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FOREWCRD

The evolutionary nature of the ROD program (see Seection 2, The History
of ROD) has led to certain practical limitations on the information pre-
sented in this report. We have described the uses for which the program
was intended, the theory and methodology employed, and rather completely
the information required for applying the program. We have not attempted
a comprehensive description of the programming itself.



ABSTRACT

ROD (Reactor Optimum Design) is a computer code for simultaneously
optimizing the core design and performing the fuelw-cycle analysis for
circulating-fuel reactors. It consists of a multigroup diffusion calcu-
lation, including multiple thermal groups with neutron upscatter, in one-
dimension or in two-dimensional synthesis, combined with an eguilibrium
fuel-cycle caleulation. Cross sections in the CITATION format are required.
The equilibrium calculation is a detailed model of the fuel cycle, in-
cluding the effects of processing and of nuclear transmutation and decay.
Fuel-cycle costs and fission-product concentrations are calculated, the
fission products by an independent calculation from internally stored two-
gZroup cross sections. Special features of ROD are an optimization routine
based on the gradient-projection method, a flux-plotting option, and a
subprogram for simple time-dependent calculations basec on reaction rates
from the main program.

Keywords: %bresding performance, computer codes, fluid-fueled
reactors, fuel-cycle costs, nuclear analysis, optimizations, conceptual
design, cores, delayed neutrons, equilibrium, fission products, neutron
£lux, parametric studies, processing, time dependent.
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COMPUTER COLE ABSTRACT

Neme: ROD

Computer for Which Code is Designed: The code is designed for
computers in the IBM-360 series which have directly addressable
storage of 300 thousand words or more.

Problems Solved: For nuclear reactors the code solves the eigenvalue
problem with or without a critical ccncerntration search for one
dimension or for a two-dimensional synthesis, giving flux and fission-
density distributions. It performs a fuel-cycle analysis, including
costs, for circulating-fuel reactors, either at equilibrium, for
continuous processing, or time-dependent (by assuming & separable
time-dependence) for batch or continuous processing. The equilibrium
problem may be solved for up to three independent fuel or fertile
streams. The equilibrium concentrations for the fuel-chain nuclides
and up to 200 fission-product nuclides are cbtained. The optimum
values of selected core-design and fuel-cycle parameters may be ob-
tained, based on the maximization of a selected function related to
the reactor performance.

Method of Solution: The neutronics calcenlation is performed by &
multigroup, one-dimensional or synthetic two-dimensional diffusion
calculation, including multiple thermal groups with neutron upscatter.
The equilitrium calculation uses the reaction rates from the diffusion
calculaticn to determine the equilibrium concentrations of the fuel-
chain npuclides. The concentrations of the fission products are ob-
tained from a self-contained two-group calculation. An iterative
process is continued umtil the diffusion and equilibrium calculations
converge on a common set of nuclide concentrations. The optimization
is based on the gradient-projection method. The time-dependent calcu-
lation (optional) uses average reaction rates from the main calcu-
lation to ealculate the concentrations of the principle fuel nuclides
as a function of time.

Restrictions on Complexity of the Problem: The major limiting values
which restrict the complexity of a problem are 15 energy groups,
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including four thermal Vgroups, 30 nuclides per region, 10 regions

per dimension, 2 dimensions, 50 nuclides in the equilibrium calcu-
lation, 200 fission products, and 20 optimization variables.

Typicel Machine Time: The running time on the IBM 360/75 varies widely
depending on the type of problem. Single cases require from about
one minute for a one-dimensional problem with six groups (5 fast,

1 thermzl) to about 5 minutes for a two-dimensional synthesis problem
with 9 groups (5 fast, 4 thermal). Cases run as part of = series (as
in an optimization) run irn a half to a third the time required for a
single case (because they are started with the flux distribution from
the previous case). An optimization with five variables, nine groups,
in one dimension runs in @bout an hour.

Unusual Features of the Program: The ability to closely model the
bebhavior of a circulating-fuel reactor, including such factors as the
loss of delasyed neutrons from fuel circulating outside the core, is an
unusual feature of the program. Others are the availability of rou-~
tines for optimization and for flux plotting.

Related and Auxiliary Programs: The code is designed to use a micro-
scopic cross-section tape generated by the code XSDRN.

