEED BOX(ES) RUST -
cx BE ALTERED TO EFPPECT A CRITICAL STATE, AL TNE ITERATIVE -
cw PROCESS BUST CONVERGE TO A SCLOTIOB POR RPLIABLE -
cn AWALYSIS. IP THE PEED BOX COBPOSITIONS ARE BOT ALTEPED, -~
cw A PSEUDO STEADY STATE CON)ITION RESULTS POR A REACTOR -
cn ¥AICHE IS WOT JUSY CRITICAL. A CAFAPILITY EXISTS TO -
cw EPPPCT THE CRITICAL STATE PY APPLYING TNE CRITICALITY -
cw SEARCE OPTION ENEW THE WEUTROBICS PROBLEE IS SOLVED. -
cn MATERIALS IN THE REACTOR RUST BE CHAWGED AS WELL AS THE -
cu CONTENTS OP THE PEED BOXES. APTER EXPOSURE THE REACTOR -
cn CONTEWNTS DEPEND O TEE PEED, SO THE PEED ROUST BE -
cn DETERAINED (CHANGING ONLY THE PEED DORING A -
cn WEUTRONICS CALCOLATINN WILL WOT CHAWGE THE CURRENT -
cn ESTIAATE OP THE REACTOR CONTEFTS SINCE TRE PFEED BOX -
cn LIES OUTSIDE OP THE REACTOR AND THE NEUTRCNICS SEARCE -
cs PROBLER COWLD WOT CONVERGE). -
c» NORE THAT OWE PASS NAY BE HADE THROUGH TEE REACTOR. -
cn HOLD-UP OUT-OP-CORE MAY BE ALLOWED WITA PALSE ZONRS -
cn WOT IN TWE ACTOAL GEOAETRY (IX(89) RNST BP SET .2ZQ. 1). -~
cw BOTE THAT THE ASSIGEAENT OF ZONES AND S"BZOWNES TO THE -
cn GEOBETRY AUST START WITR 1 POR LOCATICRS BECEIVING -
cw PEED AND INDEX OP ALOBG PLOV PATHS. -
c” OFLY ONE EXPOSURE SOBSTEP BNAY BE REQUESTED POR THIS -
cn oPTION. -
c -
cy COWSTRAINTS ON INPUT: -
c -
cn IX({51) .LE. WORBER OPF ZONES -
cn IX(51) +IX(53)-1 .LE. WORBER OP ZOWES IF IX(57) .EQ. 1-
cn 1X(52) .1®. WORBER OF TOWES

cy IX(52) +IX (58)-1 .LE. WONBER OP ZONES IP II(SO) .EQ. 1-
cn IX{55) *1X (53) .LE. BIN(IX(S51),IX(52).NL.0) - -
(4 | IZ(56) sIX (58) .LE. WINBRR OF SUBZONES -
cr IX(53) +IX (58) .LE. 70 -
cw STOP WILL OCCOR IP CORSTRAINTS ARE ERXCEEDED -
C -

(CONT)




1X({52)

IX{5%)

IX (58)

IX (55)
IX (56)
IXY(57)

IX(58)

IX(59)
1 (60)
IX(6V)
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PALSE ZOSE WIRDER CORTAIRING YEED BATERIAL
CONPOSITION FOR SUSZOBE PXTHS (OR THE PIRST IB A
SEQOENCE CP PALSE ZONE BOUNEERS IP IX(58) .EQ. 1)

BIABER OF ZOME PATHS THROUGE THE REACTOR

TRE PIRST ZOYE IB THE PIRST ZONE PATH IS ZORE
STABEP 1, AND THE PATH POLLOWS OP THE NOHBERS

BONBER OF SUPZCWNE PATHS TAROUGH THE REACTOR

THE PIRST SUDZOBE IW THE PIPST SODICHE PATR IS
SOP2O0RE MNYBER 1, AWD THE PATH POLLCWS UP TRHE
WOADERS

HORBER OF ZOWES ALONG EACH ZONE PATH
ENEBER OF SODZOWSS ALORG EACH SUBZONE PATH

CPTION OF ZONE PEED MATEFIAL .
0- USE ZONE IX:57) AS PEED POR ALL ZORE PATHS
1- USE ZOWES IX(51) THROUGE IX (51)+IX(53)-1
AS PEED POR EACH ZOWE PATE (A DIPPERENT ZCNE
FOR EACN 2ONE PATH)

OPTION ON SUBZONE PEED MATERIAL
0- USE ZORE IX(52) AS PEED POR ALL SUBZONE PATHS
1- USE ZOBES IX(52) THROUGH IX (52) +IX(58)-1
AS PEED POR EACH SUBZOBE PATE (A DIPPERENT
ZOBE POR BACE SUBZOBE PATH)

RZSERVED
RESERVED
BUABER OF PASSES TO ESTABLISE POVWER 1EVEL REPORTED

PY THE WEUTROBICS CALCOLATION
(DEPAULT 10 1)

THE CALCOLATION IS DONE THIS YAPY TIAES (OR USTIL THE
CONVERGENCE CRITERIA (SEE XX (20)) IS SATISPIERD) WITH
THE PLOX LEVEL ADJUSTED APTER EACH PASS WRICH IAPROVES
THE POWER LEVEL AND NAY ACCELERATE THE COBVERGENCE BATE
OF A OSUAL PEED SEARCH ITERATION PROCEDIRE.

(COPD)
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(8114
Cbs
Che
cp*
s
Ccne
CDs

1X (62)

1X(63)
IX (68)
1IX(65)
1IX (66)
IX (67)
1X (68)
IX (69)
1X (70)
IX(7Y)
IX(72)
IX(73)
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OPTION TO WRITE INTERVACE PILE ‘QWAIDN® WITH
DISCHARGE DEESITIES (FOF COFTINNOUS FUELING MODEL
onLY)

0- DO ¥WOT WRITE

7- REPLACE THE LATEST VFRSICE OF AN OLD PILE,
1F NONE EXISTS WRITE WEW PILE

2- WRITE %% FPILE

RESERVED
RESERVED
RESERVED
RESERVED -
RESERVED
RESERVYED
RESERVED
RESERVED
RESERVED
RESERVED

OPTION TO PERFYORN AUXILIARY POINT CALCULATION

OVER SELECTED Z08ES

0- w0

¥~ YES - THT ZOWE NUMBERS SPECIFPIED I
IX (84) -IX (93), BAXINON OF 10, ARE TREATED IT
THE POINT NOUCLIDE DEWSITY PILE *PTATDN® DOES
NOT EXIST: IP THIS PILE EXISTS THE REFPERZECE
DATA IV THE PILE IS USED TO COBNTINO. THE
CALCOLATIOR POR THE SAHNE ZONES TREATED
PREVIODSLY. PILE °GropsT' IS ACCESSED POR
IDENTIPYING LOCATIONS OF POIJTS IFN THE ZOWES
AWD POINT PLUX VALOES ARE OBTAINED FROA PILY
*RIPLIX".

2- YES - THE REPERENCE DATA IS INITIALLY TAKEN
PRON THE PILE °RZPFLOUX* (RODIPIED) AWD THE
POIPT PLUX VALOUES ARE ALWAYS OSED PROR THIS
PILE (AS NADE AVAILADLE PFRON A CONPATIBLE
WEUTRONICS CODE). IF THE POINTS DO WO?

AGREE WITH AN EXISTIWG °*PTATDN® PILE TARE
CALCOLATION WILL WOT BE DOWE,

(COPFT)
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IX(78)

I1Y(75)

1X(76)

IX(77)

IX (78)

IX(79)

IX (80)
IX(81)
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IN AB ATTERPT TO PARALLEL THEE ZOWE CAICULATION
CPTIONS XX (6), XX(10), XX (18}, IX(®), IX(12),
IT(13), IX(30), AWD IX(31) APPLY TC EOTE ZONE
A¥D POINT CALCULATIONS

THE PROCEDUXE SBOULD RAIFTAIE A SET CF POINY
BENSITIES COFSISTEST WITH THF ZIONE DEBSIT1IES
EUT CAN 30T ACCOUNT FOR EXTERNAL CEBAPRGES IN
THE Z0WE DENSITIES (FROA A BEUTRONICS SEARCH,

OF APTER REPIELING, OR REPOSITIOSING, FCR PXARPLY)

NCT DONE I¥ IX(S51) .GT. O OR IX(52) .6T. O

OPTIONW OW POINT JUCLIDE DENSITY EDITS (EXPOSURE)

n- BONT
1- EWD OF EXPOSURE STEP
2- PED OP TACH EIPOSORE SUBSTEP

OPTIO® OF PCINT WUCLIDE DENSITY PEOITS (SHUITDOWE)

0- WOre
1- END OF SHJITDOWR STPP
2- EED OF EACE SHRUTDOSN S"BSTEP

OPTION TO EDIT INITIAL PCINT SPECIFIC REACTION
PATES

0- NC

- YBS

OPTION TV) EDIT INITIAL POIPT SPECIFIC SEACTION
RATE FOR FISSION IN YIVID DATA EWEPCY RANCES
0- WO
- YBS

OPTION TO EDIT ISITIAL POINFT WUCLIDE DEFSITIES
0- WO
1- YBES

DEBSOG EDIT OPTION PCR POIBT CALCOULATION

(IN ADDITION TO THOSE BEQTESTED WITR IX(3))
0- mowe

- BININAL EDITS

2- PLUS PLOX INPOIBATION

3- PLUS VOLTAE INFORRATION

2,3 HAY IWCREASE STORAGE RPQUIRENENTS POR
IX(73) .BQ. 1

RESERYED
RESERVYED

(CONT)



""8733383"8"3

11(82)
1K (93)
I (08-93)

12 (98-100)

—

04-16

_—

RESERVED

RUSERVED

%P 7O 10 ZONE WPNBERS SPECIPYING THE LOCATIOPS WAERE-
TPE POINT CALCHLATIOY IS TO BE DOBE -
(Ir IX(73) .29. 1)

IP TWERE ARE LPESS TWAB 10 EPTRIES , TRE PIRST 0
TERNINATES THE LIST OF TONE SUNBERS

RESERVED

-— - - - ——— - ——— -

(Cosm)
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SPECIPICATIONS FOR INTERPACE PILE EXPOSE

CO0808800000088058 0800080008800 0080000000008000800808080800008800808088808000-
C

cr EXPOSE

C

ce DATA PCPR EXYPOSORE CALCULATIORS

C

w THE BASIC DATA REQUIRED POR SOLVING THE CHAIN

Cy EQUATIONS IDEWTIFIES WUCLIDES, PISSIONING

cn "JCLIDES, PISSIONW PRODWCTS, AND GIVES DECAY, YIELD, ENERGY,

o | AUD COUPLING DATA

C

COPOS2 055008080000 0000005000000 I000 000 0000000000000 RSP0 S8 000000008~
c----—----- - —— —— —— — — —————— — — — v - - - -
c® PILE IDENTIPICATION

C

CL BUWARE, (AUSE(X) ,I=1,2) ,IVERS

C

cve JepoULT + 1

C

co nsAnE FPILE WARE (A6) °EXPOSE®

co RUSE USER IDENTIPICATION (A6)

o ivess PILE VERSIOR NONBER

C

cr AuLT 1 POR LOWG WORD, 2 POR SHORT WORD BACHINES

C

c .............................................. ——-— - - - -
c .............................................. o m —-—-- ——— -
cr m? PILE REPERENCE INPORBATION

C

aa WEXPY,WISOE, NAROPT,WYER,NGER, NPSLR, NPPR ,WDCYR , FEXP9,NEXP10,

cL NEXPVY,UBATXE,LSEXCH,LBEXCH,NEXP15,NOEDCY, PORPIS, BOECAP,

CcL NEIP19,WEXP20

C

cw 20

C

cn OFDEPINED DATA IS RESERVED FOR FUTOURE USE

c

<D NEXPY DOCUNENTING PILE REPEFENCE NUPMBER

(o ] BIsSoE REPERENCE WUNBER OPF NUCLIDES

0 RUST BE WNOR-ZERO

(o] WAROP? OPTION O% WUCLIDE BANES

cD IF 0 - THEY ARE ABSOLUTE BARES

<o I? 7 - THEY ARE USER LABELS

C

cn IN FILE ISOTXS, ABSOLUTE WAMES ARE

cn BABSID, SHILE USER LABELS ARE HISONB

C

CcN UBIQUE WANES ARE REQUIRED HERE

o

(cowr)
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cn XYEP NU®3EP OF ENPPGY PANGES FOP YIELD DATA -
cD (GEMERALLY NG¥-7PR0) -
cd NGEP ETRARER OF ENPRGY PANGES FOF GAYMA RAYS -
cD WPSLR »IMBEP CP IDENTIPIED FISSILE NICLIDES WHICH YIELD -
cp FISSION PRODGCTS -
co NP PP BIMBEP P PISSION PRODICTS HAVING YIPLD -
cn WDCYR WINBEP OF NICLTIDES WHICH DECAY -
co nEYP9 RESERVED -
cp NEXP1) RPSERVED -
cp wEXP1? PESERVED -
cp SAATIE OPTION IF¥ .5T. N INDICATING THP NORMPEP -
- “D OF MATRIXY BYPONEETIAL DATA ENTRIES -
~—CD LSPXCH OPTION IF .GT.0 INDICATING THP NNMBER -
cp OF ENTRIES IN THE STPPLEMENTING TABLF OF EXPLICIT -
cp CHAIN DATA (7SED WITH RATRIX DATA) -
cn LBEXCH OPTION IP .GT.0 INDICATING THE NNMBER -
cp NP BNTRIES IN THE BASIC TAELE OF EXPLICIT -
ch CHATN DATA (USED ONLY ALONF) -
4 NEXPIS PESERVED -
cp NOEDCY OPTION INDICATING NATA PCR THF DECAY PROCESS -
cn IS INCLNDED POR GAYMA RAYS AND BETA PARTICLES -
| cp NOEPIS OPTION INDICATING DATA POP THE PISSICR PROCESS -
| cp IS INCLUDED POR GAMMA RAYS ANI- PETA PARTICLES -
cD NOECAP OPTION INDICATING DATA PCP THFE CAPTURF PROCESS -
cn IS INCLUDED YOR SAYMA RAYS AND PETA PARTICLES -
cp NPXP19 RESERVED -
cp NEXE20 RESERVED -
c -
C ————————————————————————————————————————————————————————————————————————
r ........................................................................
ce 2D TITLE AND NUCLIDE NAWES -
{' -
cC ALWAYS PRESENT -
r -
cn HEREA®TER ALL REPERENCES TO NJCLIDPS I" THIS PILE ARE -
% BY THE ORDFR NYMRAEP IN THIS TABLE NF NAMES -
c -
CL (HTL(J) ,9=1,12), (HNOC (1) ,1=1,KIS0OR) -
| C -
v NULT* (12+NISOF) -
c -
| co HTL DOCURENTING TITLE (12A6) -
| co ANNC(T) NAME OF NNCLTIDE ORDFRED I (A6) SEE NABOPT OPTIOF -
c -
[ cw ALL WOCLIDES TO BE TREATED (EXFO5NFE CALCULATED) "M0ST BE -
cn NARED IN TAIS LIST (FORMALLY BXCLODP COOLANT, STRICTORE). -

(CONT)




