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ABSTRACT

The Equicore II code calculates the burnup, power distribution and cool-
ant conditions of pressure tube type reactors for both the equilibrium and
time dependent core conditions.

The code has been designed to be both easy to use and economic in computing
time. To achieve this, the overall core burnup and hydraulic performance is
obtained by considering only a few representative fuel assemblies and by using
flux distributions derived from an RZ-diffusion calculation, based on volume
elements containing the average properties of these representative fuel
assemblies.



A separate RZ supercell calculation model is available to determine
the detailed flux and power variation between selected fuel assemblies and
the average properties within radial zones of the core.

The code also incorporates a user-oriented facility which aliows, at any
stage of the burnup calculation, the determination of such things as space
dependent temperature coefficients and time dependent variation of xenon
concentration.

This report describes the models used in the code and gives the data

requirements.
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1. INTRODUCTION

The EQUICORE II code calculates the burnup, the power distribution and
the coolant conditions of pressure tube type reactors for both the equilibrium
and the time dependent core conditions. It is an extension of the EQUICORE
code (Bicevskis and Hesse) originally developed for a joint AAEC and UKAEA
design study of a natural uranium SGHWR*. The code was originally designed to
calculate the equilibrium core conditions of an on-load refuelling reactor.
However, because many of the computer-time-saving features in the EQUICORE code
could also be extended to calculate enriched batch-refuelled SGHWR's under
design at that time by the UKAER, it was requested that the code should be
extended to include time dependent burnup calculations. During this work the
equilibrium model was extended to cover more complex fuel management problems
such as are encountered in CANDU (bi~directional refuelling) and ATUCHA
(radial shuffling) reactors.

Although most of the coding was completed in the UK, further work was
necessary after the author's return to Australia to include features which
were necessary to study various aspects of the SGHW reactor. Other calcula-
tional models and improvements were then included for the assessment of
tenders for the Jervis Bay reactor. Time dependent xenon variation was
included to study possible axial ingtability in PWR's and a booster rod model
was developed for calculating CANDU xenon override capability. Improvements
to fuel temperature calculation and to the hydraulic models were also made.
Finally, changes in the operation of the AAEC IBM360 computer necessitated
changes to the whole structure of the code to make it more efficient for a
multi-processing environment.

Although it is intended to develop the code further, particularly for
calculations involving light water reactors, it has been decided to describe
the code in its present form. This version which is fully operational on the
IBM360 computer, is given the name of EQUICORE II to distinguish it from the
earlier code, EQUICORE.

2, EQUICORE II CALCULATIONAL MODEL CONCEPT
The calculational models used in EQUICORE ITI have been developed with the

object of producing a computer code which would be easy to use, economic in
computing time and allow one to obtain an accurate assessment of the perform-
ance of many core designs or fuel management options. The earlier EQUICCRE

code was used to examine the effect of changing a wide range of core parameters

* Steam Generating Heavy Water Reactor
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to determine the optimum design of a natural uranium SGHWR core. During the
transient phase between EQUICORE and EQUICORE II the code was used to assess
rapidly a number of reactor designs operating under various conditions. Thus,
for both these roles, the code has been required to produce information which
would enable the rapid but sufficiently accurate assessment of the overall core
performance and the detailed performance of typical highly rated channels.

For speed in execution the EQUICORE II code employs models which determine
the burnup and hydraulic performance of the core by considering only a few
representative fuel assemblies and by using flux distxibutions derived from
an RZ diffusion calculation, based on volume elements containing the average
properties of these representative fuel assemblies. A separate RZ supercell
calculation model is available to determine the detailed flux and power
variation between selected fuel assemblies and the average properties within
radial zones.of the core. These models, explained in detail in the next
section, are more economical in computer running time and core storage than
the more conventional explicit channel flux method normally used for SGHWR
calculations. EQUICORE II uses only two dimensions with relatively few
smeared volume elements requiring few mesh points in the diffusion calcula-
tions and treats only a few representative fuel assemblies for the burnup
and hydraulic calculations. On the other hand the explicit treatment of every
assembly in the core requires three dimensions (MAGOG, Hopkins and Oakes 1967)
or synthesised three dimension (CALEB, Robinson and Fayers 1969) for both the
diffusion calculation and for the determination of the burnup and coolant
density distributions. The adoption of a two region RZ supercell model allows
the use of sufficient mesh points to enable sufficiently accurate determination
of the flux variation across the selected homogenised fuel assemblies without
involving long program running times. In addition to the conventional time-
dependent burnup calculation method, EQUICORE II retains the calculational
model which allows the rapid determination of the fuel burnup and core power
distribution at equilibrium of an on-load refuelled reactor such as CANDU.

It is explained in detail in the following sections that the use of these
fast calculational models implies that the loss of detail by use of RZ geo-
metry is small. This assumption has been shown to be valid for assessing the
pexformance of large SGHWR reactors with many fuel channels and is superior
to the conventional method where a coarse mesh must be used to obtain reason-
able computer execution times, (Hesse 1972).

Reactor assessment often involves the examination of core performance

at conditions other than at full power and at various times in the burnup
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history of the core. &as EQUICORE II employs calculation models that require
little computing time it has been possiblé to include a facility which allows
the user to request a perturbation calculation at any stage during a burnup
calculation. This enables the determination of such things as space dependent
temperature coefficients and the time dependent varia tion of xenon concentra~
tion in the core.

A general description of the EQUICORE II calculational models is given
in Section 3. Sections 4 and 5 provide an outline of the code structure
together with a description of the calculation steps and the equations used in
the code. These serve to fill in some details not covered in the EQUICORE II
rmodel description. In Section 6, a description of the input data required
by the cede is given.

3. DESCRIPTION OF THE EQ?ICORE II CALCULATIONAL MODELS

3.1 Reactor Core Description in EQUICORE II

The code sets up the outer dimensions of the core in RZ geometry from
information of the height of the active core, number of fuel channels and
cross sectional area of a fuel lattice cell including associated moderator
(Figure 1). The specification of the associated radial and axial reflectors
are given in conventional RZ diffusion calculational form. However, to
understand the division of the active core it is necessary to define, with
reference to Figure 1, the following concepts.

Radial zones. The fuel channels of the reactor core are grouped radially
into cylindrical sections called 'radial zones' extending the full height of
the active core. The number of radial zones (typically 6 to 9) is chosen
such that they adequately describe the variation of power burnup and coolant
density insofar as they significantly affect changes in the nuclear properties
of the materials across the core. The thicknesses of the radial zones are
specified in terms of number of channels in each zone and do not necessarily
have to correspond to any physical identifiable regions of the reactor.

Fuel channel types. The fuel channels making up the radial Zone are
grouped into a specified number of channel types for each of which the power,
burnup and coolant density distribution has to be determined. A ‘fuel type'
represents all fuel channels in a radial zone which contain fuel having the
same enrichment, burnup and future fuel movement requirements. For example
@ CANDU reactor requires at least two fuel channel types per radial zone to
represent the bi-axial loading, whereas a commercial SCHW reactor requires
nine channel types to represent the typical nine burnup states of the batch
refueling scheme. Although the EQUICORE II model does not position a fuel
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channel type in its exact physical location and assumes that the channels are
randomly distributed in the radial zone, it has been shown (Hesse 1972} that
it represents to a very good approximation the typical or average fuel channel
in that radial zone. The mixture of channel types within each radial zone can
be varied to allow for changes in the constitution of actual fuel assemblies
used near an enrichment or reflector zone. The number of actual channels
represented by a fuel channel type is specified in texms of the fraction of
channels of that type to the number of channels in the radial zone and is
defined as the channel type volume fraction.

Fuel assembly. 1In EQUICORE II a ‘fuel assembly' is taken to mean the
assembly or group of fuel pins which is loaded ox moved in fuel channels as
one unit during the whole fuel management cycle. For an SGHWR, where no
axial fuel moves take place, the assembly length is equal to the active core
length. In a typical case of CANDU a fuel assembly length is 1/6 of the
active core, being equivalent to the two fuel bundles which move as a unit.
All fuel assembly lengths must be the same and the length is specified in the
input data in terms of the number of fuel assemblies per fuel channel.

Fuel segment., To allow for the variation of power and burnup along a
channel the length of fuel assembly in a fuel assembly location is subdivided
further into a specified number of ‘fuel segments'., All the fuel segments
have the same length, which is the smallest interval for which the average
power, burnup and coolant density is determined.

Radial zone elements. To perform the RZ diffusion calculation the radial
zones are divided axially into slices, corresponding §o the fuel segments, to
form 'radial zone elements'. The nuclear cross sections used for the radial
zone elements (ZRZE) in the diffusion calculations are the average of the cross
sections of the fuel segments (EFS) of all the fuel channel types within
each radial zone element. Cross sections for reflector regions are read in
separately.

Although the radial zone elements can be subdivided for a more accurate
finite difference solution, only the average neutron flux of the radial zone
element (QRZE} is used when deriving the channel power distributions.

3.2 Channel Power Distribution Calculation

The axial power distribution of each channel type in the radial zones is
calculated from the fuel segment fission cross section ((ZFs)f) and normalised

QRZE applying along the channel. In calculating the power oxr fission rate

distribution, the standard EQUICORE II model makes the assumption that each

fuel segment in the same radial zone element 'sees’ the same flux as
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)
determined by the full core diffusion calculation based on the average proper-
ties in each radial zone element., This assumption is reasonable if the fuel
propexties of the channel types are not too different or 'if the real fuel
channels are mixed together gufficiently so that the local flux is not sig-
niflcantly affected by the individual fuel. In the case of a typical SGHW
_ reactor where the ratio of the new fuel fission cross gection to the average
batch fission cross gection is approximately 1.13, the ratio of the new fuel
flux to the average batch flux is approximately 1.04 (Hesse 1972). It is
assumed in the burnup caliculation that this small flux error will be balanced
out as the fuel burns up.

EQUICCRE Il includes an option which estimates the approximate flux
variation between channel types in a radial zone, and flux~-weights all EFS s
when determining the volumetric average E 's. The flux variation iz obtained
from an interpolation of precalculated 11brary values of flux weighting factoxs
as a function of a K, ratio and supercell size. Using these weighted (Z )f
jeads to channel power distribution approximately adjusted for the flux
variation between & specified fuel channel type and the other channel types
in a radial zone. This calculation therefore allows a better estimate to be

obtained of highly rated channels.

3,3 Hydraulic Calculation

Using the channel pover distributions the coolant f£lowrates through each
fuel channel type and associated feeder and riser sections can be determined
to satisfy a given riser exit pressure, feader inlet pressure and flow inlet
enthalpy. An option ig also avallable to determine the flow for a given riser
exit quality and pressure.

Except for the. fact that only representative channels are calculated
these calculations are gimilar to those used in conventional explicit channel
programs such as CALEB.

The calculation provides the average coolant density in each fuel segment
of each channel type to pe used for the determination of coolant density
dependent Cross sections. Critical heat flux ratio correlations are also
available to determine the dryout margins of the channel types. The hydraulic
model used in EQUICORE IT is an improvement over the hydraulic model used in
the earlier EQUICORE which did not have riser and feeder gections., For
details of the hydraulic medel and methods used to determine voidage, slip,
two phase multipliers etc. see the HYDRO code(Green 1973). The hydraulic
section in EQUICORE It has been arranged so that the hydraulic calculation

need not be carried out at every flux iteration. For reactors having
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effectively a zero void coefficient it is possible to specify that the
hydraulic calculation should only be done after a converged power distributieon
has been obtained and, only at specified steps in the burnup calculation. The
hydraulics can also be bypassed completely.

3.4 Burnup Calculation

There are two burnup calculational models within EQUICORE II. One model
is used to perform the more conventional time dependent calculation (marching
process) used for off-load refuelled reactors, and the other ig used to obtain
the core equilibrium state applying to a continuously on-load refuelled reac-
tor. Both models use similar methods and assumptions for determining the
burnup reaction rates.

The EQUICORE II burnup models are based on the use of the UKAEA PATRIACH
(Hicks 1967) type cross section library. Each fuel assembly type and associa-
ted pressure tube and moderator (Figure 1(c)) is represented in terms of
homogenised two group cell cross sections as a function of irradiation {MWD/TU)
and coolant density. Cross section correction factors are included in the
library to allow for changes in xenon concentration, fuel temperature, and any
additional poisons. The calculation used to estimate the fuel segment
temperatures is based on a relationship relating the local fuel rating burnup
and physical pin dimensions to the temperature (see Section 5.2.2 (i) @)).

