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ABSTRACT

A new procedure has been developed for rapid and accurate long range

fuel management studies. A computer program, FLAC, was written employing

this new procedure. The program has been verified and qualified for use

on large, commercial, nuclear reactors. Sensitivity studies have been

performed to determine the best methods for use of the program.

The procedure is derived from the FLARE model of nodal coupling. The

nodal equations are combined and averaged over regions to generate coupled

equations on a region-wise basis. This set of coupled equations and its

corresponding eigenvalue is solved to determine the relative region fission

sharings and the core average k ef.

The FLAC program automatically performs the cycle depletions and has
the capability of determining (1) cycle burnup, (2) end of cycle keff or
(3) the required feed enrichment. Up to 20 sequential cycles or equilibrium
cycle calculations can be performed. A significant number of options have

been included in the program for easy utilization without requiring detailed

knowledge of future cores. For example, the program can generate data
pertinent to either a ring interior or a checkerboard interior assembly

arrangement. The ability to use basic loading pattern data is a significant

improvement over the currently used weighted k procedures. And the ability

to automatically generate the loading pattern data provides for an ease of

usage unattainable with multi-dimensional calculations. Thus the FLAC

program allows one to do detailed fuel management studies with a simplicity

of input preparation.
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CHAPTER I

INTRODUCTION

Nuclear fuel management is one of the major responsibilities of a

utility with nuclear power plants. The objective is to obtain the maximum

utilization of the fuel while meeting scheduling and safety constraints.

There are currently a number of computational tools that are used in this

area, ranging from the trivial (5,7,8,12) to the complicated (3,11).

However, the trivial require significant normalization and the complicated

are very costly and time-consuming. Therefore, a computer program has

been developed embodying the benefits of both the trivial and the

complicated tools.

The model as developed makes use of the FLARE (4) equations on a

regionwise basis. Thus it keeps the regionwise data of the trivial codes

but solves for the keff and power distribution like the complicated codes.

A computer code, FLAC, has been written by using the model as

described in this report. The program incorporates many options and

automated input preparation to enable it to be easily used. It has been

thoroughly tested, verified and qualified. Its usefulness has been

demonstrated with numerous studies which can be done quickly and easily.

The main thrust of this development has been the modeling of

pressurized water reactor cores and all the test cases on the computer

program have been with PWR's. However, it is felt that these methods

could be extended to boiling water reactors, but it is left for future

work.
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1.1 Background

Currently there are many ways for doing long range fuel management

varying from the trivial to the very difficult and complex. The FLAC

program has been developed to lie between the simple methods and the

difficult and time consuming methods.

The simple methods (5,7,8,12) are based on variations of the general

formula:

N N
k = f w f(k ) w (1.1)
av

where

k is the core average k,
av.

N is the number of regions

k. is the region average k and is a function of burnup and

enrichment

w. is a weight for region i

f(.) is a general function which has an inverse f~1()

The simple linear reactivity model assumes that f(k) = k and that

w. = n., the number of assemblies in region i. Other models use a linear
11

reactivity model but use a weighting function equal to the region power

times the number of assemblies.

The big drawback to all of these simple methods is the need to know

the region-wise power sharings to perform the calculation. Even if the

weight functions do not include the power, it is still required to determine

the end of cycle region-wise burnups. Thus significant engineering

judgement is required or an equivalent multi-dimensional calculation.
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This greatly increases the difficulty of use, especially for novel

problems. Procedures of fitting the power sharings to various parameters

have been tried, but these at best yield only a first approximation to the

actual values. There is too much coupling in the core to adequately

determine the power sharings with a simple fit. Also, the simple

calculations can not properly factor in radial core leakage.

There are a variety of complicated methods for long range fuel

management (3,11), but they all require dimensional depletion calculations.

To do these depletions, loading patterns are required for each cycle.

Therefore, in addition to the large computer expenditure, a considerable

amount of man-time is required to setup these models and to find suitable

loading patterns. These models usually give accurate results, but

unfortunately reality seldom follows the desired path. Due to some

circumstance such as plant maintenance and/or operating requirements,

the actual fuel management scheme can not be followed as planned. Then

all the fuel management work is in error because a base point has now been

changed. Therefore, although it is possible to accurately predict core

behavior for a number of cycles, it is very costly and quite likely to be

invalidated by uncontrollable events. Therefore, there is little incentive

to perform these detailed calculations.

1.2 Summary

The FLAC computer program has been written to provide a long range

fuel management tool which generates results of the desired accuracy with

a minimum of effort and cost. This report describes the model, the

verification, the method of use and provides information about the computer

program.
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Chapter 2 describes the basic model used in FLAC as well as the many

options available in the program. These options include automated

generation of the fuel shuffling data from cycle to cycle and the edge

correspondence between regions for either a ring or a checkerboard loading

pattern. Also discussed is the interpolation scheme, the matrix solution

procedure and the various iterative search procedures employed by the

program.

The third chapter discusses the verification and qualification of the

computer code and the sensitivity to the important input parameters. The

verification demonstrates that the code has been properly programmed as

specified in the model. The qualification shows that the program is

applicable for long range fuel management studies for large PWR cores.

The results of sensitivity analysis can be used to determine the importance

of the various input parameters as an aid in deciding how much effort should

be put into input generation.

Chapter 4 presents the recommended method of use of the FLAC computer

program based on the previous qualification and sensitivity analyses. The

method is described and the anticipated accuracy is defined. The conclusions

of the study are also given along with many ideas for future work.

There are two appendices to this report, the first is a user's manual

for the FLAC program and the second is a listing of the program. The

user's manual includes a detailed input description and a discussion of the

output edits. Sample input and output listings are given as an aid to

understanding. Also included is a section giving programmer's information

which includes descriptions of the various variables and the subroutines in

the program.

As an aid to understanding this report a table of nomenclature has been

included as Table 1-1.
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TABLE 1-1

NOMENCLATURE

Symbol Definition

a Average albedo for an assembly

BOC Beginning of cycle

BP Burnable poison

Bu Burnup

BWR Boiling water reactor

EFPH Effective full power hours

EOC End of cycle

E: Initial enrichment

F H Hot channel peaking factor

GWD/MTM Giga-wall days per metric ton metal

K Energy release per fission

k Core effective k

k Infinite core k

Fundamental eigenvalue

MWD/MTM Megawatt days per metric ton metal

n Number of edges between regions

N Number of regions or number of assemblies

v Neutrons produced per fission

O Over-relaxation parameter

PWR Pressurized water reactor

S Fission Source

Z fMacroscopic fission cross section

W The probability that a neutron produced in one assembly

will be absorbed

w/o Weight per cent, generally w/o of U-235 in the uranium fuel
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CHAPTER 2

ANALYTICAL METHODS

FLAC is a computer program which is based on very simple, fundamental

assumptions. As such, it is very easy to comprehend the analytical model

underlying the program. However, in order to make FLAC a very useful

program, many different conveniences were built into the code. These

include various interpolation schemes, search procedures and input

generation. The basic models and assumptions underlying all of these

aspects are presented in this section.

2.1 Neutronics Model

Starting with the basic FLARE (4) equation:

k .
ES W.

S= m M mi (2.1)
j k .

Si

where S. = rate of production of fission energy neutrons at node;
J

where each node is one fuel assembly

W = probability that a neutron born at node m will ultimately
m

be absorbed at node j

k . = k at node j including xenon and axial affects

X = fundamental eigenvalue

Also, we know that:

(2.2)W. EW. - m' (1 - a ,)W.,
33 m Jm m m 3m
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where:

m' are the edges on the exterior

m are the edges on the interior

and am, is the albedo on an exterior edge.

If W . is independent of j, then W . = W . Also, m + m' = 4 for every
mj mJ m

node. Therefore, equation 2.2 can be rewritten as:

W.. = 1 - 4W. + E,a ,W. (2.3)
jJ J m m j

Combining equations 2.1 and 2.3 gives:

k_coi E S W
m mm

S. -
j k .

1 - c- [(1 - 4W.) + E, ,W.] (2.4)
X j mnij

which can be rewritten as:

[ - (1 - 4W.)+ Ea ,W.]S. = E S W (2.5)
k .j iM m J J m mm

Assume that k. and W. are the same for each node in region I. This
JJ

assumption implies that all the assemblies in a region are identical.

That is they have the same enrichment, burnup and burnable poison content.

Then summing over all the nodes in region I gives:

N

N-S [ (1 - 4WI)] + OSIWIn1I = S W Wn 1  (2.6)
oT J=1

for I = 1, 2, ... , N
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where:

N is the number of assemblies in region I

S is the average fission source in region I

W is the average absorption probability in region I

a is the average albedo in region I

n is the number of edges of region I adjacent to region J

nIa is the number of assembly edges in region I on the exterior and

N is the number of regions,

N

Note that n = n and that 4N = In + n . Equation 2.6 can
J=1

be rewritten as:

N

{[(l - 4W ) - 4aI f W ]k' - A}SI + I (4W f k )S = 0
J=1

for I = 1, 2, ... , N

where

f = Ia = fraction of edges on the exterior
Ita 4NI

f = - = fraction of edges in region I adjacent to region J
IJ 4NI

N
f + f = 1.0 (2.8)

J=l

If one defines

6 = [(1 - 4W ) - 4a fI I ]k (2.9)

and y = 4W f i k0 ((2.10)
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Then Equation 2.7 can be simply written as:

N

(I - X)S + y Si = 0 (2.11)
J=l

for I = 1, 2, ... , N

which is a standard eigenvalue problem.

The matrix formulation for equation 2.11 is:

(S + y )1 - Y12 *' 'lN 1

Y21 2 + y22 ... 2N S2

= (2.12)

YN1 YN2 * ' ' NN SN, 0

Solving for the largest eigenvalue will give the approximate core

eigenvalue. Its eigenvector will give the approximate assembly average

source terms.

The power sharing can then be found from

P = -= S (2.13)

where is the number of neutrons per fission divided by the average

energy production per fission for region I.

The power sharings are then normalized so that the volume weighted

average is unity.
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2.2 Matrix Solution

The matrix generated is a very small (on the order of 3 x 3 to 7 x 7)

matrix of the same form as in the FLARE program. We know that it is a

positive definite matrix within the context of its representation of a

reactor core and its representative parameters. The largest eigenvalue

will be distinct and positive and its eigenvector positive. Therefore, a

straight power iteration with an initial unity estimate for the eigenvector

will generate the desired eigenvalue and eigenvector.

As an aid to convergence, an over-relaxation procedure is used of

the form:

S i+= i + w([A]SA - S ) (2.14)

where w is the over-relaxation parameter. The default value built into

the code for w is 1.80.

The iteration proceeds until convergence which is measured by two

parameters:

A max I (IS. - S.i)
1 3 j

and

2  1 i+1 i

-3 -5
Convergence is assumed if A1 < 1 x 10 and A2 < 1 x 10 . With the

small matrices encountered, a maximum of 10-15 iterations are usually required.

To insure the elimination of round-off, the matrix solution routine is

written in double precision on the IBM 360.
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2.3 Generation of Tabular Data

A significant amount of data must be input in tabular form to the

program. Provisions have been made in the program to simplify this

input by using default data and fitting functions similar to the ones

in FLARE.

A default set of burnups are given in the code and are the values

0, 4, 8, 12, ... , 48 GWD/TU. A default set of axial leakage factors

are also built into the code for a 12 foot PWR. These are presented in

Figure 2.1. Corrections for cores other than 12 foot are made by

the expression:

BIAS = H + 0.5 BIAS(12') - 1.0 + 1.0 (2.15)
12.5

where

H is the core height in feet and 0.5 feet is the approximate

reflector savings. (This is about 7.6 cm for each end of the

core).

The kc may be entered in tabular form or by coefficients of a

function. When they are input in tabular form, care must be taken to

ensure that the different sets for different enrichments have the same

burnup correspondence. The ks entered should correspond to a full power

k, including equilibrium xenon, but should not include any soluble poison.

When FLARE type input is used to generate this data, the functional

form may be used. The function is given by:
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k = 0 Z Z0 o 10 2

kS = B0

Z=1- AP - ADop
p p

Dop =B
p 2

Pxe = B3 (1 + B Bu)

2 = 1 - B5Bu + B6Bu2 + B7Bu3 + B8Bu4 (2.16)

where Bu is burnup in GWD/MTU and p is the reactivity for the different

variables (xenon, doppler).

The burnable poison worth as a function of burnup is also entered.

The nominal BP worth is the worth of one rod in one assembly. This can

be tabulated or entered in a functional form. The function form is

given by

BP(Bu) = B (1 + B2Bu + B3Bu + B Bu + B5Bu ) (2.17)

where Bu is the burnup in GWD/MTU. It is usually a fairly good approximation

to assume that the BP worth is relatively insensitive to the enrichment.

If a dataset for a fuel cost calculation is to be prepared, then

isotopic data as a function of burnup and enrichment is required. The

data needed are the uranium depletion, U-235 enrichment and fissile
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plutonium production. This information may be input or standard default

data will be used. This default data is the same as that built into the

MUDEL (1,5) code and consists of three empirical relations. For a given

burnup (GWD/MTU) and enrichment (w/o) the following equations are used.

u/U = exp[-0.00159 Bu(l - 4.1 x 103 Bu)] (2.18)

U2 5 = e exp[-0.1162 B (1 + 2.75 x 10 Bu e)] (2.19)

3 0.4 4
10 Pu/U = 4.795 e [1 - exp(-0.1425 )] (2.20)

00.6

The accuracy of these expressions are discussed in Reference (1)

and will not be reproduced here.
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2.4 Generation of Shuffle

The program can on option automatically determine the shuffling

scheme from cycle i-l to cycle i. Two options are presently available

and they deal only with the treatment of the center assembly. The

shuffling is done very systematically. The feed fuel is assumed in the

highest number regions. Then the regions from the previous cycle are

inserted starting from the highest number region in the previous cycle.

All the assemblies in each region are used except for the last region

(excluding the center assembly) which uses only the number of assemblies

needed. When there is a center assembly of a different region, two options

are available. The first option uses an assembly from the previous cycle.

The other option uses an assembly discharged from cycle 1.

Explicit shuffling schemes must be input if the regions are not to

be progressed in sequential order or if assemblies are to be reinserted

after sitting out of the core for one or more cycles.

2.5 Generation of Edge Data

FLAC is different from all other programs in the need for edge data.

That is the number of assembly edges adjacent to assemblies of each region

and the periphery. Given a loading pattern, one can carefully count and

generate this information. However, one of the attributes of FLAC is the

ability to perform future cycle calculations without requiring loading

patterns. Therefore, coding was generated to enable the automatic computa-

tion of this edge data for two different loading pattern schemes. The two

schemes are commonly referred to as the ring pattern and the checkerboard

pattern. The ring pattern assumes that the regions are located in symmetric
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rings starting with the first region at the center. The checkerboard

pattern assumes that the highest number regions form a peripheral ring

with the interior regions arranged in a checkerboard distribution. The

coding developed will not duplicate the edge data for a specific loading

pattern, but it is general coding which will closely approximate the

information for any shuffling procedure which is used.

Both schemes use the same procedure for the peripheral assemblies.

The only information needed is the number of assemblies across the core

and the number of assemblies on the periphery with edges on the exterior.

The code assumes that the highest number region will be furthest out in

the core. Therefore, it starts with those assemblies with two edges on

the exterior, then goes to those assemblies with one edge on the exterior

and then those assemblies on the periphery at a corner with no edges on

the exterior. The number of edges on the exterior is simply:

n 4N (2.21)
ci row

where Nrow is the number of assembly rows. The number of peripheral

assemblies with two edges on the exterior is given by:

n = n - N (2.22)

where N is the number of assemblies on the periphery. The number of

assemblies at an inside corner of the periphery with no edges on the

exterior is given by:

n = n - N -4 (.
Oa~ ca p

(2.23)
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and of course the number of assemblies in the peripheral region with one

edge on the exterior is given by:

n = n - n  (2.24)

The program begins by segregating the peripheral assemblies with

two edges on the exterior. They are assumed to have no common edges.

The program then segregates out the peripheral assemblies with one edge

on the exterior. Edges are assumed to exist between the assemblies with

one and two edges on the exterior. However, a maximum is set of one

edge for those assemblies with one edge on the exterior and two edges

for those assemblies with two edges on the exterior. The assemblies on

the periphery with one edge on the exterior should by definition only have

one edge left to face the interior. Therefore, any excess edges are

assumed to be between those assemblies themselves.

The program next fills in the inside corner assemblies. These

assemblies have two edges adjacent to peripheral assemblies and two

edges on the interior. Therefore, starting with any excess edges left

from the assemblies with two edges on the exterior the correspondence is

assigned to have two edges of each interior corner assembly adjacent to

some peripheral assembly. This completes the core periphery.

The checkerboard pattern is generated assuming a uniform distribution

of the interior regions. If there is a region with a center assembly,

it is arbitrarily assumed to adjoin region 3 assemblies. The peripheral

assemblies are assumed to adjoin the interior regions in direct proportion

to the number of assemblies in each region. Similarly, the interior
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regions are assumed to be adjacent to the other interior regions in

direct proportion to the number of assemblies in each region. Any

remaining edges are assumed to be adjacent to assemblies of its same

region. The logic for the checkerboard is ideal and therefore will be

an approximation to any actual loading pattern.

The ring pattern on the interior is a little more complex. One

must first define the rings. A standard definition is used which gives

the number of assemblies within a ring and all smaller rings. The

rings are numbered sequentially from the center with each additional row

of assemblies being a new ring. Also, different formulas were developed

for an even number of assemblies versus an odd number of assemblies in a

core.

For an odd number of assemblies, the number of assemblies with a

ring is given by:

N, = 2(I-1)(I+2) + 1 I = 1, 2, 3, ... (2.25)

This was found to give a very accurate estimate of the number of assemblies

in each ring.

For an even number of assemblies, no direct formula was found, so

an area approach was used:

N, = r I I = 1, 2, 3, ... (2.26)

which was then rounded off to the nearest eight assemblies (or four for the

inner-most ring).
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In determining the edge correspondence between rings, many variables

have to be considered. It was assumed that assemblies in ring I would

first fill any vacant edge positions in ring I-1. But only one edge

per assembly was allowed to be adjacent to ring I-1. Then, each ring

must have eight additional edges on the outside of the ring since it is

larger. Any edges left over are assumed to be within assemblies in the

same ring. In meshing with the periphery, it is treated as any other

ring interface.

2.6 Interpolation Scheme

Many of the values used

and require interpolation or

interpolation scheme used is

interpolation of f(x i) given

by the program are input in tabular form

extrapolation. Whenever possible, the

the Lagrange 3 point interpolation. The

a fixed value of x is given by:

f(x) = a1f(x ) + a2 f(xi+ 1) + a3 f(xi+2)

(x -lX) (x i -2X)
i+l i+2

(x+1 - i+ 2 -X)

(x + - x i)(x+2 - xi+

i i i+

(x - xi+2 i+1 i+2

(2.27)

where

and a3
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The values x., x. and x are chosen so that the value x is

encompassed.

For extrapolation, a simple linear model is used to assure that no

change in slope occurs in the function being extrapolated. The linear

extrapolation is given by:

f(x) = C1f(xi) + a2f (xi+) (2.28)

where
(x i+1 X)

1 (x i+1 x)

a2 = 1 - a

The values x. and x.+1 are the closest to the desired variable x.

When the independent variable is burnup, it is assumed that the

table is monotonically increasing and that there are at least three

burnups tabulated. The fit will be made using one burnup below the

desired value and two points above it, if possible.

When the independent variable is enrichment, a more complicated

scheme is used. The interpolation is made only over those of the same

"fuel type" as the desired enrichment. Thus it is possible to separate

different fuel types such as plutonium of different recycle modes, thorium,

stainless clad, larger hydrogen to uranium ratio, etc. The program

makes no implicit assumption on the number of enrichments available for

interpolation or any sequential order. The program will try to determine

three points in the table - the closest value greater than the desired value,
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the closest value less than the desired value and the next closest value

to the desired value on either side. This will ensure the best three points

to use in the 3 point Lagrange interpolation. Note that for extrapolation

or when only two enrichments of the same type are given, only two points are

found and a.linear extrapolation is used. When only one enrichment is in the

table, a constant is generated independent of enrichment.

To insure proper interpolation, care must be taken in generating the

table. Enrichments of the same type should not be within 0.10 w/o of

each other. For close enrichments, secondary variables may distort the

true relationship with enrichment.

When the interpolation is to be made over both enrichment and burnup,

a two-step procedure is used. The three enrichments and three burnups

which are to be used in the interpolation are found as described above.

Then for each reference enrichment, an interpolation is made to yield the

dependent variable at the specified burnup for that reference enrichment.

Then the second step consists of interpolating the values at the desired

burnup and reference enrichments to give the value at the desired burnup and

enrichment.

2.7 Burnup Calculation

To determine cycle lifetime a burnup calculation must be performed.

Three different options are available - straight depletion with no control,

straight depletion with uniform control and a Haling calculation.

The three different options all require the beginning of cycle region

burnups. These are determined by input or by the shuffle from the previous

cycles. The end of cycle burnups from the previous cycles are modified,
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if necessary, to reflect partial discharge as discussed in Section 2.8 and

used as the beginning of cycle burnups for the current cycle.

The straight depletion options start with the beginning of cycle

burnups, calculate relative power sharings and then incrementing the

region burnups by the burnup step size times the relative region power

sharings. The nominal step size in the program is set at 4 GWD/MTU with

a shorter time step taken last to give the exact desired cycle lifetime.

A large time step is used since the variation of power sharings with

burnup in a cycle is usually small on a region-wise basis. Therefore,

the error is small.

For the no control depletion, the interpolated ks are used directly

without assuming any form of control. With uniform control, a search is

performed each depletion step to determine the uniform change in ks to be

applied to each region to yield the desired k of 1.0 within + .00001.

The uniform control option is used when the boron worth is input.

With a Haling (6) calculation option, an iteration is performed to

give the end of cycle power distribution which is held constant for the

entire cycle depletion. Thus an initial power distribution is assumed;

the EOC region-wise burnups are then determined using these power sharings;

and then the EOC power distribution is calculated. This new power distribution

is then used to recalculate the region-wise EOC burnups. This procedure is

used iteratively until the maximum region-wise power sharing difference

between iterations is less than 0.001.

Thus, the Haling option assumes that the reactor will be controlled

so that a constant power shape will be maintained during the core life.

Since end of life implies that there is no excess reactivity; there is no

control present. Therefore, the Haling calculation assumes that the power
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distribution during the cycle is identical to the end of cycle power

distribution which has no control.

2.8 Discharge Burnups

The number of assemblies discharged in any cycle is equal to the

total number of assemblies in the region minus the total number of

assemblies used from that region in all future cycles. It is assumed that

the burnup of all assemblies used in future cycles are identical and that

the discharge burnup of each assembly discharged is identical. But an

option exists to allow for different burnups between discharged and kept

assemblies. It is assumed that the distribution of burnups in a region is

uniform over a specified range. Also, it is assumed that the highest average

burnup assemblies will be discharged and the lowest burnup assemblies will

be kept. If there is a uniform distribution of assembly burnups within a

range of Bu avg+ABu, then the burnups are given by:

BuDischarged = Bu + ABu (1 - # Discharged) (2.29)
avg # Region

BuKept = Bu - ABu # Discharged) (2.30)
# Region

where the numbers are the number of assemblies discharged or in the

region. A typical value of ABu is 2 GWD/MTU.

2.9 Burnable Poison Treatment

The burnable poisons are treated on a region-wise basis. For each

cycle the total number of BPs are given and the fraction in each region.
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This allows for a search on the number of BP rods in the whole core if

desired. The depletion of the BP rods is handled on a functional basis

of the region average burnup. Thus the BP rods are not actually depleted.

The worth in one assembly of a single BP rod is tabulated as a function

of region burnup. The code assumes a linear relationship between worth

and the number of BP rods. This is a good assumption for a small number

of BP rods/assembly. Therefore, to determine the change in keff for a -

region due to burnable poisons, the following relationship is used:

(No. BPs)(Fraction in Region)
k (w BP) = k (wo BP) - No. Assemblies in Region P(Bu)

(2.31)

where pBP (Bu) is the worth of one BP rod at a burnup Bu. Note that the

BP worth is determined at the region average burnup, so there is an

implicit function that fresh BPs are only placed in fresh fuel.

2.10 Cycle Search Procedure

It is possible to search for any one of a number of variables each

cycle. The allowed search variables are:

cycle burnup

number of burnable poison rods

EOC keff

enrichment of any feed region

These searches are all performed using a Newton-Raphson procedure.

The new value of the variable y for iteration i+1 is given by:
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i+1 i i want
y = y - slope (k - k ) (2.32)

eff eff

i i-1
y -y

slope =
k - k
eff eff

i+1 i
Convergence is assumed when Iy - y | < e where e is .001 for

cycle burnups, 1.0 for number of BP rods, and .01 for enrichment.

These convergence criteria were set to yield acceptable results

without unnecessary accuracy. They also allow for significant changes

in the k to insure that division by the difference in k does not
eff eff

produce overflow problems in the computer. Note that no iteration is

needed for the EOC k , this is just a straight forward calculation.

To eliminate possibly large variations in feed enrichment, allowable

minimum and maximum values of enrichment are input. When the enrichment

hits the edge of this band, it is set to the value and the keff calculated.

2.11 Convergence Criteria

The program uses many different iterative scheme to calculate the

desired result. In some cases there can be a significant nesting of

iterative searches. Up to five iterations nestled together is possible.

These different iterative schemes are located in three different subroutines

and have built in convergence criteria. The various convergence criteria

are listed in Table 2.1 along with the subroutine where it may be found.
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TABLE 2.1

CONVERGENCE CRITERIA

Parameters Max. Iterations

EOC burnups

Cycle burnup

Number of BP rods

Feed enrichment

Boron defect

EOC Haling burnups

Eigenvector
Eigenvalue

EpsilonRoutine

EQCALC

CYCALC
EQCALC

CYCLC

CYCALCJ
CYCALCJ

SOLVE

0.0150

50

50

50

0.001

1.0

0.001

0.0001

0.001

0.001
0.00001

50

50
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CHAPTER 3

VERIFICATION AND QUALIFICATION

The checkout of a computer program consists of two separate and

distinct parts - verification and qualification. The verification of

a program consists of demonstrating that the program performs the

calculations as specified. The qualification of a program consists of

determining the applicability of the program for its use to calculate

various parameters using a prescribed method. Thus verification consists

of demonstrating that the program does what it is supposed to do and

qualification consists of showing that what it does gives good results

using certain methods.

Sensitivity studies were also performed to determine how accurate the

input needs to be to give acceptable results. These studies demonstrate

the adequacy of one value for the albedo and the absorption probability

(w) and the adequacy of the automatic generation of the edge data.

3.1 Verification

There are a number of areas which can be separately verified. The

two basic areas are the actual solution of the matrix equation and the

interpolation of data. These two aspects form the basis of the program.

All the other aspects can be verified by successful execution of the

program. For example, the various search procedures must converge to a

correct solution or be wrong.
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3.1.1 Matrix Verification

A 3 x 3 matrix was chosen for verificatign since it can readily be

solved by hand. For a 3 x 3 matrix given by

A = 21

Y31

12

2

Y32

(3.1)

Y13

Y23

3

The eigenvalues

Writing out the

are found by solving the equation det (A - XI) = 0.

determinant gives:

X -_ (i + 2 3 2 + Wy12 1 3 2 3 13 31 - y23Y32 - 12 21l)

+ 0 3y2 3y3 2 + 2 13 31 + 3 12Y21 - 1023 - 12 23>31

= 0

- y13Y2 1Y3 2)

(3.2)

The largest eigenvalue is found by solving the above third order

polynomial. This can be done easily by an iterative search. Given the

eigenvalue, the eigenvector is then calculated by:

S, = 1.0

2 3 12 1 2

S- 1 Y21 Y23 + 13

S3 y12 2 A 2 12

(3.3)
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A sample case was set up to test the matrix solution procedure.

The problem was a three region problem as specified in Table 3-1.

The values of a and w used are:

w = 0.10 and a = 0.30

The corresponding matrix for this problem as defined in Equations

2.9, 2.10 and 2.12 is:

.60234

.389791

.066852

.34855

.66066

.056948

.053005

.050650

.92880

The cubic polynomial giving

Equation 3.2 is:

the eigenvalues of this matrix using

3 - 2.191797X 2 + 1.428722X - 0.2416968 = 0 (3.4)

which gives as a solution X = 1.0527 within the accuracy of a hand

calculator. Applying Equation 3.3 gives the corresponding eigenvector:

1.0

S = 1.131

1.0589
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TABLE 3.1

MATRIX SOLUTION TEST PROBLEM

Fraction of Edges Adjacent to Region

1

0.0

0.8850

2

0.8680

0.0

3

0.1320

0.1150

Exterior

0.0

0.0

0.4620 0.28800.1350 0.1150

Region k ff

1

2

1.0039

1.1011

3 1.2380
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The answer calculated by the program was

.940

*= 1.0527 and S* = 1.06

.999

where \* = A and S* = .940 S.

Note that since S*, S are eigenvectors they can be normalized in

any fashion. Hence the fact that S* = 0.94S implies equality within a

multiple and hence implies that S and S* are identical eigenvectors.

Therefore, the program is correctly computing the matrix and its largest

eigenvalue and its corresponding eigenvector.

3.1.2 Interpolation Verification

The interpolation scheme was also verified. From the data in Table 3.2,

the kg for 3.20 w/o at a burnup of 22.0 GWD/MTU was calculated. The program

interpolated value was 1.1011.

As described in Section 2.6, the interpolation is done at the specified

burnup for each enrichment and then the value for the specified enrichment

is calculated. From equation (2.27) we get the relationship:

k (22) = -. 083333ks(8) + 1.020833ks(20) + .0625koo(36) (3.5)

so

k '9 w/ (2 2) = 1.07506

k 3.1 w/o 22) = 1.09243
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TABLE 3.2

DATA FOR k, INTERPOLATION

Burnup (GWD/MTU)

1

8

20

36

k, (2.90 w/o)

1.31136

1.22296

1.09447

.95529

ko (3. 10 w/o)

1.32605

1.23898

1.11178

.97183
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From Equation (2.28) we also have that

f3.2 (22) = -0.5 f2 .9 (22) + 1.5 f 3.1(22)

3.2 (3.6)
f (22) = 1.1011

Thus the hand calculation verifies the computer calculation for the

interpolation and extrapolation.

3.2 Qualification

The verification demonstrates that the FLAC program is functioning

as formulated. It remains to be demonstrated that the program is

qualified for use in fuel management studies. In order to evaluate the

effectiveness of a computer program, a large number of varied cases

should be run. The work done by Rieck (10) in his doctoral thesis is

well suited to provide benchmark cases for the FLAC code qualification.

A large number of variations in the number of feed assemblies for the

Zion reactor was investigated. Zion is a 4 loop PWR reactor by Westinghouse.

Its core consists of 193 assemblies distributed in 15 rows. The information

needed to generate the assembly k. data consistently with Rieck's data is

available in his thesis. Based on current knowledge, I believe that the

data presented by Rieck is not in perfect agreement with current calculations

for the Zion core. However, the use of the same k, data assures that the

comparison is meaningful. A comparison using the same basic input as was

used with more precise methods demonstrates how closely FLAC reproduces the

more precise calculations. As with anycomputer code, the accuracy of the

input will determine the accuracy of the output to a large degree. What

the qualification demonstrates is the ability of FLAC to obtain essentially

the same results as a more precise tool using the same basic input.
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Two depletion cases were run for eight cycles - one feeding 64

assemblies at 3.20 w/o and the other feeding 48 assemblies at 3.76 w/o.

Then various perturbation calculations were performed for cycle 9 with

variations in the number of feed assemblies from 48 to 84 and significant

variations in enrichment. There were 19 change cases starting from the

64 feed assembly case and 6 change cases starting from the 48 feed assembly

case.

The model employed in FLAC used the k, as generated from the SIMULATE

fit as used by Rieck. The automated generation of edge data with a

checkerboard interior and the automated shuffling option were used. The

number of feed assemblies and the feed enrichment were input and the

program was allowed to calculate the cycle lifetime. A boron search was

performed and a discharge burnup variation parameter of 2.0 OWD/MTM was

used. The desired end of life k ef was 1.0001 which corresponds to

approximately 10 ppm of residual boron which would translate into about

0.01 GWD/MTU. The results of the comparison are presented in Tables 3.3

through 3.6.

As can be seen from comparing the results,the FLAC calculations agree

very well with the more detailed calculations performed by Rieck. The

results for all 39 cycles yield an average difference in the cycle burnup

of only 79 MWD/MTU (less than 1% error) and a standard deviation of 104 MWD/MTU.