(‘ -
(44 WYFN TH®? AVERAGE GEWZRATION RPATE WETHCD IS OSED, THESE -
cx SPFCIPICATIONS ARE PROCESSED IN THE CEDER IN THIS LIST, 70 -
= THRY SHNNLD BF O2CERED ALOMG CHAI®S, DNYIMATING PCUTFS PIRST-
| (FXYAYPLE, "....P0U, Y..X®, XE..CS), FISSION PFODMC TS LAST. -
(' -
-y ) NIYCLIDES SPPCIEIEN HEEF BUT ARSENT I% TUE SYCTEW OF CONRTSE -
r APE NOT TREATSD - IYPACT: ARE DOCMMENTTR FT SPRHPRP, -
C - -
B o o o e e e e i e . — . . m - A o - . - - = T = - . = - ——— - - - - - - -
e e e DL T TP
ce n REPERENCE DATA -
c -
C PSESPXT IF NYERONGERCMFPSLRe NFPROPDCYR .GT. 0 -
r -
cL (YER(Y) ,N=1,NYER) , (GER(J) ,J-1,%GER), (IFSLR{K) ,K=1,KFSLR), -
. (IFPR(L) ,L=1,8FPP), (IDCYR(I) ,I-1, NOC YR) -
(‘ -
cw NYER*FGEReYF LP ¢ NPPReNDCYR -
l ad -
cD YER LCWEP ENERGY OF RAYMGE NF IMCIDENT -
cp NENTROK ENFPRGY (EV), DECREASING ORDEP -
cp (LAST NUMBER TYPICALLY ZERO, SINGLE VALTE USTALLY 9)-
D GEP MEAN OR EPPECTIVE ENERGY CP EACH PANGE -
cn 0OF DATA POR GAMEA RAY ENEPGY DATA, CFDERED FY -
co NECREASING ENERGY, PNP DGCHUMENTATIGF (EV PEF PAPT.)-
cn 1PSLP PPFERENCF DRDER NUMBER OF INENTIFIE" -
n WICLIDES WHICH PISSION -
cD irep REFERPNCE GRDER WNAPEP NF PISSION PECDNCTS -
cn (NICTLIDES POP WHICH PISSINN YIPLD CATA IS GIVEN) -
cn Incy» PPPERENCE ORDEP NIMBERP OF NNCLIDES WHICH DECAY -
C -
c ————————————————————————————————————————————————————————————————————————
e mm e e e e o e e e e e e e e e
c? an DECAY DATA -
c -
cc PPESEMT IP NDCYP .GT. 0 -
(_‘ -
cL (AL®GA(I) ,1-1,NDCYR) -
r -
c NDCYR -
c -
cn ALYDA TOTAL DECAY CONSTANT FOR NNUCLIDE CPDPRED I IW THE -
cn REPERENCE SET IDCYR (J) (SEC-1) -
c -
c ————————————————————————————————————————————————————————————————————————

(CONT)
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c .......................................................................
c» 5D PISSICE PENDOCT YIELD DATA -
c -
CC PRESERT IP NPSLRSNPPRSBYEN .GT. O -
c -
CL (((YPPP(X,L, W) ,K=1,0WPSLR) ,L=1,0PPR),N=1,RYER) -
C -
ce BPSLR*EFPROIYER -
C -
cb TPPR(K,L, W) YIBLD OP PISSIOB PRODUCT IFPPR(L) PRCH -
(o FISSIOB OF NOCLIDE IFSLR(K) DOUE TO PISSIONING -
co BEGTROE 1IN ENERGY RANGE P -
c (ATORS PER SECOWD PER PISSION PER SECOND) -
C -
(e mc e e e e e e - ————— ——————— -
c .....................................................................

ce (1] CHAIN DATA POR BATRIXY EXPONEFTIAL oi‘ nzncz GENERATION RATE-
cc PRESEST IF BAATIE .GT. O "x.

CL ((BATXZ(J,1) ,0=1,9) ,1=1,0MATID) .,

C ‘v,. -
cn IsUPATIE ~ -
c \‘. -
cb PATIE(1,1) SOURCE NICLIDE \ -
co PATXE (2,1} PRODOCT WOCLIDE o -
<D RATXE(3,1) SPECIFPIES THE TRAWNSAUTATION PROCESS, -
cp 0- WOT ALLOWED -
D 1~ DECAY -
cp 2- (W,GARMAR), USUAL CAPTURE OP THE CHAIN -
cb 3- (N, ALPHA) -
o 8- (W,P) -
cD 5~ (W,20), DOWN THE CHAIN -
4 6- (w,D) -
cD 7- (W, T) -
co 8- PISSIOR (DO WOT SPECIPY POR A ‘' ISSIOW PRODUCT -
co FOR WHICR YIELD DATA IS GIVEN, TBIS IS TREATED -
co DIRECTLY) -
CD 9- TOTAL CAPTNRE, TOTAL ABSORPTION LESS PISSION -
c -
cy PARTIAL RATES OF PRODUCT GENERATION CAN BE CONSIDERED. TRE -
CN PARTS PER MILLIOF IS EXPRESSED AS AN IBTEGER (500000 IS THE -
cn PRACTION 0.5), ROONDED TO THE WEAREST TEN (LAST DIGIT TERO),-
cn ADDED TO THE WUMBER PROA TRE ADOVE TAPLE TO SPECIFY TAE -
cw TRANSAUTATION PROCESS. FOR EXAAPLE, IP TRAE PARTIAL CAPTORE -
o RONTES OPF PA-187 TO PR-188 AEKD TO PR-188% ARE POTR TO BE -
cr CONSIDERED, THE PIRST AT PRACTIOR 0.53, TWE APPROPRIATE -
cw ENTRIES TO INDICATE (W,GAARA) REACTION PRODOCTS ARE 530002 -
cw POR THE PRODUCT PR-148 AND 870002 POR PR-188M. LESS THAN -
cw A TOTAL PRACTIOFN OP NWITY NAY BE SPECIPIED, BOUT TAKE CARE. -
C -

(oo == e m--- - = - L - e > o e e . - - P e e TP




grwgf\afﬂcfﬁ

aAamnANA
(- -

04-21

.  —————— — - — - - — -

CYAIN DATA, STPPLEWENTAL EXPLICIT -

PPESENT IF LSEICH .G*. O -

(WSXCR (1) ., I=3,L3FXICH) -

NsSICH

LSEXCR -

ESTPY IF THE SUPPLEYPNTAL EYPLICIT CHRAIN -
DATA TARLE (SEE DESCRIPTIOF PELCH) -

- - — - - — i -

CHAIY DATA, COAPLETT BASIC DATA TO APPLY EXPLICIT SOLVWTION -

PRESENT IF LBEICH .GT. O -

(EBXCU(I) ,I=1,LBEICH) -

NBXCH

LBEXCH -

ENTRY IN TR® BASIC EXPLICIT CHAIN DATA TABLE, =
OUTLINED NERE -

THE PIRST EWTRY IS THE PIRST NOCLIDE IF THE FPIRST -
CHALIW. THE NEXT EWTRY I5 THE TRAWNSAUTATION PROCESS POR -
GENPRATION OF THE PRODUCT (SEE THE VALNES OPF MATXE(3,I) IN -
THE TAPLE ABOVE). THE HEIT ENTRY IN THE LIST IS THE PIPST
PRODONCT IR THE PIRST CHAIN. THUS POR ¥ NOCILIDES IN A CHAIN,
THERE ARE 2%(W-1)+) ENTRIES POR TAPZ CHAIN. THES THERE IS A
ZERC ENTRY. DATA POLLOWS POR TRZ NEXT CHAIN. A PINAL -
EXTRA ZERN IS PLACED AT THRE END APTER THE LAST CBAIN WRICA -
PLAGS THE END OP CHAINS. TWO ZEPO ENTRIES AT THE END. -
EWTER ACTIPIDE CRAINS PIRST. -
REPEAT OF A NJCLIDE REPEPENCE IN A CBHAIN IS NOT AL'OWED. -
GIVEY A FPIPST APPEARANCE 1IN ONE CHAIW, SUBSEQOUENT FNTRIPS 0OP-
A WOCLIDE REP®RENCE INDICATE OTHER GENERATICR ROUTES WHICA -
COSTRIBUTE INDEPFWDENTLY. CARE M0UST BE TAKEN TO SOPPLY -
REASGRABLE SPECIPICATIONS - ONLY THE ACTUAL CHAINS SHOWN
WILL BE TRPATED, SO PULL SPECIPICATIONS REQUIRING NEPEATS
ARE REQUIWED, AND ONLY LIAITED BRABCRING IS ALLOWED. -
THE CONTRIBUTIONS ALNNG A ROUTE THROUGH THE CRAINS ARE ONLY
TROSE POR THE WNOCLIDES ACTOALLY GIVEN FOR THAT CHAIR. -
AS AW EXANPLE, TRF TABILE -
19002 2402 3 201 8 40250 1 432 2 201 6 ¢02 -8 #02 -5 0 0
ALLOWS THC ROUTES TO BE TREATED PFOP GENERATION OF NOCLIDES
REPERENCPD & AND S. THF -8 AND -5 IN THE SECOWD CRAIN
INDICATE THESE CONTRIBUTIONS ARE ADDITIONAL. -

{COMNT)
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c -
ce OFLY NUCLIDES SIVES IB THESE CRAINS VILL BZ TREATED -
cu (EXPOSED) . -
c . -
c ................................................. -
Crommrrrr e cr s v v — - - —— ————— ——— o

CR 9D  DECAY BNERGY RELEASE DATA -
C -
cc PRESENT IP NOEDCY .GT. O .AND. WDCYR*(NGER+7) .GT. 0 -
c -
< ((EGAMA (I,J) ,1=1,WDCTR),J=1,HGER) , (EBETA (T}, I=1,N3CYR), -
CL  (BDCY(I),I=1,NDCYR) -
c . -
cw WDCYR® (NGEP+2) -
c -
CD  EGASA(I,J)  TAE AMOJET OF EWERGY RELEASED PER ATCAIC -
co DECAY OF PARENT NOUCLIDE IDCYR(1) -
co AS GANNA FAYS IN ENERGY RARGE J (EV) -
CO  EBETA(I) THE ABOUNT OF ENERGY RELEASED PER -
cD ATOAIC DECAY OF PARENT NUCLIDE IDCYR(I) -
o AS EETA PARTICLES (RV) -
CD  EDCY(I) THE AMOURT OF EFERGY RELEASED PER ATOMIC DECAY OF -
cp PARENT NUCLIDE IDCYR(I), (EV) -
C -
o e o o e e e e e e e e e

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

CR 100 SECOVDARY EWEFGY PRON PISSION
cc PRESENT IPF ROEPIS .GT. O .AND. WPSLR*{NGER+1) .GT. O

cL ((EFGAR(I,J) ,I=1,NPSLR) ,J=1,NGER) , (EPBAT(I),I=7,NPSLR)

©
[ I R A A I I B B e )

v WPSLR* (NGER+ 1)

cD TPGAM (I,J) TH? ABOUNT OF ENERGY RELEASED PER

co ATC SIC PISSION OF NUCLIDE IPSLR(I)

co AS GABMA RAYS IN ENERGY RANWGE J (EV)

cop PPBAT (1) THE ABOONT OF ENERGY RELEASED PER ATOMIC

<D PISSION OPF NOCLIDE IPSLR(I) AS BETA PARTICLES (BV)
C

c-- ...... - - —_— - P D " - - - -~ - - @ D > - - -

(ComY)
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SPECIPICATICNS POR INTERPACE FILE EXPORT

COSE20 082000080 0000000000080 000085a0800080 000880888808 %0308880000808880080800-

C -
cp BXPOHT -
C -
CE RECORD OP EXPOSURE RISTCRY -
c -
COSO000SPSOSIPSSOOSIOSIPOOSOSSSEPP PO OIS OSSP IOOISEPSPPS 0008008000098 8-
c ———————————————————————————————————————————— - - - —— -
cs PILE STRUCTORE -
cs -
cs RECORD TYPE PRESEST I? -
cs X s 2 -2 $ $ P 3 3+ 3 - 3+ 9433 % 4+ 2t + + + &+ + 3 -
cs PILE IDENTXPICATION ALWAYS -
cs 10 PILE REFERENCE INPORMATICE ALWAYS -
cs $000000003 (REPEAT PRON 1 TO INIST) -
cs * 2D GENERAL INPORRATION ALUAYS -
cs * 3D TOTAL PLUEBCE BPLOT = 1 -
cs * 8D PLUEBNCE RAWGE 1 BPLDY = 1 -
cs * SD PLUENCE RAFGE 2 BPLO2 = 1 -
cs s 8D PISSIONS ERRY = 1 -
s * 9D ©SXPOSUNE BRR2 = 1 -
cs * 100 ENERGY ¥RRY = 9 -
cs * 11D UNDEPINED RES = 9 -
cs 05088008 ¢ -
cs -
C ------------------------------------------------------------------------
C ..................... - - - —— - - - - - - ——
CR PILE IDENTIPICATION -
C -
CL  HWARE, (HUSE(I),I=1,2) ,IVERS -
c -
cv 3sAOLT + 1 -
C -
CD  HWARE PILE NAME (A6) °EXPORT® -
€D  HOSE NSER IDESTIPICATION (A6) -
CD  IVERS PILE VERSIOS NUNBER -
c -
cs  nmoL? 1 POR LOBG WORD, 2 FOR SEHORT WORD BACEINES -
c -

o O U comcmmna ———-

-—— - - — - > - - - - --

0 PILE PEFERENCE INFORNATION

EXPHY,EXPA2,BXPH],2PLOY,EPLO2,IRIST, IZONE,ISZ,
WPLOT,0PL0Y,NFLO2,IXPN12,IXPR 13, FRR1,URR2,00R3,
WRRS,IXPN18,IXPR19,IXPN20

20

ngeagranay

(cor)
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cb | 244 2 ZED CF EXPOSTRE TISE (DAYS) FPON LAST SET OF DATA
cb RXPR2 RESERVED

(o] | 3 44 k) BESERVED

<D EPLOY CUTOPF ENERGY (EV) POR PIPST PLOEYCE

co EPLD2 CUTOPF EWNERGY (EV) POR SECOED PLOBECE

CcD INISY NM8BER OF SETS OF DATA

cD 1z0WE BUHBER OF ZO%ES

Cn Is2 NURBER OF SUBZONES

cn RPLOT OPTIOB PCR TOTAL PLUENCE

co 0 - 30T PRESEZET

o ] 1 - PRESEBT

co wrLOl OPTION FOR PLOENCE IB PIRST RANGE

cb 0 - ROT PRESEET

Cbh 1 - PRESEWT

C

cw VHEE WPFLOY = 1, E®LOT RUST BE GREATER THAN O AWD
cu LIE IV THE ESERCY RANGE SPECIPIED IN THE
o ] CROSS SECTION DATA

C

co wrLo2 OPTION FOP YLUEBWCE IB SECOND RABGE

cd 0 - BOT PRESERT

cD 1 - PRES®ENT

C

cn SAEW WPLO2 = 1, EPLU2 WOST BE GREATER THAW 0 AND
1 LIE IV TAE ENEECY BRAWGE SPECIPIPD IN THP
Ccn CROSS SPCTIOB DATA

C

cD 1XIPR12 RESERVED

o ITPHII RESERVED

cp SRR OPTIOF FOR PISSIONS

cp 0 - POT PRESENT

cp 1 - PRESENT

8 ) YRR2 OPTIO® POR EXPOSURE

cp 0 - BOT PRESENT

18] 1 - PRESENT

cp FRR3 OPTION POR ENERGY

cp 0 - NOT PRESENT

cp 1 - PRESENT

cp FRRS OPTION POR UNDEPINED

cp 0 - NOT PRESENT

cp 1 - PRESERNT

<o IXIPHYS RESERVED

<o xenv9 RESERVED

cp IXPE20 INDICATOR NORMALLY = 0, BOT IS SET = 1V IP
co A DISCOFTINOITY BXISTS IN EXIPOSURE TIRES
c

c —owe - - ——-

(Comn)



c ........................................................................
ce 27 GE™ERAL YSrCRWATICK

c

cL (EPHT (I} ,1-1,80)

C

(@] [ Y]