The xenon concentration caleculation is based on a simple relationship between
the concentration and the fuel segment fission rate and effective xenon cross
section (see Section 5.2.2 (i) (b)). Thus every axial fuel segment in all
channel types in the core is represented by its library fuel assembly type and
its irradiation state, rather than by its isotopic compositions. When fuel is
moved to another fuel assembly location the fuel type and irradiation state of
each segment is simply transferred. The irradiation state of a particular
fuel segment is advanced over a given time interval by calculating the fission
rate as a product of ZRZE and the particular (EFS)f obtained via fuel type and
interpolation of the library for irradiation, and coolant dengity. The average
coolant density of the segment is determined from fhe channel hydraulic calcu-
lation of that particular fuel channel type. If the flux weighting option
described in 3.2 is used, the (st)f used for the burnup advancement would
have been suitably weighted.

3.4.1 Time dependent burnup

In the time dependent burnup model the user specifies the fuel assembly
types to be loaded into all fuel assembly locations in the core. The code

allocates zero irradiation states to all fuel segments and then determines the
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core RZ flux distribution for a critical poison loading using ERZE'S equiva-~
lent to the zero irradiation of fuel segments. In the iterative procedur=

for determining the poison loading the code will also establish cross sections
which have been adjusted for the correct fuel temperature, Xenon, and coolant
density in each fuel segment.

when a converged flux distribution for the specified core keff has heen
established, the fission rate and hence fuel segment irradiation can be
determined. All fuel segment irradiation states are then advanced and the
process repeated until burnup has reached a state where the core cannot be
made critical (i.e. all poison removed). Once +his state has been reached
the code branches back to read more input data to obtain further refuelling
instructions. This will normally be in the form of some fuel movement Lo
other agsembly positions in the core together with some loading of new fuel.
Before re-entering the burnup calculation process, the code will give details
of the burnup achieved in the rejected fuel assemblies.

The specification of fuel movement is flexible allowing fuel assemblies
to be inverted. Repetitive features are used to reduce input data specifica-
tion. TIn addition it is possible to gspecify that the core should be operated
for a set time intexval rather than be operated until the core can no longer
be made critical.

3.4.2 Equilibrium burnup

The calculational model used to determine the equilibrium burnup was
developed for the earlier EQUICORE code. The advantages of the model and
the assumptions used are explained in detail in the earlier EQUICORE report
(Bicevskis and Hesse 1969). The main changes incorporated in EQUICORE I1I
have been to increase the flexibility of fuel movement in the core and to
allow more than one fuel channel type in a radial zone.

The object of the equilibrium model is to obtain both the core power
aistribution and the speed of fuel movement through the core which would keep
the core critical. The speed of fuel movement can then be related to the core
average fuel burnup.

The equilibrium model assumes that the average £lux distribution in the
core has reached a fixed sﬁate. This ig taken to mean that although fuel is
being continuously loaded and moved in the core, the average irradiation of
the fuel segments in any radial zone element remains constant. Therefore the
average ERZE'S remain constant and can be used in the diffusion calculation to
determine the average macroscopic flux distribution and hence ¢RZE.S' The

equilibrium burnup model assumes that the constant QRZE can be used as the
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burnup flux level 'seen' by the fuel segment while in the radial zone element.
The flux level is the same for all fuel segments of whatever type within a
radial zone element and is not effected by changes in cross sections as the
fuel segment burns up. The average ZFS's are obtained by using a time avera-
ging procedure of the fuel Segment cross section variation while it dwells in
that radial zone element.

To perform an equilibrium burnup calculation the user must specify the
paths which various fuel assemblies take through the core together with their
fuel assembly library type. The path is specified in terms of & series of
3 or 4 digit numbers indicating the fuel assembly location in the core {see
Section 3.1). When determining the ERZE'S to be used in the diffusion calcu-
lation the code must trace each specified fuel assembly through the core to
determine its burnup history from which the time average EFS's can be
determined. The code will load the first fuel assembly into its first speci-
fied core assembly location and allocate zeroc irradiation states to the fuel
segments making up the assembly. Using QRZE for a previous iteration and
(st)f equivalent to the zero irradiation state, the irradiation of each fuel
segment of the assembly can be advanced for a small time interval. (This time
interval is estimated at the beginning of a complete sweep such that the
combined effect of all the fuel movements through the core will make the core
just critical). Using (EFS)f applicable to the new irradiation states and the
same QRZE the fuel is again advanced in burnup. The procedure is repeated for
a set number of steps after which the fuel assembly is movedqd together with its
irradiation distribution to its next specified core location where the whole
procedure is repeated. In this way the complete path of each gpecified fuel
assembly is traced through the core. During this process the ERZE'S are
obtained as before by volume averaging all the channel type EFS'S derived
during the burnup calculation. The flux weighting calculation can also be
included.

The ZRZE.S derived during the burnup calculation are used in the RZ
diffusion code to determine a better estimate of the core flux distribution
and the core Keff' The code iterates between the Cross section and flux cal-
culations to determine the burnup time interval; this produces a critical
core as well as a consistent core flux distribution., The converged calculation
provides a burnup of each fuel assembly.

The essential difference in the cross section-flux calculation between
the equilibrium and time dependent models is in the way the average cross

sections are determined for the RZ Aiffusion calculation. For the time
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dependent burnup, the I ‘s are the average of the instantaneous EFS's of

all the fuel channel tygzg in that element whereas in the equilibrium model
the ZRZE'S are the average of the time averaged ZFS's of all fuel channel
types in that element. Thus in the equilibrium model the fuel burnup state is
advanced while the cross sections are being determined because the burnup
flux remains constant. In the time dependent model the burnup is advanced
using the calculated flux distribution at each time interval.

For the equilibrium caleculation, in addition to the specification of the
channel type volume fractiong of each fuel channel type in a radial zone, the
ratiocs of fuel residence time in each channel type can be specified. The
absolute values of the fuel residence times are determined by the code to
satisfy the reactivity requirement, This allows, for example, slower feed
rates to be specified for inner core channels to obtain irradiation flattening
as in the CANDU reactor. A facility is also available to convert the irradia-
tion distribution results of a converged equilibrium calculation to form the
start of a time dependent burnup calculation. |

3.5 Supexcell Calculation

The EQUICORE II code includes a facility which calculates the variation
of flux between a specified fuel channel type and the surrounding fuel channel
types within any radial zone. By choosing the channel type with the highest
rating in that radial zone this calculation allows one to determine an

improved power peaking factor occuring in a batch in that zone.

The calculation is performed using a two dimensional RZ supercell
approach where the specified channel, in the form of a homogenised cell, is
surrounded by an annulus containing the average properties of the remaining
channel types. The model is similar to a 2 radial zone EQUICORE II calcula-
tion except that the outer boundary of the surrounding region has reflective
boundary conditions thus representing an infinite array of fuel channel types
making up the batch refuelling scheme, The axial gecmetry similar to that
used in the main calculation is used in the supercell calculaticn.

By normalising the power distribution of the supercell calculation to
give the same average power as was cbtained in the radial zone, the channel
powexr of the particular channel type can be obtained. Although the surround-
ing channels have been smeared together, it has been shown (Hesse 1972) that
for an SGHWR the model leads to accurate estimates of batch peaking factor.

The supercell calculation can be requested at any stage in the normal
time dependent burnup calculation. During the supercell calculation the

normal iteration procedure between the cross section and flux calculations is
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carried out, as well as the hydraulic calculation of each channel type making
up the batch of channel types.

To assess the power rise in a refuelled channel in a continuously on-load
refuelled reactor, this supercell model has been adapted for the equilibrium
type calculation. This adapted supercell model now replaces the earlier
EQUICORE centre channel calculation which had become impractical with the
inclusion of a more complex fuel management calculation. If a supercell
calculation is requested following an equilibrium type calculation the super-
cell calculation is set up in such a way as to simulate the effect of only
one channel being refuelled in a large region whose average properties remain
constant. The specified fuel channel type in this case is surrounded by a
region containing the average cross sections which were used in the diffusion
caleculation for the specified radial zone. The supercell radiue in this case
is specified and the power distribution is normalised such that the power at
the outer edge of the supercell is equal to the average power in the radial
zone,

By normalising the power at the edge of the supercell the assumption is
made that the disturbance caused by refuelling one channel does not affect the
rest of the reactor. This assumption gives reasonable results and is simpler
than treating the whole reactor as was done in the earlier EQUICORE centre
channel model.

The time dependent supercell radius is normally made equivalent to the
number of channel types within a radial zone. However the number of fuel
channels making up the supercell can be specified on radial zones where many
similar channel types would lead to misleading results. This specified super-
cell size would alsc be used for the flux welghting calculation,

3.6 Perturbation Calculation Facility and Time Dependent Xenon

Treatment

To examine the core behaviour at conditions other than full power, the
code allows the user to branch to calculation rxoutines which perturb some
operating conditions and calculate the resultant effects. For example, a
user may wish to examine the power distribution and vossible change in reac~
tivity at some stage of the reactor's lifetime if the core power and coolant
flow are reduced. As it is difficult to forsee the full range of calculations
that will be required, the EQUICORE II code has been arranged to make it
relatively simple to code and incorporate the special purpose calculaticn or
routine into the main perturbation routine at the time it is required. If

they are likely to remain useful these routines are then incorporated
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permanently in the code and can be expanded later if required.

For many perturbation studies it is necessary to allow for the change in
reactivity due to the variation of xenon concentration with time. In the
normal EQUICORE II calculation the equilibrium xenon concentration is built
into the cross sections and the cross sections are only adjusted for a change
in equilibrium concentration with change of power. Thus for the cases where
the change in xenon with time is required for perturbation studies, subroutines
have been made available which keep account of the xenon and iodine concentra-
tion with time.

The perturbation routine can be called up at any time during an EQUICORE
IT calculation by the use of the instruction key word PERT followed by any
necessary perturbation data. The code will then branch to the perturbation
routine when the necessary changes to normal data are made {i.e. reactor power
or drum pressure) and the various calculation routines called to calculate the
new result, Special subroutines are available which make the creation of a
perturbation routine relatively easy, requiring only a general knowledge of
the working structure of the EQUICORE II code (see Section 5.5)

A perturbation routine has been included permanently in the code which
calculates:

(a) the new core conditions for a change in core power,

{(b) the variation of xenon and power distribution during the return to

full power using booster rods (or removal of absorber) and

{c) the xenon axial oscillation after a power perturbation.

4. OUTLINE OF EQUICORE II CODE STRUCTURE

Before proceeding with a description of the calculation steps and
equations used in the code, a brief description of the code structure is
given and the main sections and subroutines affecting the calculational pro-
cess are pointed out.

Although EQUICORE II is a large code made up of over 20 subroutines it
consists of four distinct calculational or working sections. These are:

(a) Cross section preparation and burnup calculation.

(b) Two group RZ diffusion calculation,

(c) A flux editing and channel power distribution calculation.

{(d) A pressure tube hydraulic calculation.

In addition to these main sections the code has large sections for auto-
matically setting up the EQUICORE II calculation model interpreting the fuel
management instructions and for providing the data required by the working

sections. For example moét of the data reguired by a conventional diffusion
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code (mesh interval dimensions, boundary conditions, region data, etc.) are
automatically generated by the code from simple information such as number of
fuel channels, height of core, number of radial zones, etc.

During the development of EQUICORE II it became more convenient to reor-
ganise the codes into separate sections to cover each phase in the calculation.
These sections were arranged to be virtually independent of each other, to
make further development easier. Alsoc the old method of using fixed storage
for large arrays of variables in the code was inflexible. The coding was
thus changed to use variable dimensioning in conjunction with the DARRAY
(G.W. Cox DARRAY NARRAY subroutines for core management in FORTRAN (unpublished
AAEC report)) facility to allow dynamic allocation and release of storage in
each working section. Each section of the code has been arranged to obtain
its required storage, read its required information from disc, perform its
calculation task, write its calculated information on disc and then release
its storage for use in the next section. Under the IBM360 MVT operation
system there is little penalty for the time used during these input and output
operations. This method, however, has the advantage that it not only uses
the minimum core storage but also that each section of the code can be modified
and developed separately once a set of data has been established on disc.
Temporary disc files are used for this purpose, (FORTRAN unit numbers 10 to 18).

Figure 2 shows the arrangement of the main parts of the code. To keep
the figure reasonably simple only the outline of the sections and subroutines
effecting the calculational sequence are shown. The following is a brief
sunmary of the main purpose of each section and subroutine. More details are
given in the next section.

The working sections are controlled by either CALC (for burnup calcula-
tions) or PERT (for perturbation calculations) and the reading and setting up
sections are controlled by DATAIN. The sections on the right of the dotted
line require their own special storage and are called via an intermediate
subroutine which sets up the storage and brings in and dumps out information.