Status: ROD is in production use at ORNL on the IBM 360/75 and 360/91.
Machine Requirements: About 300 thousand words of core storage and
three I/O devices excluding input-output and system requirements are
needed by the program. Two additional I/O devices, for auxiliary
output and fluwx-plotting, are optional. Plotting requires a CALCOMP
CRT plotter.

Programming language Used: FORTRAN IV.

Operating System: IBM 05/360 with FORTRAN H compiler.

Programming Information: The program cansists of about €000 FORTRAN
statements. Arrays of fixed dimensions are provided for all data
within the program, which requires about 300 thousand L-byte words of
core storage.

Users Information: The code and report may be obtained through the
Argonne Code Center at Argonne National Laboratory.
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CHAPTER 1

INTRODUCTION

The Rod (Reactor Optimum Design) code is unigue among reactor anai-
ysis codes in two respects; it was developed for the core design and fuel-
cycle analysis of circulating-fuel reactors; and it incorporates a package
for the optimization of certain design parameters. It is limited to one-
dimensional, or a synthesis of two cne-dimensional, neutron diffusion cal-
culations, and is therefore suited for conceptual design studies cf re-
actors rather than the detailed calculstion of a given core geometry.

Circulating-fuel reactors, which include the aqueous homogeneous and
+the molten-salt reactor types, are different in several characterlistics
Prom fixed-fuel reactors. The fuel is perfectly mixed so that its com-
position at a given time is the same everywhere in the system. However,
there may be more than ome fiuid stream, &s when & fertile stream is used
as a blanket, or the fuel may be circulated through a fixed moderator, as
in the molten-salt reactor, so that the overall core composition may be
different in different core zones. Circulating-fuel reactors are usually
designed for continuous processing of the fuel to remove fission products
and to adjust the fissile concentration. In many designs, the fuel
reaches an equilibrium composition in a relatively short time. The calcu-
lation of the reactor performance at equilibrium is then 2 most important
consideration. Finally, in circulating-fuel reactors, delayed neutrons
emitted from the fuel circulating outside the core, as in a heat exchanger,
are largely lost to the chain reaction and must be accounted for in the
reactcr neutron balance. The ROD code has been designed to take all of
these factors into account.

ROD also includes a subprogrsm for nonequilibrium caleulations,
"designed to celculate an average performance for a reactor over some
interval of time (e.g., a reactor lifetime), either with batch fuel pro-
cessing or with continuous processing. This option may also be used to
calculate the aversge performance of a reactor in the interval from start-
up until equilibrium is esteblished. The method uses average reaction
rates from a space-energy dependent calculation to calculate the time-
dependent concentrations of the most important nuclides. This is, of
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course, an gpproximation, in that space-energy and time-dependent effects
are not considered simultaneously.

The optimization package in ROD is based on the gradient-projection
method, or the method of steepest ascent. It will very a given set of
parameters (e.g., core dimensions, processing cycle times) within limits,
in a series of cases to search out the wvalues of the parameters which
maximize the value of a given objective function (e.g., the breeding
ratio, the inverse of the fuel-cycle cost). Optimization may be used in
combination with a parameter survey; for example, the effect of a given
parameter can be determined witr other parameters adjusted to their

optimum values for each case, rather than merely held fixed at some arbi-
trary value.
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CHAPTER 2

THE HISTORY OF ROD

The RCD code was not "written" but rather "evolved". Parts of ROD
were written, put together, taken apart, and revised by a number of people
over a long period of time. A code with the scope and versatility of ROD
could probably not have been attained without this long period of develop-
ment. However, the evolutionary cheracter of ROD has resulted almost in-
evitebly in some disadvantages, chiefly that the input and output lack a
consistent format, that many sections of the code have not been described
by their autho;_"s except in the original FORTRAN, that parts of it are
seldom used or obsolete, and thet the program has become complex and dif-
ficult to change. Fortunately, the code was considersbly unified in
adapting it for the IBM System 360 computers in 1968.

In the beginning (in the 1950's) fluid-fuel reactor calculations were
made with the one-dimensional diffusion-theory code GNU, written in machine
language at General Motors Corporation, and ERC (for equilibrium reactor
calculation), an equilibrium code writter in FORTRAN at ORNL. In 1960,
GNU was replaced by MODRIC,t also a one-dimensional diffusion-theory code,
but written in FORTRAN, which made modification of the program more prac-
tical. At this time, of course, the neutronic and equilibrium calculations
were performed separately.