C

cn EPHT (1) END OF PYPQSTRE TINE (DAYS)

cn EPHT(2) STAST NF EXPISUPE TIMPE (DAYS)
ce TPRT (3-17) DESBRVED

53)) EPHT(11) CTPRENT TOTAL SYST®A FISSINKS
(&) (PISSIGNS)

c

cx DEFINED WHEN NRRY = 1

C

C3 EPHT (12} CNERENT TOTAL SYSTEM EXPOSNRE
cp ("EGARATT (THER PAL) ~DAYS/KG)

c

cy DEFINED WHEN NRR2 = 1

C

cp PPYT (13) CUPRENT TOTAL SYSTEM ENEPGY

cn (MEGAYATT (THERMAL) --DAYS)

C

N DEPINED WHEN NRR3 = 1

C

cDp EPHT (18) CTPRENT TOTAL SYSTEM UNDEPINED
c

s DEPINED VHEN KHRG = 1

c

cD 2PYT(15-20) RESERVED

cD EPHT(21) COMILATIVE TNTAL SYSTEM PISS1O®S
cn (FISSIONS)

C

cy DEFPINED WHEN NRR1 = 1

c

co PPHT (22) COYNLATIVE TOTAL SYSTER EXPOSURE
cD (MEGAWATT (TRERMAL) -DAYS/KG)

c

cx DEPINED WHEN NRR2 = 9

c

cp EPHT (23) CUMOLATIVE TOTAL SYSTER PNPRGY
cD (TEGAWATT (THERAAL) -DAYS)

(d

cN DEPUNED WHEN NRR3 = 1

C

cD EPRT (28) CORULATIVE TOTAL SYSTER ONDEPINED
c

cr DEPINED WHEN WRBS = 1

c

co ®PHT(25-00) RESERVED

C

c ----------------------------- Ay D P PR N D Wy b L K T 2 W ¥ RER e e



cw

cb
cD
C
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TOTAL FLUENCE

PRESENT IPF NPLOT = 1

(PLIT (1) ,0=1,1I20%%)

PLOT

IZOBE

CTMTILATIVE TOTAL PLOENCE BY ZONE
(XZJTRONS/Cm**2)

FLOENCE TO PIPST COTOPF ENERGY EPLNY

PRESENT IF wPL"Y = 1%

(PUYI (M) ,A=1,1Z0KE)

I70n®

CUNOLATIVE PLUENCE IN PIRST RANGE BY Z0WE

(NEOTRONS/CN**2)

FLOENRCE TO SECOND COTOFPF !l!IGY EPLO2

PRESENT IF BPLN2 = 1

(PLN2 (M) ,8=1,1IZONE)

PLU2

I70NE

COAULATIVE FLUENCE IN SECCYD RANGE BY ZONE

(WECTRONS/CH#**2)

c------o--——--—----»oo-—-----——-—--—--------------------—-“----—-..------

(CONT)
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c- -— ——— cerereecee— e e e

e 6D RESERVED

Crowrre crvanvrcarrcron - - ———-— - - —— -
C- - - - - -— ———— - —
Ce .} ] PISSIONS -
C -
cc PRESENT IP WmRY = 1 -
C -
CL (RR1(HR) ,B8=1,1T.LS2) -
C -
cw ITZST = IZONE ¢ 1IS2 -
C -
<D R CORBULATIVE PISSIOES BY Z0WE ABD SOUBZ0ME -
<o (PISSIONS/CH®s)) -
C -
Crerrrnsavcrnn v cc e - - e —— - - -—

C -——- ——— - ——

cr 9D EXPOSURE -
C -
cC PRPESERT 1P WRR2 = 1 -
C -
CL (RR2(AW) ,AA=1,ITIS2) -
C -
c 17TZST = IZO0BE ¢ 1ISZ -
C -
cp RR2 CORULATIVE EXPOSURE BY TOBE ASD SUBZOWE -
cD (NECAFWATT (THERBAL) -DAYS/KG) -
1 o -
C - —

c- - - -

C® 10D EWERGY -
C -
cc PRESENT IP WRR3 = 1 -
C -
CL (RRI(AN) ,BN=1,ITZST) -
(] -
= IT2ST = I200% ¢ 152 -
o -
co 3 CUNULATIVE EWERGY BY ZOWE ARD SUBZONE -
cp (REGAVATT (TARRAAL) -DAYS/CH**3) -
C -

(o]
]
[]
|
]
]
[
]
i
1]
]
[
]
)
[]
[]
]
]

{COwD)
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ga T —— T -
:C PRESERT IF MRRA = 1 -
gl. (RRs (M) . BN=1,17252) -
gv ITZSZ = IZ0BE + IS -
tC:n 111 JUDEPIVED -
g L -
Co80 0508080808 0000 9080000800880 00808090000808880008000800080000008088000000~

hl'zﬂ
o
~

EXPOBY

COOSE08 000408888848 00000008090080000080002 4000000008808 0000000088380855008088 -~

(CorT)
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SPPCIPICATIONS YOR INTERPACE FILE PTATDE

COO:- 000000008000 8800000500880080800080080038880808880880088800080000080000800-

c -
cr PTATDD -
c -
ce POINT SOCLIDE DENSITIES -
c -
L OTPIPOSEONOPINROS SO IEO S0P 000G SO0 S0 S00E0008000080000 0080000000800
| (- mem—ceccc—cccmtcmrrctc e e —— - ———— —— - -— --
cr PILE IDEWTIPICATION -
C -
a BBEARE, (H9SE(I),I=1,2) ,IVERS -
C -
cu JSAULT ¢+ 1 -
C -
cDb BUARE PILE WARE (AS) °PTATDH® -
<o BRose UOSPR IDENTIPICATION (A6) -
(o] ivess PILE VERSION NWONBER -
C -
| (o ] AoLY 1 PCR LOWG WORD, 2 POR SHORT WORD RACHIPES -
] c -
[ et ettt 2L -——— -
( ...................................................................
CR 1 PILE REPEREPECE IBPORRATION
C

CcL TIAE,XPTD2,XPTD3,NCY,NZPT, NPT, MRS ,ABLKPT,IPTDY9, IPID10,
ciL NI0WEe,NSZ,NINTI,NINTI,NIRTK, IPPD16,IPTD17,IPTD18, IPTD19,IPTD20

c -
cw 20 -
c -
<o TIR® REPERENCE REAL TINE, DAYS -
<o TPTD2 RES ERVED -
(] PNl RESERVED -
CcD CcY REPERENCE CYCLE NUMBER -
] rZRT SOURBER OP ZONES POR WRICR POINT DATA IS PRESENT -
(4] weT RURBER OP POINTS -
c -
cw FPT = NIPNT(1) + NZIPNT(2) ¢ ... + WIPNT(WIPT) -
c -
()] 1] 1 MAXINOR NUBBER OF NUCLIDES IWN ANY SPT -
CcD WBLKPT AOWSER OF BLOCKS OY ATOR DENSITY DATA -
1 CD (ROST DIVIDE EVENLY INTO WPT) -
| (d] IPTD9 RESERVED -
| (] IPTD10 OPTION TO INCLUDE VOLOSE INPORNATION IP .BQ. 1 -
: (o nZoNe NOUNBER OP ZOWES -
co YOR DOCOMENTATION (IP NONZERO BUST AGREEZ WITH OTHAER -
cp PARANETERS) -
CcD ns2z AOABER OP SOUBZONES -
< POR DOCUNENTATION (IF NONZERO NUST AGREE WITH OTHER -
co PARANETERS) -
(o ] wINTI ENABER OF PIRST DINERSIOX PINE HESH INTERVALS -
co PCR DOCUBENTATION (IP NONZERO NHOST AGREE WITE OTHER -
cD PARANETERS) -

(COFT)
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FCR DCCONENTATION

INTY NINEER OF SECOKD DINENSIGX FINE YESE INTERVALS -
FCP DOCURENTATION (IF NOWZERO NUST AGREE WITH OTHER -

PARANETRRS) -

FTYTK WOWBER OF THIRD DINENSION FINE AEBSH IPTERVALS -
POP DOCUMBNTATIOS (IF NONZEPO NUST AGREE WITE OTFER -

PARAMETERS) -

IPTDI6 RESERVED -
IPTD1? PESERVED -
IPTD18 RESERVED -
IP*D19 RESERVED -
IPTDH20 RESERVED -
c ............................................. - - -
20 GENERAL INWPORMATICN -
("ZPET (®2) ,W2=1,02IPT) , (NZPWT (N2) , BZ=1,0ZPT), -
(LZPNT(NZ) ,¥Z=1,WZPT), (LOCPT (8P) , NP=1,NPT) -
I*KZPT+NPT -

RZPHT (WZ) ZCNE WIRBERS -
NZPRT (F2) NONEER OF POINTS IN BACH ZONE -
LZDET (WZ) NNCLICE SET REPERENCE -
POR DOCUMENTATION -

LOCPT (WP) POINT LOCATIONS IN THE RANGE 1 TO WINTI®RIRTISNINTY -

(o e e e rr e c e e m e - - ———— -—-—- ——-

3D

(VZPRT

VZPNT (
YOLPT (

{MAY BE ZERO IF BINTI,NIRTS AND NXNTK RRE ZEPO)

LOCPT = (K-1)SNINTI®NINTY ¢ (J-1)*FINTI ¢+ I -
WHERE I IS PIRST DIMENSION IRDEX -
J IS SECOWD DINERSION INDEX
K IS THIKD DINAENSION INDEX

GIVEN NINTI,NINTJ,RINTK AND LOCPT THE INDICES
1,J,K BAY BE DETERNINED

VOLOAEZ INPORBATION

PRESENT IP IPTD10 .2Q. 1

(¥2) ,N2=1,WIPT) , (VOLPT (¥P) , 3P=1,WPT)
WZPTeNPT

nz) ZONE VOLIAE (Hsel)
WP) POINT VOLUAE (CR®*3)

c------------‘----‘-------------------‘---‘O--- ——————— - o - sooaacncme

(CuNT)
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c— ----- - - — - — - -
CR 8D  POINT WUCLIDE DENSITIES -
c -
a ((PDEN (¥,J) ,W=1,88S),J=IL,J0) —--SZE STROCTURE BELO¥--——- -
C -
cw FES® ((NPT-1) /NBLEPTSY) -
(o -
€C DO 1 B=1,WBLKPT -
CC 1 READ(I) SLIST AS ABOVE® -
c -
cc WITE R AS THE BLOCK IWOEX, JL=(A-1)®((FPT-1)/NRLKPT1)+1 -
cc AND JU=H* ((NPT-1) /RBLKPT+ 1) -
C -
CD  PDEN(N,J) ATOWIC DENSITY OF NOCLIDE ORDERED ® IN THE -
cv ASSOCTATED SET GIVER IP ORDER POR EACH POINT -
C -

c.--.——--—-.-—--—- - —— - ——— - - ————

COSS00 0080 BSOSO SESSL000SSOLSOSP SO PSS PLSSSSS0 OSSP 0000588088508~
< -
ceor PTATDE -
C -
COSSIB P00 S PSS N0 0SS0 0800 000S0CS0S8SISSS 200888000008 08080800 0080080800~

(com)
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SPECIFICATIONS POR IFTERPACE FILE QNATDD

COB0085 000800880080 00008080088808088000080000808808850088580008008008880088-

C -
cr QEATDN -
c -
ce TOPE(SUBZOBE) ®UCLIDE DEISITIES (DISCHARGE) -
Cc -
COS00000 8005008008000 8000008080000080005508080080080808080000088000809000888-
C - - -— e - - - - - - -
cr PILE IDENTIPICATION -
C -
CL  HBAAE, (RUSE(I),I=1,2) ,IVERS -
c -
cy ISATLT + 1 -
C -
CD  EEATE PILE BAME (A6) °QFATDE® -
C0  musE JSER IDEYTIPICATION (A6) -
cC  IVERS PILE VERSION NORBER -
c -
cn mOLT 1 FCR LCNG WORD, 2 POR SHORT WORD RACHINES -
C -
Cr v r e s rman e m s e r c cm et m— - - . -~ ——— - - - — > - - - —— -
o mm s e m e - ———— - — "  — - -~ -
cr ID  PILE REPERENCE ISPORTATION -
C -
CL  TIWE,NCY,NTZSZ,NNS,NBLKAD -
C -
cw 5 -
C -
cO  TIAME REPERENCE REAL TIAE, DAYS -
c®  mCcY SEPERENCE CYCLE NORBER -
CD  BT2SZ NONBER OF ZONES PLUS NURPER OF SOUBZCHES -
cp mEs AAXIAON WORBER OF NUCLIDES IN ANY SPT -
CD  WBLRAD NDABER OF BLOCKS OP ATOR DENSITY DATA -
co (WOST DIVIDE EVENLY INTO NTZSZ) -
C -



04-34
c ........................................................................
(o] 29 ZONE (STPZCNZ) NUCLIDE DENSITIBS (DISCHARGE) -
C -
cL ((ADEM (7,J) ,N=1,¥NS) ,J=2L,)0) --—-SEE STRUCTURE BELCUW---- -
c -
cv UNS® ((NTZSZ-1)/NBLKADS 1) -
( -
cc PO 1V M=1,WPLKAD -
CC Y READ(I) ®LIST AS ABOvVE® -
C -
cc VITH B AS THE BLCCX INDEX, JL=(N-1)®((NTZSZ-1)/NBLKAD+1)+1 -
cc AND JO=R® ((¥T2S?-1) /NBLKAD* 1) -
C -
cD ADEN (¥, J) ATORIC DPNSITY OF NICLIDE OPDERED ¥ IN¥ THE -
cp ASSOCIATED SET GIVEN IN CRDER POR EACH ZONE -
c? POLLOVED IN ORDER POR EACH 3NBZONE -
c -
Cr——merrrcer e e e —r—r e —m——-————— i - ————— ————— - — -

COBNISEEDSODOSEROSES VPSSR ININIOP OIS IS OPNEODSRDIEPOOSOSORRESSSIISEOD-
C -
CEQP QNATDN -
C -
Coo88S 008800800008 08000808808880000 8500808588 0088883088808888008808308880-

{CONT)



SPECIFICATIONS FOR INTERWACE FILF 27PL'Y

ooV COOSOOO 00000000 0000000000 BOCSEOOONPOSRIOPROOGRNBISSIOGOIPOIOISITS-

C
CcF |RZPLIX

~

Cce REGULAR ZO%E FLUX BY GRCTIP, AS EPAGEC CVE? EACH ZOXE -

C

cr AR ASTERISY IN CCLOYN 72 INDICATES LCCAL AODIFICATIGN -

C

COO0000B0008ES 000 0OSS0O0 LNV SOOSOOPO ORI IIOPIROIDNINEBOINPLNLOOIOROD

Y PILE IDPNTIFICATION

CcL HNARE, (ANSE(I)
cw JengLy -
D HYARP
Lof4] HOS®
cy TVERS

CN RULT

,1=1,2) ,IVESS

1

PILT MARE (AK)

*RZPLUX® -

3SER IDENTIPICATION (A6) -
FITE VERSION NUMDBEK -

1 FGR LOYS 9ORD, 2 POR SHORT woPh BACHINES -

cw 10 PILE REPERENCE ITPCRYATICY T

CL TIWE,POWER, VOL,EFPK EIVS , OKDS, THL, THA, TNSL,TFBL, TNEAL, TNCRA, -
CcL cr,Ce,CR,CC,ITPS, NZONE, NGROUP , NPV -

C

cw 20
of

cD TINF
cD POWEFR
cD

cn vot.
co EPPK
ch FIVS
co DKDS
cD VL
< TNA
<D TNSL
cD TNEL
cn TRBAL
coD THCRA

REFERENCE ®EBAL TINE, DAVS -
PCWER LEYEL YOR ACTWUAL YPOTRONICS PRCPLEN, WATTS -

THER®AL

VOLNME OVER WHICH PONWNFI WAS DETERMINED, CC -
SOLTIPLICATION PACTOR -

FIGENVALOE OF
DERIVATIVE OF
TOTAL BEOTRON
TOTAL FEUTROX
TOTAL NTUTRON
TOTAL NEUTRON
TOTAL NZUTRON
TOTAL NEUTROW

SEARCH OF SEARRCH PROBLFRM -
SEARCH PPOBLFHN -
1.0552S -
ABSORPTIONS -
SORPACE T.PAKAGP -
BNCKLIMG LOSS -
BLACKX ARSOPRFPR LOSS -
CONTROL ROD APSORPTIONS -