The main working sections required for both a burnup and perturbation
calculation are:

. CROSEC to perform the fuel assembly burnup calculation and to obtain
ZFS'S and ERZE.S used in DIFSEC and EDISEC. These cross sections are
corrected for the calculated fuel temperature and xenon concentration.

« DIFSEC to perform the RZ diffusion calculation to obtain the core
k and flux distribution. '

eff
. EDISEC to obtain the normalised QRZE from the results of DIFSEC, and
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to calculate the channel type power distributions.
. HYDSEC to calculate the coclant flow and density distribution in each
channel type.
The main burnup calculation control subroutines are:
. CONTRL to estimate and adjust poison concentration or equilibrium fuel
residence time to achieve a critical core.
. MOVE to advance the core burxnup time.
For a perturbation calculation additional subroutines are available.
These are:
. DXEN to calculate the time and flux dependent xenon and iodine con-
centrations and to perturb the xenon concentration.
. PCONT to estimate and adjust poison concentration or XRZE'S {boostex
reactivity) to achieve a critical core.
The part of the code concerned with the reading and setting up of the
problem is made up of:
. DIFDAT to provide core geometry data required by DIFSEC.
. MANDAT to interpret fuel management data required by CROSEC.
(also used to give summary of rejected fuel assembly fissile concentration)
. HYDDAT to provide data for hydraulic calculation.
. LIBRA to read in basic cross section library for use in CROSEC.
., CUESS to provide a flux distribution guess required by DIFSEC and to
set up initial cross section data for EDISEC.
. SUPDAT to set up new geometry and radial zone data required for a
supercell model.
In addition to these sections there are subroutines to read free format input
data (RIED) and to write out (DUMPIT, using FORTRAN unit number 20) and read
in (COMIN, using FORTRAN unit number 8) all relevant EQUICORE II information
to and from disc for possible later restart.

5. DESCRIPTION OF CALCULATIONAL STEPS AND EQpATIONS USED IN EQUICORE II

5.1 General

The sequence of operations adopted during the two burnup model calcula-
tions as well as in the supercell and perturbation calculations are in many
ways similar. Therefore the sequence used in the time dependent calculations
will be first described in detail followed by a description of the difference
in the other calculations. As many of the equations used are similar to those
given in the earlier EQUICORE report (Biceviskis and Hesse 1969) reference will
be made to section 5.3 of that report for those areas where no significant

changes have been made, and only the new method or equations given in this
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5.2 Time Dependent Burnup Calculation

The time dependent burnup calculation can be considered to be made up of

four distinct parts within which there are a number of steps.

5.2.1 Reading and preparation of data

This part of the operation takes place in DATAIN (see Figure 2).  aAll

input data, except that of the cross section library (normally residing on

disc), is by means of free format and key words. Data is specified in a

similar manner to that in the earlier EQUICORE report. Details of required

data are given in Section 6. The input and preparation consists of the

following steps:

(i)

(ii)

(1i4)

(iv)

{vi

(vi)

In the DIFDAT section the radial zone element and geometry specifi-
cations (radial, axial mesh, extrapolation lengths) are set up for
use in the diffusion calculation based on read in core dimensions

and from the number, size and mesh allocation of radial zones.
Reflector and any additional radial zone element cross sections

are also read in,

In the MANDAT section the fuel channel type arrangements are set up
according to the specified number of fuel channel types and from the
channel type volume fractions in each radial zone. The fuel assembly
locations are set according to the specified fuel material types and
the initial irradiation of the fuel segments are set to zerc. A
check is made that every fuel agsembly location is loaded.

If a hydraulic calculation is specified, the hydraulic model is set
up and the feeder, channel and riser properties are read in and
stored in the HYDDAT section. Feeder and riser data can be specified
for each radial zone.

In the LIBRA section the cross section library is read in and stored.
The library is checked against the fuel materials required.

An initial guess of the core flux distribution is calculated in QUESS
based on a cosine axial distribution and a flattened cosine radial
distribution. For equilibrium type calculations starting values of
ERZE'S are provided from the cross section library based on the
specified guess of average core burnup. A guess of the coolant
density up the core is also generated for coolant dependent cross
section calculations.

Other miscellaneous data such as burnup time step interval, poison

concentration and code print out instructions are read in.
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Print out of the interpreted data to be used by the fuel burnup,
diffusion and hydraulic sections of the code is given. The core
storage required by each calculation section is also provided.

5.2.2 Calculation of the power distribution for a critical core at

a ‘burnup time step

Control is passed to CALC where the following steps occur:

(i}

(a)

(b)

In CROSEC the ZFS's of each channel type are obtained for the
particular fuel assembly type via interpolation of the library for
irradiation and coolant density. Using the channel power distribu-
tion from the previous iteration, the fission rating of each fuel
gsegment is used to determine the fuel temperature and xenon concen-
tration. The cross sections can then be adjusted for changes from
the library reference values of temperature and xenon concentration,
For the first iteration before channel rating distributions are
available no corrections are made to the library values.

The methods used for interpolating and correcting the cross
sections are the same as in EQUICORE except for the following:
The plutonium content correction with cooclant density change, has
been removed because it was not entirely satisfactory and it made
the cross section library more difficult to prepare. The correction
is only of interest for natural uranium systems having a high posi-
tive void coefficient,
The correction made to the absorption cross section (Aa) to allow
for the difference in equilibrium xenon concentration at a point
(XEP) from that of the xenon concentration in library cross sections
(XEr) is now approximated from

Ag = (XEp - XER) GXE

where,

XE =& vy, [2.0700,  + 6 (@ )))] cea (1)
XE_ =0y, [RR/Q, + GXe (@), *RR) ] )
® = Opgp)y * (pgley + Ppppd, * Upgdey

(QRZE)I = Radial zcne element fast flux

(@RZE)2 = Radial zone element thermal flux

(ZFS)fl = Fuel segment fast fission cross section

(EFS)f2 = Fuel segment thermal fission cross section

YXI = Effective equilibrium fractional xenon yvield



{c)

(d)
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Axe = Xenon decay constant = 2,11 x 10 °
GXe = Xenon thermal cross section (lattice cell averaged)
RR = Ratio of fuel rating used to derive the cross section

library to that of the fuel segment rating.

The temperature correction is now made to all cross sections rather
than applying a simple Doppler effect to the fast absorption cross
section. The cross section library now contains corrections to be
made to each cross section for a change in fuel temperature from
that of the library temperature (see library preparation Section
6.6). The corrected cross section(ZFS) is now derived from:

Lo = I, A* DELT? + B * DELT + 1) eea(3)
where A and B are library coefficients interpolated for irradiation
and coolant density,

EL = uncorrected interpolated library cross section

DELT = VTFS - VTL

<]
0

rS Absolute temperature of fuel segment

]
u

Absolute temperature for which the library was prepared.

No correction is made for the diffusion coefficient and the
same correction is applied to both Ef and qu. If A is set to ~1.,
the temperature correction for that cross section is bypassed.

The mean fuel segment temperature (TFs) is now calculated more

accurately from:

Tpg = 479 (Tpgly + 5/9 (T
where
(TFS)c = mean fuel segment centre temperature (°C)
(TFS)s = mean fuel segment surface temperature °c)
and the values of (TFS)c and (TFS)s are obtained by the following

semi emperical relationships (W.J. Green - A method of calculating
fuel temperatures and its application to a CANDU 600 MWe design,
AAEC unpublished report).

-N + /ﬁz + 4 M
2M

{T..)_=

FS's

and

=
f

h{f * J +K}) -L *1I (A/20.3)
Y =h*g+I*J*L+K*UL



where
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FS)
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h * I (4/20.3)
= 9,4 % 10 °
= (PW + A * R)
= 0.94 - 0.008 F
= *
q+ h TB
= heat transfer coefficient involving heat transfer from the
bulk coolant temperature to the inside surface of the
cladding (W/cm? %o

L)

mean coolant pressure in psi

linear rating in W/cm

Rpg * WM, * F

average fuel segment fission rating (W/g)

= weight of fuel segment
= number of fuel pins in assembly

= fraction of fission heat deposited in fuel
= surface heat flux

= R * 4/D* enrichment factor (*3%U/z3s )

U natural
= outside diameter of fuel pin (cm)

= bulk coclant temperature

= constant depending upon cold radial gap size = 85-7874 G

= radial gap (cm)

= percentage of fission gases present in the internal gas
mixture

= 100/(1 + 3.548 x 10'%/(B * R**55 (1-2.64 * 10 ° R*"®%)))

= burnup in MWd/T

c {R + (TFS)S/20.3) Y+ 2

where
Y and Z have the following values depending on the value of
(R + (TFS)S/20.3)

if 55 < (R + (TFS)S/2O.3) < 85 ¥ = 39.5 Z = 820

if 35 < (R + (TFS)S/ZO.B) < b5 Y 32.5 Z = 437.5

e et £ TR T T

G s
T



-

18
i < < = e
if 0 (R + (TFS)S/20.3) 35 Y 20 Z 0

The fuel element absorption cross sections are also adjusted accord-
ing to the estimate of the critical poison concentration by adding

the additional cross section (ZP) based on

where
GP = poigon addition absorption cross section per unit poison con-
centration (Latticed cell averaged)

P = critical poison concentration in units consistent with GP.

The st's of each channel type in a radial zone are averaged
together to obtain ERZE.S uged in the diffusion calculation. &an
average based on the channel type volume fractions is normally used
but this volume average can be combined with approximate flux weigh-
ting factors (@c/Qs) stored in the cross section library. These
¢C/¢S's are in terms of the average flux in a homogenised lattice
cell, ¢, divided by the average flux in a supercell, s, made of

typical channel types. The (Qc/Qs)'s are derived from

¢

c
E;-n A(kmC - ka

)%+ Bl - k) + 1 S
where A and B are library coefficients interpolated for supercell
radius.
The code determines the k, ratio from the absorption and nu-fission
cross sectlons, derived for the fuel segment and radial zone element
(used in the previous diffusion calculation), flux weighted by the
QRZE'S (no flux weighting factors are used in the first iteration).
The supercell size is determined from the number of channel types
in that radial zone and the lattice cell radius. The number of fuel
channels making up the supercell size can also be specified to over-
come radial zones having too many fuel channel types. The (EFs)f's
are multiplied by the flux weighting factors to enable the subsequent
channel type power distribution calculation (see Section 5.2,2 (iii))
to include the flux peaking effect. The cross sections of both
groups are equally weighted, this being the simplest aﬁproximation
for heavy water moderated SGHW reactors.

When the ZRZE'S for the whole active core have been determined,

the reflector absorption cross sections are adjusted for the new
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critical poiscn concentration using the poison cross sections. If
specified, the additional radial zone element U-fisgion and absorp-

tion cross sections are added to ZRZE'S before entering the diffu-

sion calculation section.
Using the ERZE'S and reflector cross sections determined in (i) the

flux distribution and effective core multiplication constant (ke )

£
are obtained in DIFSEC. A precalculation of the Liebman accelera-

tion factors is normally only made on the very first entry to DIFSEC
{LIEB). Except for an improvement to the Liebman factor calcula-
tion no changes have been made in this section since EQUICORE.

The fluxes obtained in (ii) are normalised in EDISEC using the

(ERZE)f's derived in (i)} to give the specified core power. From

thig the normalised ¢RZ 's are obtained and in turn the power distri-

E

bution of each channel type can be determined using the (EFS)f's.

This calculation is similar to that used in EQUICORE except that

. ; '
each (ZFS)f is used instead of the average ZRZE .

If a hydraulic calculation is specified the coolant density distri-

- butions of each channel type in all radial zones are calculated in

HYDSEC by determining the coolant flow along the feeder, channel and
riser sections to satisfy the specified pressure drop between the
feeder inlet and riser exit. This involves an iteration process
which uses an estimate of flow to calculate the pressure drop and
then to readjust the flow to obtain the correct pressure drop.

(See HYDRO (Green 1973))}. In the process a consistent distribution
of void, slip and two phase multipliers is obtained along the
channel. Having established the required flow, the average coolant
density in each fuel segment can be determined.

In EQUICORE II the hydraulic calculation uses the previous
iteration results of pressure drop, void, slip, two phase multiplier
distribution and channel coolant flow to speed up convergence.

It is also possible to specify that the calculation need not be
done at every EQUICORE II iteration. The following options are
available.

Every iteration (i.e. cross sections coolant dependent).

Every iteration during the first burnup step and then for following
burnup steps when the flux has converged (i.e. for cases where the
cross sections are not strongly coolant dependent).