The moment of conception for ROD came in 1961 when J. L. Iucius,
under the direction of L. G. Alexander and T. W. Kerlin, joined MODRIC
and ERC into a single code called MERC.Z In this combination, & neutron
diffusion calculetion altermated with an egquilibrium calculation, so that
reaction rates were sx;pplied from the diffusion calculation to the equi-
librium cga.lcu]a.tion, and new equilibrium concentrations were supplied to
the succeeding diffusion calculation until both converged on a single set
of concentrations. This process is still the heart of the ROD caleulation.

Over the next few years the code was expanded and improved. The
fission-product trestment in ERC was expanded to treat first 75 and later
125 nuclides. The number of fuel streams for whicn equilibrium could be
caleunlated was increased from two to three. A provision was added for

calculating the withdrawal of fuel at a final concentration beyond the
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equilibrium burnup — useful in calculating certain solid-fuel cores such
as a pebble-bed. A two-dimensional synthesis was developed, by

C. W. Craven, Jr., in which a two-dimensional calculation was synthesized
from two one-dimensicnal calculations; for example, a cylindrical core
from an axial and a radial calculaticn.

In 1964, T. W. Kerlin suggested that the most efficient method for
finding the set of parameters which gave the best performance in a parti-
cular core design was to use a computerized optimization technique. About
this same time, W. L. Kephsrt at the Oak Ridge Geseous Diffusion Plant
had developed an optimization code (unpublished) based on the gradient-
projection method.” We decided to limk MERC with the optimization pack-
age; the results was a combined code called OPTIMERC. Development of
OPTIMERC coatinued through 1965 and it was used extensively for molten-
salt reactor caleulations through mid-1968.

The OPTIMERC code had one major operational fault, which was that
the entire progrem would not fit into the core of the IBM 7090 computer
in use at that time. During a calculation, therefore, information was
continually stored and retrieved from magnetic tape. This resulted in
long running times — up to 2 or 3 hr for complex optimization prob-
lems — and frequent job failures because of tape input-output errors.

The IBM 360 Model 75, which became availzble at ORNL in 1967, seemed
ideal for a large program like OPTIMERC because of its large core ca-
pecity. To take full asdvantage of the new computer, however, it was
necessary to reprogram OPTIMERC to eliminate much of the information
handling. We decided not only to reprogram OPTIMERC for the Model 75,
but to take this opportunity to integrate better the various parts of
the program, and to enlarge the capacity of the code to handle larger
prob;gms.

The prograrming of the new code, which was named ROD (for Reactor
Optimum Design), was undertaken by G. W. Cunningham, urder the direction
of J. L. Lucius and the guidance of C. W. Craven, Jr., H. T. Kerr,and
H. F. Bauman. The important new features of the ROD code were:

i. All operations, after reading of the cross-section information,
are copntained in core.
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2. Multiple thermal groups (with upscatter) ere permitted.

3. Two-dimensional synthesis is performed by energy groups.

4, ERC was expanded:

&) up to four materials are permitted, of which three may be
treated as fuel streams,

b) the meximum number of nuclides in the equilibrium calcu-
lation was expanded from 25 to 50,

¢) the maximum number of fission-product nuclides was ex-
panded fram 125 to 200.

5. Standard optimization variables and objective function were
biilt-in (no programming required).

6. A standard CITATION cross-section tape is read.

T. Cross-section sets are assigned by region; up to five cross-
section sets are permitted.

At about this time, M. J. Bell, of the ORNL Chemical Technolegy Divi-
sion, needed a method for calculating in detail the effects of the pro-
cessing removal of various fission products from & molten-salt reactor. He
used the basic ROD calculation, but substituted his own subroutine for the
calculation of the fission-product absorptions. This treatment is now
an option in ROD. Its use is limited to single cases (i.e., optimization
is precluded).

