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MUICYCL and MUIFAD:
MODELS TRACKING 4INOR URANIUM ISOTOPES
IN THE NUL.LEAR FUEL CYCLE

S. R. Blum
ABSTRACT

Two computer programs have been written to
provide information on the buildup of minor uranium
isoiopes in the nuclear fuel cycle. The Minor Uranium
Isotope Cycle Program, MUICYCL, tracks fuel through
a multiyear campaign cycle of enrichment, reactor burnup,
reprocess>ing, enrichment, etc. MUICYCL facilities include
preproduction stockpiles, U?2® escalation, and calculation
of losses. The Minor Uranium Isotope Flowsheet Analyzer
Program, MUIFAP, analyzes one minor isotope i~ one year
of an enrichment operation.

The formulation of the enrichment cascade, reactors,
and reprocessing facility is presented. Input and output
descriptions and <ample cases are presented. The programs
themselves are documented by short descriptions of each
routine, flowcharts, definitions of common blocks and
variables, and internal documentation. The programs are
written in FORTRAN for use in batch mode.

I. INTRODUCTION

The computer program MUICYCL was written to study the buildup of
minor uranium isotopes in the nuclear fuel cycle over a campaign of up .
to 40 years. From input cascade data on feeds, products, and capacitiés
plus reactor and reprocessing data, MUICYCL will tvack material through
several cycles of enrichment, reactor fuel, and reprocessing. The model
produces output tables listing yearly values of flows, concentrations,
and capacities. Up to three minor isotopes - U232, U?3%*, and U236 - -

may be studied in a case. The enrichment process is modeled by a single



matched abundince ratio cascadg [1]; optional separative capacities

may be specified at the uzer's option. For each type of reactor fuel
‘e.g., BWR, PHR, iritial core, reload core), burnup is simulated by a
relationship giving minor isotope concentratinns in spent fuel as a
guadratic function of minor isotope concentrations of the fuel charged to
the reactor. Stockpiles of spent fuel, segregated by fuel type, are
impartially processed up to the rated capacity of the single reprocessing
plant. Buildup of PU23€ in the reactor and decay of PU23% to U232 in the
reprocessing phase are aiso tracked.

Other features of this model incliZe the ability to define external
returns to the reprocessing plant, a recovery factor for material losses,
and user-supplied coefficients to define the escalation in U35 assay of
both loaded and spent reactor fuel necessary to offset the presence of
U23%, Initial stockpiles of unreprocessed spent fuel and preproduction
inventory at the enrichment plant may be input.

The time step for both input and internal calculation is cne year.
Input each year are enrichment and reprocessing capacities, external
returns for rep:acessing, and “stream cards” specifying feeds to and
products from the enrichment facility. The program feeds to the enrich-
ment plant any recycled streams from earlier years, then calculates con-
centrations of all minor isotopes in the product streams. Optionally
determined in this phase are escalated U23> concentiations of reactor

bound streams plus preproduction stream rates which balance stated sepa-

rative capacities. A1l enrichment output targeted for reactors is loaded

and labeled by year. Next, any reactor fuel completing the burn period

in the current year is calculated and sent to reprocessing. Fuel is then

-



reprocessed to be fed to the enrichment plant along with the following
year's input streams as the cycle is repeated.

The Minor Uranium Isotope Flowsheet Analyzer Program (MUIFAP)
performs the same enrichment process for oue year and one minor isotope
per case. U235 concentrations are not escalated and preproduction is
not adjusted for separative capacity.

The programs execute independently in batch mode. MUICYCL produces
tabvlar data organized by isotcpe and stream type. Both programs were

written in FORTRAN IV for the IBM/360-370 series of computers.

II. MATCHED ABUNDANCE RATIO CASCADE

The matched abundance ratio cascade formulated in [1] and used ir
both computer models is the multicomponent analogue of the (binary)
ideal cascade. Multicomponent formulations of “value function" and
"separative work" are derived. '

In the binary ideal cascade no separative work is lost: all stream§
which are mixed have idertical concentrations. A consequence of this is
that the binary ideal cascade minimizes total flow and total separative
work. While mixed streams in tte matched abundarce ratio cascade cannot
have identical concentrations they are made to have identical values of

the abundance ratio R. In a three-component cascade,

R = 1‘??%%1:]7 , (2-1)

where x and y are the concentrations of 1J23° and the "minor isotope,"”
respectively. No separative work will be lost in this type of cascade
but this cascade does not minimize total flow. The authors of [1]

did show that "for uraniun isotope separation the total flow in the
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matched U2:%/U%3% abundance ratin cascade exceeds the minimum by an

insignificant fraction for a wide range of U23% concentrations” [1,p.188].

Let
H(x,y) = yR-(2k-1) | (2-2)
where
k=22,
b

v, is the stage separation factor for the two-component system of
U235 and ©23%,

G; is the corresponding factor for separation of the minor isotope
and U”3¢,

H is calied the "homogeneous function.” It can be shown [1] from separa-

tive work considerations that, in the matched abundance ratio cascade, an

"H balance" applied over the whole cascade and over any portion of the

cascade. For the cascade of Figure 1,

P'H(xp’yp) + Q'H(XQ:YQ) + S'H(XS,yS) + H'H(xu’yu) (2'3)

—-E'H(xE,yE) - F'H7xF,yF) =0 .

An H balance applied over portions of the cascade pruduces an equation

for each side ~ithdrawal stream. For the Q stream
P'”(xpiyp;xosyo) =0 ’ (2‘4)
and for the S stream

P'H(xp’yp;xssys) + Q'H(XQ’yQ;xS’yS) = E'H(xEvyE;xsoyS) =0 ’ (2'5)




where
B(x.y3a,8) = H(x.y) — H(o,8) — (x-a) 2 —(y-e) 2 .

For a cascade with M withdrawal streams, there are M-2 of thes side-
‘stream H balance equations, one cascade H balance equation, and material
balance equations for 023>, the minor isotope, and total material. A
separative work equation, defined in the next section, completes the

formulation of the matched abundance ratio (or “matched R") cascade.

vaosyo

SiXgaYs

[ sszyF

Fig. 1. Sample Enrichment Cascade.



ITI. MINOR URANIUM ISOTOPE MODELS

MUICYCL, the Minor Uranium !sotope Cycle Program, may be analyzed
in its three phases - reactor operation, reprocessing, and enrichment.
Each phase is executed once each year in the given order. MUIFAP

involves enrichment only and is discussed in that section.

A. Reactor Operation

This phase calculates concentrations of minor uranium isotopes
(MUI), PU23%, and U235 in spent reactor fuel as functions of MUI
cdncentrations of loaded fuel. Al1 such functions are quadratic, or a

sum of two quadratics of the form
y = A+Bx+Cx2, (3-1)

where C=0 is acceptable. Recently used function coefficients were
generatad by least squares correlations [2]. For U236, the discharge
concentration y is a function of the initial concentration x, and

similarly for U3%, For U232
y = A+ Bixy + Oxy2 ¥ Ay + Boxy + Coxp? (3-2)

where the discharge U23? concentration is a function both of the initial
U232 concentration, x;, and the initial U23% concentration, x,. Generally
A, = C; = 0. The discharge PU?3% concentration is a single quadratic
function of the initial U2*" concentration.

Finally, initial U”*" reactor concentrations were escalated above

target values (in the enrichment phase) to compensate for the presence




of 4**%. A quadratic equation then defines the discharge U?°° concen-
tration, v, as a function of the escalation, x, in initial U2?° concen-
tration. The year in which reactor fuel is discharged is determined by

the cycle time, an input parameter for each type of fuel.

B. Reprocessing

The reprocessing facility is modeled as a single plant whose
capacity is input fcr each year. Stockpiles of spent fusl, segregated
by fuel type, are accumulated and processed up to the rated capacity.

If the total stockpile exceeds capacity, the same fraction of each stock-
pile is reprocessed, with one exception: when the stockpile of one fuel
type is less than % of capacity, all of this stockpile is reprocessed.

Since PU236 decays to U232 with a half-life of 2.85 years, concen-
trations of U%3< in reactor dischargerawaiting reprocessinu may change
significantly. A time-<ependent PU236,y232 relationship developed in [2]
is used in a modified form (Appendix A) which aliows yearly additions
to each sinckpile.

As noted earlier, an input "recovery factor" defines material losses;
cpecifically, the reduction in weight from the time material leaves the
enrichment facility to the same time one cycle later. The recovery
factor is applied each year to material when it is unloaded from the
reactor.

The user may add exterﬁal returns to the reprocessing queue in any
year. The recovery factor is applied to these returns when they are

added to the requested stockpile.



C. Enrichment

The enrichment phase is by far the most complex and time-consuming
of the three phasrs in MUICYCL. A single matched abundance ratio
cascade [1] is modeled. Additional complexity is provided by the use of
preproductinn streams to match a ratecd separative work value, and esca-
lation of specified U23° values due to U238,

This requires up to threé levels of calculations:

1) Adjusting preproduction stream rates to attain the rated separative
work value.

2) Itzration on U23° concentrations of reactor bound products.

3) Determination of minor isotope concentrations in cascade product
streams which will satisfy material balances and matched abundance

ratic equations.

"While the first two levels are optional, the third level is always

executed each year. In MUIFAP, only the third level is availatle. Each

level is now discussed in more detail. and in reverse order.

Determination of Minor Isotope Concentrations

The formulation of the matched abundance ratio cascade is implemented
in this level. The model calculates concentration values of all minor

isotopes in each withdrawal stream. Other than the flow rates of any

two streams, all other rate and concentration data are given. The three-
component formulation of the matched R cascade is used, and each of the
up to three minor isotopes is solved for the whole campaign independently

of the other minor isotopes.




Each cascade with ¥ withdrawal streams, and thus M unknown concen-
trations, satisfies M-2 sidestream H balance equations of the form of
Eauations (2-4) or (2-5), one cascade H balance (Equation (2-3)) and a
minor isotope material balance equation. This system of equations is
solved by & standard numerical technique, the Newton formulation of the
Secant method [3]. The other two material balance equations, U235 and
total material, are satisfied by adjusting two stream rates selected vy

the user.

Adjusting U“35 Concentrations of Reactor Bound Material

Since the presence of U236 in reactor fuel reduces the fuel reac-
tivity, the initial U235 assay of the fuel may be escalated in the
enrichment phase to compensate for this. A quadratic equaZion of the
forms of Equation (3-1) is again applied. However, thz returned value y
is defined as the increment in the initial U233 assay over the rated
value. The independent variable x is the U236 assay of the stream as
withdrawn from the cascade. Equation coefficients may be input for

each type of fuel.

Adjusting Preproduction to Match Rates Separative Capacity

The separative capacity of the cascade may be forced to equal a
specified value by feeding from, or adding product to, preproduction
stockpiles. There are two preproduction stockpiles, each with a speci-
fied U235 assay -- the initial inventory and the inventory of new pre-
production. When inventory is being fed to the cascade the initial

inventory is exhausted first.
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The three component "elementary value function" is

V(x,y) = (2x + ?igéfT y —-])]nR .

The three component separative work equation for Figure 1 is

SW = P-Vlxp.yp) + Q-Vixg.yg) + s-V(x'S,yS) — E-V{xgyg) — F-V0xpyp) -

This is easily generalized to an M stream cascade.

IV. INPUT DESCRIPTION
A. MUICYCL

Introduction

The input is set up so that any number of independent cases may
be run in one job. Each case is an analysis of one to three minor
isotopes in the nuclear fuel cycle for a campaign of several years.

Data for each case are entered as follows:

Case Card
Preproduction Inventory Card
Reactor Fuel Cards for first minor isotope

U235/u236 Cards (required only when first minor
isotope is U236)

Yearly data for first year
Yearly data for second year

Yearly data for last year

End-of-Yearly-Data Card !

Reactor Fuel Cards for second isotope if present
Reactor Fuel Cards for third isotope if present

(3-3)

(3-4)
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Yearly data consist of the following cards, in order:

Year and Capacity Card
Returns Cards (Optional)
Stream Cards

The last data card of the job is the End-of-Job Card. A detailed

description of the input data is provided in the next section.

Detailed Description

1. Case Card - First card of each case

Column Format Description

1-35 A35 Name of case (optional).
36-39, 314 Molecular weight of the minor isotope(s)
40-43, in the same order in which minor isotope
44-47 data will be entered on succeeding cards.

If there is more than one minor isotope in
this case, the first entry must be “236".

48-50 A3 PPM flag - if the minor isotope weight
fraction of U232 in all later input for
this case is to be entered as parts per
million of U235, punch any character(s)
here.

51-56 A6 Classification flag - leave blank if
unclassified; punch "SECRET" if secret
output; punch any other characters if
confidential.

59-60 12 Flag, KASEPR, to generate debugging output
for all years in the case.
KASEPR=1: 1limited output
KASEPR=2: full output

63-65 A4 Yearly output suppression. Enter any
characters to suppress printing of all
yearly output.

67-70 A4 Enter any characters to suppress U?3°
escalation due to U?3", regardless of
values on U23%/U23% card. Note, however,
that an entry must be made in columns
51-60 of the U?35/U23¢ card,




12
1. Case Card (Cont'd)
Coiumn Farmat Cescription
80 £l Enter any character if an “Iteratioa

Parameter Data Set” is to be included with
each isotope definition. See Special
MUICYCL Input.

2. Preproduction Inventory Card - Second card of each case.

Column Formeat _ Description
1-10  D10.2 Inventory of preproduction {by weight)
at beginning of case.
11-20 D10.2 U“*> fraction in inventory.
21-30, 3D10.2 Minor i<~tope weight fraction(s) in
31-40, inventory, in the order as specified
41-50 on the case card.
51-60 DI10.2 U“*" fraction in all new preproduction.

3. Reactor Fuel Cards - Two cards for each type of reactor fuel when
minor isotope is U *’; otherwise one card. See note 3 in the
next section.

A. First Card - Required

Column  Format Description

1 Al Enter an asterisk (*) if this is the
last type of reactor fuel defined.

2 n Fuel code number, KTYP. 1 < KTYP - number
of fuel types input. NO more than six fuel
types may be defined.

3-8 A6 Fuel name (optional).
9-10 12 Cycle time in years. See note 5.
1-20 E10.0 Weight of initial stockpile of this fuel

tvpe awaiting reprocessing at beginning
of first year.

21-30 E10.0 Weight fraction of U?*" in initial stock-
pile.
31-40 E10.0 Weight fraction of minor isotope in initial

stockpile.




13

A. First Card (Cont'd)

Column  Format Description

41,0, 3E10.0 Coefficients A, €, and C, respectively, in
51-60, the equation defining the concentration of
61-70, the minor isotope wthen the fuel is removed

from the reactor as a function of the minor
isotope concentrat.on when the core is
loaded. The equation is the standard qua-
dratic equation,

y = A+ Bx + Cx*

where y and x are final and initial weight
fractions, respectively.

71-78 8.0 The recovery factor (<1.) applied to the
weight of the fuel loaded in a reactor to de-
rive the weight of the fuel after it is un-
loaded and reprocessed. The factor is applied
to reactor fuel when it is unloaded from the
reactor. The factor is also applied to
returns (Returns Card) prior to reprocessing.

B. Second Card - The second card is present only when the minor
isotope is U232,

Coiumn  Format Description _
11-20, 3E10.0 Coefficients A, B, and C, in the quadratic
21-30, equation (see above), to generate final
31-40 U232 concentration in the reactor as a

function of initial U%3% concentration in
the reactor.

41-50, 3£10.0 Coefficients A, B, C, respectively, in the
51-60, quadratic equation (see above) to calculate
61-70 final PU23¢ concentration as a function of

initial U?3¢ concentration in the reactor.

71-80 E10.0 Weight fraction of PU’3% in initial stockpile.
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" Card - Required only when minor isotope is U?%%.

Fermat Description

Al An asterisk (*) if this is the last data
card of this type; blank .otherwise.

612 Enter the fuel code nqmberé of all fuel types
to which the coefficieh;s on the card apply.

3F10.5 Coevficients A, B, and C in the quadratic
equation (see above) to generate the change
in U”*" assay of reactor requirements as a
function of U“*" assay.

3F10.5 Coefficients A, B, and C in the quadratic
equation (see above) to calculate the U-:"
assay of spent reactor fuel due to the
increment in U”*"“ assay of loaded cores.

Year and Capacity Card - First card of data for each year in the case.

Column

2-5

6-15

16-25

30

31-35

~

Format ) ,. Descrigtion =
id Current year.
F10.2 Capacity of repro.essing plant (in weight

units for the y.ar) after the recovery
factor has be_on applied.

F10.2 Capac.ty of enrichment complex (in separative
work ur 1ts for the year). If blank, inven-
tories will not be fed or produced.

Al A non-blank character is entered if any
Returns Card> are to follow.

I5 Flag, IYRPR, to affect printing of debug
output for this year. The value of IYRPR
may override (for this year only) the value
of KASEPR un the case card.

IYRPR<0:  Suppress debug output

IYRPR=0: Defaul to value of KASEPR
IYRPR=1:  Print 1imited debugging output
IYRPR=2: Print full debugging output.

-
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Returns Card - One card for each return tc the reprocessirng plant in

a year.

The card(s) immediately follow the Yzar and Capacity Card.

Each such return has an associated "fuel code number”, i.e., a
Reactor Fuel Card must have been input for each type of return.

Co:umn Format
1 Al
2 4]
11-20 £10.0
21-30 £10.0
31-40, 3E10.C
41-50,
51-60
51-70 £:0.0

Description

If this is the last Returns Card for this
year, enter an asterisk (*) here.

Fuel code number.
Stream rate.

Weight fraction of U235, Default is "base
value” on Reactor Fuel Card, Cols. 21-30.

Minor isotope weight fraction(s), in the
order as specified on the Case Card.

If U°>Z is one of the mincr isotopes in this
casez enter here the weight fraction of
pUZ 3,

Stream Cards - One card for each stream, in any order. See note 2.

Column

1

3-9
10

11-20

Format

Al

Al

A7

£10.0

Description

If this is the last stream card for this
year, enter an asterisk (*) here.

"1" if stream is a feed ("Input" to cascade).
"0" if stream is a withdrawal ("Output”
from cascade).

Stream name (optional).

If this is a product stream to be used as
reactor fuel or, if this is a feed stream
which represents a reactor return, enter
the "fuel code number" here (see Reactor
Fuel Cards).

Stream flow rate. Leave this field blank
for one feed stream and one withdrawal
stream. The values will be determined by
material balance equations.
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7. Stream Cards (Cont'd)

Column Format Description

21-30 £10.0 Weight fraction of U23S.

31-40, 3£10.0 Weight fraction(s) of minor isotope(s).
41-50, If this is a withdrawal stream, these
51-60 fields are not processed.

8. End-ut-Yearly-Data Card - Follows the last stream card of the last
year in a case.

Column Format Description

1 Al N

9. End-of-Job Card - This is the last data card in the job.

Column Format Description

~

1-3 A3 "END"

NMotes on MUICYCL Input

1.  Any number of cases may be run in one job. The duration of each
case plus the lungest cycle time may not exceed 40 years.

2. A maximum of 20 feed streams and 19 product stre:ms may be defined
in each year, including recycle streams. No more than six types of
reactor fuel streams may be Jefined.

3. The program expects at least one Reactor Fuel Card. When running
2 case which doesn't contain a1y recycle, enter a "dummy" reactor
card with "*" in column 1, "1" in column 2. If this is a U232
case, follow this card with ¢ blank card.

4, The PPM (part per million) flag defines the mode of entry of the
U232 weight fraction on Preproduction Inventory Cards, Reactor
Fuel Cards, Return Cards, and Stream Cards.

5. The definition of cycle time is as follows: If a fuel type has a
cycle time of K years and leaves the enrichment facility in 1975,
it will become svailable to be reprocessed and fed to the cascade in
year 1975 + X,

6. Reprocessing and enrichment both occur in the same year.




i

17

7. The recovery factor entered on the Reactor Fuel Card defines the
weight reduction from the time material leaves the enrichment
facility to the time it is re-fed to the reactor after completing a
cycle. It is applied immediately prior to the reprocessing step,
both to “cycling material™ and to "Returns Card Material.”

8. No assumptions are made on the units of material flow although some -
output is labeled "MTU's".

9. Do not input any stream flows with magnitude less than 0.01. Loss.

of accuracy will result. Increasing.all stream rates by a constant
factor will solve this problem.

Special MUICYCL Input

G'casionally'a run will fail because an iteration procedure could
not converge. The user can get more information on the cause of failure
by setting the flags KASEPR on the Case Card and IYPRP on the Year and
Capacity Card. Sez "Debugging Output”.

If "trouble shooting” has established that some parameter(s) in an
iteration phase requires adjustment, the "Iteration Parameter Data Set"”
will perform this function during execution. The data set is entered
once for each minor isotope and its use is signaled by the flag in
column 80 of the Case Card. This data set immediately precedes the
yearly data for the first year. For the second and third minor isotopes
the da*a set follows the pertinent Reactor Fuel Cards. Data are read
by the "Namelist" format; thus the data set will look like

&PARMS a; a, - -isg BEND
where data may be entered from cclumn 2 to column 80. At least one
space must be left prior to a; and following a. Spacing between each
a. is optional. Each 3 takes the form

1

"Name = Value,”
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"lizne” is one of the variable names following, and

"Value” is the value assigned to the variable.

Spaces are permitted adjacent to the "=" sign, but not elsewhere in a,.
_.To continue onto another card, break after an a;- There may be from
- zero to seven a; entries. Each variable uhich is not entered takes its

default value.

>~ Variable Name ] Description

EXP EXP is used in generating the initial estimate of
minor isotope concentration (Method B) and in
"unmerging” merged streams. The ratio of minor
isotopchoncentrations in adjacent streams is
estimated as the ratio of the corresponding U235
concentrations raised to the EXP power. Default
values are EXP=1.6 for U232 EXP=1.3 for U23%,
and EXP=.7 for U236,

TOL235" In the enrichment phase, the U22° concentration
of reactor boﬁnd product streams is escalated due
to the presence of U236. When the largest calcu-
lated increment in the U235 weight fraction does
not exceed TOL235, this iteration phase is con- -

= sidered complete, Tested in $236. Default value

is 5D-8.
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Variable Name

TOLSW

TOLGEN

TOLMRG
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Description

In the enrichment phase, stream rates may be re-
calculated to attain the rated separative capac-
ity. When fhé difference between calculated

and capacity values aivided by the capacity is
less than TOLSﬁ, this iteration process is com-
pleted. Tested in DELTA. Default = 1D-4.

The relative difference between the calculated SW
value and the‘targrt_value isg combared with TOLGEN
at the start of the lowest level df iterations
(level 3) in the enrichment phase. If it exceeds
TOLGEN, a new initial estimate is more likely to
be generated rather than using the previous final
estimate, which may be inadequate. Tested in
DOYEAR. Default is TOLGEN = .300

In the enrichment phase calculation of produrt
stream minor isotopes, streams whose U233 weight
fractions differ (in absolute value) by less than

TOLMRG are temporarily merged into one stream.

- Larger TOLMRG values decrease the likelihood of

non-convergence but increase the number of iter-
ation steps. Executed in Subroutine-MERGE. Default
is TOLMRG = 5D-4.



Variable Name

CP1

CR2
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Description

Convergence criterion of iterations to determine
minor isotope concentrations. For 2 cascade with
M withdrawal streams, there are M simu1taneous
equations to be solved. Convergence is achieved
when the sum of squares of the M residuals is less
than M*CR1. Default is CR1 = 2.5D-17.

Iteration stall criterioﬁi tested in the same stage
as CR1 above. The program exits due to stall

when the square of the distance between the previous
and present estimate vectors is less than M*CR2.
Since each estimate component was initially scaled
to 1, this is a relative change criterion. Default

is CR2 = 1D-16. -

The default values and changed values of these parameters are listed

at the bottom of the Isotope Data Page of each minor isotope for which

the data set has been entered.
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B. MUIFAP

Any number of independent cases may be loaded in a run. Each case,
the anaivysis qf onc minor uranium isotope for one cascade time period,
consists of a Case Card, Stream Cards, anc a Final Card.

1.  Header Card - First input card in a‘run

Column Format Deécription
[

1-6 A6 Classification flag - leave blank if un--
classified; punch "SECRET" if secret
output; punch any other characters if
confidential.

A

7-12 A6 Debug flag - punch any characters to
generate iteration data.

2.~ Case Card - First card of each case

Column Format Description
1-35  A35 Name of case (optional).
37-39 I3 Molecular weight of the minor isotope; e.g.,

"232". Any uranium isotope other than
U235 and U238 s acceptable.

40-41 A2 PPM flag - if the "weight fraction of
minor isotope” is to be input as parts

per million of U235, punch any character
here.

© 3.7 Stream-Card-- &ng cavd for-each stream, in any order. A maximum of

20 feed streams and 20 withdrawai streams .y be -

defined per case. : ) SR
Column Format Description
1 Al “I" §f stream is feed (input to cascade);
"0" if stream is withdrawal (output from
cascade).
3-10 A8 Stream name (optional).
11-20 £10.0* Stream flow rate. Leave this field blank

for cne feed stream and one withdrawal
stream; these rates are calculated internally
to satisfy material balance equations.
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i Column format Description
21-30  E10.0* Weight fraction of UZ3%,
31-40  E10.0* Weight fraction of minor isotope. If PPM

flag is on, parts per million of U233
This field is not processed if the stream
: is a withdrawal.
[O)
Final Card - Last card of each case.