This is excellent accuracy for a survey tool since the cycle average burnup

is seldom known by even the best methods to within + 100 MWD/MTM. This is

due to the fact that there does exist manufacturing, design, enrichment and

cross section uncertainties all of which create uncertainty in the final

design calculations.
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TABLE 3.3

ZION 64 FEED ASSEMBLY CYCLE STUDY

3-D Calculations
Cycle

Cycle Burnup
(GWD/MTU)

1

2

3

4

5

6

7

8

15.600

9.652

9.894

10.284

10.038

10.084

10.081

10.081

Discharge
Burnup

(GWD/MTU)

16.943

25.115

32.076

30.306

30.401

30.419

30.399

30.400

FLAC
Cycle
Burnup

(GWD/MTU)

*

9.715

10.095

10.164

10.050

10.104

10.093

10.090

Discharge
Burnup_

(GWD/MTU)

17.407

25.800

31.672

30.331

30.502

30.471

30.456

30.408

Difference
Cycle
Burnup

(GWD/MTU)

.063

.201

-. 120

.012

.020

.012

.009

Discharge
Burnup

(GWD/MTU)

.207

.685

-. 404

.025

.101

.052

.057

.008

Average .028

Standard Deviation .088

.091

.280

*Because of burnable poisons, the search was on the calculated keff

at end of life.
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ZION 48 FEED

3-D Calculations
Cycle Discharge

Cycle Burnuo Burnup
(GWD/MTU) (GWD/MTU)

TABLE 3.4

ASSEMBLY CYCLE STUDY

FLAC
Cycle
Burnup

(GWD/MTU)

Discharge
Burnup
(GWD/MTU)

Difference
Cycle Discharge
Burnup Burnup
(GWD/MTU) (GWD/MTU)

15.600

8.228

8.887

9.868

10.151

9.659

9.769

9.811

17.174

23.917

31.559

37.029

38.433

39.191

39.488

39.370

*

8.436

9.419

9.780

10.422

9.731

9.892

9.943

17.899

25.394

32.224

38.239

38.897

39.710

40.092

39.892

Average '

Standard Deviation

.208

.532

-. 088

.271

.072

.123

.132

.179

.178

.725

1.477

.665

1.210

.464

.519

.604

.526

.774

.344

*Because of burnable poisons, the search was on the calculated keff

at end of life

1

2

3

4

5

6

7

8
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Case

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

Number

56

60

64

68

72

76

80

60

64

68

64

68

76

68

72

80

72

76

84

ZION VARIATION

Enrichment
(w/o U-235)

4.42

3.86

3.70

3.40

3.30

3.06

2.94

4.34

3.96

3.78

4.20

3.88

3.42

4.34

4.00

3.60

4.50

4.20

3.76

TABLE 3.5

FROM 64 FEED

3-D
Burnup

(GWD/MTU)

10.953

10.709

11.057

11.007

11.279

11.104

11.174

11.606

11.618

11.874

12.097

12.088

12.103

13.100

13.019

13.118

14.127

14.131

14.150

Average

Standard Deviation

ASSEMBLIES

FLAC
Burnup

(GWD /MTU)

11.049

10.785

11.138

11.063

11.321

11.146

11.211

11.666

11.639

11.873

12.123

12.086

12.106

13.115

12.955

13.087

14.225

14.096

14.076

Difference
(GWD/MTU)

.096

.076

.081

.056

.042

.042

.037

.060

.021

-.001

.026

-.002

.003

.015

-.064

-.031

.098

-.035

-.074

+25.6

48.6



TABLE 3.6

ZION VARIATION FROM 48 FEED ASSEMBLIES

Enrichment
(w/o U-235)

4.06

3.74

3.30

4.38

4.06

3.52

3-D
Burnup

(GWD/MTU)

11.780

11.861

12.023

13.823

13.850

13.822

FLAC
Burnup

(GWD/MTU)

11.918

12.007

12.230

13.950

13.914

13.826

Average

Difference
(GWD/MTU)

.138

.146

.207

.127

.064

.004

114.3

Standard Deviation

Case
Number

Fed

1

2

3

4

5

6

56

60

68

64

68

76

4S-

64.6
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These cases covered a very broad range of conditions going from 48

feed assemblies to 84 feed assemblies in a variety of loading patterns.

These cases also covered successive cycles and demonstrated that the

deviations do not become larger cummulatively. Instead they demonstrate

convergence as the equilibrium cycling scheme is approached. Yet the edge

data was generated in FLAC automatically for each case, thus demonstrating

the adequacy of this procedure for predicting average cycle burnups.

A comparison of the region discharge burnups in Tables 3.3 and 3.4

also shows good agreement. As expected, the average discharge burnup

variation in the three region core is approximately three times the cycle

burnup variation and the average discharge burnup variation in the four

region core is approximately four times the cycle burnup variation. The

largest discrepancies appear to be associated with regions 1, 2 and 3 which

were all in cycle 1 with burnable poisons. Very little work was done with.

the burnable poison treatment and it is expected that future work could

refine this calculation. Also, there are large discrepancies in the four

region case for cycles 2 through 4 where partial regions were discharged.

One primary reason for these differences is the method of selecting the

assemblies to be discharged. FLAC seeks to optimize fuel utilization and

hence discharges the highest burnup fraction of the region. In the

comparison study the selection seems to be fairly random with in some cases

the lowest burnup assembly in a region being discharged.

The actual power or burnup sharings between regions in a cycle is subject

to more variation since it is highly dependent on the loading pattern.

Table 3.7 shows the comparison between the actual burnup sharings from the

explicit multi-dimensional calculation and the FLAC calculation for an

equilibrium cycle in Zion with both 48 and 64 feed assemblies. As can be
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TABLE 3.7

BURNUP SHARING COMPARISON

64 Feed Assemblies

3-D
Burnup
Sharing

(GWD/MTU)

8.2

8.3

10.8

10.5

FLAC
Burnup
Sharing

(GWD/MTU)

Number of
Assemblies

8.2

8.7

10.4

10.7

48 Feed Assemblies

3-D
Burnup
Sharing

(GWD/MTU)

7.5

7.9

10.1

12.3

FLAC
Burnup
Sharing
(GWD/MTU)

Number of
Assemblies

9.9 10.0

Region

1

2

3

4

64

64

64

Region

1

2

3

4

5

6.8

8.6

8.9

11.8

48

48

48

48
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seen the results are generally within + 10% and for the 64 feed assembly,

the results are excellent.

Based on these comparisons, FLAC appears to generate acceptable

results for long range fuel management studies. The cycle length will

be estimated within + 500 MWD/MTU with a high degree of certainty assuming

the input is generated properly.

3.3 Sensitivity Analysis

FLAC is an approximate method. It is not a detailed and sophisticated

procedure to yield very accurate results. Therefore, it does not require

extremely accurate input data. Some of the input data does vary somewhat

with particular core configurations (i.e., W and ALPHA, the absorption

probability and the albedo), yet only average values are used. Other

parameters will vary depending.on the actual loading pattern (number of

edges), yet only a general type of loading pattern is assumed. This section

will discuss the various analyses which were done to quantify the sensitivity

to these variables.

3.3.1 Sensitivity to W and ALPHA

A 193 assembly core, 3 region case was calculated for different

combinations of values of W, the probability that a neutron born in one

node will be absorbed in an adjacent node, and of ALPHA, the albedo.

The range of values was W from 0.100 to 0.140 and ALPHA from 0.25 to 0.50.

The values that have been found to give the best results for many different

cases are W equal to 0.115 and ALPHA equal to 0.30. The sensitivity analysis

demonstrates that variation in the parameters by + 10% yields results with

acceptable accuracy (+ .005 Ap and + 5% in regionwise power). These results
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are graphically displayed in Figures 3.1 through 3.8. These figures

indicate that the inner regions are relatively insensitive to the

variations. Thus the major variations are the peripheral region power

sharing and the k ff

3.3.2 Sensitivity to Edge Data

Cycle length and power sharings are affected by the loading pattern

choice, yet when running FLAC one does not want to have to know the

precise loading pattern in each cycle. One would like the results

to be relatively insensitive to the loading pattern, while being

capable of determining the relative merits of different types of loading

pattern schemes. And it appears that FLAC can do this.

First, the results are relatively independent of the variations in

a loadina pattern within a particular scheme. All of the verification

runs used the automatic checkerboard loading edge data routine built

into the code. Thus the verification included random deviations from

the actual loading pattern assuming the general constraint of a peripheral

feed with a checkerboard interior.

A separate study was performed with edge data corresponding to

various loading patterns. The data corresponds to the actual loading

pattern in a three region core using a checkerboard interior and

automatically generated for a checkerboard pattern, a ring pattern and

checkerboard patterns with burnt fuel in the periphery. The results are

summarized in Table 3.8. As can be seen from this table, there are only

minor differences between the actual checkerboard pattern and the code

generated one, yet significant differences can be noticed between the

other loading patterns. For example, the cases with the burnt assemblies
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Figure 3-6

Sensitivity Study, Region 2 Power versus W and oc
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Figure 3-7

Sensitivity Study, Region 3 Power versus W and c(.
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TABLE 3.8

LOADING PATTERN SENSITIVITIES

Actual
Checkerboard

Automatic
Checkerboard

Automatic
Ring

Checkerboard
12 Burnt on
Periphery

Checkerboard
24 Burnt on
Periphery

Cycle Length
(GWD/MTU)

Power Sharings

Reg 3 BOL

EOL

Reg 2 BOL

EOL

Reg 3 BOL

EOL

11.01

.933

.900

1.110

1.108

.961

.994

10.98

.943

.905

1.106

1.106

.954

.991

Based on: 157 Assembly Core
52 Feed Assemblies at 3.20 w/o U-235

Equilibrium Cycle

10.40

1.122

.953

1.262

1.169

.626

.883

11.09

1.154

1.063

1.058

1.086

.792

.852

11.62

1.284

1.176

1.047

1.091

.674

.736

Lfl
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on the periphery show increased cycle lifetime due to reduced neutron

leakage. However, these cases also indicate higher powers in the feed

region. The ring model agrees with the general view that the checkerboard

patterns are superior to ring patterns for larger cores since rings have

higher peaking and less cycle lifetime.

A second study was done using the Zion model as discussed in

Section 3.2. Equilibrium cycle calculations were done to determine the

feed enrichment required for a fixed 11.0 GWD/MTM cycle length for

various numbers of feed assemblies from 48 to 84. These cases were run

with a checkerboard interior and a ring interior. These results are

summarized in Table 3.9 and the required enrichment given in Figure 3.9.

These results also demonstrate the superiority of the checkerboard pattern.

It also indicates the variation in power sharings as the number of feed

assemblies is changed. This type of data is presently impossible to obtain

without explicit multi-dimensional calculations.

Therefore, FLAC presents a good compromise on the need for accurate

knowledge of a loading pattern. It can differentiate between different

basic types but does not need a detailed description of the loading pattern.

3.3.3 Sensitivity to Boron Search

An option exists in FLAC to calculate a uniform poison worth each step

and use this to modify the region km's. This is comparable to a search

to criticality using the soluble boron concentration as the search variable.

Two calculations, one with and one without the search, were performed to

determine the effect of the search. The results are listed in Table 3.10.

These show that the effect is fairly small with the largest effect at



TABLE 3.9

EQUILIBRIUM FEED ENRICHMENT

Number of
Feed Assemblies

48

52

56

60

64

68

72

76

80

84

Checkerboard Pattern
Feed Peak

Enrichment Power
(w/o U-235)

4.133 1.207

3.943 1.165

3.822 1.308

3.615 1.216

3.443 1.161

3.339 1.148

3.243 1.147

3.156 1.141

2.070 1.123

2.987 1.097

Ring Pattern
Feed Peak

Enrichment Power
(w/o U-235)

4.424 1.651

4.216 1.477

3.987 1.481

3.780 1.407

3.619 1.391

3.503 1.402

3.367 1.343

3.246 1.311

3.145 1.289

3.052 1.284

193 Assembly Core
11.0 GWD/MTM Cycle Length
Equilibrium Cycle

C'
C

Based on:
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TABLE 3.10

SENSITIVITY TO BORON SEARCH

Parameter

EOL k eff

Power Sharings

Region 3 BOL
EOL

Region 2 BOL
EOL

Region 1 BOL
EOL

Boron Search

0.9992

.908

.886

1.121
1.114

.975
1.002

No. Search

1.0002

.882
.887

1.128
1.114

.993
1.001

Based on: 157 assembly core
52 Feed Assemblies at 3.2 w/o U-235

Cycle length of 11.00 GWD/MTU
Equilibrium Cycle
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beginning of life where the poison concentration is the highest. However,

at end of life the effect is very small. The effect of the boron search

is within the uncertainty of the calculation and its use is optional.

However, to assure consistant comparison of different cases; the same

option should be used in each case.



64

CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 Recommended Method

FLAC is an approximate tool giving results only within a specified

range. Care must be taken to avoid losing sight of this basic

characteristic. When preparing the input to FLAC, therefore, one

should not get buried in details which in the end will have no significant

affect on the results.

The interpolation scheme in FLAC gives very good results over fairly

wide ranges of enrichment. Therefore, I would recommend enrichments

spaced at intervals of about 0.5 w/o U-235. In fact, data corresponding

to two enrichments very close in enrichment cart cause errors since there

are usually secondary parameters which vary from region 'to region in

addition to the enrichment. And for very small changes in enrichment,

these secondary changes could be quite significant. As far as burnup

variations, steps of 4.0 GWD/MTMare generally sufficient and even larger

steps would probably be adequate.

The actual k. data can be taken from LEOPARD (2) calculations which

properly homogenize the whole assembly. The k. should correspond to full

power fuel temperatures and moderator densities, contain equilibrium xenon,

samarium and the other fission products and not contain any soluble boron.

The isotopic information can be generated using the built in fit unless

significant variation is seen or unless a different fuel type (i.e. thorium)

is used.

The use of the automated shuffle option and the automated edge data

generation option are highly recommended. There will probably be more cases
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to explicitly input the shuffle than the edge data. For example, when

assemblies are reinserted into the core after sitting out one or more

cycles or when different shuffling schemes are to be tried which do not

have the feed region exclusively in the periphery. However, since most

loading patterns are variations of a checkerboard loading pattern, this

option is highly recommended.

The use of the boron search option feature is optional since its

effect is small. However, not using this option does slightly simplify the

the input.

Since the results are relatively insensitive to the values of W and

ALPHA, it is recommended that the default values be used for standard PWR

cores. For BWR cores or non-standard cores, a study should be performed

to determine the optimum values of these parameters.

For the search procedure, it is recommended that the burnup search be

used most frequently. The enrichment search should be used mainly in

equilibrium cycle calculations where large fluctuations in enrichment will

not occur.

The one big assumption in generating the FLAC equations from the FLARE

equations is the homogeneity of the region. It assumed that the koc is

identical for each assembly in the region. This assumes that the burnup

and enrichment are the same for each assembly within a region. This is

usually not possible, but regions as used by the code should be assemblies

having the same enrichment and approximately the same burnup at beginning

and end of life. Thus split enrichment feeds should be divided up as well

as regions placed both on the periphery and in the interior.

The use of the above methods should produce good results with a minimum

of effort. Their use is therefore recommended.
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4.2 Method Accuracy

Based on the verification, qualification and sensitivity analysis

performed, the recommended method will produce good results. In long

range fuel management there are many variables which can alter the results

of a study. Many of these variables are external and can not be controlled.

Therefore, it is superfulous to calculate any of the parameters to a high

degree of accuracy.

The FLAC program using the recommended procedure can predict the cycle

length to within + 500 MWD/MTM to a high degree of confidence. Likewise,

it can predict the region power sharings to within + 10%. A higher degree

of accuracy is possible when parameter variations are made for comparisons

of their relative effects. This degree of accuracy is sufficient for almost

all long range fuel management studies.

4.3 Conclusions

A new long range fuel management program, FLAC, has been developed and

its use demonstrated. The program has been written, verified and qualified

for fuel management studies. The program can differentiate between the

various types of loading patterns on a generic basis and thus is a signifi-

cant improvement over the weighted k procedures which have been Used in the

past. However, variations within loading pattern types have been shown

not to be significant, hence explicit loading patterns are not required

which simplifies the fuel management study considerably compared to multi-

dimensional depletion calculations. Therefore, FLAC satisfies the original

goal of combining the best attributes of the k weighting procedures and the

multi-dimensional calculations for an optimum long-range fuel management tool.
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4.4 Future Work

The development of this method allows for an extensive amount of

future work possibilities. The program can be used for an endless number

of studies and significant improvements can be made to the program to make

it more usable. Some of the basic schemes for adding to the program are

fuel cycle cost calculations, burnable poison search procedures and

generation of data to verify the loading pattern-cycle length compatability

with design considerations.

Presently the program prepares a data set for use in fuel cycle cost

calculations. This could be expanded to actually include a fuel cycle cost

calculation like MITCOST built into the program. This would greatly simplify

the comparison of various proposed fuel management schemes since it would

give a dire-ct comparison of fuel cycle costs. This addition could be made

relatively easily since the data set is presently prepared. It would require

the input of the fuel cost parameters and the coupling to the fuel cost

program.

The feasibility of adding options concerning the burnable poisons is

intriguing. Since burnable poisons are handled on a region-wise basis it

is possible to determine the affect of the region-wise distribution of the

burnable poisons in the core. Therefore, it is conceivable that a search

procedure could be built into the program to search for the burnable poison

distribution which produces the optimum power distribution. Of course, this

raises difficulties as to what time in the cycle one wishes to optimize the

power distribution and also how to effectively converge on a desired shape.

A Haling method may produce good results for the power distribution

optimization; that is to compute iteratively a BOC power distribution with
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BPs that have the same power distribution as the EOC with depleted BPs.

Another search feature with burnable poisons is the possibility of

searching for the correct number to give an acceptable moderator temperature

coefficient at the beginning of the cycle. This requires the computation

of the BOC critical boron concentration and using some procedure to generate

the appropriate moderator temperature coefficient. This scheme is straight-

forward and should cause no convergence problems. However, the optimum

distribution of these burnable poisons may have to be addressed. Thus, these

burnable poison search features may have to all be added at once.

The design considerations offer a third different area for program

expansion. This area is multifold, since there are many varied design

considerations to evaluate. They all require some sort of fits or functions

to txtrapolate the program data into the controlling variables. These fits

may be used io give various coefficients or control rod worths or correction

terms to the region power sharings may be possible to generate peak rod

powers and burnups. Some of the variables that could possibly be checked are:

moderator temperature coefficients

soluble boron coefficients

power coefficients and defects

total control rod worth

maximum FAH for a rod

maximum assembly burnup

maximum pellet burnup

delayed neutron fraction

and all other various quantities.
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It is conceivable that the majority of the design constraints can be

roughly estimated for many future cycles. This would allow one to see if

the fuel management of one cycle has any long range problems.

The program in its present form can be used for a number of studies.

One possibility is the usefulness for BWR fuel management. The program

was designed to be able to calculate BWR or PWR cores. However, all the

qualification effort was for PWRs. Therefore, methods for using FLAC for

BWR fuel management have yet to be formulated and qualified.

The structure of the program allows for feasibility studies to be

performed in areas where only advanced and expensive tools could previously

be used. For example, cycling studies using many burnable poisons such as

18 month cycles or the in-out-in fuel management strategy. FLAC has the

capability of investigating the effects on power distribution and cycle

lifetime capability due to the number and placement of burnable poisons.

Also, the effects of different burnable poison compositions (i.e. different

w/o of B C in A10 3 ) could be relatively easily studied. Here one has the

trade off of rods depleting quickly or slowly and its affect on residual

worth and cycle power sharings.

The program can also be used to determine the equilibrium affect of a

particular fuel management scheme very easily. The sophisticated methods

require numerous cycles in succession to reach a pseudo equilibrium cycle.

FLAC has the equilibrium cycle calculation as an option. Thus one can

easily determine the equilibrium effect of different types of loading patterns

or of splitting the feed region up into various batches of different

enrichments. The possibilities are endless, but most could be handled

easily by FLAC.
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APPENDIX A

FLAC USER'S MANUAL

FLAC was written to be an easy to use program that could be readily

adopted by a utility engineer, vendor engineer or graduate student to

his own specific needs. However, to allow flexibility in its use, many

options had to be provided. This tends to make the input look quite

expansive; where it is very trivial for most cases. Many cases are as

small as five cards, while it is possible to generate some relatively

large input decks.

Similarly, the output was kept to a minimum to keep the engineer

from becoming lost in a maze of numbers. The relavent data is presented-

in a neat, well labeled format with only digits with some significance

editted. It seems rather unnecessary to give the k ef to the nearest

tenth of a pcm when it is probably only accurate to the nearest 200 pcm.

However, to allow meaningful perturbation calculations, the k, is given

to the nearest 10 pcm.

A.1 Input Preparation

A.l.1 Input Description

The input to FLAC is relatively straight forward and simple. All

the input is in fixed format, so particular attention must be paid to

positioning of the data on the card. Cases are easily stacked and

much of the information can propagate from case to case.

The input can be divided into two distinct parts - the general case

data and the cycle by cycle data. The input parameters are all listed in

Table A.1 with their corresponding descriptions. This section will



TABLE A-1

INPUT PaAMETLTERS

COLS. PAHAM. TYOE SJBPT UNITS DESCAI PTION

-** TITLE CARD (20A4)

1-80 TITLE A (20) -- FULL CARD OF TITLE DATA FOR CASE

**** CASL DATA CARD A

1- 3 NASS I

4- o NADIAM 1

7- 9 NBU I

10-12 NR1Cii I

13-15 ISO I

-- - U3BER OF ASSEMBLIES IN WHOLE CORE

-- -- NUABER OF ASSEMIBLIES ACROSS CORE

-- -- NUaBER OF BUANUPS IN INTERPOLATION
TABLE. IF NOT ENTERED, USE DEFAULT
OR PREVIOUS CASE BURNUPS.
IF =-1, THEN TABLES INPUT AS
COEFFICIENTS OF DEFINED FUNCTIONS
AS IN SIAUl.ATE.

-- -- NU MDER OF K INFs SETS TO BE READ
IN. IF =0, USE DEFAULT OR PREVIOUS
CASS DATA, IF >0, REPLACiE PkEVIOUS
SET WITi NEW StT. IF <0, ADD THIS
MANY Nii.W Si.TS 10 PREVIOUS SETS.

-- - F ~1, RiEAD .IN ISOTOPIC DATA ALONG
WITH K IN. DATA.
IF -1, GENERAATLE ISOTOPIC DATA FROS
HUDULL FIT.

(2413)

.4
N

I I



16-18 IFCOST I

19-21 INFlT

24-24 IHAL

25-27 DLBUG

Z8-30 NW

31-33 NA

-I

I

L

I

I

--- IF =1, PREPARE DATA SET FOR A FUEL
CYCLE COST CALCULATION.

-- -- IV =1, READ IN FIT DATA.

-- -- IF =1, A HALING CALCULATION WILL BE
DONE FOR EACH CYCLL.

-- I =1, DEBUG PRINT OPTION

-- -- NUMBER OF DIFFidr4NT VALUES OF W TO
USA-. IF NOT ENTEREa, SET TO 1.

-- -- NUABER OF DIFFE.RENT VALUES OF ALPHA
10 USE. IF NOT ENTERED, SET TO 1.

U



**** CASE DATA CARD B (12F6.2)

1- 6 'g

7-12 ALPHA

-- -- PBOsABILITi THAT A NEUTRON BORN IN
AN ASSEMBLY WILL BE ABSORBED IN AN
ADJACENT ASSEMBLY. DEFAULT 0.115.

-- -- ALBEDO ON EXTEBIOR EDG1 OF CORE.
DEFAULT = 0.30.

13-16 ELIPI

19-24 BLIM?

2-0BUDIF

h (1) W/o

R (2) W/0

F -- GWD/d TH

MINIdU FEED LNRICHMZNT IN SEARCH

AAXIUM FEED ENRICIHMENT IN SEALCH
IF NOT INPUT, SET TO 4.5

BURNUP DIFFLRENCE FOR SPLIT REGION
BURNUP OF SPLIT REGION IS GIVEN BY

BU = AVG.BU - BUDIF* (1-N KEPT)/N)

31-36 CYBIAS It

37-42 IG'H1 T It

43-4-d ULOAD R

49-54 POW ER ii

55-6J DELW

61-bb LLA

bi

hi

-- -- K EeF BIAS FACTOR - DIVIDES INTO K

-- F EET COR E HEIGHT FOR GENERATION OF AXIAL
BIAS FACTOR AS A FCN OF BURNUP.

TOTAL CORE AVERAGE LOADING.

-- l W T TOTAL CORE POWER.

-- -- INCRLdENTAL CHANGE IN W TO BE USED
£0 GENIRATE 1W-1 VALUES OF AFTER
THE BASE INPUT VALUE.

-- INCREMENTAL CHANGE IN ALPHA TO BE,
USED TO GENERATE NA-1 VALUES OF
ALPHA AFTER THE 3ASE INPUT VALUE.

-- MTM

I i



**** BUiNUP DAT A CAhDS (12F6.2)

BURNUP A

*V*** AXIAL BIAS CARDS

JIAS R (I)

BP WORTh CARDS

(I) GWD/iiTil BURNUP ARRAY IN ORDER Of INCREASING
BURNUP. 12 ITEMS PER CARD, UP TO 20
I NTilE HEAD IN. ONLY READ IN IF

NbU>0, Th EN. NBU ENTRIES READ

(6E12.5) (ONLY IF NBU>0, HEIGHT=0)

-- AIIAL BIAS FACTOR AS A FUNCTION BU,
LNTERED ONLY IF NDU>0 AND HEIGHT=O.
NBU ENTRIES CORRESPONDING TO
BURNUP(I), 6 TENTRIES PER CARD.

(6E1 2. 5) (ONLY IF NHDU>O)

bP N (I)

*** JP COEFFICIENT CARD

3 R (I)

P'CA WORTH OF ONE BP ROD/ ASSE.MBLY AS A
kUNCTION OF BURNUP(I). ENTERED ONLY
IF NBU>0. NBU ENiTRIES, 6 PER CARD.

(6E12.5) (ONLY 11 NdU<O)

-- COLFICIENTS OF FUNCTION FOR WORTH
OF ONE BP ROD/ASSEMBLY. FUNCTION IS
L(1)*(1.0 + B(2)*BU + B(3)*!iU**2 +

B(4)*BUi**3 + B(5)*BU**5)
WHERE DU IS THE BURNUP I G3WD/MTU.

(ONLY IF NBU>O)

1 4



(ONLY IF NRICH NE 0)

ENRICH h (I)

*'*** FUL TYPE CARDS

ITYPE 1' (1)

W/U NRICHMENT CORRESPONDING TO EACH
DATA SET. W/O U-235 OR W/0 PU.
NRICd VALUES ENTERED,.12 PiER CARD.

(1216) (ONLY IF NRICH NE U)

-- IFUEL TYPE CORRESPONDING TO EACH
DATA SET. NB.ICH VALUES ENTERED 12
PER CARD.

**** POWlR/FISSIUN RATIO CARDS (12F6.0). (ONLY If NRICH NE 0)

POWFIS h (1) MEV/ti POWZR TO FISSION SOURCE RATIO FOR
4.ACH FUEL TYPE. (KAPPA/NU) NRICH
VALUES, 12 PER CARD.

4*** EdWhICHMhl CAaDS (12?6.2)

1 4



(6E12.5) (ONLY IF NRICU N .0, NBU GE 0)

KINF h (1,3) --

**** KINF COtFFICIE.NT CARDS

R (I)

K INF COHIRESPONDING TO BURNUP (I)
FOR ENRICHMLNT J. NBU VALUES FOR
4ACH SLT, 6 VALUES PER CARD, NRICk
SETS.

(6E'12.5) (ONLY YF HAICH NE 0, NDU<0)

-- COEFFICI1NTS OF FUNCTIUJ FOR K INF.
AS A FUNCTION OF BURNUP. ONE SET
EN TERED FOR HACH E.NRICH~.NT.
TiE FUNCrION IS OF THE FOMI:
K IN = d(1)*Z1*Z2
Z1=1.0--(2) - B(3)*(1.0+B(4)*BU)
Z2=1.0 - 13(5)*BO + B(6)*BU**2 +

B(7)*Bd**3 + B(8)*BU**4
WfH.RE BU IS BURNUP IA GhiD/PITU.
NOTE THAT B(1) TO 8U3) ARE TO BE
ENTERED, SO 2 CARDS/SET ARE NEEDED.

b

* *** K INF CARDlS

. I



**** ISOTOPIC DATA CAld)S (6E12. 5)

ISUTOP h (I,J,I)KG/8TM UhAIUM CONTENT AS A FUNCTION OF
3ULINUP (I). NBU ENTRIES, 6 ENTRIES
PER CARD FOR ENRICH(J).

ISOTOP It (I,J,2) KG/dTt U-235 CONTE NT AS A FUNCTION OF
IURNUP (I) . N13U ENTRIES, 6 LNTRIES
Pk.R CARD FOR ENRICh(J).

ISOTUP 14 (I,J,3)KG/8 Th TOTAL PU CONTENT AS A FUNCTION OF
IJURNUP(l) . NbU ENTRIES, 6 ENTRIES
Pcimh CARD FOR ENRICH (J).

ISOTOP It (I,J,4) -- FISSILE/(TOTAL PU) RATIO AS A
FUNCTION OF BURNUP(I) FOR ZNRICHI(J).

NOTE *** THE ORDER OF CARDS ARE ALL BURWUPS IN SEQUJ&NCE
ON CARD(S) TO FORM A SET. THEN EACH SET FOR
OIFFELUT ISOTOPIC INFORIATION (4 SiTS) FOR
ENRICh(J) TO FORM A LARGIU SET WHICH IS THEN REPEATED
FOR LACH ENRICHMENT. IF NOT ENTERED, DEFAULT
DATA WILL BE USED FROd FIT. DATA IS ONLY USED
FOR COST DATA SET PREPARATION.

(ONLY IF ISO=1, NRI1CH NE 0)

4



*I'** COEFFICIENT

1- 6 XEWRTII

7-12 DPiHTiI

13-18 dW T11-

19-24 TiMP

25-30 TEMP

'CUFIT

li

U

ii

FIT DATA SET (5F6.2/ (6E12.5)/)
(ONLY IF INEIT =1)

-- PCM TOTAL HFP XENON WORTH AT BOL

-- PCM TOTAL DOPPLER DEFECT HFP TO H1P
AT BOL.

-- PCM/P,'i BOURON WOR T H AT BOL.

(1) DEG F HZP TEMPERATURE.

(2) DEG F AVERAGE CORE hFP TEMPERATURE.

(1) -- MODERATOR TEM1PERATURE FIT PARAMETERS
UP TO 10 ALLOWED, 6 PRt CARD.



**** CfCLE DATA **** ALL OF THE REMAINING DATA IS INPUT FOR EACH
CYCLE, THEN FOR THE NEXT CYCLE, ETC. THE
CYCLES SHOULD BE IN INCELASING ORDER.
ONE MUST START WITH CYCLL Is BUT BOC
BURNUPS KAY BE ENTERED. NO CYCLE MAY BE
ELIMINATED FRO& THE SEQUENC3, EXCEPT AT
THL END. THUS ANY NUMBER UF CYCLES UP TO
20 MAY 13 PUN AND THtY dUST JE CUNSECUTIV.
CYCLE 21 IS AN EQUILIBRIUM CYCLE AND IS
SEPARATE; FROM THE dEST. THE CYCLE DATA
fIUST BE FOLLOWED BY A BLANK CARD AFTER THE
LAST CYCLE INPUT.

**** CYCLE OPTION CARD

1- IS I

I.

7- 9 1SiUF?

(I S)

I (IS)

(P13,bF6.0)

-- CYCLE NUMBER 1-2u OR 21 FOR EQUIL.
CYCLE.

-- SEAR(CH PARAMETER FOil CYCLE IS.
=1 SEARCH ON CYCLE BIRNUP
=2 SEARCH ON NU MBER OF BPS
=3 DETERMINE EOL K EFF.
=10+J SEARCH ON ENR ICHMENT FOR
FLED J IN CYCLE IS

-- SHUFFLE GENEHAT.ION OPTION
=0 INPUT SHUFFLE FOR THIS CYCLE
-1 USE SHUFFLE FROM LAST CASE FOR

THIS CYCLE.
>0 GENERATE SHUFFLL DATA AUTOMATICALLY
=1 ASSUME PERITJERAL FEED AND CENTER
ASSSMBLY FROM PREVIOUS CYCLE.