Only on first sweep of calculation (i.e. to set nominal coolant
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(a)
(b)

{c)
{d)
(e}

(£)

{q)

(h)
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densities).
Only when flux converged for every burnup step (i.e. dryout margin
purposes) .
Only when flux converged and only for first and last burnup set of
burnup cycle.
A new estimate of the poison cross section is determined in CONTRL
from the keff obtained in (ii) based on the rate of change of keff
with poison concentration (a new rate of change is estimated on
each iteration).
Steps (i) through to (v} are repeated in an iterative manner to
obtain a converged critical core and a converged power, coolant
density and cross section distribution. In most cases each step
uses previous iteration results to achieve a rapid calculation,
When convergence is achieved (TEST), a print out of results required
by the useris given during a final sweep of step (iii), (iv) and (i).
buring this converged sweep, a dryout margin calculation is perform-
ed in the hydraulic section (DRYOUT). The print out can take the
following form:
Fuel channel type and radial zone power distribution. Level |§a
Fuel channel type and radial zone total power together with peak to
average statistics. Level
Core RZ average power distribution. Level Eﬂ
Core RZ average flux distribution., Level
Hydraulic information for each fuel channel type consisting of
pressure, enthalpy, quality voidage, two phase multiplier, critical
heat flux and critical heat flux rates distributions. Level Ei]
Fuel channel type, coolant flow, minimum critical heat flux ratio,
riser exit pressure and quality. Also total core coolant flow.
Level @
Fuel assembly distributions of irradiation, rating, temperature,
xenon concentration together with the associated coolant density
normaliged fluxes. Level E]
Fuel assembly average information. Level []

The user can choose the detail of print out he requires by
specifying the level. Print out occurs of those data equal or below
the number specified. The code automatic;lly increases the level by

one for the first and last convergence step during the burnup cycle.
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5.2.3 Increase of core burnup time

When convergence of a burnup step has been achieved control is passed

to subroutine MOVE where

(i)

(ii)

(iii)

{iv)

The core burnup time is incremented by the specified burnup time
step interwval.

An estimate of the new poison concentration is made based on the
rate of change of core keff with time (a new rate of change is

calculated at the completion of each burnup step). If the estimate

' of poison concentration is less than the minimum specified the burn-

up time interval is suitably reduced to give the estimated time
corresponding to the end of life of the core loading.

A switch isg set so that the irradiation states of each fuel segment
will be advanced in CROSEC before determining the new EFS and

z 's . The irradiation will be advanced in CROSEC according to

RZE

L}
the present (ZFS)f g, ¢RZE

Control is returned to CALC where the process outlined in 5.2.2 is

's and the burnup step time.

repeated to obtain the new core power distribution. If the core
burnup time cannot be incremented by a significant amount, ox the
specified number of burnup time steps has been achieved, control is
returned to DATAIN to read further input data.

5.2.4 Reading and interpreting refuelling instructions

On return to DATAIN the code expects either some form of refuelling

instruction or an alternative form of calculation (perturbation or supercell

type, see Sections 5.4 and 5.5). However the code will, before reading in

any data, first dump all relevant information onto disc for possible later

restarting at this point. If the read-in data is refuelling information,

control is passed to MANDAT where

(i)

{ii)

(1ii)

(iv)

()

Fuel assembly moves are interpreted by transferring the fuel segment
irradiations and assembly type of the specified assembly to its new
specified location.

Fuel assembly loadings are interpreted by simply resetting the fuel
segment irradiations to zero and resetting the fuel assembly type.
Any data to reset burnup or print instructions is read in.

The poison concentration is reset to its initial core start value

oxr to a new read-in value.

2 summary is printed out of the rejected fuel assembly burnup and
fissile concentration distribution. The figsile concentration is

obtained from the cross section library and is based on the fuel
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segment irradiation.
(vi) Control is returned to CALC where the processes outlined in 5.2,2
and 5.2.3 are to be repeated to obtain the next end of core lifetime.

5.3 Equilibrium Burnup Calculation

The equilibrium burnup calculation can be considered to be made up of two
parts which are similar to the first two parts of the time dependent burnup
calculation.

5.3.1 Reading and preparation of data

In this section the same steps are performed as in 5.2.1 to set up the
geometry, hydraulic and cross section data. However the fuel management data
in the equilibrium model is set up slightly differently than in (ii) of
5.2.1, in that the paths taken by all the fuel assemblies are converted into
a string of fuel assembly core locations. Also the poison concentration,
if any, is fixed and an estimate of the average residence time within a core
assembly location is calculated from the specified fuel nmanagement average
core fuel rating and guess of core average burnup. A check is also made that
the fuel management is consistent with the core model. The guess of (ZFS)f's
are also based on the average of the expected burnup.

5.3.2 Calculation of the equilibrium residence time and critical

power distribution

Except for a few minor changes the equilibrium calculation is the same
as that in EQUICORE. A similar process to that outlined in 5.2.2 is used to
obtain a consistent equilibrium cross section-flux-coolant density distribu-
tion for a critical core. However in this case the residence time is varied
instead of the poison concentration and the determination of the equilibrium
averaged ZFS's is more complicated. To determine the ZFS'S for the time the
fuel remains in a location, the following steps are performed in subroutine
BURN.

(i} The irradiation of each fuel segment within the first specified

assembly core position is set to zero.

(ii) The cross sections are obtained from the library as outlined in

(i) of 5.2,2. 1In this case the temperature used to correct the cross
sections is based on the average fuel segment rating and burnup
while in that position, and is obtained from the fuel channel type
power distribution calculation. The xenon concentration correction
is similarly based on the previous iteration average rating and is
only made after the average EFS has been determined.

(i1i) The irradiation of each fuel axial segment is advanced for a fraction
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(v)
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5.4

23

of the estimated critical residence time. The burnup rate is based
on the (EFS)f and ZRZE' On the first iteration control is first
passed to EDISEC to convert the guessed flux distribution into
QRZE'S {see Section 5.2.2 (ii)}.

Steps (ii) and (iii) are repeated for the full residence time and
the average cross section of each fuel axial segment is determined.
The fuel assembly is moved to its next core location and steps (ii)
through to (iv) are repeated, increasing the fuel irradiation until
the assembly has completed its specified path through the core and
is rejected.

Process (i} through to (v) is repeated for each fuel assembly path
specified. During this calculation the average ZFS's of each chan-
nel type in a radial zone are combined to obtain the ZRZE‘S in the
same manner a& in Section 5.2.2 (i).

Although the channel power and hydraulic calculations are
exactly the same as in Section 5.2.2 they give in this case results
of a time averaged fuel channel. A similar, but improved technique
as described in EQUICORE is used to converge the residence time and
¢RZE'S. Tighter control on the fluxes is necessary when calculating
for SGHW reactors having large burnups and non-axisymetric reflector
geometries.

After convergence an extra sweep is made to print results (see
Section 5.2.2 (vii)) before control is returned to DATAIN where a
summary of the burnup and figsile concentration is given. Data for
a modified equilibrium calculation or a time dependent calculation
is then read in.

Supercell Calculation

This calculation can be requested at any stage in a time dependent burnup

calculation or after convergence of an equilibrium calculation. Control would

have been returned to DATAIN and a dump on disc of information existing at

that time will have been made. The procedure is again similar to the first two

parts of the time dependent calculation.

(i)

5.4.1 Reading and setting up data for supercell model

The new supercell geometry (2 radial zones, volumes, etc.) is
automatically set up in SUPDAT from the existing data of the fuel
channel type and radial zone requested. The inner radial zone radius
is made equal to the lattice cell radius and the outer supercell

radius is based on the number of channel fractions in the specified
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channel type. The mesh spacing is set according to the number of
mesh intervals specified for the two zones. The axial geometry is
left unaltered from the previous main calculation.

(ii) The specified fuel channel type is set up as the first radial zone
and@ the remaining channel types from the specified radial zone are
set up in the surrounding radial zone. For a supercell calculation
following an equilibrium calculation no outer channels are set and
the outer radial zone cross sections are set permanently_to those
used in the equilibrium calculation for that radial zone. Also
the irradiation distribution of the assemblies in the channel are
set according to the irradiation obtained by the equilibrium model
assembly on first reaching that location.

(iii) For the supercell following a time dependent calculation the total
power is set to give the same average power as existed in the radial
zone. For the supercell following an equilibrium calculation the
power is set such that the flux will be normalised to give the same
power at the edge of the supercell as that of the average power in
that radial zone,

5.4.2 Calculation of supercell distribution for consistent cross .

sections-flux—-coolant density distribution

A procedure similar to that in Section 5.2.2 is used to obtain a consis-
tent cross section-flux-coolant density distribution, except that the poison
cross section is not varied to obtain a critical supercell. Alsoc in the case
of an equilibrium type supercell, only the new conditions of the centre fuel
channel type are calculated and the flux in the supercell is normalised to
the set supercell edge power rather than to the total supercell power.

On return to DATAIN from a supercell calculation the code reads in the
previous dump of information to restore data conditions back to the way they
were before the supercell calculation started.

5.5 Perturbation Calculation

As with the supercell calculation this option can be requested at any
time when control is returned to DATAIN. When a perturbation calculation is
requested (key word PERT) control is passed to the special purpose PERT sub-
routine instead of CALC. The existing PERT subroutine (see Appendix C for
typical PERT coding) will have been either modified or rewritten by the user
and the typical sequence of events which would take place is

(i) ©Some changes to the core data are made, e.g. reactor power is

altered to determine the changes on fuel temperature, xenon



(ii)

(iii)

25

concentration and coolant distribution.
Depending on the user's wishes, processes outlined in Section 5.2.2
can be requested in terms of simple call statements to bring in the
various sections of the code, to enable the new perturbed power
distribution to be calculated. The cross sections calculated in
CROSEC will be based on the existing irradiation but all other
conditions (i.e. coolant density, fuel temperature and equilibrium
xenon concentration) will depend on the results of the new core
power distribution. In the case of an equilibrium calculation th
average ZFS'S are determined as in Section 5.3.2 except that the fuel
segment irradiation steps are not recalculated but are taken from
the results of the previous equilibrium burnup calculation.
Alternatively the user can access a built-in subroutine (PXEN) which
will calculate the time and flux dependent variation of xenon
concentration and at each time interval go through the process out-
lined in Section 5.2.2. The user can force changes to the addition-
al radial zone element absorption and u-fission cross sections (see
Section 5.2.2 (i)} to maintain criticality or prevent excessive
power peaks, via the variable BOOST. (See PERT coding Appendix C.)
When the PXEN subroutine is used the equilibrium full power
Xenon concentration (XEP) and library concentration (XEr) are first
determined in each fuel segment position for time t = 0 using
equation (1) and (2). The equilibrium iodine concentrxation (IOP)

is obtained from:

Iop =Yg * ¢/)\I

where

Yr = icdine fractional yield = 0,003

AI = iodine decay constant = 2.9 x 10°° .

The iodine and xenon in concentrations after a small time

interval (DT) is calculated from:

I0 =I0 +[-I0 * h_ + * 0] DT
o o [ o 1+ Y }
e * * O - *
XE = XE_ + [Iop AL+ Y * 0 XE (ye * Sye * (®pppta] DT
= * *
¢ o)1 * Cpgder ¥ Cpgpls * Cpgley
where
Ygo = Xenon fractional yield

Ve ~ V1 ¢
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The calculation is performed for INT intervals where

INT = XADT/XSTIM
XADT = time advanced between flux calculations (minutes)
XSTIM = specified time between xenon calculational intervals

(minutes) .

While using the perturbed (XEP)'s the (XEr) is held fixed.

The PXEN subroutine is automatically brought in if IXEN is set to 1
and the (XEr)‘s are calculated when XTIM is set to 0. The time
dependent xenon concentration is advanced when XADT is set positive,
T¢ allow for xenon concentration change during shutdown or low
power XPOW can be set to the fraction of the full power required.

To alter some radial zone element xXenon concentration to check on
instability XCTOP, XCBOT or XSRAD can be set to some fraction of
the equilibrium value at time t = 0. (See PERT coding, Appendix C.)

As with the supercell option, on return to DATAIN the previous
data conditions are automatically re-established.

A computing facility MODIT (E.W. Hesse - MODIT. A computing
facility for simplifying the task of developing large FORTRAN com-
puter facilities, AAEC unpublished report) is available which
allows the user to alter and extend PERT, PXEN and PCONT subroutines.

6. SPECIFICATION OF INPUT DATA

6,1 General

The cross section and fuel fissile concentration library is separated from
the problem input data and is read in from a separate data set (FORTRAN unit 7)
normally residing on disc. This library data is described in (6.7).

The data for a problem are supplied in free format following a key word
indicating the type of data. Blocks of data are separated only by key words
and not by cards. Any special characters (e.g. (,),, etc.) within the data
are ignored and treated as blanks, and thus can be inserted for ease of data
checking. Numbers are terminated by a blank or letter and key words are
terminated by blanks or numbers. Any zeros at the end of a data block need
not be specified. The blocks of data for a problem are grouped into 5 types:

(1) Title and cross section library specification data.