Column  Format Description

" A" : » ‘n*n

V. OUTPUT DESCRIPTION

A. Standard Qutput

_Standard MUICYCL output from a case consists of a title page, case

‘_~fdata page, isotcpe data pages, a set of summary reports and, optionally,
an annual report for each year and each minor isotope. Each summary

report presents a tabulation of assays, material flows, and capacities,

of summary reports consists of the following:

Material Flows and U23% Concentrations - Feed Streams
Material Flows - Other Feed Streams i

Material Flows and U235 Concentrations - Product Streams
Material Flows - Other Product Streams -
Minor Isotope Concentrations in Products

Minor Isotope Concentrations in Feeds

|
|
r

*1f the data are entered in exponential form, it must be right
adjusted. 1f exponential form is not used, the data may be located
_ anywhere in the field with a decimal point, or right adjusted without
a decimal point.

listed year-by-year. Figure 2 portrays a sample summary report. The set




YE AR

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
198S
1986
1987
1988
1989
1990

CORE TYPE?
ASSAY?

MATERIAL FLOWS AND U-235 CONCENTRATIONS(X) - FEED STREAMS

PWR IC
4.000E 00
0.0
2.580E 02
6.580E 02
84490E 02
2.199E 02
44.399E 02
T<«196E 02
Se702E 02
T<«3S4E 02
1+193E 03
1<407E 03
1367 03
1 «569E 03
1499E 03
1102€ 03
T7T<781€ 02

0«740

0740
0«0

0.740
0.740
Qe740
0743
0744
07485
0.748
O« 751
0748

O0.748"

0750
0.752
07853
Q0e753
0«7S3

Fig.

PWR RL
1..900€ 01
1 <90Q0€ 01
3«700E 01
6.100€ 01
1.800E 02
1.391E 02
2¢369E 02
6.041E 02
6.968E 02
1.067E 03
1+166E 03
1.246E 03
1.421E 03
1.537E 03
2¢4163E 03
2.709E 03
3.234E 03

~

0.900

o
.
0

0000000000

[
WNIN =2 0=t ot gt bt 00 O O
ONOLENANRO

VOO0V 0OV000

BWR IC

0.0

8.000E. 00
1.390E 02
S.280E 02
6¢470E 02
1«410€ 02
24024E 02
4.,048E 02
3+ 968E 02
64.0856E 02
1.048€ 03
1.011E 03,
14289 03
1.263E 03
le134E 03
8336E 02
S.88S5E 02

2. Sample Summary Report.

0.860

O0e 0

0.860
0«.860
0.860
0.860
0. 862
0.863
0.8¢4
0867
0.870
O« 867
0¢867
0¢«869
0.870
0.871
0.871
0871

BWR RL
1«900E 01
2300E 01
S¢700E 01
4.200E 01
6e700E Ol
4,050€ 02
1«207E 02
2718E 02
3«361E 02
5.878E 02
S«922E 02
6+3J63E 02
7e¢235E 02
8.317F 02
1+204€ 03
1+.65SE 03
1«999E 03

0840

0.840
0840
0840
0.840
00840
0840
0¢843
Oe844
0845
0« 849
0.851
0880
O« 849
0.851
0852
Qe 887
0862

€2
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Preproduztion Inventories and Summary

Unprocessed Returns Inventory (by core type)

Miscellaneous Annual Data

More detailed MUICYCL information and standard MUIFAP output are
provided by annual reports for each isotope, as displayed in Fig. 3.
The data INPUT-H and QUTPUT-H are the unsigned contributions of feed
streams and product streams respectively to the H balance equation (2-3)
of the cascade. The three combonent separative work values are calculated

by Equation (3--4) while the iwo component SW value uses &(x,o) in the same

J equation. Annual MUICYCL output may be suppressed by a flag on the Case

Card and is always printed if a serious error occurs.

B. Debugging Output

Debugging output in MUICYCL is generated by setting to a positive
value one of the input flags KASEPR or IYRPR.

To utilize this output, the enrichment iteration procedure must be
understood (see Chapter VIII, Section C). One "cascade solution" step
consists of solving a cascade with M withdrawal streams for the M minor
isotope concentrations. Pairs of adjacent withdrawal streams with
nearly identical concentrations may have been merged (IMERGE>0) prior
to ;his step as an aid to convergence. They willtbe "unmerged” for
a later cascade solution step (IMERGE = -1). One level higher than
the cascade solution, an iteration procedure to adjust U235 concen-
trations due to the presence of U236 is performed (U236ITERS = ...). At

the highest level, preproduction stream rates are adjusted to attain the

¢ A s S BB e Wt 1L ke
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rated separative work values (SWITERS = ...). These twn ipper level
iterations are perfarmed only when the minor isotope is U< % and their
execution is not sucpressed by input flag.

IPR is the internal print flag set each year to the value of KASEPR
or IYRPR. When IPR = 1 initial and final data for each cascade sclution
step are printed. This includes values of iteration counters at the
start of the solution step, a measure of convergence of the SW iteration
phase (see thz definition of TOLSW in the Iteration Parameter Data Set),
a list of the initial and final minor concentration estimates, and the
maximum possible minor isotope values (YPMAX) when used in the initial
estimates. HNo extra reactor or reprocessing output is printed. The
annual report compriées the final IPR = 1 output.

When IPR = 2, the IRP = 1 output is printed. PAdditionally, data for
each iteration within a cascade solution step is printed - the scaled
and unscaled concentration vector (X), the calculated functicn vector
(G and F), and the estimate to be dropped from the basis. The estimate
vector has been scaled so that each component of the initial estimate is
1. At the beginning of each cascade solution step a stream table is
printed, the rates of the feed and product stream calculated to close
the total material balance and U%> balance are displayed, and tﬁe
estimates and function vectors entering the basis are evaluated and
listed. At the end of the cascade solution step the mode of termination
is explained. The operation of the iteration routine used, SECANT,
is detailed in [4].

A running account of reactor and reprocessing operations is printed

when [PR=2. Future reactor output, U’*'" fraction in reprocessing pots,
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direct returns ta reprocessing plants, present reactor output to
reprocessing, and quantity reprocessed and remaining in each pot are
all enumerated. Use of care in the request for IPR=2 output is advised.
The use: may expect up to 15 pages of debug output per year for U<it
with no iterations suppressed, and less than 5 pages per year for Y232
or U2:~, IPR = 1 generates less than a page per year per minor isotope.
Uebugging output from MUIFAP, set by the debug flag, is virtually
identical to the extra MUICYCL output generated when IP2=2, as defined

previously.

C. Error Messages

Warning messages and terminating messages are listed below in
alphabetical order, followed by a short explanation where necessary.
The subroutine from which the message was printed is displayed in
parentheses. The messages refer to the MUICYCL program only unless

otherwise noted.

BLEW IN YEAR iiii AFTER COMPLETING jj kk U236 LOOPS AND
SW LOOPS RESPECTIVELY. (DOYEAR)

This is a warning message only (IER=-2). It
indicates some convergence difficulties. If
the problem is not resolved by the end of the
year, however, it results in the message
“SERIOUS ERROR (IER=1)..." and termination
of the case.

INCORRECT: "k" (SETUP)
The value of "k" must be either "I" or "0".

ERROR: ONE OF THE FOLLOWING MINOR ISOTOPE VALUES IS
INVALID. EXIT. iii jjj kkk. (NEWCAS)

On the Case Card, at least one nonzero minor
isotope value, m, was outside the range 230-m-240.



\ |

2?FEED STREAM TYPE i, TO REPRGCESSING?? NOT DEFINED. EXIT (REPRGC)
A Returns Card nas an undefined fuel code number.

[TERATION IS STALLED. RETURN BEST ESTIMTE. EXIT. (SECANT)
Before i:ierations had converged, the relative
charge 1in the estimate vector fell below a
“trigger value". This is not usually of
ccacern.  Check final function values. This
has the same implication in MUIFAP. In both
programs this message is printed only when the
full debug flag is on.

SERIOUS ERRNR (IER=1) IN YEAR jjjj PREVENTED CONTINUATION
OF CASE. PRINT REPGRT AND EXIT FROM CASE. (MAIN)
The case is terminated with this year. Check
input date for this year and previous years.
Generate debug output for this year (IYRPR=2)
and consult with progranmer contact.

STOP: MAXIMUM ITERS. RETURN BEST ESTIMATE {SECANT)
The SECANT routine couldn’'t converge in the
maximum number of :iterations, presently 30.
This is a warning niessage only. With MUIFAP
this is a serious error often implying an
input data error.

***TERMINATING ERROR: FIRST COMPONENT LISTED ON CASE CARD (NEWCAS)
MUST BE 236.

T00 MARY COEFFICIE?TS' (1SOPAG)
More U?3%/U”*% cards were present than the maximum
allowable number of core types (MA%KOR=6).

| ***YARNING: EXCEEDED MAXIMUM NI"4BER OF ITERATIONS FOR (MATM;
| ATTAINING SW CAPACITY, ii. EXIT FROM THIS LOOP.

f "ii" iterations were not sufficient to converge

| on the input separative capacity value by changing
preproduction rates. Check input data.

WARNIiIG: IN jjjj WITH S4 ITERS, U236 ITERS, IMERGE=ii jj k, (DOYEAR)
CONVERGED TO A NEGATIVL CCNCENTRATION.
This warning message (IER=-1) indicates convergence
difficulties. It may be ignored if no higher level
error messages follow.

WARNING. . .LAST ITERATIONS, IN iiii DIDN'T COMPLETELY CONVERGE (MAIN)
DUE TO VECTOR SistL. FINAL RESIDUAL WAS x.xxD-xx; TARGET
WAS y.yyD-yy. CONTINUE EXECUTION
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The “final residual”, which is the sum of the squares of

the M balance equation values, is greater than the "target”
value for convergence. If the rinal value exceeds the target
value by two orders of magnitude or more, the results are
suspect. Consultation with the programmer contact is suggested.

WARNING: MAXIMUM NUMBER OF ITERS ON U235 ESCALATION, ii. (MAIN)
EXIT FROM THIS LOOP.
Check input data.

*** WARNKING THERE IS A DEFICIENCY OF xxxxx.xx SWU OF (DELTA)
SEPARATIVE WORK CAFACITY THIS YEAR. TERMINATE THIS
YEAR jjjj, BUT CONTINUE CASE.
In year "jjjj" the cascade could not produce the
required products from given feeds plus all available
stockpiled production except by using "xxxxx.xx" SWU's
above capacity.

WARNING...YOU HAVE DEFINED THE MAXIMUM NUMBER OF FUEL TYPES {ISOPAG)
ALLOWED AND YOUR LAST REACTOR FUEL CARD HAS NO "*" IN COLUMN
1. PROGRAM ASSUMES THIS WAS YOUR LAST SUCH CARD AND CONTINUES.
WHEN RECYCLE STREAMS ARE ADDED, THE NUMBER OF STREAMS (NEWFDS)
EXCEZDS THE MAXIMUM.
In the present year being executed, the total number
of streams exceeds the maximum of 40. Recall also that
there are always two, and sometimes three, preproduction

streams involved in a solution when iterating upon U?3¢
anu metching SW capacity.

VI. DEMONSTRATION OF PROBLEM SOLUTION

A. MUICYCL

Use of MUICYCL to solve a samule problem is demonstrated here. A
list of the setup deck, consi>i’ng of Job Control Language (JCL) and
input data, is displayed in Fig. 4. The full output of the case is
presented in Fig. 5.

The program is set up to run on the IBM 360/70 class of machines
and was written in IBM FORTRAN IV. The user executes an object module,

which resides on a 1600 bpi tape. The resource requests of "CPU95" and



30

77811990 JOR [V5789] . °ICIO-RLEG-1280"

s/7° CYCTN.ICE -~ BTV AAICYT ERR PRGR TARE

27°CLASS CPTIY N, [%e 1.9, BRC U 204, LLVEI-0

776 RIET PCUTRLG,GOSIT R 1408

JATRD.ITIIN BO BIPCR.R. BLSANOAL . NUTCTCL  INIT-TAPRE 2, LABERL(T ,32),

’ BI3r= 0L, »BCE= (BUTPRPE, LERCL=0T, RLESIER=2000, 081} ,
27 YoL=32e=528)%

275/~ PYG2PO0Y DO OCHA>{RECFR=VES, LYECL»80, MLEST TR ¥398) ,20LY=S VSOA,

7 IWACR= 11934, 11%,5) , Y

2753 PTTIITE 20 paMMY

27N PTHPIAY 83 »

THAWE TETT - (12e23aelds €3TR 2!8 2,1 21 3 wnve
v, S s -1y L2127 82
tper I < 3% <Nt .82 -1 -9
e el ¢ LI 233382 - 81
TN et -392%3 - -3

»ates 31 .)%es -Mts LA -9

] .12 -21.%¢% _NMls . 43

> -2 -2L9e8 .M} 1=

v Y ER LA B SI 1Y -5
L 30 EAL TS BN FL 1) A
7

T L3320 - ¥122-9 ~9MTS

: .1Ma8 .433-9 K31

H -3)e) -%%D-9 -333%e

< $De ~GAD-9 +323%4

4 .0s A3y «337%

- :
[

A

o
.-

T

4 - 3% -£0-9 <9339

: <M. LWM3-% )L 31Y

[

C B9y sta

L 3 Akl

. PV

o opvp

[t Y

r oy

c A% pLe 318 L580-9 09578

1 pes eLY -3%181 .e30-9 33378

T 3w g . 11299 Y2 . ¥}
o~ Targ”

e

iew 17 AN 1739 -333712

t 0w pL2 PESTLE] A0 g ALY

T ovy *73 .32327 -120-% 233318

T awo wte LY Y110 “Mte
Hleia 2]

 pee B2

f, weR Y

roswp L2

11

LA N Y

¢ 92

r e
(1o }4 §d .

”

’ .18 ) .61D-9 PR LAY

1 +.3929% -3170-% .32

: .30183 hed-2 -G)te

4

.

v

-

p

T e 2¥20-% 3L A

-

t

o
er

v

.. egsr

r 28% LY

n ey

0P pr2

r

(/]

I

4 .o LY S L1 /0100 e542-9 5L )

I 8w I() 83f, 30 31299 «3170-9 00912

T P opL2 113, .19 LY .4)D-9 .2018

T o 1Y 139, .17 .1327 .120-9 LI ALY
PR FLT N 7%. 3N +30% +A4D-9 3078

1 e PR L RAR
0 TATLS 2028

1979 31, 28971, L)

t vsc? ase. .1y B33 .08D-9 03394

t 1w .30

o peP 012 1w, AN

o e

" URT

1 895 s 0019 59D 000 %

r PR p Y

[ F L1

(AR, BTN ]

LAL AT Eh ] 2901,

Fig. 4.

Setup Deck

for MUICYCL




K|

: [RER
N
1
-
-
.
-
z
ALY 3
.
-
-
;
.-
a5t L3I0
Wis, LAWY
.38 29398
"oy o st
233778
<3129
13393,
RIS PEE ¥ ) L]
ai’s, <333
LS TR T | o
At .
FIA)]
<1725
17589, k)
ELTL U P24
*$72. 133 FA)
.8 2L
[ . Y
L3278
1325
2784,
LALT 3273
129, <3327
2.22 <919
L 7
<N
2125
17881,
e, 2132
3. 12713
.. 136 -5
q.1 -
MY
PRL¥ 1Y
17ea”,
e, 1321
119, 3173
[ FTY ) -8
L) .
LYY
L1129
27489, L]
1. 1472
e, LY
LT b LI} 1Y
L] A
PRatill
125
YpUr-tr ¢ L1078
PPy tr 1,779 19 8,.8%25-4 -8, 5,007
ALY 1) LA
LAY TR L L WS T3 21 I PRSI
[ A {1 - 3ans
B¥f fc FL519-10 1840374 -8, 354004
2 R
' LAY A p200ee ), 04%%-9
C & PLE
4 1
] YLy
. .14,

Setup

Rl LT}
2.1503-93  1.4543-7 rl.eflnae
.2 oo
T.703%% 5.1999-0  9.80nr.0

A 1}

At Jidetel <2, 7805a)
X1l Ll
Polen-1 Y, 87,57 A ILET]
L. .99
O e
AL e
M L

My

Tohne?

2.09-0

Deck for MUICYCL (cont'd).



32

*T0AJINW wWOug 3Inding -G *6i4

0°¢C 00 Jooose *o CU=Uooure *d *

o°c o0 Jooceszte 20-000090°) LY

[ 344 00 UOO0we ‘¢ 20-CO00CDC <

o 00 OV JovUwe *C 20-00Qvve *o t
3 v . oD

QIINISIEG UCZN GL N0 UAUYOY SEOA A1 ASYIEIRD s « Va0 s inJas NI NILLPEEINIINDD i) leNls

20 C2984v*0~ ¢0 doowyg°oe cro 3
20 UGivsdl 0 [ 3] £
. 20 OvesL2'0~ 0o osp 2
20 O9WBL2%0- 00 WOBINC O €0 \
J> [ v 300D

(UA0¥UT NOTAWHBANIINGD BE2N) 4 » JI0Y0T NOLLYNINAINDD SE2N NI I0NWW)

Jooue i L0~Jooov L 00 20-Q00wu°C coo ® To 8R4 >
~300 L0-000004e 00 20-U009uL <sc » >U wr@ .
€0~Q00CY L 0%C 20=-00000°C (g 4 5 T8 uka L4
ech L0~00042"°C 0°C 20-0Q008:2°0 [ 4 - 1 mAg 1
» v WT-N W4 SCZ=N w4 SN
44403 NOVLIVNINIDNDD 8OLD¥ sn 30LI%s AN DD ONISE JXIbeds DNl L]vay ML IIND Imwn LB D]
SNU L OVYBS LMDL AR N1 'SNOILWBINIDNUD Bd v 2 u [ LY LT
(2)4%0 *2e02ed 4 2oy + ¥=: O WMNOs sl 20 IOV BHOCI A3 IV AYDOVND INTAOIVIs MY
O0EL0®0sNDIL vl SLdn INOL LINYuBOdBe AN3IN0 ISANS
90-000001%t =NOILIDVHS JLON O00LO*OsNIlidv s SE2N NARCO 00y PASOANIANE vl LINe
. SWAVY ABCANAANT NI ADNIOBadne
JCEN 3ICOLVS 1 BONIW = IDVe VIVO FO010%)
[y M BAON PEXEICLO2IL -~ ASIL UnvaT
G485 IBUANS = LASANCG 3CPISY) Alevia
' GILAESSVIINA (QNELND
WL S0 9C2 (HIMOL AR BYWIDIIWORM 3934081 WINIa
WAON PU249C202E2 - LS 3A ONYED 1IweN 35V)
¢ med b 19va vivd iSv) St ~4¢-\¢C

N LY

13Ne BYIIINN I NI 53404081 RALNYEN SONIm ONENdeNL
SIPU0N td¥4inm ORY IADINRL *4E =080/ WB0 N1 Q3G 1AORG
| NOLAVANIRNADYG 1IN4  *NCEISIATQ SAINAIDS WaALN4ARDD
‘NBEYIOR Py 7 ARG futs AG OINMPNSOMD SPA AW

/21,01 40 NONSHIA

WYNDO0NY 3V0A) J0CiIE 1 mALINYEN 8ONIRN ¥ = JALINK

1 v



http://ce.cc

SGANY TEST - J32423¢€¢423a4 NOYR :
1SOTOPE DATA PAGE - MINOK ISPYOPEs U222

FﬂEPﬂCDUC'ICN INVFNTORY DATA:
TY1AL INVFENTOAY:
SUGSGOUEN' PREPRODUCT L ON:

37004 00%TL u N 8103000
U

«03200

aLL ‘CtLDIlNG QUADRATIC FIT EQUATIONS AAE OF THE FORM 0 2A ¢ B82 ¢ (162002, QrF(2)
ERE Q AND 2 ARE ISOTOPE CONCENTRATIONS, IN WFIGHT FRACTIONS

CCRE NAME CYCLE TINME AUAIYING REPACCEISING QAFC'vY FACTDR
- MTUS R U=23% FR u-232

t PuR 1C L] 0.0 0«74000-02 00 0940 U232eF U232} 0.0
R PU23620,190000~08 U232sF (U230} 1.02700~-10
[VERTLLEAVER T B Q¢ IB8400-10

2 PuR & < 0.0 0.90000=02 0.0 04940 u23zar(u2y2) 0«0
FR PU2I6=0.330000~-08 u232sF(u2ie) 2447400~10
PU2NesP (U238) 1«74000-09

2 BWR ¢ s 0.0 0.86000-02 0.0 0.940 u232sPtu232) 0s0
FR PUZ2I6=0.160000~00 V2d2er(uale) &« 93000- 1}
PYU2Jenr (U238 %.10000~10

a fwR St L] 0.0 0.84000-02 0.940 U232xF (U232) 0.0
FR 9UZ!6-°-Z°0000‘°0 U232af{U216) 1+83300-10
PU238aF {U2Ve) Ge34000-10

GRAND TESY - 23243366234 NOVA
1SOT0PE OATA PAGE -« MINOR 1SOTOREs y23e

PREGACCUCTICH INVENTDORY DAVA:
INITYIAL INVENTORY:

3 U239 PRACTION=0.03000
SUBSEQUENT PREPRODUCT 1 ON?

3700« 0MTL
U231% FRACTIONE0,03200

ALL FCLLD'ING QUADRAY IC ¥

17T EQUATIONS ARE OF THE FORM Q sA ¢ B892 ¢ C02002, QeF{2)
ERAE Q AND 2 ARE )

SOTOPE CONCENTRATIONS, IN WFPIGHT FRACTIONS

CCRE NAME CYCLE Yime AWALTING REPRDCESSING QEC'VY FACTOR
uts fa u-23% R uU-23¢
1 Pur 1C s 0e0 0+74000-02 0.0 0.940 u23esfF (U23e) 0e0
2 PuR AL s 0.0 0+900UD=~02 000 04960 uz3asfiuglde), 0.0
3 swe 1¢ H 0.0 0.86000-02 0.0 0940 u2lesf(uplde) 0.0
. Bue Ay e 0e0 0+84000=-02 0.0 0e940 U23asP (U2TA) 00

Fig. 5. Output From MUICYCL (cont'd)

U2X2 FRACTIONS

PAGF

AFACTOR CONCENTRAT jON CgC'FlCIFNlS
LY

8430000~-0%
4.AQ400-08
Jeb1400~-07

.q?OOOD-Ol
Q9.8240D0-08
83910007

243090007

4¢4000D-01
6.97700-08
J.a820D-07

BAGE

A970000-11

0,0
~8e62T700-0%
3eA1700-CH

0.0

1¢36000~07
9.47000~-07
0 IQODOOH
-2.78700-07
O

1.?5000-00
8.52400- 08

L]

U238 FRACTION® 2,700000~06

REACTOR CO:CGNYQATION Lg!'ﬁl(lfNV!

0.0
0.0
0.0
0.0

£E
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"19" are sufficient for running several long cases in one job. A typ-
jcal case requires less than 5 CPU seconds on the IBM 360/195.

The Samp]e problem is an analysis of three minor ur;nium isotopes.
U232, y=i%, Y236, jn § campaign from 1974-1990. Printout of annual
reports was suppressed. A samp]é annual report is displayed in Fig. 3

or in the output from MUIFAP, Fig. 7.

B. MUIFAP

JCL setup, input, and output for a sample case solved by MUIFAP are
presented herg. Figuré 6 displays'thé setup deck consisting of the JC}
_and inputvdata, and Fig. 7 lists the full output.

The program is set up to run on fhe IBM 360/370 class of machines.
MUIFAP was written in IBM FORTRAN IV and is executed as an ob&ect module
on a 1600 bpi tape. The resource requests of "CPU95=10S" and "10=1.0"
are sufficient for running many successive cases. The sample case is

an analysis of U232 in a five-stream cascade.

//BLUPAP JOB (16780),° XCSD-BLOA-I287¢
//% PAPTH.JCL —-- RON NOIPAP REX PRON TAPE
//%CLASS CPU95=11,10=1.0,REGION=200, LINES=2
//1G BIEC FORIALG,GOSIZE=80K
//LKED.SYSIN DD DSE=A.H.BLO08066.NOI?AP, UNIT=TAPE62,LABBL=(2,5SL),
7/ DISP= (OLD, KEEZP) , DCB= (RECPA=PB, LRECL=80, BLKSIZE=2000,DEN=3),
Y/ VOL=SER=028351
. //60. PTO2F001 DD DCB= (RECPN=VBS,LRECL=80,BLKSIZE=1000),0NYIT=SYSDA,
7/  SPACE= (1000, (25,5) ,RLSE)
//G0. PTO97001 DD DYANY
//6G0. FT057001 DD *

A2 VALIDITY TEST 232
I RETOR¥S 3500. 008 800-11
I WNORMAL .00711
C He “10. «90
o BX 6670.65 .032
0 TLS .003
L
Vid
7/

Fig. 6. Setup Deck for MUIFAP.
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VII. INTERNAL PROGRAM ORGANIZATION

A. MUICYCL Program Structure

Referring to the program chart (Fig. 8), MUICYCL is organized into
more than 20 routines most of which are called directly by MAIN. Commun-
ication of variables is accomﬁﬁished largelx?by seven labeled coﬁmon
blocks containing over 100 variables.

As much as possible, each significant step in the model is partitiored
into a separate subroutine or entry point. Routines‘méy be classified

by the primary operation theyrperform - reactor use, reprocessing,

enrichment, and input-output.