In 1970, an option was added to ROD to permit the calculation of the
average performence of & reactor over one or more batch processing cycles.
It is based on a zero-dimension, one-group, time-dependent code (un~
published) written by R. S. Carlsmith in 1966, which we expanded and re-
vised for inclusion in ROD. Called HLISTRY, it takes reaction rates from
the diffusion calculation to calcwlate the concentrations of the important
fuel nuclides as a2 Punctionof time.  The time-weighted average concen-
trations are then supplied to the next diffusion calculation, and this
iterative process continued until there is no further change in the
average concentrations.

This brief history of ROD shows how it has grown and developed over
a period of years, and we can only assume that further additions and im-
provements will be made. Some fubure developments that have already been
suggested are:



2.4

1. Replacing MODRTC with ORNL's latest diffusion code, CITATION,
which would permit finite-difference two-dimensional calculations.

2. Reprogramming of the "solid-fuel" optior (which was not included
in the conversion of OPTIMERC to ROD).

3. The standardization of the inmput format and the elimination of
dual nuclide-identifications.

Since some of these changes, and others not yet conceived, may be
made in the future, this report has been organized so far as possible
into independent chapters.
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CHAPTER 3

THE FUNCTIONS OF THE ROD PROGRAM

The ROD program consists of four principal parts called MODRIC, ERC,
OPTI, and HISTRY. The functions of these parts, as well as several
important options, are described in this section. A flow diagram of the
program is given in Fig. 3.1.

MODRIC is the neutronics section of the code. It is a multigroup,
one-dimensional or synthesis two-dimensional, diffusion-theory calculation.
It can perform a criticality search, or simply solve the eigenvalue prob-
lem. It can be run independently, without preparing input data for the
other sections of the code. The main output of MODRIC is the critical
concentrations and the flux and fission density distributions.

ERC calculzates the equilibrium composition of the reactor and per-
forms the economics calculations. It requires reaction rates from MODRIC
and in turn supplies nuclide concentrations for the next MODRIC iteration.
Tterations between MODRIC and ERC proceed until the calculations converge
on & common set of nuclide concentrations.

ERC calculates the equilibrium concentrations of the principle fuel
nuclides, for which reaction rates are obtained from MODRIC, and also
the concentrations of up to 200 fission-product nuclides, for each of
which it makes a two-group calculation based on a thermal cross section
and a resonance integral. The two-group cross-section data, along with
fission yields, are stored in a separate section of the data deck known
as "permanent data."”

The 250 ERC nuclides may be divided into as many as ten groups for
processing, each with its own processing equation in each stream. Cost
data may be supplied for any of the principle nuclides from which the
various components of the fuel-cycle cost are calculated. Most of the
ROD output is assembled in the ERC section, including the neutron balance,
fissile inventory, breeding ratio, fuel yield, and feed and production
rates for the principle nuclides.

OPTI is an optimization package, based on the gradient-projection
method. It controls the running of a series of cases, in which certain
reactor parameters may be varied systematically within limits, in order
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to find, within some tolerance, the set of parameters which gives a
maximm velue of & prescribed objective function. Parameters which may
be varied by OPTI include region thicknesses and fael volume fractions,
the boundary position between adjoining regions, processing cycle times,
and, in HISTRY, the time in a batch cycle that the feed is switched from
one fissile fuel to another. The objective function is & sum of the
following components, each of which may be weighted with an optional
constant coefficient, including zero: breeding ratio, fuel yield, recip-
rocal fuel-cycle cost, reciprocal discounted fuel cost, specific power,
an inverse function of the maximum fast flux, and a function of the breed-
ing gain and the specific power called the conservation coefficient.

HISTRY is a subprogram which can calculate the concentrations of the
principle fuel nuclides a&s a function of time, rather than just at egui-
librium. It uses reaction rates obtained from MODRIC-ERC (MERC), and
supplies timec<weighted average nuclide ccucentrstions to the next iter
ation of MERC. The iteration process proceeds until MERC and HISTRY con-
verge on & common set of concentrations. The HISTRY option is designed
to calculate the average performance of a reactor during a batch proces-
sing cycle, or over a reactor lifetime of several processing cycles. It
calculates the discounted fuel cost, based on a present-worth calculation
of all purchases and sales of fissile fuel and cerrier materials, over
the lifetime of the reactor for a specified discount rate. It also pro-
vides useful information on the feed aud production rates and inventories
of the principle fuel nuclides as a function of time. Its main limitation
is that the space-~energy calculation is considered independent of time;
which results in some lack of rigor in the burnup calculetion. ROD-HISIRY,
therefore, should not be considered as a substitute for more sophisticated
‘burnup codes.