(2) Diffusion geometry layout data.

(3) Fuel management data.

(4) Hydraulic data.

(5) General burnup and code running data.

Data types 1 to 4 must be specified in the above order. Data blocks
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within each type can be specified in any order except for the block of data
indicating storage requirements which must preceed each data type., Data
belonging to type 5 need not be grouped together and can be placed between
data types. Data type 4 need not be specified if no hydraulic calculation is
required., WNo calculation takes place until the key word ENTER is read and

it must therefore bhe supplied after each refuelling. If a case is to start
from a dump of a previous case the key word REST must follow the title card.
In this case only blocks of data which are to be altered need be specified.

During a continuation of a burnup calculation (i.e. after refuelling)
extra data of type 3 will be specified. BAlso most data belonging to data
type 5 may be altered during the calculation.

A listing of input data for thee typical EQUICORE II calculations are
given in Appendix A. BAppendix Al is for a CANDU type reactor where the calcula~
tion has been arranged so that only half the symetrical core need be calculated.
This is achieved by tracing a fuel agsembly half way along cone channel and
then inverting the fuel to trace the fuel back in its partner channel.
Appendix A2 is for a very detailed calculation of a typical SGHW reactor where
an equilibrium calculation is used to obtain a guess of the core conditions
once an equilibrium cycle is reached, before a time dependent calculation is
started. This calculation allows for variation of the number of fuel channel
types near enrichment and reflector boundaries. Selected extracts of the
output of this case is given in Appendix B to demonstrate the information
available from the code. BAppendix A3 is for a simple calculation of an SGHW
reactor requiring little computer time. It is used for scoping type calcula-
tions,

6.2 Title and Cross Section Library Specification

Data for each new case must be preceded by a title card having an * in
column 1. The code will hunt for the next * card if a case fails for reasons
of input data errors, time exceeded or falled conveyance.

The first key following the title card of a new case must be:

LIB, Name of cross section library to be used (4 characters, see library
data specification (6.7)}), whether any of the following library
interpolation and correction factors should not be used
(not used # 0 use 0): for coolant density (set equal to coolant
density number in library),temperature, xenon and flux weighting
factors.

Note:

(1) The code automatically sets indicators off if data is not
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included in library.
(2) If a hydraulic calculation is not reguested and no particular
coolant density is requested the code will use the library mid
range density.
In the case of a restart of a previously run job the following keyword,
REST must follow the title card and the LIB data need not be specified.
REST, Number of ocutput dumps to be skipped over. '
Note: The last dump (on FORTRAN unit 8) will be used if the number
of dumps specified exceeds that on the dump file.

6.3 Diffusion Geometry Layout Data

This data is concerned with setting up data required by the diffusion
calculation section. Most of the data is similar to that used in EQUICORE.
The first key word of this data must be:

DIF, Active core height (cm), number of axial slices (NCHANX), radial
(NRAD) , and axial (NAX) mesh intervals, reflectors (NREF), whether
additional radial zone element cross sections are added (1 = yes,
-1 = yes but only to be used in PERT calculation, 0 = no), followed
by a series of 3 numbers A, I, and B allocating width of radial
zones such that A fuel channels are distributed over I radial zones

in manner indicated by B

where

B = 0, the channels will be equally divided over the I radial zones,
or

B = positive, the radial zones will be set up such that the inner
radial zone will be B times the width of the outer.

Note:

(1) NCHANX must be divisible by NPOS in the MAN data (see Section
6.3).

(2) The sum of A's is equal the number of fuel channels in the true
core and determines the active core radius.

(3) The sum of I's is equal the number of radial zones in calcula-
tion (NCHAN) and must be less than 10.

This data is followed by any of the following keywords.
RM, Radial mesh width specification from centre of core,

i.e. RM O FILL 17 (17) 1° (28) 20

specifies that the first 17 mesh intervals are to be allocated to

the active core followed by 2 intervals of 17 cm followed by 1 of

28 em to the radial reflectors.
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ca,
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Note:

(1) Thé core mesh intervals will be allocated according to the
following CA data.

(2) The last number must not be greater than specified in the DIF
data (NRAD).

Axial mesh width specification from bottom of reactor. This data

ig similar to RM,

i.e. 2ZM 0 (15) 2 FILL 12 (10} 13 {15) 14

Note:

(1) The core mesh intervals will be allocated according to the
following CCOR data.

{(2) The last number must not be greater than specified in the DIF
data (NAX).

(3) Reflectors need not be specified.

Arrangement of axial slices over the active core starting from

bottom of the reactor,

j.e. CCORO R2 221 4225723624 7 258 26 9 27 10 28 12 R3 14

specifies that the first two axial mesh intervals are to be filled

‘'with data of reflector data number 2, the next two intervals with

data of core region 1, the next one by core region 2 etc. If the
number of mesh intervals for the next and subsequent slices are the
same as the preceding slice the word FILL can be used,

i.e. CCOR O R2 2 %1 4 22 5 FILL 10 %8 12 R3 14

Note:

(1) The data must be consistent with the ZM data.

(2} The active core slices must be equal to that specified in the
DIF data. (NCHANX).

Radial reflector number followed by axial layout of radial reflectors

gtarting from bottom of reactor,

i,e. C 2 0R4 4 Rl 10 R4 14

specifies that the second radial reflector arrangement has 4 mesh

intervals of reflector material 4, followed by 6 intervals of

reflector material 1, ete. C data for each radial reflector speci-

fied in the following CA data must be given,

Note: The data must be constant with the ZM data.

Arrangement of radial zone and radial reflectors. This data is

similar to CCOR,

i.e. CA O 21 4 22 7 23 9 FILL 17 C1 19 c2 20
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specifies that the first 4 radial mesh intervals are to be allocated
to the first radial zone, followed by 3 to the next radial =zone, etc,
The first 17 mesh intervals will be allocated as per the CCOR date,
the next 2 as per radial reflector number 1, etc. The use of FILL
works, in the same way as in CCOR data and allocates in this example
2 mesh intervals for radial zones 4 to 17.

Note:

(1) The data must be consistent with the RM card.
(2) The number of radial zones must be equal to that specified in
the DIF data (NCHAN).

R, Reflector data number, cross sections Dy, Day % ,» X .0 L0 U .,
W2eyr Zpys Zpye
where
D = diffusion coefficient
Ea = absorption cross section
zrem = removal crogs section
qu = U fission cross section
ZP = poison addition absorption cross section per unit poison
concentration.
1l = group 1
2 = group 2
Note:

{1} R data must be given for each reflector material specified in
the C or CCOR data

{2} Reflector data number must not be greater than that specified
in the DIF data (NREF}.

XTRA, Lo1r Zagr MZeqr BIeos radial zone I to J, axial slice k to L.

These additional cross sections will be added to radial zone elements

specified by the I, J, K and L locations. More than cne lot of

XTRA data can be given.

Note: This data can only be given if specified in the DIF data.

©.4 Fuel Management Data

This data is concerned with the setting up of the layout of fuel channel
types and fuel assgembly locations, together with the interpreting of the fuel
management instructions. The first key word in this section of data in a new
case must be:

MAN, Maximum number of fuel channel types in any radial zone (NMAX), num-
ber of fuel assembly locations in a channel (NPOS), followed by data
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required only for an equilibrium burnup calculation consisting of

the number of fuel agsemblies to be traced through the core (number

of assemblies specified in ASS data blocks (see Section 6.4), the

maximum number of core locations any fuel assembly visits on its way

through the core (see Section 3.4.2), whether a perturbation calcu-

lation will follow this equilibrium burnup calculation (yes = 1,

no = 0} (see Section 5.5}).

Note: The number of core axial slices (NCHANX} specified in DIF
data, must be equally divided by NPOS,

This data is followed by any of the following keywords.

CHAN, Radial zone number, fraction of control poison to be applied to
radial zone (PRZF), number of fuel channel types (N) in radial
zone, followed by N channel type volume fractions (CTV) (see Section
3.1), N ratios of fuel residence time to control residence time in
each channel type (CTRT) (see Section 3.4.2) (required only for
equilibrium burnup calculations), number of fuel channels making up
supercell (NS).

Note:

(1) If CHAN data for a radial zone is not specified, PRZF = 1.0,
N=1,CrV = 1,0 and CTRT = 1.0 is assumed.

(2) If CTV are not specified or set equal to zerc, CTV's are set
to 1.0/N. If partly specified, the remaining CTV's are set
egqually to bring the total to 1.0,

(3) If CTRT's are not specified, CRT's are set to 1.0. If they
are only partly specified, the remaining will take the value
of the last CTRT specified.

(4) If NS is not specified NS is set to N. If NS = 1 no supercell
or flux weighting is possible.

The following key words are concerned with fuel loading and movement in
the core. These data would be supplied at various stages of the burnup calcu-
lation. Fuel assemblies are loaded into or moved to assembly locations desig-
nated by a 3 or 4 digit gigure, where the first digit signifies the radial
zone, the middle 1 or 2 digits signify the fuel channel type and the last
digit the fuel assembly location, numbered from the bottom of the core. Fuel
can be moved from any location of the core to any other. If the location
number is set negative (i.e. -113) the fuel assembly will be first inverted
before being placed in that position. Although the code checks that all

locations in the core are loaded and that all locations specified exist, no
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other check is made on the validity of the management. Therefore the user

should check that the channel type volume fractions and equilibrium residence

time ratios do not invalidate continuity of material.

LOAD,

Library fuel assembly type (see Section 3.4), followed by a string
of assembly location numbers indicating where this fuel ig to be
loaded. Used only for time dependent burnup calculations,

i.e. LOAD 2 121 122 1121 1122

specifies that fuel of library type 2 should be loaded in axial
locations 1 and 2 of channel type 2 and of channel type 12 of radial

Zone 1,

A series of LOAD data should be gpecified to cover the entire core. If

the instruction of some of the following radial zones are the same, the use

of the key word REP can be used.

REF,

Repeat instruction for next N radial zones. Used with LOAD, MOVE
ASS instructions and also with FEED and RISE in hydraulic section
i.e. LOAD 1 221 222 2121 2122 EEP 2

will specify loadings to radial zones 2, 3 and 4.

Note:

(1) The use of the word LOAD signals that a time dependent burnup
calculation is required.

(2) LOAD O specifies the loading of fuel based on results from a
previous equilibrium burnup calculation in a time dependent
calculation. (See later) following ASS key word,

Followed by pairs of assembly location numbers indicating that the

fuel assemblies should be moved from the first location to the next.

Used only for time dependent burnup calculations,

i.e. MOVE 112 to 113, 111 to 112

specifies that fuel assemblies in axial location 1 and 2 should be

moved up 1 location.

A series of MOVE data is normally required to transfer all
fuel, The REP key word can be used for radial zones having the same
instructions,

i.e. MOVE 112 to 121, 112 to -122, 111 to 112 REP 4

LOAD 3 111 REP 4

specifies that the movement and loading of radial zones 1 to 5.

The fuel is inverted on its way down the channel type 2.

Note:

(1) The fuel assembly existing in a location, to which some other
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fuel 1s being transferred, is lost and therefore must be moved

firgt, if it is required. fThe 'lost' fuel is considered to be

unloaded from the core.
(2) The word TQ need not be specified.

AsSS, Library fuel assembly type, followed by a string of assembly location
numbers indicating the path the assembly takes during its burnup in
the core. ASS is used only for equilibrium burnup calculations,
i.,e. a8Ss 3 111, 112, =122, 12l
specifies that assembly of fuel of library type 3 should bhe loaded
in axial location 1 of channel type 1 in radial zone 1 then moved
to location 2, then inverted and moved to location 2 of channel
type 2, then moved to location 1 and then finally rejected.

A series of ASS data should be specified to cover the entire
core. If the instructions of some of the following radial zones
are the same, the use of the key word REP (see back) can be used,
i,e. A88 3 111, 112, -112, 121 REP 2

ASS 2 411, 412, -422, 421 REP 3
will specify lcoadings to 7 radial zones.
Note: The use of the word ASS signals that an eguilibrium burnup
calculation is reguired.

LOAD O, Following an equilibrium burnup calculation the use of LOAD 0 will
automatically convert the equilibrium fuel management to a time
dependent burnup calculation,

i,e. ASS 1 111 121 131 141 151 161 171 181 191
followed after the equilibrium calculation by
LOAD O
will load fuel of type 1 having:
(i) =zero irradiation into lecation 111l
(ii) irradiation achieved during the equilibrium calculation in
111 into location 121
(iii) drradiation achieved in 121 into location 131 etc,
6.5 Hydraulic Data

This data is concerned with supplying the necessary remaining hydraulic
model (i.e. feeder and riser layout), including the hydraulic constants and
calculation requirements.