Reactor - REACTR
Reprocessing - REPROC
Enrichment - DELTA, DOYEAR, EVAL, INVSTR, MERGE, NEWFDS, NEWSTR,

PREVAL, SECANT, SETUP, S236, UNMERGE
input-Output

BGNRUN, IDAY, ISOPAG, NEWCAS, REPORT, SCRIBE, TUNING,
YRPAGE :

The enrichment phase contains several iteration procedures, desc;?bed
in Section C following. The input-output stage is organized by‘ihe type
of data to be input, output, or prepared for output.

The evolutionary development of the program has resulted in an
unusual structure for execution of a multiyear campaign with several
minor isotopes: the full campaign is calculated for one minor isotope,
and data are saved; then the full campaign is calculated for the next
minor isétope, and similarly for a third minor isotope if one is present.
This results in some reprtition of calculations. For example, several

reprocessing calculations are redone for each minor isotope rather than



ORNL-DWG 79-8768

MmIN!
‘ e
C [T T 1T T T T IR N

BoNRUN| [neweas| |1soras| [vunine] [sevue], [Reactr] [repmoc) oovaAa] s236| [DELTA scaiE[] vapncc] {itponrl
1DAY NEWSTR

R

| | 1

NEWFDS| [INVSTR SECANT| |UNMERG| [MERGE
pREVAi] DMATEQ

Fig. 8. MUICYCL Program Chart.

EVAL

Routine B is cailed by Routine A if 1ine segment(s) go down or acr&Es from Routine A to Routine 0.

oY
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saving the data. The most time-consuming calculations, isotope
iterations in the enrichment phase, are minor isotope specific and
thus not redundant.

After each year is solved for the first minor isotope, all yearly
data are written (by MAIN and YRPAGE) onto a temporary data set (FT02)
to be reread later (by MAIN, SETUP, and INVSTR) for enrichment calcu-
lations with the second and third isotopes if presert. A flowchart
outlining program fl1-w is provided in Fig. 9.

Documentation of individual routines follows. Documentation of
variables is provided in a later section within this chapter. MNote also
that extensive interna: documentation exists in the two major routines,
MAIN and DOYEAR. See the program listing, Appendix C.

The 24 MUICYCL routines are documented here by a short description

of their use:

~ Name Description Called by  Calls
BGNRUN Prints the header page when executed MAIN _—

at the beginning of the run.

DELTA This routine calculates the difference MAIN NEWSTR
between target and indicated cascade
SW production and develops prepro-
duction stream rates for the next
iteration. Delta is called by MAIN
in each SW iteration.

DMATEQ Solves a system of linear equations. SECANT —_—

DOYEAR This routine generates minor isotope MAIN PREVAL,
concentrations in cascade product SECART,
streams for fixed SW, U235 product MERGE,
stream concentrations, and stream UNMERG

merging policy for a given year.

EVAL This routine calculates the balance PREVAL —_
equation values for given minor
isotope concentration values in
each cascade product stream.
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Name

IDAY

INVSTR

ISOPAG

MAIN

" MERGE

NEWCAS

NEWFDS

NEWSTR

PREVAL

REACTR

REPORT

43

Description

IDAY, a system routine, supplies the
present date for output.

Thic routine adds the three preproduction SETUP

streams to the cascade when called
by SETUP for each year.

ISOPAG generates the isotope data page
preceding the yearly data for each
minor isotope. ISOPAG reads

. (rereads) the Preproduction Inven-
tory Card, reads the Reactor Fuel
Card(s) and the U235/U236 Card.

Reads Year and Capacity Card, executes
SN and U235/U236 loops, and super-
vises all other processing.

This routine combines into one Stream,
pairs of product streams having U235
concentrations within tolerance
TOLMRG of each other. Merge is
se]ectively executed by DOYEAR to
aid in convergence.

This routine reads the Case Card and
generates the title page.

This entry point adds to the cascade
any recycled feed streams when called
by SETUP for each year. Entry point
in INVSTR. :

Change the rate of a preproduction
feed stream or preproduction
product stream as part of the SW
iteration procedure.

This routine unscales the cascade
estimate, calls EVAL, then rescales

REACTR calculates concentraticns in
future reactor output from last
year's cascade output. Call by
MAIN Section D at the start of
each year.

REPORT generates summary reports for
gach case. Called by MAIN Section

Called by Calls
BGNRUN —_
 MAIN —
—_— 13
Routines
See
Fig. 8
DOYEAR —_
MAIN —_—
SETUP —_—
DELTA —_—
DOYEAR, EVAL
SECANT
MAIN —_—
MAIN —_



. Name
REPROC

5236

. SCRIBE

 SECANT

SETUP

TUNING

UNMERG

YRPAGE
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Description

REPROC reads any "Returns Cards"”,
streams to feed directly to repro-.
cessing this year. These are merged
with reactor returns this year.
Depending on capacity, a percentage
of available material is reprocessed
here (RETRN) to be fed to cascade
this year.

$236 escalates U23® in cascade product
to reactor due to the presence of
U23%_ It is called by MAIN in each
U235/U23¢ jteration.

This routine stores information for
the summary pages. Scribe is called
at the end of each year by MAIN,
Section F.

The SECANT routine finds the zeros of
N simultaneous equations in N
unknowns using the Newton formulation
of the Secant method. SECANT is
called here by DOYEAR to solve the
cascade bailance equations for each
year.

SETUP generates a cascade stream table
each year preparatory to solving.

With each new isotope in a case, MAIN
calls TUNING to set the values of
iteration parameters. These "parms"
are set either by default or by input
values and are always printed.

This entry point in MERGE is always
executed at the end of the iter-
ations in DOYEAR if any streams
were merged at the start of the
iterations.

YRPAGE records yearly data for the
next isotope and generates a yearly
cascade flowsheet.

Called by

Calls

MAIN

MAIN

MAIN

DOYEAR

MAIN-

HAIN

DOYEAR

MAIN

PREVAL

NEWFDS,

INVSTR

e i 1 B e AR G 15
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B. MUIFAP Program Structure

Referring to the program chart (Fig. 8), MUIFAP is organized into
a MAIN program and seven subroutines, most of which are called directly
by HAIN.» As in MUICYCL, communication of vqriables is accomplished
mainly through the use of labeled common bld&ks (see Section D).

The routines are documented here by a short aescription of their use:

Name Description Called by Calls

DMATEQ DMATEQ solves a system of linear SECANT, —
. equations. : - _ START

EVAL EVAL calculates the balance equation PREVAL —_—

values given minor isotope concen- -
tration values for each cascade
product stream.

IDAY - IDAY is a system routine which returns -MAIN —_
the present date as output.
; MAIN MAIN reads the Header Card, calculates — IDAY,
) the balance streams, builds the SETUP,
- initial estimate matrix to pass to SECANT,
SECANT, calculates final data for PREVAL
the output table and prints the
table. .
PREVAL  PREVAL unscales the present estimate, MAIN, EVAL
calls EVAL, then rescales. SECANT
SECANT SECANT finds the zeros of N simul- MAIN PREVAL,
tareous equations in N unknowns DMATEQ

using the Newton formulation of
the Secant method.

SETUP SETUP reads all case data cards and MAIN ' —_—
organizes the streams prior to
solution, setting up a stream table.

START START generates the initial estimate MAIN DMATEQ
using a linear approximation to the
matched abundance ratio balance
equations.
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C. Enrichment Iteration Procedure

As we discussed in Section V.C, Enrichment, as many as three levels

of iteration are performed in the enrichment phase:

1) Determination of minor isotope concentrations in cascade
product streams which will satisfy material balances and
matched abundance ratio equations. ‘

2) Iteration on U235 concentrations of reactor bound products.

3) Adjusting preproduétion stream rates to attain the rated
separativé capacity value. ' |

MUIFAP execdtes the first léVei only. Each level is now discussed:

Determination of Minor Isotope Concentrations (level 1)

In MUICYCL this iteration phase is performed almost compietely in

" subroutine DOYEAR, but partially in MAIN, which calls DIYEAR.

. This calculation is done for each minor isotope for each year.
Assume the cascade has M withdrawal streams and thus M unknown minor
isotope concentrations. The pertinent equations fo be solved are M-2
sidestream H balance equations of the form of (2-4) or (2-5), one cascade
H balance equation (2-3), and a minor isotope material balance equation.
The two other material balance equations, U235 and tota) uranium, are
always satisfied at the Béginning of this stage in POYEAR by adjusting
two "balance stream” rates selected by the user. Thus, the mathematical
system consists of M nonlinear equations in M unknowns. The system is
solved by applying the Newton formulation of the Secant method [3].
Subroutine SECANT solves this system. An operationally identical version

of SECANT is fully documented in [4], pp. 113-18 and 120-21.
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Among the arguments to SECANT are a matrix of M#l initial estimates.
This is built by M perturSations on one initial estimate. The Ith
estimate is generated by shifting variable X(I) no more than 75% in
the direction of X(I+1). X(M) is shifted by a fixed percentage of itself.
Estimate (M#1) is the initial estimate. This is génerated'by any one of

three ways.

Method A: If this is not prior to the first iteration in the separative
work calculation (ITERS>0), or if this is not prior to the
first iteration adjusting U235 assay due to U?36 presence.
(ITERS6>0), scaleall concentrations up or down from the last
returned values to satisfy the U236 material balance equation.

Method B: "owever, even if ITERS+ITERS6>0, but the previous solution
appears very distant from the ultimate solution, or if ITERS +
ITERS6=0, a heuristic method is used. The concentration of
the highest product stream is estimated as (1/M) times its
maximum by material balance considerations. All other
successive concentrations are a factor times the estimated
previous concentration:

EXP
() = () (5pt3h ) :

where
XP is U233 concentration
YP is minor isotope concentration
EXP is a factor fixed for each minor isotope.

Method C: If ITERS+ITERS6=0 and streams were merged the previous
iteration (IMERGE=-1 explained below), the previous solution
is used. ‘

Merging of streams is a procedure used to prevent convergence diffi-
culties. The ordering properties or the H balance equations results in
nonlinearities when minor isvtope concentrations do not maintain an
ascending'or descending relationship corresponding to their respective
U235 weight fractions. This difficu]fy is circumvented by temporarily

merging into one stream any two product streams whose U235 weight
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fractions are within a tolerance TOLMRG (default=0.0005) of each other.
After reaching a solution, the two streams are separated, and their minor
concentrations are shifted proportionately to their U235 concentrations.
During tne merged period, IMERGE=1. For the iteration immediately
following this, IMERGE=-1.

The MUIFAP level 1 procedure is chsiderab]y léss complex. The
initial estimate matrix is also built 5y perturbations on one initial
estimate. However, the Ith estimate is génerated by reducing X(I) by
50%. The initial/estimate is generated by solving a linear approximation
to the balance equations (SUbroutine START). |

In both MUICYCL and MUIFAP, all estimate vectors passed to the

SECANT program are normalized: the Ith component is divided by the

value of the Ith component in the initial estimate. Thus, the initial

estimate is always scaled to a vector of 1°’s.

Iteration on U235 Concentrations of Reactor Bound Products (level 2)

The presence of U23% reduces the reactivity of U235 in reactors.
To compensate, the U235 assay is escalated using a quadratic equation of
the form of Equation (3-1). This is performed (in subroutine $236) when
the minor isotope is U236 and the user has not suppressed this calculation.
This follows the previous level of iterations and is considered completed
when each new U235 concentration differs from the previous concentration .
by less than a tolerance of TOL235, whose default value is 5 x 1078,
If not converged, or if streams must be remerged, the program performs
iteration level 1 again. If converged, level 3, if applicable, is

executed; otherwise, enrichment iterations for this year and isotope

are complete.
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Adjusting Preproduction Stream Rates to Attain Sk Capacity {level 3)

This calculation is‘perfonmed uniess the user has not entered a
positive value for SWUCAP, the yearly separative capacity. Calculations -
" occur each year for which the minor isotope is U23€, and following the
previous two igeration levels. Subroutine DELTA determines the quantity
of preproduction which should be fed or produced in order to m@tch the
value of SWUCAP. The estimate is generated by a iinear approximation
tdwthe rate of change in separative work €or a change in preproduction.
Appendix B derives the ;brking eqdations.

7 If the relative diffefence between the calculated SW value and capac-
ity is within tolerance TOL5W (default=1D-4), the breproduction calcula-
tion is bypassed, and enrichment calculations for this year and isotope afe
complete. Otherwise, once a new preproduction stream rate is generated,

the previous two iteration levels are recalculated and this phase is

again executed.

Error Conditions (MUICYCL)

Error conditions within the enrichment iteration procedure in
MUICYCL are denoted by the nonzero value of flag IER. Error conditions
observed during iteration level 1 (determination of minor isotope
concentrations) result in negative values of IER, set in DOYEAR:-

IER=-1  Indicates the concentration vector was not being moved
significantly ("stal1") although convergence had not been
attained.

IER=-2  Indicates one of two conditions, both noted by a warning
message:

a) Convergence was not achieved within the maximum
number of iterations, ITERMX=30, or

b) the system converged to a negative concentration.
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If another iteration level is to be>executed next, IER is reset to zero
in MAIN on the assumption that further iterations will resolve the
2 : difficulty. If iterations are completad, IER is set to its absolute
| value and ;ore severe measures are taken, as expl&ined below.

Two error conditions, involving iteration levels 2 and 3, are noted

in MAIN:
IER = 2 Indicates that the number of iterations in level 2 (U??3)
escalation) exceeded the limit of MXITR6=10. An input
error is probably responsible for this infrequent error. The
program will transfer to the end of the enrichment section.
IER = 3 Indicates that the number of iterations in level 3

(preproduction calculations) exceeded the limit of
MXITR=10. This error is also likely caused by incorrect
inpre. ,

- At tﬁéien¢ of.the’énrichmeﬁt section each year, a value of IER>1 results

in termination of the run. Whenever IER>0 at this point, an error message

is printed.

D. Common Blocks and Common Block Variables

Both MUICYCL and MUIFAP use labeled common blocks to communicate
between routines. MUICYCL uses seven such blocks (EVALU, RECYCL, RECORD,
CYCLE, SUMRY, COEFFS, and C0236) conta%ning over 100 variables. Table 1

; 7' provides a cross listing of common blocks and the routines in which they
~ are present. MUIFAP has two blocks, EVALU and RECORD, for 31 variables,
nearly all of which are used similarly in MUICYCL.

Following is an alphabetized dictionary of ali vériables in MUICYCL
common blocks. They are identified by common block name, dimension if
appropriaté, and type if ditferent from the implicit specification. The
implicit specification is that integer variables (first letter I-N) are
typed INTEGER*4, and real variables (first letter A-H or 0-Z) are typed
REAL*8.
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Table 1. A Cross Listing of Routines* and Common Blocks in MUICYCL

EVALU RECYCL RECORD CYCLE SUMRY COEFFS C0236

MAIN Y v/ v/ v C v

DOYEAR v/ /

EVAL / /

INVSTR v/ v

ISOPAG % v / v / v
MERGE v :

NEWCAS v

PREVAL

REACTR v y v v
REPORT v - Y

REPROC K v /

$236 /|
SCRIBE Y Y/ o v

SETUP v v/ / v/

YRPAGE v vy / v

*Unlisted routines NEWFDS and UNMERG are entry points; IDAY is a
system routine; BGNRUN, DELTA, DMATEQ, DOYEAR, NEWSTR, SECANT, and
TUNING contain no common blocks.
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ASM SUMRY, (40). R*4. This is the average U?‘>® cancentration of
all miscellaneous feed streams in a year, subscripted by year.
Calculated in SCRIBE each year, it is then used in REPORT.

AM SUMRY, (3), R*4. AM(M) is the concentration (weight fraction)
of the MP minor isotope in the stockpile of original prepro-
duction. This is set in SCRIBE and used in REPORT. '

AMM SUMRY , (42,3), R*4. AMM(IYR,M) is the average weight fraction
of the Mth minor isotope in QFM(IYR), the sum of all miscellaneous
feed streams in year IYR. Calculated in SCRIBE, it is then

3 printed by REPORT in the column, "OTHER".

ATS SUMRY, (40), R*4. This is the U23> concentration in the cascade-
tails stream each year, subscripted by year. It is loaded in
SCRIBE each year and printed by REPORT.

ATM SU“RY, (40,3), R*4. ATM(IYR,M) is the weight fraction of the
Mth minor isotope in the cascade tails stream in year IYR. It
is loaded in SCRIBE and printed by REPORT.

22 COEFFS, (3,3). C22(K,I) is the Kth quadratic coefficient in
the first half of the equation (see Equation 3-2) which calcu-
lates the concentration of U232 when fuel type I is discharged
from a reactor. This half quantifies the effect of initial U232
concentration upon final concentration. It is input from the
Reactor Fuel Card by subroutine ISOPAG and is used in REACTR.

C26 RECYCLE, (3,6). C26(K,I) is the KM quadratic coefficient in
the second half of Equation 3-2 which calculates the weight
fraction of U232 when fuel type I is discharged from a reactor.
This half quantifies the effect of the initial U?3® weight
fraction upon the final U23? weight fraction. It is input
from the second U3 Reactor Fuel Card for each fuel type by
subroutine ISOPAG and is used in REACTR.

C44,C66 COEFFS, (3,6). C44(K,I) or C66(K,I) are the Kth quadratic
coefficients in the equation (see Equation 3-1) calculating the
discharge weight fraction of U?3" or Y236 as a function of the
initial weight fraction of U?3* or U236 in fuel type I loaded
into a reactor. These are input from the Reactor Fuel Cards
by subroutine IGOPAG and used in REACTR.

€55 RECYCL, (3,6). C55(K,d) is the KM coefficient in the quadratic
eguation (see Equation 3-1) to define the weight fraction of
U235 in spent reactor fuel as a function of the U235 escalation
in a fuel type identified by J loaded into a reactor. See
definition of KNUM. It is input from the U235/U236 Card by
subroutine ISOPAG and used in REACTR.
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COEF

COEFF

CONFID

CORNAM

CPU

cyc
CYCCAP

DATE
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RECORD, (5). This is the case name, read from the Case Card
by subroutineiﬂEHCAS and printed by NEWCAS, ISOPAG, and YRPAGE.

C0236, (3,6). COEF(K,J) is the Kth coefficient in the quadratic
equation (see Equation 3-1) to define the change in U235 assay
reactor requirements as a function of U236 assay in cascade
product. J identifies the fuel type through use of KNUM(J).
COEF is input from the UZ35/U23¢ card by ISOPAG and used in
$236.

COEFFS, (3,6,3). COEFF(-,-,1), (-,-,2) and (-,-,3) are equiva-
lent to C22(-,-), C44(-,-) and C66{(-,-). This arrangement
permits easier input of these data by subroutine ISOPAG.

RECORD, L*4. This variable takes a value of "true" if the user
ha< requested output to be classified "CONFIDENTIAL" through
use of an input field on the Case Card. CONFID is initialized
in NEWCAS and also ac-essed in MAIN, DOYEAR, ISOPAG, REPORT,
and YRPAGE. :

RECORD, (6). CORNAM(I) is the name assigned by the user to fuel
type I. It is input by ISOPAG from the Reactor Fuel Cards for
the first minor uranium isotope. Also used in MAIN, REPORT,
SETUP, .and YRPAGE.

COEFFS, (3,6). CPU(K,I) is the KM quadratic coefficient in

the equation (see Equation 3-1) calculating the discharge weight
fraction of P9236 as a quadratic function of the initial weight
fraction of U23¢ in fuel type I loaded into a reactor. This

is input from the second U232 Reactor Fuel Card for each fuel
type in subroutine ISOPAG and is used in REACTR.

SUMRY,(40), R*4. CYC(IYR) is the input total reprocessing
capacity for year IYR. This is loaded in SCRIBE and printed
by REPORT.

RECYCL. This is the reproceSsing capacity, input each year on
the Year and Capacity Card in MAIN, and used in REPROC and
SCRIBE.

RECORD. This is the eight-character yearly date when the job
is run., It is returned to subroutine BGNRUN by the system
rovtine IDAY and is used in MAIN, NEWCAS, SETUP, and DOYEAR.

EVALU, (20). F(I) is the weight of the Ith feed stream to the
cascade in a year, ordered by U23° concentration. Its value
is loaded in SETUP each year for each isotope. The balance
stream weight, F(KF), is calculated in DOYEAR. At year-end,
its value may be written onto temporary storage in YRPAGE for
later use. Also used in MAIN, EVAL, DELTA, and SCRIBE.



FEEDS

FEEDM

FEEDQ

FNAM

FSIN

FXF,FYF

ICYCL

IFSTR

IN

IPSTR

SUMRY, (40,6), R*4. FEEDS{IYR,IF) is the UZ3® concentration
(weight fraction) of stream FEEDQ(IYR,IF). It is loaded in
SCRIBE and printed in step REPORT.

SUMRY, (e ,6,3), R*4. FEEDM(IYR,IF,M} is the weight fraction
of the ¥ " minor isotope in stream FEEDQ(IYR,IF). It is loaded
in SCRIBE anc printed in REPORT.

SUMRY, (40,6), R*4. FEEDQ(IYR,IF) is the weight of the feed
stream to the cascade in year IYR, representing returns from
the reactor of core type IF. It is loaded in SCRIBE and
printed in REPORT.

RECORD, (20). FNAM(I) is the name associated with the ith
feed stream in a particular year, generated either from input
on the Stream Card or the pertinent Reactor Fuel Card, or from
the internal name assigned a "feed from preproduction” stream.
FNAM is loaded in SETUP and used in DOYEAR and YRPAGE.

RECORD, (20). FSIN(I) contains a star, "*", if the rate of the
I1th feed stream to the cascade is to be calculated by material
balance equations. Otherwise, FSIN(I) contains blanks. FSIN(I)
is loadzd from input in each year by SETUP and used in DOYEAR
and VRPAGE.

EVALU, (20). FXF(I) and FYF(I) are the quantity of UZ3> and
of the minor isotope, respectively, in the Ith feed stream to
the cascade in a year. They are calculatad in DOYEAR and used
in the annual report (if not suppressed) by YRPAGE.

RECYCL, (6). ICYCL(I) is the cycle :ime in years of fuel type
I as input on the Reactor Fuel Cards. The ICYCL values input
with the first minor isotope are used with later isotopes.
These data are input in ISOPAG and used in REACTR.

RECORD, (20). IFSTR(I) is non-zero if the Ith feed stream to
the enrichment process represents a reactor turn. If
IFSTR(I)>100, then IFSTR(I)-100 is the fuel type, and this
stream card was entered by the user. [f 1<IFSTR(1)<100, then
IFSTR(I) is the fuel type, and this stream has been recycled
by the program from the reprocessing plant. IFSTR is set in
SETUP each year and is used in SCRIBE and YRPAGE.

EVALU. This is the total number of feed streams to the cascade
in a year, calculated in SETUP for each year and each isotope.
Also used in DOYEAR, EVAL, SCRIBE, YRPAGE.

RECORD, (20). IPSTR(I)=K#0 if product stream I is to be used
as fuel type K in reactors the following year. Note that IPSTR
and IPTYP are "inverses". IPSTR is initialized in SETUP each
year from input and used in SCRIBE and YRPAGE.
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RECYCL, (6). IPTYP(K) is the product stream number of a cascade
producf stream which will be loaded in core type K on reactors

the following year. This is set in SETUP eazh year from input
and used in MAIN, REACTR, and S236.

EVALU, (20). When subroutine MERGE is used temporarily to
combine twg adjacent cascade product streams into one, ISTRM
handles stream number bookkeeping. Use of MERGE may mean there
are N-1 unknown concentrations rather than N, but there are
still data for the N streams. ISTRM(I) is the product stream
number associated with the solution YP(I). This is initialized
to ISTRM(I)=I, possibly reset in MERGE, used in cascade calcu-
iations in DOYEAR and EVAL, and reinitialized in UNMERG.

CYCLE. This is the logical number of the temporary data set
onto which all yearly data are written while modcling the

first minor uranium isotope (MKASE=1), and from which yearly
data are read for the second or third minor isotopes. IUNIT=2
is set in MAIN, "endfiled” in MAIN, "rewound" in ISOPAG, and -
aiso used in INVSTR, ISOPAG, NEWCAS, REPROC, SETUP, and YRPAGE.

EVALU. This variable tracks the elapsed years of the case up
to and including the year being modeled. It is initialized
and incremented in MAIN. Also used in REACTR, REPROC, and
SCRIBE as a subscript for dimensioned data.

EVALU. This is the dimension on all yearly data arrays and,
thus, the maximum number of years to be modeled. It is
initialized in MAIN to 40 and used in initialization of
dimensioned data in REACTR.

SUMRY, %40). JYEAR(IYR) is the "calendar year" associated with
the IYREP year in the run. It is loaded in SCRIBE each year
and used in all the -ummary report pages by REPORT.

EVALU. This is the actua! calendar year, read from the Year
and Capacity Card, presently being modeled. Input in MAIN,
it is used for output operations in MAIN, DOYEAR, REACTR,
SCRIBE, SETUP, and YRPAGE.

EVALU. KF is the subscript of the feed stream to the cascade
whose weight, F(KF), is to be calculated by closing the total
matcrial balance and U23° balance equations. KF is identified
from input in SETUP each year, and F(KF) is calculated in DOYEAR.
Also used in YRPAGE.

C0236, (6). KNUM(I)=J means that C55(-,J) are the appropriate
C55 coefficients for reactor fuel type I. See the definition
of C55. KNUM is calculated in ISOPAG and used in REACTR and
$236.



KORES

MAXKOR

MKASE

NRYR

NUM

PASM

PAGE

[ o
U

RECYCLE. This is the total number of fuel types, set in ISOPAG
to the number of Reactor Fuel Cards. Also used in MAIN, NEWFDS,
REACTR, REPORT, REPROC, SCRIBE, and YRPAGE.