2 ASSUME PE&RIPHLRAL FEED AND CENTER
ASSEdBLY FROM CYCLE 1.

0

I I



10-12 Nh EG I (IS)

13-15 NFiuD

1b-18 IBOC

19-21 1FLDGE I

1 (IS)

Ir

(IS)

-- NUMBER OF REGIONS IN CYCL2 (<16)

-- NUMBE& OF FEEDI) REGIONS IN CYCLE.
MAY BL 3,1,2, OR 3.

-- =1 I? 130C REGIOh BURNUPS AiRE TO BE
LNTERED FOR THIS CYCLE.
=0 IF BOC REGION BUd3UPS ARE TO BE
CALCULAT-D USING SHUFFLE DATA AND
EOC REGION BURNUPS FROd PREVIOUS
CYCLES.
=-1 IF PR &VIOUS CASE 3OC REGION
BURNUPS ARE TO Bt USED THIS CYCL &.

-- =0 INJUT THE LGE DATA.
-1 USE THE EDGE DATA FROM THE

PREVIOUS CASE FOR THIS CYCLE.
>0 GENERATE EDGE DATA AUT.OdATICALLY
=1 ASSUME A RING GEOMETRY IN THE
CORS FOR THE EDGE DATA.
2 ASSUME A CHkCKERBOARD GEOMETRY

FOR TIE INTERIOR OF THE CORE.

22-24 DUMMY IL

25-30 CYILU

31-36 UP

37-42 0ULK

R (1i) GWD/MTi DtSIRED (0R GUESSED) CYCLE BTRNJP.

,it (IS)

ii (IS)

-- NUMBER OF BP RODS (OR GUESS) IN
CORE.

-- DESIRED END OF LIFE K EFF FOP CYCLE.
CAN BL VARIED TO CHANGL FOR EOL
BORON COCENTRATION, COASTDOWN OR
IARLY SHUTDOWN.

0
'-A



43-48 CAjFAC h (IS) PERCENT CAPACITY FACTOR FOR CYCLEs EXCLUDING
LFUhLING SHUTDOWN.

49-54 CiTIA ti (IS) DAYS CYCLE LENGTH, EXCLUDING SHUTDOWN.
ONLf 2 OF 3 (CYBU, CAPFAC, CYTIM)
NeiD BE ENTERED. IF 3 ENTEREDs
CYTIM IS RECALCULATED.

55-00 LDLEN _ (IS) DAYS REFUELING SHUTDOWN LENGTH.
-If NOT ENT ERLD, SET TO 42.

N

I i



**** 'EED DAITA CARDS (213, A 3, 13, 2F6.0)
INPIUT FORt EAC1 REGIO IN CYCLE 1 OR JUST THE FEED
REG1ONS FOR OTHER CYCLES. Sl'ART WITH TiHE LOiiEST
NAICHMiENT iEkGION AND PUT IN ORDER OF INCREASING

-EARIAENT.

1- 3 hAiLED
NACL

4- 6 FITYPE
CITYPE

7- 9 FID

I-12 DuddY

13-18 FiI CH
c1lICH

19-24 FLOAD
C ILOAD

1

1

I

A
A

1

R

R ~

(IS3,I)
(I)

(IS,1)
(I)

([S ,.)
(I)

(ISI) W/0
(I) W/U

-- NUIBER OF FLLD I (OR REGION I IN
CYCLE 1) ASSEdBLIES.

- FULL TYPe. FOR FEED I (OR REGION I
-- Ib CYCLE 1) CORRESPONDING TO INPUT

TABLE OF K INF. INTERPOLATION WILL
ONLY BEi) DONrs WlTI ID,&NTICAL FUEL

IYPES.

-- ID FOR FEED REGION 2. (IE. 5A,6PU).
-- THIS IS USED FOR LABELING OF OUTPUT.

'ENRICHMENT OF FEED I IN CYCLE IS OR
ENRICHNENT OF REGION I IN CYCLE 1.

(IS,1) K Th LOADING PER ASSEMBLY FO FEED I IN
(1) ATM CYCLE IS OR RLGION I IN CYCLE 1.

IF NOT, ENTERED, SET TO ULOAD/NASS.

I i



**** nEGiON SIZ CARD (1216)

NAt EG (,1S) --

**** .3UF'FLE CARD (1216)

ILSii[J I (I,IS) --

(ONLY IF ISlUUF(IS)O)

NU&BZR OF ASSEMBLIES IN EACH REGION
STARTING' WITH THE HIGHEST BURNUP
(IdNERMOST) REGION. NREG (IS) ENTHIESO
12 PER CARD.

(ONLY IF ISHUF(IS)=0)

SHUFFLE INICIES SPICIFYING PREVIOUS
LOCATION OF -EACH REGION(I) IN CYCLE
IS. VALU4 OF FORM 100*K+L WHERE
K IS THE PREVIOUS CYCLE NUMBER AND
L IS TUiE REGION NUM3ER IN THE CYCLE.
FOR A FLED REGION, K=0 AND L IS THE
FEEZfD NUMBER (1,2, OR 3) NREG(IS)
ENTRILS, 12 PER CARD.



* JE CARS (11i6) (ONLI IF IFEDG1E(IS)=0)

1- 6 JR - -- REGION NUMBER CORRESPONDING TO DATA
ON THiE .WHOLE CAhD.

7-12 NEDGE e (1,K) -- SPECIFICATIONS OF THE NUMBER OF LDGES
13-18 iADGE I (2;5) -- ADJOINING REGION JR IN CYCLE IS.
19-24 NEDGE I (1, K+1) -- NDGL(1,.) IS ThE REGION NUMBER
25-30 NEDIGE I (2,K+1) -- ADJOINING NEGION JR AND NEDGE (2,.)

LTC. IS£ THE NUdBER OF EDGLS BETWEEN THkd.
FOR EDGES ON THE EXTERIO9, SET
NEDGE(1,.)=0. NOTE THA's K IS JUST
A COUNTER. ALSO ONLY NON-ZERO
NUMBER OF EDGES MUST BE ENTTEED AND
ONLY ONE SET FOR EACH REGION PAIR.
5 PAIRS &AY BE ENTERED ON EACH CARD.

NuTE: LAST CARD WITH EDGE DATA SHOULD BE
FOLLOWED Bf A JLANK CARD. I.



**** BP FRACTION CARD (12k6.2) (ONLY IF BP(IS) NE 0)

BPFR AC d (i,1S) -- FRACTION OF BP RODS IN EACli REGION
I IN CYCLE IS. UREG(IS) ENTRIES,
12 ENTRIES VER CARD.

**** IJOC BURNUe CARD (12f 6.2) (ONLY IF IBOC=1)

JoC JU ( (I,IS)GWD/flTh BOC RiGION BUR NUPS FOR CYCLE IS.
NREG (IS) ELNTRIES, 12 ENTRIES / CARD.

iNu OF CYCLE (IS) DATA - i;PEAT SET FOR NEIT CYCLE.
AFTF LAST CYLLk DATA SET, PUT A BLANK CARD.
CASLS MAY BE STACKED DIdECTLY.

0

I i
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elaborate on those items in Table A.1 which need further clarification

or which are very important.

In the table, the variable name as used in the program is given

along with the columns where it should be input. The type of the

variable is also given (I for integer, R for real and A for alphanumeric).

Note that no decimal points may be used with integer data, but that they

should be used with real data. The subscripts, if any are given and the

units appropriate to the code are also specified along with a description

of the input quantity.

Sample cases are given in Section A.l.2 for an example. The cases

are a base case with sequential cycles followed by two equilibrium cycle

cases. These cases demonstrate many of the input options such as shuffle

data, edge data and BOC region burnup input. The cases are marked up to

identify the various parameters.

Every case begins with a title card. This card is used to title the

output and as such appears at the top of each page.

The title card is followed by case data cards A and B. Card A contains

integer data while card B contains real data. Only the first two parameters

on cards A and B are required. The parameters NBU, NRICH, ISO and INFIT

specify if specific sets of input are also to be entered. NBU and NRICH

must be entered for the first case in a set of cases since the km table must

be input in some manner. The debug print option should be used only when

necessary to determine the cause of an undetermined problem. This option

prints a significant amount of intermediate data out chiefly through the

subroutine BUGOUT which is a generalized routine for printing arrays.

The values of W and a on card B are the two most important quantities

to be entered. W is the W. parameter in the basic FLARE equation and a is
J
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the albedo. W by definition is the probability that a neutron born in

an assembly will be absorbed in a single adjacent assembly. W usually

has a value in the range of 0.10 to 0.14 and a usually has a value in

the range of 0.25 to 0.40. See Section 3.3.1 for a discussion on the

sensitivity of these parameters.

If a sensitivity study on W and a is desired, the variables NW,

NA, DELW and DELA should be entered on case data cards A and B. This

will produce a NWxNA matrix of cases using different combinations of

W and cL. The first case uses the input values of W and a and succeeding

cases change the relative values by DELW and DELA. Thus one can easily

perform a sensitivity study on the combinations of W and c.

Also, on case data card B are the minimum and maximum enrichments

allowed in an enrichment search. From experience, limits on the feed

enrichment during a search are necessary to preclude wild fluctuations which

could possibly occur in the feed enrichment. The variable BUDIF allows one

to have a uniform burnup distribution over a specified burnup range to

enable split regions to discharge a higher burnup than the region average.

This option is discussed fully in Section 2.8. The cycle bias factor

is an adjustment term which is applied to each cycle. Each k. is divided

by this cycle bias factor. The core height is used to calculate the axial

leakage effect using a default curve for 12 foot cores. The loading and

power are used to convert from burnup units to time units and do not have

to be entered unless appropriate cycle times are desired.

The burnup array is entered only on option. All tabular data uses

this array as a base and therefore, all the data must be consistent with

it. The default set is the data 0, 4, 8, ... , 48 GWD/MTU.
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The BIAS input is generally used only to account for the effects

of axial leakage effects as a function of burnup. However, it can be

used as a general bias factor depending on the need. The region k0 are

divided by this bias factor.

The burnable poison worth can be entered in a functional form or

in a tabular form. In either case the data is for the worth of one BP

rod in a representative assembly as a function of burnup. This should

include the worth of the poison, the displacement of moderator and the

non-poison contribution such as clading or filler.

The input for the different fuel types is input next. Note that the

data can add to existing data or create a new data set and also that the

data can be input in tabular or functional form. The enrichment and fuel

type are used to denote each different fuel data set. The enrichment can

be used to denote the w/o of U-235, the w/o of plutonium or the w/o of U-233

or any other parameter (such as H/u ratio) which may want to be varied. It

is best to maintain some deviation between enrichments when interpolation

will be done. At least 0.1 w/o difference between enrichments of the same

fuel type is recommended to insure that the secondary parameters do not

become important and distort the true variation of kg as a function of

enrichment. The fuel type allows one to differentiate between different

fuel data sets where another parameter other than enrichment is important.

This could correspond to different vendor's fuel, stainless versus zircaloy

clad or different recycle batches of plutonium fuel. The power to fission

ratio is important only for significantly different fuel types such as

uranium and plutonium fuel. This corresponds to an average value of K/V,

but since it is only a weighting function, any multiple will suffice. For
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example, with all uranium fuel, an input of 1.00 for all enrichments is

fine.

The k data may be entered as coefficients in a polynomial function

or in a tabular form. In any case the k, data should include xenon,

samarium and full power doppler, but they should not contain any soluble

boron.

The isotopic information can either be ignored, default generated or

it can be input. The only use is to be interpolated at the discharge burnup

for each batch for input to a fuel cost program. The data as input is

interpolated, so the information should be in the desired end units.

The coefficient data is presently not used. The only input which has

any effect is the boron worth entry which serves as a flag. When the boron

worth is specified, each depletion step will include a search for a

uniformly distributed poison to maintain core criticality.

Separate cycle data must be entered for each cycle for which a

calculation is to be performed. Cycle 21 is an equilibrium cycle calculation

and is independent of the other cycles. One can do just an equilibrium

cycle, just a sequential series of cycles or both. The sequential series

must always start with input for cycle 1 and include all cycles until the

last one desired. The beginning of cycles region burnups may be entered

for any cycle including the first. So cycle 1 may in fact be a later

cycle with specified beginning of cycle region burnups. For cycle 1, no

shuffle specification is needed, but the information for each region must

be input. For succeeding cycles, only the information for the feed regions

need to be entered. This information consists of the number of assemblies,

an identifying ID, the fuel type and enrichment and the assembly average
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loading if it is different from the reference core average.

The search parameter can vary between cycles. The search for the

cycle burnup allows one to determine what burnup capability exists for

a particular cycle. The search for the end of cycle k ef is generally

used for verification when the cycle burnup and feed enrichments are

well known. The feed enrichment search allows the program to calculate

the feed enrichment to produce the required cycle lifetime. This search

procedure should be used with care since one is trying to influence

the whole core with a change in only a fraction of the core. Large

fluctuations in enrichment are possible.

The EOC k which is desired is an input variable. This allows

one to account for an early shutdown or a coastdown by inputtingvalues

respectively greater than 1.000 and less than 1.000.

The cycle burnup, cycle time and capacity factor are three variables;

only two of which are independent. If any two are entered, the third is

calculated. If all three are entered, the cycle time will be recalculated.

Note that the cycle time and capacity factor do not include the refueling

shutdown which is handled separately. The only variable which is actually

used in the calculation is the cycle burnup. The other parameters are

calculated only for editting and fuel cost input preparation.

The fuel shuffle can normally be calculated by the program. The

program assumes that the assemblies are shuffled directly from the previous

cycle. The feed regions are the highest number regions and the regions

from the previous cycle are kept in the same order. The discharged

assemblies are taken from region 1 first, then region 2, and so forth

until the number of discharged assemblies in the previous cycle equals

the number of feed assemblies. The automated shuffle will not work when
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assemblies are being reinserted after at least one cycle in the spent

fuel pit or when the lowest number region is not to be discharged. Also

if the program is to calculate the edge data, it assumes that the regions

are ordered in the manner such that the lowest number is at the center and

the highest number is furthest out in the periphery. Therefore, if any

assemblies other than feed assemblies are desired in the periphery, an

explicit shuffle must be input.

When the shuffle is input both the number of assemblies in each region

and where the region came from has to be entered. The description of the

previous location is given by a number of the form 100 + K + J where K is

the cycle number and J is the region number. For example, 903 implies that

that region came from region 3 in cycle 9. The code will accept any cycle

number less than the current cycle number and any number of assemblies may

be transferred as long as it doesn't exceed the number available. For the

equilibrium cycle, K must always be 21. The feed regions are also entered

but in this case K is zero and J is the feed number (1, 2 or 3). If

assemblies are to come from another unit, they should be treated as feed

regions with the BOC burnup also input.

The edge data can also be generated automatically by the code. The

edge data consists of the number of assembly sides of a region adjoining

another specified region. The number of total edges is four times the

number of assemblies in a region. Also, the number of edges between two

regions is the same independent of the reference region. Some edges also

are on the exterior of the core. The total number of these edges is four

times the number of assembly rows across the core. The data is given

by the reference region, then the adjoining regions and the number of

common edges. The periphery is entered as region zero. A blank card is
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entered to signify the end of the edge data information.

The beginning of cycle burnups may be entered on option. Any

non-zero entries will over-ride any calculated burnups. Thus the burnups

need only be entered for those regions whose burnups are to be specified.

The other regions will use the calculated values. The beginning of cycle

burnup are not used in an equilibrium cycle calculation, and hence their

input will be ignored.

The cycle data is input on a cycle by cycle basis. A blank card

is placed after the last cycle input to signify the end of the data for

that case.

Cases may be stacked. The tabular data is saved from case to case

and options exist to save some of the other data between cases. All

other data must be reentered.

A.l.2 Sample Input

A small input deck has been generated to demonstrate the use of many

of the various input options. The simple deck consists of five stacked

cases and is listed on the following pages. These cases were also used to

generate the sample output described in Section A.2.2.

The first case reads in the tabular data for three enrichments and

four burnups. Generally, more burnup steps should be used, but for

clarity only four were used in this case. The first case calculates the

equilibrium cycle enrichment corresponding to a cycle length of 11.0 GWD/MITM

and an end of cycle k of 1.0010 which would correspond to residual

soluble boron of 10 ppm. The edge data is input in this case.



FLAC iEST CASE -

15/ 15 4 3 -1
.115 .30
1. 8. 20.
1.0 1.0
900. 350.
2.b 2.9 3.1

3 LOOP,
0 1

36.

3 REGION

1.

1.0
25.

CtiLCKERBOARD COL - LNRIICH SEARCH

.035 .05

1.0
20.

1.0 1.0
1. 244U8
1.26936
1. .8 4U 5

1.0
1.15416
1.18096

1. 19698
-10.

21 11 1
52 ) LIQ

1
2
3
4

FLAC TLST
157 15

.115 .30
21 1 1
52 0 k Q

FLAC TEST
157 15

.115 .30
21 1 1

4
()
3
3
4
0

1 0 0
3.2

4
180

24

0 11. 0.0 1.0010

4 28

00 4 96

CASL - 3 LOUP, 3 REGIO3 CHLCKERBOARD CORLL

4 1 0 -1 0 11.
6 3.1

CASL - 3 LUOP, 3 ixLGION

4 1 0 2 0 11.

- 3.10 ;/0

0. 1.001

CHLCKERBOARD - AUTO , 3.20 W/0

0. 1.001
52 0 Et 0 3.2

1.02446
1.05247
1.06978

0.88846
0.9 1329
.92983

~0



FLAC TST CAi - 3 LOOP, 3 REGION RING AUTO - 3.20 h/0
157 15
. 115 .jo
21 1 1 4 1 0 1 0 11. 0. 1.001
52 0 B, 0 3.2

3 LOOP CORL - CYLUS 1-8 2.1/2.6/3. 1 CY 1, 3. 2 FLED - 3 REGION
157 15 0 0 0 0 0 0 0

.115 .30
1 3 1 3 3 0 2 0 14.5 900. 1.001

53 0 1 0 2.1
52 0 2 0 2.6
52 0 . 0 3.1

0.0 0.80 0.20
2 1 1 4 1 0 2 0 11. 0 1.001

52 0 4 0 3.2
3 1 1 4 1 0 2 0 11. a 1.001

52 u 5 0 3.2
4 1 1 4 1 0 2 0 11. 0 1.001

52 0 b U 3.2
5 1 1 4 1 0 2 0 11. 0 1.001

52 0 7 0 3.2
6 1 1 4 1 0 2 0 11. 0 1.001

52 0 8 0 3.2
7 1 1 4 1 0 2 0 11. 0 1.001

52 0 9 0 3.2
8 1 1 4 1 0 2 0 11. 1 1.001

52 0 10 0 3.2

I I
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The second case is also an equilibrium cycle calculation, but the

search is on cycle burnup given a 3.10 w/o feed. The edge data from the

previous case is used in this case.

The third case is an equilibrium cycle searching on the cycle burnup,

but with a feed of 3.20 w/o and the edge data generated automatically

assuming a checkerboard interior.

The fourth case is the same as the third case except that a ring

interior is assumed for the generation of the edge data.

The fifth case consists of cycles 1 through 8 starting with initial

enrichments of 2.1, 2.6 and 3.1 w/o in cycle land feeding 52 assemblies

at 3.2 w/o each cycle afterwards. Cycle 1 has burnable poisons and a

search on k is made. In succeeding cycles, a burnup search is performed.
eff

In each cycle, the edge data is generated automatically assuming a checker-

board interior.

A.2 Program Output

A.2.1 Output Description

The output in FLAC is relatively straight-forward and easily understood.

There are four different parts to the input - the case data summary, the

tabular data edit, the cycle summary and the region summary. A sample output

is given in SectionA2.2.

The case data summary merely edits the case input data in a convenient

format. The leading lines are printed on the top of each page and give the

page number, program name and the case title.

The tabular data is editted next, but it is only given with the first

case to reduce redundant printing. The tabular data edits the ko, as a
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function of burnup and enrichment, the BP worth and axial bias factor as

a function of burnup and the isotopic data as a function of burnup and

enrichment. The data is editted in the same units as entered.

The cycle summary consists of a separate page summarizing each

cycle which was calculated in the case. The first items given are the

cycle number and which parameter was to be calculated that cycle (EOL

k ff burnup, feed enrichment). Then the general cycle data is presented.

This data includes the cycle burnup, the effective full power hours (EFPH),

the elapsed cycle time and corresponding capacity factor, the end of

life k eff the number of burnable poisons and the total core loading.

The batch average data is given next. This data presents the data

pertinent to each batch. This includes the enrichment, fuel type and number

of assemblies in each batch. The number of assemblies discharged from each

batch at the end of. the cycle is also given. A negative number here implies

that this batch is being used in succeeding cycles, but that more assemblies

are being used than are available. Thus, in most cases a negative number

signifies an error in the input. The source is just the shuffle input

describing the cycle and region from which that batch came. The region ID

is the region identifier which is input for each feed region. The region

average beginning of cycle and end of cycle burnups are given for each batch

in the core.

The depletion data gives the core keff and region power sharings as

a function of burnup. The data given corresponds to the indicated burnup

and the power sharings are used to deplete the region over the next time

step. The power sharings are normalized to a core average value of 1.000.

The edge data summarizes the region to region coupling that was being

used for that cycle's analysis: for each region, the total number of edges
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available (four times the number of assemblies), the number of edges

used and the number of edges adjacent to the exterior and each region.

A mismatch between the number of edges available and the total number

of edges used indicates an input error.

The region summary lists each region and gives data pertinent for a

fuel cost calculation. Each region is given along with the cycle in which

it was a feed and the initial enrichment and fuel type. The region

discharge burnup is calculated by averaging the discharge burnups of each

discharge batch corresponding to that region. The individual batches are

also given. A batch is here referred to as that part of a region which

is discharged at the same time. Each batch is indicated by the cycle and

region from which it was discharged. Corresponding to each batch, the

burnup and elasped time along with the discharge isotopic information is

given. The elapsed time includes the cycle time and refueling shutdown

time from when the fuel was initially inserted to when it was discharged

and includes any intermediate time in the spent fuel pit. The discharge

isotopic information is interpolated from the tabular data in the same

manner as the k given the enrichment, fuel type and discharge burnup.

When the last case has been completed, a message is printed out and

the program exits.

A debug option exists which will print out a significant amount of

intermediate data. Most of the data is editted using the subroutine BUGOUT

for convenience. The BUGOUT edit always includes the array name and

subscripts, so determination of the variable corresponding to the debug

data is not difficult.
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A.2.2 Sample Output

Listed on the following pages are sections of the output corresponding

to the sample input. Only representative edits are given, but the case

titles are given for future comparison purposes.



**** FLAC

ELAC TEST CASS - 3 LOOP, L REGION CHLCK2RBOAtD COFE - ENRICi SEARCH

NUJME" OF ASSEABLIES....
ASSEMALI S ACIWSs CORL..
COEE- fHL GiT.............
AViRAGE CORE LOADING....
Coat TriERMAL POWEP ......

PRY(3B. OF AHS6R. (W)...
A L3LiD a.............. . . . .
MINIMUN ENRICI1MENT......
4AXIMUM NIUNT...
BURi!NUP VARIATION PA[AM..
CYCLE 3lAS FACTOR.......,

UBO1N WoRi..............
DOPPLLU) DEFECT..........
XENON DEFECT...........

157
15

0.0

1.

0.
U.
0.
4..
0.
1.

115
300
0
500
0
000

FT.
MTM
MW

W/0
W/o
GWD/aTM

-10.0 PCM/PPM
0. PCh
(). PCM

I-a
0
0

f

. I



***t PLAC ****

FLAC TESr C1Sa - 3 LOOP, 3 iEGION ClHECKFf!OARL COkL - ENhlCli SEARCH

K .:AF VEESUS URNiP AND FNI(lCHLENT

ENtICIiMENT 2.600 2.900 3.100
FUL TYPE 0 0 0
POW E R/FIS. 1.0OO 1.000 1.000

Bh1i'N UP B1 AS2 BP WRTH K E;] F

1.000 1.0000 '900.00 1.24408 1.26936 1.28405
8. O0u 1.0000 350.00 1.15416 1. 18096 1. 19698

20.000 1.0000 25.00 1.02446 1.05247 1.06978
36.000 1.000C 20.00 0.38b46 0.91329 0.92983



FLAC TEST CASE' - 3 LOOP, 3 REGION CHECFIE2OARD COi - LNRICII SEARCH

ISOTOPIC UATA ( U ) VESUS BURINUP AND LNRICIHENT

2. 600 2.900 3.100
1.000 O.9934 0.9984 0.9984
6.000 0.9878 0.9878 0.9878

20.000 0.9712 0.(712 0.9712
36.000 0.%524 U.,9524 0.5524

***FLAC -**

1 4



**** FL AC v***

FLAC TEST CASE - 3 LOOP, 3 bIGION CHECKERBOARD CORL - LNRICH SLARCh

ISOTOPIC DATA (U-35) VELSUS BURNUP AND ENRICHIMNT

2.600 2.900 3.100
1.000 2.4826 2.781) 2.9814
.000 1.7934 2.0757 2.2653

20.000 1.G048 1.2292 1.3838
36.000 0.4222 0.5558 0.6520



**** E LAC ****

FLAC TE'S': CAS1 - .3 LOOP, 3 REGION CHECKERBOARD COhE - ENRICH SEARCh

ISOTOPIC DATA ( PU ) VEPSUS BURNUP AND LNRICHMENT

2.6)0 2.90O 3.100
1.000 5424 0. 5320 0.5257
8.0ou 3.3313 3.3194 J.3105

20.0O 5.6175 5.7103 5.7629
36.000 b.6372 6.8515 6.9805



**** FLAC ****

iLAC TEST CASJ - 3 L00, 3 EEGION CHECKELDOARD COHE - ENHICL SEARCH

CYCLE 21

SEARCI PARAMETEH..FEED 1

BU1111RNUP ...... .0... 11.000 GWD/MT
EiPH...............264000. HO[IRS
CfCLE TIMli........ s
SiUTD6WH ENGTH...
CAPACITY FACTOR...
E.OL KEFF..........
NUMBEh OF BPS.....
LOADING.. .. .......

13750.0
42.0
80.0

1.0011
0.

1.000

DAYS
DAYS
PERCFNT

'-a
0

ilTi

iRNT1 IC fi NHT
FUE'*;L TYPE
ASSLABLIES
LI ) I I A R GED

REGION ID
u0C UURNUP
E'0C 9UI(NMJP

BOS BURNUP
0.0
4. 000
8.0 00

1'l.000

K -IF
1.11137
1.307037
1.0299
1. 011 1

bATCH DATA
1 2

3.211 3.211
0

1
2102

33 .036

42. 159

1
0.3 801
0.833

0.873

0
52
51

2103
EQ

22.320
33.036

D?:PIL ETIO 
2

0.961
0.976
0 . 9d8
0.994

3
3.211

52
0

2104
EQ

10.093
22.320

DATA

1.
1.
1.
1.

3
110
112
112
108

4
3.211

0
52

0
1

EQ
0.0

10.093

4
0.933
0.916
0.903
0. 900

f i



EEGL DATA
R EGION AVAIL. TO'iAL LXT'i KlO 1 2 3 4

1 4 00 4

2 208 208 0 0 0 13 28

3 208 208 0 4 180 0 24

4 203 20 6 0 28 24 C6

. i



*'*** FLAC ***

FLAC TEST CASE - 3 LOOP, 3 [GION CHECrERBOARD COI - ENHICH SZARCII

REGION SUMI1ALFY

rEGION; FtE:D IN CYCL ?NhICH iTYPE ASMDLY DIS BU

1 21 3.210 0 52 33.212

CYCLE ASKBLY

21
21

1
51

EQ

DIS BU

42.159
3-j.0 36

0H



*J 4** IFLAC *,***

FLAC TEST CASER - 3 LOOP, 3 REGION CHECKERBOAFD CORE -

CYCLE 21

SEARCh PARAM FTEh..BURNUUP

U P...............10.5511 GWD/MTM
etPii..............253305. HOURS

CYCLE TIME......1
SHUTLOWN LENGTH...
CAPACITY FACTOR...

flUdBiER Of BpS.....
L0A DI1NG. .. .. .. .. . .

3193.0
42.0
80.6

1.0010
0.

1.000

3.10 W/0

DAYS
DAYS
PERCENT

MTM

1Nri ICliMF.N T
FUEL TYPE
ASS tBIS 1.1 PS
LISCHkAdGED

REGION ID
BuC 5ifRi9iiJP
LOC BURNdUP

if EiiFF
1. 1107
1. 0b71
1. 0259
'1. 00 10

BATC1I DATA
1 2

3.110 3.100
0 i0
1 52
l 51

2132 210)3
2Q LO

31.697 21.337
40.565 31.697

riPLITION
1 2

0.614 0.971
0.845 0.984
0.873 0.995
0.88t 0.999

0
CD

4
3.100

0
52

0
1

3
3.100

0)
52

2104
E;Q

9.541
21.33-1

:C
.0
.541

0.0
4. 000
d. 000

10.555

0
9

DATA

1.
1.
1.
1.

3
118-
117
1 16
112

4
0.915
0.902
0.'d 4 2
0.091



IDGL DATA
(LGION AVAIL.

4
208
298
208

TOTAL EXTERIOR
4

208
208
28 )3

0
0
0

60

1 2
0 0
0 0
4 180
0 28 24 9b

1
2
3
4

3 4
4

180
0

28
0 24

o-a

I . i



**** FLAC ** **

FLLC TEST CASE - 3 LOOP, 3 REGION CHECKERPOARD - AUTO , 3.2G W/O

CYCLE 21

SEAR Cil PAr AMET ER.. BURNUP

INUL............ 10.934
LF P.I . 262409.
CYCLL TIML........13667.1
SiUTDuVJ LNGTH. .. 42. 
CAPAClTY FACTOR. 80.0
EOL KEFF........ 1.0010
NUMBEF OF BS.. 0.
LOADIG............ 1.000

E.NRICII MTNT
Ll'L TYPE
ASSLJMBLIES
UIlSCH A RGED
so ui~ci--c 11
lPiJG 3 ON D1)

EO~C BUl-lilP

uoS tsUPNUP
0.0
4.000
6.000

10.9314

1131
070 0
0292
0010

3
4

bATCfH DATA
1 2

3.200 3.200
0 0
1 52
1 51

2102 2103

2. 3'9 22.238
1 .9)9 32.839

LPLET IO N
1 2

0.b0 1 0.955
0.834 0.972-
u.b62 0.966b
J.8e79 U.99 .j2

1
2

3
3. 200

0
52
0

2104
EQ

0. 112
2.238

DATA

1.
1.
1.
1.

3
107
110
110
107

GWD/MTM
HOURS
DAY'S
DAYS
PJhCENT

4TM

4
3.200

0
52
0
1

EQ
0. 0

10. 112

4
0.941
0.922
0.967
0.904

K
1.
1.
1.
1.



ELGIL DATA
RI.GlON10 AVAIL. 70'1AL EXTEIOL 1 2 3 4

1 4 4 u 0 0 4 0
2 208 208 0 0 14 171 23
3 208 20d 0 4 171 4 29
4 208 208 60 0 23 29 96

f i



**** FLAC l'**

FLAC TLST - 3 100P, 3 iRTGICN HING AUTO - 3.20 W/0

CYCLE 21

SEARCl1 VAbAMlTlP..JRNUP

BURNU11P... . . .
EFPH.....,. a waa .....

CYCLL TIEL......
SHUITLOWN LENGTH.
CAPACITY FACTOR.
LOL KEFF........
NUMBER OF B3PS...
LOADING.........

E N hICH1 c EN T
FULL TYPE
ASSELI E1.1 F S
1;ISC HA LGE 0
SO) ic!-C, l
REGIONoj 1D)
EOC rUENUP
Zt()C BUJAliJP

1301 BUIRNUP
0.0
4.000
E.000

10.352

I. 1164
1. 067C
1.0243
1. 00 10

BATCH DATA
1 2

3.200 3.200
0
1

2102
EQ

31. 142
37.033

1
0.463
0.593
0.70 8
0.757

0(
52
51

2103
EQ

23.675
31.142

E PILE TIO 01

0.62b
0 . 745
0.844
0.883

.. 10.353
.. 248463.
.. 12940.8
.. 42.0
.. 80.0
.. 1.0010
.. 0.
.. 1.000

3
3.200

0
52

0
2104

EQ
1G.940
23.675

DATA
3

1.262
1.224
1.186
1. 169

GW D/iT M
HOURS
DAYS
DAYS
PERCEN4T

4
3.200

0
52
0
1

EQ
0.0

10.940

4
1.122
1.039
0.975
0. 953

LA V':



LDGIE DATA
1 LGION AVAIL. TOTA L iXTERIOR 1 2 3 4

*1 44 0 0 4 0 0
2 208 208 0 4 168 36 0
3 208 208 0 0 36 120 52
4 208 208 60 0 0 52 96

I I



*C*** FLAC *4**

3 LOUP? COBE - CYICL1S 1-3 2.1/2.6/3.1 CY 1, 3.2 Fi E - 3 1ELGION

CYCLL 1

S"EANCH PARAMETElR..EOL KEFF

IURNUP............ *0
JFPH.......... .. .. .
CYCLE TM....
SHUTDOWN LENGTH...
cAPACITY FACTOR...
hOL KIFF.........
NUMMTR OF 3PS....
LOADING.............