The first key word in this section must be:

HYD, Number of sections in feeder (WF) and in riser (NR), type of

calculation (NT) (0 = fixed inlet feeder pressure, 1 = constant
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riser exit quality), indicator when calculation should be done
(see Section 5.2.2 (iv)) i.e. 1 every iteration, 4 only when
converged, etc.}, whether light (0) or heavy (l)# water coolant,
options for slip correlation (1 = homogeneous, 2 = Bankoff-Armand,
3
2
CISE, 2 = Macbeth, 3 = Barnett, 4 = Janssen, S5 = W3, 6 = WAPD-92},

|

Bankoff-Jones), for grid two phase multiplier (1 = homogeneous,

equal to friction coefficient), for dryout correlation (1 =

for flow two phase multiplier (1 = homogeneous, 2 = Martinelli
Nelson, 3 = Levy, 5 = 1.0 + quality* (quality * XFMN + XFMN2), XFMN

for option 5,

#Note: Constant riser exit quality and heavy steam water properties

are yet to be incorporated.

This is followed by any of the following keywords.

Fraction of fission heat deposited in coolant, riser exit pressure
(psi), feeder inlet enthalpy (Btu/lb), if NT = 1 feeder inlet
pressure (psi) or NT = 2 riser exit quality (3), whethexr fuel
channels vertical (0) or horizontal (1), active core channel hydrau-
lic equivalent diameter (ft), flow area (ftz), total discontinuity
pressure loss coefficient smeared over the active length of the
channel, dryout correlation equivalent heated diameter, guess of an
average mass coolant flow (lbs/hr).

Radial zone number, feeder section number (numbered from pump) ,
feeder section height (ft), length (ft), equivalent hydraulic
diameter (ft), flow area (ftz), discontinuity pressure loss
coefficient,

A series of FEED data should be specified for each section and
radial zone. If the following radial zones are similar the key word
REP (see Section 6.4) can be used,

i.e. FEED 1,1 17,0, 20.0, 0.21, 0.33, 3.3 REP 3

FEED 1,2 1.0, 8.0, 0.4, 0.13, 0.6

FEED 2,2 0., 6.5, 0.4, 0,13, 0.6 RED 2
will speéify that data for feeder section will be set for radial
zones 1 to 4. Similarly for section 2 in radial zones 2 to 4, feeder
section 2 in radial zone 1 being different.
Note: NF x NCHAN feeder sections must be specified.
As per FEED data (sections number from active core)

Note: NR x NCHAN riser sections must be specified.
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6.6 General Burnup and Running Data

This data consists of general information for controlling the running of

the calculation. Most of this data may be changed during a burnup calculation.

BURN,

FLUX,

CONS,

ENTER,
ace,

Core thermal power (MW), desired core keff' guess of core average

burnup (MWA/tU}, lower limit of poison concentration (library units),

initial guess of poison concentration (library units), time depen-

dent burnup time steps (days).

Note: For an equilibrium burnup calculation the guess of poison

concentration is taken as a fixed amount of core poison.

Maximum allowable code executing time (minutes) between ENTER steps,

maximum number of burnup steps to be done before returning to read

further instructions, degree of print out (see Section 5.2.2 (vii}).

Last radial mesh point for the flattened region to be used in flux

guess calculation, flux extrapolation distances {cm from reflector

edge) radial, bottom and top, diffusion calculation dominance ratio,

Liebman acceleration factors group 1, group 2.

Note:

(1) The code will use the previous calculated flux if the flux guess
radius is set to 0.

{2) If Liebman factors are not specified the code will calculate its
own.

(3) For dominance ratio see EQUICORE 5.3.5.

Guess of rate of change of core kef with change in irradiation

£

(k/MWd/tU) , gquess of rate of change of core k with change in

poison concentration (units of library), fuelei:mperature calcula-
tion data (see Section 5.2.2 (i) (d)) consisting of: fraction of
heat of fission being deposited in fuel, fuel pin diameter {(cm),
number of ping in assembly, cold fuel/can gap {cm), enrichment
factor, system pressure (psi), heat transfer coefficient (W/cm2 c)
average coolant temperature (OC). Guess of average coolant density
(g / em®) at core inlet, at core outlet (only required for coolant
dependent cross section calculations}.

Note:

(1) If temperature data not specified temperature corrections are
not made to cross sections.

(2} Coolant density will be linearly interpolated along fuel channel.

To start any calculation going.

Accuracy specification. This data need not be specified unless
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values are to be altered. Built in values are indicated in
brackets.

Accuracy in core ke { X = 0.0005), in power distribution (fraction =

0.005), in hydraulic preiiure calculation (fraction = 0.0l), in source in
diffusion calculation at start (0.001), at finish (0.000075), waximum number
of diffusion calculation iterations (40), maximum number of flux iterations
per burnup step or equilibrium calculation (15), equilibrium flux combination
factor modifier (1.0).
PERT, Indicator of type of calculation, followed by a string of numbers
to be used in the special purpose perturbation calculation.
Note:
(1) This data is only required if a perturbation calculation is
required and the data will be dependent on the users wishes.
(See Appendix C) for testing of existing PERT routines which
includes a dictionary of important variables likely to be
altered.
(2) A PERT calculation must follow a normal burnup calculation.
SUPER, Channel type number, radial zone number, number of mesh intervals
in centre fuel channel cell, number of mesh intervals in rest of
supercell,centre channel volume fraction of supercell (only required
for supercell following equilibrium burnup calculation supercell).

6.7 Cross Section Library Data Specification

This data is normally read from disc {using FORTRAN unit number 7) and
consists of two group cross sections as a function of irradiation and coolant
density, together with correction factors for temperature and xenon. In
addition the library can include fuel fissile concentration as a function of
irradiation and flux weighting factors. All this data is in fixed format. A
library preparation code exists to help produce an EQUICORE library from the
METHUSELAH (Alpiar 1964) code.

Ttem 1 {1A4,1924) Library identification name, other reference information.
Item 2 (616) Number of fuel assembly types in library (NMAT), maximum

number of coolant densities in any material, maximum number of irra-
diations in any coolant density set, whether fuel temperature
correction data available (LTEMP, yes = 1, no = 0), whether fissile
concentration data available (LCONC) whether flux weighting factors
available (LFLUX).

Item 3 (4E 12.5) Lattice cell cross sectional area (cmz), weight of uranium

metal (kg/cm length), effective xenon yield at equilibrium.
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Items 4 to 16 required for NMAT fuel assemblies in turn.

Item 4 {I6,6X,3E 12.5) Number of coclant densities (NCOOL), datum fuel
temperature (OC), datum fuel rating (W/g), cell averaged microscopic
xenon thermal absorption cross section.

Items 5 to 14 required for NCOOL coolant density in turn.

Item 5 (I6,6X,3E 12.5) Numbexr of irradiations (NIRAD), coolant density
(g/cm ), cell average poison macroscopic absorption cross section
fast, thermal

Items 6 and 7 for NIRAD irradiations.

Item 6 (6E 12.5) irradiation (MWAd/tU) D,, Zal’ zrem' qul, zfl

Item 7 (4E 12.5) Dy, I o, Wlgyy Ly
where
D = ¢ell averaged diffusion coefficient
Ea = cell averaged absorption cross section
rem - cell averaged removal cross section
qu = cell averaged | fission cross section
Zf = cell averaged fission cross section
and suffix
1 = fast neutron group
2 = thermal neutron group

Item 8 required only if LCONC = 1

Item 8 (3E,12.5) Fissile concentration (g/kg initial U) 235y, total
plutonium, fissile plutonium.

Items 9 to 14 recquired only if LTEMP = 1

Item 9 (3E 13.6) Irradiation start, middle, end (MWA/tU)
Item 10 (6E 13.6) As, Am, Ae, Bs, Bm, Be for Eal

Item 11 {6 13.6) As, Am, Ae, Bs, Bm, Be for Za2

Item 12 (6E 13.6) As, Am, Ae, Bs, Bm, Be for Zrem

Item 13 (6E,13.6) As, Am, Be, Bs, Bm, Be for qul

Item 14 (6E 13.6) As, am, Re, Bs, Bm, Be for pzf2
where A and B are coefficients of Equation (3) and s, m, e indicates
values for irradiation near start, middle and end of life of assem-
bly.
Note: If A set to -l1. for any cross section the temperature

correction for that cross section is bypassed.
Items 15 and 16 required only if LFLUX = 1

Item 15 (3E 12.5) Supercell radius small, average, large (CM).
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Ttem 16 (6E 12.5) As, Aa, AL, Bs, Ba, B for (<I>c/<I>A)
where A and B are coefficients of Equation (4) and s, a, &, indi-
cates values for a small, average and large supercell.

7. COMMONLY USED NOMENCLATURE

radial zone element neutron flux

RZE

((DRZE)1 radial zone element neutron fast flux

{@RZE)2 radial zone element neutron thermal flux

QRZE'S all radial zone element neutron fluxes in core

ZFS fuel segment macroscopic cross section

(EFS)f fuel segment macroscopic fission cross section

ZFS'S all fuel segment macroscopic cross section used in the core
ERZE radial zone element macroscopic cross section

(ZRZE)f radial zone element macroscopic fission cross section
ZRZE.S all radial zone element macroscopic cross section used in the core
Yo iodine fractional yield

Yxe xenon fractional yield

Yyt effective equilibrium xenon fractional vyield = (YI + YXe)
AI iodine decay constant

XXe xenon decay constant

Xe xenon thermal cross section

8. ACKNOWLEDGEMENTS

The programming assistance of Mrs. J. Faulkner is gratefully acknowledged.

2, REFERENCES

Alpiar, R. (1964) - METHUSELAH 1, A Universal Assessment Programme for Liquid
Moderated Reactor Cells. AEEW-R135.

Bicevskis, A. and Hesse, E.W. (1969) - EQUICORE, A space Dependent Code to
Assess the Nuclear and Thermal Performance of SGHWR and Similar
Reactors - TRGL808(R).

Green, W.J. (1973) - HYDRO - A thermal hydraulic code suitable for assessing
pressure tube reactor systems (AAEC report in preparation).

Hesse, E.W, (1972) - Examination of design methods for calculating power distri-
butions in batch fuelled reactors.AAEC/TM630.



39

Hicks, D. (1967) - Performance Aspects of SGHWR Reactors. AEEW-R546.

Hopkins, D.R. and Oakes, D.B., (1967) - MAGOG - A three dimensional, two group
diffusion code with burnup. AEEW-R531,

Robinson, G.S. and Fayers, F.R. (1969) -~ The three dimensional flux synthesis
code CALEB for fuel management studies in SGHWRs. AEEW-R620.






13QO0W 330D 3302I1ND13 'L IWNOIH

3IdAL T3INNVHO 13nd
40 NOILVA3I3

T\. 22118 $3dAL TINNVHD ONIMOHS
7 g d ¥o103143¥ 3INOZ Viavd JO NVd
o
‘I NOILVOOT d\
e—— A1GWISSY ald aj2
vl A Nvl8
ajo :
- ) é aly 3H0D Zd 40 NOISIAIQ
Tmojw IVIXY alo
\ g|v/ ———T T
INIWO3S 13and N P4 39118 ST TSN
AT WO0193143Y =z =
1gW3ssY 13N 0101019 WOL10% . 1 .
A W v | olo v “ _ I _
3011S IVIXY P n
PP e
‘e NOILYDOT  HOLVYIGOW 2 13INNVHO INIW3IT3 r
b=—— ATGNISSY 134 ONISIHAWOD oz e vy — —
1732 3211V b
32118 VDIdAL — T
) H0103143Y _ “
HOLVH3IAON—T" -——-+
D 30118 gl g S0
s "01037434 4Ol = =218
3gnd <_moz<._<o\ © INOZ TVIQYH —— &&=
3gN.L A¥NSSIHd S~IT-
\ HO123743W Iviavy -

A1gW3ssy 13N4d




intermediate subroutine

g for setting up storage

and information

DIFDAT
Set up geemetry data for DIFSEC

MANDAT
Interpret fuel management for CROSEC and
summary of rejected fuel

COMIN
read in dump

DUMPIT
write out dump

HYDDAT
Set up hydraulic data for HYDSEC

EQUICORE
MAIN

GUESS
Calc. initial flux and guess

DATAIN

Read and setup data

l

RIED
Free format
routines

~ Converge kg

CONTRL

LIBRA
Set up cross section library

SUPDAT
Set up superce!l mode!