EVALU. KP is the subscript of the cascade product stream whose
weight, P{KP}, is to be calculated by closing the total material
balance and U225 balance equations. KP is identified from input
in SETUP each year, and P(KP) is calculated in DOYEAR. Also
ysed in YRPAGE.

RECYCL. This is the maximum number of reacto} fuel types
permitted. It is set to 6 in MAIN and also used in ISOPAG
and SETUP.

CYCLE. MKASE is the sequence number of the minor isotope
presently being modeled. It is initialized in NEWCAS and updated
in MAIN. Also used in INVSTR, ISOPAG, REPROC, SETUP, and YRPAGE.

e i g e v

EVALU. M2 is the molecular weight of the minor uranium isotope
being modeled. Its value is set in ISOPAG. Also used in MAIN,
REACTR, REPROC, and SETUP.

EVALU. This is the number of product strcams from the cascade

in a year, initialized in SETUP, and subject to change due to

use nf subroutine MERGE. It is equivalenced to OUT. Also used

in DOYEAR, EVAL, MERGE, PREVAL, SCRIBE, SECANT, SETUP, and YRPAGE.

SUMRY. The total number of years in the case. NRYR is loaded
in SCRIBE and used in REPORT.

EVALU, (20}. For the Ith product stream from the cascade in a
year, NUM(I) is the number of feed streams entered into the
cascade above stream I. This is used by EVAL in modeling the
cascade.

EVALU, (20). P(I) is the weight of the I'™ product stream in
the cascade in a year, ordered by U235 concentration. Its
initial value is loaded in SETUP {and DOYEAR for the balance
stream) each year for each isotope. The preproduction product
stream rate is recalculated in NEWSTR. At year end P{1) may
be saved in temporary storage by YRPASE for lacer use. Also
used in MAIN, DELTA, EVAL, MERGE, REACTR, and SCRIJE.

SUMRY, (40), R*4. PASM{IYR) is the averaged U23> weight fraction
in QPM(IYR), tota} miscellaneous cascade product flow in a year.
It is calculated by SCRIBE and used in REPORT.

RECORD, I*4. This variable tracks the total number of pages
being printed so that each page is numbered in compliance with
security regulations. PAGE is initialized in BGNRUN,
1nc5emented and printed in MAIN, DOYEAR, ISOPAG, NEWCAS, and
REPORT.
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PAMA SUMKY, (40 3), R*. PAMM(IYR,M) is the averaged weight fraction
of the MM pinor isotope in QPM(IYR), total miscellaneous cascade
product ‘low in a year. It is calculated by SCRIBE and printed
by REPORT.

PNAM RECORD, (20). PNAM(I) is the name associated with the ItP
product stream in a particular year, generated either from input
on the Stream Card or from the internal name assigned a prepro-
duction stream. PNAM is loaded in SETUP and used in DOYEAR,
SCRIBE, and YRPAGE.

POT RECYCL, (6). POT(I) is the running value of the weight of
fuel type I awaiting reprocessing. It is initialized and
updated in REPROC and used in MAIN, SCRIBE, and YRPAGE.

POT1 EVALU, (6). POTI1(K) is the initial stockpile weight of fuel
type K awaiting- reprocess1ng. ‘This is read from the Reactor
Fuel cards for the first minor isotope in subroutlne ISOPAG
and is used in REPROC.

POTPUY EVALU, (6). POTPU](K) is the weight fraction of PU23? in the
initial stockpile of fuel type K awaiting reprocessing. It is
input by subroutine ISOPAG from the second Reactor Fuel Card
for U232 and is used by REPROC.

POTXP RECYCL, (6). POTXP(I} is the present U235 weight fraction in
the stockpile of fuel type I awaiting reprocessing. This is
variable over time because U235 entering the reactors has been
escalated due to U23€, [nitialized (to XPKORS) and updated in
REPROC, it is also used in MAIN, NEWFDS, SCRIBE, and YRPAGE.

POTYP RECYCL, (6). POTYP(I) is the running value of the weight
fraction of the minor isotope in fuel type I awaiting repro-
cessing. It is initialized and updated in REPROC, used in
NEWFDS to set the minor fraction in reprocessed streams fed
back tc the cascade, and also used in MAIN, SCRIBE, and
YRPAGE .

0TYPY EVALU. (6). POTYPI1(K) is the minor uranium isotope weight
fraction in the initial stockpile of fuel type K awaiting
reprocessing. This is input by subroutine ISOPAG from the
Reactor Fuel cards for each minor isotope ard is used in REPROC.

PRETL SUMRY, (40), R*4. PRETL(IYR) is the weight of the original
preproduction stockpile at the end of year IYR. It is loaded
in SCRIBE and printed in REPORT.

PRE2FM SUMRY ,(40,3), R*4, PRE2FM(1YR,M) is'the weight fraction of
the uth minor isotope in stream PREIIF(IYR), the feed in year
IYR from the "new" preproduction stockpile This is set in
SCRIBE and used in REPORT,
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SUMRY, (40), R*4. PREZL\IYR) is the weight of the "new"
preproduction stockpile 4t the end of year IYR. It is loaded
in SCRIBE and printed in REPORT.

SUMRY, (40,3), R*4. PREZM(IYR,M) is the weight fraction of the
Mth minor isotope in the "new" cascade preproduction stockpile

at the end of year IYR. It is loaded in SCRIBE and printed in

REPORT.

SUMRY, [(40), (40), (40,3)], R*3. PRE2P(IYR), PRE2P5(IYR),
and PREZ2PM(IYR,M) are, respectively, the weight, U235 weight
fraction, and weight fraction of Mth minor isotope in prepro-
duction product from the enrichment cascade in year IYR. These
data are loaded in SCRIBE each year and printed in the summary
reports by REPORT.

SUMRY, (40), R*4. PREI{IYR) is the weight of the cascade stream
in year IYR consisting of feed from the original preproduction
stockpile. This is set in SCRIBE and used in REPORT.

SUMRY, (40), R*4. PREIIF(IYR) is the weight of the stream in
the enrichment cascade in year IYR consisting of feed from the
stockpile of "new" preproduction. This is set in SCRIBE and
used in REPORT.

SUMRY, (40,6,3), R*4. PRODM(IYR,ITYP,M) is the concentration
of the Mth minor isotope in cascade product stream

PRODQ( IYR,ITYP), product to reactors. It is loaded in SCRIBE
and printed by REPORT. ‘

SUMRY, (40,6), R*4. PRODS{IYR,ITYP) is the U235 weight fraction
in PRODQ(IYR,ITYP) the cascade product stream in year IYR to

be used in reactor core type ITYP. It is loaded in SCRIBE and
printed by REPORT.

SUMRY, (40,6), R*4. PRODQ(IYR,ITYP) is the weight of the
cascade product stream in year IYR to be loaded as fuel type
ITYP in reactors. It is loaded in SCRIBE each year and printed
in the summary reports by REPORT.

RECOR?ﬁ (20). PSIN(I) contains a star, "*", if the rate of
the I'Y" product stream from the enrichment process is to be
calculated by material balance equations. Otherwise, PSIN(I)
contains blanks. PSIN is Joaded from input in each year by
SETUP and is used in DOYEAR and YRPAGE.

EVALU, (20). PXP{I) is the quantity of U235 in the Ith product
stream from the cascade in a year. It is calculated in DOYEAR
and used in MERGE and YRPAGE.
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SUMRY, (40), R*4. This is the sum in a year of the weight of
all miscellaneous streams fed to the cascade, i.e., streams

other than normal feed, reactor returns, or feed from prepro-
duction. Calculated in SCRIBE, it is then printed by REPORT.

SUMRY, (40), R*4. This is the flow rate of the normal feed
stream in a year, subscripted by year. This is set in SCRIBE
and printed in REPORT.

SUMRY, (40), R*4. QPM{IYR) is the total weight in year IYR
of all miscellaneous product streams from the enrichment
process, i.e., all product streams except preproduction,
product to reactors, or tails stream. It is loaded by SCRIBE
each year and used in REPORT. _

SUMRY, (40), R*4. QTAIL{IYR) is weight of the cascade tails
stream in year IYR. It is loaded in SCRIBE each year and
printed by REPORT.

RECYCL, (6). RETRN(K) is the weight of fuel type K which is
reprocessed and ready to be fed to the enrichment plant
this year. It is calculated in REPROC and used in NEWFDS.

- RECYCL, (6,40). RPU6(I,IRYR) is the weight fraction of puU23¢

in fuel of core type I when unloaded from reactors and ready
for reprocessing in future year IRYR.

RECYCL, (6,40). RR(I,IRYR) is weight of material from core
type I when it is unloaded from the reactor and ready for
reprocessing in future year IRYR. It is calculated in REACIR
and used in REPROC.

RECYCL, (6,40). RxP(I,IRYR) is the weight fraction of U235 i
fuel from rore type I when it is unloaded from the reactor and
ready for reprocessing in future year IRYR. This calculation
is performed in REACTR when the minor isotope is U2%¢, The
data are used in REPROC. '

RECYCL, (6,40). RYP(I,IRYR) is the weight fraction of the minor
uranium isotope in fuel from core type I when it is unloaded
from the reactor and ready for reprocessing in future year

IRYR. It is calculated in REACTR and used in REPROC.

RECORD, L*4. This variable takes a value of "true” if and only

if the user has specified "SECRET"” on the Case Card. The variable
is set in NEWCAS and also used in MAIN, DOYEAR, ISOPAG, REPORT,
and YRPAGE. v

SUMRY, (40), R*4. SEP(IYR) is the input three component (U235,
U236, y238) separative capacity of the enrichment plant

in year IYR. It is loaded in SCRIBE each year and printed by
REPORT.
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RECYCL, (6). SHRINK(I) is the recovery factor for reactor fuel
type I, input from the Reactor Fuel Cards in ISOPAG. The factor
is applied in REPORC each year to reactor output and to Returns
Card output before adding to reprocessing pot.

EVALU. This is the total weight of UZ!® in the feeds to the
cascade in a year. It is calculated in DOYEAR and written in
the annual report (if not suppressed) by YRPAGE.

EVALU. This is the total weight of U23¢ in the feeds to the
cascade in a vear. It is calculated in DOYEAR and used in the
annual report (if not suppressed) in YRPAGE.

This variable, calculated in ISOPAG for each minor uranium
isctope, is used in the calculation of the H-balance (see
Equation 2-2) and separative work (see Equation 3-3). Refer-
enced in DOYEAR, EVAL, and YRPAGE.

SUMRY, [(40,6), (40,6), (40,6,3)], R*4. UNQ(I%R,ITYP),
UNS(IYR,ITYP), and UNM(IYR,ITYP,MS are, respectively, the
weight, U235 weight fraction, and weight fraction of the Mth
minor isotope, in accumulated returns from reactors of core
type ITYP awaiting reprocessing at the end of year IYR. These
data are loaded each year by SCRIBE and printed in the summary
reports by REPORT.

RECORD, L*4. WRT=,TRUE. if the highest level debugging output
is requested for the year being solved. This variable is set
in JAIN from the values on input variables KASEPR and IYRPR.
WRT is used in MAIN, DOYEAR, EVAL, MERGE, REPROC, REﬁCTR, and
SETUP. s

EVALU, (20). XF(I) is the U235 weight fraction in the It" feed
stream to the cascade in a year. It is loaded in SETUP, used in
DOYEAR, EVAL, and SCRIBE, and may be saved in YRPAGE for later
use.

SUMRY, (40), R*4, XNORM5 is the U235 weight fraction in
normal feed, subscripted by year. It is calculated in SCRIBE
and printed [only XNORM5(1)] in REPORT.

SUMRY, (40,3), R*4. XNORMM is the minor isotope concentration
in the normal feed stream, subscripted by year and minor
isotope sequence number. This is loaded in SCRIBE and printed
into summary data by REPORT.

EVALU, (20). XP(I) is the U235 weight fraction in the Ith
product stream from the cascade in a year. [t is loaded in
SETUP, may be escalated in S236 if targeted for a reactor, and
at year end may be saved in YRPAGE for later use. Also
referenced in MAIN, DOYEAR, EVAL, MERGE, REACTR, and SCRIBE.
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XPKORS  RECYCL, {6). XPKORS(I) is the weight fraction of U235 in the
intitial stockpile of fuel type I awaiting reprocessing. This
is input from the Reactor Fuel Cards for the first minor isotope
by subruutine ISGPAG. Also used in REPORT and REPROC.

YF EVALU, (20). YF(I) is the mincr isotope weight fraction in the
Ith feed stream to the cascade in a year. It is loaded in
SETUP each year for each minor isotope value. Also uvsed in
DOYEAR, EVAL, SCRIBE, and YRPAGE.

YP EVALU, (20). YP(I) is the weight fraction of the minor isntope
in the Ith product stream from the cascade in a year. It is
initially estimated in DOYEAR, calculated as part of several
iteration procedures in EVAL, adjusted in MERGE-UNMERG, and
may be written onto temporary storage by YRPAGE for use with
later minor isotopes. Also referenced in MAIN, REACTR, S236,
SCRIBE, and SETUP.

YP6 EVALU, (20). If the minor isotope being modeled is U232,

SETUP -1oads YP6(1) with the U236 concentration of the Ith

product stream. Subroutine REACTR requires these data to cal-
culate discharge U232 concentrations ?see Equation 3-2).

VIIT. LIMITATIONS OF THE MODELS

Use of a small set of mathematical equations to model a dynamic and
complex enrichment process must inevitably limit the applicability of the
model. A crucial assumption of the matched abundance ratio model, as
implemented in both MUICYCL and MUIFAP, is that the minor uranium isotopes
may be modeled independently of each other. While generally true, this
assumptibn is invalid when analyzing cascade products highly enriched in
U235, Significant inaccuracies may begin to occur when the U235 enrich-
ment increases beyond 90%, ultimately causing the sum of the top product
concentrations to exceed 100%. A1l other model limitations are explic-
itly defined, e.g., single enrichment and reprocessing plants, MUICYCL

restriction to a subset of three specific MUI's and fixed cycle times.
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APPENDIX A
FORMULATION OF PU236sy232 DECAY EQUATION
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FORMULATION OF PU23-y232 DICAY EQUATION

From [2], p. 7, the formula for V?3? concentration, in the presence

of PU?3%, over time is
Y = ¥(t.ye,p) = yoc® — kp(d®=<*) ,

where
t = time in years after discharge from reactor
Yy = U232 concentration at time t, wt. fr. '
Yo = U232 concentration at d{scharge, wt. fr.

p = PU236 concentration at discharge, wt. fr.

--009627
c=e
d = e--2u32
k = 1.02357

After slight rearrangement

— W

- t t.
i = (yo*kp)c™ —kpd™ =V, — W, -

Vt and wt are identified in the computer as yearly values of POTV(I) and

POTW(I), where I identifies the reactor fuel type. They are updated by

u
-3
(]

-

Vt+T t

[}
=
[~ %

-~

wt+T t

It will be shown that, when two streams of the same fuel type are combined
by merging their Vt values and wt values, the resultant U232 concentration
over time is identical to the weighted sum of the concentration of uncom-

bined streams. Thus, all material of one fuel type awaiting reprocessing
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may be accounted for by updating one pair of values, POTV(I) and POTW(I)
each year.

Let quantity Q, of material be discharged from the reactors at time
ty, = 0, and quantity Q; be dischérged at time t,.

Then for time tj >0

t. t
y =V cJd-w a3,
[ X 00 00
J
and for tk >t
-t t, -t
o 3 k
=V
Yk \1,1C Hx,ld ?
where
i © U232 concentration in Q; at time tj,
= i . at time t_,
vi,j Vt value of material Q] t time j
= i . @ i t..
ui,j Ht value of material Q1 at time j

"Combining these streams at time t, >t the weighted U232 concentration

is (subscript z indicates combination)

Y20 = (Qy,  +Qy )/(Q+)
t, t,-t) t, t, -t
QV ¢ +QV ¢ —QW d%-qQuw

0 090 1 19l 0 090 1 191

)/, +0)

i QVo,1 + UiVi 2 cta'tl _ QoWp,1 + QW ) dta'tl
Q + Q) Q + Q)
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Setting ta= 1:l we produce the formulae for updating V and W values by

combination of material at time tl .

Qv +QvV
g 021 1 1}
VZ 1 = * and
’ Q +Q
0 1
N = qugsl ¥ Qluls! .
Zs) Q +9Q
[ 1

This combined stream will have, at time t; > t; ,

to-t, t,-t;
Yz2.2 - Yz,1 ¥4
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APPENDIX B
DERIVATION OF PREPRODUCTION ESTIMATE
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DERIVATION OF PREPRODUCTION ESTIMATE

Objective: Given SW, the value of separative capacity within
a year, determine the increment in preproduction feed or product to
attain the rated capacity.
Let

P,F

unsigned rates of the product and feed balance streams

R

rate of preproduction feed or product stream (negative
if feed)

XpsXgsXp = corresponding U235 concentrations.

The following algorithm is used:

&R = ASW/ %‘i ,

where
4SW = the required increment or decrement in SW to attain capacity

SW = Pv(xp) —-Fv(xF) + Rv(xR) + constants

T VoS v B V)
The balance streams are calculated by

P—-F+R+K;=0

Pxp-— FxF + RxR +K; =0

where K; and K, are terms involving other streams. Using substitution

and implicit differentiation on the above,

Fo&
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and

Therefore,

dSN [V(XP)_"(XF)](XP—*R)

e — +v(x)) —vixp) -
d Xy — Xg R P
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APPENDIX C
MUICYCL PROGRAM LISTING
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na

myrIcCcrTClL

k *<5PL °F THE XTCLEAP ®72L CYCLE FITE TPHASIS 2% THZ <ITF
TeANITR [SOTCPES.  PPOGWANIED oY S.@. ELIM ASD P.A. MCLABEN,
CCePTIER SCIRSCES JIVISIOS, TSICS CAPBIDE COPPORATION, STICLEZAP
JIVISIC™, OAX RIDGE, TW®.

CUSTCREs CSITACY: STEPAEE PRESETT, I2PT. OF EBYEEGY, OAK PIDGE, TY.
ML MCTREITATION IS PROVIDED IS QPSL/ACSD-37.

.EPLICIT B2AL®R(L-R,0~T)

LCSICAL W3T,SEI2Y,BADLIN, CTCEPID, SESLIY, SOBSC

I~TEGYS PAGE

BEAL®2 BLASK/® 7, STAR/Y®%/

CCR0Y JEVALN/ P(20),P(20) X {20) , XR{20) ,TP(2D) ,YP{2D) ,TOTPS, TCTPE

v L950%(29) PP (20) ,PYP (20), PRP{20) . LB,N, NP XP
1 .TUOR, POTV(5), POTY21(6), IYR, %2, YPE(20)
' ,POTPUT (6}, JTB, IYREAY, ISTR®(23)

CCE0S /PECYCL/ PR(6,80), hYP(6,80), PP (6,80y, POTRT(S)
LPOT(6) , FOTYR (6}, CYCCAP, SERISK(6), BRETRE(6)

1 LIPTYPy0}, ICICL{K), IPKORS(S),. KOPES, NAXEOR

' ,POTIP(6), EXP(6,80)

CORNY/RECAPD/ CASE(S) ,DATE, PBAR (20) ,PSI¥ (20} ,PYAR(2D) ,PSIE (20)
L¥2T, STCRE?, PAGE, COBFID

' ,CDONAN(E), IPSTR(20}, SPSTR(20)

CONRNS SCYCLE/ ARKSE, 10SIT

COMRCS /SUNRY/ PROSY (3072)

DIMEES [OW EPTGT(20), IBD3(I),

1 UNESCP(S), FRACP(20,3), RISE(3), PREV(3)

O (X) =(2.°Y-1.) DLOG(X/ (1.~} )

IX(X, V) =8 () ~B (V) ~ ((X~T) /(- 00T 1I-F) ) (B (7. 11D-3) -8(O)) -

INBOPTAST BOS-COTYN BLOCK VARIABLES:

8.4 TR ITERATIOS ERBOR PLAG TESTED GULY AT EWD OF YEAP. .
IEERGZ PRODOCT SYREANS §HOSE 0235 COSCS ARE FITHIS A TEPTALY
TOLERANCE OF EACH OTHRI NAY 'R RERCED 13 TBE CASCADE
ITERATIOV PROCEDURE. | SEE SORSECTION B.2
503 I8D3(1)=LASCADE S‘I'l!41 ® ASSOCIATED SITR FEED PRON PREV.
- - -

2y = b - pRP2.
= g - b PREPRODUCTION.,
L DEFINES THE ONIT NTNSER OFT) WPICH THZ CASCADE ASSUAL

BEPORT IS5 UZ.TTPY, USUALLY 9. SET IP SBECAS.
PPES,PRE2 THE QUASTITY OF BMATEPIAL IN TRE STOCKPILES OF INITIAL
PREPRCDHICTION AFD SUBSEZQIERT PREPRODUCTION RESPECTIVELY
SFTCAP THE IJPUT S¥W CAPATITY OF THE CASCADT I¥ A GIVES YEAR.
At 7235 FPACTION IN IYITIAL PRERODOCTION INVENTORY
AP2 235 F*ACTION I¥ LATE? PREPRIDICTION({PINED I [BPOT).
ant TIN02 ISOTCPE PRACTION IE INITIAL PREPEOD. ISVENTCHY,
a2 . - b IF LATEER PREPRODTCTION,

SPCTE0% A -~ INITIALIZATION

zero = 0.

HXITR * 10

REITRE = O

RXITRG = 10

SR = 1D0

ITPAAL = 80

HATROR = 6

IRIT = 2

CALL PEBGRRUN(DATE,PAGE)

SECTICR B -~ BEGIN CASE: CASE IWITIALIZATIOR AND PROCESS CASZ CARD

NOTE THAT CORMOS BLOCK /SURRY/ [S REFE GIVEN A SIIE BEAPLY
2% BITES LAPGER THAP USED IN RONTINES REPORY AND SCRIBE, AFD SURRY
IS ZURCED OUT BERE, THEZ SLACK SPACE PERRITS PUTOURE ZXPANSION,
20 cowrIsne
IZR = 0
Do 80 I=1,3072
80 PHORY(I)sO,
0" 60 Is1,6
60 WEESCP{l) = 0.

READ CASE CARD AND GENRRATE TITLE PAGE
CALL WERCAS(MKASE,NINR,PIN, KASERR, EYRSC, TUNE, L, KOAPS)
LSAVsL

SECTIOY C =~ START FE¥ ISOTOPE FOR A CASE HERE. READ(RERCAD)
PREPRODACTION INVENTORY CARD. ALSO READ REACTOS POEL
CAPD(S) AND TW235/7136 CARD, PROCESS AND PRINT 1SOTOPE
DATA PAGE. ALL THIS IS DONE IF [SOPAG,

A0 CONTINDE
CALL  ISCPAG(NINR, KASEON PR, PIN,PRET, AP, AP2,PRN T, ANY, NOESC,RXESC
1

)

AR = 92-230

Ry = (R2-210) /2
pPrE2e0,

AM2=0,

eer INITEALIZE ITRRATION PARNS -~ OPTIONALLY READ IN VALUES [N
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BEaXaNsXal

anann

[al

R NANA N Nalhl

AnNINA

AMNInAA

TTINISS.
SALL TSI eI, I0u23% TLLSY,PIR,TOLGES, TOGLNRZ,T5Y,0322, T8, YASERS
1)

*¥E 2+ 7

SECTIN™ o -~ STAPT Y5V YEAP: 3TaD TEAS AS3 CAPACITY CAR), CALCOLATE
TITTI2E PEACTOR TETTRSS, ASD SESTRATE (REP20C) YEPE~TESSED
P03 BSE TEIS YEZA® i

10 CcrvTINaE

F€1) YEAR ATD CAPATITY CA2)

it (ITF.LE.Y) 12Ea)

SYUSTE * §

IT (TASE.2Q.3) PZAD(5,737G,2807260) YINY,JYP,CYCCAR,SWICAP, DR,
i irep2

IF (YTASE.EJ.1) SSITE(ITSIT) YINY,J¥P,CYCCAR,SVICAR,DTR, ITRPY
IF {*YASE.3T.V) TEAD{IOMIT) TVIRY,JYR,.CYCCAP,SIVCAP,DTN, IYPPP
TF (YIPY.EQ.STAP} 55 TO 262

IF (IT_SE.BIANY) EEESYR=

I?° + FASZPR

IF (1YPPr.32.0) IPR=SANO(IY2PR,0)

BFT - IPR.GT.V

IF (VPT) ORITP (+,71)0) JYR, CYCCAP, SHUCAP

Ive = TYRed

CALCULATE PITI22 2EZACTOR 22TURNS PROP LAST YEAR®S CASCADE GITPOT
CALL  REACTE (URT,XPTGT,BRASE)

REPENC READS IS KYY RETTRES DIRPCTLY TO REPROCESSIsG PLABT, AND
BEPRCCESSES ERACTOR BRETORSS TG EE PED TO GDP THIS VEAR.
CKLL SEPROC (0 ,UST,SRWST: , ;2R)

SECTI”S % =~=- CALCTLATE O¥E YEAR OP CASCADE OPRRATIZNS.
STSSFLTILY 2. ~ FEAD AWD GRGANIZE STREAR CARDS.