{CONT)
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cp cr PRACTION OF CORE TREATED IS PROBLEZH b
D ce CCSVERSION PACTOR, RATIC OF TCERBAL EWERGY TO .-
cD PISSION ¢+ CAPTOURE E&ERGY AVAILABLE SITH b
cD THE CROSS SECTIONS .-
(o] ch ADDITIONAL DATA PLAG IP .GT.0 (TWC EERCORDS) .-
CcD cc RESERVED -
cD ITPS ITERATIVE PROCESS STATE -
cb =0, NO ITERATIONS DONE -
cD =7, CONVERGENCE SATISPIED -
cD =2, N.T CONVERGED, BUT CCNVERGING -
ch =3, ¥CT CONVERGED, NOT CONVERGING -
CcD NZOWE NURBER OF GEOBETRIC ZONES -
cb NGROUP WOABER OF WEUTROW EWERGY GROUPS -
cD L4 4 J WONBER OF BLOCKS OF LOCAL, PINE-SCALE PLOX VALOES *-
[ -
(vemmrrmcnvcmncc v —m - - — - -——— -
(o Bt T e L D L D ettt LTI T — - - - -

CR 20 PLUX VALOES -
C -
CcL {(ZGP (X, M) ,K=1, RGROOP) ,A=1,NZONE) -
c -
cw wWGROUP*NZONE -
c -
co ¥4 4 REGULAF ZOBE PLUX BY GROUF, IVB‘!lG!t CVER ZOWE -
co BEUTRONS/SEC-CH®s2 -
c -
c .......................................... - —— =
c ————————————— - - - - - ——— - - - - - . -y -~ — - -—.—
CR 3D ADDITIONAL DATA, I’IIST CF THO RECORDS hnd
C -
cC PRESENT IP CR .GT.O -
C .-
cL (SHARES (I) ,1=1,100) . (SHAR?(} ,1=1,100), (LX(I) ,I=1,200) .-
C L 2
cw 170%801LT + 300 .-
C .-
co SHARES WEOTRONICS DATA PFOR REPERENCE -
c DOUBLE PRECISION ON A SHORT WORD WACHINE bt
co SHARE BPUTRONICS DATA PNR REFERENCE -
cD X NETTRONICS YLAGS FOR REPERENCE .-
C bt

(LTS EZ e LRSI 2 Lt ELE S 2 L S 2L 22 P e L PR R LS L L P P Sl D L T

(COFT)
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G e e e e~ ————————— o
(o4 ] 8D ADDITIONAL DATA, SECHED OF TWO RECORDS .-
C .~
cC PRESENT IPF CR .GT.0 .-
C .-
CL (INRS (I) ,I=1,8GROUP), (PHO(I) ,I=17, BGRONP) , (BATA(I) ,I1=1,HN3RCUP) ®-
C L I
Ccu 3ISAGROOP .-
(o .-
() INRS NEUTROYICS ITERATION PLAGS *-
(of ) RHO BEEOTRONICS ITERATION DATA b
(di] BATA NEOTRONTICS ITERATION NATA .-
C .-
(o 4 NOTE PGHSTANDARD DATA TYPE ORDER -
C b
c e e 2 P . P A S o e e
*

TRERE ARE ¥PV SETS NF THE POLLOVING TWO RECORDS *

*
Cmmm e e e et e m m  m  m  m  m m  om
CR SD LOCAL PLUX RECORD REPERENCE DATA .-
C bt
c1 (XPY(1),I1=1,10) ,NLP,¥RZ, (IPY (J),J=1,8) b
C b
cw 20 bt
(o *-—
Cch XPv(1) REPERENCE VOLONE, CC .-
(of )] PY(2) REPERENCE POWPR LEVYEYL, WATTS b
CcD wLP NUMBER OF LOCATIONS POR WHICH DATA IS GIVEN .-
CcD NR72 REPERPNCE ZOWNE NUMDBER -
C .-
Comemm e e e e e = e e e e o e e
Commm e m e — e cm e ——————————— e e e 0 e e e e
CP 6D LOCAL WEOTRON PLUX VALURS .-
C .-
CL ({PLP (K, M} ,r-* ,400PY, 5-1,NLP) L I
c ' P
cw RBGROOP*NLP .
C .
¢o rey LOCAL VALTE OF THE MNENTRON TOTAL PLOIX, .-
(o ) AS ASSOCIATED WITH A SNMB-VOLUNE WITHIN THE L
(od ] REPERENCE ZONE NBZ -
C .-

COIPREISAREPPLRANN RN R AR NRRSE LR ERERRNRGE S0 40455444440 88000000 000908080880

C - -
ceor RZPLUX -
c -

(o 2 22 R RI I3 R R 22 22 2R 2 0 R R 2222t 2 2 2 P2ttt Rttt ittty B

(CONT)
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TERCIPICATIONS PNP ISTERPAC? FILFP ZINTERNP

(0000000000000 0000000000000000000000000000000000000000000000000000000000

C
N
C
CF
(
ce
C

OFISINAL 3PRCT PEVISED T INCLIDE <TPZOSE DATA WHEN NEEDPD
INTP®D

20NE TEMPEPATNPE DATR

COOOPO00 00000000 0000000 OO0 COPP00CO0ORIDOOOOIRNENNIOOITOOOORODIOPOPIOIIPSIOD-

PILE IDERTIPICATION

HYAME, (HOSE(I) ,1=1,2) ,1veDS

JemnLT & 1
HNAYE PILE NAME (AG) °ZNTERD®
HOSE NSER IDENTIPICATION (AF6)
IvERS FILE VERPSIN® NUMBER
LT 1 PCR LONG WNRD, 2 °NP SHRRT WORD MACHIKES

FILE PEFERENCE INPORAATION

WRZ ,N2T,NSZ, [MA (1) ,1=1,1D)

NRZ
NZT
NSz
wA

20

WONBER OF REACTOR 20"ES , NOT ZEPO

NUNMBER CF TEMPERATTRES POR EACH Z20NP .LE. S
NTAEER OF FPEACTOR SUPZONES

RESERVED

OFPTEY A SINGLE TEAPERPATURE WILL BE CARRIED WHICH SERVES AS A

REPPRENCE, AS TC ERXPRESS THE EFPECTIVFP TERPERATIONRE OF THE ZOFE-

WHICH MAY BE USED SINPLY ¥OR SOCH PTRPOSE AS CRCSS SECTION
CORRELATION. EVEN IP TWO TENPERATURES ARE CARFIED TO INCLTDE
THE COOLA™T TEMAPERATURE, THE PIRST IS INTEUDED TO ADAIT SOCH
SINPLE APPLICATION (LINEAR INTERPOLATION OF CROSS SECTIONS
IS ADRITTED CHICH MAY BE DONE AT THE MACROSCOPIC 1.PVEL USING
TWO MICROSCHOPIC CRNSS SECTION SETS).
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g gy St
co 2ZNNE TEWPEOATDEPS -
c -
cc ALVAYS PRES®K" -
C -
cL ((ZTERP(I,%) ,I=1,%27) ,8=1,%R%) -
C -
v W2TONPZ -
c -
o 7TENP TE®PERATIPE OP REFPRENCP I IN 2CXFT R (DFGREES C) -
() I REPEPENCE -
cp 1 ACTINIDES (®N°L) --- REFFPENCE -
€ 2 CCCLANT -
cn 3 =ODERATOF -
D s STFICTURAL -
cn 5 SPECIAL -
( -
f: ........................................................................
c ................................. . — o — - - —— — ———— _—~————— -
co SUBZORE TEWPEPATNRES -
C -
cc PRESEFT I° NSZ .NE. 9 -
C -
cL ((SZTEYP(I,M) ,I=1,NZT) ,A=1,X57) -
C -
cw WZTONSZ -
c -
cD SZTERP TERPERATTRE OF REPERENCE I IN SUPZONE A (DEGREES C) -
c -
cw SEE NOTES ABOUT ZONE TERPERATURE DATA -
C -

(rremmmrrmc et e m = - - - —-— - ————- - - — - - - - —— -

COPOSB 000000009000 000000000000 SS00SEPR SRS EBPP0P 000000008090 908080-

C -
ceor ZNTEWP -
C -

S 2 T2 LRI R 22 TR TS R IA RS2 R AR 2R 2 R Q AL 2R 2 2 P22 22 P22 2 2R 2 22 22 R 12 212 0 % B

(CONT)
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TPPOYPICATING. PN> IWTESPRACE PILE THAPTED

COOOOOOOOPOOOPO 00O CO000000O0000OOBC0COCODOCPCOCOOISPOROOSOOOD000D0DSODONG-

r
cn
C
Cc¥F
c
Cc?
C

CPISINAL SPECT PEVISED v INCLUDE STE?ZNWE DATA WHEN NEBRD®D

ZupCuD

ZC.NE AVEPAGE AND PEAX PCWUER DENSITY

COOOO0OSOOPOOOCOOPDOOOOOCOIOOIOPOOOOORPPIOOO000OPOIOPIOOOOPCO0000 000000000~

PILE IDENTIPICATICN

ANAYE, (475 (I),1=1,2) ,IVERS

JennLT + 1
HNANE PIL® NANE (A6) °ZNPCED*
ANSE JSPR IDENTIPICATION (A6)
IVERS PILE VERSIOY N .MBER
naLT 1 FCR LONG WNRD, 2 POR SHOPT WOPD RACRINES

10 PILE PEFERENCE INPORAATION

POW,TINE,XZPD3,XZPDG, XZPDS5,XZFD6, XZPD7,X2PD8B,
NZOWE,IZPD10,IZPD11,952,1ZPD13,1ZPDV8,1I2PDTS,
IZPD16,172PD17,17ZPD18,12PD19,12PD20

20
POV REPERENCE REACTCR POWER LEVEL, WATTS
TIN® PEPEREWCE TINE 1IN THE HISTORY, DAYS
XZPN3 RZSERYED
XZPDS RESERVED
1Z2PD5 RESERVED
1ZPDé RESERVE"
xzZen? RESEARAVLL
12P08 RESERVED .
yzone BMRBER OP REACTOR 20FES
I2PDV0 OPTJON POR PEAK ZONE DATA
1Pl OPT10ONW ON PILE CONTENTS
0- ZONE POWER DENSITY INCLUDES ANY SNBZONE
CONTRIBUTIGE (ALTHOOGH NSZ NAY BE ZEBRO)
1- IOFE POWER DENSITY AND SUBZONZ pUWER DENSIAY
CARRIEZD SEPARATELY
FSZ BOABER OF PEACTOR SOBZONES
I2PD13 OPTION POR REPERPNCE INPORBATION

(CO¥T)

LS T T I |
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cD 12P7 13 PESERVED =
cr IZED15 RECERIED -
cr IZ?DV6 KESERVED -
0 12P217 RESERYED -
co IZPDYB PESERVED

(o] 17PD19 RESEPVED

cp YZPD20 RESERVED -
( -
C ........................................................................
c ........................................................................
CR =" ZORE AVERAGE PCWER DENSITIES (TOTAL) -
( -
c” PRESENT IP IZPD11 .20, O =
C -
CL (ZPCR (M) ,A=1,%70FP} -
C -
cw RZORE -
C -
cop ZPOW ZONE AVPPAGE POWER DERSITY, WATTS/CC -
c -
cn ZPON(N) = VPPA(M)SZPD(M) ¢ SNY(OVER J POk NZSZ(J) = W) OF -
" YRSZ(J) *SZPD (J) -
C -
c ........................................................................
c ........................................................................
CR 3p PEAK ZONE PCWER DENRSITIES -
C -
cC PRESERT IP IZPD1V .EQ. O AND IZPD10 .EQ. 1 -
c -
L (PZPOW (W) ,%=1,N20NP) -
C -
ce NZORE -
C -
(8] FZpow PEAK ZONE POWER DENSITY AT THP NESH POINT LEVEL, -
co VATTS/CC -
C -
C-~vrcccrccccrcc e cc e cacca e s T -~oe- - -—— - -
C ......................... - cooee E T L R - - - -~ - - - oooss
Cr 8D ZONE AVERAGE POWER DENSITIES -
c -
cC PRESENT IP IZPD1YY .EQ. 1 -
(4 -
CL (2PD(N) ,B=1,0ZONE) -
c -
cw NZONE -
c -
(o ] ¥44] ZONE AVERAGE POWRR DENSITY, WATTS/CC -
C -
e r e n ancn s on s o cn s ot o o n e CE o e o o - - . O e " - - -

(CONT)
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C ......................................................................
cr 5p STPZONE AYFRAGE POWEP DPNSITIES -
C -
cc PRESENT IP IZPD11 .B3. 1 AND NSZ .GT. 0 -
( -
cr (522D (J) ,J=1,N57) -
C -
CcH KsZ - -
c -
co SZPD SUBZOYEZ AVERAGE POWER DEYSITY, WATTS/CC -
c -
c ........................................................................
C —————————————————————————————————————————————————————————————————————————
ce 6D STB7ONE TC ZONP CGRPESPONDENCE -
c -
cc PRESENT IF IZPD13 .¥). 1 AND ¥SZ .5T. 0 -
( -
cL (9252 (J) ,J=1,%57) -
c -
cw NS -
C -
cD NZSZ 7GKE CONTAINING SUBSZONE -
c -
c ------------------------------------------------------------------------
C -----------------------------------------------------------------------
CR 70 ZONE VOLORE INFORBATION -
c -
cc PRESENT 1P I2PD13 .PQ. 1 -
c -
c1 (VOLZ (M) ,m=1,NZONE) -
c -
cw WZONE -
C -
cp voLz 70E® VOLUNPRS, CC -
C -
c ------------------------------------------------------------------------
C ------------------------------------------------------------------------
cr 8D YOLUNE PRACTICY INPORMATION -
C -
cc PRESENT IP IZPD13 .BQ. 1 . -
c -
cL (VPPA (M) ,B=1,N200E) , (VRSZ (J) ,J=1, NSZ) -
C -
cw NZONE + NS2

c " -
cn YPPA VOLOME PRACTIONS POR PPINAFY ZONE ASSIGNNENTS -
cn VRS2 YOLOUME FRACTIORS FOR SOBZONE ASSIGNEENTS -
c -
(o m e r e s e e ot o e e e e i i i e c—mm———-

(COMT)
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c

C

(8-} 4 %P0WD -
C

C

G000 00 0000000 PPPOO VPPN OPPOP000 0000000000000 0000000ISSS00PISSOPSSOS-

TAPLE J8-1 F¥ND
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Information About the Exposure Data

The data which must be supplied for the exposure calculation in
file FXPOSE documented on page 04-17 is discussed here. The primary data
required for reactor calculations are the decay constants, the yield of
products from fission, and the chain coupling information. Data to
produce auxiliary information includes the energy produced from the
various reactions or decay.

The nuclides involved are identified and the order number in this
1list {s then used for further identificatfion. These nuclides include
the actinides and the fission products and any others to be considered,
such as control rod or burnable poison components. The nuclides for
vhich the generation of products from fission are to be considered
are also i’entified. The fission products are identified. The decay
constants and the fission products are specified for the identiffied
nuclides. Note that fission product yield values are fractions (atoms
produced per fission); these often sum to 2.0 or near about, but may
not under schemes of i1epresenting several nuclides as one or more lumped
pseudo nuclides.