LIEB
isbman calcilation

DIFDAT
RZ diffusion calculation for care kg
and flux distribution

CALC

Bumup calculation

Increment burnup

MOVE

PCONT
Converge Ko

PERT

Perturbation calculation

TEST
Ko and flux converged ?
!

EDISEC

Calcutation of radial zone element fluxes

and channel type power distribution

DRYOUT

, Dryout margin calculation

. HYDSEC
Hydrautic calculation for channel
coolant density distribution

BURN
Equilibrium burnup model

CROSEC
Fuel assembly burnup calculation and
cross section preparation

PXE
Time dependent Xenon concentration
calculation

FIGURE 2. ARRANGEMENT OF EQUICORE CODE




APPENDIX A
EXAMPLE OF INPUT DATA FOR EQUICORE

Al. Sample of Equilibrium Burnup Calculation

The following input data is for a CANDU type on load
rdwhdwmmrMﬁmtmfwlwmmlwmsmaﬂmwtm
bi-directional once through refueling scheme. Because the
core and fuel management are axially symetric only half the
core is specified with the fuel being inverted to move down
its neighbouring channel.

The core has been divided into 3 flattened (140 channels)
and 6 unflattened radial zones (228) with 3 fuel assembly
positions in the half core. The residence time fractions have
been arranged to give a uniform burnup in the unflattened
region., The notched reflector (used to save D;0) is achieved
by using an absorbing material as reflector R2. No hydraulic
calculation is required.

A supercell calculation is set up for the 3rd radial zone
using an arbitrary supercell radius equivalent to the centre
cell volume, A PERT booster rod type calculation has also

been requested for which XTRA data has been supplied.
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* CANDU TYPE EQUILIB, UNIFORM, UNFLAT. ZONE BURNUP., HALF HEIGHT
LIB KCaAN

DIF 297.2 924 9 2 -1 (142 3 3.8),1(228 6 8.)

RM @ FILL 19(6.14)22(7)21(14222(16)23(25)24

ZM A FILL 9

R1 1.3152 @9.6840 0.000091 8.00007 €,01157 ¢.000094 @
R2 1.3152 0.8840 19, 10,

Ci adRL O

C2 @dR22RL?O

CCOR 8 21 1 FILL 9

CA @ 21 3 22 5 FILL 19 €1 22 C2 24

XTRA @ 2.0003 0 QP.00P65 4 1 3 8

MAN 2 3 9 6 1

CHAN 1 1.0 2

CHAN 2 1.8 2

CHAN 3 1.0 2

CHAN 4 1.0 2 @ .632

CHAN 5 1,8 2 2 671

CHAN 6 1.2 2 @ 0.742

CHAN 7 1.8 2 @ . 843

CHAN 8 1,0 2 @ 987

CHAN 9 1.8 2 o 1.147

ASS 1 111 112 113 -123 122 121 REP B
BURN 9£1.7 1.004 9000,

FLUX 7 @, 3.0 1.E+36 1.045

CONS 1.0E-5 @
.96 1,518 28 @,P038 1.0 1426,0 2,1 272,
RUN 1@ 28 2
ENTER
RUN 3@ 20 1
PERT 2 30 1@ 1. 36.2 128 .63
ENTER
RUN 5 20 3
SUPER 1 3 3 7 @,02
ENTER
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A2. Sample of Time Dependent Burnup (Complex Case)

The following input data is for a SGHW type reactor having
a 9 batch off-load refueling scheme. To examine the operating
conditions during the equilibium cycle, use is made of the
equilibrium method to provide a reasonable starting fuel irra-
diation distribution.

The core is divided inté 6 radial zones having the 9
channel types to represent the 9 batch refueling scheme.
Radial zone 4 represents the region near the fuel enrichment
boundary and therefore has 18 channel types to allow for both
enrichments.

The 9 batch refueling scheme also necessitates different
channel type volume fractions in zone 4 and 6 to achieve the
correct number of fuel assemblies being loaded at each re-
fueling. 7To achieve the equilibrium irradiation distribution,
fuel assemblies are moved from one channel type to the other.
This egquilibrium fuel management is not entirely correct
because of the different channel type volume fractions in zone
4 and 6.

Hydraulic data is provided for this case. A supercell
calculation for channel type 9 radial zone 4 is requested
after the core power distribution has been obtained for the
second refueling. A check on the effect of a 10% change in

power is also obtained via a PERT calculation.



Ad

2SGHW TYPE TIME DEPEANCHT WITH COOLANT AND EQUILIERTUM START

LI8 SGHTY
DIf 366. 8 16 12 2 4 (2607 3 3,00, (144 2 #), (8% 1 @)
R1 1.3307 .92142 7.-6 7.578-5 1.#%47-2 &.n-1 . 5. 03—
R2 1.429 @.9987 3.£-4 1.,22-3 .8151 1,12-4 » 3,0-56 1.3
RM @ FILL 13 {Aa,¥ 14 (12) 15 (200 15
ZM @20)101@)2 FILL 12
C1 @ R1 12
CA B ?1 3 %2 5 FILL 13 C1 16
CCOR @ R2 2 #1 4 72 5 FILL 10 #8 12
MAN 18 1 7 18
CHAN 1 1.8 %
CHAN 2 1.8 9
CHAN 3 1.2 9
CHAN 4 1.0 19 . .P69444  LBOT7P27 (69144
097222 .969444 097222 ,813480 997222
.069444 ,041667 813889 041667
.P13689 .041667 .013889 .@97222 .¢13689
.M41667 2 9
CHAN 5 1.0 9
CHAN 6 1.8 9 .13846 ,89231 .13846 .u9231
,13846 .A9231  L,@7692 09231 .13846
ASS 1 111 121t 131 141 151 161 173 181 191 REP I
ASS 2 4191 4111t 4121 4131 4141 41851 4161 4171 4181
ASS 2 511 521 531 541 551 561 571 581 591 RfP 1
FLUX ¢ o, @, 3. 1.04
CONS B.-6 1,-2 .936 1. 36 ,.083 .97 841, 4,48 272.
HYD 2 4 @ 1 8 3 1 1 5 659.0
CIRC @.96 8068 495.,2 881 0
0.03405 P.06338 G,9 @.84173 D,95+5
FEFED 1 1 17.9 2p.¢ 28.205 @.33 3.28 REP 5
FEED 1 2 @.2 6.5 ©.,41 0.132 @,57 REP 5
RISE 1 1 10.25 23.# ¢.205 @.,86838 1.428 REP 5
RISE 1 2 ®. 16.80 @.41 ©.0688 2.5 REP 5
RISE 1 3 0 ©# 20.P £.8688 2.4 REP 5
RISE 1 4 @ 6.5 6.5 0.0688 11,4 REP 5
BURN 1643.,0 1.0¢02 1gepp., @, 1.2 50,
RUN 25 28 1
ENTER
RUN 20 20 1
BURN 1643, 1,802 18008, @A. 2.4 56,
LOAD B
ENTER
LOAD 1 191 REP 3
LOAD 2 4181
LGAD 2 591 REP 1
RUN 28 1 2
ENTER
RUN 18 0 3
PERT. 1 1 1.1
ENTER
SUPER 9 4 4 8
ENTER
RUN 25 22 1

ENTER

6
-4

N

1.88-4



Ab

A3. Sample of Simple EQUICORE Calculation

The following input data is for a simple representation
of a typical SGHW reactor. This case is a simple version of
Appendix Ab having only three radial zones and few mesh points.
In addition to reduce running times the bottom reflector has
been removed and the hydraulic calculation is only requested
at the end of each step of the calculation. A check on the

axial stability is requested via the PERT card.



A&

#SGHWR SIMPLE CASE NO REFLECTOR & COOLANT AT END
L8 SGHT
DIF 366.8 4 9 6 2 8 (207 1 @ ) ( 98 1 8 > ( 117 1 &}
RL 1.3387 .92142 7.-6 7,578-5 1.08587-2 B.8-4 @&, 5.23-6 1.,88-4
R2 1.4089 9.987 3.9-4 1.22-3 .0151 1.12-4 8 3.96-6 1.31-4
RH @ FILL 7 (15) 8 (25) 9
# 0 FILL 6
CCOR 921 2 72 3 23 4 24 6
Cl & R1 6
CA @ #£1 3 225 FILL 7C1 9
CONS 8.-6 1.-2 .986 1. 36 .P83 ,97 B841. 4.48 272, .6 .4
MAN 18 1 4 18
CHAN 1 1 9
CHAN 2 1 18 0 @ 9
CHAN 3 1 9 .
ASS 1 111 121 131t 141 151 161 171 181 191 REF 1
ASS2 2181 2111 212t 2131 2141 2151 2161 2171 2181
ASS2 311 321 331 341 351 361 371 381 391
HYD 2 4 o 5 @ 3 1 1 5 59.0
CIRC @8.96 800 495.2 881 @
9.03405 ©,06338 10.8 £.04173 2.95+5

FEED &t 1 17,2 20.0 ©.,205 ©.33 3.28 REP 2

FEED 1 2 8.8 6.5 ©.41 @.132 0.57 REP 2

RISE 1 1 18.25 23.0 B.205 0.0688 1.428 REP 2
RISE 1 2 @&, 16.0 0,41 @.p688 2.5 REP 2

RISE 1 3 ¢ ¢ 20.8 0.0688 2.4 REP 2

RISE 1 4 @ 6.5 6.5 P.0688 11.2 REP 2

FLUX 5 2 @ 9 1.045

BURN 1653. 1,988 18500. @. @.9 5@
RUN 18 28 1

ENTER

LOAD @

BURN 1653, 1,908 185900 @. 1.8 5@
ENTER

LOAD 1 191 REP 1

LOAD 2 2181

LOAD 2 391

RUN 18 1 2

ENTER

RUN 328 2¢ 1

PERT 3 @ 2606 20 .2 1400
ENTER

RUN 10 28 1

ENTER

LOAD 1 181 REP1

LOAD 2 2171

LOAD 2 381

ENTER



APPENDIX B
EXTRACTS OF OQUTPUT DATA FOR A TYPICAL EQUICORE CALCULATION

This output is extracted from the SGHW reactor calculation

described in Appendix A2.
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APPENDIX C
EXAMPLE OF PERT SUBROUTINE

The following is a listing of the existing PERT subroutine
with its auxiliary subroutine PCONT. It contains the following
3 options:

(i) Simple change in power calculation,

(ii) CANDU type booster restart after xenon build up

calculation.

(iii} Xenon axial instability calculation.
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suB

DIM
COM

L L L T

EQu

DAT

GEN

ACC
ACC

GO

HR1

WOR
WOR
IXC
POW

IF(

CAL

tFt

ADJ
CAL
GO

c2

ROUTINE PERT(HWDROD}

ENSION WORD(48)

MON /DESC/

ACC(1P), AKEF{(1@), BCONC{10), TTFF(1@), FLWT(18), RVOL(18)
NOSTR{18), CONC(13)

TITLE(15)}, ACH, ASTPLS, AXFORM, BET, BLF, BURNUP, CAYT, CELLAR
EIGEN, HSX. 1B, IBURN, ISUPER, TEQUIL, IFILE, IFILER, IPAGE
IPERT, [IPOINT, IPRIN, 1SAGE, LFLWT, LXENN, LCOOL, ITEST, IXTRA
X80T, KFLUX, LRING, LTEMP, MIRI. NLIEB. NSTEPS, NYOTZ2, N3T
PERIOD, POWER, PRECIS, RATPFR, RDFORM, RESTME, RTIME, SUB

SUM, SvOL, THERMF, TIMLIM., UD., UGCC, URAN, XB., XDEC, XFACT1
XFACT2, ¥R, XT, YIELD, ANST., KDATA., MDATA., IDATA, IMAT, IMOVE
NAX, NCHAN, NCHANX, NSEGM, NRAD, NSTRE.NSGTOT,LUMPS

IFLOW, THERMK, PRDLIM, HEIGHT,TOTFLO. PDRUM, PPUMP, TPUMP
HPUMP, CEQXH, CEGXL, CEGDE., CEQA, CKOBS, CDHE, ICOOLH, SVMPUM
JS, JGR, JTP, JFRs INTOT.NRISE.NFEED, VOILEM, XFMN,PD . JORY , XFMNZ
PSTPAT,BO0ST, IXEN, XTIM,. XADT + XPOW, XSTIM, XCTOP, XCBOT, XSRAD, 1 XCON
IVALENCE(PSTPAT,PFSPONW)

PERTURBATION SURRGUTINE FOR SOME USER CONTROL

A FOR CONTROL OF PERT COMES VIA WORD HOLDING STRING

OF NUMBERS FOLLOKWING FIRST CONTROL INTEGERCIPERT) IN PERT DATA BLOCK

THE FOLLOWING IS A LIST OF THE MAIN VARTABLES
LIKELY T0 BE CHANGED BY USER

ERAL CONTRoOL

(1} ACCURACY ON POWER DISTRIBUTION
(8) PRINT OUT SPECIFICATION
e ETC, FULL LIST IN PROGRAM.