17 (IPE.GB.T) L=b
B ITE{L,7800)
IP (SECRET) WEITE(L,270J}
1® (CO¥PID) WRITE(L,3000)
IF (L.EQ.6) PAGE=PAGEeY
WBITR(L,R209) PAGE
L=LSAY
CALL SETOP (APV,AN1,AP2,AM2,IND), PPN, PRACP)
ZV=2X(APY, XP(EP) )
22=1X(AP2, TP (XP))
on 120 Is1,KGRES
IF (IPTYP(I).EQ-D) 50 TO 120
P2 = IPTYRP(D)
IPTGTIIY = XP{IPP)
IF (TSESCP(I}. ED.0.) ONESCR2{T)sXP(IPP)
123 cewrinng
17Tees=0
18D%=1
180 ITERSE = O
IREPGE = I

SIBSECTING 2,2 - CALCO’ATE NBE YZAR, WITRIS n23S ESCALATION ASD
S¥ ADJUSTREWY LOOPS, AYD AERGISG/TUNERGIVG.

160 CrATINOE
IP (TEF.LT.N) IER=0

CALY DOYZAR(SW, SUA, SWOCAP, ITERS, ITERSE  INERGE, CRY,C22
LEXP,TOLGEN,TOLARS, INDY, PSOUY, PS04, TOTPS,TOTPE
1 PR, IBR, CRITEN)

ees [9ERGP IS DNSED AS POLLONS:
INERGE=T: STWEARS WITH SARP 0-235 VALS MERGED THIS TIRE
IRERGE=2: STREAYS WITH WEAKRLY SARE 7215 VALS RCuGED TRIS TIRP
IRRRGE=0: NERGING ®OT TSED (NR WOT YRT USPD) THES TIAP.
IRERGE=~1: ROY THIS TINKE WITH WERGING NOT PEENITTED.

es. IMERGE IS SET ™ >0 IN ROOTINE SERGE CALLED BY DOYEAR.

1° (IRERGE,EQ.~1) IRERGEsY)

IP (%2.WE.236.0P,.9025C) GO TO 1RO

STBSECTIC™ P.1 = 235 BSCALATION LONP: CALC U235 BSC ON CASCADE
PROMCTS TO WEACTOR, 1P RSCALATION COBVERGED,
”XIT 70 SUBSEC E.®; IP EXCEEDED AAS [TWS, EXIT TC
SYBSEC P.5; PLSE RETUPN TO SOBSRT 1,2

CALL 5236 (XP, XPTAT, YR, IPTYR,TOL235,NIP215,L189)
JTPPSH = ITERIA e

IP (ITERGE.GP. 1) [IERGRe-T

17 (ITERSS.LE.AXITRA} G0 To 140

Iee = 2

UPITY(6,7270) SX[TRG

G2 10 200

STRIPTTION B8 « AEP WK ADJTISTRENT L0OP: CALCOLATE PREPRODNCTION
TO OPEPATE CAACADE AT 59 (APACITY. [P SV CORNVERGD
NR EXCREDED WAX JTN3, EXIT TO 30BSEC R.%; ELSE
RPTIRR TN 3YRSEC B.2

1009
1013
1923
1130
ey
¥05%
12€0
1072
1023
1992
1102
11719
1723
1130
1189
1150
31360
1170
1189
1190
-1200
1219

.
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3T CowrIeNE
I¥ (IYERGZ _E5.2) INERGRa-?
IT (INTUP6E2.20.~-1) GG TC 16C
IF (.VCT. (YUASE.XQ. VL ANDLSEISAR.GT. D)) 6T TC 220
CALL DEZTAN(SWTICAR,SE,21,22,7,P,PERY,2B22, 801, TED), 20LSH,JYP,8220

Ab
IT (937} WRITE(E,770%) SB, SBICH2
ITOSSsITENS )
IF (JTESS.LE.WXITY) GC TC a3
=c2 z 2

"""(E 7230) =xite

ST BSPCTIC™ 2.5 - ITEEATICNS COWRLETED PLR THIS YER®R., TEST POP
TRROPS AYD UPDATE PRERICOICTION STXRPILES.

... IF TBIS IS 2¥) QP 3IBD EINOP ISOTOPE IN THZ TASE,
"PDATE PREFEODICTION STZCERILES
230 corTIvIz
IF (I¥S.17.J) IE®s-I%P
IF (IfT_EQ.T) CR=¥eCE1
IT (122.5Q.1) SRITEZ(6,7800) JY®, CRITSW, C3
IF (I2F.CT.T) WSITE(S,757V) Iea, Jrd
F2=7 (X202 (3})
I¥ {RYASE.?2.V) GO TG 220
IF (P3.GT.1D-3) PRE2=PRE2epP2
1° (F(IED3(2)).5T.10-3) PRE2s¢P2E2-F(INDI(2))
IF (E(ISDI (1)} .GT. 10-3) PERET«PREV-F (INDI(Y))
IF (PRET.LT.10-3) PRE1s0.
IF (2°F2.L7.10-3} PRE2sJ.
220 CoNTISTE

ees TODAT? PREPRCHUCTION MINCR ISOTOPE 1ISSAY
IP (PI.LT.1D0-3) 50 T0 239

T=pp22-p2?

AR2=(T/PRE2)*AN2 o (PI/PP22)*YP(I¥DI(N))

SICYICE F -~ DATA STORAGZ AXD CASCADE OTTPOT FOR THE YE2AR, BPFORE
STARTING THE NEIY YEAR.

283 TrerTisne

SU2FrUTINE SCRIE? WAS ADDED /76 7G RECORD IS COXNYIE /SIYRY/ TRE
DATA NERDED Fr3 THE STRUARY REPORTS. THESE RZPIRTS KRE BRITTEY
BY SMEROUTINE REPIRT, CALLED 92LOV.
CALL SCPIBE (1%,A%1,A®2,397CAP,PREY, PRE2, NRASE)

... SECOPD YSASLY DATA POR KEXT ISOTCPE AND GEYRRATE YEAFLY
CASCADE PLCUSARST.

IF (T2P.NE.0.002.1PR.GT.7) L€

CMLL  YPPA3S(%S,L,I%D),3CANY, STAR,PRACF, FSTR, 20T PS,TOTP4, ZERC
1 ,P50%,PPE1,590E2,AP2,A%2,50,54N)

LeLSAY

TF (TER.LE.T) 50 TO 199 .
SECTIrN G -- COMPLETED LAST YEAP OF TH® BTN POR THIS COMPONENT.

WRITE FINAL DATA, THEY 9C WEXT CONPOSENT OR SEXT CASE.-

263 CONTIN"E
IP (FORES.22.0) 50 TO 100

IT® = IvRel
CALL GEPPAC({1,¥PT,0,PPY)
WPITP(L,7620)

Do 280 Is1,K0PRS
280 SPITE(L,7997) CORSAN(I), I, POT(I), PATIP(I), POTYR(I)
30 reaTIInE
TF (WKLSE.¥®3.7) 2¥D FILE INWIT
IP (IPR.GT.T) KNRPS=HRASZ
iF (ARASE.® .rOWPS5) GO *0 1320
FILL FEPLRT (AP 1,AP2,YORP3,WAESCP, NI, FRYT)
IP (I°S.GT.1) STOP
qrotn 20
320 "KASEsREASEs?
50 10 RO
7090 POPYAT (A1,14,2P10.2,8%,A1,15)
7100 PARNA™ (1S, * CAPACITIES: REPROCESSIVG (¥TT)=',1PD10,1,
* PYRICHRENT (SUT)»*,1PD10.Y)
7200 PrROMAT(*ONASHING: NAY KO OF [TEES ON 10235 BSCALATION,’,I3,
*. ETIT PRON THIS L0OP.')
1\00 FOPRAT (*~¢oe RARNING: EXCEEDED WAXIATN WC. OF ITERATIONS FOR',
" ATIAINIWG sv CAPACITY,?, 13,7, EXIT PROR THIS 10OP.")
7»09 PAPYRT (TONARNING? /P oUARNING, ., LAST ITERATICYS, [N' 15,7 DIDTTe,
1 t crEpLETELY CORVERGE DIE TO YECTOR STALL.'/
1 ¢ PINAL RESEDUAL WASY,1PP7.2,"; TAPGET WAS',29.2,
' . CONTINME FXRCOTION.'}
TEAN PrEMAT('OSBRINGS ERROR (IER=?,IT,7) TN YEAR',I%,7 PREVENTED®
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- BEAC 580

CALC ¥-233 PI%AL P20M T-238 ISITIAL e PEAC 590

Lo LU I8 {3 14 L . BEAC 600

1P (IPTYR(IN .EC.N) GG TS VIO REXC 6Y0
TS = IPTTR (D) REAC €20
IEYE = IYP ¢ TCYCL(E) -1V B"AC 630
Prif, IPYE) ~ PUIZY PEAC 680
PEP(I, TRYR) = CUS(T, L) o CB(2,I)CIR(ISY) » cuu,non(nnnz BEAC €50
JPYP = JYP ¢ ICYCL (I}~ PEAC €60-

TP IVPT) WEITECS,THIBI SPYR, (.87 (L, [RCd), A¥P(L, IRYRY PEAC 670
32) crevisne REAC €87
L IR LD ] PEAC &9U

140 rETyee i - SEAC 709
aggc 790

T-23¢ (K22 #2AC T20
REAC 730

CALC 1-236 PIVAL PR°N G-2)¢ ISITIAL REAC T80
CALC 71-23% PINAL PRON DELPA 7-23%5 [9IPLAL - 9EAC 750
REAC 760

or V&G Iet, RORRT REAC 770

IP (IPTYP(F).E0.T) %0 T4 162 FEAC 780
!He * ITR » ICYCL(K. ~1 REAC 790
15% « IPTYP(D) REAC 800
°Pu TRYR) = PUISY) REAC 810
PLSIS # rP(ISM - XPTGT oy ~ZAC 820

.l = Yo=Yy RPEAC 820
BYRY., IPYR) = £5S(T1,0) » C55¢2, J)onusu * C55¢3, J)'D!t'!l”? REAC €630
EIP(I,IPYE) = CHE(T,8) » CHb6 (2, 1) IP(ISN) » CEK(3, t)'f?(l'!ll *e2 sgAC 6850
JREE » JYP ¢ JCYCL(I}~1 REAC 960

IP (9FT) WAITE(%,T7305 JRTR,.I,R% n.nm, RYP (X, SRYR) BEAC 870
169 CONTISTR REAC 880
"ms courrsne REAC 890
pETHRY ‘ REAC 900
1000 FORWAT (Y AT YEAR',I%," CORE’,[2,' WETH PATE,PI¥AL2,P06:7 ,3E74,5 REAC 930
L7 FILL BE SARONK, lnmcuszp 295 FRD,.¢) i “EAC 920

7'10 ORP AT " AT YERRY, 15,7 COREY,TZ,° WITH RATY,PINAL KNISR:’, V8,8 REAC 930
¢t JILL BF SHRONE, REPRNCEISED AND PPD.T) REAC 940

!!D PERAC 954
STPRATTINE REPOOT (APT,AP2,KGHPS, INESCP,RINR,PRYT) REPC 10
[TPLICET REALPA(A-H, N7} pEPC 20
LOAICAL WRT,SECPET, BADLIN, rONPED, GEBLIN wen 39
INTRS2P OIT, PAGE RPPTT 00
CreNGN JRECYCL/ RB(6,49), PYP(6,3%), RPTA (6,00, DOTPT(A) [ §2 0 ]

1 ePOT(6) , POTYPIKY), CYCCAF, THRINK (M), RETHN(E) REPS 63

' SIPTYP(RY, JCYCL(F), XPEORS(6), ACRES, MANKOR rEPG 70

1 , POTRP (A}, RXP (%, 00) e 89
CORMNASRPCNSD ) CATR(5) ,m':,rnuzo;,rsxs("m PEAN(2} ,PSIN(2M BEPO 90
JURT, ZRCRET, PAGL, COSPID REPO 109

PCORNAR(AY , IHTH'M). 1PaTR (20) rREPR 110

rognne /.,MDY/ ASN(eD), AR(Y), AN(8Y,3),  ATH (8D} pPEPn 120

P




AN a s}

aann

N

[a s X2 TaN

I

AT, N, CICHY, PREDS (%%, €1, PREQRL3], %, 21 BTRL

LPERD5 (33,5), PASE(S 2AR=(43,2), PREIL(ST}
SPEEIPY (63, Y), PRTIL(37), PEE2ET(R0,3), PPEID(an)
SOARZPS(N0Y ; PRR2PB LY, 3, PREI(SDN PREXIP (10}
SONCSE VI E, Yy, FOOSUS, 65, PEIVI(SI.8), APELSY}
.'J!alz('@x. w23l, ‘QTAIL{a%),; . SER’RD)

»180180,6) , IS(‘O,S!. TIRESR,6, 1), nanswn .

TCALLED BY EAIN,

w nu:w."oom
‘IP (C,8PID) SRITE(E,R00)
IF (SECRET) SPITR(6,2100)

SATEPIAL FLOWS - GTHER PEED STREAWS

PAGESPAGRe Y

SRITP (6,79M)  PAGE

I (COEFID) WO ITE(K,2000)
IP (SECHET) WoITE(A,B100)
WRITR{6,T200?
SRITE(F,TINNY
VeITE(E,8549)
WRITE(4,7800] APY -
TOTV20,

Tor2en.

D &0 I=1, BRTR
TOTT=TOT 10 ASR (L) *QPH(N)

¥0 TOP2=TOT20CINL1)-

RSZ=0.
17 (T0T2.£0.0.) 50 TO 69
ASTeTOTV/TOT2
WRITE(6,7500) AP2, 110995(N), AST:
WRITZ (8 ,B6008
o=9
CRAP=BLAWK
DG 109 Iet,wRYR
TP (PPRIIP(T}. J.0.OR.IND.GT.0) GO T7 B0
1901
CRA®:PLUS
80 SORPsPREI(I) #2PEIIPLD)
WRITE(F,T600) JYERR(I), 3ORP, CRAW, QSngN(f), 2PR(N)
CHAR=RLANK
100 COFTIENE
WRITE(6,9200)
RITE(E,TT00)
1P (IND.EQ.T) WRITE(6,7800)
IF (CONFID) VRITE(S,8000)
SF (SUCPET) FRITE(6,8100)

&

2>

RSTERIAL FLGPS AND D235 TONCEWTRATIONS ~- PROD SYREARS TN REACTPS

PAGE=PAGE® Y
sRITE(6,7900) PAGE
17 {COSFID) WRITE (64,8000
IP (SECRET) WRITE(6,8100)
PPITP (5,8200)
WOITE(6,0100) (CORNAR(I) T ¢, KORES)
UNITR (F,0500) (TNESCP(’ . s=1,KORES)
"BITR(6,8600) .
DO 120 I=1,0RYR
120 WRITE(6,0700) JYEAR(T), (PRODQ{I, N} ,PRO0S (1,0}, Jei,KONES)
¥RITR (6,0600)
WRITE(6,11000)
IF (CONPID) BRITE(6,8000)
IF (SECRET) WRITE(8,8100)

EATERIAL FLOWS - GTHER PRODUCT T RARS

PAGR«PAGES )
IRITL(6,7990) PAGY

22FC
SEPC

REPO 2810
rePc 220
REPO 819
REPO &80
PEPQ 850
R2P0 860
rEPO 870
REPO 880
repe 690
rEPO 909
2P0 910
RPPO 920
REPO 910
REPC 89
REPO 950
reee £.0
rEP0 170
rePn 9890
rPPD 999
repPnfyng
PPPOIG10
PEPO1N20
REPCION
wEPn 100

REPO1051L
rrry 1060
REPN1OTYH

o] ernin

kit

i o A




(SUCIETY RAITELE, LTI REPCTOSY

aed S 11 ) B : PERCYINO
SFITR{C 8903} : : . SERQYYIR
-v!"!( » 8530} cow : . [ . BERCINZY .
TeTINg, : . E T RERCYIIG
i R P L ¢ ¥EFCIIRY
2C 183 Im1 eRYR ; : ) ‘ BEPCYIS0-
TOTINTCT IS PASE [Ty o0px [¢4) e R “ '

eﬂ‘m’-m

¥ O(CTSPLY) WBITZ(S,E2300; : PEPLIOSY
]

D). VRITELE, B0
dl ug:(um

DY _(ll.!-!,ml!si S T ~REPCIBIY

. , FEPCINZG -
'rue uo&) ('lllsc?(l! I=1, KGPES) : REPGINIQ
Tt 12500) PRE225(T), ASY . PERGINSO
BPYYE (L, 8400) REPOILSO
07 . REPOTSED
L9900y SYEAR(S), (PRODE{I,J,BT3DY),J=1,K05ES) PEPOISTY
IEI"!(F; SE00) PREZIM(T.AINON), nnx Mnn. PRAIRLI, YIvON) REPGTISAG
CHETINE REPOTASY
VEITR(E,5290) REPO1ISIO
VPTTE(F, 9190} 2EPOTSTO
IF (CO¥FID) 97 172(6,3000). REPOTS20
IF FURCRET) WOITE(A,4100) REPO1S30
20 cCxsLYIE . REPGISHO
i REPOTSS0
ZFD OF WISOR IS0TOPE I¥ PRODICTS REPO1S6D
. ) REPOYSTO
BEPOISB0
TINCE ISTTOEE CONCESTRATIONS IN FPEFDS REPOI530

- REPOTE00
8¢ JB4 EYEDT«Y NONPS - PEROIESD
B2 ENS (RESOL) ) REPOY620 g
PAGESPAGES Y REPOISI0
- SPITE(L,7900) PAGE REPO1EAD
g IP (CONFID) BRITE(6,8000) : REPOI6S0
IF (SECRET) WR ITE(E,R190) : PEPOVEED
917 (E,570 w2 REROTETO
WFITE(S, T1809) (CORNAR{I),Ts1,E0RL5) REPO1E8O
PRITE(L, 11820) REPOYESO
Y VETTE(E,V1500) 21 REPOT700
- PRITE(C, TV600) (IPRORS(Z),[=1,KGRES) RPPOITIO
- RELITE(F, ¥3700) AP2,X40RMS (V) ,ASZ REPCIT20 N
: 9P ITR (L, BE00) - REPOI730
DG 269 I=1,%278 REPOIINO ;
PPITE(E,9530) JYRAR(I), (PEEOR(I,J,NI¥0X),.Se1,K00LS) REPOTTSO
RGN LN, (3033 1] :
PREX#PPEL (T} +PPRLIIP(T) REROITIO
I? (PRFI.B2.0.) 30 7O 280 REPCITE0
- AVGRTEs (PREI(T) #AR (NISDX) ePREIIP (L) *PRE2FE (S, REINDX)) /PREX REPOTIZO
249 WRITE(L,9600) AV NI, XNORSK (S NTIOK) ,ARR(T , KINDL} PEROI800
240 crwriNNe PEPOTRIC > -
wRITE(6,9200) r2POI820 .
FRITE(E,7700) } pEPOTEI0
IP (COSTID) VR ITL(6,R000) REPOIBSO . o
I¥ (SPCRPT) WRITE(G,8709) PRPOTASO
- M0 coETINNE REPOTBEO
c - REPOISTO
; C END OF RIEOE SSGTGPRS IN PEEDS P2PO1880
¢ [ REPOIE9O
; ¢ *EPO1900
! . € PREPRODICTION IVWENTORIRS STHNARY REPO1910
! [+ REPO1920
} PAREsPAGEe 1 PEPO1930
: . URITR(A,7900) PAGE - rEPQ”
f 1Y (CONPID) URITE(6,8000) (11} 0
‘ IF (SECRET) WRITE(6,8100) repot1960
RITE (A ,9890) REPOT9TO
PRITE if.,7900) repo13e9
BPITE(,I0000) APY, RINR(Y), FRAI(T), AP2 rEPO1990
PRIPRCE, 86001 EPO2000D
19 (PO993,0T.2) %0 10 100 RrFPO2010

URLPP (6, 1999%) (ONINNIS), FRRY(T)) , 142, KORPY) pEPC2020




20 139 1. 1,3ET

DL 32 BeV Y0UFS . [ - v
r-'zx(.t ¢ -u&.vnzz-ux,- F#PPC2979
VRITELE, $0337) J!!.I.lu) i n-lu.n, nzzu.n (9222975, , %= 7, FEPP5) 3P273 787
WIITFLE,8600) - FEPn:2955
WRITEIL, 11000 : ' DA BEPN2T35
YR UCDYFIDY. sﬂt?w.aquo; TR - 2PI0ZTG
) ET) SEITE(E, Y00y . : . C REPOINZS
ENS @RtPRCRscTIcy : D - BEPNITE
; i - : L BERG2Y3Y

=33

-!sctr.usmws nmm. oath
[ : S FE2P02350
PACE=PASES ¥ N EFPO280)
WEITFE,T900) PAGE ; E2P02019
I¥ (CCYPID) BITTE(E,B000) ; REPC2820
YF (SEC2ET) ‘WRATE(S,5100) 2PP02820
_WELTE(E,11100) . RPPG2330 .
BRITE (6, 11200) ) : REPO2350
DO 603 J=1,08T75 FEP024ED
430 WBITE[6,$1300) JYRAR(S), SEP(N, CYC(I), ATS(N} 2E2C2679 - B
JPITE (£, 11070) ) REPG2860 . >
JP (COSPID} WRITE(L,R000) - BEP02290 5
1Y (SECPET) WRIT2(6,810%) . . 2PPO2509 ~ ‘ :
c : PEPC2510
¢ =HD OF REISC DATA - PEZP02520
RETPS PEPD2530
7000 PORRAT (70¢,765,° MATERIAL FLOPS AND 7-235 COSCEBTRATIONS(S) - #EP02530
,* PEED STRUARS®) PEPO2550 -
. i N 1|oo romaar’ (0 TERBY, 6,7 ASIAYZY, 2060197y BEPCIS540 -
= 7200 FOPRAT (*0°, 191, WATERSAL PLOVS - OTAER PEED STREARS') REPO2570
: 7100 FOBRAT (707 ,T28,° FRE-PFOD’ , 5K, "NORNAL®, /X, *OTRER") ’ PEPO2580
7800 FOPRAT (T28,2PF6. 1,%s0v) ; 2EP02590 :
7590 POPRAT(*  YRAD NSSATZY,20P10.3,2012.3,%01) REPO2600 :
7600 FORWAT (I7,721,1PE92.9,01, IPE11.3, 1PR12.3) REPC2610
7700 PGPAAT (°+7,TY8, %00 2 ASSAYS?) YEPO2E20
7800 PORAAT (*+,788,%¢ ST TR TO PEED WEP PRE-PRODY) AEP02630
7900 FORNAT (*1°,1181,7PASE", 1Y) RPPO2680
8000 PCRAAT {*»*,156,°-~-CONPIDRYTIAL---") RELI2¢50
8100 PORRAT (’¢?,T59,%--~SECRET- -~} REPG2660 -
8200 POPRAT (70°,26%,NATRRIAL PLOVS AND 7-2)5 CONCENTBATIONS(S) -* REPD2570
' ' PRODYCT STREARS') RLP02680 )
2300 PORMAT (°0°,8Y,°CORE TYPE:*,8X,A6,5(11X,A6)) RER02690
2000 PORMAT (°0  YEAR®, 6%, PASSAY: °,6(21,2PP6,3,8%)) PEPO2700 s
B300 VORAAT ("0 YEAP',6X,7ASSAY:',206719.1) REPO2710 : S
8600 POPRAT (' ") 1EP02720 -
o - 8700 PORKAT (31,18,121,6(1pD12.3,2007,3)) 2502730 ;
- B 8800 FORRAT (*0°, 99X, NATERTAL FLOFS ~ OTHER PRODUCT 5' EARS") REPQ2730
4900 FORMAT(*0°,T28,°PRE-PROD’ 61, TASLS? 6,  OTHER') RPF02750 : f
R 9000 PORNAT("  YPAR ASSAY:?,20710,3,5K, 7007 57, 2,012,%,700) FEPOC2760 !
‘ A 9700 FOREAT (17,721, 123242, %) REPO2770
9200 FORNAT ('A® VEICKTED AVERAGE, ALL YEARSY) PEP02780
9300 PORRAT (*+°,T18,%¢¢ SPE NISC REPORT') ¥EP02790
9300 PORNAT (°07,29%,77-7,13,7 CONCENTRATION IN PRODSCTS (WEIGAT PRACTIREPO2800
. 10M) 7} REPC28%1
2900 FORRAT (I, 18,71%,1P6272,%5) REPO2 520
9600 POPRAT ('¢7,192,1P3812.%) REPO, 210
9700 POPYAT ('07,29%,7-*,[},* CONCENTRATION [N FELOS (VESGHT PRACTION) REPO2N8N
1) . pPPO28SS
9800 POSRAT (°07,29Y,"PREPRODUCTION INVENTORIE - SURRARY') REPC2860
9900 PORNAT ('0°, 14X, " iRITIAL TWYENTORY', 29,7 STASEQUENT PREPRODOCTIZN PEPO2870
TIRYERTOPIES®) #7P02880
10000 FORRA™ (63,°23%: *,29P90,7,°%%,20,10,%s ¢,2079,7,'¢¢, 91, "EPO2670
T 'U-205 ASSAY: T,2078,),°8Y) REPC2900
10100 PARAAT ('e?,5K,03,% ¢,2PP00.7,'8',1%,1),%s ',;2979,7,'€") REPO2210
10200 PORRA™ [X,°VEARY, 13X, *QUANTITY', 258, "QUANTETY! 91,3 (53, 7%7,11T)) REPC1920
11309 PORRAT (11,10,91%,19¢10.3,21K,£10,),1(5K, 1PETD, 3) ) P02930
19400 PORRAT (07,297, " ONPRPROCESIED WETORNS INVENTORYY) PEPO290N

10500 PAPIAT ('07,27%,7CONE TIPE: ', AB,12%,7ASSAYS I[N WEIGHT PERCENTY) REPD2950
10600 PORNAT (°07,5%,7TEARY 6Y, FQTANTITY OF' 4%, 70-2187 ,3(10%, =7 13)) REPO2IAO
10799 PORRAT (19X, TRANTINS, 9%, *ATIAYY, ) (X, R0, PASSATT)) PrPOI9T0
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BLeRE” (EX 13,70, 1PB02.5%)
SLERAT ("=, Y, 20201, 7,3(3X,2PFIT. )
EIRAT ("L
PIFUNT ("U°,29X,° YISCELLANECTS ASNSIAL DATA')
TEepT (°3°,5K, YRR, VOT, "SERARATIVE", 1IN, *AEPRCCESSINGY,
BY, "TAILS 7235,
23V, *SCEXT, VEX, "CAPACITY",, V2X, "ASSRYS/
297, *CARACITY" 32K, % (W PRIC)*/N) : -
rews (6X,18,3(10X, 1220, )
teTeNT ('—-,.95,-::--ruoa-.sx.-:o:nll' e!.'ot!'!'l
PIEEA” (* "T85, IPPV2.3,00er) .
YOPTAT [°  YEA2',EE,°ASSAY: *,6(2K,2PF6.3,81))
POREAT (*e° IRG, 2pIP V2.3, 900
FCURAT (°0°,8X,°CORE TYPE:®,6(8Y,R0))
FrBERT (*e°, ’wa.-azz-aec:-.s: *EAILS® 7K, *OTEES")
POERAT [*+7,T03,ipP12.2,5L, " ver 5K, 2PP12.3,77)
LL LI Co

STERGNTINE DEPROC(IZSD,UIT,¥EUSTE,PPR) .
ISPLYICEIT REAL*@ (h-N,0-2) . e
2PRLeS STAR/**/, BLABE/® */

COYACH FEVALTS ¥ (20) , P (20}, XP(20),XP(20) ,YP(20y; 120209, rucrs,rezrsszr|,~~o~
2LPE SO,
BEPR 60

BT1(20):, PXF (24) . PYP(20) , 9K P (20), X5, 5, KV, P
IR, POTV(E), sc~':-¢o), 11V, 2, 76420}
< POTRULLE TR
cosncT /EECYCL . zaysy80) . R¥P(G, A0, nruscs.-ox. FOTPU(E)
+POT(6Y, POTER(E), CYCCAP, SHRISK (6], BETEN{E)
(IPTTP (6}, ICYCL(6], XPEOBS(E), KOAZS, EAYROR
L POTIR(6), BX2(6,40)
coueCcy /CYCLE/- %EASE, TONIT
BINIYSICR 3SIV(6), vCTY), PRAT(D, r:acce), BEPSAV (6)
10GEZRL BILPOT
LOGICAL BRT

PPOC SEALS ASY <pPTUPNS CA-DS”, STEERRS T0 FEED DIRECTLY TC
PROCESSISS THIS YEAR. TRESE (PE RZRGED WITE SRACTOW RETTESS

TRIS YEAS. DEPEYDISG OW CAPATITI, A PERCESTAGE 7F AVAILARL?
PRTEPIAL IS REPRCCEBSSED HWERZ(RETSF), TC BE PED TO CASCADE TOIS YEAP.