Among the main options awvailable in ROD, perhaps the most useful is
the "variables specified” option. This is a provision in the OPTI section
of the code to comtrol the running of a series of cases in which any of
the standard optimization parsmeters ("varisbles") are preset to any de-
sired values. After the base case, essentially the only date required
are the values of those parameters which are to be changed from the
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preceding case, since all other data are held fixed. Furthermore each
case is started with the fiux and fission density distribution from a
previous case, which gives, typically, a factor of 3 or 4 saving in
computation time over the running of an identical series of cases in-
dependently.

The output options are very important. So much output is potentially
availsble from the (typically) 60 or 7O cases of an optimization problem
that we have devised an elaborate system for selecting output. The ceses
are divided into four categories as follows:

1. A base case {the first case run).

2. The final or cptimm case from an optimization; or the "variables
specified” cases when this option is selected.

3. The final case from each optimization cycle (gradient projection).

4. Intermediate cases in an optimization.

The output itself is divided into 29 segments, any or none of which
may be selected for each type of case above. In addition, an input edit
of 15 segments is available. Two independent sets of output may be
specified for any problem. The first, or "detailed” output, can include
any or all of the edit options. The second, or "short" output, can in-
cluode most of the edit options except scme of the infrequently required
tables. Either set may be omitted.

Finally, an option is available for flux plotting. It is included
in the output options by type of case as deseribed sbove. The plotting
information is recorded on magnetic tape for use on a CRT (cathode ray
tube) plotter. The fluxes for any or all energy groups may be selected
for plotting on either a linear or logarithmic scale.
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CEAPTER L4

INPUT DESCRIPTION

The input for ROD is divided into four main sections:
A. MODRIC, including HISTRY

B. ERC
C. Fission product and delayed neutron data
D. OPIT

The input description is given as concisely as possible. Items marked
by an asterisk are discussed in greater detail in the following section,
"Discussion of Input."” The numbers following the varieble name, where
glven, are suggested values for the data. These are intended to be helpful
to users with little or no experience with ROD, and may not be appropriate
for every case.

The input instructions are intended to be self'—e:-:pla.natory; hcwever,
the following introduction may be helpful.

The diffusion calculation is one-dimensional, along & line such as
& reactor axis or radius. The reactor composition must be specified for
the various regions along each line of computation. The results of the
calculation are applied to a three-dimensional volume, ususlly in spher-
ical or cylindrical geometry. For 2-D synthesis calculaiions > in partic-
ular, it is necessary to specify the camposition of the subregions of the
reactor that are not along an axis or radius of calculation. Usually a
number of subregions are of the same corposition; for example, axial,
radial, and "corner” blanket subregions may 21l have the same composition.
A superregion is a set of subregions all of the same composition. The
superregion composition is specified by assigning a volume fraction for
each material to that superregion.

A meterial is defined by its nuclide composition. There are two
classes of materials; those of fixed camposition, such as a graphite
moderstor or a Hastelloy-N structural material, and those of composition
determined by the feed, processing, and nuclear reaction rates of the
system. The latter materials are referred to as streams; a fuel stream
for a molten.salt reactor, for example, typically consists of the carrier
salt nuclides, the fissile and fertile nuclides, and the fission-product

nuclides.
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The program limitations on the number of materials, regions, and
other input parsmeters are summarized in Table 4.1.

Teble 4.1. Program Limits for RCD Input Parameters

Limits in MODRIC

Number of materials L

Note: The first three materials may
be treated as streams (with

processing ).
Number of nuclides, per region 30
Number of search nuclides 30
Number of energy groups 15
Number of space dimensions 2
Number of regions, per dimension 10
Number of superregions 20
Limits in ERC
Number of prineipal nuclides 50
Number of fission-product nuclides 200

Iiwits in OPTL

Number of variebles 20
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Section A. MODRIC

Card Number, Description, and Format

A-1 Title (18ak).
A-2 Comment (18A%).
A-3 Program comtrol (F2.0,I2,Il).