Data for the matrix exponential or average gemeration rate methods
of solution describe ind{vidual parent-product couplings. The program
automatically couples defined fission products wiih the defined nuclides
which produce them through fission, so these relationships are not to
be specified. All nuclides in the supplied 1list of those having expusure
data will be depleted, so leave out any not %20 be changed. Only speci-
fied parent-product couplings will be treated, so all of these which are

deemed significant must be specified. Thus it is usual to include Np??®?
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in the chain starting with U2'®, but usually U??® is fgnored. (In the
procedures, special action must often be taken to treat nuclides having
large loss coefficients leading to some degree of approximation anyway.)

For an explicit chain representation, consider the example
0238

-\ Np23? » Np240

+ +
Pu?l? o Pull0

Here U??? has been omitted. If sza’ were left out, the loss of Pu???

239

generation due to capture in Np would be ignored, which would cause

<39

an overestimate of the fissile Pu generation. Since there are two

250

routes to Pu , two chain specifications are required:

U238 capture Np239 decay Pu?3? capture Pu240

U238 capture Np23?2 capture Np2“0 decay (-) Pu?*0

The dominant route to Pu?*® is shown first. The secondary route brings
in Np?*°® and a (-) 1s shown before the Pu®*? indicating that this is an
additional contribuction.

Additional contributions are described in the specifications by a
negative product nuclide number. When this contribution to the nuclide
concentration is calculated, it is added to that previously calculated.
Further, no contributions down the chains are calculated from the initial
concentrations of those nuclides having negative identification numbers;
they should have been accounted for in some previous chain specifica-
tion, This 1is not true if the first nuclide number in the chain is made
negative, For those nuclides having negative numbers to the first posi-~
tive one, no contributions to them are calculated; but contributions

from them to the first positive number nuclide and all those beyond are
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calculated. This allows treatment of the primary actinides in one wvay
with short chains,
U238 o np23% L pyzdF , pyZtd L py2sl , py242,
while a supplemental treatment could be used for the effects of down-chain
contributions, avoiding long chains (useful for actinide recycle),
(-)Pu?40 + (<)Pu2*) &+ (-)Pu?? » Am?%? 5 ete.
It should be noted that when explicit chains are treated, the average
between start and end of step fissioning nuclide concentrations is used
to calculate yield rates. This reduces the amount of calculation required
compared with that for full chain representations, and is a reasonable

approximation for fixed power generation. Still, the actinide chains

should be specified before the fission product chains in order to account
for the effect of change in fissioning nuclide concentrations as the chains are
processed in the order presented.

The reader should refer to the second sample problem for a geasonable

treatment of the actinides.

END OF SECTION

el
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SECTION 05: DATA HANDLING STRATEGY

A rather involved procedure has been implemented for processing
the data. This procedure is described here in some detail to convey
sufficient information to an interested reader for assessment; it is
possible to make changes to incorporate extensions, but they may
seriously impact the code and integrity will be assured only after
careful verification testing. Reference .say be made to the user flow
diagram, Fig. 2.1, page 02-2, and to the documentation of scratch
input/output data files, Table 03-3 on page 03-21.

The key data needed for allocating storage, defining the range of
the calculation, and majo: option selections is obtained from the data
files initially and stored in memory. The nuclide referencing data are
obtained from the NDXSRFf file and -he exposure data from the file EXPOSE
and are stored in memory. The zone average neutron flux values arec ob-
tained from the RZFLUX file and stored on a sequential scratch data file
blocked over -11 zones, one group at a time. The principal microscopic
cross sections arc obtained from the GRUPXS file and restored in a
sequential datn.file, one tecord for all dat~ at one group.

When an interpolation is to be made between the data on two flux
fi}es, this is done by a subsequent access of the data in the second
file and a new scratch data file is written,

The initial nuclide concentrations are obtained from the ZNATDN
file and stored in memory and also placed on a sequential scratch data
file blocked one record for each zone and each subzone for later recovery.

5pecific reaction rates (cross section times flux, summed over

groups) can be a large amount of data. These specific reaction rates
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are placed in a direct access scratch data file for use during the
primary calculation, blocked one zone and one subzone to a record.

A separate direct access file is used to store the fission rates when
the fission product yield data has an incident energy dependence. When
space is adequate, the specific reaction rates are kept in memory.

The latest nuclide concentrations are always stored in memory for
all zones and subzomes.

The nuclide concentrations are determined for »!i zones after one
exposure interval of the time. Specific reaction rates are adjusted by
a running account of the factor which must be applied to the initial
flux to approximate the fixed power level condition. Thus the reaction
rate data must be reaccessed at each step when stored on a scratch file.

The shutdown calculation is done with data contained in memory.
Auxiliary calculations of cumulative exposure information and the beta
and gamma source are done with separate accesses of the necessary data.
The auxiliary calculation of local exposure is done on the fine scrle
for the selected zones as a subsequent pass through the basic procedure

using the flux level information produced by the primary calculation.

END OF SECTION
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SECTIOX 06: SAMPLE PROBLEMS

The first sample problem was originated at SRL by M. V. Gregory in
a contribution to the ANS Mathematics and Cemputation Division benchmark
problem effort.a Civen an initial concentration of U?*% and Uz", 24
actinides and 9 fission products are considered for an exposure of 50
days to a fixed fast flux of 6.1 X 10'* and a thermal flux of 2.5 X 10'*
n/ca? sec. The chain relationships are shown in Figure 06-1. Note that
as described there are a number of couplings which cause feedback in the
oroblem. Shown in Table 06-1 is a computer listing that includes the
input data cards showing all data,b computation instructions, condensed
results, and selected edits. The (n,Y) capture routes to the excited
state of the product nuclide have been mocked up as equivalent (n,t)
reactions testing this provision in the code [alternatively these could
have been equivalent fractional (n,Yy) capture!. The specifications for
the explicit chain treatment include only the principle chain routes,
excluding feedback mechanisms of o decay.

Primary results of benchmark quality are shown for the matrix
exponential and the average generation rate methods of solucion in
Table 06-2. It may be noted that a considzrable amnunt of calculation
is required to produce benchmark quality solutions. Results for other
schemes, including thc explicit chain solution method, are shown in
Table 0€-3. With the explicit chain method, the generation rate of
fission products is taken as the average between start and end step

values, which 1s often quite good for usual reactor evaluations but

dnargonne Code Center: Benchmark Problem Book," ANL-7416 Supplement 2
(June 1977).

See ORNL-5158 for user instructions. |
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Figure 06-1, Nuclide chains for the Firast Sample Problem
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TABLE 06-2. RUCLIDE CONCEETYRATIONNS FOR THE CCISTABT PARAMNETER
POINY JZPLETICR PROBLEM WITH PEEDEACK

MCLIDE BATRIX AVERAGE GENERATICM BRATE

EXPORZNTIAL

(570 swTePS) (28 STEPS) (100 sTEPS) (768 STEPS) {1536 STEPS)
9 238 0.820821-09 0.832797-09 0.829708-09 0.8289%8-09 0.828085-09
9 235 0.585390-08 0.583390-0% 0.5833)%0-0% 0.5283390-0% 0.583390-08
" 236 0.286057-0% 0.208606%-05 0.206057-05 0.286057-05 0. 286057-05
1 237 0.356780-07 0.356615-07 0.356773-¢7 0.356780-07 0.356780-07
n 238 0.691915-02 0.691915-02 0.691915-02 0.691915-02 0.691915-02
7 239 0.718360-08 0.7 13396-08 0.718368-008 0.71831-08 0.718360-08
w237 0.'08739-06 0.10862)-06 9.108733-06 0.108739-06 0.108739-06
238 0.780515-09 0.776810-09 0.780206-09 0.7%0513-09 0.780515-0¢
w2)9 0.102988-05 0.102988-05 0.102988-05 0.102988-05 0.102988-05
Pp280 0.132292-10 0.132300-10 0.132298-10 0.132293-10 0.132293-10
pU238 0.881869-08 0.8 38590-00 0.881678-08 0.881067-08 0.881869-08
”M239 0.105787-08 0.10560)-08 0.105775-0a 0.105779-0» 0. 105781-08
PI280 0.995925-06 0.993025-06 0.996850-06 0.996522-06 0.995817-06
281 0.338208-06 0.332829-0¢ 9.338508-06 0.338535-06 0.338187-06
mM282 0.163783-07 0.163166-07 0-.163978-07 0.163978-07 0.163706-07
P028) 0.136356-10 0.728797-10 0.135692-10 0.136581-10 0.1363271-10
An281 0.506808-09 0.588223-09 0.587227-09 0.587227-09 0.586273-09
AR282 0.520990-11 0.50€562-11 0.520959%-11 0.521732-1 0.520876-11
An2a2m 0.508831-11 0.503338-11 0.505735-1 0.505691-11 0.508700-11
M283 0.8570613-09 0.8698138-09 0.855217-09 0.857878-09 0.856923-09
AR288 0.638029-1) 0.597730-13 0.622171-13 0.638816-13 0.637633-13
cn282 0.889681-10 0.835962-10 J.839788-10 9.850518-10 0.889552-10
cn283 0.950978-1) 0.922981-13 0.951678-13 0.95317-13 0.95066a-13
CH288 0.206788-10 0.216066-10 0.206858-10 0.207691-10 0.206595- 10
ca2ss 0.283333-12 0.258532-12 0.283081-12 0.288637-12 0.283128-12
I 135 0.802752-08 0.8013848-00 0.882786-00 0.08082832-00 0.882737-08
135 0.918759-09 6.913381-09 0.918818-09 0.918828-09 0.918780-09
Cs135 0.771693-07 0.778203-07 0.771638-07 0.771630-07 0.771637-07
D187 0.121156-06 0.121106-06 9.121166-06 0.121167-06 0.121155-06
1 ALY 0.201818-06 0.201612-06 0.201828-06 0.201833-06 0.201810-06
Mg 0.857082-00 0.855253-080 0.856909-08 0.857088-08 0.8570348-00
(ALl 0.386722-00 0.385151-09 0.386678-08 0.386757-08 0.386715-08
MY 0.199682-07 0.799135-07 0.199671-07 0.199700-07 0.199678-07
SH189 0.119776-07 0.119219-07 0.119757-07 0.119787-07 0.119778-07
mwLL 0. 185227-08 0.185168-08 0.185251-00 0. 185283-08 0. 185228-08
% 360/91
CPO TIRE

{SEC) 13.5 0.96 1.62 6.48 12.1

D s e D D D e D A D D > A - - - —— - - - - D - - —— - -
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TABLE 06-3. RESULYS PROR OTHER SCHERES OF SOLUTION
EICLIDE EXPLICIT CRAIS BATRIX EXPONPTTIAL
ASSUNINS BQUILIBRIUM
ELARORMTE PRIRARY CHAINS (15) (8 BOCLIDES) (6 BWCLIDES)
CUAINS (33) ---- —

(1 sTEP) (1 srEe) (8 STEPS) (2 sTePes) (S STEPS)
o 2% 0.828821-09 0.828821-09 0.820820-09 >.828822-09 0.428822-09
v 235 0.583389-08 0.583389-08 0.583388-0" 0.583390-08 0.583390-08
n 236 0.286057-05 0.286057-05 0.286056-0>  0.286057-05 0. 286057-05
n 2N 0.356780-07 0.356780-07 0.356780-G7 0.356780-07 0.356780-07
v 238 0.691915-02 0.691915-02 0.691918-02 0.691915-02 0.691915-02
0 239 0.718360-38 0.718360-08 0.718359-08 0.718359-08 0.718359-08
P237 0.108739-06 0.108739-06 0.108739-06 .308739-06 0.108739-06
P230 0.780515-09 0.780515-09 0.780515-09 0.780515-09 0.780515-09
»P239 0.102988-05 0.102988-05 0.102988-05 0.102938-05 0.102988-05
"p280 0.132292-10 0.132292-10 0.132292-10 0.132292-10 0.132292-10
PN238 0.881710-08 0.881710-08 0.881710-08 0.881888-08 0.8%1870-08
PU239 0.105786-08  0.105786-08 0.105747-08 0.105786-08 9. 105786-08
PO 280 0.995920-06 0.995919-06 0.995928-06 0.996660-0¢ 0.996660-06
PU28Y 0.338203-06 0.338203-06 0.338208-06 0.338611-06 0.338611-06
PrI2e2 0.163783-07 0.163650-07 0.163650-07 0.168081-07 0. 168032-07
PU28) 0.136356-10 0.136279-10 0.136279-16 0.139598-10 0.139591-10
AN 28Y 0.586803-09 0.586803-09 0.586808-09 0.587813-09 0.5867813-09
An282 0.520998-%1 0.520998-11 0.520998-11 0.558%62-11 0.521915-11
AR2828 0.508831-11  0.888086-11 0.503888~11 0.505888-11 0.505888-11
AN 28] 0.857063-09 0.856782-09 0.456088-09 0.877053-09 0.871028-09
Am238 0.638028-13 0.637637-13 0.637722~13 0.659185-13  0.659150-13
cnas2 0.889681-10 0.889681-10 0.889681-10 0.891813-10 0.850717-10
cnae3 0.959379-13  0.950979-13  0.950979~13  0.105839-12  0.953659-13
o F11] 0.20678-10 N_206£23%-10 0 _INEEEI-IN N _215IEE-IA B _29%9%49-10
cH 285 0.283338-12 0.283213-12 0.283223-12  0.258910-12  0.258898-12
1 13% 0.832002-08 0.832002-08 0.872511-08 0.883881-08 0.883881-08
=135 0.862199-09 0.862199-09 0.908186-05 0.915555-09 0.915555-09
csS13S 0.772978-07 0.772908-07 0.772677-07 2.778882-07 0.778882-07
D1V? 0.119566-06 0.119566-06 0.121082-06 0.121169-06 0.121169-06
Ty 0.203083-06 0.203083-06 0.202102-06 0.201837-06 0.201837-06
PHINS 0.860801-00 0.860801-08 0.857801-08 0.857096-08 0.857096-08
PRIsen 0.309858-08 0.389858-08 0.387359-0% 0.386767-08 0.386767-08
PR1AY 0.193223-07 0.193223-07 0.198858-07 0.199708-07 0.199708-07
sSHIN9 0.116169-07 0.116169-07 0.119519-07 0.1229119-07 0.119790-07
PLL 0.785398-08 0.785398-08 0.185376-08 0.185286-08 0. 185286-08
IBY 360/91
CPU TINE

(szc) 2.%2 1.38 1.62 1.08 .18
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rather poor wvhen a desired power level is not maintained; the error
caused by this approximation is shown to decrease when the exposure
period is divided into substeps. The explicit chain treatments involve
an elaborate representation involving 33 chains (799 chain entries)
vhich includes the BY decay of Am?? and only the a decay feedback of
z"l’u—*n"'l.’. and a primary chain representation which requires 15 chains
(229 chain entries) of which 4 are required to treat the fission prod-
ucts. The matrix exponential method results shown in Table 06-3 were
obtained by setting the nuclide concentrations equal to equilibrium
values at end of step for those nuclides having & specific loss rate
times tn> time interval exceeding 24.0 and 120.0, respectively. For
average generation rate results shown, the end of exposure step gen-
eration rates from a precursor were used (instead of the average of the
start and end of step averages) when the specific loss rate times the
time interval exceeds 2.3, e'b < 0.1.

Processor times shown are for total BURNER module access.

The second sample problem is a two-dimensional mockup of a fast
breeder reactor in (r-z) geometry. The VENTURE code® is used to solve
an initial flux-eigenvalue problem. Then the period of the point of
refueling is treated in three exposure steps, each followa2d by recalcu-
lation of the flux-eigenvalue problem. Prespecified control rod position-
ing in the sense of smeared nuclide concentrations is imposed with neglect
of deviation from critical conditions. The nuclide chains which were
congidered are shown in Figure 06-2. The computer listing of the input

data which documents the problem was shown in Table 06-1 along with the

8ORNL-5062.
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Figure 06-2. Nuclide Chains for the Second Sample Problem
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condensed results and selected edits from the BURNER code.

Much of the capability of the BURNER code is applied in this sample
problea. Gamma heating calculations are done, exposure data is cumu-
lated, and local exposure is done at each of the points in a zone.