IF (IYP.GT.Y) G0 TC @0
YPAS CNE INITIALIZATION

EYPT = DEX2(~%.90962700)
2Ip2 ¢ DEXP(-0.283200)
BE = 1,0235730
NULPAT=.TRUE,

50 29 I=1,ROLES

POTY(IY = I,

PLTR(I) = O,

POT(I) = 20TI(N)

POTYP (J) s XPEOKS (I}
POTYP (E) = POTYPULNY
POTPY(I) = POTRPYI(L)

Ir (POT(1}.22.0) GO TO 27
SILPOT = FALSE,

IP (®2.%2,232) 30 T0 20
PLT(T) = 9EePOTPY (I}
PCTY(T) =« POTV(I) * POTYP(IY
cnyTINTgE

GG 6 80

[=:3 23 £ k1

IP 7-232 CASE AWD SONE TWPROCESSED P0TS REMAIY PRON LAST YEAR,
CALC 3PV 7-232 CONC DTE TO DERCAY .

IP (%2.5P.232.CR.WOLPOT) 50 TO BO
20 60 Te1,K0RES

IP (POT(I).%2.M) 50 TO 69

PRTVLI) = POTY () e2xpt

PATV(I) = POTH (1) *2XP2

POTIR(I) = POTY(E) - POTH(S)

IP rPRT) WRITE(A,7000) 1,P0TYP(I)
coNTINne

READ ASY ZTREANT TO PE PED PIRECTLY TO REPRNCESSING PLANT THIS
YZAR, AND MERGE THEZSE WITH REACTOR OUTPUT STREARKT TFOR THIS YEAM,
WNTE THAT REACTOR ONTPOT VARIES RY TEAR DOP TO PRESENCE OF 0236
AND THEREPORE 15 SAYED IN RXP (CORRTYP,TR), POR FZASE IN BLENDING
CALCULATIONS ONLY RYP 55 TREPORARILY INCRENENTED, THEN RESTOPED
0 IT5 ORFFINAL VALOE THRO 1SE OF RXPSAV,

rosryIng

IP (NEUSTR.EQ,0) 50 T0 160
an 100 fef,K0RES

RXPIAT(I) = RYP(F,FYP)

IP (RPT) WREITE (S, T100)
o189 (e1,29

TP (ARASE,BQ. 1) READ(S,7210) YIKY, KTYP, T, P¥5, PRAK, PRPU%
17 (REASE,ED.1) WRITE(SNNIT) YIFY, KTYP, WY, PRS, PRAN, PRPUA
TP (APASE, ST, 1) READ(EONIT) YIFY, ETYP, T, PRS, VALY, FPRADA

arpr2sed
22202993
P02300
SEPCICIY
3TPCI020
PERCIA3p
pEPCI0RY
22703950
BEPC206
PEPCICTH

EPCI0D

22203099
22203100
BERGRTT0
REPOIVZO
§2P03130
FEPG3IVAD

REFER. 10

REFR 20 -

REPR. 2

REPD. 20

QZPR - 90
REZER 100
REPE VID
REPP V20
¥2PR J30
BEPR T30
REPR 150
REZPF 160
BEPF 170
REPR, 160

2PPP 190

PEPR 200
2273 200
eEPR 220
REZPR 230
22PE 280
BEPR 250
REPR 260
PR 270
REPR 280
PRPR 290
qePR 309
REPR 310
REPR 320
&2PR 330
REPR 340
PEPR 350
REPR 360
BEPR 2370
REPR 183
REZPR 390
REPR 400
REPR 370
REPR 920
REPR @30
REPR 380
REPE 850
REFR 360
REFD 870
REPR 360
REPR 890
REPR 500
REPR 510
rERN 520
REPE 530
RRIR 530
REPE S50
REPR %60
2297 570
REGP 580
REPR 590
rEER 600
REPE F10
RPRR 620
REPE 630
REPR 600
REPR 650
REPR 460
REPR A70
REPR 6AD
REPP 690
REZPR 700
»EPR 710
rPEPP 720
repR 730
PEPR 740
LR TR0

o
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AL LS & P W § LAY S LA S (e 10 N zepE 759
PERINT v FRAC(RNAST) =®eE 1% :
IF (PFW.RE_ELASK) PPRITDavpwiNFerziet)es I 171 3¢ s
IF (VOT) WRITR(L,TYEY) PIYR, ERI6, PYS =2pe 793 ’ i
1F (*TYP.LE.PD pepE 23% . B
$SITR(L, 7400 ¥TYP : 5227 B1%
CALL  2EIT PEPE 247
L1 ASd¢ L1 oRpp B3
T ... FRRSWELY ITFEAN BRISNT N0¥; IT FULL I ¥ SEATYE SEAT SECTINN:  EEPPF Ra3
=3 ¢ BR(PTEZ, ITE) arpr 255 :
BYS(ETYR,TES) = (TIPCFYD(ETYR,LYPI*UTORININE) JITAPr6T) ERPF 962
CIPIIP,ITE) = (TIPCPIPINTIR, IVR) ¢ ITOPES) /(TR0 0Y) sepz 279
S ERTE(VIYRLITR) = (THATEPTS (PTIP,ITE) «4TOPRIIE) 7 (TINPOUT) »2PE 320
S (ETYZ,ITR) : THPeRT Pre 290 &
TP (YINY.®2.STAZ) GO TC ¥6Q & 22PE 510
%3 COYTINDY - 2ePF F1%
G CONTINYE eZp2 720
g . E22E 919
4 ADD °ZACTOY STITPFT OF TuI5 YEAR(APTER LSSS2S) T6 2973 PPPP 81
[ . i °Z2F 737
127 CCYTI®NE B . Coe EZPY %43
T e iNG T, w0nes pRPE 970
BR(ILIT%) = BP (L, YR} *SREIWR (L) ) PRQE 9%
CENPLT = 20T(L) ¢ RE(I,ITR) . . EEPE 9%
e (SRAPCT-EG.0.) 60 TC 200 . ZEPET.IT
" VETTD (1] = (2CTYP (L} *POT(TYoRE(L, ITR) 4RY2 (1,1¥R) ) /S8TROT CEFETOG B
2 POTIRAE) = (POTTRCT) SPOT(X)oRRF1, IT0) SR 1P (I, ITR)) SEBRPCT : 2EpRIG20
ST RETEY T SER0T . PEPP1029
Lo 12 (uRT) nnus,'lm) LNRgE, nn, RYRL, TYR), POTAT), POTIRII) CEEPPIUGH L
v TSETRI,EY%), POTYR(I) svpr1758 -
TP (WEPSTE.NE.0) RIP(I.NFR) = vn.um o SEZETOLG
70 COSTISOE . PRPRISTG
r . FEFEIOHT
- 1P (I283.273.1) PETNPE 2epR10Yn
[ : PEPRIIDN
- BPPRUCESSTES 3720 PEPEIINN
s . 2EpETIZY
< CALC FPRACTIOS F® OF TOTAL POT PRICA WILL B2 SETIPNZD T0 PRI RFEST=ZpRTIL) B
c PLAR™S TRIS YZpE ~ PRRETISY
r 2ppETISH
| PCTNT 2 0. PERRIILS
| . . DO 220 I=1,FnREc SEPRIITS
: - PEACT) = 0. ‘pEPF1189
| 229 #NTOT -+ PNTGT ¢ POTEI) £epp1179
FILPOT = PGYOT.LE.CICCAP *PPF1Z31
IP (PNINT.NB.Y.3 PR = DAINI(CYCCAP/ROTOT, TOD) PEPRIZTD
- PEPETZIT
. ” CALC »171S RETTRYED FROM ZACH POT THES TR, ASC OEPLETE POT35. pRpEI2I T o
i < IF AST PNT 985 B SRALL PERCZSTAGE NP BRErYCLE CAPACITY, ALWAYS FEPRIING
2 FECYCLE IT CrLepLETELY. REPFI257
[ agppI26s
o IP (§8LPOT) G0 TO 28) pRpRIZTS
- REPETRS
PREPES - 1.0D0 he "EZPRI2I0
- PREFER s .0200 KEPRIND
- c REPET1ITY
L PIRST = O. rEPRIIZY
DN 280 =1, Enops pEPYRT111)
TP (POT(S) .22.0. IR POT(L). . T.PPEPE2® (CICCAP-PIRST)) 50 TO 230 rEPP1239
PRAC(I) = 3n0 REPRIISH
, YIRST = PIRST « POT(I) - PE2RIIEO
280 COFTINNE REPR1IT7D
IF (PIPST.E0.0.) %0 TG 289 gPpPR11A)
PECLPT = (CYCCAP-PERST) /(POTOT-PIRST) o PEPRITI
07 269 Is1,X0RPS REPRIAIN
: 260 1P (PRAC(T).BO.D.) PRAC(f)=PRCLPT REPR1410
- 280 COFTINNE eEpR1N20
00 309 I=3,KORES REPRIAS
IF (PRAC(Y) . NE.O.) PR=PRAC (L) rEPRIVSO
| RETRE{}) # PRepOT{I) REPRTOSO
: 1P (PNT{1) .EQ.0.) 5O TH )00 N REPRICGO
: POT{I) = {3D0-FR) *POT (1) g REPRISTO
- I (VRT) URITE(S,7600) RETRN(I), I, POT(I) REPRIUBT
M0 cCowriane REPRININ
c EPRISH0
| c 1P POTS RONZERN AWD 4-232 CASE, ZKLC WEW CORPPS POR D-232 DECAY, PEPRISID
! ¢ RERRIS20
k . If (F2.¥E.232) GO ™ IR0 pPPPISI0
I ; 0 3180 Tef,KORES PEPRISEO
I?P (PAT(I) B3, 0) GO TO 120 REPATSS50
17 (PPAC(I).NE.O.) PR=PRAC(I) "EPRISGO
- ALPHA = RR(T,IVR) @ (1DO=PR) /PNT(T) REPRISTO
. M7 = RPUG(I,ITR) OBE rEPR1SBO
POTI (L) o (ID0-ALPHA) *POTV () » ALPHA®(RYP(I,ITR)*PZ) rEPRISHY
POTH(T) = (1O0-ALPHA) ®POTW (I} ¢ ALPHA®BZ REPRILDN
79 LERT T R RRPRIFIO
129 coprINne : REPPIA20
POTY (1) *0 sEPR1AI0
POTR (1) 20 REPRILUO
0 cowTiINne REPRIAS" ,
360 ccwrINne REPRIIF 0 §
ETO RN REPRIATO ;
7000 PORRAT (* NEV N212 PR IN REPROC POT',2,P283,%) REPR16AY
| T100 PORRCT (*OPEED DIRECTLY T0 REPRNCESSING PLA PEPRIALD

7200 PORMAT (AT, 11,8X,6210,0) RFPRITAN
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T P"“I"‘ ('?’ rvzy SYI'IF "7" #I2 Tt REF s-x'sst!.'n =0l DEYIVED® !!PI'”};
. PRI W EPIIIR D

b e 4 'I“(' 1‘3 Tw W'.l!-!'l‘.!." "lai".!‘l—~,' ﬁ!‘.ﬂ!i‘.!‘l,s. EPRIYSY
¥ (v R ISOEse, YIS0 IQDZQSIJ‘ ASSRE=Y 22,5, FPUsC "7 _; BRIRVITER K -
"5 'C!'l’(' avi,..c' .!'II LIS -1 4 ?G‘Y.'A:'.IQ,' ul‘u’;',:‘l-ﬂ . ¥1378
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TetrTe L P tE $236 5%

<3¢ rscaazes 1205 vut'a:’wz pg:sz‘r:ia' 3236

re w'uss.u.-rar.zssi
DC of Iml, 6~ L
TEIzTY2(I)
I® {21.72.0) Gcmun
nctn-rsnun
40 CrgTive:
FETIRY o
‘gey

STEDADT ISR SCRIBE (%7,89, l'2,gIUCiP PREY, Pl'Z,!I’Dl) SC9I 16 -

- "IPL!"I" BERXLeZ (K~R,0~2) ° T ecRy 20

. i LCGICAL $P2;SECPET, BADLIS, COFID, SYWLLS - 3CRI 10 T

T ISTEG*~. 007, PAGE [ {NIRa Y.} - - :

. 0% FESALIs F (23}, PA20Y L IP(20) KR (20) , YE(20), YP(23) ,ICTF S, TOTPESCRE 59 . AT

. 1 LY {20y ,PIP§20) . PYY (20),PIP(29),58,9,KP, 2P SCBY €0 <L
> 1 . TUTwaR, POTV(E), POTYRY(S), IYR, 2. YRS (20} SCRI 70 . :
. i L POTPTY 4y, TYR, TTRWAR 5CRI 80
FCUe T JRECYCLy WR(F,80), FYP (6,308, IPD6(6,00), PITPN(A) scey 99 .
N L SN ,POT(4), POTYR(S), CULCAR, SHEIWK(8), RETIY(H) croy 106 -

: e ' : JIRTIR(G,, ICYCL{6), YPRORS(E}, NOPES, BAXKCE TR 110
i . i ’ , PLTIP(6), 1P (6,80) SCRY 120
P T C""!Mlﬁb.')!b/ CASELS) ,OATE, PBAE({20) ,#SEN(29) ,03AN(23),P518120)  SCRI 130
1 ,BET, SECREY, PAGF, COWPIZ 5CEI 149
i 1 (CORSRA(6) , rm" 27y, IPSTR {20} SCRI 159
cr. -rm-l /730%-1/7 KRS (s}, sath, A18(3),3), A5 (39) SCRI 160
1 ATI, 3},  <YC(R0Y, PEEDS (30 ,6), PREDN(30,6,35CRI V1
L LYEZ3)(30,6), FASN(4), PAYN(43,3), PREVL(90) SCRT 189
. | LPREJPA (2D, ), PRY2L(40), PARIN{30,Ty, PREIP(4DY SCRT 196
[ MBS {WY , PRE2FN (49,3}, PREI(83), PREIIF(43)  SCRT 200
1 ,PR909(ed,6, 1), PRODS(30,E), PROD](81,6), QPN (84} SCRYI 210
1 LONORN(N ), C QPR(BO), IIASL(+0), SEP(60) scer 29
1 - STH2(8D,6), USS(40.£), IB3(39,6,%, XTCERS (30) scey 230
1 LINORVL(ND, D), JYRA.(3%), BRYR SRy 280

FEAL®3 ASX, X%, AMS, ATS, AT®, C¥C, PEEDS, FEEDN, PE#DQ, PASH,2RAMSCes 150

¥ JPERVL, PEE2PE, PRE2L, PAR2M, PRE2FP, PIL2PS5, PRE2PR, PREJ SCRI 269

v JPREISP, PRODR, ?ROD5, PRODQ, QFY, QNORY, QPR, QTAIL, SE® SCRI 270

-1 LO8C, TN, OPR, WEORNS, IRQRYP SCRI 280

GATA PKEOSY/7PPY V'/,PEPTIG/TPRE 2P°/,PRETIP/PPRE 297/ CRI 290

[+ SCRE 130

[4 - SCRI 310

£ T4TS POOTIRE LTORES YT, POR THE STINAAPY PPGRS., SCRIBE IS CALLED ATSCRI 120

€ THE ESD 0F BACH YiAR ¥ NAIN, SEOTION ¥, sCRy 110

c SCRY 80

4 s scpx 159

€ FEED STREARS 57RE 3D

o sCry 370

CPE(ITE =), SCRI 80

0% 191 1-1,1%9 ACRE 190

c  PLE PLESAL FRED ACRT w0,

IF (OABI(YP(I)-. 77V ) .3T,,00050-2) 30 TO 20 SCRE 910

CVORR(LER) =¥ (7 ICRT 410
THIRES (IeR) 1 (1) SCRY 930 B

YEORET (YR, AENDK) s TP () CRE w40

50 T0 100 acrs 950

- C P SEACTOR RPTIPT PPELA - - LRI 946G

2% TP (IPSTRITY .9, %) % T4 40 CRE 470

[Poe e PR (1) Ll FON LL] -

I¥ (IPR.GT.1)5) SYReIPF-11G 4 P | 1]

PEPOT(ITR, EPR) «P () 2CRY 500

PROON TV, IPR) S P (D) acry 519
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§
%
PPED2(ITE, IF%, RINDE) 2P (1)
53 TC 109 : .
C  SSEPROTICTIONS FERD i
& %0 IF (*NRA(N).BE_PEEOSE) 50 TO €3 - i
IF (*(I).17.75-1) 6O TO 170 - {
PREI (TYR) =P (D) i
50T 190 H
60 IT (PYZT(I).3E.PESTV¥Y} AC TG B9 i
IF {*(I).LT. %33 G5 TC 199 . o
PRRIIF(ITR) =PUE) , - :
PPE’?"(!!!,!!'!W)-"(“ -
. 10 180 : -
C . WISC PED StEmARs : . “ - N
© RO I*. (F{1).23.G.) GO TG mo - - : S
} COLD=QPR(IYR) . ! .l YL
C o'znnl-umpt-l-r 1)
- 1Y) & (ASKLLITER) *0GLT @ :rm-nmmtnna) :
. u (Y2, RITTX) = (a7N(1YR, uumpoom s TF(E}CP(D) ) ZAPN(ITR) :
N
7 -
z -
PRCD .
Ir. (XPSTRT) -!q.vy &0 *o lzs
UL IPRRIPSTREL)
PRODOIZYR, IPR) =P (1) -
PRODS (YR, 2P} sXP(N) - : “ i ~
. mnuu,tn nznxp-nm .-
G0 70 160" . «
€ paEPRODUCIISE (wEW) -
120 1P (PRAA(T).¥E.PRETI?) GC TO 180 .
1P (PL1).LT.1.0~3) GO TO 160 - ‘.
PEE2P(ITR) =P (T) :
7RE2PS (1TR) «XP (1) :
PPE2PR (LTS, BINNT) =% (1}
w0 20 160 . ‘
T _WISC PRODNCT STV ERYS ;
180 IF (P(I).E2.0.) 30 70 160 ¢
QCLD=QPA(LITR) :
QPR (IYP) =QPY (TTR) *P (£}
PASH(ITR) = (PASY/ITR) -ootn-:rm-run/an [$477)
PARR (IYP,YISDY)x (PAR® (IYR,AIUDN) ®Q0LD « YP(I)*P (1)) /QPI(1TF) . 3
% conrIsne . )
c mIns ; .
OAIL (LTR) =9 (¥) SCRI394 . £
RS (IYR) =XR (M) - SCRI1920 T - . *
ATH(IYE,RINDY) =YP (W) 5CRIV030 - £
c SCRI1080 . - -
c - SCRINOSH
€ ISDEX LINITS AND MISC IWPn, 5CRE1069
[+ SCRINNTO
rPYR=ITR - SCRIV0BD
¢ JYEAP (1Y5) s ITP SCRIN09G
- ¢ IEITIPL PREPRODOCTION . SCRINI00
. AR (RINDY) ean SCRIV1IS
€ STPARRTIVE SOBR AND USPRCZESSPD RETUNNS SCRIV1120
SEP (17R) =SUUCAP SCRITIIG
0 180 Kef,KORES SCRITT8D -
150 (172, K) =POT (X) - SCRIT150
. TS (ITR,R) = POTIPE) SCRIN160 :
T : 137 WA (TEF, K, NENDL} «20TYP () SCLI1170 ;
. € FUTENTORY LEVELS - SCeI1180
- T PREIL(IYM) =PRE? SCRI1190
PRE2L (1YR) «PR®2 SCRIV200 . o
M PREZN (ISR, NEMOT) =AR2 SCRIN210
€ WPPROCESSING CRPACITY CRIN220 ;
CYC (IY9) =CYCCAP . SCRIIX3) - :
RETORN SCRIT20G ¢
mo SCRI1250 ¢
i - !
SOBROITING SECANT (TRAY ,FRAY, N, IS, STERNE,CCRIT, ITER,§SOBS, SECh 10
! THEW ,PREV,CRITHW, HERC,N0RK ,CRIT, IOROP, SECA 20
1 EVAL, IWRT, TPLAG) sECA 30
IRPLICIT REALSA(A-N,0-T) SECA 80
DINENSIOR TRAY (1S,1S),¥YBAY(13,18) ,CCRIT(S), £SIPS(IS), TWER(IS), SECA SO
1 PHER(1S), WSEC(IS,1%), WORK (IS, I9), SECA 60
1 CRIT(I3,2) ,CRITT (20),AHS(20), DEL(20) sgch 70 ,
N 4 . s|ca 60 ]
c ) sgcR 90 ]
B € THE SECAWT ROUTINE PEND3 THE ZERCES OP N SIROLTAYECOS EQULTIONS SECA 100 ey
€ TN K WORKFOUNS NSING THE SEWTON PORROLATION OF THNE SECANT SETHOD. SECA 110 ]
€ SECANT 15 CALLED HERE BY DOTEAR 70 SOLVE THE CASCADE BALANCE S¥CA 120
€ EDTIATIONS POR EACH YIAR, SECA 119 ‘
[ L¥CA 180
4 SECA 190
IPLAGeD SECA 160
WP = Fef SECA 170
o 20 §s1,m SECA 180
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97

ISTE (I} = XORIT LI, 92T}

P OYYTR (I} 2 FORY(ILEANY

wee- SESERATY C‘)SY'! TY"Y ISDITAINZS GPF TPY ISYTIAL wSTIMATES

I ET =L, N0

v =3I,

9w an Jal,¥ .
TEITTAI) = CRITTUI) o FRAY (I, I)Ce2

| errTrenE v -

CIYTETTE
THETTSE

ver. CALCTLATF EATPIV ¥C SESTEATE WEW ESTIMATE. CALL DRATEQ
VITH -*RAS =EHS GF ZATRFX CIATICE. CS RETIEs “HES® BOS » FEV

ZISPLACENEST VECTUR

o 199 LeV.3
FNS (I} *PEEW(T)

DG 160 J=1,%

FroR(I, ) = FeRE(i,3) - PSES(L)

CALL - DYATEQ(SOBY,BRS, l,-‘ IS’

TIFReYTERS 1

oc 185 I=¥,3

DEL{Z} * @-

LC 120 J=1,5

DELLY} = T¥LIy - u-na.n—lnzu.nmonsm
ISP (I) = ESEVL) ¢ DEL(I)

IF (1901.GE.2) WPITE(6,7000) ZYEN, (ISEW{E);2=1,5)

vev. PVALONTE WOU ESTIMATE:
CALL  BYAL(XSEW,FUZV,ITEP) .

eess CALCTLATE COSVERGEWCE IFDICATORS OP BEV POINT

- N

309 = 0. -
cpYTHV=), -

DC VEG T=3,%

SO% = SUR o DEL{Y)ee2
CEITS® = CRITSY » PRED(I)oe]
TF (IVEI.GE.2) . WRPITEZ(6,7190) (FYTU(I) ,I=1,8) ,CRITSV,SIN

ce.o TESY RAETA®S T0 PETORN NCY EITHES NURMAL O ABSI9RAL.
IF (CRITSU.LE.CCRIT(1)) GO TO 183

sess TEST PLR STALLED [TERATION

I* {STR.GT.CCPIT(2)) GU 10 200 .
IF (IVET.GR, 1) 9RITE{6,7270) ~
IPLAG = 3

50 16 228

eeee ZIIT OB CONVERGED P'S

IPLAGST

IP (IWPT.52. 7% Z205:¢6,3200)

PETUR®

CovTI¢nt

I? (ITRP.LT.ITERAY) 50 I 300

vere PYIIT QW BAYIMIR JTESS
IPLAGs 2

SRITE(E,TR0)

COSTINOE

esver SELECT BEST ESTINATE
Jen

PPST = CRIT!'

nC 280 I=Y, 3PV

IF (CRITT(I).CT.B2ST) GO TG 489
PETT o CRITT(I)

K

coxrINge

IP (3.2G.0) 6O TO 280

00 260 's1,N

THEV(I} ~ XRAT(I,)
PREV(I} = PRAT(I,J)
CRITRA o CRITT(J)
conTINGE

PYalil]

CoNTINTE

ve. DETEPNENE WHICH OF TNEZ NPT OLD POINTS TO DROP

1DROP= 1

INRSTECRITT(N)

05 329 3e2,Np1

TP (CRITT(IY.LT. ¥ORST) GC TN 320
I0RNP» Y

VORSTwCRITZ ()

crarInne

coe ORGP TLARNPE, REORDEP ARPAY™ AND INCLUDE LATEST ESTIMAIL,

17 (IVP".GR.2) WRITR(A,7590) T3nB3(IDMOP)
17 (IDFOP, 2Q.WPYT) GO TN A0

SECR 190
SECH 299
S2CA 210
SECA 320
STCA 230
SICA 00
SECR 230
SECA 260
SECa 270
SECA 280
SZca 250
STCA M9
SECA 310
STCA 29

SECA1000
SECA1010
SECA1020
SECA1030
TECAT1080
SECA10%0
SECAT10680
SeCA1070
SECAT080
SECAT09D
SECATI0C
SPCAIN0
SECATI20
IRCAI1130
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) 98
™Mt ITINe?,$ .