14.500 GWD
347999. HOU
18125.0 DAY

42.0 DAY
80.0 PER

1.0138
900.
1.'00 MA'M

/NtoiT m
RS
S

CE NTC

ENRICHaENT

BP FRAC.

ASSE LIS CiiAkG AD
DISciAi:;D
SOU RCE,-C, F,
REGION ID
30C Bi3iJiNUP
tlC BU tNU2

BOS B3(IRNfJP
0.0
4.000
8.0 00
12.00 ()
14. 500

K

1.
1.
1.
1.
1.

E FF
1473
11260
07 6 8
0377
0138

3ATCHi DATA
1 2

2.100 2.600
0 0

0.0 0.800
53 52
52 0
1 2

1 2

3
3.100

0
10.200

52
0
3

3
o.0- o.0 0.0
16.724 16).052 10.681

L'LPLETION
1 2

1.215 1.072
1.161 1.108
1.121 1.128
1.094 1.129
1.00 1.128

DATA
3

0.709
0.728
0.749
0.775
0.790

I I



EDGE-: DATA
EGION AVAIL.

21 8
208
208

TOTAL EXTL&IlO1i
212
208
2061

0
0

60

1 2
18 171

171 8
23 29 96

1

3

3
2.3
29

I i



**** F LAC ****

3 LOOP CORL - CYCLE:S 1-8 2.1/2.6/3.1 CY 1, 3.2 FEEJLD - 3 REGION

CYCLI 2

SLARCH PA(ANETER..IBlJENUP

BURNUP............ 10.378
IE'PII... .... ... .. .. 249076.
CYCLI. TIML ........ 12972.7
SHUTDOWN LENGTLi... 42.0
CAPACITY FACTOI... 80.0
1OL KEFF.......... 1.0010
NUMBER OF 0ps..... 0.
LOADG...............1.000

FIEL. TYPE
ASSENlLIES
U ISCH i i;
so PCE-C ,
REGIUN ID
BCC BU 1%NUP
EOC BUJHNUp

BOS B$URNUP

4.000
I0. 000

10.3Ai

K EF'
1.1106
1. 06t63
1. 0245
1. 00 V)

BAiCH DATA
1 2

2.100 2.600
0 0
1 52
1 51

101 102

16.724 i>.052
26.007 26.165

IJPLETI0 1
1 2

0.878 0.964
0.893 0.977
0. c, 16
0.922

0.987
0. 9k9 1

GW D/d1T M
HOUR S
DAYS
DAYS
PERPCFNT

MTMN
b-a
'-a
0%

3
3.100

0
52
0

103
3

10. 681
22.0 13

DATA
3

1.089
1.093
1.095
1 . 093

4
3.200

0
52
0
I

4
0.0
9.711

4
0.949
0.932
0.920
0.91d

. I



1EGE DATA
tEGI N AVAIL. TOTAL EXTE'dIOIl

0
0
0

60

1 2 3
0 0 4
0 14 171
4 171 4

4
0

23
29

0 23 29 96

1
2
3
4

4
208
208
208

4
208
208
20 4

i I



**** FLAC *'***

3 LJOP C0RE - CYCLES 1-8 2~. 1/2.~/3. 1 CY 1, 3.2 FEED - 3 VEGION

CYCLE 3

SEARCH PARAMETER..BURNUP

BURNUP............

CYCLE TIlL........
SHUTDOWN L!ENGTH...
CAPACITY FACTOO...
LOL K1FF..........
NUMBI3H OF BPS.....
LOADING...........

ENIC U5N L'.TYI"F
AEL 1'L IYE

EISCH A RGE )
soutic,--c R~
REGION ID
1OC BURNUP

E 0C 1-3URiN UP

1OS BJilNUP
0.0

8- 000
1U.824

( F i*1
1. 112'4
1.t6 2
1 0283
1.00 1 )

dATCli DAIA
1 2

24 t>)0 3.100
0) 0
1 52
1 51

202 203
2 3

26.165 22.013
35.232 12.417

DEP LETION
1 2

U.613 0.947
0.u42 0.9 64
0.f86 0.97d

.88 1 0. 984

10.823
259763.
13529.3

42.0
80.0

1.0010
0.

1.000

3
3.200

0
52

0
204

4
9.711

21.766

DATA

1.1
1.1
1.1
1. 1

GWD/ hTM

DAYS
DAYS
PERCNT

MTM

4
3.200

0
52

0
1

5
0.0

10.04 4

3.
13
15
14
11

4
944
925
910
907

0.

o.
0.
0.

I I



, EUGlI DATA
REGIUN AVAIL. TOTAL ATd1ob

1
2
3
4

4
2 lb
2086
203

4
208
208
208

0

0
6'0

1 2 3 4
0 0 4 0
0 14 171 23
4 171 4 29
0 23 96

i I



3 LOOP CURE - CYCLES 1-8

CYCLE 4

SE ARCH PAiRAPMLTER..BURNUP

BUtNU . . .......... 11.107
EFPH. ............... 266572.
CYCL E TIm........ 13884.0
SHUTDOWN LENGTH... 42.0
CAPACITY FACTOR... 80.0
EOL K 1.0010
NUdIBEJX OF BPS...... 0.
LOADING........... 1.000

EN RI -IIH.1i'E"NT
F U -L T YE
ASS~1 v3LPS
DI CIA 'G 1
SuRliC-C, -
r,-.GI0N ID
EOC BIk4UiP
E 0C 3) 1 NU J 1

DO!; JU4 LU P
0. 0
4. 000
8.000

11. 107

1.*11 5 0
1. 719
1.0 11
1.3310

UATCH DATA
2 3

3. 10J 3.200 3.200
0 0 0
1 52 52
1 51 0

302 303 304
3 4 5

32.417 21.766 10.044
41.J12 32.593 22.363

D PLETION DATA
1 2 3

J.19) ).961 1.109
).d22 0.977 1.110
9.i5 1 U.990 1.110
0 .d69 0.99j6 1.107

G w D/ 14T h
riouits
DAYS
DAYS
PYERCEdJT

MT M

4
3.200

0
52

0
1

6
0.0

10. 209

4
0.934
0.916
0.933
0.900

0

***FLAC **

2. 1/2. 6/ 3.1 C Y 1, 3. 2 F'ELD - 3 fEiONj;11



EDGB 1)ATA
REGION AVAIL. T

1
2
3
4

4
208
238
208

OTAL EXT&RIOR
4 0

2 O'3
208
200

0

60

I 2 3 4
0 0 4 0
0 14 171
4 171

23
4 29

0 23 29 96

I-a
I-'

1, 1



**** FLAC ****

3 LOOP CORE - CYCLES T 1-6 2.1/2.6/3.1 CY 1, 3.2 FEED - 3 RLGION

REGIION SUMMARY

I EGION tiaD IN CYCLE r-NRICll TYPE ASMBLY DIS BU CYCLL ASidBLY DIS BU

1 2.100

12.600

1 3.1 (C

2 3.200

3 3.200

4 3.200

5 3.200

6 3.200

7 3.200

8 3.200

0 53 16.899

0 52 26.339

0 52 32.592

0 52 32.767

0 52 33.050

0 52 33.024

0 52 32.995

0 52 32.841

0 52 22.232

0 52 10.111

1
2

2
3

3
4

4

5

6

7

7
8

8

8

8

52
1

51
1

16.724
26.007

35.232

51 32.417
1 41.512

51
1

32.59.3
41.636

51 32.876
1 41.954

51
1

51
1

32.849
41.916

32.820
41.888

52 32.841

52 22.232

52 10.111

1 1

2

3

2

3

4 1

1

16

7

8

9

1

1

1

10 1

I I
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A.3 Programmer's Information

A.3.1 Program Routines

The FLAC program is a relatively simple and straight forward computer

program. It consists of 14 subroutines and functions arranged in basically

a linear fashion. The flow-chart of the subroutines is depicted in Figure A.l.

The program is written exclusively in FORTRAN IV and should be operable

on either IBM or CDC machines.

The subroutine MAIN is merely a controller for the program. The block

DATA routine supplies the default data. All of the input data is entered

through the routine READIN. READIN uses a fixed format input with all the

formats listed at the end of the subroutine. Automatic generation of data

is accomplished in the subroutine PREP. Here the shuffle array and edge

data can be generated. Also in this routine is the calculation of the

axial leakage correction factor, the fuel isotopic data fit and the number

of discharge assemblies from each region in each cycle. The subroutine

INEDIT is then called to edit the basic input information. This completes

the problem setup. The next group of subroutines actually solve the problem.

The subroutine CALC sets up the calculation for each cycle except the

equilibrium cycle and calls the subroutine CYCALC which does the calculation.

For each cycle, CALC sets up the beginning of cycle burnup and the region

parameters (enrichment, fuel type, number of assemblies). After the

calculation for each cycle has been completed, the subroutine CYEDIT is

called to edit the cycle data.

The equilibrium cycle calculation is performed in the subroutine

EQCALC. It performs the same function as CALC only for the equilibrium

cycle. Also, the search procedure for the desired parameter is carried out



Figure A-i

Program Flowchart

I

BLOCK DAT H
t\)
"Is

IEAD TERP BUGOUT

~EZIJF1, E
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in EQCALC since the parameters for the equilibrium cycle are so interlocking.

EQCALC also calls CYCALC and CYEDIT.

The actual cycle calculation is done in CYCALC. Here the matrix is

set up, the cycle depletion performed and the search for the desired

parameter is accomplished. CYCALC is set up to do a straight depletion

or a Haling calculation. It calls the function TERP to supply the k.

at the desired enrichment and burnup and calls SOLVE to actually solve

the eigenvalue problem.

The subroutine CYEDIT edits the cycle data. The only calculations

performed are the calculations of capacity factor or cycle time and the

effective full power hours for editting purposes.

After the calculation has been performed for each cycle, the routine

RGEDIT is called to generate the region edit. In this routine the fuel

cost data set is generated, so coupling with a fuel cost code would be

initiated in this subroutine.

Two output routines are called throughout the program. One is HEAD

which puts a page heading with the case title at the top of each page.

The other routine is BUGOUT which is used extensively for debug printing.

BUGOUT only is executed if the debug flag is on. It prints out real or

integer variables by specifying the array name, appropriate subscripts

and the data.

A.3.2 Program Variables

All of the important variables are in labeled common blocks. The

same variable names are used in every subroutine where data is passed

through common. All the common blocks and variables in them are listed in

Table A.2 along with a description of the variable. Standard FORTRAN
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typing nomenclature is used except where noted. All the real variables

are single precision except for the variables in the subroutine SOLVE

which are double precision. The three real variables transferred to

SOLVE in the call are also double precision variables.



127

Variable Dimension

Common block /10/

105

106

107 -

Common block /BASIC/

TITLE (20)

NASS -

ANASS

NADIAM -

NALPHA -

ULOAD -

HEIGHT -

BUDIF -

ISO -

W

ALPHA

ELIM

IHAL

POWER

DEBUG

Common block /COST/

IF COST

(2)

TABLE A.2

PROGRAM VARIABLES

Description

Input unit (=5)

Output unit (=6)

Punch unit (=7)

Case title in A4

Number of assemblies

Real equivalent of NASS

Number of assembly rows

Number of peripheral assemblies

Total core loading

Total core height

Discharge burnup variation parameter

Iosotpic information generation option

Probability of absorption in one
neighboring assembly for neutron born
in an assembly

Albedo

Minimum and maximum enrichments for a
feed enrichment search

Haling calculation option

Total core thermal power

(Logical) Debug option

Not used
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Table A.2 (continued)

Variable Dimension

Common block /LOOP/

NA

NW

DELA

DELW

Common

COFIT

TEMP

BWRTH

PWRTH

XEWRTH

Common

NBU

NRICH

BURNUP

ENRICH

ITYPE

BIAS

BPWRTH

CYBIAS

Common

KINF

Description

Number of values of ALPHA to be used
in the sequence of cases

Number of values of W to be used in the
sequence of cases

Change in ALPHA between different values

Change in W between different values

block /COEF/

(11)

(2)

Not used

Not used

Signifies if a "boron search" is to be
performed at each burnup step

Not used

Not used

block /TABLI/

(20)

(20)

(20)

(20)

(20)

block /TABLE2/

(20,20)

Number of burnups in the table

Number of enrichments in the table

Burnups for tabular data in increasing order

Enrichments for tabular data in any order

Fuel type corresponding to each enrichment

Axial bias factor as a function of burnup

Worth of a burnable poison rod in one

assembly as a function of burnup

General bias factor

(Real) k data as a function of burnup for
each enrichment
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Table A.2 (continued)

Variable Dimension Description

ISOTOP (20,20,6) (Real) Isotopic data as a function of
burnup for each enrichment and for
different sets of isotopic parameters

POWFIS (20) Power (K) to fission (v) ratio for each
enrichment

Common Block /CYCL1/

ClRICH (10) Enrichments for each of the first cycle
regions

ClTYPE (10) (Integer) Fuel type for each region in
cycle 1

ClID (10) Individual assembly loading for each region
in cycle 1

NAC1 (10) Number of assemblies in each region in
cycle 1

Common Block /FEED/

NAFEED (21,3) The number of feed assemblies in each

cycle for each feed number

FTYPE (21,3) (Integer) Type of fuel for each cycle
and each feed

FLOAD (21,3) The assembly loading for each cycle for
each feed

FRICH (21,3) The feed enrichment for each cycle and
each feed

FID (21,3) The feed alphanumeric label (A4) for each

cycle and each feed

Common Block /CYDAT/

ISURCH (21) Search parameter for each cycle

ISHUF (21) Shuffle generation option for each cycle

BP (21) Number of burnable poison rods for each

cycle

CYBU (21) Cycle burnup for each cycle
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Table A.2 (continued)

Variable Dimension

EOLK (21)

NFEED (21)

NREG (21)

CYLOAD (21)

CAPFAC (21)

CYTIM (21)

SDLEN (21)

IFEDGE (21)

Common block /RGDAT/

NEDGE (2,1000)

IEDGE

NAREG

ISHUF

BPFRAC

BOCBU

EOCBU

IDXREG

(21)

(15,21)

(15,21)

(15,21)

(15,21)

(15,21)

(15,21)

Description

End of cycle k for each cycle

Number of feed regions in each cycle

Number of regions in each cycle

Total core loading for each cycle

Capacity factor for each cycle

Elapsed cycle time for each cycle

Refueling shutdown length for each cycle

Edge data generation option for each cycle

Edge data packed according to IEDGE. The
first number is of the form 100* I + J
where I, J are the adjoining regions and
the second number is the number of common

edges

Location of last data item in NEDGE for
each cycle. Data for Cycle I is between
IEDGE (I-1) + 1 and IEDGE (I)

Number of assemblies in each region in
each cycle

Shuffle parameter for each region in each

cycle. It gives the region and cycle.
number from which those assemblies came

from

Fraction of burnable poisons in each region

in each cycle

Beginning of cycle burnup in each region
and in each cycle

End of cycle burnup in each region and
in each cycle

Index for each region and each cycle
specifying the cycle (K) and feed number
(J) in that cycle that was the original
source of this region. The number is of
the form 100 K + J.
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Table A.2 (continued)

Variable Dimension Description

NADIS (15,21) The number of assemblies discharged from

each region in each cycle

Common Block /CYDEP/

BSHARE (15,10) The power sharings in each region at the

different depletion steps for a particular

cycle

BBU (10) The core burnups for the depletion steps
for the cycle

BKEFF (10) The core keff at each depletion step for

the cycle

NBBU - The number of depletion steps

Common Block /EDGE/

IDGE (15,20) Storage for edge data in a full matrix
for a single cycle
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APPENDIX B

PROGRAM LISTING

On the following pages is the listing of the FLAC computer code for

IBM computers. Change cards for modification of the program to enable

running on a CDC computer are included as comments with CDC in columns 1-3.



PROGRA& FLAC(INPUTOUTPUTPUNCH,TAPE5=INPUTTAPE6=OUTPUT,
1 TAPE7=PUNCH)

PROGRAM fLAC - FLARE BASED CYCLING PROGRAM
WRITTEN UY CHARLES L. BEARD, JR. SPRING 1978
NUCLEAR ANGINEElING DEPARTMENT, MIT
NOW WITH WESTINGHOUSE NUCLEAR FUEL DIVISION
PARTIAL FUNDING BY YANKEE ATOMIC ELECTRIC CO.

COMMON /TABL1/ NBU,NRICHBURNUP(20),ENRICH(20),ITYPE(
1 P WRTH (20) ,CY BIAS

COMMON /10/ 105,106,107
COMMON /TABL2/ KINF(20,20),ISOTOP(20,20,6),POWFIS(20)
REAL KINF,ISOTOP
COMMON /BASIC/

LOGICAL DEBUG
CONMON /CYDAT/

2
COMMON /RGDAT/

1
2

COMMON /CYCL1/
COMMON /FEED /
I

20) ,BIAS (20),

TITLE(20) ,NASSANASSNADIAMNALPHAULOAD,HE6IGHT,
BUDIF,ISOW,ALPHA,&LIM(2),IHAL,POWERDEBUG

ISURCH(21) ,IS[fUF(21),BP (21),CYBU(21),EOLK(21),
NFEED(21),NREG(21),CYLOAU(21),CAPFAC(21),CYTIM(21),
SDLEN (21) ,IFEDGE(21)
NEDGE(2,1000),IEDGE(21),NAREG(15,21),JSHOF(15,21),
BPFRAC(15,21) ,BOCBU(15,21),EOCBU(15,21),
IDXREG(15,21) ,NADIS(15,21)
C1RICH(10),C1TYPE(10),C1ID(10),C1LOAD(10),NAC1(10)
NAFEED(21,3),FTYPE(21,3),EYLOAD(21,3),FRIllCH(21,3),
FID(21, 3)

INTEGiER FTYPE,C1TYPE
COMMON /COST / IFCOST
COMMON /COEF / COFIT(11),TEMP(2),BWRTHDPWRTHXEWRTH
COMMON /LOOP/ NA,NW,D.ELA,DELW

C
10 CONTINUE

CALL READIN
Ww=w
DO 20 I=1,NA

CDC
CDC
C
C
C
C
C
C
C
C

MAIN0001
MAIN0002
MAIN0003
MAIN0004
MAINOO05
MAIN0006
MAIN0007
MAIN0008
MAIN0009
MAINO010
MAIN0011
MAIN0012
MAIN0013
MAINO014
MAIN0015
MAIN0016
MAIN0017
MA I N 001 8
MAIN0019
MAIN002U
MAINO21
MAIN0022
MAIN0023
MAIN0024
MAIN0025
MAIN0026
MAIN0027
IIAIN0028
MAIN0029
MAIN0030
MAIN0031
MAIN0032
MAIN0033
MAIN0034
MAIN 0035
MAIN0036

H



W=Wg
DO 15 J=1,NW
CALL PREP
CALL INEDiT
CALL CALC
CALL EQCALC
CALL RGEDIT
W=W+DELW

15 CONTINUE
ALPHA=ALPHA+DELA

20 CONTINUE
GO TO 10
hND

MAIN0037
MAIN0038
MAIN0039
MAIN0040
MAIN0041
MAIN0042
MAIN0043
HAIN0044
MAIN0045
MAIN0046
MAIN0047
MAIN0048
MAIN0049

H



BLOCK DATA

COMMON /TABL1/ NBUNRICHBURNUP(2),ENRICH(20),ITYPE(20),BIAS(20),
BPWRTH(20) ,CYBIAS

COMMON /10/ 105,106,107
COMMON /TABL2/ KINF(20,20),ISOTOP (20,20,6),POWFIS(20)
REAL KINF,ISOTOP
COMMON /dASIC/ TITLE(20) ,NASSANASSNADIAMNALPIA,ULOAD,HEIGHT,
1

LOGICAL DEBUG
COMMON /CYDAT/
1

BUDlF,ISO,W,ALPA,ELI(2),IHALPOWERDEBUG

ISURCH(21),ISHUF(21),BP(21),CYBU(21),EOLK(21),
NFEED(21),NREG(21),CYLOAD(21),CAPFAC(21),CYTIti(21),
SDLEN (21) ,IFEDGE(21)

/RGDAT/ NEDGE(2,100),IEDGE(21),±NAREG(15,21),
BPFRAC (15,21) ,BoCbU (15,21) ,EOCBU (15,2
IDXREG(15,21) ,NADIS(15,21)

/CYCLI/ C1RICH(10),CITYPE(10),C1ID(10),C1LOAD
/FEED / NAFLED(21,3),FTYPE (21,3),LOAD(21,3),

F ID (21, 3)
FTYPE,C1TYPE

/COST / IFCOST
/COEF / COFlT(11) ,TEMP(2) ,BWRTHDPWHTHXEWRTH

DATA BURNUP / 0., 4., 8., 12.,
44., 48., 7*0. /

DATA NBU,NRICH / 13,0 /
DATA BPWRTH / 20*0.0 /
DATA ISUtiCHfISHUFNEDGEIEDGE /
DATA IFLDGE / 21*0 /
DATA NAC1/ 10*0 /
DATA COFITTEMP,BWRTHDPWRTHXE
DATA BPFRAC / 315*0.0 /
DATA ISOTOP / 2400*0.0 /
DATA 105,106,107 / 5,6,7 /
END

JSHUF(15,21),
1),

(10) ,NAC1 (10)
FRICH(21,3),

16., 20., 24., 28., 32., 36., 40.,

42*0, 2021*0 /

WRTH / 16*0. /

C

1

BLKD0001
BLKDO002
BLKDO003
BLKDO004
BLKDO005
BLKDO006
BLKDO007
BLKDO008
BLKDO009
BLKDO010
BLK00011
BLKDO012
BLKD0013
BLKDO014
BLKDO015
BLKDO016
BLKDO017
BLKDO018
BLKDO019
BLKDO020
BLKDO021
BLKD0022
BLKDO023
BLKDO024
BLKDO025
BLKD026
BLKDO027
BLKDO028
BLKDO029
BLKDO030
BLKD0031
BLKDO032
BLKDO033
BLKDO034
BLKD0035

2

1
COMMON

COMMON
COMMON

INTEGER
COMMON
COMMON

1

C

1

I-s



SUbROUTINE HEAD

COMMON /10/ 105,I06,I07
COHHON /BASIC/ TITLE(20)

DATA NP / 0 /

NP=NP+1
WRIT0 (106,101)
WRITE (106,102)
RETURN

HEAD0001
HEAD0002
HEAD0003
HEAD0004
HIEAD0005
HEAD0006
H EAD0007
HEAD0008
HEAD0009
H EAD0010
HEAD0011
HEAD0012
HEAD0013
HEAD0014
HEAD0015
HEAD0016

TITLE, NP

101 FORlMAT(1u1,48X,14H**** FLAC **** )
102 FORMAT(1H0,14X,20A4,10X,4HPAGEI3 //)

iEND

C

C

C

C

C

I~h

0'



SUBROUTINE BUGOUT(NAME,ARRAY,I1, I2,I3,J1,J2,J3,IT)

COMMON /10/ I05,106,107
COMMON /BASIC/ TITLE (20) , NASSANASS,NADIAM, NALPHA, ULOAD,HEIGHT,

BUDIF,ISO,W,ALPIHA,ELIM(2),IHALPOWER,DEBUG
LOGICAL DEBUG
DIM-ENSION ARRAY (13,J3) ,NAME(2)

IF (.NOT.DEBUG)
IF (13.GT.1.OR.J
IF (IT.EQ. 2) GO
WRITE. (I06,101)
GO TO 100

5 CONTINUE
WHITr; (106,102)
GO TO 100

10 CONTINUE
WHITE (106,103)
DO 30 J=J1,J2
DO 25 1=11,I2,8
II=fIN U(I2,1+7)
IF (IT.EV.2) GO
WRITk; (106,104)
GO TO 25

15 CONTINUE
WRITE (106,105)

25 CONTINUE
3U CONTINUE

100 RETURN

101 FORMAT(1lHO,9X,A4
102 FOR MAT(1lO,9XA4
103 FOR1AT(1X)
104 fORMAT(10X,A4,A2
105 FOR N AT(10X,A4,A2

GO TO 100
3.GT.1) GO TO 10
TO 5
NAME,ARRAY (1,1)

NAM.EARRAY(1,1) -

TO 15
NAME,I,J, (ARRAY(K,J) ,K=I,II)

NAE,I,J, (ARRAY (K,J) ,K=IpI)

,A2, 1=, I12)
,A2, 1H=,t 12.5)

1 H(,13, 11I,, 13, 211) =,81 12)
,1(,I3,18,,.I3,2H)=,8E12.5)

C
BUG00001
BUG00002
BUG00003
BUG00004
BUG00005
BUG00006
BUG00007
BUG00008
BUG00009
BUG00010
BUG00011
BUG00012
BUG00013
BUG00014
BUG00015
BUG00016
BUG00017
BUG00018
BUG00019
BUG00020
BUG00021
BUG022
BUG00023
BUG00024
BUG00025
BUG00026
BUG00027
BUG00028
BUG00029
BUG00030
BUG00031
BUG00032
BUG00033
BUG00034
BUG00035
BUG00036

C

C

H
(,,)

C
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FUNCTION TERP(B,E,IT,XX,1OPTKb ,BPK)
C
C
C
C
C
C
C
C
C

C
C

C
C
CC
C
C
C

COMMON /TABL1/ NBUNRICHBURNUP(20) ,ENRICH(20) ,ITYPE(20) ,BIAS (2
BPWRTH (20) ,CY BIAS

COMMON /10/ 105,106,107
COMMON /TABL2/ KINF(20,20),ISOTOP(2U,20,6),POWFIS(20)
REAL KINFISOTOP
COMMON /BASIC/ TITLE(20) ,NASSANASSNADIAMNALPHAULOADHEIGHT,

BUDIF,ISO, W, ALPHiA, ELIM (2) , IHAL, PO WER, DEBUG
LOGICAL DEBUG
COMMON /CYDAT/

1
2
COMMON /RGDAT/

1
2
COMMON /CYCL1/

0) ,

ISURCH(21),ISHUF(21),BP(21),CYBU(21),EOLK(21),
NFEED(21) ,NREG(21) ,CYLOAD(21),CAPFAC(21) ,CYTIM(21),
SDLEN (21) , IFEDGE (21)
NEDGE (2,1000) ,LEDGE (21) ,N AREG (15,21) ,JSHUF (15,21),
BPFRAC(15,21),BOCBU (15,21),EOCBU(15,21),
IDXREG(15,21) ,NADIS(15,21)
CltICH (10),C1 TYPE (10),C1ID (10) ,C1LOAD(10) ,NAC1 (10)

FUNCTION TERP -- INTERPOLATION FUNCTION FOR ARRAYS BASED ON
B3URNUP AND ENRICH. DOUBLE INTERPOLATION UNING 3 POINT FIT.
BUENUP FiT IS O NE POINT BELOW AND TWO ABOVE IF POSSIBLE.
ENRICH FIR IS ONE POINT BELOW, ONE POINT ABOVE AND NEXT

CLOSLST POINT IF THIS IS POSSIBLE. ENRICH FIT WILL AUTO-
DEGENERATE TO LINEAR IF EXTRAPOLATION REQUIRED.

VARlALBES IN CALL STATEMENT ARE -
B BURNUP AT WHICH DATA IS WANTED
E ENRICHMENT AT WHICH DATA IS WANTED
IT TYPE OF FUEL - INTERPOLATION USES ONLY THAT FUEL TYPE
XX(20,20) ARRAY TO BE INTERPOLATED - FiRST INDEX IS

BURNUP, SECOND INDEX IS ENRICH
IOPT OPTION, IF =1, THEN JUST CALLED WITH A NEW ARRAY -

POINT AND INTERPOLATION CONSTANTS SAME AS LAST CALL
IF =2, THEN INTERPOLATE ONLY ON ENRICHMENT.
KB (REAL) K BIAS VALUE
BPK BP WOTTH PER ROD AT BURNUP BU

TERPOO01
TERPOO02
TERP0003
TERPOO04
TERPOO05
TERP0006
TERPOO07
TERPOO08
TERPOO09
TERPOO10
TERP0011
TERPOO12
TERPOO13
TERPOO14
TERPOO15
TERPOO16
TERPO017
TERPOO18
TERPOO19
TEEP0020
TERP0021
TERP0022
TERP0023
TERP0024
TERP0025
TERP0026
TERP0027
TERPOO28
TERP0029
TERP0030
TERP0031
TERP0032
TERP0033
TERP0034
TERP0035
TERP0036

1

1

H



COMMON /kEED / NAFEED(21,3),FTYPE (21,3),FLOAD(21,3),FRICH(21,3),
1 FID(21,J)
INTLGER FTYPE,C1TYPE
COMAUN /COST / IFCOST
COMMON /COEF / COFIT (11) ,TEMP(2),BWRTHDPWRTH,XEWRTH
REAL KB
DIMENSION XX(20,20) EM/N(3),INDEX(3)
DATA IERR / 0 /

IF (IOPT.z&Q.1) GO TO 65
IF (IOPT.EQ.2) GO TO 12
I=N BU
J=0
£0 10 K=2,NBU
IF (B.GT.BURNUP(K-1).AND.B.LE.BURNUP(K))

10 CONTINUE
IF (B.LE.BURNUP(1)) 1=2
I=AIN0(I,NBU-1)
11=1- 1
12=1
13=1+1
31=(BURNUP(I2)-B)*(BURNUP(I3)-B) / (BURN

1 (BURNUP (13)
B2= (BURNUP (I1)-B)

2 (BURNUP(13)
B3= (BURNUP (11)-B)

-BURNUP(Il))
*(BURNUP (13)-B)
-BURNUP(12))
* (B URNUP (12)-b)

I=K

UP (12)-BURNUP (l1))/

/ (BURNUP(I1)-BURNUP (12))/

/ (BURNUP (11) -BURNUP (13))/
(BURNUP (12) -BURN UP (13))

KB=B1*JIAS (11) +B2*IBIAS (12) +B3*DIAS(13)
bPK=1 .E-5*(B1*BPWRTH(I1) +B2*BPWRT H (12)+B3 *BPWRTii (13))
KB=KB*CYBIAS

12 CONTINUE
EIIN (2) =100.
EH&IN (3) = 100.
EMIN (1)=-100.
INDEX (1)=0

TERP0037
TERP0038
TERP0039
TERP0040
TERP0041
TERP0042
TERP0043
TERP0044
TERP0045
TERP0046
TERP0047
TERP0048
TERP0049
TERP0050
TERPOO51
TERPOO52
TERPOO53
TERP0054
TERP0055
TERP0056
TERP0057
TERP0058
TERP0059
TERP0060
TERP0061
TERP0062
TERP0063
TERP0064
TERP0065
TERP0066
TER(P0067
TERP0068
TERP0069
TERP0070
TERP0071
TERP0072

C

C

H
.rs
0

3



INDEX (2)=O
INDEX (3) =0
N=0
DO 30 K-1,NRICH
IF (ITYPE(K).NE.IT) GO TO
ERIR=ENRICH (K)-E
IF (ERR.LT.U.0) GO TO 15
IF (ERR.EQ.0.0) GO TO 20
IF (EMIN(2).LT.ERR) GO TO
iF (EMIN(2).EQ.EfRR) GO TO
ER=ABS (EMIIN (2))
KK=INDEX(2)
LAI N (2) =RR
INDEX (2) =K
GO TO 25

15 CONTINUE
IF (EMIN(1).GT.ERR) GO TO
IF (EMINtl).EQ.ERR) GO TO
ER =ABS (rMIN(1))
KK=INDEX (1)
EmiN (1) =ERd
I.NDEX(1)=K
GO TO 25

20 CONTINUE
ER=ABS (ERR)
KK=K

25 IF (ER.GE.EMIN(3)) GO TO
EMI N(3) =ERH
INDEX (J)=KK

30 CONTINUE
N=U
DO 35 K=1,3
J=lNDE4 (K)
IF (ABS(EM1IN(K)).EQ.
IF (LMIN(K).N E.100.)
IF (BxINK).NE.100.)

100.)
EMIN
N=N+

30

20
30

20
30

TERP0073
TERP0074
TERP0075
TERP0076
TERP0077
TERP0078
TERP0079
TERPOO80
TERP0081
TERPOO82
TERPOO83
TERP0084
TLRP0085
TERPOO86
TERP0087
TERP0088
TERPOO89
TERP0090
TERP0091
TERPOO92
TERP0093
TERP0094
TERP0095
TERP0096
TERP0097
TERP0098
TERP0099
TERP0100
TERP0101
TERP0102
TERP0103
TERP0104
TERP0105
TERP0106
TERP0107
TERP0108

30

EMIN (K) = 100.
(K) =ENR ICii (J)
1

I-



35 CONTINUE
DO 40 K=1,2
K1=K+1
DO 40 J=K1,3
IF (EMIN(J).GT.EMIN(K)) GO TO 40
EE=E&IN(K)
EMIN(K) =EliIN(J)
EllIN (J) =EE o
J1=INDEX(K)
INDE.X (K)=INDEX (J)
INDEX (J)=Jl

40 CONTINUE

If (N.rQ.0) WRITE (106,102) IT
IF (N.EQ.0) IERR=IERR+1
IF (N.EQ.0.) GO TO 70
GO TO (45,50,60), N

45 CONTINUE
J1=INDEX(1)
J2=INDEX (1)
J3=IND4X (1)
E 1=1.0
E20.0
.E3=0.0
GO TO 65

5O CONTINUE
J 1=INDLX (1)
J2=INDEX(2)
JJ=IND6X (2)
E3=0.0
E2= (ENdICH (Jlj -E)/ (ENRICH (J1) -ENRICH (J2))
E1=1.0-E2
GO TO 65

60 CONTINUE
J 1=-INDEX (1)
J2= INDEX (2)
JJ=IND.X (3)

TERP0109
TERP01 10
TERPO 111
TERP0112
TERPO 113
TERP0114
TERPO115
TERPO 116
TERP01 17
TERPO 118
TERP0119
TERP0120
TERP0121
TERP0122
TERP0123
TERP0124
TERP0125
TERP0126
TERPO 127
TERP0128
TERP0129
TERP0130
TERP0131
TERP0132
TERP0133
TERP0134
TERP0135
TERPO136
TERP0137
TERP0138
TERP0139
TERPO140
TERPO 141
TERP0142
TERP0143
TERP0144

'-A

'Is
N



E1= (ENRICH (J2) -E) * (ENRICH (J3) -E)/
1 (ENRICH (J3)-ENRICH (J1))

E2= (N RICH (J1) -E) *(ENRICH (J3) -E) /
2 (ENlCH (J3)-ENi ICH (J2))

E3= (ENRICH (J1) -E) *(ENRICH (J2) -E) /
3 (ENRICH (J2)-ENRICH (J3))

65 CONTINUE

IF (LOPT.NE.2) GO TO 66
TLRP= t14*XX(J1,1) + E2*XX(J2,1) +
GO TO 70

66 CONTINUE
X1= B1*XX(11,J1) + B2*XX
X2= B1*XX(I1,J2) + B2*XX
X3= B1*XX(I1,J3) + B2*XX
TERP=E1*X1+E2*X2+E3*X3

70 CONTINUE
IF (DEBUG) WRITE (106,10
IF (IERR.GT.10) CALL EXI
REfTURN

(12,J1)
(12, J2)
(12,3.3)

1)
T

+

+

+ .