Colum Neanme Su’%fisl:ed Description
1.2 F1IP Dimension option
>0 Two=dimensional synthesis
<0 One dimensicn
2 MAX3P 5 Maximum number of MODRIC-ERC iterations per
case '
5 MERC MODRIC cnly option

>0 MODRIC and ERC
=0 MODRIC only
Cards A-% to 7. Output options for detailed primtout. See Table
4.2, The detailed output may be omitted by means of a dwmmy control
card (refer to Chapter €).
A-li Base case (case zero), (50I1).
A-5 Final case in an optimization; variables specified cases {50I1).
A6 Final case in each optimizatior cycle (5011).
A-T7 Intermediate cases in an optimization (50T1).
Cards A-8 to 11. Oubput options for short printout. (Same as cards
A2 to 7.) To omit short printout, leave cards A-8 to 11 blank.
A-12 Convergence information.* (2I3%,6E10.4,I10)

1-5 NRFLX Not used

4.6 NRFLXN i Flux normalization
= 1 Normalize dimension 1 true flux to
dimension 2

= O Do not normalize as above

¥*
Asterisks refer to Chapter 5, Discussion of Input.
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Table 4.2. Output Options

Enter 1 where output is desired. Ctherwise enter
O or leave blank.

Column
on Output Table Controlled
Card

12 ©ODRIC data by group, region, ard dimension. Usually omitted.

28 Macroscopic cross sections and homogenized atom densities by
region after each criticality search. Usually amitted.

38 MODRIC data by region and dimension. Usually omitted.

L2 Normalized 2-D synthesis MODRIC data by nuclide, region ang
dimension after each MODRIC pass. Usually omitked.

7 Data supplied as input to ERC. Atom densities and reaction
rates by anuclide and material.

6 k-effective and upscattering data by iteration. Usually
cmitted.

7 The main ERC output table end neutron balance.® Atom den-
sities, inventories, and feed and production rates by nuclide
and meterial.

8 Fission product atom densities and ebsorptions by nuclide.

9 Atom densities supplied to MODRIC each MERC iteration.
Usually amitted.

10 Region thicknesses and other region information. (This table
is also obtained in option 21.)

11 Volumes, total and by material, by super region.

12 Processing informetion.

13 MODRIC neutron balance by group and dimension.

14 Neutron absorptions and productions by region and dimension.

158 Macroscopic cross sections by group, region, and dimension.

16 Homogenized atom densities by region and dimension.

17? MCDRIC fluxes and fission densities. Specify for "MODRIC
only" rums.

18 Normalixed point fluxes and fission density distribution.

192 Exercise option to plot fluxes.

200 Teble of optimization data. Usually amitted.

210 Region thicknesses and other region information. Super-

region volume fractions.
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Table 4.2 (contd)

Columm
on Output Table Controlled
Card
22b Objective function output summary and optimization variables
used.
23 Edit of da2%ta supplied to the EISTRY subprogram.

Note: Options 24 to 38 control the edit of input information. These
options are ignored except when specified for the base case (case
zero).

24 Initial atom densities by material.
25 MODRIC control and search information.
26 Cross-section listing. Enter the specified integer to obtain

one of the following four options:

0 No output

1 Title of each cross-secticn set

2 Title and list of nuclides in each cross-section set

32 Complete listing of each cross-section set

27 Energy group boundary table.

28 Dimension information.

2c2 Initial fission density distribution.

30 Initial homogenized ator densities by region.

31 ERC input card edit.

32 Nueclide correspondence table.

33 Subregion--super region correspondence. (The "picture"” of
the reactor.)

3k Super region volume fractions.

35 Permanent data. (Atomic mass, beta decay constent, two-
group cross sections, fission yield, by nuclide.)

36 Delayed neutron data.

372 Scurce and recycle-fraction data by material.

o) HISTRY input edit.
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Teble 4.2 (contd)

Columm
on Output Teble Controlled
Card

Note: Options 39 to 43 are output options for the HISTRY subprogram.
Option 39 must be specified tc obtasin any of the HISTRY output.
HISTRY k_.. by iteration may be specifiedon card A-18.

39 Atom densities, inventories, eigenvalues, and conversion
ratios.

40 Cumulative purchases.

41 Incremental purchases.

Lz Neutron absorptions and productions.

L3 Costs.