, 3C IKY Is1,¥ - ‘
TEAY[J,I) = YPAY (S, IsT) (G

13 PRAT(I,I) = PRAT (S, I*V)
TSTES(I} = ISTES (IeT)
63 CPITT(I) = ZRIT— (V) =
- . e enwrrenT :
3r 333 I=1,¥
TP AT, SR} «2uRT (L)
230 TRAY(I,SPY)urSTR (L)
£S735(5PT) =1Twp 3
C21TT (S2Y) =CUITIN "
[ L T 0Y
70°% OPRRT(*0%,IZ,°C *,3515.7/(9L,2015.Ty)
TP PERRAT(® P Y, WPBI15.3/(9L,8015. 3))
7239 *anaT "GETRRITION IS STILLED. FETUSS BEST ESTINATE. ux‘r';
- 7410 MeeRT{"ICCAYERSZNCE ACHIEVED®)
Ta30 CRYAT (POSTIPY/ e STO ' NANINT N i TRES. EETUE® BEST 2STITATE)
7537 POPEAT(*ODROD,I2,° PRGN BATIS®)
.+4:4

SEBFITIINE SEIUP (RPF,AB1, PP2,AN2,IBDY, PPR, FRACY)
I®PLICYT BEALSR(A-B,0-I)

LEGICAL BRT,SECZET, EADLIN, CCYPID

YFYEGRE OUT, PAGE

L

REAL®R BI'D'I.”III"'I.BHIII' L !1['!'[ ~ -
DIMERSION STeX(37) ,SECR{NF) OOASTQRY) . P(8T) -ID(CO]
v »ISTI(4%), IWD2{AN}), !l.’”()l. IRINR{RO,F), PRACE(29, D)

#IUN(2N L,PXP(20) ,PYP(20),PYP(20),19,5, 0P KP
¥ ."ID( POTI(6), POTYRI(E), T 7%, N2, YRS 2N
] . POTPUI(6), JYR, ITRBAX, Isfl!ﬂﬁl .
ceRce IEECYCI./ MR [5,80), RYP(6,80), BPIS(6,8%), PGIPY(S)
_ o POT(6), POTYR(A), CICCAP, SRRIBE °6), BETRE(E)
A : T IPTIP(S), ICYCL(L), TPYNORS(E), KORES, RAXROP
% JPOTIPL), BEIP (6,30
Cr.Omn® /REC120/ cnsusi »ORTE,FBAR122),PSIN (29) ,PIAN{2Y) ,PSIN (20)
1 . 2T, SECPEY, PAGE, COYPID
R JCNRIAR(6), IPSTR (20), IPSTR (29}
Chanot /TTCLE/ BFASE, IMHIT
EQUI FAT2ECE (9,307T)

SETTP GEZSREATEC A CASCADYT STHEUAR 7, BLE BACR YEAR PREPANATORY TG
T OSHLYIBG. L 7TOP IS CALLED BY DCYZAP,

~
[x e Na N2 Nala)

na=R2-230
IP (SRT) URITE(6,772,) JER, DATE

WILD A STREAR TAB’.z FPOY ISPIT CARDS PLIS PREPRIDUCTISE STREANS,
Mas pPECYCLE,

BEaNaExNal

o0 20 I~1,80
1802(¢1) =0
o0 20 J=1,3

20 IRIWNR(I,J) * 9.
PG 80 I=1,TAXKNR

30 IPTYRPII) = 9
20 60 J=1,37
IP (WKASE.EG.Y) NEAD(S,7200,E8D=360) YIKY, STRN(J), SWAN(J),
1 ISTYPCI), QUART(), F(J), (IMEWR(I,1),L=1,})
I® (MMASE.GT.T) READ(IUBIT) YIKY, SYOR(8), SWAN(S),
i ISTYR (), QDART(J), 2(J}, (OMINR(I,1),E«1,))
IV (YIRY.EC.STAR) GC TO 80

60 COFrIsnt

- SRITP (6,7300)

WITE(6,7800)
CALL EXIT

23 CONTIVTE
CALL msncsnn SHAR,QUABT R, INIEN( Y, AXASE) APV ART,AP2,AN2,
A 1902,3,15%19)
[« YA 2 ll"DS(ﬂ'"’,Slll QUAST, B, ORINR({1, RKASE) ,J,ISTYP,CORNAN)
173
17 (PPR.EQ,.B8LANT)_GO TN 120

c <ee» CCAVERT PRON PARTS PER RILLION 1T-23% IIPOT OF NINOP ISOTOPE
c 10-STANDARD WEIGHT PRACTION,
50 100 f=1,IT

100 ININR (T, ARASH) = URIUN (], 9RASE) ¢ 1D-6*R(])
c
¢
T CYIER ALL STREANS BY 0-2)5 CONCENTRATIOR VALNE(A).
¢

129 00 180 fe1,17
“80 10(f) = I
no 180 102,57
Ifef-1
0O 189 Js1,:8
IP (R{7).GT.P(0)) GO TO 180
IP (R(DEQ.R{I) AND, JITYRP(ID(J)).NE, D) GO TH TAO
T™MPer(])
TOTHP=ID(T)

L RRLL]
SECATTSD
SICRVE)
SECRIMTR
SECATIRD
SECATT3)
£9CAY29)
SECAT2TD
SECat220
SECA Y235
SECAT2M)
SECA$250
SECAI269
SECAT270
secat12e9
S52CA129%
SECAT IO
SECASG
SECR 1320
S2:CATIY)

sers 10
srra 20
SZry 30
SET9 MO
sTIg 50
sera €0
srrg 70

CERNGY JEVALL/ PU20) ,P(40) ,XP (20} ,2PC20) , YP (2D, YP(2D) ,TCTP S, TOTPESETY  4)

sTre 50
ewey 148

‘ST 110

sero 120
serg 130
SET9 80
SETD Y50
serg 169
SeTO 170
sery 189
s2TU 190
S8 200
sers 210
setn 226
seTO 230
srry 280
SeTY 250
Sero 260
setn 270
sery 280
s210 290
SETU 300
sET3 310
serg 32
serg 330
SETU 89
ser3 356
sere 36¢
S0 370




99
C -
bt 1 b ers s*rg 733
Y€} X)), I eren M0
B (=Ko 7)=® (Z-X}) SPTD 750
160 ID(I-TaynID(I-N) sery 760
LI} =TRF ) : sPTO 770
Iy =107EP SPIT 780
127 CcoSTISCE SETO 790
I¥ (_¥CT.8¥F} GO TG 220 R SETY 800
. 203 1=1,.T SETg 01 =
TI=ID(Y) sery 620 . r
B -::!u 7200) sﬂ-un.snunn,xrn(m. QUASTZ (II) ,B{I}., SPTY 830 -
OSNALY I, . S*IY 8e0 g
:23 CTYTIvDR SPYY 850 .
- c SPTU 860 . . g
z - SPTQ 270 E
T SEPAPATY TABLE ISTO PPED ABD PRODUCT STREARS. SET OTEER DATS. SrTY 840 A
E I3 SPTU 890 - - .
. I¥a3 SeTy 900 -
3 ouTeq SETS 910
D¢ 330 Is¥, I sSere 920 -
II=13(1) StY9 930
: I¥ (STEN(II) .u.xn G0 TO 280 - SETY 960" : -
[ SETT 950 . o
c --~PEED STREAS: ’ SETE 960 L
IS=Iys 1 i sery 970 o B
TP {I%.LE.20) 6O PO 23 s SEYY 980 - : .
VEYTE(E, 7500) . STY0 930
wPITE(6,7800) SPTUL000
CELL PXIT < . SET91010
¥ 283 cOBYIVYE SEYYI020
4 FEAR(I ) »SBAR(IL) . SETH1030. ‘
5 - PIN) sCOABTLLI) seopicas .
H TF(IN) = OSISR(IY, RN:SE) SEP31050
H T .00 260 31,7 < SELOIN6s .
: 263 FRACY(IY,I) = URISH({II,T) SETYI0TC
_IP(Iv) =BqI) SETU1080C
T PSIB(IS)SRLAYF SETU1090 o
IFSTP(IS) = O SETR1300
IP (ISTYR(II).LT.) IPSTR{IS)=-ISTIR(II) SETO1110
) IF (ISTYP((1}.GT.0) IPSTP(IS)«ISTIP(II)+10) SETU$120
S I® (IVD2(II) .TE.0) INDI(IND2(II}) =1% SETUIN20
IP (P(IN}.GT.3) 53 10 380 SETU1180
PTYN(IN) sSTAS SETAI1S0
wpszy SETU1160
56 To 339 SETIIVIO
- ¢ : SETU1180 3
. , - v PPIOOCT STPEAR: ) SETE1190 ) -
229 CowTISNE ~2701200
eNTLOTTeY SPTB1210
? (sTOR(II) .23.C) GO 7O 300 SET01220
: URITZ(%,7000) SYAN(II), STRR(II) SET01230
. R werTE (¢, 7800) SETUI280
cALL  PXIT SPTU1250
150 CONTINTE SETV1260 .
IF (GTT.LE.201 67 To 329 SETUI270
wPITR{6,7700) - seTC1280
WPITE(6,7800) - SETUT290
cALYL  PXIT SET01300
129 COFTIWNE SBT01310
ISTRR{CTT) = OTT SPT01320
PHAN (ATT) =SSAN (I 1) : SPTu1)I0
PINTY 2QUANT(IT) SETO1380
XP (QUT) R (1) STT01350
YPIOTT) = TRINR(II,ANASE) SPPO1360
IF (%2.20.232) TP6 (OTT) sINIYF (1T, V) SET91370
IPSTR(CUT) = O SETU1I80
IP (ISTYD(IN).GT.0) IPSTRGIT) ¢ISTYR(IT) SETU1390
IP (ISTYP(II}.G2.0) IPTYP(ISTYP(II))=097T SET01300
I¥ (19D02¢I]) .BE.3) IND3(IND2(II))=0NT SETUIRI0
BN (ONT) =1 SETUIN20
PSIN(AUT) =BLAFK SETUINIS
I’ {P{CTT) .GT.D) 30 10 3a0 - SETUIARO
T PSTN(AUT) = STAR 52201850
rPrOTY SETO1860
190 ccFrysne SETUIRT0
I7 (VRT) PRITE(E,7600) IN,COT,PRAN(KY),PRAR(TH SETBIN80
- RETTRS SETU1499
150 cowTIenE SPTo0d
Go 10 B2 SETO1510
7590 PrRRAT (T0¢ee COLIYF 2 OF STREAN CARD POR STREAT "¢,A6,°" 13 °, SETT1520
] YINCORPRECT: ™0, AN, 77) SET1530
7|ou POPRAT (121,7CORE TYPE  JUABFITY’,&X,'S5<FRACTION’, 191 SET01580
L*RINOR 13OTOPE PRACTION3®, 120, 15K,A8) SET01550
non PORNAT (8T, AT ,A7, 11,4210, 1} SPTU1S69
7300 PAPNAT (1%, AV, TN, A8, 16, TPD V6. 0,00P 12,6, 3D18,5) SPTUIS70
7000 PrRNAT( f0evs WINBER OF STRUANS LXCEEDS SIZE OF PROGRAN ¢ee') SETLT580
7500 PCOEAT (TONINEER NP INPTT ITREAYS EXCEEDS WATIR1S OF 207 52701590
7600 YOPRAT(O0I%«?, 12,7 ONTa?, 12,7 CALCTLATED PEEDs’ ,£0,¢ "ALCOLATED ' SETU1400
Y ,"PRODNCTET AR} SETN1610
7700 PCPRAT(TONTINBER OF OTTPUT SYREANS EXCEEDS MASINGR OF 20°) SETU1620
7800 TCOTMAT (70!, 754, TERRINATE EKRCUTION! ,/, %7 750,/ TEARINATE EYECTTIOSETUA30
1wy SETUI0

2] 1rTH16%9)
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ss-eo-vuz TTOLYG (I, TIL215,T0L 30T, YI2, TILGEY, TILIES,CRT1Y,C22Y  TUSI V9 .
S TTRZ , FASED??) ‘To8T 29
) r'pu"n B2ALeS (R-2,C-T) 51 10 -
Col PEAL®E EIPTLY /1.69D0,1.2090,0.7300/, BLANK/® v/  2EY(10) ONE 30
- BANPT IST /2PRRS/ EIP, TM21S, TOLSP, TCLGEN, TILRas, <3V, (22 TUSI 50
[ TISI 60
: [ I 79 -
- €  WITE EATE SE? ISCYOPE IF A CASZ, RAI” CALLS Te9It; T° SET ISP TUSX - 89
- C  VALPES OF ITERATION PARARETERS. THESE PARNS ARE 5ET AY EITHEW e 90
C  SEEMTIT a8 ISPIT WALTES ASD ARY ALWAYS PRINTED. VST 100 - )
< TISI 710 :
= < : TS 120 ;
TIL23S = 598 TISI 130
TOLS®Y = 1D-8 --TUE; 19
~  TUGEE = 300 TTIYBT 150
TILRYS = 009550 : © TSI 0
CEIt = 2.50~VF - . T93F 110 :
- Cp21 = T0-TE i cUBI 80 o =
PTPY v PXPTENI} L 190 : :
1] nlsm.ro.o-lvn.nn.zo.uun o020 E 981 200 el
WPITE(S,7000) | UL 208 e = =
WITEQE, 7130) -X3L2)5, TOLSE 1, TILGED, -m.nc. 2X2Y, Canl, a2 1981 220 : " ‘
20 IF (TOPE_EQ.-BLASE) PETONS o LU 230 - =
c - , R TUBL 290
c -=- ®EAD 1IN I[TERATICS PASYS reg vas 1sorove: : S9NL 290
c - . TUNY AQ
I = 0, : i L L TFY. 270
TOL235 = 0. . R . : - FOBL 280 : o
TOLSS = 0. : . TUFY 290 -
 TCLGEN = 0. - . TU5Y 300 .
T0LYEG = 0. - 705X 310
oo re 6, : T ToBI 326
e, 0. ’ - : TUSI 330 o .
FEAD(S , PARNS) TIFI 0 - E
. IF (TOL235.¥2.0.) TW.235=TOLZ)5 79I 350 -
- I (TCLSP.82.0.) TOLSUT=TOLSW T8 360 ) ke
IF ("YF.8E.0.) ZIPVFXP T3 570 g
IP (TOLGEN.WE.0.) TILGEN=TOLGEY TUBI 380 i
CIF (TOLARG.YEZ.0.) TILERG=TOLRRS TINE 290 e
IP (CRV.¥E.0.) CRUI=CE Y T W0
1P (CP2.BE.G.) CR2¥sCR2Z TUBE 810
- WRITE(S,7200) TIL2S, TOLSBY, TILGES, TWLU8S, RYPY, CRIYY, CR23 TUNL 829
‘prORN TUBI 830
039 SGPAAT {707, V01,7 TOLZIS TOLSY TOLGES TLIARG exp® TUNI a0
1 . cel CE2°) 79I #50
7900 PESRIAT (" DEPACLYT®,192210.2,0077.3,710.5,78.), 192210, %) TOYI 869
7200 POSRAT (* CHRYGED®, 1P2E10.2,90F7. 2,P10.5,78,.3,192¢210.2) SIBE 870
- 1 TUNI 88D
STBRG-TTIRE TRPAGE(RA,L,18D3, BLANK,STAR, PRACY,PSIA,TIT25, TOTOA TEPR WU
U | ,zua.rsn,nn,rvn,nn,nz,su som) TePR 20
INPLICIT PRALSB (A-N,0-2) yeeA 30 -
- IRTEGEP OUT, PAGE YRPR 80
CONIN% JEVALT/ ¥ (20) ,P (20) ,XP (20) ,XP(20) ,¥P¢20) ,YP (2D),TO0T"S,TOTPE6YIPA 50
: 1 B8 (20) ,PTP (20) ,PYP(20),PXP (20) 18,8, ,KP, TP YRR 60
- 1 LTROK, POTI(6), POTEPI(6), IVYR, B2, YPE(20) s 70
1 LPOTRPOI(6), JIR, TYRMAX ™ea 80
conecs secucL, BR(S,80), RY2(6,80), WU (S,80), POTPU(S) yePR 90
POT(6), POTIP(6), CYICCAP, SRRINK(6), RETRY(S) PR 100
] "IPTIP(6), ICYCLIE), TYEORS(S), KOBES, EATKOR YRPA 110
] POTXP(6), DXP(6,50) yRPA 120
COTNS /RECORD, CASE(S) ,OATE, PRAN(20) , PSIN (20) ,PHAR(20) ,PSTR(20)  YRPA 130
| ] /W87, SECULY, PAGE, CONFID TRPA 130
‘ 1 +CORBAN(6) , IVSTR(20), IPSTR(20) PR 950
i CHANON /CYCLZ/ RRASE, IORIT YRPA 109
| . 22AL*8 ©/'0°/, LY/°1°/
LOGICAL SECREY, COWFID, WBT
BOOITALRECE (F,00T)
DIREFSTOB FEDI(3), PRACP(20,3), PYP(20)
‘ H{Y,¥7,7) =« Ye({103-X-T¥) /%) *¢ (2~ 1D0)
[
[
¢ --o RECORD YEARLY DATA FOR SPXT SSOTOPE ASD GEWERATE TEARLY
e CASCADE MLOWSHEET.
€
¢
Hiveo.
po 20 %=1,5%
RINSHIBeP (5} R (XP (1), TP (1) ,THON)
20 cospswue
TOTPE =0
ROMTe0. .
DO 80 Ke1,007
HODT=HOTTe P K) o1 (XP(K) , TP(K) , THOK)
PIP(K) = P(K) *YD(K)
TOTP6 e TOTPE*PTP ()
80 conryane
DIPe3W-SUN
DEPOPE=DSP /TOTPE
TLAOPS =PYP (O7T) /TOTPG
[ YRR 820
¢ RAVING CCYPLETED ITEPATIONS, GENEZRATE CASCADE FLOWSHERT PAGe, YRPA O30
|
E




ke

H

A S35 i

e

N STPZANS HEIRE, ASD LE'T SAVE RECYCIED PEED sma- YRR 850
< PYICEPT THOS® PEAD IF O CARDS - Yai-+ai= 1y IPSTE SUTSERYRPA 860
et ~OF 100 » THY COR® TYPE BINAER, . YOPLA &70-
c . TRPA 580
CFeITY(L, TE00) “JY®, CASE, l"! R TRPA 890
SYITP(L,7720) ™, u% B YPRA 500
1y¥e9 %A 510

7 63 I=1,I¥ - ) PPN 520

-2F (DAZS("(I}}.LT.10~3) GO 7O &0 7ePa 530
ST (L, 7803) l’ll.'.(!',..!!l‘ﬂ. T {I) .!!(I).Y?(!). TFPA 580

T TEP(I) L, FYF\D} : TAPA 5350

IF (IPSTR{D .ll.ﬂl PRITELL,T000) IPS'!I(II TRPA 569

I¥ (IBF.23.7) SRiTEQL,7909) - TEPA 570

T IvEsy " YRRA 580

l' (IEmI(Y) . R. 1.0 (IPSTR(T). n.:l.ln.nmm.Lr.ua).og.msz.cuu $90
.7 GG TO &0 - YL €060

T (IFEI(2).Z0.1I) GO TT &) - oo B 5P €10
-gn.v -9 . - TEPR 520

IF (ITSTRLI) .GY. 300y !ll.l.ll'!ll(l) 00 - TEPA 630

IF (I.ES.EM) P(I)eQ, TPPA GAS
FRIVE{INSIT) PLAFK, IY, nuu), L, L), IT (I}, IP(I), - YPPB €50
IPIII:!'(I.J? .102.!) i - YRY?A €60

€0 CuITITOT : ) SRR YRPA 670
ls!‘!’!(l..lﬁﬂm : ‘ b + - YRPA 680
SETYE(L,8100) rsn.mrs.mn,uu " : . TAPA 690
SPITE(L,R300) S 5 ) . YERA 700

- Irgrs T ; e 3 AN - TRPA 730
po 80 !-1, = ) : : RPA 720

i (nlsn(xn.n. |D-3| GO 0 B30 YERA 730
WPITE(L, 7200} PEAYLI), PSIN(IY, P(I), XP(D), . YRPA TEQ

1 P L), PAP(I) , PYR(I) LT YRPA TS0

IF QXPITE(T} LPE.OF SEITE(R,7300) (esTR(l) ] ’ YRPR 760

1P (I"K.EQ.0) Iu!lu..BM) . "PR 770
I3r=1 ) YRPA 780
TEPY = BLAWY - . TRPA T90

1F (I.25.F) TEERNaSTAT . YEPA £00

IF (1.2Q.19D03({Y) .92.9XASE.GT. 1) GO TC 8O L TEPA 870

IF (I.2Q.57) PQ1)=90. YoRA 82¢
SEITE(ITPIT) TER®™, O, PEAR(I), IPSTR(I), P(I), XP{(f), YP(I) TRPR 030

) LTERC, 2200 TRPA 280

89 ccurINUE T2PA 850
IF (TWASE.EQ. V) GRITE(ITIITY (P(IBOI(I)}, 3=V .2y, 2{iSD}(})) YRPA 860
SPITE(L,8390) T2P1 670
JRITP(L,8100) PSAN,TOTPS,TOTP6,HOUT TPPA €20
BEITE(L,7100) TRPA 890

IF (?R27.32.9,) WaITE(L,7200) PSEY 124 909

IF (PRE2.3E.3.) WRITZ(L,7300) PRE2, AP2, AY2 TEPA 910

IP (PRETepRE2 E3.N.) ¥PITE(L,8703) TRRPL 920
WEITW(L,7810) TEPA 510

Irv 2 0 TEPA a0

on 100 K=9,KNREES - 8P4 959

IY (POT(K).ED.0.) GO TO 100 TRPA 960
YRITE(L,7500) CORBAR(K), ¥, POT(K), POTIP(K), POTIR(K) TRPA 970
Ing=1 TRPA 980

190 Corrisol RPA 990
C I* (1¥K.E2Q.0) WRITE(L,8700) TEPAYT000
VBITE(L 8520y n=, S¥, m=, DIPCPE, Sum, ®%, MY, TLEOPE, DIP 73241010
WPITE(L,8699) YRPA1020

I? (SECRET) WRITZ(L,8R09) ’ TRPRIO3G

P (COSNPID) URITE(L,9900) YRPAY0RO

L iad 14 TRPATOS0

7990 PIRSAT ("¢ ,T27,15) TP A1060
7130 PORNAT (*~PREPROD INVESTORIES (YR END):°) TPR1070
TN FEURAT T8, INITIAL PREPROD®,TIS, 1PD12.9) TR221080
7300 PCPUAT  “18,°SPF PREPRODY, T3S, 1PD12.9,20076.7,719. 12} TaPAT090
7800 PPNAT{*=T1BPOCESSED RETURSS (TRIS TP :") YEPBRI100
7590 POPRAT(TIB AB,I6,1P017.5,2PP796.7,719,12) TRPATITO
7643 FORSAT (TS2," MABITN CLOWSHRET ANARLYIPR'/? * T63, I8/ TRPRINZO
) ’ VY90, °CASE: °,8A0,A0 7patile
/790,°04%E; 7,38) fRpATIRG

7700 PDRYAT(0°,T18,"PLOS WANE CODE ORANIUS WEISHY S~PERCERT’ 8X, YRPAIISO
19,'-PERCRNT? 8K, "5~COSTENT, 110, ~COSIENT®) YPPATIGO

780') PORNAT (" ', (TVH,A0,A1,8X,19D72,.5,2pP16.7, TP A1Y70
719,192,087, mnz.s 6%, "D!Z.Sn YRPAYIN0

1900 PORYAT ('0',13 'll”? !T'llls') TRPAT190
8090 PORSAT(® *,TI28,°INPOT-H") TRPA1200
R130 POPRAT(® *,"20,°T0TAL,T35,1PD12,.5,706, 1?0'7.5 2(6%,1P012.5)) YIPAT2Y0
a9 'nlll"('o',‘l’?, 'DHYPU" STPEANS') YRYR1270
BIND PrANAT (*0°) TRPA1239
6300 PURRAT(’ *,T124,°N0TRUT-H') TP AT2N0
8500 PLRSAT( < ,T25,75,°,19,°7,9 SEPARATIVE WnRK’® ,Tes, 1PDY2,5,770, TRPAT250
1 's.¥. DIPPRREXCE/TOT. ', 12, ~INPITY, 100, 1PD12.5/ erily

1 Y 1,725,°5,8 SEPARATIVE WORK',T48, 1PD12,5,T70, *TAILS’, YRPAT270

1 12, *~COYTENT/T0T. 7,12, ~TBPITY ,TV00, TPOII. 5/ YRPAT280

A\ T25, 03 PPRRENCET T8, 1PD12.9) TRPAI290
600 PCOYATVI0C TRANIIR WEIGHTS DETERSINED BY BALAVCE') TRPATIOO0
ATAD PORKAT("¢’ 7)), 'ROWRE’Y YPPATII0
ARG PORBAT (TA? 759, «aSECRET <!, /"7 ,T61,75PCPRT") TRpA1320
2990 PAPRAT ('4' ,TH4, ' ~=COSPIDENTTAY =) YRPA11ID
L] YRPATINO

wr-- SAVE YEAULY STPEAES GF LUNIT, EOT DGB°T SAVE PREPSCOUCTICE  YPPA 380

DENSLE PRECIAING PINCTION DNATEC (A,B,151,900,1IM T 10
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PEIGSAY AUTHGES B, E. FONDERLIC A2 A. G. EDWANDS,
CcePuTIvG TECHSOLOSY CUXTED, SPLIOS CARNMIDE CUII.. BUCLEAR DIV.,
cAv PIDGE, TENS.