(ENRICH (J2)-ENRICH(J1))

(ENRICH (J1)-ENRICH(J2))

(ENRICH (J1)-ENRICH(J3))

/

/

/

E3*XX (J3,1)

B3*XX
B3*XX
B3*XX

(13,J1)
(13,32)
(I3,J3)

B,EITTERP

101 FORMAT (10X,11HTERP AT BU= ,F9.3,3H E=,F6.2,7H,
1 E12.5)

102 FORMAT (24HOERROR IN TERP FOR TYPE ,13)

TYPE=,12,5H,r

TERP0145
TERP0146
TERP0147
TERP0148
TERP0149
TERP0150
TERP0151
TERP0152
TERP0153
TERP0154
TERPU155
TERP0156
TERP0157
TERP0158
TERP0159
TERP0160
TERPO 16 1
TERP0162
TERP0163
TERP0164
TERP0165
TERP0166
TERP0167
TERP0168
TEjRP0169
TERP0170
TERPO171

IS ,

ENo

C

C

C

C

H



SUBROUTINE READIN
C
C SUBROUTINE READIN - READS IN ALL INPUT DATA

C INPUT DATA
C
C
c. THE FOLLOWING INPUT FORMAT IS USED. FOR MULTIPLE CASES STACK THE

C DECKS. THE PROGRAM WILL CHECK FOR END OF DATA.
c
C INPUT PARAMETERS IN ORDER ARE:
C
C COLS. PARAM. TYPE SUBPT UNITS
C
C

**** TITLE CARD (20A4)

1-80 TITLE A (20)

**** CASE DATA CARD A

1- 3 NASS I

4- 6 NADIAM I

7- 9 NBU I

10-12 NRICH I

DESCRIPTION

-- FULL CARD OF TITLE DATA FOR CASE

(2413)

-- -- NUMBER OF ASSEMBLIES IN WHOLE CORE

-- -- NUMBER OF ASSEMBLIES ACROSS CORE

-- -- NUMBER OF BURNUPS IN INTERPOLATION

TABLE. IF NOT ENTERED, USE DEFAULT
OR PREVIOUS CASE DURNUPS.
IF =-1, THEN TABLES INPUT AS
COEFFICIENTS OF DEFINED FUNCTIONS
AS IN SIMULATE.

-- -- NUMBER OF K INF. SETS TO BE READ
IN. IF =0, USE DEFAULT OR PREVIOUS
CASE DATA, IF >0, REPLACE PREVIOUS
SET WITH NEW SET. IF <0, ADD THIS

READ0001
READ0002
READOOU3
READ0004
READ0005
READ0006
READ0007
READ0008
READ0009
READ0010
READO011
READ0012
READO013
READ0014
READOO15
READ0016
READ0017
READO018
READ0019
READ0020
READ0021
READ0022
READ0023
READ0024
READ0025
READ0026
READ0027
READ0028
READ0029
READ0030
READ0031
READ0032
READ0033
READ0034
READ0035
READ0036

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

H
.i



C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

28-30 NW

31-33 NA

I

1

I

I

L

I

C
C **** CASE6 DATA CAR

1- 6 W

7-12 ALPHA

13-18 ,LIll

R

R

13-15 ISO

16-18 IFCOST

19-21 INFIT

22-24 IHAL

25-27 DEBUG

R (1) W/o

19-24 ELIM a (2) W/O

MINIMUM FEED ENRICHMENT IN SEARCH

MAXIMUM FEED 'ENRICHMENT IN SEARCH

MANY NEW SETS TO PREVIOUS SETS.

-- -- IF =1, READ IN ISOTOPIC DATA ALONG
WITH K INF. DATA.
IF =-1, GENERATE ISOTOPIC DATA FROM
MUDDLE FIT.

-- -- IF =1, PREPARE DATA SET FOR A FUEL
CYCLE COST CALCULATION.

-- -- IF =1-, READ IN FIT DATA.

-- -- IF =1, A HALING CALCULATION WILL BE
DONE FOR EACH CYCLE.

-- -- IF =1, DEBUG PRINT OPTION

-- -- NU&BER OF DIFFERENT VALUES OF W TO

USE. IF NOT ENTERED, SET TO 1.

-- -- NUMBER OF DIFFERENT VALUES OF ALPHA
TO USE. IF NOT ENTERED, SET TO 1.

D B (12F6.2)

-- -- PROBABILITY THAT A NEUTRON BORN IN
AN ASSEMBLY WILL BE ABSORBED IN AN
ADJACENT ASSEMBLY. DEFAULT = 0. 115.

-- -- ALBEDO ON EXTERIOR EDGE OF CORE.
DEFAULT = 0.30.

READ0037
READ0038
READ0039
READ0040
READ0041
READ0042
READ0043
READ0044
READ0045
READ0046
READ0047
READ0048
READ0049
READ0050
READ0051
READ0052
READ0053
R EAD0054
READ0055
READ0056
READ0057
REA D0058
READ0059
READ0060
READ0061
READ0062
READ0063
READ0064
READ0065
READ0066
RBAD0067
READ0068
READ0069
READOU70
READ0071
READ0072

C
C
C
C
C
C
C
C
C
C
C

L.



25-30 BUDIF R

C
C
C
C
C
C

C
C
C
C
C
C
c
C

L

L
c
C
C
C
C
C
C

61-66 D*.LA R

-- GW D/HTM

IF NOT INPUT, SET TO 4.5

BURNUP DIFFERENCE FOR SPLIT REGION
BURNUP OF SPLIT REGION IS GIVEN BY
BU = AVG.BU - BUDiF*(1-N KEPT)/N)

-- -- K EFF BIAS FACIOR - DIVIDES INTO K

-- FEET CORE HEIGHT FOR GENERATION OF AXIAL
BIAS FACTOR AS A FCN OF BURNUP.

-- MTM TOTAL CORE AVERAGE LOADING.

-- MW T TOTAL CORE POWER.

-- -- INCREMENTAL CHANGE IN W TO BE USED
TO GENERATE NW-1 VALUES OF W AFTER
THE BASE INPUT VALUE.

-- -- INCREMENTAL CHANGE IN ALPHA TO BE
USED TO GENERATE NA-1 VALUES OF
ALPHA AFTER THE BASE INPUT VALUE.

C **** BURNUP DATA CARDS (12F6.2)
C

BURNUP U

(ONLY IF NBU>0)

(I) GWD/MT BURNUP ARRAY IN ORDER OF INCREASING
BURNUP. 12 ITEMS PER CARD, UP TO 20
ENTRIES READ IN. ONLY READ IN IF
NBU>0, THEN NBU ENTRIES READ

C **** AXIAL BIAS CARDS (6E12.5)

BIAS R (I)

(ONLY IF NBU>0, HEIGHT=0)

-- AXIAL BIAS FACTOR AS A FUNCTION BU,
ENTERED ONLY IF NBU>0 AND HElGHT=O.

31-36 CYBIAS R

37-42 HEIGHT ft

43-48 ULOAD R

49-54 POWER R

55-60 DELW R

READ0073
READ0074
READ0075
READ0076
READ0077
READ0078
READ0079
READ0080
READ0081
READ0082
READ0083
READ0084
READ0085
READ0086
READ0087
READ0088
READO89
READ0090
READ0091
READ0092
RZAD0093
READ0094
READ0095
READ0096
READ0097
READ0098
READ0099
READ0100
READ0101
READ0102
READ0103
READ0104
READ0105
READ0106
READ0107
READ0108

C
C
C
C
C
C

-
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NBU ENTRIES CORRESPONDING TO
BURNUP (I), 6 ENTRIES PER CARD.

**** BP WORTH CARDS

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C

(6E12.5)

R (I) PC& WORTH OF
FUNCTION
IF NBU>O.

***'* BP COEFFICIENT CARD

B R (M)

**** ENRICHMENT CARDS (

ENRICH It (I)

****' FUEL TYPE CARDS

ITYPE I (I)

(6 E12. 5)

(ONLY IF NBU>0)

ONE BP ROD/ ASSEMBLY AS A
OF BUR N UP (I) . ENT ER ED ONLY

NBU ENTRIES, 6 PER CARD.

(ONLY IF NBU<O)

-- COEFFICIENTS ,OF FUNCTION FOR WORTH
OF ONE BP ROD/ASSEMBLY. FUNCTION IS
B(1)*(1.0 + B(2)*BU + B(3)*BU**2 +

B(4)*BU**3 + B(5)*BU**5)
WHERE BU IS THE BURNUP IN GWD/MTU.

12F 6.2) (ONLY IF NRICH NE 0)

W/o ENRICHMENT CORRESPONDING TO EACH
DATA SET. W/0 U-235 OR W/0 PU.
NRICH VALUES ENTERE-D, 12 PER CARD.

(1216)

-- FUEL TYPE
DATA SET.
PER CARD.

**** POWER/FISSION RATIO CARDS (12F6. 0)

(ONLY IF NRICH NE 0)

CORRESPONDING TO EACH
NRICH VALUES ENTERED

BP

12

(ONLY IF NRICH NE 0)

READ0109
READ01 10
READ0 111
READ0112
READO 113
READ01 14
READ0115
READO116
READOI17
READO 118
READ01 19
R4AD0 120
READ0121
READ0122
READ0123
READ0124
READ0125
READ0126
READ0127
READ0128
READ0129
READ0130
READ0131
READ0132
READ0133
READ0134
READ0135
READ0136
READ0137
READ0138
READ0139
READ0140
READ0141
READ0142
READ0143
READ0144

H
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C POWFIS h
C
C
C
C
C
C **** K INF CARDS
C

KINFC
C
C
C
C

(I) MEV/N POWER TO FISSION SOURCE RATIO FOR
EACH FUEL TYPE. (KAPPA/NU) NRICH
VALUES, 12 PER CARD.

(6E 12.5)

R (IJ)

(ONLY IF NRICH NE 0, NBU GE 0)

-- K INF CORRESPONDING TO BURNUP (1)
FOR ENRICHMENT J. NBU VALUES FOR
EACH SET, 6 VALUES PER CARD, NRICH
SETS.

C
C **** KINF COEFFICIENT CARDS (6-12.5) (ONLY IF NRICH NE 0, NBU<O)
c

3C
C
C
C
C
C
C
C
(2

C
C
C
C
C
C
C
C
C
C
C

h (1)

**** ISOTOPIC DATA CARDS

-- COEFFICIENTS OF FUNCTION FOR K INF.
AS A FUNCTION OF BURNUP. ONE SET
ENTERED FOR EACH ENRICHMENT.
THE FUNCTION IS OF THE FORM:
K INF = B(1)*Z1*Z2
Z1=1.O-B(2) - B(3)*(1.O+B(4)*BU)
Z2=1.0 - 1(5)*BU + b(6)*BU**2 +

B(7)*BU**3 + B(8)*BU**4
WHERE BU IS BURNUP IN GWD/MTU.
NOTE THAT B(1) TO B(8) ARE TO BE
ENTERED, SO 2 CARDS/SET ARE NEEDED.

(6E12.5) (ONLY IF ISO=1, NRICH NE 0)

ISOTOP R (1,J,1)KG/NTM URANIUM CONTENT AS A FUNCTION OF
BURNUP(I). NBU ENTRIES, 6 ENTRIES
PER CARD FOR ENRICH(J).

ISOTOP i (I,J,2)KG/MTLI U-235 CONTENT AS A FUNCTION OF

READ0145
READD146
R EADO 147
READ0148
READ0149
READ0150
READO0151
READO 152
READ01 53
READ0154
READ0155
READ0156
READO157
READ0158
READO159
READ0160
READ0161
READ0162
READ0163
READ01 64
READ0165
READ0166
READ0167
READ0168
READO 169
READ0170
READO171
R EA DO 172
R£EAD0173
READ0174
READ0175
READ0176
READ0177
READ0178
READ0179
READ0180

0
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BURNUP(I). NBU ENTRIES, 6 ENTRIES
PERi CARD FOR ENRICH(J).

ISOTOP R (I,J,3)KG/MTM TOTAL PU CONTENT AS A FUNCTION OF
BURNU'P(I). NBU ENTRIES, 6 ENTRIES
PER CARD FOR ENRICH(J).

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

NOTE ***

(I,J,4) -- FISSILE/(TOTAL PU) RATIO AS A
FUNCTION OF BURNUP(I) FOR ENRICH(J).

THE ORDER OF CARDS ARE ALL BURNUPS IN SEQUENCE
ON CARD(S) TO FORM A. SET. THEN EACH SET FOR
DIFFERENT ISOTOPIC INFORMATION (4 SETS) FOR
ENRICH(J) TO FORM A LARGER SET WHICH IS THEN REPEATED
FOR EACH ENRICHMENT. IF NOT ENTERED, DEFAULT
DATA WILL BE USED FROM FIT. DATA IS ONLY USED
FOR COST DATA SET PREPARATION.

C **** COEFFICIENT FIT DATA SET (5F6.2/ (6E12.5)/)

1- b XEWRTH

7-12 DPWRTH

13-18 UWRTH

19-24 TEMP

25-30 TEMP

(ONLY IF INFIT =1)

-- PCM TOTAL HFP XENON WORTH AT BOL

-- PCM TOTAL DOPPLER DEFECT HFP TO HZP
AT BOL.

-- PCM/PPM BORON WORTH AT BOL.R

R (1) DEG F HZP TEMPERATURE.

R (2) DEG F AVERAGE CORE HFP TEMPERATURE.

COFIT R (I) -- MODERATOR TEMPERATURE FIT PARAMETERS
UP TO 10 ALLOWED, 6 PER CARD.

READO181
READ0182
READO 183
READ0184
READ0185
READ0166
READO 187
READ0188
READ0189
READ0190
READ0191
READ0192
READ0193
READ0194
R EA D01 95
READ0196
READ0197
READ0198
READ0199
READ0200
READ0201
READ0202
READ0203
READ0204
READ0205
READ0206
READ0207
READ0208
READ0209
READ0210
READ0211
READ0212
READ0213
READ0214
READ0215
READ0216

ISOTOP R

C
C

C
C
C
C
C
C
C
C
CC2
C
C

H4-
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C
C
c
C
C
C

C
C
C
C
C
C
C

C
C **** CYCLE OPTION

1- 3 is

4- 6 ISURCH

7- 9 ISHUF

1

l

CARD (8I3,6F6.0)

-- -- CYCLE NUMBER 1-20 Ol 21 FOR EQUIL.
CYCLE.

(IS)

I (IS)

-- SEARCH PARAMETER FOR CYCLE IS.
=1 SEARCH ON CYCLE BURNUP
=2 SEARCH ON NUMBER OF BPS
=3 DETERMINE EOL K EFF.
=10+J SEARCH ON ENRICHMENT FOR
FEED J IN CYCLE IS

-- SHUFFLE GENERATION OPTION
=0 INPUT SHUFFLE FOR THIS CYCLE
=-1 USE SHUFFLE FROM LAST CASE FOR
THIS CYCLE.
>0 GELNERATE SHUFFLE DATA AUTOMATICALLY
=1 ASSUME PERITHERAL FEED AND CENTER
ASSEMBLY FROM PREVIOUS CYCLE.
=2 ASSUME PERIPHERAL FEED AND CENTER
ASSEMBLY FROM CYCLE 1.

**** CYCLE DATA **** ALL OF THE- REMAINING DATA IS INPUT FOR EACH
CYCLE, THEN FOR THE NEXT CYCLE, ETC. THE
CYCLES SHOULD BE IN INCREASIdG ORDER.
ONE MUST START WITH CYCLE 1, BUT BOC
BURNUPS MAY BE ENTERED. NO CYCLE MAY BE
ELIMINATED FROM THE SEQUENCE, EXCEPT AT
THE END. THUS ANY NUMBER OF CYCLES UP TO
20 MAY BE RUN AND THEY MUST BE CONSECUTIVE.
CYCLE 21 IS AN EQUILIBRIUM CYCLE AND IS
SEPARATE FROM THE REST. THE CYCLE DATA
MUST BE FOLLOWED BY A BLANK CARD AFTER THE
LAST CYCLE INPUT.

READ0217
READ0218
REA00219
READ0220
READ0221
READ0222
READ0223
READ0224
HEAD0225
READ0226
READ0227
RkAD0228
READ0229
READ0230
READ0231
READ0232
READ0233
READ0234
READ0235
READ0236
READ0237
READ0238
READ0239
READ0240
READ0241
READ0242
READ0243
READ0244
READ0245
READ0246
READ0247
READ0248
READ0249
READ0250
READ0251
READ0252

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

H
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C
C
C
C
C
C
C2
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

(IS)

(IS)

-- NUMBER OF REGIONS IN CYCLE (<16)

-- NUMBER OF FEED REGIONS IN CYCLE.
MAY BE 0,1,2, OR 3.

10-12 NREG I

13-15 NFEED I

l-18 IBOC I

19-21 IFEDGE I (IS) -- =0 INPUT THE EDGE DATA.
=-1 USE THE EDGE DATA FhOM THE
PREVIOUS CASE FOR THIS CYCLE.
>0 GENERATE EDGE DATA AUTOMATICALLY
=1 ASSUME A RING GEOMETRY IN THE
CORE FOR THE EDGE DATA.
=2 ASSUME A CHECKERBOARD GEOMETRY
FOR THE INTERIOR OF THE CORE.

C 22-24 DUMMY I
C

25-30 CYBU

31-36 BP

37-42 EULK

R (IS) GWD/MT DESIRED (OR GUESSED) CYCLE BURNUP.

Ii (IS)

R (IS)

-- NUMBER OF BP RODS (OR GUESS) IN
CORE.

-- DESIRED END OF LIFE K EFF FOR CYCLE.
CAN BE VARIED TO CHANGE FOR EOL
BORON CONCENTRATION, COASTDOWN OR
EARLY SHUTDONN.

-- -- =1 IF BOC REGION BURNUPS ARE TO BE
ENTERED FOR THIS CYCLE.
=0 IF BOC REGION BURNUPS ARE TO BE
CALCULATED USING SHUFFLE DATA AND
EOC REGION BURNUPS FROM PREVIOUS
CYCLES.
=-1 IF PREVIOUS CASE BOC REGION
BURNUPS ARE TO BE USED THIS CYCLE.

READ0253
READ0254
READ0255
READ0256
READ0257
READ0258
READ0259
READ0260
READ0261
READ0262
READ0263
RE-AD0264
READ0265
READ0266
READ0267
READ0268
READ0269
READ0270
READ0271
READ0272
READ0273
READ0274
READO275
READ0276
READ0277
READ0278
RLAD0279
READ0280
READ0281
READ0282
READ0283
READ0284
READ0285
READ0286
READ0287
R-EAD0288

C
C2
C
C
C
C
C
C
C
C

F"
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43-48 CAPFAC R (IS) PERCENT CAPACITY FACTOR FOR CYCLE, EXCLUDING
REFUELING SHUTDOWN.

49-54 CYTIM R (IS) DAYS CYCLE LENGTH, EXCLUDING SHUTDOWN.
ONLY 2 OF 3 (CYBU, CAPFAC, CYTIM)
NEED BE ENTERED. IF 3 ENTERED,
CYTIM IS RECALCULATED.

55-60 SDLEN R (IS) DAYS REFUELING SHUTDOWN LENGTH.
IF NOT ENTERED, SET TO 42.

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

1- 3 NAFEED
N AC1

4- 6 FTYPE
C1TYPE

7- 9 FID
C1i)

10-12 DUMMY

13-18 FRICH
C liICH

I
1

I

A
A

CARDS (213,A3,I3,2F6.0)
INPUT FOR EACH REGION IN CYCLE 1 OR JUST THE FEED
REGIONS FOR OTHER CYCLES. START WITH THE LOWEST

ENRICHMENT REGION AND PUT IN ORDER OF INCREASING
ENRICHMENT.

(IS,I)
(I)

(IS,1)
(I)

(IS,I)
(I)

-- NUMBER OF FEED I (OR REGION I IN

CYCLE 1) ASSEMBLIES.

-- FUEL TYPE FOR FEED I (OR REGION I

-- IN CYCLE 1) CORRESPONDING TO INPUT
TABLE OF K INF. INTERPOLATION WILL
ONLY BE DONE WITH IDENTICAL FUEL

TYPES.

-- ID FOR FEED REGION 2. (IE. 5A,6PU).
-- THIS IS USED FOR LABELING OF OUTPUT.

'I

(IS,I)
(I)

W/0
Wi/0

ENRICHMENT OF FEED I IN CYCLE IS OR
ENRICHMENT OF REGION I IN CYCLE 1.

R (lS,1) MTM LOADING PER ASSEMBLY FOR FEED I IN

READ0289
READ0290
READ0291
READ0292
READ0293
READ0294
READ0295
READ0296
READ0297
READ0298
READ0299
READ0300
READ0301
READ0302
READ0303
READ0304
READ0305
READ0306
READ0307
RBAD0308
READ0309
READ0310
READ0311
READ0312
READ0313
READ0314
READ0315
READ0316
READ0317
READ0318
READ0319
READ0320
READ0321
READ0322
READ0323
READU324

**** FEED DATA

H

C 19-24 FLOAD



C1LOAD R

*** REGION SIZE CARD (1
C
C NAREG i (.1,1)
C
C
C
C
C
C **** SHUFFLE CARD (12I6)
C
C ISH UF I (I,1S)

**** EDGE CARDS

1- 6 JR

7-12
13- 18
19-24
25-30

NEDGE
NEDGE
NEDGE
NEDGE
ETC.

I

1
I
I
I

(I) MTM CYCLE IS OR REGION I IN CYCLE 1.
IF NOT ENTERED, SET TO ULOAD/NASS.

216) (ONLY IF ISiUF(IS)=O)

NUMBER OF ASSEMBLIES IN EACH REGION
STARTING WITH THE HIGHEST BURNUP
(INNERMOST) REGION. NREG(IS) ENTRIES,
12 PER CARD.

(ONLY IF ISHUF(IS)=0)

-- SHUFFLE INICIES SPECIFYING PREVIOUS
LOCATION OF EACH REGION(I) IN CYCLE
IS. VALUE OF FORM 100*K+L WHERE
K IS THE PREVIOUS CYCLE NUMBER AND
L IS THE REGION NUMBER IN THE CYCLE.
FOR A FEED REGION, K=0 AND L IS THE
FEED NUMBER (1,2, OR 3) NREG(IS)
ENTRIES, 12 PER CARD.

(1116) (ONLY IF IFEDGE(IS)=O)

-- -- REGION NUMBER CORRESPONDING TO DATA
ON THE WHOLE CARD.

(1,K)
(2,5)
( 1, K+ 1)
(2,K+1)

SPECIFICATIONS OF THE NUMBER OF EDGES
ADJOINING REGION JR IN CYCLE IS.
NEDGE(1,.) IS THE REGION NUMBER
ADJOINING REGION JR AND NEDGE(2,.)
IS THE NUMBER OF EDGES BETWEEN THEM.
FOR EDGES ON THE EXTERIOR, SET
NEDGE(1,.)=0. NOTE THAT K IS JUST

C
C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C

READ0325
READO326
READ0327
REhAD0328
READ0329
READ0330
READ0331
R EA D0332
READ0333
READ0334
READ0335
READ0336
READ0337
READ0338
READ0339
READ0340
REA D0341
READ0342
READ0343
READ0344
READ0345
READ0346
READ0347
READ0348
READ0349
READ0350
READ0351
READ0352
READ0353
READ0354
READ0355
READ0356
READ0357
READ0358
READ0359
READ0360

t-
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A COUNTER. ALSO ONLY NON-ZERO
NUMBER OF EDGES MUST BE ENTERED AND
ONLY ONE SET FOR EACH REGION PAIR.
5 PAIRS MAY BE ENTERED ON EACH CARD.

NOTE: LAST CARD WITH EDGE DATA SHOULD BE
FOLLOWED BY A BLANK CARD.

C
C
C
C
C
C
C
C(
C
C
C
C
C
C
C

BPFRAC R (IIS)

C **** BOC BURNUP CARD
C

(ONLY IF BP(IS) NE 0)

-- FRACTION OF BP RODS IN EACH REGION
I IN CYCLE IS. NREG(IS) ENTRIES,
12 ENTRIES PER CARD.

(12F6.2) (ONLY IF IBOC=1)

BOCBU t (IIS)GWD/MTM BOC REGION BURNUPS FOR CYCLE IS.
NREG(IS) ENTRIES, 12 ENTRIES / CARD.

END OF CYCLE (IS) DATA - REPEAT SET FOR NEXT CYCLE.
AFTER LAST CYCLE DATA SET, PUT A BLANK CARD.
CASES MAY BE STACKED DIRECTLY.

COMMON /TABLI/ NBU, NRICH, BURNUP (20),ENRICH (20) ,ITYPE (20) ,BIAS(20),
BPWRTHiT (20) ,CYBIAS

COMMON /10/ 105,106,107
COMMON /TABL2/ KINF(20,20),ISOTOP(2O,2O,6),POW FIS(20)
REAL KINFISOTOP
COMMON /BASIC/ TITLE(20),NASS,ANASS,NADIAM,NALPHAULOADHEIGHT,

BUDIfISOW,ALPfiAELIM (2), IHALPOWER, DEBUG
LOGICAL DEBUG
COMMON /CYDAT/ 1SURCH (21) ,ISHUF(21) ,BP(21) ,CYBU(21) ,EOLK(21) ,

REA D0361
READ0362
READ0363
READ0364
READ0365
READ0366
READ0367
HEADO 368
READ0369
READ0370
READ0371
HEAD0372
READ0373
READ0374
READ0375
READU376
READ0377
READ0378
READ0379
READ0380
READ0381
READ0382
READ0383
READ0384
IREAD0385
READ0386
READ0387
READO388
READ0389
READ0390
READ0391
READ0392
READ0393
R EAD0394
READ0395
READ0396

**** BP FRACTION CARD (12F6.2)

C
C
C
C
L
C
C
C
C
C

Ln
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1
2
COMMON /RGDAT/
1
2
COMMON /CYCL1/
COMMON /FEED /
1

N FEED (21) ,NREG (21) ,CYLOAD (21) , CAPFAC (21) ,CYTIM(21) ,
SDLEN (21) ,IFitDGE(21)
NEDGE (2, 1000) ,IEDGE (21) ,NAREG(15,21) ,JSIIUF (15,21)
BPFRAC(15,21), BQCBU(15,21), EOCBU(15 ,21),
IDX REG (15,21),rNADI S( 15, 21)
C1RICH(10),C1TYPE(10),C1ID(10),C1LOAD(10),NAC1(10)
N AFEED (21, 3) , FTYPE (21, 3), FLOAD (21, 3) ,FR ICiH (21,3),
FID(21 ,3)

INTEGER FTYPE,CI.TYPE
COMMON /COST / IFCOST
COMMON /COEF / COFIT(11),TEMP
COMMON /LOOP/ NANWDLLA, DEL
DldMENS1UN IDUM (24) ,DUM (12)
DIME NSION B(10)
DATA BLANK / 311 /

R EAD (105, 901,
RzAD (105,901
IF (E0F (105))
CONTINUE

EEAD (105,910)

(2) ,BWRTH,DPWRTH, XEWRTH

END=200) TITLE
) T1TLE

200,5

NASSNADIAMNBNRIS,IFCOSTINFITlHALDEBUG,NW,NA
C

RLAD (105,904) W,ALPhA,ELIM(1),ELIM(2),FBUDIFCYBIAS,HEIGHT,
ULOADPOWER,DELW,DELA

CALL BUGOUT(8HW ,W,1,1,1,1,1,1,2)
CALL BOGOUT (8H1ALPHA ,A LPHA, 1, 1, 1, 1, 1, 1,2)
ANASS=NASS
150=1S
IF (W . EQ. U. 0) W=0.115
IF (ALPHA.EQ.0.0) ALPHA=0.30
IF (ULOAD.EQ.O.0) ULOAD=1.0
IF (ELIM(2).EQ.0.0) ELIM(2)=4.5
IF (POWER.EQ.0.0) POWER=1.0
IF (CYBIAS.EQ.0.0) CYBIAS=1.0
IF (NA.EQ.0) NA=1

READ0397
READO398
READ0399
READO400
READ0401
iREADO402
READO403
READO404
READ0405
READ04U6
READ0407
READO408
READ0409
READ0410
READ0411
READ0412
R EADO413
READO414
READ0415
READ0416
READ0417
READ0418
READ0419
HEADO420
READO421
READO 422
READO423
READO424
READ0425
READ0426
READ0427
READO428
READ0429
READO430
READ0431
READ0432

C

CDC
CDC
CDC
C

5

HJ
U,
U,



IF (NW.EQ.0)

IF (NB.Le.0) GO TO 10
REJAD (105,904) (BURNUP(II),I=1,NB)
NBU =NB
IF (HEIGHT.Q.0. 0) READ (105,905)
READ (105,905) (BPWRTH(I),I=1,NB)

10 CONTINUE

12
13

(BIAS (I) ,I=1,NB3)

IF (NB.GE.0) GO TO 13
READ (l05,905) (B(,I),1=1,5)
DO 12 I=1,lNbU
BU=BURNUP(I)
BPWRTH(I) =B(1)*(1.0+B(2)*BU+B(3)*BU**2+iB(4)*BU**3*B(5)*BU**4)
BiWRTH(I)=AMAX1(0.0O,BPWRTH (I))
CONTINUE
CONTINUE

IF (NR.EQ.0) GO TO 35
IF (N.LT.0) GO TO 15
NR1=1
NRICl=N
GO TO 20

15 CONTINUE
NRI=NRICH+ 1
NRICH=NRICH-NR

20 CONTINUE
READ (105,904) (ENRICH(I),I=NR1,NRICH)
READ (105,906) (ITYPE(l),I=NR1, NRICH)
READ (105,904) (POWFIS(I),l=NR1, NRICH)
DO 25 I=NR1,NRICH

IF (NB.LT.0) GO
READ (105,905)
GO TO 26

TO 21
(KINF (J ,I),J=1,NBU)

C
NW=1

C

C

C

READO433
READO434
READ0435
READ0436
READ0437
READO438
READ0439
READ0440
READ0441
READ0442
READ0443
READ0444
READO445
READ0446
READO447
READ0448
READO449
READ0450
READO451
READ0452
READ0453
READ0454
READ0455
READ0456
READ0457
READ0458
READ0459
READ0460
READ0461
R EAD0462
READ0463
READ04b4
RLAD0465
READO466
READ0467
READ0468C

t-n
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21 CONTINUE
RLAD (105,905) (B(J),J=1,8)
DO 22 J=1,NBU
BU=BURNUP?(J)
A=1.0-B(5) *BU+B(6)*BU**2+B(7) *bU**3+B(8)*BU**4
KINF(J,I) =B(1)*A*(1.0-B(2)-B(3)*(1.0+B(4)*BU))

22 CONTINUE
26 CONTINUE
25 CONTINUE

IF (ISO.NE. 1) GO TO 35
DO 30 I=NH1,NRICH
Du 30 L=1,6
READ (1U5,905) (ISOTOP (JI,L) ,J=1,NBU)
CONTINUE
CONTINUE

DO 41 1=1,21
41 ISURCH(I)=0

If (INFIT.EQ.0) GO TO 40
itEAD (105,904) IEWRTHDPWRTHBWRTH,TEMP
READ (IOS,907) COFIT

40 CONTINUE
C
C
C

CDC
CDC
CDC 6

CYCLE INPUT ON A CYCLE BY CYCLE BASIS

RLAD (105,903,END=150)
READ (105,903 )
IF (EOF(105)) 150,6
CONTINUE
IF (IDUM(1).EQ.0) GO TO
IS=IDUM(1)
1SURCH (IS)=IDUM (2)
ISHUF(IS)=IDUMi(3)
NihkG (IS) =IDUM (4)

(IDUM (I)
(IDUM (1)

,I=1,8), (DUM (I) ,I=1,6)
,II=1 ,8),(DUM (I),I=1,l6)

IEAD0469
READO470
READ0471
READ0472
READ0473
READ0474
READ0475
READ0476
READ0477
READ0478
READO479
READ0480
READ0481
READO482
READO483
READ0484
R(EAD0485
READO486
READ0487
READ0488
READ0489
READO490
READO491
READ0492
READ0493
READ0494
READ0495
READ0496
READ0497
READ0498
READ0499
READ0500
READU501
R-EAD0502
READ0503
READ0504

150

C

30
35

C

C

H



NFEED (IS) =lU)U M (5)
130C=IDUM(6)
IFEDGE (IS) =IDUH (7)
CYBU (IS)=DUM (1)
BP (IS) =DUI (2)
EOLK(IS)=DUH(3)
CAPFAC(IS)=DUH(4)
CYTIM (IS) =DUM (5)
SULLN (IS) =DUM (6)
IF (SDL.LN(IS).LQ.0.0) SDLEN(IS)=42.