5oa ERC output for non-converged nuclides by iteration. Used

only for study of ERC convergence.

a'Opt;i.orl not available for short printout.
bOpt:i.on not available for base case.
®ERC output every pass may be specified on card B-l.



7-16

17-26

27-36

37-46

L7-56

57-66

67=-76

FDGVYL

cgNCso 2.0
CONITL 2.0

CDELT 1.0E-05

CTfL  1.0E-O4
CP1CEN 1.2

NITEXT 3

k.7

Factor for true flux and fission power

dersity calculation. ZEnter:

Cne-~dimension:

Sphere ‘ 1.0

Cylinder Overall height

Slab Product of overall lengths

of second and third sides

Two-dimension:

Slek -cylinder 2.0

Slab-slab Overall length of third

side
Factor by which the convergence criteria
are tightened for base case.
Factor by which the convergence criteria
are loosened for the first MERC iteration.
The convergence requirement on the change
of upscatter acceleration treatment from
iteration to iteration.
The tolerance on the upscatter acceleration
treatment approach to unity.
Factor which limits the change in de/dk in
the criticality search.
The minimum number of MODRIC iterations
required after the upscatter treatment has
converged.

Cards A-13 to 17 control the flux plotting optien. If no flux plots
are required, these cards may be left blank. The symbols used to
designate the neutron energy groups are given in Table 4.3.

A-13 Flux plot comtrol (4I5,4E10.4).

1-5
6-10

IWADFP
IGRID

Not used

Grid options:

1 Iinpear

2 Semilog, space-coordinate logrithmic
5 Semilog, flux logrithmic

=4 Iog-log

n

1]

]
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Teble L.3. Symbols Used in Flux Plots

Syt Neutron Energy
ol Group

1, 11

2, 12

3, 13

b, 1k

5, 15

10

DMK <O X + B O




11-15

16-20

21-30
3140
41-50
51-60

A-1k,1-36 Plot title (9AL).

IPTLIN

NPRNG

YMINN
YMAXX

5.9

Point-line options:
= 0 Points only

1 ILine only

2 Points and line
3 Histogram

Range options:

= 0 Range determined by data extrema

= ]. Range specified in next four fields
Minimum of space-coordinate range
Meximum of space-coordinate range
Minimum of flux range

Maximum of flux range

A-15,1-36 Space-coordinate axis label (9ak).
A-16,1-36 Flux axis label (9ah4).
A-1T7 Groups to be plotted (16I2).

1-2
3k

NPGPS

NPLTGP(I)

Totel number of groups to be plotted.
Remeining fields identical. Enter group
number of each group to be plotted.

Cards A-18 to 34 are for input to the HISTRY subprogram. If HISTRY
is not used, these cards may be left blank.
A-18 HISTRY control information (6I5,30X,E10.k).

1-5

6-10
11-15

16-20

ISTRY

KLIM
KBUG

NV

Activate HISTRY subprogram.

>0 Yes

=0 No

Limit on K iterations.

Printout, X by iteration.

> 0. Yes

= 0 No

Activate converter-breeder option.*
= 0 Not activated

When keff is greater than 1.0:
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1 Bypass the criticality search

2 Withdraw feed in criticality seerch

= 3 Withdraw uranium mixture in fusl in
criticality search; return as needed before

resuming normal feed

21-25 NCY Number of batch processing cycles.

26-30 NFS Second feed key nuclide number.® (Ignored
when SWCH is zero. )

61-70 SWCH Time, full-power months, of switch to

second feed. Zero for no second feed.
A-10 HISTRY data (8E10.4).

1-10 TMAX Time, full-power months per cycle.
11-20 DT 0.05 Time step, months.
21-30 XPR 240 Number of time steps per normal data
period.*
3140 PUR Feed options:

= 0 257y feed, Th fertile
> 0 Pu feed, Th fertile
< 0 Low enriched U feed

4150 TAU Time constant for 2>°Pa removal, if any;
fraction removed per second.
51-60 THMX Meximum ataom density of fertile nuclide

if Pertile-buildup cption is used.™
Otherwise zero.

61-7C SHIFT 7.0 The number of data printouts before the
frequency of output shiftts from twelve
times normal to normal.*

T1-80 TPLK 0.0001 Tolerance on Kepp.
A-19.1 Carrier cost control information™ (6I5).
1-5 NS The number of carrier nuclides for which

costs are specified in ERC. Zero to five
permitted.