The third sample problem applies the steady state continuous fuel-
ing model. The computer listing of the input data, the condensed edit
and selected edits from the BURNER code are in Table 06-1. The problem
is a reactor which is at steady state, vith two types of pebbles in
four streams passing through the reactor at rates defined by residence
times. The problem is solved by an iterative process: 2z neutronics
calculation which involves a criticality search on the fuel in the
reactor and in an external feed box, and the exposure calculation which
follows the material passing through the reactor, applied successively
in an iteration loop.

This problem was selected to demonstrate some nf the capability
implemcnted. The one-dimensional traverse is mocked up with a thin
two-dimensional model. Fueled pebbles are introduced at the top of the
core and fertile pebbles at the top of an inlet blanket. A density
change occurs when the two streams come together, and change in the
residence time (per unit height) of the fertile pebbles is accounted
for by a change in the zone heights. The feed composition is fixed
for the fertile pebbles while the fissile enrichment of the fueled
pebbles must be determined in the calculation for the steady state
condition.

After terminating the iteration process, the multiplication factor

is followed over a period of shutdowm.

END OF SECTION
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SECTION 07: VERIFICATION TESTING

This module has teen subjected 20 extensive verification testing.

All of the implemented options have been exercised, but not 2ll combi-
nations of them. A number of problems have been sclved, and solved in
different ways with BURNER to prove that the parallel procedures produce
similar results. Ounly a limited amount cf absolute testing has been
done. The appropriate problems from ORNL-TM-3793 have been solved and
acceptable results obtained.

A number of different situations have been describded as input and
results obtained over the range of the possible user options. These
cases cover typical reactor problems, fast and therzal reactors, blaukets,
etc,, and a variety of nuclide chain representations of the actinides and
the fission products. Code modificstions were made during this time as
deemed desirable such as required to svoid machine underflow and to improve

the reporting ot results.

END OF SECTION
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SECTION 08: MATHEMATICAL EQUATIONS

The lincar coupled first order muxlide chain equations are solved for a

specific location in 2 reactor. WNe consider them here in the form

dNn ()
dt

= - anNn(t) + Yn(t) + fb‘*'r'(t) » (08-1)

where .\'"{t) is the concentration of nuclide indexed n at time t,
H’(t) is the precursor nuclide along a chain routc, m depending on n
and the number of these depending on m, ,
Yn(t) is the production rate of nuclide n from fission as a fission

product (which may be zero),

L U
Y (t) = EN(t) Zy(,mu) L G d , (08-2)
n 2=1 . u=l g€u f.1.27s

where § refers to an identified fissile nuclide,

of,!.,g is its microscopic fission cross section for energy group g,

08 1s the local neutron flux, usually that for the start of a step,
but can be 2 lincar weighting in time,

y(%,n,u) is the specific fission product yield fraction for a range

in energy which may span one or more of the energy groups;

= ?x,n,(‘l * A (n8-3)

where L refers to the sum over all reactions which cause loss of nuclide
n (not scattering!) , including (mn,y), (n.a), (n,f), (n,p),

(n,d), (n,t), and (n,2n) cross sections.
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)'-wu, or
b =z {08-4)
[ aq ] | _a21 T »
=
where
Tn ™ z on.-"o‘ . (08-5)

and Z is the fractiom of this reaction consid:red to produce nuclide n

(often unity),

% a.g is the microscopic cross section for generation of the product:
| Jant

(u'Y)’ (uDa)' (ntp)j (nrzn)p (n’d)' (n,t). (u'f). or to‘tal
absorption less fission, for group g.

As presented, the nuclide concentrations are in units of atoms/bn-ca,
specific rates are sec-l and the neutron flux having usual units of
ulse«:-c:-2 myst be multiplied by 10-2‘ (c-zlbn) to give units of n/sec-bn
for use of cross sections having units of bn (barns). Time here is alwvays
in uaits of sec,

Not shown above is th- provision to apply on demand the Bondarenko
correlation.? Civen start of stzp nuclide concentrations and temperature
information, the specific reaction rates are determined. Considering
that these specific rates are assumed to hold over the exposure period,

it may well be appropriate to subdivide an exposure period to allow these

Tates to be calculated more than once.

The Average Generation Rste Formulation

Simplifying equation 08-1 to the form

an(t)
e -anl'n(t) + 'n ’ (08-6)

%vot implemented in the first release version.
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vhere Pu is an effective or average generation rate, the exposure period

T is divided into - fine scale of L intervals of time A each, & = T/L.

An elenmentary finite-difference solution of equatioan 07-6 is

dt A 2

-

dx_(v) _ N (3) - % (0) - [snm) . un(o)] .
n n

a .

1 -2 AP
n (43 = N_(0) 2|,
o AR n at ad’

o3 1+

or

. . 2-a .t 0 (08-7)
RN AL el [z.an‘r. Pn -

When appropriate, anb large, a2 higher order formulation is used which

comes directly from integration of equation 08-€,

-anA 1_;‘nA
lln(A) =‘.'lt'(0)¢ + —Tn— Pn . (08-8)

Use of the higher order form is especially desirable to avoid serious

inaccuracy for nuclides which approach an equilibrium condition rapidly,

dl'l PI'I
d_t-.O; ln-;- .

To improve the estimate of the average generation rate, ln(A) for the

-a
n

precursor is used to calculate Pn if e < 0.1 for exposure calculations

or if 0.01 for shutdown calculations; otherwise "he selected weighting is

ln(O,A) = aNn(O) + (1-a) Nn(A), (08-9)
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vhere the parameter @ may be specified, defaulted to 0.5.

The equation coefficients do not chaage with timse and therefore are
calculated only once. Passing through the specifications, end of step
concentrations will be the same as start of step concentrations except
for those nuclides already treated, so the results depend on the order
of processing. Ue expect the actinide nuclides to be treated first, chen

the fiszsion products.

As programmed, the user may specify the number of intervals for an
exposure perfod L. Unless othervise sp:cified, the largest specific

nuclide reaction rate is selected, and L is set to

L=S00T {-aa:(a“)}l’3

except that it is restrained to

10 < L < 100,
and is alvays made an even intege. vhen not specified. For a small,
the value of L = 10 may not be adéﬁuatc, requiring that the user supply

a larger valve when application experience indicates this.

The Explicit Chain Solution

The general solutfon used for the chain equations allows simple chain
coupling. It is assumed that the term Y“(t) in equation 08-1 i< not tiwme
dependent: if the power level were constant, the fissfion product generation
would be constant except as the fissioning nuclide concentrations shift and
as these fission rates vary locally. The user is “‘equested to specify the
actinide chains first, and the fission product yield is determined from

equation 08-2, except that Nl(t) is replaced by

1/2 [3,(0) + 8 (D]
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The equation programmed for am exposure period T is

-a T
-anT l-e B
N.(T) = N (0)e .Y .
(08-10)
s-1
+ X oYy, U._ .1,
wvhere
-aT -a7
n-1 a. n n-1b.
- e__-e _Aokekel
Qj.n,i lf'l (;ll-al) bj'“ﬂ k:i (‘k-;-) ’ (08-11)
kfm
and
-a T
n n-10b
u [l:“_.._] . _Jomemsl
)0, a“ =i n
-2 T -aT
n-1 a- n n-1b
A R rara e LT o (08-12)
mi| %% ). kzi % "m
kém

The calculations are gunc in double precision on a short word computer.
Significance tests arc made and extrancous contributions (hopefully) are
discarded. When two specific loss rates are found to be identical, they
are automatically separated by slight adjustments to prevent over ‘low of any

contributions to the result of cquations 08-11 or 08-12,
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To achieve the necessary precision, terms are changed from the form

e e to te St [ l-e” (y-z)t]
y-2 (y-z)t

and the approximation of

- 0-30-30-30-30 -3y, (D)

is used when e * is near umity, x<0.0l.

ine Matrix Exponemtial Scheme

Consider a simple siturtion where a set of nuclide concentrations are to
be obtained. Without interchain coupling, the generation rates do not depend

on the muclide concentrations,

After an exposure period 4, the nuclide concentrations are given by

-a A

n -anb
N“(A) = N“(O)e +

I-e ) .

=H‘L ="

Expansion of the exponential terms gives

1 21 3
N“(A) = Nn(O)[l-anAO?(anA) -z(anA) s...]

P
L2000 do? B e

N (8) = N _(0)(1-a A[1 --;-(anb)[l -i—(ann)ll-...]]]l

. '..Ml‘%"n““ -%(."r,)u-...m i
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Consider the meaning of e-M, where A is a matrix;

2 3> .
-8A AT 2 A D

(08-14)

~
<

A A A
= 1 - AA[T-5AUL-F A1) .

If A is diagonal, the diagonal terms being a.. then this operation producces
the desired solution results. The operation AA simply squares the diagonal
terms.

For the general problem, the off-diagmal terms in A are coupling terms
between the equations.

Consider the set of linear cquatioms,

dx_(t)
an,n“n(t) - fa-,nxa(t) R T

This set of coupled, linear first order equation: may be described in malrix

potation as

A= - N (08-15)

vhere A contains buth the 3 n terms on the main diagonal (all positive),

and the —a_ | terms, wfn, off the diagonal (all negative). This equation

has the solutéion

f\'nlﬂl) = e-AN(U)

2, 3
.{r.uo-g-.\‘-g-,\so...}l!m) (08-16)

a {I-M[l-’z‘-nll-%;\(l-...]ll}u(O) ,

for an exposure period A where 1 is the unit matrix. A single term (I-4A)

can not be used because there is inadequate propagation through the coupling
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terms. Indeed matrix A only contains near chain coupling. Az increases this
by one nuclide, so if the coupling band is ntl nuclides, n couplings, one
needs the term A" to effect propagation through the vhole chain, resulting in
n terss containiang A, a minfmum.

The advantage of this technique is that it properly accounts for the full
coupling between muclides; alpha decay feedback along a2 chain and multiple
routes can not be fully accounted for with cxplicit solutions for individual
chains. It should bc noted that the nuclide to muclide coupling (iransmutation)
terms include the fissile nuclide, fission product muclide coupling, so the
calculation of fission products is direct.

The implemen®ed procedure of calculation was selected to minimize both
the amount of storage required and the amount of arithmetic involved. Consider

the solution cast in the form

NA) = I (-1 (D an)No) . (08-17)
j=¢ r
Let E = LA, llj he a working column vector, and "j he the estimate of the
solution column vector, where j is a running index of the sweeps through the

equations. Setting

M. =M__ +H. . (08-18)

An acceptable solution is identified, N(4) = HJ, and the calculation terminated

at j = J when the ratio of any term in HJ to the associated solution cstimate



(term in NJ) is < 10-6. A minimuw value of J is allowed whick we have set by
various ways, currently the solution of J = -ax(Aan) plus the square roat of
the number of actinide nuclides plus the square root of the number of fissien
product nuclides. The matrix E = A is not set up as a x<qua-c =aatrix, but s
two maj)or componcnts are stored scparately:

1) the diagonal entries l';an,

2; the sct of coupling tcrms “h(m'n) plus the fission product vicld temms,

the latter typically

[

Ahitk) = L L y(Ak,gi T 6., °

d .-
1 urg t,2,u'u

[}

Underflow is prevented by sctting any entry in "j cquzl te zerc if it is
< m-so after it has been uscd {summed into .\Ij).
The convergence rate of the calculational procedure can be accelerated

a small amount for usual problems by a simple transformation. We consider

~of. -
= ¢ -,
- d , -af
(\e - - dt lc -l »

where B = (A - a) ;

N(L) = c"‘[c'“']N(ﬂ) . (08-19)

The proccdure described above is used with £ = 4(A - a), and the solution is

N(A) = c'u‘.ll,. The main diagonal term 1 is a selected constant, currently

chosen by
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a= %ux% (08-20)

The use of e-uA evaluated precisely at the end causes a slight distortion
of the results, but an cxpansion of eAa to the number of terms used in the
calculation and use of its reciprocal instead of e-ﬂa wvas less consistent.
Another procedure is of interest because of a slight gaim in signifi-
cance of the results for large cvefficients at a slight increase in compu-

tation cost. Consider the erpansion

2 5 4
-X _ x x x
e =l-xsar-3y*ar - -
Grouping adjacent terms,
-X x x5
e =1 T (x - 2) » zT-(x -4) + ...

By such grouping the result is obtained by summing numbers which are not a:
near the same magnitude. The integer subtraction is done precisely. For
small x, the approximation monotonically dc.-reases from unity and for large
x it increases monotonically to a peak and thea monotonicaily decreases.

The procedure s as folluws with the transformation introduced above. Let

B=A(A-a),
M, = N(O) ,

1
for 1 = 1, E1 = i'ZN(O) H

fori>1, Yi = ZEi_ , and

1

1., 1 .
y E; = GDGpbY; 5
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=
3

B - (2i)1 ,

(08-21)

-

"
"
m
-
5
a.

The solution N(d) = HIe.aA is obtained upon truncation at required con-
vergence, I = J/2 + 1. An increase in the amount of calculation of about
15 percent 1is incurred by this procedure over the simpler one above. Early
termination of the expansion must be avoided because the combination of
successive terms may make a small if not zero contribution, so a minimum
number of terms is required to avoid false convergence indication, I > x/2.

If an entry in A exceeds some value, the results from these procedures
would not have adequate significance due to subtraction of numbers of

nearly the same magnitude. The problem is illustrated by the expansion

= n-1
A -X
n! (n-1)! °’
xX=n,

and since the signs of the successive terms clternate, the largest value
involved 1is xn/n!. while the answer ve seek is ¢ *. For six~digit signifi-
cance in ¢ ~, it 1is required that the number of machine significant digits
used to store the largest value be six more thar the desired remainder con-
sidering the difference xn/n!-c-x. If x 1s 12, tre difference is 18614 -

0.0000061, a loss of 10 digits requiring 9 + 6 = 16 machine significant digits.
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If the effect of coupling coefficients is considered and the largest term

is nearly equal to the largest diagonal (loss) term, then x above is twice the
largest diagonal loss coefficient, sum of the absolute values of the entries
on columns of matrix A, or 1f x = 12, max (an) = 6. (The e’L transforma-

tion distorts the operator norm evaluation.)

In simple situations it is reasonable to assume that a nuclide having
a large value of a_ will take on the end-of -exposure steady state solution.
The antomated procedure is as follows. Given nuclide n having large an,
for all m having coupling (m*n) and all 7 having coupling (n»i), replace
all (n*)) with coupling coefficients

a

n,s
a = a —r

r
m, e« m,n a
’ ] n,n

=0=-aN () »P (1),

N () = max(é b (), N (0)) , (08-22
where Pn is the generation rate of nuclide n from all sources. It is
possible to eliminate one through several nuclides in this manner. There
is loss of conservation of mass in the amount of the final assigned con-
centrations, that introduced by Equation (08-22). The fu}l fmplications
of this procedure applied to complicated situations is yet under study.
The procedure is most appliceble to core behavior during operation, not

the shutdown problem at zero flux exposure.
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The user may override the automated procedure for subdivision of an
exposure interval into substeps over which the max.(anl) is small enough
to produce accurate results; this opition may well be needed in those
situations involving only a few zones where the coefficients are large,
but the calculation cost of this procedure may make it unattractive for
certain applications. We expect use 'o0 be made of the supplemental
explicit chain capability when the coefficients are large (as for the
pies 135

- x -+ chain).
e

Example Problem

As an example, a simple situation is treated, three nuclide equations,

dxl(:)
T ;|l!\l(t)
N (t)
T nzNI(t) + nlNl(t)
de(t}
Tt nzkz(t) .