IF (1IS.GT.1) GO To 50
N H=N REG (IS)
DO 45 I=1,NR
R EAD (105,909) NAC1 (I) ,C1TYPE (I), C1ID (I) ,IDUM(1),wC lICH (1) ,

C1LOAD(I)
IF (C1LOAD(I).Q.0.0) C1LOAD(I) =ULOAD/ANASS

C
CDC IF (C 11D (I).. EQ. BLA NK) I

NF=Nit
45 CONTINUE

GO TO 60
C

50 CONTINUE
NR=NFEED (IS)
IF (NRi.EQ.J) GO TO 60
DO 55 1=1,1NR
READ (105,909) NAFEED(I
1 FRICH(IS

Nk=NF+1
C
CDC IF (FID (IS,I).EQ.BLANK)

If (FLOAD(IS,1)..EQ.0.0)
55 CONTINUE
60 CONTINUE

C

NCODE (3,903, CID(I))

S,1), LTYPE(IS,I),FID(IS,I)
i,1) ,FLOAD(IS,I)

R EAD0505
READ0506
RiAD0507
R EAD0508
READ0509
READ0510
READ0511
READ0512
READO513
READ0514
READ0515
READ0516
READ0517
READ0518
R EA D0519
READ0520
READ0521
READ0522
READ0523
READ0524
READ0525
READ0526
READ0527
READ0528
READ0529
READ0530
READ0531
READ0532
READ0533
READ0534
READ0535
READ0536
READ0537
READ0538
READ0539
READOS40

,IDUM(1)

ENCODE (3,903,FID(IS,I)) NF
FLOAD(IS, I)=ULOAD/ANASS

C

1

0,



Nl=NhEG (IS)
IF (ISUUF(IS).NE.0) GO TO 65
IF (IS.EQ.1) GO TO 65
READ (105,906) (NAREG (I,IS) ,1,NH)
READ (105,906) (JSHUF(I,1S),I=1,NIR)

65 CONTINUE
C

1N=0
IF (IS.GT.1) I
IN2=IEDGE(IS)
IF (IFLDGE(IS)
IF (lN2.EQ.IN)
IN4=IN+l

N=IEDGE (IS-1)

.EQ.-1) GO TO 105
GO TO 70

DO 68 J=IN4,IN2
NEDGL (1 ,J) =0
NELDGE (2,J) =0
CONTINUE
IF (IFELDGEd(IS).NE.0) GO TO 105
IN3=IEDGE(21)
READ (105,906) JR,(IDUM (I),I=1,10)
IF (JR.EQ.0) GO TO 105
N=0
DO 75 J=1,9,2
IF (IDUL(J).GT..OR.IDUM(J+1).GT.0)

75 CONTINUE
N=N+1

IF (IN+N.LL.IN2) GO TO 95
N=N-(IN2-IN)
If- (IN3.EQ.IN2) GO TO 85
IN4-=N2+1
DO 80 J=lN4,1N3
K= LN3-J+IN4
Nk.DGE(1,K+N)=NEDGE(1,K)
NEDGE (2,K+N)=NEDGE (2,K)
CONTINUE
CONTINUE
IN3=IN3 +N

READ0541
READ0542
READ0543
READ0544
READ0545
READ0546
READ0547
READ0548
READ0549
READ0550
READ0551
READ0552
READ0553
READ0554
READ0555
READ0556
READ0557
REBAD0558
READ0559
READ0560
R-EAD0561
READ0562
READ0563
READ0564
READ0565
READ0566
READ0567
READ0568
IREAD0569
READ0570
READ0571
READ0572
READ0573
R EAD0 574
READ0575
READ0576

b8
70

H
ulJ
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80
85



Iii2=IN2+N
DO 90 J=IS,21

90 IEDGE (J)=I EDG E (J) +N
95 CONTINUE

DO 100 J=1,9,2
IF (IDUM(J).EQ.0.AND.IDUM(J+1).Q.0) GO TO 100

IN=IN+1
NEDGL (1,IN)=100*IDUM(J) +JR
N.EDGEt(2,IN)=IDU&(J+1)

100 CONTINUE
GO TO 70

105 CONTINUE
CALL BUGOUT (8HIEDGE ,IEDGEI,21,2 1, 1-,1)
CALL BUGOUT(8HNEDGE ,NEDGE,1,2,2,1,IEDGE(21) ,1000,1)

IF (BP (IS). EQ.
HEAD (105,904)

110 CONTINUE

0.0) GO TO 110
(BP FRAC(I,.iS) ,I=1,NR)

READ0577
READ0578
RE ADO579
READ0580
READ0581
READ0582
READ0583
READ0584
READ0585
READ0586
READ0587
READ0588
READ0589
READ0590
READ0591
READ0592
READ0593
READ0594
READ0595
READ0596
READ0597
READ0598
READ0599
READ0600
READ0601
READ0602
READ0603
READ0604
READ0605
READ0606
READ0607
READ0608
READ0609
READ0610
READ0611
READ0612

BOC REG BURNUP

ii' (IB0C.EQ.-1) GO TO 120
DO 115 1=1,15

115 OC3U0(1,IS)=0.0
IF (IBOC.NE.1) GO TO 120
HEAD (105,904) (BOCBU (1,1S),1=1,NR)

120 CONTINUE

END OF CYCLE DATA

GO TO 40
200 CONTINUE

WRtITE (106,902)
CALL EXIT

150 CONTINUE
RETURN

C

C
C
C

C
C
C

a'



FORMAT(20A4)
FORMAT(1H1,9X,26HLAST CASE COMPLETED - EXIT
FOR MAT (813,8Eb.0)
FORMAT(12F6.2)
FORMAT(6E12.5)
FORMAT(1216)
FORMAT(bE12.5)
FORMAT (21I3A 3,13,2F6. 0)
FOAMAT (2413)

END

READ0613
READ0614
READ0615
READ0616
READ0617
READ0618
READ0619
READ0620
READ0621
READ0622
READ0623
READ0624

c

C

901
902
903
904
905
906
907
909
910
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SUBROUTINE PREP

SUBROUTINE PRsjP GEN.6RATES DEFAULT OR AUROMATED DATA AND SETUP
FOR PROBLEM EXECUTION

COMMON /TABL1/ NBUNRICHi3URNUP(20),ENRICH (20) ,ITYPE(20) ,BIAS(20),
BPWRTH(20) ,CYJBIAS

COMMON /10/ 105,I06,I07
COM30ON /TAiBL2/ KINF(20,20),ISOTOP(20, 20,6), POWFIS(20)
REAL KINF,ISOTOP
COMMON /BASIC/

1
LOGICAL DEBUG
COMiMON /CYDAT/
1
2

COMMON /RG DAT/
1
2
COMMON /CYCL1/
COMMON /FEED /

TITLE (20) ,NASSANASSNADIAXINALPHA,ULOADHEIGHT,
BUDIF,ISO, W, ALPlHA, ELIM (2) , IHAL, POWi;RDEBUG

ISURCH(21) ,ISHUF(21) ,BP(21) ,CYBU(21) ,EOLK(21),
NFEED(21) ,NRG(21) ,CYLOAD(21),CAPFAC (21) ,CYTIM(21) ,
SDLEN(21) ,IFEDGE(21)
NEDG E(2,1O00) ,IEDGE(21),NAREG (15,21) ,JSHUF(15,21),
BPFRAC(15,21),0CBU(15,21),EOCBU(15,21),
IDXREG (15,21) ,NADIS (15,21)
C1RICH(10),C1TYPE(10),C1ID(10),C1LOAD(10),NAC1(10)
NAFEED (21,3), FTYPE (21,3) ,FLOAD (21,3) ,FRICH (21,3) ,
FID (21,3)

kTYPE,C1TYPE
/COST / IFCOST
/COEF / COFIT(11),TEMP(2),
/EDGE/ IDGE'(15,20)

DIMENSION DBIAS(20)
DiMENSIOh NCDATA(4, 10)
DATA NCDATA / 121, 12,

1 24*0 /
DATA DiHGdT,DBIAS / 12.

16*

32,0,

BWRTH,DPWRTH, XEWRTH

157, 15, 36,0,

0, 1.00567,
1.01023 /

193,15,44,0, 217,17,44,0,

1.007425, 1.00902, 1.0099,

C
IEiR=0

C GENELATE AXIAL LEAKAGE BIAS FROM DEFAULT

C
C
C
C

PREP0001
PREP0002
PiEP0003
PREP0004
PREP0005
PREP0006
PREP0007
PREP0008
PREPOO09
PREP0010
PREPOO11
PREP0012
PREP0013
PREP001 4
PREP0015
PREP0016
PREP00 17
PREP0018
PREPOO19
PREP0020
PREP0021
PREP0022
PREP0023
PREP0024
PREP0025
PREP0026
PREP0027
PREP0028
PREP0029
PREP0030
PREP0031
PREP0032
PREP0033
PREP0034
PREV0035
PREP0036

1

1
INTEGER
COMMON
COMMON
COMMON

C

H
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IF (dEIGhT.EQ.0.0) GO TO 10
FACTOR=( LHGHT+0.5)/(HIIGHIT+0.5)
DO 5 I=1,NBU

5 13IAS(I)=FACTOR*(DBIAS(I)-1.0) +
10 CONTINUE

C SET UP CYCLE 1
NB=NREG (1)
DO 15 I=1,NR
NAREG (, 1) =NAC1 (I)
JSHIUF (II,1)=I
IDXiuiG (I, 1) =100+1

15 CONTINUE
1I11 1
NC1=NAEG (I,1)
IF (NC1.EQ.1) IC1=2
IF (NC1.EQ.1) NC1=NC1+NAREG(I,2)

C GLNLRATE SHUFFLE ARRAY
JC1=0

20
21

DO 60 I-=2,20
IF (ISURCH (I)

IF (ISHUF(I).
NCA=0

1.0

PREP0037
PREP0038
PREP0039
PREP0040
PREP0041
PREP0042
PREP0043
PREP0044
PREP0045
PREP0046
PREP0047
PREP0048
PREP0049
PREP0050
PREP0051
PREP0052
PREP0053
PREP0054
PREP0055
PREP0056
PREP0057
PREP0058
PREP0059
PREP0060
PREP0061
PREP0062
PREP0063
PREP0064
PREP0065
PREP0066
PREP0067
PREP0068
PREP0069
PREP0070
PREP0071
PREP0072

. EQ.0) GO TO 60
LE.0) GO TO 49

ICA=140D (IS HUF (I) + 1,2)
IF (JC1.GE.NC1) ICA=0
NF=NFEED(I)
IF (NF.EQ.0) GO TO 21
DO 20 J=1,NF
NCA=NCA+NAFEEhD (I ,J)
CONTINUE
NR=NF
i(1=0
IF (NCA+lCA.GE.NASS) GO TO 30
NRR=NREG (I-1)
DO 25 J=1,NRR
JJ=NaR-J+ 1
NCA=NCA+NAREG(JJ,1-1)

i-
01
w~A



25
30

35
36

40
41

IF (JCI.GT. NAREG(1,1))
JSHUF (1,1i)=100+J
1DXLREG (1,1) =100+J

45 CONTINUE
GO TO 56

NR1=NR 1+1
NR=NR+1
IF (NCA+ICA.GE.NASS) GO TO 30
CONTINUE
CONTINUE
NREG(I)=NR+ICA
NCA=0
NR=NR+ICA
IF (NF.EQ.0) GO TO 36
vO 35 J=1,NF
JJ=NR-J+1
NAiLG (JJ, I) =N AFEED (I, NF-J+1)
NCA=NCA+NAFEED(I, NF-J+1)
JStiUF (JJ,I)=NF-J+1
IDXREG (JJ,1)=100*1+NF-J+1
CONTINUE
CONTINUE
IF (NR1.EQ.0) GO TO 41
DO 40 J=1,NR1
J1=NR-NF-J+ 1
J2=NRR-J+1
JSHUF (J1,I) =100* (I-1) +J2
IIDXREG (J1,I) =lIXREG (J2,I-1)
N AREG (J 1,1) =MIN0 (NAREG (JI-1), NASS-NCA-ICA)
NCA=NCA+NAREG (J1I)
CONTINUE
CUNTINUE
IF (ICA.EQ.0) GO TO 45
NAREG (1 ,I)=1
JC1=JC 1+1
J= 1

J=2

PREP0073
PREP0074
PREP0075
PREP0076
PHEP0077
PREP0078
PREP0079
PREP0080
PREP0081
PREP0082
PREP0083
PREP0084
PREP0085
PREP0086
PREP0087
PREP0088
PREP0089
PREP0090
PREP0091
PREP0092
PREP0093
PRiEP0094
PREP0095
PREP0096
PREP0097
PREP0098
PREP0099
PREP0100
PREP0101
PREP0102
PREP0103
PREP0104
PREP0105
PREP0106
PREPO107
PREPO108

H
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49 CONTINUE
N=NREG (I)
DO 55 J=1,NR
JK=JSHUF (J,I)
JJ=JK/100
K=lOD (JK, 100)
IF (JJ.EQ.0) GO TO 50
IDXREG (JI)=IDXREG(JJK)
GO TO 55

50 IDXhEG(J,I)=100*I+K
55 CONTINUE
56 CONTINUE

CALL BUGOUT(8HJSHUF ,JSHUFl,1,NR,15,,1,21,1)
CALL BUGOUT(8BiIDXREG ,IDXREG,1,NR,15, I, 1,21,1)

60 CONTINUE
C SHUFFLE FOR EQUILIBRIUM CYCLE

IF (ISHU(21).LE.0.OR.ISURCH(21).EQ.0) GO TO 90
NF=NF EED (21)
NA= 0
NR=O

62 CONTINUE
DO 65 I=1,NF
N h-; N 1 4+ 1
N A=NA+N AFEED (21, I)
IF (NA.GE.NASS) GO TO 70

65 CONTINUE
IF (NR.LT.15) GO TO 62
CALL EXIT

70 CONTINUE
NREG (21) =Nd
N A=0

72 CONTINUE
DO 75 1=1,NF
WAREG(NR,21)=MINO(NAFEED(21,I), ASS-NA)
NA=NA+i4AREG(NR, 21)
I DX RLG (NRt, 21) =2 10 0+1

PHEPO109
PREP0110
PREPO 111
PREP0112
PREPO113
PREP0114
PREP0115
PREPO 116
PREP0117
PREP 0118
PREP0119
PREP0120
PREP0121
PHEP0122
PREP0123
PREPO124
PREP0125
PREP0126
PREP0127
PREP0128
PREP0129
PREP0130
PREP0131
PREPO 132
PREP0133
PREP0134
PREP0135
PREP0136
PREP0137
PREPO138
PREP0139
PREP0140
PREP0141
PREP0 142
PREPO 143
PREP0144

iH-ON
U,



IF (NR+1-1.EQ.NREG(21))JSHUP (NR,21)=I
1F (NR+I-1.LT.NREG(21))JSHUF (NR,21) =2100+NR+NF
NR=NR- 1
IF (NA.GE.NASS) GO TO 80

75 CONTINUE
GO TO 72

80 CONTINUE
Nh=NREG(21)
CALL BUGOUT(8ftJSHUF ,JSHUF,1,NR, 15,21,21,21,
CALL bUGOUT(8HIDXREG ,IDXREG,1,NR,15,21,21,21

90 CONTINUE
IF (ISHUF(21).NE.0.OR.LSURCH(21).EQ.0) GO TO 1
NF=MFEED (21)
NNi=NREG (21)
00 98 J=l1,NR
JK=JSHUF(JR,21)

92 CONTINUE
IF (JK.LT.100) GO TO 93
K=MOD(JK, 100)
IF (K.GT.NR.OR.K.LT.1) GO TO 98
JK=JSH UF(K,21)
GO TO 92

93 CONTINUE
IDXREG (JR,21)=2100+JK

98 CONTINUE
CALL BUGOUT(8HIDXREG ,IDXREG,1,NR,15,21,21,21

100 CONTINUE

1)
,1)

00

PREP0145
PREP0146
PREP0147
PREP0148
PREP0149
PREP0150
PREP01 51
PREP0152
PREP0153
PREP0154
PREP0155
PREP0156
PREP0157
PREP0158
PREP0159
PREP0160
PiEPO0161
PREP0162
PREP0163
PREP0164
PREP0165
PREP0166
PREP0167
PREP0168
PRLP0169
PREP0170
PREP0171
PREP0172
PR(EP0173
PREP 0174
PREP0175
PREP0176
PREP0177
PREP0178
PREP0179
PREPO180

,1)

C
C GENERATE EDGE DATA

JJJJ= 0
DO 105 I=1,10
IF(NASS.EQ.NCDATA(1,I).AND.NADIAM.EQ.NCDATA(2,I))

105 CONTINUE
DO 500 IC=1,21
IF (ISURCH(iC).EQ.0) GO TO 500
IF (IFEDGE(IC).LE.0) GO TO 500

JJJJ=I

H
0~
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IF (JJJJ.GT.0) GO TO 110
WRITE (106,901) NASSNADIAM
CALL EXIT

110 CONTINUE
DO 95 1=1,15
DO 95 J=1,20

95 IDGE(I,J)=0
C NUMBER OF EXTERIOR EDGES = N1

N1=4*NADIAd
C NUiBER OF ASSEMLLIES ON PERIPHERY N2

N2=NCDATA (3,JJJJ)
C NUMBER OF ASSE BLIES AT INSIDE CORNER OF PERIGHERY = N3

N3=NI-N2-4
C NUMBER OF PERIPHERAL ASSEMBLIES WITH 2 EDGES ON EXTERIOR N4

N4=N1-N2
C
C IDGE( ,17) - NO. ASSEBLIES WITH 2 EDGES ON PERIPHERY
C IDGE( ,ld) - NO. ASSEBLIES WITH I EDGES ON PERIPHERY
C IDGE( ,19) - NO. ASSEMBLIES ON INSIDE CORNER OF PERIPHERY
C IDGE( ,2U) - NO. OF EDGES USED SO FAR
C
C DETERMINE PERIPHERAL EDGES

NR=NEEG (IC)
IR=NR
NA=NAREG (NR,IC)
NN=N4

C 2 EDGES ON PERIPHERY
115 CONTINUE

N USE=M.INO (NA,NN)
IDGE(IR,20)=IDGE(IR,20) +2*NUSE
IDGE (IR,16)=IDGE (IR,.16)+2*NUSE
IDGE (IR, 17) =NUSE
NN=NN-NUSE
NA=NA-NUSE
12P=1R
If (NA.GT.0) GO TO 120

PREP 0 181
PREP0182
PRP 0183
PREP0184
PREP0185
PREP0186
PREP0187
PREP0188
PREPO 189
PREP0 190
PREPol 91
PREP0192
PREP0193
PREP0194
PREP0195
PREP0196
PREP0197
PREP0198
PREP0199
PREP0200
PREPO201
PREPO202
PREP0203
PREPO204
PREPO205
PREP0206
PREPO207
PREPO208
PREPO209
PREP0210
PREPO211
PREPO212
PREPO213
PREP0214
PREP0215
PREPO216
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IR=IR-1
NA=NAREG (IR,IC)
IF (NN.GT.0) GO TO 115

120 CONTINUE
CALL BUGOUT(8HIDGE-A ,IDGE,1,NR,15,16,20,20,1)

C I EDGE ON PLRIPHERY
NN=N2-N4
J 1P=IR L

125 CONTINUE
NUSE=MIN0(NA,NN)
1DGL (1t,20)=IDGE (IR,20)+NUSE
1DGE (I H, 16) =IDGE (IR, 16) + N USE
IDGE (IRp18),=NUSE
Il P=I R
N=Nl-NUSE
NA=NA-NUSE
IF (NA.GT.0) GO TO 130
IR=IR-1
NA=NAleG(IR,IC)
I (NN.GT.0) GO T0125

130 CONTINUE
CALL BUGOUT(8HIDGE-B ,IDGE,1,tR,15,16,20,20,)
NA=IDG e(I11P,18)
J1=11P?
DO 140 I=12PNR
J=NR-l+12P
NN=IDGE (J,17)

135 NUSE=MINO(2*NNNA)
IDGE (1R ,20) =IDGE (IR , 20) +NUSE
IDGE(IRJ )=IDGF.(IRJ )+NUSE
iDGE(J ,20)=IDGE(J ,20)+NUSE
IDGi.(J ,IR)=IDGE(J ,IR)+NUSE
NN=NA-NUSE/2
NA=NA-NUSE
IF (NA.GT.0) GO TO 140
I U=1R-1

PREP0217
PREPO218
PREPO219
PREP0220
PREPO221
PREP0222
PREP0223
PREPO224
PREPO225
PREPO226
PREP0227
PaEP0228
PREPO229
PREP0230
PREPO231
PREPO232
PREPO233
PREPO234
PREPO235
PREP0236
PREP0237
PREPO238
PREPO239
PREPO240
PREPO241
PREPO242
PREPO243
PRE"iP0244
PREPO245
PREPO246
PREPO247
PREP0248
PREPO249
PREP0250
PREPO251
PREP0252
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NA=IDGc (IR, 18)
IF (NA.EQ.0) GO TO 140
IF (NN.GT.0) GO TO 135

140 CONTINUE
CALL BUGOUT(8HIDGE-C ,IDGE,,NR, 15, 1,NR,20,1)
CALL BUGOUT(8HIDGE-C ,IDGE,1,NR,15,16,20,20,1)
If (J1P.GT.11P) GO TO 150
NIN=IDGE(IlP,18)
NUSE=3*NIN-IDGE(I1P,20)+4*IDGE(I1P,17)-2*N3
,IF (NUSE.LE.0) GO TO 180
IDGE (IlP,I1P)=KLDGE(I1P,I1P)+NUSE
IDGL(I1P,20 )=IDGE(I1P,20 )+NUSE
GO TO 180

150 CONTINUE
l(=JIP
Ji=IR- 1

152 CUNTINUE
NN=ID)G.3(IR,20)
NIN=lDGE(IR, 18)
NEED=4*NIN-NIN-NN+4*IDGE(IR, 17)

157 CONTINUE
JN=O
DO 160 I=1,16

160 JN=JN+IDGE(JR,I)
JNEED=3*IDGE (JR, 18)-JN+4*IDGE(JR, 17)

161 NUSE=1I140(NEED,JNEED)
IDGE (IR,JR)=IDGE (IR,Jh) +NUSE
1DGiE (I R,20) =IDGE (IR,20) +NUSE
IDGE6(Jar,20)=IDGE(JR,20) +NUSE
IDGE (JR,IR)=IDGE (JR,IR) +NUSE
JNEED=JNEED-NUSE
NEED= N iED-NUSE
IF (IR.EQ.JH) GO TO 180
IF (JNEED.GT.0) GO TO 165
NEED=JNEkD
I R=JiR

PREPO253
PREP0254
PREPO255
PREP0256
PREP0257
PREP0258
PREPO259
P REP 026 0
PREPO261
PREPO262
PREPO263
PREP0264
PREP0265
PREP0266
PREPO267
PREPO268
PREP0269
PREPO270
PREPD271
PREP0272
PREPO273
PREPO274
PREP0275
PREPO276
PREP0277
PREPO278
PREP0279
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PREP0284
PREP0285
PREPO286
PREP0287
PREPO288

F4



JR=MAXO (JR-1,11)
GO TO 157

165 CONTINUE
IF (NEED.EQ.0) GO TO 170
If (JR.EQ.I1P) GO TO 166
JR=JR-1
GO TO 157

166 CONTINUE
J R= I R
JNEED=NEED
GO TO 161

170 CONTINUE
IF (JR.EQ..I1P) GO TO 180
IR(=JR-1
JR=MAXO (1R-1,11p)
GO TO 152

180 CONTINUE
185 CONTINUE

CALL BUGOUT(8HIDGE-D rIDGE, 1,NR,15,16,20,20,1)
CALL BUGOUT(8HIDGE-D ,IDGE,1,NR,15,1,NR,20,1)

C ASSEMBLY ON INSIDE CORNER OF PERIPHERY
NN=N3
JIC=NR+ 1
DO 190 1=1,NR
J=NR-I+1
NA=NAH. G (JIC)-IDGE (J, 17)-IDGE(J, 18)
IF (NA.EQ.0) JIC=J
IF (NA.EQ.0) GO TO 190
NUS.E= 6I NU (NN, NA)
IDOGE(J, 19)=NUSE
IIC=J
NN=NN-NUSL
IF (NN.EQ.0) GO TO 195

190 CONTINUE
195 CONTINUE

JIC=JIC-1
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D0 210 l=IIC,JIC
J=JIC-I +1IC
NN=I DGh(J, 19)
IF (NN.EQ.0) GO TO 210
J R= N t

200 NA=4*IDGE (JR,17)+3*IDGE(Ji,18)+2*IDGE(JR,19)-IDGE(JR,20)
IF (NA.LE.1) GO TO 205
IF (JR.EQ.J) NA=NA/2
NUSE=MINO (NA/2,NN)
NUSE=NUSE*2
IDGE(JR,J )=IDGE(JR(,J )+NUSE
IDGE(Ja,20)=JLDGE(JR,20)+NUSE
IDGE(J ,20)=IDGE(J ,20)+NUSE
IDGE(J ,JR)=IDGE(J ,JR)+NUSE
NA=NA-NUSE
NN=NN-NUSE/2
IF (NA.GT.1) GO TO 210

205 JR=JR-1
IF (IDG19(JRf,20).EQ.0) GO TO 210
GO TO 200

210 CONTINUE
CALL BUGOUT(8HIDGE-E ,L0GE, 1, NR, 15,1,NR,20, 1)
CALL bUGOUT(8RIDGE-E ,IDGE,1,NR,15,l6,20,20,1)

C ASSEM BLIES ON INTERIOR IN RINGS
IF (IFEDGE(IC).NE.1) GO TO 300
IRING= 1
NRING=1
KnING=0
IC1=MOD (NASS,2)
NEI=4* (2* (1-ICl) +IC1)
IF (LC1.rQ.0) NRING=4
NK=NRING
DO 260 JR=1,NiR
NA=NAREG(JR,IC)-IDGE (JR,17)-lIDGE(JR,18)-ID-GE(JR, 19)

215 CONTINUE
IF (NA.EQ.0) GO TO 260
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NUSE= MI NO (NRING, NA)
NRING=NRING-NU SE
NA= NA-N USE
IF (KRING.GT.0) GO TO 2
Nt= MIN0 (NEI,4*NUSE)
IDGE (JR,JR) =DGE (JR,JR)
IDGE (JR,20) =IDGE (JR,20)
KRING=IRING
GO TO 250

220 CONTINUE
IF (KRING.EQ.IRING) GO

C PREVIOUS TIME FILLED LA
NEK=4* (2* (KRING-IC 1) +IC
NEI=4*(2*(IRING-ICI)+IC
NE1=I410 (NUSE,NEK)
NE3=MINO (NEIyNUSE+8)
NE2=4*NUSE-NEl-NE3
IDGE (JR,JR) =IDGE (JR,JR)
IDGt(Ji(,20) =ILGE (JR,20)
DO 225 J=1,JR
NE=4*NAREG (JIC) -IDGE (J
NE=MINU (NENE 1)
IDGE(JR,J )=IDGE(JR,J )
IDGE(J ,JR)=.IDGE(J ,JRt)
iDGE(J ,20)=IDGE(J ,20)
NE1=NE1-NE
NEK=NEK-NE

225 LONTINUE
GO TO 250

230 CONTINUE
c FILL IN SAME RING AS BE

NOl=MINO (NUSE, NtK)
NE3=NEl
Ni2=4*NUSE-NE1-NE3
NEK=NEK-Nl 1
1DGE(J,JR)=IDGE(JR,JR)

+4*NUSE-NE
+4*NUSE-NE

TO 230
ST RING - INCREASE EDGES BY 8
1)
1)

+NE2
+NE2+NEl
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IDGE(Jil,20) =IDGE (JR,20) +NE2 +NE1
DO 235 J=1,JR
NE=4*NAREG (JIC) -IDGE (J, 20)
NE=MINU (ENE1)

IDGE(JR,J )=IDGE(JRJ )+NE
IDGE(J ,JR)=ILGE(J ,JR)+NE
IDGE(J ,20)=IDGE(J ,20)+NE
NE1=NEl-NE
N K= N LK- N

235 CONTINUE
250 CONTINUE

CALL BUGOUT(8RIDGE-F ,IDGE, 1,NR, 15,1,NR,20,1)
IF (NRILNG.GT.0) GO TO 260
KRING=IRING
IilNG=I RlNG+1
NiiNG=2*(IRING-1)*(IRING+2)+ 1
IF (IC1.EQ.1) GO TO 255
ARING=J.14*IRING**2+3.0
NRING=0.125*ARING
NRING=8*NRING

255 CONTINUE
NRING=NRING-NK
NK=NK+NRiNG
IF (NA.GT.0) GO TO 215

260 CONTINUE
265 CONTINUE

C COMBINE INTLRIOR TO PERIPHERY
JB=1
NA1=4*NAREG(JR,.lC)-IDGE(JR,20)
DO 280 J=1,NR
JJ=NH-J+1
NA2=4*NAREG(JJIC)-IDGE(JJ,20)
IF (NA2.EQ.0) GO TO 280

270 If (NA1.GT.0) GO TO 275
JRJR +1
iF (JR.GT.NR) GO TO 280
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NA1=4* NAR"G(JR,IC)-IDGE(JR,20)
GO TO 270