TEST FOR TYPE OF EXISTING PERT CALC.

10 (1,2,3,4),]IPERT

1 CONTINUE

TE(3,1001)

1801 FORMAT(/,10X.*POMER COEF. PERT CALCULATEON'./}
SIMPLE POWER COEFICIENT TYPE CALC.
RECALCULATE NEW NORMALISED FLUX AND CHANNEL POWER

D¢1) TYPE oF CONTROL 1=PDISON @=NONE
D(2) FRACTIONAL CHANGE IN CORE POWER
ON=WORD(1)+,1

ER=POWER*WORD{2)

198 CaLL EDISEC
RECALCULATE COOLANT DISTRIBUTION (IF REQUIRED) FOR CROSS SECTIONS

LCOOL.LT.3) CALL HYDSEC

RECALCULATE CROSS SECTIONS

L CROSEC

RECALCULATE FLUX ODISTRIBUTION
TEST IF CONVERGED(ITEST=0),0R RUN QUT OF TIME (ITEST=-1)

ITESTI11,12,13

13 CALL DIFSEC

UST REACTIVITY [F NECESSARY
L PCONT
T0 12

11 RETURN
12 WRITE(3,101)



c3

1@1 FORMAT(/,1@X, 'CASE CONVERGED')

RETURN

C

2 CONTINUE
c BOOSTER ROD (START UP) SIMULATION CALCULATION
c 800STER RODS REQUIRED TO OVER-RIDE XENON BUILT UP DURING SHUTDOWN
c POMER IS LIMITED TO MAXIMUM FUEL SEGMENT RATING SPECIFIED
C CALCULATION REQUIRES TIME DEPENDENT XENNN
c SET SWITCH FOR XENON CALC.

HRITE(3,288)HORND{1)
200 FORMAT(//,18X,'BOOSTER ROD RESTART CALCULATION'.,/,
118X, "SHUT DOWN TIME (MINS)',F18.1)

IXEN=1

C SET XENON TIME (XTIM) TO ZERO
ATIM=@. .

c SET XENON ADVANCE TIME T0 ENO OF SHUTDOWN
XADT=WORD(1)

[ SET XENON SMALL TIME STEP INTERVAL

XSTIM=HORDI(3)

C SET SHUTDOWN POWER FRACTION
XPOW=0,
C PUT N BOOSTER RODS BY MAKING THE RAOTAL ZONE ELEMENT
C CROSS SECTIONS GIVEN IN THE INPUT EFFECTIVE
IXTRA=1
C
c SET POWER TO EXPECTED MAXIMUM STARTUP POWER
C AND STORE REFERENCE FULL POWER
REFPOW=POUER
POWER=POWER*WORD(4)
c SET TYPE OF CONTROL IXCON=2 FOR BOOSTER
IXCON=2
JITT=8

C MUST CALL CROSEC FIRST TO ESTABLISH EQUIL. POWER XENON CONCENTRATION
25 CONTINUE
c SET UP NEW CROSS SECTIONS FOR NEW XENON CONDITION
CALL CROSEC
c TEST 1F CONVERGEODC(ITEST=@),0R RUN QUT OF TIME (ITEST=-1)
IF{ITEST)21,22,23
c CALCULATE NEW FLUX OISTRIBUTION
23 CALL DIFSEC
€ CALCULATE NEW POWER DISTRIBUTION FOR SET CORE POHER
C WILL RETURN PEAK FUEL SEGHMENT RATING (W/GRM}IN PFSPOM
CALL EDISEC
JITT=01TT+1
IF(JITT.EQ.1)GD TO 25
[ CALCULATE NEW MAXIMUM CORE POWER TO SAFETY PEAK PEAK SEGMENT
POWER=POWER#WORD{ 4)/PFSPONW
IF(POWER,GT.REFPOWIPOWERSREFPOW
HRITE(3,2101)POMER
2101 FORMAT(16X,'CORE POWER ',1PE16.3)
IF(ITEST,EQ.8)G0 TO 25
C RE-NORMALISES FLUXES AND POMWERS
CALL EDISEC
c CALL CONTROL SUBROUTINE TO INCREASE OR REDUCE BOOSTERS
CALL PCONT
Go To 25
21 RETURN
22 CONTINUE
c STEP CONVERGED
VAB=POWER/REFPOW=189,



201
c B

c i

c
26
282
27
203
c
c
c
c
C
3
16483
4
C
c
c
c
c
C
35
33
32
3g1
37
362

cq

HRITE(3,2@1XTIM,VAB,BOOST

FORMAT(/,10X, *STEP CONVERGEO FOR TIME (MINS}',F1@.1,
1' REACTOR POMER (X% FULL POWER)*,F10.2,'BOOSYERS',1PE12.3)
EFORE INCREASING TIME CHECK IF FAR ENQUGH

IF (POHER,GE.B.95+REFPOM) GO TO 26
IF(XTIM.GE.WORD(5})GO TO 27
NCREASE XENON ADVANCE TIME

NB XENON ADVANCE TIME(XADT)}MUST BE SET EACH TIME
XADT=WORD(2)

SWITCH OFF PRINTING AND CONVERGENCE TEST

IPRIN=0

ITEST=1

Go To 25

WRITE(3,282)

FORMAT(/,18X, "BACK TO FULL POHER")

RETURN

WRITE(3,203)

FORMAT(1GX, 'TAKING T0O LONG TO GET TQO FULL POWER')
RETURN

SIMPLE TEST OF AXIAL STABILITY WITH XENON
PERTURBATION, WITH NO ROD CONTROL

SEE SECTION 2 FOR XENON REMARKS

CONTINUE

WRITE(3,1003)

FORMAT(/,18X, *XENON STABILITY PERT CALCULATION',/)
IXEN=1

XTIM=0,

XPOW=1.2

XSTIM=WORD(3)

SET ADVANCE TIME TO @. TO GET XENON NOW

XADT=g,

FORCE SOME SUDDEN FRACTIONAL CHANGE TO XENON CONCENTRATION IN ALL
BOTTOM FUEL SEGMENTS IN INNER RADIAL ZONE
XCB0T=WORD(4)

AND INVERSE TO TOP

XCTOP=1,0/WORD{4)

SET TYPE OF CONTROL

IXCON=HWORD(1)

CALCULATION SECTION AS AVOVE

CONTINUE

CALL CROSEC

IF{ITEST)21,32,33

CALL DIFSEC

CALL EDISEC

IF(LCOOL,.LT,3) CALL HYDSEC

CALL PCONT

Go T0 35

HRITE(3,3ALIXTIN

FORMAT(/,10@X, *STEP CONVERGED FQR TIME (MINS,)',F16.1)
IF(XTIM,GT.HORD(S)) GO To 37
XADT=WORD(2}

IPRIN=0

ITEST=1

GO0 TO 35

WRITE(3,302)

FORMAT(/,18X,tEND OF PERY CALCULATION')
RETURN
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4 CONTINUE
RETURN .
END
SUBROUTINE PCONT
COMMON /DESC/
ACC(18), AKEF(18), BCONC(1R), TTFF(18), FLWT(16}, RVOL(1®)
» NOSTR(10), CONC{(1D)
» FITLE(15), ACH, ASTPLS, AXFORM, BET, BLF, BURNUP, CAYT, CFLLAR
» EIGEN, HSX, 1B, [BURN, [SUPER, IEQUIL, IFILE, IFILER, !PAGE
+ IPERT, IPOINT, IPRIN, ISAGE, LFLWT, LXENN, LCOOL, ITEST, IXTRA
+ KBOT, KFLUX, LRING, LTEMP, MIR1, NLIEB, NSTEPS, NTNT2, N3T
» PERIOD, POWER, PRECIS, RATPFR, RDFORM, RESTME, RTIME, SUB
+ SUM., SVOL, THERMF, TIMLIM, UD, UGCC. URAN, X8, XDEC, XFACT1
+ XFACT2, XR. XT, YIELD, ANST, KDATA, MDATA, IDATA, IMAT, I[MOVE
» NAX, NCHAN, NCHANX, NSEGM, NRAD, NSTRE,NSGTOT,LUMPS
+ IFLOW, THERMK, PRDLIM, HEIGHT,TOTFLO, PORUM, PPUMP, TPUMP
« HPUMP, CEQXH, CEQGXL, CEODE, CEQA, CKOBS, COHE., ICOOLH, SVMPUM
+ JSLJGR,JTP, JFR, INTOT.NRISE ,NFEED,VOILIM.XFMN,PD,JORY, XFMN2
« PSTPAT,BOOST, IXEN,XTIN,XADT,XPOW,XSTIM.XCTOP,XCBOT, X5RAD, I XCON
ATA ITER/B/

LBl e BU BTl Bla - B Wl SN I RS-

D

SUBROUTINE FOR ADJUSTING POISON (IXCON=1) OR
BOOSTER RODS (1XCON=2) TO ACHIEVE CRITICALITY

WRITE(3,180)EIGEN.SUB, AKEF (4)

108 FORMAT(/,19X, 'CURRENT KEFF.*',1PE13.6,

1' GOG FINAL ACCURACY',E11.4,' PREVIOUS KEFF,',E13.6)
DIF=EIGEN-AKEF (4)

STORE K IN PREVIOUS K BOX

AKEF {4)=EIGEN

CHECK TYPE {IXCON=@ NO CONTROL)
IFCIXCON.EQ.O)GD TO 38

FIND REACTIVITY ERROR, DESIRED K IN AKEF(1)
DELK=FIGEN - AKEF({1}
IFCIXCON.GT. 1) GO TO 28

POISON CONTROL

CALCULATE NEW POISON CONCENTRATION

POISON CONCENTRATION STORED IN BCONC{1)

RATE OF CHANGE OF K WIFH POISON IN BCONC(5)
BLAST=BCONC(1)
BCONC(1)=BCONC{1)+DELK/BCONC(5}
WRITE(3,183) BCONC{(1),BLAST
BCONC(2)=BLASY

133 FORMAT(/,10%,'POISON CONCENTRATION ESTIMATE',1PELR,3,

1' PREVIOUS ESTIMATE',E1@.3)
RESET IF CONCENTRATION ESTIMATE FALLS BELOW LIMIT
LOWEST ALLOWABLE POISON CONG. STORE IN BCONC(4)
IF(BCONC(1).GT.BCONC(4)} RETURN
CHECK 1F TRUE RESULT WILL BF BELOW LIMIT
ITER=ITER+1
IFCITER.LT.3)GOD TO 13
CRITICALITY NOT POSSIBLE
I1TEST=-1
WRITE(3,102)

102 FORMAYT(/1@X,'CASE WONT CONVERGE, REACTIVITY TOO LOW')

RETURN
13 BCONC(1)Y=BCONC(4)
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WRITE(3.,104) BCONC(4)

104 FORMAT(10X,'RESET T0',1PE18.3}

RETURN

2@ CONTINUE

REACTIVITY CONTROL WITH SIMPLE TYPE BOOSTER RODS
CONTROL IS MADE BY INCREASING OR DECREASING BOOST.
BOOST BEING THE MULTIPLICATION FACTOR USED TO
ADJUST THE FIXED RADIAL ZONE ELEMENT CROSS SECTIONS
GIVEN IN INPUT IE. TXTRA EQ.TO -1 OR 1

TEST IF NOT FIRST ITERATION
IFCITER.NE.B) GO TO 21

CALCULATED ARBITARY ADJUSTHMENT
BOOST=1.1
IFIDELK.GT.A.)YBOOST=8,9
RATE OF CHANGE Oof K HITH BOOSTER 1S RCBOOS
RCBOOS=DELK/(1.8-B0OST)
ITER=ITER+1
PBOOST=1.0
Go To 22
21 CONTINUE
CALCULATE RATE DF CHANGE OF K ON PREVIOUS CALCS.
DONT CHANGE IF CHANGE IN K TOO SHALL,
RCBOOS=DIF/{BOOST~-PBOOST)
STORE AND ESTIMATE ADJUSTMENT
23 PBOOST=BODOST
BOOST=BOOST-DELK/RCBOOS
IF(BOOST.LT.Q8.)B00ST=4.
22 CONTINUE
WRITE(3,201)B00ST,PBOOST

2@1 FORMAT(/,18X,*BOOSTER CONTROL ESTIMATE'.1PE1d.3,

1* PREVIOUS ESTIMATE',E18.3)
RETURN
3@ BCONC{2)=BCONC(1}
RETURN
END