There is no loss of matcrial becausce loss shows up as source to the next
nuclide and the last nuclide has no loss. One measure of the accuracy of a

calculation is the loss of material from the system. As initial conditions

we sct
Nj(0) = 0.7
N,(0) = 0.3
N5(0) = 0.0

——

1.0
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the explicit results for an exposure step T are

-a,T
N (T) = K (0)2 ,
-aZT
-a 7t alc -(al-az)T
N(Ty = N(mye = + N(0)§] ———]]1-¢
< 2 1 ioa;-a, ’
L 4
-a,. T -a. T
_.:l.,T] ;|7c l -alc Z
No(T)Y = N (¢ e - N f -
3( ) 2()) I-¢ + \l.n) 1 (32'31)

We consider T=1.0, al=0.4, az=0.3. These data give specific reaction rates

which are higher than those typical of application. An explicit solution

of the equations yields the following results:

N (T) = 0.46922403
NZ(T) = 0.41964036
NS(T) = 0.11113561
sum ;ib

For the average generation rate method we first consider the lowest order

finite difference approximation, eX=>1-x:

Nl(t+A) = Nl(t)(l-alA)
[} A {3 ¥
Nz(tﬂ‘.\) = Nz(t)(l-azu) + al-f”'l. {t) + ."l(tﬁ'.\)]
azb

N3(t+A) = N3(t) * 5 [Nz(t)+Nz(t+A)]

The results as dependent on the n..ver of steps taken over the exposure

period are
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Intervals 1 ! 2 3 8
N (T) Vo322 [ 0448 | 0.35927 | 0.46439
X, (T) 0.433 | 0.42465 | 0.421173 | 0.420604
NS(T) 0.1101 0.11150 0.11146¢5 0.111349
TOTAL 0.9641 0.98415 0.951908 0.996347

Thus doubling the number of steps essentially halves the error in

this example. This is a relatively slow rate of error reduction. Of

critical importance for accurate results is that all anA << 1.

Next we consider the use of average generation rates with a precise

integration of the differential equations,

Nz(t+A) = Nz(t)e

Ny(teh) = Ns(t)'+

The results as dependent on the number of steps taken over the exposure

Nl(t+A) = kl(t)c .

-a A a

2

2

JIN, (£)+N) (t+8] ,

5 By (0N, (te)] .

period are
Intervals ﬁ 1 2 4 8
Nl(T) 0.4692 | 0.46922 ; 0.463223 | 0.469224
NZ(T) 0.4243 | 0.42079 | 0.419928 | 0.41979S
NJ(T) 0.1086 | 0.11053 | 0.110984 | 0.111117
TOTAL 1.0021 1.00054 1.000135 | 1.000136
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Note t - much : 2ller error than with the very low order formulation,
and a relatively fast rate of error reduction associated with the indi-
vidual nuclide concentrations calculated. Here doubling the number of
steps essentially reduces the error by a factor larger than two.

For the matrix exponential approach, we consider the matrix

0.4 0 0

0.4 0.3 0} ,
0 -0.3 0

a
1

ne6 0 0
I - #A = 0.4 0.7 o |,
0 0.3 1.0

and the results as dependent on the number of terms taken in the expansion
are

Number
of Terms 0 1 2 2 4

NI(T) 0.7 ] 0.42 | 0.476 0.468533 | 0.469280

NZ(T) 0.3 1 0.49 | 0.4055 | 0.421417 | 0.419476

NK(T) 0 0.09 | 0.1185 | 0.11005 0.111244

TOTAIL 1.0 | 1.0 1.0 1.0 1.0

Note that there is conservation of the total. Measuring error as the square
root of the sum of the squares of the differences of the final nuclide con-
centrations from fact, the error goes down as 0,08843, 0.,01732, 0,002194,
and 0.000204 for increasing terms in the expansion; doubling the number of
terms decreases the error by about a factor of ten after effecting full

coupling,
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The simple transfcrmed matrix exponential method is now applied.

let . = _ max (a ) = UG.2,
n

The results as dependent on the aumber of terms of the ¢xpansion are

Sumber . ; i
of Terms @ o | 1 ; 2 : 3 X i
':,m;t:.-_;r: T== == & A T = : s T S a‘l-,:
H !
NyIE 0 00T 00358480 1 0.36945] ' 0369187 § 0.469220
N1 L3 050502 0LHTIS | 01T L 0.319635
NoH o 0.073080 ; 0 111757 | oo1eTe L ol1i11s8
K ; ¢ H
| ; |
TOTAL  © 1.0 1 0.982477 | 0.998851 | 0.999943 | 0.999999

The expansion is more rapidly convergent, although conservation is

lost (sum not urity). For : = 0.3, the resuits obtained are

Number

of Terms 0 1 2 3 4
A |

Nl(T) ! 0.7 | 0.4667 | 0.46931 | 0.469222 | 0.469224

N,L(T) 0.3 1 0.4297 | 0.41930 | 0.419649 | 0.419640

NS(T) 0 0.0667 | 0.10779 | 0.110863 | 0.111120

TOTAL 1.0 [ 9.9631 | 0.99640 | 0.999734 | 0.999984

Here 0.2 is judged superior to 0.3 for a although this may be obvious
for this simple case; increasing the value of & tends to reduce a weighted
error in the results with termination at a set number of terms up to some
point where the error grows, the optimum depending on the coupling coef-

ficients and the concentrations.
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Shutdown and Negative Exposure Step

Special routines have heen implemented to treat a period of shut-
down. For this calculation all fiux-dependent reaction rates, loss, and
coupling terms are ignored. The use:r may specify that results are to
be obtained at more than one point in time. The input data allows the
time intervals for the substeps to be varied. Generally there is interest
in short times immediately after shutdown, but in longer ones between
results toward the end., The ratio of one substep to the previous one is
specified, which means continuously increasing the uime interval with time.?
The ruclide concentrations calculated for the end of a shutdown period may or
may not be used thereafter for subsequent calculations, depending on the
selection of options for writing the interface data files,

The coding "has been done to permit the treatment of a negative expo-
sure time interval (not shutdown), This capability 1is not of interest
for usual calculations, but does permit going backward from one fueling
to the previous cne given end-of-cycle nuclide concentrations, It appears
that these end-of-cycle concentrations cannot readily be estimated unless
precduced from calculations for a rather simple nuclide chain treatment
with adequate orovision for spatial variation consistent with a desired
refueling pattern. Special steps are taken in the procedures to handle
large coefficients realistically without producing reasonably large
nuclide concentrations. Still, assessment of results may be essential
and application restricted to situations xor which the procedures

produce ressonable results,

%nless the ratio is msde less than unity.
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Computation Tice

The full matrix exponential method requires perhaps three or more
times as much computation as the other methods, and hence its use
should be limited to testing. A reasonable balance of computation was
attempted in setting the default procedures for the other methods, and
testing has shown that tvpically they have the order of increasing
amount of computation: explicit, matrix exponential (equilibrium

intermediace), average generation rate.

Power lLevel Renormalization

The programmed procedure attempts to maintain the initial power level
by adjusting the reaction rates (flux level) at the start of each sub-
step after the first one. Coansider the initial power level to be Po as
calculated from the data available (with provision for adjusting it).
After the first substep, the power level is calculated to be PE(I)' The
power level at the start of the second substep will be set at B(2) Po.
Assuming a continuing linear change, the anticipated average over the

two steps is set to the desired value,

1

P, =7 [po + PL(1) + 2B(2) Py + Pe(1) - Po].
P (1)
B(2) = 2 - : .
(4]

The power level is calculated from intcgrated rate of fission times

energy per fission plus capture times energy per capture. If the values

81nterval divided intn 50 substeps.



08-20

of energy per fission are all zero, they are set to 3.2 x l()-ll vatt-

sec/fission and energy per capture values are get to zero. Counsidering

P to be the average over the past history, the general formulatiom

used is to set B(1) = 1, and

Bnel; =5 33 - ml - - [nP +1pm], (08-23)

(1]

Wik

vhere
— -1 =
For (7 f Db vy v ]

The user m2y override this scheme, specifying no renormalization,
or that the power level at the start of each substep be that at the s:art.
Renormalization is done on the basic substep scale for all solution tech-
niques, not during the fine scale calculation used for the average
generation rate formulation; the total :xposure period is divided into

a specified number of substep exposure periods.

Use of Flux Values at Two Points in Time

By option, zone average neutron flux values for two points in time
may be used for an exposure period. It is assumed here that both nuclide
concentration and flux data files exist for the start of the step and that
a second flux file is available for some later time. User options on ad-
justing the flux level to effect a desired power level are .ot impacted
by this calculation, although the bast choice from the possibilities may
well be influenced.

Civen nuclide concentrations and flux values at time t, N(t) and

¢(t), ani also flux values at time t + £, nuclide concentrations are to
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be determined after exposure time 3. The flux values are initially
weighted by the formulation
() = 2(v) » A[$(rei) - 3(v)] , (08-24)
where A is determined as?

1 if t > tef >0, or if

only one flux file exists,

A=
% if t = t+f = 0, or otherwise.
A (08-25)
2{(t+2)-1})

vhere t+% and t refer to reference time information in the flux files.
If only one nuclide concentratior cata file is available, it is used; if
more than one version exists, the latest version having reference time t
is used, but if none is found for this time, the latest version is used.
It is assumed that the flux file having the latest (highest) version
number is for time t+1 and the next-to-latest version is for time t.
Gererally the exposure period needs to L. divided into substeps only
if the flux values supplied will not effect a desired power level over the

exposure period.

Exposure of Material in Zones

Generally the nuclide concentrations are processed for each zone of
the reactor. These are smeared concentrations, averaged over the fine
geometric detail of the fuel rods for the pacticular zone to make the
problem tractable, both for the exposurc calculation and the neutronics
problem solution. A solution for the zone avers,; nuclide concentrations

does not account for the effects of local flux peaking in locations of

®or & direct veighting factor may be used on option, factor B, and A = 1-B,
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"igh moderation (rods near a reflector), nor flux suppression where

absorption rates are high (as in the dramatic case in the meighborhood

of a large resonance in a rod loaded with a fertile actinide). The

calculation is of average behavior, hopefully representative of the

average over local behavior. Care must be taken to pruperly represent

these average ~onditions with appropriate nuclide concentrations and

consistent cross sections which will allow realistic results to be obtained.
Consider that a control red is depleted in accordance with the

equation

dN N S 98(F)dE ,
dt

_h T o (E)dE )
N(8) = N(oye " 4 HBME (08-26)

The change in concentration is dependent on the specific reaction rate
integral over the energy range. For neutronics calculations, actual rates
are determined as N S 09 (E)dE, so it is adequate to comstrain No; Blo may
be represented as natural boron, U decreased and N increased. The specific
reaction 1ate would not be correct for the exposure calculation; the change
in concentration of the pseudo material would be significantly underesti-
mated in the illustrative case of Blo. If exposure effects are to be cal-
culated properly, data for the important nuclides of interest must be made
available in such form that 0¢ truly expresses the nuclide loss rate at
the individual isotope level. By smearing out fine detail, one requires
N2V202¢2 - N1V101¢1; szz - val’ requiring 02¢2 = 01¢1 in the integral
sense.

Depletion by zone is usually desirable when the geometric description

of the reactor includes an explicit representation of the fuel assemblies.
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This is the case for most three-dimensional representations and thoxc one-
and two-dimensional ones which are simple traverses or cross sections
through the reactor. Thus a problem mav be a twn-dimensional section
normal to the axis (normal to the fuel pins); exposure would normally be
done for average axial conditions to approximite average behavior, but
there i no direct wav to account for behavior of an axial blanket.

Many calculations are done which do not treat the full three-dimension-
al problem. A point model, one zon¢, is a gross approximation of average
conditions which has been widely exploited. Indeed blanket behavior can
be approximated with disadvantaged cross sections (not disadvantaged con-
centrations) to vieid suitable specific reaction rates given 7 point flux
spectrum appropriate for the core on the average. Of course, this i1.. a
very coarse approximation which will not prouuce results for assessment of

power density peaking, etc.

RURNER does not access tiw detailed geometric description of the reac-
tor, Only if the zone and subzone volume data is consistent with the de-
tailed geometric description will renormalizction of the flux and edits
of integra’. be correct.

Subzones

By subzone we mean that a zone is considered to be subdivided into
component blocks of nuclide concentrations. Only the zone average flux
is available, so exposure of the materials in each of the subzones in a
zone Is to the same flux. The use of subzones is a powerful tool of analy-

sis. Application is to the situation where the fuel assemblies are not
represented explicitly - generally the geometric description treats less
than the full three dimensions. Common applications represent the full

reactor with a point model or an R-Z model, or occasionally a one-dimension-

al spherical aodel. ,’
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Comsider sn R-Z model. 7The untrested szimuthal coordimate would pass
through fusl assemblies coataining varied muclide comcentratioms, except
in the unusual case vhere the represemtation is quite sdeguate, true azimw-
thal sysmetry. Azimuthal symmetry is sssumed for the calculation amd there
is no way for the calculatiom to produce uasymmetry. The use of subzomes
allows the accowmting to be dome for azimuthal varistiom The neutromnics
problem solves for rhe neutron flux using smesred muclide conceatratioms
aversged over the subzones associated with each zome.

Sophisticated fuel management schemes may be triated with a subzome
provision (fuel mansgement is not done by WRNER). Consider that one-third
of the fuel assemblies in a reasctor core are to be replaced each refueling
in a random or s:sttered sense., With subzones, accounting is accomplished
by assigning thrae subzomes to each zone and replacing the material sequen—
tially in one of the three subzones at each refueling. At some refueling
point in history, the three subzones in & zone will have been exposed for
one, two, and three cycle periods, respectively. Thus the accounting of
nuclide concentrations and mass balances is accurate vithin the approxi-
mation of exposure to the zone sversge flux, There msy be a differemt
number of subzones in one zone than in another, as msy be necessary to
account for a scheme of fuel msnagement. Thus one-fourth of the assemblies
in a radial blanket mey be replaced ecach refueling, while one-third of those
in the core are replaced. Such complexity as relocation of assemblies is
accounted for by resssigning the proper subzones to nev zones, hopefully
consistently, but which is not done with the BURNER code,

There is a provision in BURNER for depletion at the subzone level.
Blocks of nuclide concentrations (subzones) msy be contained in a zone and

exposed to the zone flux separately., Considering the general solution
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n() = w(0) (08-27)

vhere B is a solutiom metrix dependent on 4, vhen the flux and the cross
sections are the sams for blocks of muclide concentrations (subzones with-
in a zome), a single solution matrix is needed which would minimize the
amount of calculation. However, for the more general situation, the micro-
scopic cross sections msy be subzone Wt. so this general capability
is implemented rather tham using Eq. 08-27.

The situation vhere the microscopic cross sections depend on the zone
location and not the subzone contents ir deemed usual. In the unusual
situation, the microscopic cross sections depend on the subzone nuclide
assignments (not on the zone location) sad this situation can not be
handled by the above procedure. The exposure calculation is seriously
impacted because specific reaction rates must be calculated for each sub-
zone and the solution matrix B determined independently for each; basically,
the exposure calculation is increased by the factor of the sverage number
of subzones per zone. This «ituation also results vhen specific reaction
rates depend on the nuclide concentrations with application of the Bonda-

renko correlation.

Local Detail Exposure
BURNER has the provision to carry out exposure calculations on a fine

scale for a limited nuaber of zones. This calculation is suxiliary to the
primary problem for the purpose of producing suxiliary information without
affecting the primsry results. (The nsutronics code calculates macroscopic
cross sections for zone-average nuclide concentrations.) The interface
data file requirements sre significantly impacted by this provision.

Consider that results sre desired in detsil for a zone. The objective
say be to establish the maximum lncal power density in the zone. This zone
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is subdivided into s nmber of small elemsntal volumes (or a selected locs-
tion mey be treated, such as vhem the sophisticated capability of the new-
tromics code is used to salect the location of meximwm imitial local pwer
density). A dats file comtaims the curremt muclide comcentratioms for each of
these clamental volumes. The exposure calcuiation is dome for each elemeamtal
volume and the nuclide comcentration file is updsted for the end of exposure
step conditions. The burden of producing the sppropriate eclemeatal volwme
group neutron flux values is placed outside of WURKER; this data is best
produced by the meutronics code since it has the necessary imformetion,
including mecroscopic data and geometric detail, to produce s comsistent mep-
ping of the flux over a zome,

The selectiom of locatious is dome by the nevtronics code under user
control; values of the flux over emergy and point are vritten on the zone
average flux file.