6-10 NSc(x )

Remaining fields identical. Enter the
ERC number of each carrier nuclide for
which & cost is specified.

A-20 Comtrol of the restarting atom densities (after the first cycle)

(1475.1)

Enter a restart factor for each nuclide in order.
1.0 If the nuclide is recovered and recycled.
0.0 Otherwise.

The above entries apply to the fertile nuclide if its atom density
is held constant throughout the cyecle. If it is allowed to deplete
during the cycle, enter:

2.0 If it is recovered and recycled.

-1.0 Otherwise.

A-21 to 34 HISTRY nuclide information.* One card for each nuclide

(LE10.L,2X, 48 ).
1-10 CcsP(1)
11-20  FRM(I)

21-30 FRS(I)
3140 SL(I)
L350 DENT(I)

Tnitial atom density for nuclide I.

Feed fractions for feed nuclides. Other-
wise 0.0.

Feed fractions for second feed, if any.
Removal fraction for sale, if any.
Nuclide identification.

This ends the HISIRY date section.
A.35 designates & series of cards of identical format on which the

initial atom density of each nuclide ic each material is entered.
A-35 Atom densities by material (I2,5(I3,E1l.%)).

1-2 MX
3-5 IH(T)
6-16 TEMP(I)

Material mumber.*

MODRIC nuclide number (NFPET).

Atom density (atom/bn-em) in material
(RHBT). Must be non-zero.

TRemaining pairs of fields identicel. Use-as-many cards-as reguired

for each material.
each card.
A-36 Blank card

Enter the material number in the I2 field on
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A-37 Material names (8ak).
1-8 HPLMAT Name of material 1.

Remaining fields identical. Enter names of materials in order.
£4-38 designates a series of cards, ocne fer each region level in
dimension 1, in order, on which the super region number is entered
for each subregion of the reactor. These cards create a 2-D
"picture" of the super-region distribution in the reactor. For 2-D
problems in cylindrical geametry, by convention, the axial dimension
is 1 and the radisl dimension is 2.

A-38 Super-region subregion correspondence (picture).* (I3,3X,10I3).

1-3 L Fegion level in dimension 1.
L. Blank
7-9 NTEMP(K) Super-region number assigned to subregion

defined by region levels (L,K), where K
is the region level in dimensicu 2.
Other fields identical. Enter in order of K up to number of region
levels in dimension 2.
A-39 Blank card
A-L0O designates a series of cards, one for each super region, in
order, on which the volume fraction of each material is entered.
ALO Volume fractions of materials in each super region (12,284 4E7.4).

1-2 J Super-regicu number.
3-10 HELVAL Super-region name.
11-17 VFS(M,J) Volume fraction of material M.

Remaining fields idenfical. Enter volume fractions in order by
maberial. Nobte: The volume fraction of the last materia: X is set by
the code so that the volume fractions sum to 1.0 in each super region.

‘A%1 Group structure.* (312)
12 NG Tetal number of energy groups
34 NETH Group number of the last epithermal group.
56 NTH Group number of the last thermal group.
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A-42 MOLRIC convergence information.® (I10,2810.4,5I10).

1-10 ICPN 3 Convergence options:
=1lon lceff
= 2 on fission density
= 3 on both
1120 FPS1 3.0E=05 Convergence requirement on keff in suc-

cessive iterationms.
21-30 EPs2 3.0E~-O4 Convergence requirement on fission den-

sity in successive iterations.

3140 ITMAX 300 Maxcimum number of MODRIC iterations a2lilowed.
¥1-50 IFD Not used
51-60 irg Not used
61-70 NX¢PT 1 Perform criticality search:
= 1 Yes
= 0 Ko
71-80 MAXFPT 100 Meximum number of optimization cases (may

not exceed 200).
When no criticality search is specified, omit cards A-4t3 and 4.
A-L3 MODRIC search information.* (I10,3E10.4,I5).

1-10 ICH 3 = 3 Search on atom density.
Note: No other MODRIC search cptions are
used in ROD.
11-20 RMD 1.0 Desired k oo-
21-30 XK 3.0 Tnitial estimate of de/dk, fractional

change in atom density of search nuclides
per unit change in k.*
3