275 CONTINUE
NUSE=MINO(NA1,NA2)
NA1=NA1-NUSE
NA2=NA2-NUSE
IF (JJ.LQ.JR) NUSE=NUSE/2
IDGE (JJ,JR) =IDGE
lDG(JJ, 20)=IDGE
IDGE (JR,20)=IDGE
IDGL(JR,JJ)=IDGE
IF (NA2.EQ.0) GO
IF (NA1.EQ.0) GO

280 CONTINUE
CALL BUGOUT
CALL BUGOUT
GO TO 450

300 CONTiNUE

(JJ,J R)
(JJ,20)
(JR, 20)
(JRJJ)
TO 280
TO 270

(8HIDGE-G
(8HIDGE-G

+NUSE
+NUSE
+NUSE
+N USE

,IDGE, 1,NR, 15, 1,NIR,20,1)
,IDGE,1,NR,15,16,20,20,1)
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PREP0452
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C
C CHECKERBOARD PATTER
C

N H = 1
IF (NAREG(1,IC).NE.l) GO TO 305
NRIM=2
1GE (3,1) =4
IDGE (1,3j=4
IDGE(1,20)=4
IDGE(3,20)=IDGE(3,20)+4

305 CONTINUE
NP= NO. EDGES LEFT ON PERIPHERAL ASSEMBLIES

N2P=0
Nt1 NR
DO 310 JR=1,4NR
IR=NR-JR+1
K=IDGE (IkR, 17) +IDGE (IR, 18) +IDGE (l, 19)
If (K.EQ.0) GO TO 315

L
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N itl=IR
NPl=NP+4*K-IDGE(IR,20)

310 CONTINUE
315 CONTINUE

IF (K.EQ.NAREG(NRl,IC)) NR1=NR1-1
Ni2=MAXU(NHli,NR1-1)

C NR1- NR2 HEGIONS IN INTERIOR TO FACE PERIPHERY AS
320 NSUM=O

DO 325 K=NR2,NR1
325 NSUM=NSUM+NAREG(KIC)-IDGE(K,17)-IDGE(K,18)-IDGE(K

IF (NSUM.GE.NP/2) GO TO 330
IF (NR2.EQ.1) GO TO 330
Ni2=NR2-1
GO TO 320

340 CONTINUE
DO 350 Ih=NR1,NR
K=IDGE(Ii:, 17)+IDGE(IR, 18)+IDGE(IR,19)
IF (K.20.0) GO TO 350
NE=4*K-IDGE(IR,20)
A=NE
DU 340 JR=NR2,NR1
B=NARLG(J'i,IC)-IDGE(JR,17)-IDGE(JR,18)-IDGE(JR,19)
n=B3/NSU 1
NUSE=A*B+0. 5
N 1=4*NAREG (JR,IC)-IDGE (JR, 20)
IF (JR.EQ.NR1) NUSE=NE
NUSE=MINO (NE,NUSE)
IF (IR.EQ.JR) N1=N1/2
UUS.E=MINO (NUSE,N1)
NL=NE-NUSE
IDGri(it,J H) =IDGE(IR,JR) +NUSE
IDGE (JR,IR) =IDGE (JR,IR) +NUSE
IDG-(JR ,2)=IDGE(JR,20)+NUSE
IDGE (IR,20)=IDGE (IR,20)+NUSE

340 CONTINUE
350 CONTINUE

SEMBLIES

, 19)
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CALL BUGOUT(8HIDGE-ii ,IDGE, 1,NR, 15, 1,NR,20,1)
CALL BUGOUT(8HIDGE-H ,IDGE,1,N,15,16,20,20,1)
NSUM=0
DO 355 lR=NRMNR
K=4*NAREG(IR,IC)-IDGE(IR,20)
IF (K.,k;Q.0) GO TO 355
NSUM=NSUM+K
NR2=IR

355 CONTINUE
NR1=NR2-1
DO 380 IR'=NRMNR1
NL=4*NAREG (IR, LC) -IDGE (IR, 20)
A=NE
IF (NSUM-NE.LE.0) GO TO 380
A=A/ (NSUM-NE)
K=,IRa+ 1
DO 370 JR=KR,NR2
K=4*NAREG (JR, IC)-IDGE (JR,20)
NUSE=A*K+0.5
NUSE=MINU(NUSE,NE, K)
NE=NE-NUSE
NSUti=NSUM-2*NE
IDGE (IR,JR)=IDGE (IR ,JR) +NUSE
1DGE (I1R ,20) =IDGI;(IHr,20) +NUSE
IDGE (JR,20)=IDGE (JR,20) +NUSE
IDCE(JR,IR) =IDGE(JR,IR) +NUSE

37U CONTINU.L
38U CONTINUE

CALL BUGOUT(8HIDGE-I ,IDGE,1,NA,15,1,NR,20,1)
CALL BUGOUT(8HIDGk1 -I ,IDGE, 1,NR, 15,16,20,20,1)
DO 390 It=1,NR
K=4*NAREG (IRIC)-IDGE (IR, 20)
I DGE3'(I i,1 R) =I DGE (IHR, IR) + K

390 CONTINUE
CALL BUGUT(8HIDGE-J ,IDGE,1,Nit, 15, 1,NR,20,1)
CALL BUGOUT(8kHIDGE-J ,IDGE,1,NR,15,16,20,20,1)
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C
C ARRAY

i,I,1,1,1,1,1,1,)
,IDGE, 1,NR,15,1,20,20,1)

N=N+1

PACK IDGE INTO NEDGE
450 CONTINUE

N=0
CALL BUGOUT(8HCYCLE
CALL BUGOUT(8HIDGzE
DO 460 J=1,NR
DO 460 JJ=J,16
IF (IDGE(J,JJ). GT.0)

460 CONTINUE
IN=0
IF (IC.GT.1) IN=IEDG
IN2=IEDGE (IC)
1N3=1EGE (21)
IF (IN2-Itl.GE.N) GO
N=N-(lN2-IN)
IF (LN2.EQ.IN3) GO T
IN4=iN2+1
DO 465 J=IN4,IN3
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K=INJ-J+1N4
NEDGE (1,.K+N)=N EDG.E(1, K)
NEDGE(2, K+N)=NEDGE(2,K)

465 CONTINUE
470 CONTINUE

DO 475 J=IC,21
475 IEDGE (J)=IEDGE (J) +N
480 CONTINUE

N=0
L0 490 J=1,NR
DO 490 JJ=J,16
IF (IDGE(JJJ).EQ.0)
IN=IN+1

GO TO 490

K=JJ
IF (JJ.EQ.16) K=0
NEDG.E(1,N)=100*K+J
NEDGE(2 ,IN)=IDGE(J,JJ)

E (IC- 1)

rO 480

) 470

H
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490 CONTINUE
500 CONTINUE

C SET UP NUMBER OF ASM DISCHARGED EACH CYCLE
DO 510 IC=1,21
DO 510 IR=1,15

510 NADIS(IR,IC)=0
DO 530 IC=1,20
IF (ISURCH(IC).EQ.0) GO TO 530
NR=NREG (IC)
IC1=IC+ 1
DO 525 IR=1,NR
NADIS(IR,IC)=NAREG (IR,IC)
IF (IC.EQ.20) GO TO 525
K=100*IC+IR
00 520 JC=IC1,20
IF (ISURCH (JC) .EQ.0) GO TO 520
NH1=NREG(JC)
DO 515 JR=1,NR1
IF (JSHUF(JRJC).NE.K) GO TO 515
NADIS(IR,IC)=NADIS(IR,IC)-NAREG(JR,JC)

515 CONTINUE
520 CONTINUE

IF (NADIS(IR,IC) .LT.0) IERR=1
IF (NADIS(IRFIC).LT.0) WRITE(

525 CONTINUE
CALL BUGOUT(8kiNADIS ,NADIS,1

530 CONTINUE
C EQUILLIBRIUM CYCLE

NR=NREG (21)
IF (ISURCH(21).EQ.0) GO TO 545
00 540 IR=1,NR
NADIS(IR,21)=NAREG(IR,21)
K=2100+1h
DU 535 JR=1,NR
iF (JSHUF(JR,21).NE.K)
NADIS (IR,21) =ADIS (IR,

I06,902) IR,IC

,NR, 15, IC,IC,21, 1)
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21) -NAREG (JR, 21)
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535 CONTINUE
540 CONTINUE

CALL BUGOUT(dHNADIS
545 CONTINUE

,NADIS,1,NR,15,21,21,21,1)

C
C GENERATL ISOTOPIC DATA FROM FIT
C

IF (ISO.NE.-1) GO TO 570
ISO=0
DO 565 I=1,NRICH
L=ENRICH (I)
DO 560 J=1,NBU
3=BURNUP(J)

C

ISOTOP(J,I , 1) =EXP(-0.00159*B* (1.0-4. 1E-3*B))
ISOTOP(J,I,2)=E*EXP(-0.1162*B*(1.0+2.75-5*i3*b*E)/E**0.965)
ISOTOP?(J,I,3)=4.795*E**0.40*(1.0-EXP(-. 1425*B/E**0. 6))

560 CONTINUE
565 CONTINUL
570 CONTINUE

IF (IERR.EQ.1) CALL EXIT
hETURN

901 FORMAT jlH,9X,48H*** ERROR, CAN NOT GENERATE EDGE DATA FOR A CORE,
1 6H WITH ,I3,16H ASSEMBLIES AND ,12,18H ASSEMBLIES ACROSS )

902 FORMAT(1H0,9X,47HERROR, bEGATIVE NUMBER OF ASSEMBLIES DISCHARGED ,
1 12H FROM REGION,13,7H, CYCLE ,13 /)

C
END
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SUBROUTINE INEDIT

SUBROUTINE INEDIT EDITS OUT BASIC INPUT DATA

COMMON /TABL1/ NBUNRICHBURNUP (20),ENRICII(20),ITYPE
BPWRTH (20) ,CYBIAS

COMMUN /10/ 105,106,I07
COiMMON /TABL2/ KINF (20,20) ,ISOTOP(20,20,6), POWFIS (20)
REAL KINFISOTOP
CUMON /BASIC/ TITLE(20), NASS,ANASSNADIAMNALPHAULC

LOGICAL DEBUG
COMMON
1
2
COMMON
1
2

COMMON
COMMON
1
INTEGEb
COMMON
COMMON

20) ,BIAS (20),

AD,HEIGHT,
BUDIF,ISO,WALPHAELIM (2) ,IHAL,POWERDEBUG

/CYDAT/ ISURCH (21),ISHUF(21),BP(21),CYBU(21),EOLK(21),
NFELD (21) , NREG (21) ,CYLOAD (21),CAPF AC (21) ,CYTIM (21) ,
SDLEN (21) ,IFEDGE(21)

/RGDAT/ NEDGE(2,1000) ,IEDGE(21),NAitEG(15,21),JSHUF(15,21),
BPFiAC(15,21),BOCBU(15,21),EOCBU(15,21),
I DI]REG(15, 21) , NADI S (15,2 1)

/CYCL 1/ C1RICH (10) ,ClTYPE(10),C1ID(10), C1LOAD(10),NAC1(10)
/FEED / NAFEED(21,3),FTYPE(21,3),FLOAD(21,3),FRICH(21,3),

FID (21,3)
FTYPE,C1TYPE

/COST / IFCOST
/COEF / COFIT(11),TEMiP(2),BWRTHDPWRTHiXEWRTH

DIMENSION ISONAM (3)
DATA NCASE / 0 /
DATA ISONAM / 4H U

NCASE=NCASE+1
CALL HEAD
WRITE (106,101) NAS
WAITE (106,102) W,A
W fITA (106,114) BWR
IF (IIIAL.GT.0) WRIT
If (IFCOST.GT.0) WR

, 4HU-35, 4H'PU /

S, NADIAd ,HEIGHT, ULOAD,POWER
LPHA,ELIMBUDIF,CYBIAS
Til, DPW RTH, XE WRTH
E (106,103)
ITE (106,104)

C
C
C

1

INED0001
INED0002
INED0003
INED0004
INED0005
INED0006
INED0007
INED0008
INED0009
INED0010
INED0011
INED0012
INED0013
INED0014
INED0015
.INED0016
INED0017
INED0018
INED0019
INED0020
INED0021
INED0022
INED0023
INED0024
INED0025
IN EDOO26
INED0027
INED0028
INED0029
INED0030
INED0031
INED0032
INED0033
INED0034
INED0035
INED0036

C

C
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(NCASE.GT.1) GO 'IO
12 N1=1,NRIC1,8

25

N2=MlN0(NRICH,N1+7)
CALL HEAD
WRITE (106,105)
WIdTE (106,106) (ENRICH(I),I=N1,N2)
WRITE (106,107) (1TYPE(I),I=N1,N2)
W UI TE (106,108) (POWFIS(I),I=N1,N2)
W RITE (106,109)
DO 10 I=1,NBU
WIITE (106,110) BURNUP(I),BIAS(I),BPWRTH(I),(KINF(IJ),J=N1,N2)
CONTINUE,
CONTINUE
NISO=3
N1=1
N2=NRICH
DO 20 K=1,NISO
CALL HEAD
WRITE (106,111)
WRITE; (106, 112)
DO 15 I=1,NBU
WRITE (106,113)
CONTINUE
CONTIN4UE
CUNTINUE
RETURN

101 FORMAT (1HO,
1
2
3
4

102 FORMAT(1HO,
1
2
3

ISONAM (K)
(ENRICH(I) ,I=N1,N2)

BURNUP(1),a (ISOTOP (IL,JK),rJ=N1,N2)

9X,24HNUMBER OF ASSEMBLIES...
IOX,24HASSEMBLIES ACROSS CORE.
10X,24HCORI HEIGHT............
10X,241AVERAGL CORE LOADING...
10X,24HCORE THERMAL POWER.....
9X,24HPROB. OF ABSORP. (W)...
10X,24HALBEDO.................
10X,24HlMINIMUM ENRICHMENT.....
10X,24HMAXIMUM ENRICHMENT.....

.,I6 /
. ,16 /
.,F6.2,4H FT. /
.,F6.2,4fl MTM /
.,F6.0,4H MW )
.,F6.3 /
.,i6.3 /
.,F6.3, 4H W/0 /
.,F6.3, 411 W/0 /

IF
DO

INED0037
INED0038
INED0039
INED0040
INED0041
INED0042
INED0043
INED0044
INED0045
INED0046
INED0047
INED0048
INED0049
INED0050
INED0051
INED0052
I NED0053
INED0054
INED0055
INED0056
INED0057
INED0058
INED0059
INED0060
INED0061
INED0062
INEDUO63
INED0064
INED0065
INED0066
INED0067
INED0068
INED0069
INED0070
INED0071
INED0072

10
12

15
20
25

C

P-A
00
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FORMAT
FORMAT
FORMAT
FUR M AT
FORMAT
FORMAT
FORM AT
FORMAT
FORM AT

1OX,24HiBURNUP VARIATION PARAM..,F6.3,8H GWD/MTM /
10X,24HCYCLE BlAS FACTOR ....... ,F6.3)

(1H0,9X,33HA HALING CALCULATION WILL BE USED )
(1H0,9X,32HFUEL COST DATA WILL BE GENERATED )
(38XJ4HK EkF VERSUS BURNUP AND ENRICHMENT //)
(1UX,10ENRICHMKENT,14X,8F10.3)
(IX,1H0FUEL TYPE ,11X,8I10)
(l0X,10HPOWLR/FIS., 14X,8F10.3)
(1HO,9X,6HBURNUP,3X,4HBIAS,4X,7HBP WRTH,15X,5HK EFF /)
(8XF8.3,F7.4,F11.2,8F10.5)
(3uX,15hSOTOPIC DATA (,A4,30H) VERSUS BURNUP AND ENRICHMENT

//)
(18X, 15F8.3)
(10X,F8. 3, 15F8. 4)

T (1lH0, 9X,24HBORON WORTH.......~......,F6.1,8H PCM/PPM /
10X,24HDOPPLER DEFECT..........,F6.0,4H PCM /
10X,24HXENON DEFECT.............,F6.0,v4H PCM )

4
5

INED0073
INED0074
INED0075
INED0076
INED0077
INED0078
INED0079
INED0080
INED0081
INED0082
INED0083
INED0084
INED0085
INED0086
INED0087
INED0088
INED0089
INED0090
INED0091

103
104
105
106
107
108
109
110
111

1
1
1
1

12
13
14

FORMAT
FORMAT

F 0 RM A
2
2

C
END

00



SUBROUTINE CALC

CALCULATE CYCLE BY CYCLE DATA

COMMON
1
COMMON
C Oi ION
REAL KI
COMMON
1

/TABL1/ NBUNRICH,BUUNUP(20),ENRICH(20),ITYPE(
BPWRTH(20) ,CYBIAS

/10/ I05,106,107
/TAi3L2/ KINF (20,20) ,ISOTOP (20,20,6) ,POWFIS (20)
NF, ISOTOP
/BASIC/

LOGICAL DEBUG
COMMON /CYDAT/
1
2

COMMON /RGDAT/
1
2
COAMON /CYCL1/
COMMON /FEED /
1
INTEGER
COMMON

COMMON
COMMON

20),BIAS(20),

TITLE (20) ,NASSANASS,NADIALINALPHA,ULOADHEIGHT,
BUDIFISO,W,ALPIA,ELIM(2),IIALPOWER,DEBUG

ISURCH(21),ISHUF(21),BP(21),CYBU(21),EOLK(21),r
NFEED(21) ,NREG(21),CYLOAD(21),CAPFAC(21),CYTIM(21)
SDLEN (21) ,IFEDGE (21)
NEDG.E(2, 1000) ,IEDG.E(21) ,NAREG(15,21),JSHUF(15,21)
BPFRAC(15,21),BOCBU(15,21),EOCBU(15,21),
IDXRLG(15,21) ,NADIS(15,21)
CluICH (10) ,CITYPE(10) ,C11D(10),C1LOAD(10),,NAC1(10)
NAEEED(21,3),FTYPE(21,3),FLOAD(21,3),FRICH (21,3),
FID(21,3)

FTYPE,C1TYPE
/COST / IFCOST
/COEF / COFIT(11),TEMP(2) ,BWRTHDPWRTH,XEWHTH
/LDGE/ HFRAC(15,20)
/CYDEP/ BSHARE(15,10),BBU(10),BKEFF(10),NBBU

DIMENSION HlG E(15),IIRTYPE(15),REGBU(15),iLOAD(15)

100 IC=1,20
(ISURCH(IC).EQ.0) GO TO 100

IN1=1
IF (IC.GT. 1) IN1=IEDGE (IC-1)+1
IN2=IEDGiE (IC)
DO 5 I=1,16
DO 5 J=1,15
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5 RFR AC(J,I)=0.0
DO 15 I=IN1,IN2
K=NEDGE (1,I)
A=NEDGr, (2 ,1) *0.25
JR=K/100
Ii=6OD (K, 100)
IF (K.EQ.0) GO TO 15
IF (JR.EQ.0) GO TO 10
RFRAC (JR,IR) =A/NAREG (JR,IC)
RFhAC(IR,JR)=A/NAREG(IR, lC)
GO TO 15

10 CONTINUE
hkRAC (Ih,16)=A/NAhEG(IR,1C)

15 CONTINUE
NR=NREG(IC)
SUM=0.0
DO 30 IR=1,NR
RLGLiU (ia)=B0CBU (IR,IC)
*= ID X REG (I[,I C)
JR=MO D(K,100)
JC=K/100
IF (JC.EQ.1) GO TO 20
REGE(IR)=FRICH (JC,JR)
1RTYPE (IR)=FTYPE (JCJR)
hLOAD(IR)=FLOAD(JC,JR)
SUM=SUM+RLOAD(IR)*NAREhG(IR,IC)
GO TO 30

20 CONTINUE
itEGE (IR) =C 1RIC H(JR)
IRtTY PE (Ih)=C 1TYPE (JRi)
H LO AD (IR) =C1LOAD (JR)
SUM.zSUM+RLOAD(IR) *NAREG (IR,IC)

30 CONTINUE
CYLOAD(IC)=SUM
IF (CYBU (IC) . EQ. 0.0) CYBU (IC)=1. E-5*CAPFAC (IC) *CYTIM (IC) *PLOWER/

1 CYLOAD(IC)
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SUM=ANASS/SUNM
DO 35 IH=1,NR

35 RLUAD(IR)=RLOAD(IR)*SUl
IS=ISURCH(IC)
IF (IS.La,.10) GO TO 45
K=100*IC+IS-10
DO 40 IR=1,NR
IF (IDXRhG(IRIC). EQ.K) iS=10+IR

40 CONTINUE
45 CONTINUE

CALL CYCALC (IS,CYL3U (IC) ,EOLK (IC) ,BP(IC),NR, REGBUREGEIRTYPE,
1 NAREG(1,IC),RFRAC,BPFRAC(1,IC)RLOAD)

IF (IS.LE.10) GO TO 50
JS=ISURCH (IC) -10
FRICH (IC,JS) =REGE (IS-1 0)

50 CONTINUE
DO 75 IR=1,NR
EDCBU (IR,IC)=REGBU (IR)
FRAC=NADIS (IR, IC)
FRAC=FRAC/NAREG (IRIC)
K=100*IC+IR
IF (iC. EQ.20) GO TO 75
IC 1=::IC+1
DO 60 JC=C1,20
Nf1=NREG (JC)
IF (ISURCiH(JC).EQ.0) GO TO 60
DO 55 JR=1,N1
IF (JSHUF (JR,JC).NE.K) GO TO 55
iF (130CBU(JR,JC).GT.0) GO TO 55
BOCBU (J i,JC)=EOCBU(IRIC) -BUDIP *FRAC

55 CONTINUE
60 CONTINUE
75 CONTINUE

CALL CYLDIT(IC,REGEIRTYPE)
100 CONTINUB
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RETURN CALCO109
END CALCO110
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SUBROUTINE EQCALC

CALCULATE EQUILIBRIUM CYCLE

COMMON /TABL1/ NBU,NRICH,BURNUP (20) ,ENRICH(20) ,ITYPE(20) ,BIAS(20),
BPWRTH (20) ,CYBIAS

COMMUN /10/ 1I5,I06,IO7
COMMON /TABL2/ KINF(20,20),ISOTOP(20,20,6),POWFIS(20)
itEAL KINFISOTOP
COMMON /BASIC/ TITLE (20) ,NASSANASSNADlAM, NALPHA,ULOAD, IEIGHT,

BUDIF, ISO, W,AL PHA,t.LIM (2) , IIALPOWER,DEBUG
LOGICAL DEBUG
COM MON /CYiDAT/ ISURCH(21) ,ISHUF(21)oBP(21),CYBU(21) ,EOLK(21) ,

NFLE.D(21),NREG(21),CYLOAD(21),CAPFAC(21),CYTIM(21),
SDLEN(21),IFE.DGE(21)

COMMON /HGDAT/ NEDGE(2,1000) ,IEDGE(21), NAREG (15,21),JSH UF(15,21),
BPFRAC(15,21),BOCBU(15,21),EOCBU(15,21),r
IDXREG(15,21) ,NADIS(15,21)

COMMON /CYCL1/ C1RICH(10),C1TYPE(10),C1ID(10),C1LOAD(10),NAC1(10)
COMMON /FEED / NAFEED(21,3),?FTYPE(21,3),FLOAD(21,3),FRICH(21,3),

FID (21, 3)
INTEGER FTYPE,C1TYPE
COMMON /COST / IFCOST
COMMON /COEF / COFIT(11),TEMP(2),BWRTHDPWRTHXEWRTH
COMMON /EDGE/ RFRAC(15,20)

DIMLNSION REGE(15), RTYPE(15),REGBU(15),PSHA R(15),RLOAD(15)
DIMENSION INDEX(15)
INTEGER itTYPE

1=ISURCH(21)
IF (IS.EQ.0)
ti =NREG (21)
Nf= NF E".D (21)
ITER =0
DO 5 I=1,NR

RETURN
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5 PSHAR (1)=1.0 EQC 0037
IN1=IEDGE(20) *1 EQC 0038
IN2=IEDGE(21) EQC 0039
DO 205 I=1,16 EQC 0040
Do 205 J=1,15 EQC 0041

205 hFRAC(JI)=0.0 EQC 0042
10 CONTINUE EQC 0043

ITEH=ITER+ 1 EQC 0044
IF (ITER.GT.50) GO TO 400 EQC 0045
JITLR=U EQC 0046

15 CONTINUE EQC 0047
JITLR=JITER+1 EQC 0048
IF (JITER.GT.50) GO TO 400 LQC 0049

20 CONTINUE EQC 0050
SUi=0.0 EQC 0051
Do 25 JR=1,NR EQC 0052

25 lNDhX(JR)=0 EQC 0053
NN=0 EQC 0054

30 CONTINUE EQC 0055 00
DO 50 JR=1,NR EQC 0056
IF (INDEX(JR).GT.0) GO TO 50 EQC 0057
If (JSHUF(JRv,21).GE.100) GO TO 35 EQC 0058
JF=JSH UF (JR, 21) EQC 0059
NN=NN+1 EQC 0060
INDEX (JH) =1 EQC 0061
v LOAD (JR)=F LOAD (21,,JF) EQC 0062

G (Ji)=FRICH (21,JF) EQC 0063
SU M= SUM+RLOAD (JR) *NAREG (JR ,2 1) EQC 0064
RTYPE (JR) =FTYPh (21,JF) EQC 0065
REGBU(J it) =0.0 EQC 0066
L0CBU (JR,21)=0.0 EQC 0067
EOC u (Jf,21) =PSHIAR (JR)*CYBU(21) EQC 0068
GO TO 50 EQC 0069

35 CONTINUE EQC 0070
JK=JSHUF (JR,21) EQC 0071
N=&OD(JK, 100) EQC 0072



IF (IND-thX(N).EQ.0) GO TO 50 EQC 0073
KR=JR EQC 0074

NN=NN+1 EQC 0075
INDEX(JR)=1 EQC 0076

FRAC=NADIS(N,21) EQC 0077

FRAC=FRAC/NAREG(N,21) EQC 0078

£iRGBU (KR) =CYBU (21) *PSHAR (N) +REGBU (N) -BUDIF*FRAC EQC 0079

BOCBU (KR, 21)=REGBU (KR) EQC 0080

RTY)E (KR)=RTYPtE(N) EQC 0081

EOCBU (KR,21)=REGBU(KR) +CYBU(21) *PSHAR (KR) EQC 0082

REGE (KR)=REGE (N) EQC 0083
RLOAD(KRit) =RLOAD(N) EQC 0084
SUM=SU*ilLOAD (KR) *NAREG (KR,21) EQC 0085

50 CONTINUL EQC 0086
IF (NN.LT.NR) GO TO 30 EQC 0087
CYLOAD (21) =SUM EQC 0088
SUk'=ANASS/SUM EQC 0089
DO 55 JR=1,INR EQC 0090
PFiiAC (Jh,JR) =0.0 EQC 0091

55 RLOAD (JR)=SUM*RLOAD (JR) EQC 0092
DO 215 I=IN1,IN2 EQC 0093
K=NEDGE(1,1) EQC 0094

A=NEDGE (2,I) *0.25 EQC 0095
JR=K/100 EQC 0096
1R=dOD (K, 100) EQC 0097
IF (K.EQ.0) GO TO 215 EQC 0098
IF (JR.EQ.0) GO TO 210 EQC 0099
RFRAAC(JR,IR)=A/NAREG(JR,21) EQC 0100
RkRAC (IRJR) =A/NAREG (IR,21) EQC 0101
GO TO 215 EQC 0102

210 RFRAC(IR,16)=A/NAREG (IR.21) EQC 0103

215 CONTINUE EQC 0104

EIGEN=EOLK (21) EQC 0105
CALL CYCALC(3,CYBU(21),LIGEN,BP(21),NR,REGBUREGERTYPE, EQC 0106

NAREG(1,21),RFRACBPFRAC(1,21),RLOAD) EQC 0107

SUM=0.0 EQC 0108



DO 60 JR=lNR
PSHAR (JR)L=REGBU(JR)-BOCBU (JR , 21)
SUM=SUd +PSHAR (JR) *NAREG (JR,2 1)

60 CONTINUE
SUM=ANASS/SUM
DIF=0.0
DO 65 JR=1,Ni
DIF=AMAX1 (DIF, ABS (EOCBU (JR,2 1) -REGBU (JR)))

65 PSHAR (JR)=SUM*PSHAR(JR)
IF (DIF.GT.0.01) GO TO 15
IF (IS.GT.10) GO TO 100

GO TO (70,80,90), IS
70 CONTINUE

IF (ITER.GT.1) GO TO 75
DIF=1 00.* (EOLK (21) -LIGEN)
OLD=CYBU(21)
OLDK=EIGLN
CYBU(21)=CYBU(21)-SIGN(AMlN1 (2.,ABS (DIF)),DIF)
GO TO 10

75 CONTINUE
SLOPE= (CYBU (21)-OLD)/ (EIGEN-OLDK)
OLDK=EIGEN
OLD=CY3U(21)
CYBU(21)=CYBU(21)-SLOPE*(EIGEN-EOLK(2 1))
IF (ABS(CYBU(21)-OLD).LT.O.001) GO TO 150
GO TU 10

80 CONTINUE
IF (ITLR.GT.1) GO TO 85
DIF=1. L +5* (E0LK(21)-EIGEN)
OLu =BP(21)
OLDK=EIGEN
iB(21)=Be(21)-SIGN(AMIN1(2000.,iBS(DIF)),DIF)
GO TO 10

85 CONTINUE
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SLOPE= (BP (21) -OLD)/ (EIlGEN-OLDK) EQC 0145
OLDK=EIGEN EQC 0146
OLD=BP(21) EQC 0147
BP (21) =BP (21) -SLOPE* (EIGEN-E0LK (21)) EQC 0148
IF (ABS(BP(21)-OLD).LT.1.0) GO TO 150 EQC 0149
GO TO 10 EQC 0150

EQC 0151
90 CONTINUE EQC 0152

LULK(21) =EIGEN EQC 0153
GO TO 150 EQC 0154

100 CONTINUE EQC 0155
Js=IS-10 EQC 0156
If (ITER.GT.1) GO TO 105 EQC 0157
OLD=FRICH (21,JS) EQC 0158
OLDK=ElGEN EQC 0159
FRICH (21, JS) =FRICH(21, JS) +0. 05 EQC 0160
GO TO 10 EQC 0161

105 CONTINUE EQC 0162
SLO Ph= (FR ICH (2 1, JS) -OLD)/ (EIGEN-OLDK) EQC 0163
OLDK=EIGEN EQC 0164
OLD=FRl.CH(21,JS) EQC 0165
Fi ICd (21,JS)=FRICH (21,JS) -SLOPE* (EIGEN-EOLK (21)) EQC 0166
FRlCi (21,JS)=AMA X1 (ELIM (1),AMIN i(ELIM (2),FRICH(21,JS))) EQC 0167
It (AUBS(FRICH(21,JS)-OLD).LT.0.001) GO TO 150 EQC 0168
GO TO 10 EQC 0169

C EQC 0170
400 CONTINUE EQC 0171

WalTE (106,101) EQC 0172
c EQC 0173
C ENO OF iTERATION EQC 0174
C EQC 0175

150 CONTINUE EQC 0176
2OLK (21)=EIGEN EQC 0177
CALL CYEDIT(21,REGE,RTYPE) EQC 0178
LiETURN EQC 0179

C EQC 0180
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SUBROUTIN. CYCALC(IS,CYBUEOLKBP,NREG,REGBU,REGE,IiITYPE,NAREG, CYC 0001
1 RFRACBPFRAC, RLOAD) CYC 0002

C CYC 0003
C SUBROUTINE CYCALC - INDlVIDUAL CYCLE CALCULATION WITH OPTIONAL CYC 0004
C SEARCH CYC 0005
C CYC 0006
C IS SEARCH PARAMLTER CYC 00'07
C =1 CALCULATE CYCLE BURNUP CYC 0008
C =2 CLACULATE BP PENALTY CYC 0009
C =3 CALCULATVE EOL K CYC 0010
C =10+J CALCULATE FEED ENRICHMENT FOR REGION J CYC 0011
C CYBU CYCLE BURNUP DESIRED OR RETURNED AS CALCULATED CYC 0012
C EOLK EOL K DESIRED OR RETURNED AS CALCULATED CYC 0013
C REGBU(15) IN AS BOL REGION BURNUPS, OUT AS EOL BURNUPS CYC 0014
C REGE(15) REGION ENRICHMENTS CYC 0015
C IRTYPE(15) REGION FUEL TYPE CYC 0016
C NAREG(15) NUMBER OF ASSEMBLILS IN EACH REGION CYC 0017
C RFRAC(15,16) FRACTION OF EDGES ADJACENT TO EACH REGION **** CYC 0018
C **** DESTROYED IN ROUTINE ***** CYC 0019
C BP NUMBER OF BURNABLE POISON RODS CYC 0020
C NREG NUMBER OF REGIONS CYC 0021
C BPFRAC(15) FRACTION OF BP RODS IN EACH REGION CYC 0022
C hLOAD(15) REGION LOADINGS CYC 0023
C CYC 0024

COMMON /TABL1/ NBUNRICHBURNUP(20),ENRICH(20),ITYPE(20),oBIAS(20), CYC 0025
1 BPWRTH(20) ,CYBIAS CYC 0026

COMMON /10/ 105,106,107 CYC 0027
COMMON /TABL2/ KINF (20,20) ,ISOTUP (20,20,6) ,POWFIS (20) CYC 0028
REAL KINFISOTOP CYC 0029
COMMON /BASIC/ TITLE(20),NASS,ANASSNADIA,NALPHAULOADHEIGHT, CYC 0030
1 UUDIF,ISO,W,ALPHAELIM(2),IHALPOWERDEBUG CYC 0031
LOGICAL DEBUG CYC 0032
COhMON /CYCL1/ C1RICH(10),C1TYPE(10),C1ID(10),C1LOAD(10),NAC1(10) CYC 0033
COMdON /FEED / NAFEED(21,3),FTYPE(21,3),FLOAD(21,3),FRICH(21,3), CYC 0034
1 FID(21,3) CYC 0035

INT;EGER FTYPE,C1TYPE CYC 0036



COM1ON /COST / IFCOST
COMMON /COEF / CoFIT(11),TEMP (2),wr TH,DPWRTHXEWiTH
COMMON /CfDEP/ BSHARE(15,10),BBU(10),BK.EFF(10),NBBU

C
DIMELN

DIMEN
R AL*

CDC REAL
DATA

(2

SION REGBU(15) ,REGE (15) ,IRTYPE (15) ,NAREG(15) RFRAC(15
REGBU1 (15) ,PSHARE( 15)

SION BPFRAC(15),RLOAD(15)
8 A(15,15),B(15),EIGEN

A(15,15) ,B(15) ,EIGEN
DELBU / 4.0 /

IF (IS.EQ.1.ANl.CYBU.LE.U.
IF (IS.LQ.2.AND.BP.EQ.0.0)
JS=MOD(IS,10)
IF (IS.GT. 10.AND.REGE(JS) .L
CALL BUGOUT(8fHREGE ,REG E
CALL BUGOUT (dHREG3U ,REGB
CALL BUGOUT(8HRFRAC ,RFRA
CALL BUGOUT(8HRFRAC ,RFRA
CALL BUGOUT(8HNAREG ,NARE
DO 10 I=1,NREG
13(I) =0.0
DO 5 J=1,NREG
RFRAC(I,J)=RFRAC(IJ)*4.0*W

5 CONTINUE
RhtRAC(I,1)=RFRAC(I,I) + 1.0

10 CONTINUE
ITER= 0

15 ITER=ITER+1
IF (ITiAR.GT.50) GO TO 140
DO 20 I=1,NREG
REGBU1 (I) =REGBU (I)

20 CONTINUE
CYB=0.0
IF (IHAL.EQ.1) GO TO 210

, 16) o

0) CYBU=11.
BP=1000.