The procedure used for the primery calculation is also spplied in the
local exposure cslculation. In the at-ence of a local nuclide concentra-
tion file (initislly), one is gemerated from the zome nuclide comcentratiom
file; identical concentrations by nuclide arc assigned over a zome. There-
after, the contents of the point nuclide concentration file are used, and
the file is rewritten with the data for the end-of-exposure conditions,
after a shutdown period if sppropriate.

Key results are obtained and reported for each exposure period. These
include peak power density informstion, and the time this peak occurs during
this exposure period, and exposure data. A simple sverags power density
result is reported,

; V(n) P(n)

- o §
- [ ]
3 V(n)
! n=]1

(08-28)
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WUhere the point volumes V(n) are defsulted to vmity if mot calculated.
Statistical information about the power demsity distribution is edited

at the time the peak occurs, givea the mexi=cn and mivrisum pover demsity
values. If there are less tham tem poircs involved, the power demsity at

esch is edited. Cthervise, a pover density range of 20 intervals is
selected, each interval of width

AP = Til? [mex P(n) - min P(n)] , (08-29)

start.ng at the lowest value min P(m) - % AP, and the mmber of power

density 7alues lying in each interval is printed, giving a visuval distri-
bution,

The St State, Continuous Fueling Model

The BURNKER module contains an option to treat the steady state, con-
tinuous fueling exposure problem. The zones must have been numbered in
sscending order along the individual paths (routes) through the reactor.
Exposure for zones not in the flow path (higher numbers) is calculated
normally. Recycle, once or more, is allowed, as are multiple streams.

Consider a one-dimensional model of a reactor core, an axial trans-
verse. Feed material is introduced at the top, say, and moves down
through the core. Dividing the core into zones of equal thickness, the
residence time in any zone is the core residence time divided by the
nusber of these zones. Feed material is taken from an "extra” zone of
the problems; the number of this zone is specified in the control in-
structions and the zone should be inactive: have no volume and no flux
(be unused in & neutronics probles).

The composition leaving the first zone is calculated by exposure

of the external feed material to the average flux in this zone for the
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tine of residence in the zome. This is s direct application of the fixed
material calculational procedure vithout amy rate term sdditioms and with

no restrictions on the availsble options. The desired powver level cammot

be effected by breaking the exposure time iato substeps, but the exposure
calculations may be repested vwith the flux level sdjusted to effect the
desired power level. Usual reaction rates are calculated for material emter-
ing a zone and material leaving, snd the integrals of rhe sums of the
sverages are reported.

The wmaterial leaving the first zone, end of exposure concentratioms,
is used as feed material for the next zone along the path. The sverage
betwveen the concentratious of the material entering and that leaving for
each zone is obtuined to approximste the zone average concentrations (before
tae shuudown calculstion is done), and these averages are vritter on the
nuclide concentration interface file for further use such as for a neutromics
calculation. Information about feed and discharge is made available in the
edit, and the composition of the meterial leaving the lsst zone along each
path may be obtained as an edit., The continuous fueling mode of calculatiom
involves an estimate of the nuclide concentrstions moving across the inter-
face between xones and produces ar estimate of the sverage concentrations
in each zone.

It is noted that the oserall flux, eigenvalue, and nuclide concentra-
tion distribution problem which must usually be solved involves itersticng
successive neutronics and exposure calculations sre performed with parameter
changes made to drive the problem to a steady-state solution., A sisple
criticality search problem mey be done at each neutronics calculation in
order to adjust the primary fertile nuclide concentrstiom in the reactor and

in the feed. But, generally, some control external from the exposure and
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aeutronics codes will likely have to be exercised to adjust the residence
times or the fractiom of fissile meterial im the feed. This can be dome
menuelly, and likely slso sstomsted, givea s limited mwmber of altermatives.

Bidirectional feed in the one-dimensional sense caa be treated by
parallel flov paths. The neutromick model can be extended from omc—
dinsnsional to two using two meshpoiats in the second coordinate and &
small thickness to cause the same flux to be generated for adjscent
zomes for the average composition. Alternstively, ome could use the sub-
zone option discussed below,

The multi-dimensional problem is a direct extension of the one-
disensiona]l problem with provision for more than one path of material
passing through the core. Residence time along each path may be speci-
fied.

The subzone option allows the specification of separste feed msterial.
Residence times along the paths are defined by the ordering of the subzone
aumbers and associstion with zone numbers. This provision expands the
class of problem vhich can be trested. For example, the flow cf two
different particles at differ:nt rates along a path may be treated,
possibly flowing in opposite divrections.

The block disgram presented on the next page illustrates the
exposure model. Not shown is the implemented capsbility to assign a
seperate feed zone to each of the flow paths vhich allows variation in the
fissile enrichment, for example, to effect reduction in the peak radial
power density peak.
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Zone N Zone 2K | Subzone N Subzone 2M
2 + + +

The flexibility of the prograamed treatment may be exploited. One
example is a change in the zone aversge density (volume fraction) from ome
zone to snother. The residence time is constant in each zone and is the
core residence time divided by the number of zones along the path. If the
material in a zone is twice as dense as in the other zones, this Tone can be
made half as thick as the other zones and the denzity change accounted for
by the core volume fraction specifications. Making a zone half as thick
causes the set residence time to apply to half the distance of tresvel, com-
pensating for the incressed density. Thus pebbles could be introduced
into an axial blanket vhers they have one density and associsted flow
rate and then pass into the core vhere the available flov volume is small-
er and the traverse rate per unit height is fester. Such ar exsmple is
illustrated in Fig. 08-1, vhere one stream of pebbles is introduced at
the top of the core directly and a second stream of pebbles is introduced
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Fig. 08-1. The Once Through, Continuocus Fueling Model
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at the top of sn inlet blanket. DBy using relstively smsll fertile pellets
it is postulated that wvithin the core they can flow through the interstices
between larger pellets at a controlled rate faster than the coatrolled flow
rate of larger primery particles. Calculations have been dome for this
situation treating the primery pebbles as zone material and the fertile
pebbles as subzone material, vith differemt core residence times, higher
density of the fertile pebbles in the blanket than in the core, and spatial
variation in core residence times. Some care is necessary to effect a wholly
congistent set of specifications for the zome thickan«sses, densities (volume
fractions), snd residence times. When zone thicknesses must be varied to
account for variation in zone densitfes (volume frac:iom), care must be
taken in selection of consistent zme heights to spproximste region bound-
sries.

Also indicared in Fig. 08-1 is a fixed radial blanket. After the ex-
posure calculation, zones containing fixed material (zomes outside of the
continuous fueling specifications) contsin the materisl produced by expo-
sure. Exposure time is additive vhen exposure continues through subsequent
accesses of the BURNER code. If an iteratiom procedure is used to drive
the conditions to a steady state, this additive exposure must be prevented,
The computation system allows the nuclide concentrations to be selectively
changed prior to subsequent accesses of the exposure code., Care must be
taken to effect proper inictial nuclide concentrstions, ss of fertile
materisl, and zero values for the exposure products, including fission
products (see the use of the special processor DEMMAN, report ORNL~5229),

The implemented procedure admits the use of position dependent micro-

scopic cross sections. Correspondences between nuclide densities and cross
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secticns are comtained ia the refereacing file WIKSRF by wnique nuclide
names vhich have a fixed associstion with zones snd subzomes. Nuclide
conceatrations are accessed in the order comtained ia the nuclide concen-
tration file ZRATDN. Msterial is moved from ome zome to the mext by order.
Therefore the identifying sets of nuclides mast be comeistent: blocking
mst be done the same wvay and the same nuber of nuclides must be contained
in each blocked set over the zones along he flow paths and in the feed box
zone, and likevise for the subzones and their feed box. Further exposure
calculstions sre usually done by sbsolute nuclide identification name, so
these must also be consistent. Don't move the comcentration of U2*% from
one zone to another vhere it will be identified as U’", or structural
material, or anything else!

It is noteworthy that in psrameter studies, comverged solutions can
be obtained to the continuocus fueling model much quicker given the nuclide
concentrations for <imilar conditions than by starting with unifors concen-
trations. Keep in mind thet the neutrom flux solution satisfies the nu-
clide concentrations presented to the neutronics code; a search can be done
by the neutronics code to effect a critical condition, as by adjusting the
nuclide concentrations in the reactor zomes, but the feed zone msterial
must also be altered to effect a change in the exposure results. Along the
flov paths, the nuclide concentrations depend omly on the residence time,
the zone nsutron flux values, snd the feed material.

Under certsin conditions it was found that successive estimates of the
reactor stste oscillated betwesn two spproximations. This was found to be
driven by the successive estimastes of the average zome nuclide concentra-

tions and the associated distribution of the flux (dampening the sesrch did
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sot belp and the problems cecillsted even whes the nestromics code simply
solved for the msltiplication factor). Stability should be effected by
aversging results as discussed below.

Ave the Results

Under very special conditions it is practical to produce as the primary
product of the exposure calculatiom s file of the nuclide deasities which
1ie betwesn those at the start sad the after exposure values. Cousider
that a fixed fuel reactor is to be treated for some period of time. Civen
injtial concentrations and an estimate of the flux distribution for these,
end of exposure nuclide comcentrations are obtained. If a simple average
is taken of the initial end final coucentrations, mid-exposure conditions
should be well approxinsted, and a more spplicable neutron flux distribution
is associsted vith these concentrations. Then the original start of ex-
posure concentrations can be exposed to this improved flux estimate to
improve the results. To use this option, special instructions must
be presented to the exposure module prior to esch access to effect the
proper control of access of the desired muclide concentration file and of
goneration of the new file. The calculation above would require alternate-
1y producing an average concentrstion file using the latest version concen-
trations and then producing an end of exposure file (turning off the optiom
under discussion) using the next-to-latest nuclide comcentrations.

This option may be useful for stabilizing the oscillation of problems

applying the once through, continuous fueling model discussed above.® It

%5ee also the capability for averaging successive iterate flux estimates
and note the repeat capability to effect the desired power level.
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should be exercised selectively, omly for that class of problems which
require it, because the Tate of comvergence of a problem vhich woves
monotonically toward a solution would 1ikely be significantly decreased.
The products of fission approach sm asymptote slowly with dampening.

The equation applied om this optiom is for esch msclide comcemtratiom
in the system, over all zomes and sebzomes, to be weighted as

W) = XD +F (N0 -5M], (08-30)

is after exposure, -ldl.O) is the weighted value, T is a weighting

is after exposure, and ln(i) is the weighted value. F is 2 weignting
factor supplied by the user vhich is defaulted to 0.5 if outside of the
range 0 < F <], and the documenting reference time is incremented by the
amount (1-F)T. HNote that as F + 0, end exposure concentrations are used,

oot those at the start.

Integrals
Basic mass balance data snd gross absorption and power generation im-

tegrals are alweys edited for the exposure period. Integrated reaction
rates are quite straightforward sume of the local contributions tiwes
volumes using sone average flux values.

Mass balances are resported in kgws,

A v
n ]
L 5 R WL sl W (08-31)

where A is the nuclide atomic weight, the constant converts the results to
kgns,
V 1s the volume in cw?,
N is the nuclide concentration in stoms/barn-cm, and

g and oz refer to sone and subsone respectively.
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The integrated reaction rate of a specific type is givea by

-

v
sz
'n.x * f“‘n.z * izv!-_ "n,sz} i‘g.zox,n,g

i vhere the requirement for proper correspondence between nuclide concen-
tration, zone, or subzone, and cross section referencing has been ignored

3 but hopefully not in the code, where

;8 , is the zone average flux in group g, and

O ¢ is the microscopic cross section for the reaction of interest.
} At ]

Estimates of the multiplication factor with exposure are based on a simple
interpretation of reaction rates and other loss rates given in the zone

: average flux file,

k(8) = P(8) 3T (08-32)
A + L0) $57

#here P(4) is the rate of neutron production, INvogV,
A(B) is the rate of neutrom loss, }:Nloa-o(n,Zn) ITY
L(0) is the start of step rate of losses other than due to reaction
rates, and %{-ﬁ% is the ratio of the flux level for maintaining
power level.
Estimates of conversion (breeding) ratio are made in the primitive

Rate of neutron capture in fertile
CR = Rate of neutron absorption in fissile ’ (08-33)

which requires adjustment to represent realism (as to account for any

desired nuclide importance weighting, decay, capture in intermediate
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materisl, and out of core losses), vhere fertile snd fissile msterisl
ideatifications are takea from the cross sectiou file. Sivilarly, the
rate of fissile consumption per umit emergy generation is calculated.

Fluznce exposure is determimed directly for a specific emergy range,

F(2,i,T) = ;TA z L (08-34)
gei
where A is an intervgl of time in pericd T, A = T, wai-- - .~ r inter-
polation done withia the cut-off group on the besis of le . dth.
Sinilarly, stomic destruction by fissiom is determined :.
D(z,T) = £AL LI £ O n.g 3z.' , (08-35)

LeT n [}
but with account taken of flux level chenges made to effect the desired

power level. A sisple spproximstion of start and end fission rates for
the time step T may be used.

Account may be taken of the dependence of cross sections on the
local temperature. For this cslculation, two group-ordered microscopic
cross section files GRUPXS are supplied, each of which is for s reference

temperature. The correlation applied to all cross sections is:
o(T) =o(T)) + X lo('rz) - o('rl)l . (08-36)

where 'l’1 and 'rz are the reference temperatures for the cross section data,
and T is the local zone temperature. Let
T-T
velim|
271

and if the correlating parameter o is supplied,

X = tan"1 (ay)

tan~1 (a) ’ (0.737)

defaulted to X = y if o = O, |



Significance

Or a short-vord computer (INM), the exposure calculation chain
equation solution is done fully in double precision so that norma’ly
results have adequate significance within the numerical aspproximations.
However, the flux values used, the nuclide concentrations and the basic
data such as cross sections are in single precision. Significance tests
are made vhere deemed important, such as to avoid reporting a result (a
change in a nuclide concentration) when the intermediate calculstions lose
significance. Regarding accuracy of results, a significant distortiom to
the solution of some global problem can come from several sources in addi-

tion ro the numerical approximations used. Some of these sources are:
1) the moldcling in general,
2) the approximation of the neutron flux for the steady state,
3) the microscopic cross sections,
4) treating exposure on a discrete zone basis,
5) separation of the problem into neutronics problems with discrete
exposure steps in between,
6) selection of nuclides treated from the full set (consider that there
are many fission products) to make the problem tractable, and
7) feedback effects which can move the approximate solution away from
the facts vhen recycle of material is treated.
We are left with a serious challengs to access the reliability of a
solution considering these many interrelated effects.
One arbitrary action is taken in this code which may affect the re-
sults. We do not consider it sn acceptable practice to set results to

zero vhen underflow occurs. To avoid underflow of numbers, action is

taken vhich is illustrsted for the simple situation by the equation




N(&) = N(0) e T2 .

0 . 0, and if rA > 60 we set

e-n‘ = 0. Thus nuclide concentrations calculated to be < 1o'5° are

We set any calculated value of N(4) < 10

reported tc be zero. This action can impact the use of trace concen-
trations to produce auxiliary information and may limit the use of a
shutdown time step to something less than hundreds of years. Although
it is true that generally underflow durirg exposure calculations could
be allowed, extremely small nuclide concentrations can cause underflow
in other calculational modules where such is not permitted. Also as the

1imit of machine capabliiity to represemt the exponent is approached,

values obtained by series approximations become inaccurate and unreliable

for use.
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