E.0.0) REGE(JS)=3.0
, 1,NREG, 15, 1,1,1,2)
U, 1,NEG,15,1, 1, 1,2)
C, 1,N REG, 15, 1,NREG, 16,2)
C, 1, NREG,15, 16, 16, 16,2)
G, 1, NREG, 15, 1, 1, 1,1)

-4.0*W*(1.0+ALPHA*RFRAC(I, 16))
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NBB U=0
DO 50 K=1,10
DLLB=AMIN1 (DELbUCYBU-CYb)
PPm=0. 0

25 CONTINUE
DO 30 I=1,NREG
AKINF=TEiP (REGBU1(I),iEGE(I),IRTYPE(I),KINkE,0,AKB,BPK)
AKiNF=AKINF-BP*BPFRAC(I) *BPK/NAREG (I) +PPM
DO 30 J=1,NHEG
A (I,J) =RFRAC (IJ) *AKINF/AKB

30 CONTINUE

CALL SOLVE(ABEIGENd,NREG)

IF (BWRTH.EQ.0.0) GO TO 34
DIF=LIGEN-1.000
IF (AB3(DIF).LT.1.E-4) GO TO 34
PPM=PPM-DIF
GO TO 25

34 EIGEN=EIGEN-PPM
SUM=O.0
DO 35 i=1,NREG
B (I)=B(I)*TEiP (REGBU1(I),REGE(I) ,IiTYPE(I),POWFIS, 2, AKBI,BPK)
B (I)=B (I)/RLOAD(I)
SUM=SU11+B (I) *NAR EG (I)

35 CONTINUE
SUM=SUN/ANASS
Ni3BU=NBBU+1
DO 40 .I=1,NREG
PSH ARE (i)=B (1)/SUM
BSHARE (I,NBBU) =PSHARE (I)
REGBU1 (I) =REGBU1 (1) +DELB*PSHARE (I)

40 CONTINUE
IBU (N13BU) =CYB

BK FF (NBBU) =EIGEN
CYB=CYB+DELB
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IF (CYb.GE.CYBU.AND.DELB.EQ.0.0)
iELB= 0. (
If (CYB.GE.CYBU) GO TO 25

50 CONTINUE
55 CONTINUE

GO TO 250
210 CONTINUE

HALING DISTRIBUTION CALCULATION

GO TO 55

K=1
OLDKH= 0. 0
IF (ITER.GT. 1) GO TO 220
DO 215 I=1,NREG

215 PSHAaE(I)=1.0
220 CONTINUE

ITERH=0
225 ITER1=ITERH+1

IF (ITiRd.GT.50) GO TO 140
DO 230 I=1,NREG
R EGBU 1 (I) =RIEGBU (I) +PSHARE (I) *CYBU
AKINF=TERP(REGBU1(I),REGE(I),IRTYPE(I),KINF,0,AKB,BPK)
AKINF=AKINF-BP*BPFRAC(I) *BPK/NAREG (I)
DO 230 J=1,NREG
A(I,J)=RFRAC(I,J)*AKINF/AKB

230 CONTINUE

CALL SOLVE(A, B,EIGEN,NREG)

SUM=0.0
Do 235 I=1,NREG
B(I)=B(I)*TERP(REGBU1(I) ,REGi&(I),IRTYPE(I) ,POWFIS,2,AKBBPK)
B3(1)=13(I)/RLOAD(I)
SUMlb=SU M+i3 (I) *NAREG (I)

235 CONTINUE
SUM=SUN/ANASS
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CYC 0144

C
C
C

C

C

H



DIFH=0. 0
DO 240 I=1,NlREG
PSHARE (I) =B (I) /SUM
BSHAE (IK)=PSHARE (I)
DIFH=AMAl1 (DIFH,ABS(REGBU (I) +PSHARE (I)*CYBU-REGBU1 (I)))

240 CONTINUE
Nb BU=1
BBU(1)=CYBU
B K2FF (1) =EIGEN '.
IF (DIFH.GT.0.001) GO TO 225

250 CONTINUE
IF (IS.GT.10) GO TO 90
GO TO (60,70,80), IS

60 CONTINUE

SEARCH ON CYCLE BURNUP

Ie (iTEIR.GT.1) GO TO 65
DIF=1 00.0* (EOLK-EIGEN)
OLD=CYBU
OLDK=EIGEN
CY BU=CYBU - SIGN(AMIN1(2. ,ABS(DIF)),DIF)
GO TO 15

65 CONTINUE
SLOPE,= (CYiU-OLD)/ (EIGEN-OLDK)
OLDK=EIGEN
OLD=CYBU
CYBU=CYBU-SLOPE*v (EIGEN-EOLK)
IF (ABS(CYBU-OLD).LT.0.001) GO TO 150
GO TO 15

70 CONTINUE

SEAiiCii ON BP PENALTY

IF (ITER.GT.1) GO TO 75
DIF=1.E+5*(EOLK-EIGEN)

C
C
C

CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
Cyc
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
CYC
C YC
CYC
CYC
CYC
CYC
CYC
CYC
C YC
CYC
CYC

0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180

i-J

C
C
C



ULD=BP CYC 0181
OLDK= EIGEN CYC 0182
B3P=BP-SIGN(AMN1(2000.,ABS(DIF)),DIF) CYC 0183
GO TO 15 CYC 0184

75 COATINUE CYC 0185
SLOPE= (BP-OLD)/(ElGEN-OLDK) CYC 0186
OLDK=LIGEN CYC 0187
OLD=BP CYC 0188
BPl=B2-SLOPE* (EIGEN-EOLK) CYC 0189
IF (ABS(BP-OLD).LT.1.0) GO TO 150 CYC 0190
GO TO 15 CYC 0191

80 CONTINUE CYC 0192
c CYC 0193
C CALCULATE EOLK CYC 0194
C CYC 0195

EOLK=EIGEN CYC 0196
GO TO 150 CYC 0197 H

90 CONTINUE CYC 0198 0
C CYC 0199
C SEARCH 014 ENTICHMENT CYC 0200
C CYC 0201

IF (ITER.GT.1) GO TO 95 CYC 0202
OLD=.EGE (JS) CYC 0203
OLDK=EIGEN CYC 0204
8lG GE (JS) =8EGE (JS) +0. 10 CYC 0205
GO TO 15 CYC 0206

95 CONTINUE CYC 0207
SLOPi= (REGE (JS)-OLD)/(EIGEN-OLDK) CYC 0208
OLDK=EIG.EN CYC 0209
OLD=REGE (JS) CYC 0210
liLGE (JS) =REGE (JS) -SLOPE* (EIGEN-EOLK) CYC 0211

LGL(JS)=AMAX1(ELIM (1),AMIN1 (ELIM(2),iREGE(JS))) CYC 0212
-I (ABS (iEGE (JS) -OLD) .LT.0.001) GO TO 150 CYC 0213
GO TO 15 CYC 0214

C CYC 0215
c END OF iTERATION LOOP CYC 0216



C CYC 0217
140 CONTINUE CYC 0218

WRITE (106, 101) ISCYBUEOLK CYC 0219
150 CONTINUE CYC 0220

EOLK=EIGEN CYC 0221
DO 155 .1=1,NREG CYC 0222
REGBU (I) =REGBU1 (I) CYC 0223

155 CONTINUE CYC 0224
RETURN CYC 0225

C CYC 0226
101 FORMAT (1HO,10X,j1HCYCLE -ITERATION FAILED, SEARCH=,12,411 BU=,F9.0, CYC 0227

1 6H EOLK=,F9.5 /) CYC 0228
c CYC 0229

END CYC 0230

H-



SUBROUTINE CY-LDIT(ICREGE,IRTYPE)

EDITS OUT CYCLE INFORMATION

COMMON /TABL1/ NBU,NRICHIBURNUP(20),ENRICU(20) ,ITYPE(20),BIAS(20),
BPW RTH (20) ,CY BIAS

COMMON /10/ 105,106,107
COMMON /TABL2/ KINF(20,20),ISOTOP(20,20,6),POWFIS(20)
REAL KINFISOTOP
COMMON /BASIC/ TITLE(20),NASSANASSNADIAMNALPHAULOADHEIGHT,
1

LOGICAL DEBUG
C UMON

CO MO N

CUMMON
COMMON
1
INTEGER
COIMON
COMMON
COMMON
COMAO N

BUDIFIlSOW,ALPHAELIM (2) ,IHALPOWERDEBUG,

/CYDAT/ ISURCH (21),lISHUF (21),BP (21),CYBU(21),EOLK(21),
NFEED(21) ,NREG (21) ,CYLOAD(21) ,CAPFAC(21) ,CYTIM(21),
SDLEN (21) ,IFEDGE (2 1)

/RGDAT/ N EDGE(2,1000),IEDGE(21),NAREG(15,21),JSHUF(15,21),
BPFRAC(154,21),BOC BU(15,21),EOCBU(15,21),
IDXREG(15,21),NADIS(15,21)

/CYCL1/ C 1RICH (10),rC 1TYPE ( 10),sC 1ID (10),sC 1LO AD (10), NAC 1(10)
/FEED / NAFEED (21,3),FTYPE(21,3),FLOAD(21,3),FRICH(21,3),

FI(21,3)
FTYPE,C1TYPE
/COST / IFCOST
/COEF / COFIT(11) ,TEMP (2) ,BWRTH,DPWRTHXEWRTH
/EDGtE/ NAE(15,16)
/CYDEP/ BSHiARE (15,10),BbU(10),BKEFF(10),NBBU

DIMLNSION REGE(15),IRTYPE(15),KSUR (2,6),IRD(15)

DATA KSUR / 4HBURN, 4HUP
211 1, 4HFEED,

CALL HEAD
WRITE (106,101) IC
IS=ISUhCH(IC)
IF (IS.GT.10) IS=IS-7

, 4HNU. , 3HBPS, 4HEOL
2H 2, 4HFEED, 2Hi 3 /

, 4HlKEFF, 4HFEED,

C
C
C

1

CYED0001
CYED0002
CYED0003
CYED0004
CYED0005
CYED0006
CYED0007
CYED0008
CYED0009
CYED0010
CYED0011
CYLD0012
CYED0013
CYED0014
CYED0015
CYED0016
CYED0017
CYED0018
CYED0019
CYED0020
CYED0021
CYED0022
CYED0023
CYED0024
CYED0025
CYED0026
CYED0027
CYEDO028
CYED0029
CYED0030
CYED0031
CYED0032
CYED0033
CYED0034
CYED0035
CYED0036

1
2

1
2

C

C

C

o0



7RITE (I06,102) (KSUR(IIS),I=1,2)
IF (CAPFAC (IC) .EQ. 0. 0.AND.CYTIM (IC) .NE.O .0) CAPFAC(IC)=

1 CYBU(IC)*1.E+5*CYLOAD(IC)/(POWER*CYTIM(IC))
IF (CAPFAC(IC).EQ.0.0) CAPFAC(IC)=80.
CYTlId(IC)=CYBU(IC)*CYLOAD(IC)*1.E+5/(POWER*CAPFAC(IC))
EFPk=0.01*24.*CAPF AC(IC) *CYTIM((IC)
WRITE (106,103) CYBU(IC) ,EFPHCYTIM(IC) ,SDLEN(IC) ,CAPFAC(IC),

1 EOLK(IC),BP(.IC),CYLOAD(IC)
NR=JYEG (IC)

(I06,
(I06,
(106,

P (IC).
(106,
(106,
(106,

104)
105)
106)
GT.O.

108)
109)
110)

DU 10 1=1,NR
Il=IDXREG (1,IC)
J1=II/100
J2=MOD(I,100)
IF (J1.EQ.1) GO
H) (1)=FID (J1,J2)
GO TO 10

5 RD(I)=C1ID (J2)
l0 CONTINUE

WRITE (106,111)
WitITE (106,112)
WHITE (106,113)
W RIT-E (106,114)
DO 20 J=1,NBBU
WRITE (106,115)

20 CONTINUE
DO 25 1=1,16
DO 25 J=1,15

25 NAE(J,L)=0O
11= C

(1,I=1 ,NR)
(REGE (I) ,1,NR)
(IRTYPE(I) ,=1,NR)

0) WRITE (106,107) (BPFRAC(I,IC),I=1,NR)
(NAR.EG (I,1C),rI= 1,NR)
(NADIS (1,IC) ,I=1,NR)
(JSHUF(1,IC) ,I=1,NR)

TO 5

(RD (I) ,I=1,NR)
(BOCBU (I,1C) ,I=1,NR)
(EOCBU (I, IC) I=1, NR)
(I, 1= 1, NR)

BBU (J) ,BKEFF (J), (BSHARE (I,J),l I1,NR)

CYED0037
CYED0038
CYED0039
CYED0040
CYED0041
CYED0042
CYED0043
CYED0044
CYED0045
CYED0046
CYED0047
CYED0048
CYED0049
CYED0050
CYED0051
CYEDO052
CYED0053
CYED0054
CYED0055
CYED0056
CYED0057
CYED0058
CYED0059
CYED0060
CYEDO061
CYED0062
CYED0063
CYEDU064
CYED0065
CYED0066
CYED0067
CYED0068
CYED0069
CYED0070
CYED0071
CYED0072

W RIITE
WRITE
W ITE
IF (B
W ITI;
WRITE
W RITE

0



IF (IC.GT. 1) 11k=IDGE
11=Il+1
12=IEDGE (IC)
DO 35 1=11,I2
JK=NEDGE (1, 1)
J=JK/100
K=MOD (JK, 10 0)
IF (JK.EQ.0) GO TO 35
IF (J.EQ.0) GO TO 30
Im AL (J, K) =NEDGE (2,#1)
NAE (KJ) =NEDGE (2,I)
GO TO 35

30 NAL(K,16)=NEDGE(2,I)
35 CONTINiJE

WRITE (I06,116) (II=
DO 50 JR=1,NR
N=0
DO 40 1=1,16

40 N=N+N AE (JR ,l)
NN=4*NAREG (JR,IC)
WRITE (106,117) JRvNN

50 CONTINUE
RETURN

(IC-1)

1,NR)

CYED0073
CYED0074
CYED0075
CYED0076
CYED0077
CYED0078
CYEI0079
CYED0080
CYED0081
CYED0082
CYED0083
CYED0084
CYED0085
CYED0086
CY-LD0087
CYED0088
CYEDO089
CYED0090
CYED009 1
CYED0092
CYED0093
CYED0094
CYED0095
CYED0096
CYED0097
CYEDO098
CYED0099
CYED0100
CYED0101
CYED0102
CYED0103
CYED0104
CYED0105
CYED0106
CYED0107
CYED0108

,NNAE(JR,1l6),(NAEJRf,I),11l,NR)

c
ll FORMAT(30X,5H CYCLE,13)
102 fORMAT(li0a,29X,18HSEARCH PARAMETER..,2A4)
103 FORMIAT(1H0,291,18HBURNUP............,F7.3,8H GWD/HTM /

1 30X,18UlEFPfi..............,F7.0,6ii HOURS /
2 30X,18HCYCLz TIME........,F7.1,5H DAYS /
3 30X,18HSHUTDOWN LENGTH...,F7.1,5i DAYS /
3 30X,18ICAPACITY FACTOR...,F7.1, 8H PERCENT /
4 30l,18HEOL KEFF..........,F7.4 /
5 30Xi8HNUMBER OF BPS.....,F7.0 /
6 30x,18HiLOADING...........,F7.3, 4H MTM )

104 FORMAT (1H0,37X,10HBATCH DATA / 30X,1518)
105 FORMAT(10X,10X,10lHENRICHMENT,15F8.3)

o0



106 FURMAT (10X,1X,1HFJEL TYPE ,1518)
107 FORMAT(10X,10X,10HBP FRAC. ,15F8.3)
108 FORMAT(10X,10X,10iASSEMBLIES, 158)
109 FURMAT (20X,1OHDISCHARGED, 1518)
110 FORM AT (20X, 10HSOUR CE-CR,15I:8)
111 FORMAT(20X,10HREGION ID ,15(4XA4))
112 Fi0MAT(20X,1l0Hb0C BURNUP,15F8.3)
113 FORMAT(20Xl,0HE0C BURNUP,15F8.3)
114 FORMAT(1H0,37X,1a4HDBPLETl0N DATA /10X,1OHBOS bURNUP,4X,5HK EFF ,

1 1X,1518)
115 FURMAT(10X,F10.3,F10.4,8F8.3)
116 FORMAT(1h0,19X,9IIEDGE DATA / 9X,6HREGION,2X,6HAVAIL.,5X,5HTOTAL,

1 1X,8HIEXTERIOR,1X,15I6)
117 FOR MAT(2X,3110,18,3X,15I6)

LND

CYED0109
CYED01 10
CYEDO 111
CYED01 12
CYED0113
CYED01 14
CYEDO 115
CYEDO 116
CYEDO117
CYED01 18
CYED0119
CYED0120
CYED0121
CYED0122
CYED0123
CYED0124

C



SUBROUTINE SOLVE (AB,-EIGENN)

COMMON /TABL1/ NBUNRICHBURNUP(20)eENRICH(20),ITYPE(20),BIAS(20),
BPWRTi (20) ,CYBIAS

COMMON /10/ 105,I06,107
COMMON /TABL2/ KINF(20,20),ISOTOP(20,20,6),POWFIS(20)
REAL KINfl,ISOTOP
COMMON /bASIC/ TITLE(20),NASS,ANASS,NADIAMNALPHA,ULOADUHEIGHT,
1
LOGICAL DEBUG

BUDIFISOW,ALPHA,ELIM(2) ,IHAL,.POWER,DEBUG

COMMON /CYDAT/ ISURCH(21),ISHUF(21),BP(21),CYBU(21),EOLK(21),
NFEED(21),NREG(21) ,CYLOAD(21),CAPFAC(21),CYTIM(21),
SDLEN(21) ,IFEDGE(21)

COMMON /RlGDAT/ NEDGE(2,1000),IEDGE(21),NAREG(15,21),JSHUF(15,21),
BPFHAC(15,21),BOCBU(15,21),EOCBU(15,21),
IDXREG(15,21) ,NADIS(15,21)

COMMON /CYCL1/ C1iICH(10),C1TYPE(10),C1ID(10),C1LOAD(10),NAC1(10)
COMMON /FEED / NAFEED(21,3),FTYPE(21,3),FLOAD(21,3),FRICH(21,3),

FID(21,J)
INTLGEA FTYPE,C1TYPE
COMMON /COST / IFCOST
COMMON /COEF / COFIT(11),TEMP(2) ,BWRTII,DPWRTHXEWRTH
RLAL*8 A(15,15),B(15),rBN(15)
HEAL A(15,15), B(15),BN(15)

DATA MAXIT,EPSOMEGA /
C

SUM=0. 0
DO 4 I=1,N

4 SUM=SUM+i(1)
DO 5 1=1,N
IF (SUM.EQ.0.0) B
IF (SUM.GT.0.0) B

C IF (DEbUG) 61RITE
5 CONTINUE

EIGEN =0.0

,EIGENSUMLPSEIGLDIF

,EIGEN,SUM, 2PS,EIGLDIF

50,0.00001, 1.80 /, ESP / .001 /

(I) =1.0/N
(I))=B (I) /SuM
( 106, 10 2) (A (IJ),vJ= 1,vN),rB(I)

C

1

SOLV0001
SOLVO002
SOLV0003
SOLVO004
SOLV0005
SOLV0006
SOLVU007
SOLV0008
SOLVO009
SOLVO010
SOLV0011
SOLVO012
SOLVU013
SOLV0014
SOLVO015
SOV 0016
SOLV0017
SOLVO018
SOLV0019
SOLVO020
SOLV0021
SOLVO022
SOLV0023
SOLVO024
SOLV0025
SOLVO026
SOLV0027
SOLVO028
SOLVO029
SOLVO030
SOLVO031
SOLV0032
SOLVO033
SOLV0034
SOLVO035
SOLV0036

1
2

1
2

1

CDC
C

0



DO 50 ITER=1,LMAXIT
DO 30 I=1,N
UN (1)=0.0
IF (I.EQ.1) GO TO
11=1-1

15

D0 10 J=1,11
10 BN(.I)=A(IJ)*B(J)+BN(I)
15 CONTINUE

DO 20 J=I,N
BN (1) =BN (I) +A (1, J) *B(J)

20 CONTINUE
30 CONTINUE

SUM=U. 0
DO 35 L=1,N

35 SUM=SUM+BN(Il)
DIF=0.0
DO 40 I=1,N
B1 (I) =3N (I) /SUM
DIFF=DMAX1(DIFDABS(BN(I)-B(I)))

CDC DIFF=AMAX1(DIF, ABS(BN (I)-B(I)))
40 CONTINUE

IF (DIF. LE. ESP.A4D. DABS (EIGEN-SUM) .LE. EPS)
CDC IF (DIF.LZ.hSFJ.AND. ABS(EIGEN-SUM).LE.EPS)

EIGEN=SUM
DO 45 I1,N
IF (N.L".5) GO TO 42

41 B (I) =B(I) +OMEGA* (BN (1)-B (I))
GO TO 45

42 1(I)=BN(I)
45 CONTINUE
50 CONTINUE
60 CONTINUE

IF (DEBUG) WRI.TE (106,101) ITEREIGEN
R ET U It N

C

GO
GO

SOLVO037
SOLV0038
SOLV0039
SOLVO040
SOLV0041
SOLV0042
SOLVO043
SOLVO044
SOLV0045
SOLVO046
SOLV0047
SOLV0048
SOLVO049
SOLV0050
SOLVO051
SOLV0052
SOLV0053
SOLV0054
SOLVO055
SOLV0056
SOLVO057
SOLV0058
SOLV0059
SOLV0060
SOLV0061
SOLVO062
SOLV0063
SOLV0064
SOLV0065
SOLVO066
SOLV0067
SOLV0068
SOLV0069
SOLVO070
SOLV0071
SOLV0072

TO 60
TO 60

101 FORMAT(10X,5HITER=,13,3H

IQ3
0
Un

K=,4vF9. 5)



102 FOR MAT (lX, 10B 12. 5) SOLVO073
SOLV0074
SOLVO075E N D

C

oC



SUBROUTINE RGEDIT
c
C SUBROUTINE RGEDIT - EDITS OUT REGION DISCHARGE SUMMARY
C

COMMON /T ABL1/ N BU, NRICH, BUR NUP (20) , ENRICH (20) ,ITY PE (20) ,BI AS (20),
1 BPWRTH(20),CYBIAS

COMMON /10/ 105,106,107
COMdON /TABL2/ KINF(20,20),ISOTOP(20,20,6),POWFIS(20)
REAL KINFISOTOP
COMMON /3ASIC/ TITLE(20) ,NASSANASSNADJAM, NALPHA,ULO
1
LOGICAL DEBUG

ADHEiGHT,
. BUDIF,ISOW,ALPHA,ELIM (2),IHALPOWiRDEBUG

COMMON /CYDAT/ ISURCH(21), IS HUF(21),BP(21), CYBUJ(21), EOLK(21),
NFEED (21) ,NREG (21) ,CYLOA.D(21) ,CAPFAC (21) ,CYTIM (21),
SDLEN(21) ,IFEDGE (21)

COMMON /RGDAT/ NEDGE(2,1000),1EDGE(21),NAREG(15,21),JSHUF(15,21),
BPFRAC(15,21),B0CBU(15,21).,E0CBU(15,21),
IDXREG (15,21) ,NADIS (15,21)

COMMON /CYCL1/ C1RICH (10),C1.TYPE(10),C1ID(10),C1LOAD(1Q),NAC1(10)
COMMON /FEED / NAFEED(21,3),FTYPE(21,3),FLOAD(21,3),FRICH(21,3),

FID (21,3)
INTEGLR FTYPE,C1TYPE
COMMON /COST / IFCOST
COMMON /COEF / COFIT(11),
DIMLNS1ON BBU (10) ,NAB (10)
DIMENSION UBU (10) ,EBU(10)

NLIN=56
Do 50 IC=1,21
Ik (ISURCH(IC)."Q.0) GL
NF=NFEED (IC)
IF (IC.EQ.1) NF=NREG(1)
IF (NF.EQ.0) GO TO 50
DO 45 IF=1,NF
N i3-U
IF (IC.GT.1) NAF=NAFEED

TEMP (2), BWRTHDPWRTH,XEWRTH
, ICB (10)
, PU BU (10) , TBU (10)

TO 50

(IC,IF)

RGED0001
RGED0002
RGED0003
RGED0004
RGED000 5
RGED0006
RGED0007
RGED0008
RGED0009
RGED0010
RGED0011
RGED0012
RGED0013
RGEDO0 14
RGED0015
RGED0016
RGED0017
RGED0018
RGED0019
RGED0020
RGED0021
RGED0022
RGED0023
RGED0024
RGED0025
RGED0026
RGED0027
RGED0028
RGED0029
RGED0030
RGED0031
RGED0032
RGED0033
RGED0034
RGED0035
RGED0036

1
2

1
2

1

C

0



lIt (IC.EQ.1) NAF=NAREG(IF,IC)
NAF1=NAF
IF (IC.EQ. 1) GO TO 15
FRlCH=FltICHi(ICIF)
ITYP=FTYPI (IC,IF))
RilD= FI U(IC, IF)
GO TO 20

15 CONTINilE
FHCti=C1RILCHi(IF)
ITYP=CITYPE (IF)
RID=CliD(IF)

20 CONTINUE
BSUF= 0.0
IDX=100*IC+IF
DO 10 JC=1C,21
IF (ISURCH(JC).EQ.0) GO TO 10
NR=NiEG (JC)
DO 5 JR=1,Ni'
IF (IDXREG(JRJC).NE.IDX) GO TO 5
IF (NADIS(JRJC).EQ.0) GO TO 5
FRAC=NADIS(JR,JC)
NAF1=NAF1-NADIS(JRJC)
NB=NB+1
NB=fI NO (NB, 10)
ICB (NB) =JC
NAB (Nb)=NADIS(JR ,JC)
FttAC='- AC/NAF
DISBU=EC3U (JRJC) +BUDIF*
BBU (NB) =DISBU
BSU M=DIS3U*NAB (NB) +BSU M
UBU (NB)=TERP(DISBU,F.iCH,
EbU (Na)=TLRP (DISBUFRCH,
PUBU (Nd) =TE-iP (D)ISBUFRCH,
TBU (NB)=0.0
IF (IC.EQ.21) GO TO 65
DO 60 Il=IC,JC

RGED0037
RGED0038
RGED0039
RGED004U
RGED0041
RGED0042
RGED0043
RGED0044
RGED0045
RGED0046
RGED0047
RGED0048
RGED0049
RGED0050
RGED0051
RGED0052
RGED0053
RGED0054
RGED0055
RGED0056
RGED0057
RGED0058
RGED0059
RGED0060
RGED0061
RGED0062
RGED0063
RGE00064
RGED0065
RG ED0066
RGED0067
RGED0068
RGED0069
RGED0070
RGED0071
RGED0072

( 1. 0-FR AC)

ITYP,ISOTOP (1,1,1) ,0,KBBP)
ITYP,ISOTOP(1, 1,2),1,KKBBP)
ITYP,130OTO P(1, 1,03),11, KB, BP)

0



60 TBU (NB) =TBU (NIB)+CYTIM(I) +SDLEN(1)
GO TO 75

65 CONTINUE
N=0
K=Jft

70 CONTINUE
JK=JSHUF(K,21)
N=N+1
K=100(JK, 100)
IF (JK.GT.K) GO TO 70
TBU (NB) =N* (SDL EN (21) +CYTIM (21))

75 CONTINUE
5 CONTINUE

10 CONTINUE
IF (Ni3+1+NLINE.LE.55) GO TO 25
CALL HEAD
WRITE (106,101)
NLINE=4

25 CONTINUE
BSUM=BSUM/NAF
WRITE (106,102) RIDIF,ICFRCHIT
1 ,TBU(1),UBU(1),EBU(1),PUBU
NLINE=NLINE+NB+ 1
IF (NB.LE.1) GO TO 35
DO 30 IB=2,NB

30 WRIT, (I06,103) ICB(IB),NAB(IB),B
1 PUBU(IB)

35
45
50

CONTINUE
CONTINUE
CONTINUE,
EETUiN

YP,NAF, BSUM, ICB(1),NAB (1) , BBU (1)
(1)

BU(IB),TBU(IB),UIBU(IB) ,EBU (IB),

101 FO1RAT(48X,14HREGION SUMMARY //10X,6HREGION,2X,13[FEED IN CYCLE,
1 2X,20ENRICH TYPE ASMBLY,2X,6HDIS BU,3X,5HCYCLE,2X,
2 6H ASMBLY,3X,6H DIS BU,4X,4HTIME,3X,5HDIS U,2X,6iIENRHICH,2X,
3 6HDIS PU)

RGED0073
RGED0074
RGED0075
RGED0076
RGED0077
RGED0078
RGED0079
RGED0080
RGED0081
RGEDOU82
RGED0083
RGED0084
RGED0085
RGEDODd6
RGED0087
RGED0088
RGED0089
RGED0090
RGED0091
RGED0092
RGEDOU93
RGED0094
RGED0095
RGED0096
RGED0097
RGED0098
RGED0099
RGED0100
RGED0101
RGED0102
RGED0103
RGED0104
RGED0105
RGED0106
RGE0107
RGED0108

C

0
ko



102 FOR M4AT (1HO0, 10X,A4,4X,12,7XI2,4X, F5.3, 3XI2,4XI3, 4XF6.3,4XI2,
1 IX, 3,4XF6.3,F8.0,3F8.4)

103 FOR M AT (65XI2,X,I3,4X,F6. 3, F8.J, 3F8. 4)
c

END

RGED0109
RGEDO 110
RGED01 11
RGED01 12
RGED0113

C