DIWEESIOS A{ID,7),3¢IZ, V)
DOTBLE PRECISIOY A,E,2,5,D

FFalXl
TRIRES (J1T)
DY,
IP (473.17.0p D=0.
ZERepy-1
DO WOI=Y, KER :
S=9.8 : g
~ 00 203s1,0K : .
' E=BAES(A {3, T)) \ B
I (»-17,5) G0 YO 29 R
S=p
: B3
2 . CORTIVEE -
: Ir f-22.-7) 60 10 100
90 8O J=I XK
T SeA(I, ) .
: m.n-m.:n
vz By B ®S K
T (BV,52.0) €O 'm n
00 60 I=1,8¥
T SeBAEIY L
T !(I-Jl'!ﬂ-.n
34 Bk, N} =S e 3
80 =B Ci DMRT 320
V0. - TP (A(ID). l.n-o.| G‘)"ﬂ SRR L 25 . JE
g uv-:n ST AT WS
PO 160J=1P0 KK i - DRAT 350 @,
Ir (A4J, D) -20.0.) GO TO ¥0 N LT ‘DHAT 260
< S=0 (3, N} /A (L, 1) . puAT 370
- A, M =0.0 . BRAT 380
50 120 UsIPO,KE : E - DEAY 390
120 A3 E) =R (I, K)-A(E,K)*S - DRAT %00
IF (3Y.1L2.0) GO TO Y60 DBAT 810 : o
DO 180 ¥=1,3V DRAT 820 3
180 B (I, X) =B (3,K) ~B(I, K) oS DEAT 832
160 COPYINTE DHAT 880 3
180 cnETINOR : DEAT ¥50 :
00 2001s1,RE DHAT 860
200 DepeA(I, Iy DUAT 870 - .
Ir nv.n.on 50 TO 260 . DHAT 880
RO = EE-1- ' ; DEAT 899
pO 280K=V, 0V - ‘ DEAT 500
B(KK, X} sB(KF,K) /A (KK, KK) : DEAT 510
00 2801=1,ZWC PEAT 520
BeRn-I . DEAT 530
00 220J=8,KR0 DEAT S80
220 B(E,K)=D (W, K) ~A(B,Je 1) *R{Je1,K)- DAAT 550
280 B(W,K) =8 (¥,K)/A (%, W) DHAT 560
260 PEATEQ=D = DHAT 570
Liasd i DEAT 580

L . DEAT 590

3
H
i
£
i
|
H

S
i ot
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APPENDIX D
MUIFAP PROGRAM LISTING



105

®TI®AP

X SIXTE J2ATIMM ISCYOPE PLUSSBEET ASBALYIED P5252A8, THIS IS X
®COLL C? TRE TRRSITR BWSICRNRZST FROCESS POP CMT YRA® APD OSE
*I3CE ISCTOPE P& CASE. THE ZYRICEYZET PPOCESS TS 833FLED BY
A SIYSLY WATCETD ABISDASBCE BATIC CasSTaADZ.

e nGupmy 2y S.3. BLIA, CGAPFTER SCISSCES DIVIZ "1, TYICS
CRPEICE CORPORATIOS, WICLEZAP DIVISIOS, OAK BIE, T3,
CPISISALLY FORRTLATED BT £.DF LA SARZA, CAK PINGE ZASPOTS
JiPPISING PLASI, OAR SIDGE, T¥.

FILL ICCOUTSTATICS IS PRGEIIED IN GPPL/CSD-37. 12/78

VAR AN ORI LY Y6

INPLICIT PEAL®R(A-H,0-7)
ITTRGEE CYT,TOTPAS,PAGE
1C3ICAL 9872, SECSET.EADID,COSPID
FEAL®R BLANK/® '/, SEC/°SSCRET"/, USEC3T
CGP20% JEALT/ P (20),P (29) . X¥ (20) ,XP(2C) , TP (20) , XP(2D) , TCTP S5, TOTPE
1,3 (2% , FIE(2) , FYF (20} , PXP (20) 15,5, KP, <P
v, TEOE, R2
crvao!n:conn/ CASE(S) ,DATE, PEAR (20), PSI® (20) ,PSAN(20) , PSIF (20)
,X5220, $¥T, SECYEY, PASE, TOTPAG, BADID, COWPID
oxn-szo' 295(20) ,PEND(27) ,212(29) , TPYAX (29)
DINESSION IPAY(20,21), PRAT(2J,2V), CCRIT(S5), ISURS(20),
I BSEC(20,1), GOPX(20,20), CPIY(20,2)
T syTeeear peEVAL
~ZQTIVALENCE (%,01T)
V(Y,¥,7) = (200°KeZoT/(Z-1)=100) *ILV: (1/(120-X-T))
., E(Y,Y¥,2) = Y*((1DA-X~Y)/X)**(Z-1DD)

SECHIGT A - IWITIALIZZ PCe THE RUM. BEAD HBEADZE CAZD.

ey

CALL ERESET(263,19000,-1)
CALL IOAY (DATR)
RAD(S5,7100) [SeCRT, DETG
2% WET = [BO%G.¥E.BLASK
PAGR=0
SECRY™ = [SECPT.2Q.55C
COFPIY = [SECOT.ME.ALAEK .AED. IS2CST.SE.SEC

SECTTION P -- PEAC CASY® OATA, CALCOLATE TOTAL PLCES, PLS AF
BALANCE STPEARS,

YN

\ 30 CNNTI"NE
FPITP(E,7209)
i CALL =SPTIP
- AT T
’ TNTFEQ,
TCIPS=0,
5NN,
o~ 60 I=z1, 1Y
P (P(1).L2.7) 70 ™0 40
PRP(I) =P (L) 2 XP (1)
[ PYP(I) =P (1) *YP (D)
! TOTPSsTOTPSerXP(])
TOTPEsIOTFE+FIT(T)
PSP SORP (1)
£0 cosrIFnE
™mTP520,
pSTRe),
DG 80 Jsy, 00y
IF (P(J).LE.0) GO 70 80
PAP(J) =2 () *YRP(J)
TOTPS5+TOTPSe TP (J)
PSTRePSIRe P(J;
A0 CORTINNE
P(YP) ¢ (TOTPS-TOTPS *XP (FP)* (PSNY-P50Y) ) /(XP (KP) -~ l'(lﬂl
NPy v P (XYY e PSTAR-PZON
PXP(KP) =P(KP) *XP (KV)
PYP(KP) =P (KP) * TP (KF)
TOTPSaTOTPSoFXP(KP)
TCTPETOTPE+PTP(KP)
| PSSO SN P (XTP)
! PYP(KP) s§(XP)*XP(KP)
: TNTPSaTOTPSe TP (X P)
PSR PSR P (KP)
1Y (9RT) ORITE{5,7300) PNAM(NP),? (K®) ,PPAN(KP),P(KP) ,TNTPS, TOTPS,
¥ Tsny
IF (WOT) WRITE(F,T7890) (WIN(E),1»9,507)

€ SECTIN® C -~ SOLYE SINMLTANEOTS ZQUATIONS OI' WATCHED ABTY¥DANCE RATIO
c CASCLDE TO GEWERATE SOLOTINN OF CASE.
14
CATL.  START
¢
TP (WRT) WRITE(A,7500) (I, fP(I),Es1,00T)
B0 140 Je1,007
YPRAX (1) sONTHT (T, =XV J) ,TOPPE/P (7))
119 cANTINGE
pnoINY TiY, %
AT (T, NPT - 1,
DO 120 Jey,W
120 IPRT (I, N e,
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Yag RERT(I,I)E.S

16,7730) (J,YPRAX(J) ,3=1,07T)
2Y..9%. (SECEET.CR.COIFLD))) GG 7T 163
IF [CNSFID} WRITE(6, $509)
IF (22CPET) VRITE(S,9%09)
BTITR(6,7209)
1 rrrperr
o~ 382 T=1,3p1
~ALY  PREVAL (YRAY(3,T) ,P2MY(V,I).0)
127 I€TiT(i)=: ~I
(Y2 V) =9
5

ToRTen
I¥ (wt7) IweT=2

CCAET () 2Nl . D-18

CCEIT () =70, D16

cury  SPCAT (YRAY,PRAY,S, 23, ITERRX,CTHIT, ITER, ISUBS,ASS,FRED,
] CPITIS,RSEC,FORY ,CRIT,ZDP0P, PREVAL, IWT, IPLAG)

SUCTILT D -~ CALCULATE ASD PoIBY RESILTS OF CASE; PETURF IO SECH B,

AN

1?7 (.ICT.¥PT} 50 10 209

VE172(€, 7600) (X,BYS(K) . K*3,00T)
GPITE(6,7900) (I,PEID{I),I=1,B)
"RITE(6,7800)

VPITE(6,8009) ITER, CCBIT(M, CEITSW
SRITELS, 7200)

IF (cLUPID) WPITE(6,9100)

IP (SS2C®ET) WRITE(6,9209)

PAGE=PAGES )
WEITE(S,9300) PAGE

20 coyrIne
svig,
5Swa3,

94 L1

o 227 I=1,1%

nr---xsorm of (TP(Y) , TP (1) ,THOK)
SRY=SEN-F (1) o7 (XP (1), 0.,TWOK)

230 SU=SG-FP(I) eV (XT(I),YP (I}, THON)
TCTREsS
weny=g,

o 239 Kx1,307
YP(K) = ANS(K) *TR(K) -
ANNT=ROCWToP (W) *H (LP(N) , TP (X)) ,TOCK)
PYP(E) = B(K) *YP(K)
TGTPE=TOTP6e PYP (X)
SEN=SYNCE {K) 9 (XP(K) , 0., TVOK)
280 SP=SUeP{E) Y (XO(X} ,TP (K}, TWIK)
DIPsS¥-50%
DIPAFE=YIP/TOTPE
TLEAPS SPYP (CUT) SINTPE
269 ewrivnt
¥RITE(E,8130) CASE,DATZ
5% s ©2-2))
yoITR(6,8290) RA, AN
WRITE(6,8300) (PNAN(I), PSEN(I),P(I)  XP(I),YP(K) , PEP (D), PYF (),
1 I=1,19)
VRIT? (6,8800)
FRITP(6,0590) PSIN,TOTPS, TOTPL, RIS
URITE(6,8700) (PWAR(IY ,PSIN(I) P (1),XP{() nm,nvm,nnu,
1 1=1,%)
PPITE (6,8410)
IRITE(6,8500) PSNA,TOTPS,TOTP6,ROOT
9RITE(6,8900) W%, S9, KW, DIPOPG, SPm, MY, R, TL6OPS, DIP
varTP (€,9000)
TYY (IYLAG.2G.2) WRITE(S,8600)
1P (IPLAG.EQ.3) WPITE(6,7030)
17 (SECRET) SRITE(6,9800)
IF (COBTID) WRTTE(6,9500)
o TO &0
€ 7890 mnrr('nv,ﬂo,---wcnr--'./,'o',uv,'s:cnn-)

7000 PrPYAT (PORARNING' /' *RARNING. ... [TERATIONS QUIT DOJL TO VECTOMN',
1 v STALL.Y)

T100 PORNAT (2A6)

7200 PRRRAT('1Y)

TY0 PARSAT (P (", AR, %) *', TPDI0.3,7  P(',A6,7)=7,D10,3," TOTAL S IW'
T ," PERO=?,D10.3," TOTAL 6 IB PEEDe’,D10.3,°  TOTAL PRED=’,D10,
1y

7400 POPRAT(® N1R=* ,2015)

7500 PARXAT (*OLINPAR APPROX:Y , 6(18,%f 1PpGIY, 3}/ (V15K ,6(18, 7, 19G1,)

"nn

7600 POCPRAT(TOPINAL X VECTOR' 6 (X8,%¢°, 10511,3) /{15%,6(18,°=',19G11,)
"wn

Y130 POPRAT (*OYPRAX:S ,A(IN, =7, IPGIT, D))

78100 PARIAT(’ VHERE EQUATIONS 1 TO N~2 ARE SIDE STREAN WITHORAUAL BAY

1 ,'LANCES, EQUATION N=1 I3 TGTAL R-BALANCE, AND WTH BQUATIOW IS f
1 ,'0-2)6 BALANTE®)
7960 PORRAT('OPIRA., P VALUES' 4 (13, , 10519, /(158,6 (10,°=' ,1PG1Y,)

)
8099 }%IHIT(' ",54." ITERATIONS TO CONVERGZNCY, TARGET Sﬂl or SQUARES’
¢ AP ¥y WCTIONS WAS*,1PD30.3,° NCTUAL WA, YPD10.3)
8100 'ﬂ'llf(fﬂl,'ﬂll\lﬂﬂ PLOVSHEET llll'l'l'/'o',f”,'ClSls *,8A0,A)
/1%0,°0A7E; ',AQ)
200 PORKAT (70, TIR, 'PLOV BASE TRANINK WEIGNT 5=PERCENT’ ,AX,

1200
1210
1220
173
1340
1359
1362
1279
1380
1390
1800
1811
Tu2o
139
1480
1850
1869
770
1899
1890
1500
1510
1520
1530
1580
1550
1560
1570
158¢
1590
1600
1618
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1780
1750
1760
1770
1780
1790
1801
1810
1820
110
1880
18%0
1860
1870
1880
1890
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' IV, °~PERCZST?,8Y, " S-COBTEST® ,110," ~COSTATY) 1509
T3 FrEeR(* °,TI,ISP0T STEYANS * , (T10,48,A1,5L,19012.5,2P716.7, 191¢
1 PY9.17,87,72D12.5,6K, 19012.5)) 192)
2030 FCYERT (T T2V, "INPIY-BY) 1933
e<n2 wopeAT(® *,T20 'mu.-.nz.wmz.s.ru.wnlz.s.z(s: "272.5)) 150
FEDC PGRNAT(*3°.T10,° 50 COBVERIENCE 70 SOLUTIOS.” /s’ 1559
« ¥ 213,°%0 COSYEEGPYCE YO SOLOTIONF. EXCEEDED RAX ITEBATIONS.’). 1560
233¢_FCRSRT(*-",T2,"0TTPOT STREANS *,(T18,18,41,51,12012.5,29F1€E.7, 19748
1 F19.72,87,1PD12.5,6X, 1PD12.51} 1585
867" TPEAT(® °,T121,°00TPUT-E") 1599
¢ 892 FCPEAT(I-",T25,°5,%,11,7,8 seersATIVE BOIKY,Te8, 190125, 170, 2e90 . -
! : 1 *S-¥. DIFFZSERCE/TOL.*,12,"=I8PYT°,T100, 1PDI2.5/ 2010
: 1 v *,725,7¢,5 SEPARATIVE VOSE®,Te8, 12072.5,T79, TAILS®, 2920
: ’ 12, *-CONTEST/TOT. * 12, "-ISPUY:  +130, 19012, 5/ 2010
1 725, CIPPERE¥CE®,T38, 1PD12.5) 2030
i 7919 FIRRAT("0¢ URASITN SETSHTS DETEPNIBED BY BALAXCE’) 2059
i 2139 FCERAT(*¢",T56,%~--CONFIDESYTAL-—=") 20€0
S200 FOIFAT("e® 759," ~-SECRET-~",/, %+’ T61, *SECPET"} : 2073
5350 PCRMAT(VISY,*PAGE® 1Y) . . 2C80 ) -
©837 PCRNAT('E%,759,%-~SPCRET-~",/, %" TET, P SECOEY") - 2090 . "
9595 PGRAT("6°,T56,* —~COSPIIRITIAL—") : 2100 : ,
30 . . 21¢
- ) - . < -
- STEIOITIEE SETMR - - seTO Y0
& L+ s=rg 29
c THIS SCTTISE-PEADS BLL CASE DATR CAYDS A¥D ORGASIZES TP STYEaES SBTO 30
c POR SCLOTICS. SPT0 &0 .
c sery 59
: IZPLICIT BPAL®A(R-R,0-7) 321T 65
: _ LCSTCAL B2T,SECPEY,BADID, COBPID . SEre 73
- 1372578 CIT,TOTPAG,PAGE sery o
BRALSR  G/R0v/,STAR/" v/ BLARK/" v/ seTy 90
DIXZ¥SI0K STRM (w1) ,SEAN (8V) ,QUABT (31) 8 (1), PERG (31) , 1D (40) svrm 109
CONRSN /TVALO/ F(201,P(20),XP (20),XP(20) ,YP (20),YP(20) , TCTPS, TOTFESETH 110
1 , %R (20), PYP (20) ,PYP (20) ,PXP (20) ,IW, N, KE,RP sETO 120 ;
1, T, =2 SETY 130
T0%9C/RECORT, CASE(S),DATE, PBAR(29),7ST3(20) ,PSA%(2 1) ,PSKB(20)  SETU 180
1 . USPRD, VBT, SECRET, PAGE, TOTPAG, BADID, COSTID sTYp 150
I20EVALEECE (¥,507) SETU 160
BEAD(5,7000,250=280) CASEZ, Y2, PPN SETO 170
T90Y = 209°{21820-r%) /350 £273 180
1P (SECPET) 9B ITE(S,7900) SrFTm 199
- IF (CTSPID) WP ITE(S,7800) SET0 200
. PAT2xPAGEe 1 SETO 219
UPITE(#,B000) PRGZ seTo 220
TP (927) WRITE(6,7100) CASE,DATE® S2T0 23¢C LT
00 29 Je1, 37 SETU 230
3EAT (5,720, E8D=300) STRR (3}, SSAN(I),Q0ABT (F) ,B 3) ,PER6(J) sero 250
i IF (STFY(S) .ES.STAB) GO T9 80 5270 260 -
2¢ CoRATEANE SPTO 270
SEITE(€,7390) 5ET0 280
SPITE(F,8199) STTU 299
citL  evI* SETH 30C-
%0 C"ATINTE seTo 310
IT2g-1 seTo 32¢ B
I (2PR.EQ.BLANK) 0 TO A0 SETO 13C
< -... CCRVER™ FRO®™ PAPTS PER SILLIOW N-235 INPJT OF SINOP ISOTOPE SETN 180
N 10 STANDARD WEIZHT PRACTION. seTH 159
D 60 Te7,17 . SETN 160
60 PES6 (I} = DEBK (5) #10-EeR () SETU 37C
80 DC 100 Isf,IT SPTO 180
130 ID(Iy = % SETU 190
o6 189 fe2,17 - SETO 800
IRez-1 SPTO 810
or, 139 Jet,:H SETO 820
IF (R (D .GT.F(N)) GO TO 139 © serm @30
TP R (1) SETT Q39
IDTHP= I (1) sTTI @50
JRLLT IS SETO 360
50 120 Ke1,1308P SETT 873
R(I-FoT)sk (1-K) SEZTO #80
120 I9(1-Tel) v ED (T ~K) SETY 890
B(Y) =TRP : SETU %03
1201) = IDTTP s2Tn 510
110 conTIv0e SeTD S20 .
17 (.%OT,WRT) GC TO 180 SETU 510
50 160 fet,17 S¥TO %80
LIer9 (1) SETO €59
160 WTITP(¢,7300) STAM(TL),SHAN(IE), JUANT(S1) ,R(T),PERG (I T) SETN 560
180 CCATTTIR seTO 579
INe) - SETD 580
- ontan SETN 590
pr 260 Is1,17 SETO 400
11210 (1) SPTY €10
IP (STPR(IS).BO.7) 360 TH 220 SETO £20
INeIfet SPTO 610
. 1P (I¥.0E.20) 67 79 299 3PTN 00
WRITE (£,7500) SETN £50
vPITe (£,8109) 2273 €63
rALL PRIt 3PTO £79
200 eontiNny HALNTY
TRIS(IR) S SEAN(LD) APTN 490

PUIN) CTANT(IT) 3PTN 709
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TPEIRY ap(ly

TP LR =PERE I} i - :

PEIN (IV) SRLANY - '!"" At W

IP (119 .37.3) %1 70 240 5207 T

PIENLIM =TTAT

TEsIV

& To3en

i CoNYIEee
LT ¥

CEY IO ITLRRL 2T BT TG AN

A%
muunwul OF DUYPYT STREARS LICEEDS MAYIVIN QP 20%)
YORTAT(*e? 75,7~ =CONPSOLBTIAL-~~") SETOIING
o 59,0 == SPCRET-~% 7, %07 TAY, *SRCPETY) SPTIIVI)
PASEY I SETO1Y20 .
SICO PLEUATIG" , TS0, CTERRIBATE :nc:mo-',/,'-- TSe, 'TERRINATE REECTTIOSETOI1Y0 : -

hM) SETI1180
11 SETNYYIL)

SORRGITINE START -

. STAR V) -
€ . STAR 20
c THIS POOTIRE GENENATES TAZ IRITIAL ESTIWATE. ‘- STAV 30 g
[ ) STAR ®0 -
. IAPLICIT REAL®S8(A~H,0-12) STAR SO
¢ : - INTEGPS 00T STAR 60
CONNON JEYRLG/ P (200 , 0 (20) , NP (20} ,!ruo' YP(2%) ,TP(29) ,TOTPS,TOTPESTAR 70
v W= (20) ,PRP (), nrnm,nv(zo),u,l,n,n STAR 89
T, Tenr, N1 STAF 90
mununf:u (5,77) STAR 100
OINENSION &(2%,20),%¢204,C0(20, 1) STAW 110
EDTIVRLENCE (B (V) ,C(V, V), rp(ln STAR 120 .
L I TRNA Y B LN I W . STAR 130 ”
h B w20 1=, STAR Y80
: 8(1)y=n - STAR 152
pn 20 de1,p STAR 169
20 A(S,0) =0 STAR 170 i
IP (R L2. 2y 50 T 120 STAR 180
Risp-1 : STAR 190
on 100 =2, WNY STAR 200
P1s0 STAR 10
: S PSUe=g STAR 220
UL a9 STAR 210
’ PSON=0 STAR 280
N 17 (ROR(Y) . ro.o' G0 1T A9 STAR 250
- R 0T (X)) . STAR 260 .
S DN 20 a1, 9K STAR 270
3 . P PYORIP(Y) ’ STAR 260
P3NP SORe P (T STAR 290
" 80 B(R-1r = r(l-n PRSI (IP(N) /(V-XP(S)~ n'nn"( 1./3,) STAR 300 }
g 60 CcruTINne . STAR 210
KR1=r -1 - - T STAR 320
G AN <1, K89 . - STAR 330
- : Preplorty () STAR )80
. PSR =DIORGP (J) STAR 350
80 A(F=1,5) =3 (1P (N ) *P(T) STAR 40
DSNY=P SUR- PSON STAR 370
RIK=1,K)e (PI=PIoXP(X) #ISUR) /(30 (V~XP(K})®0 (2. /3.)*KP(K) ¢(u,/).})STAR 380
- 1 or.unmcnsmv STAR 390
109 conviRne STAR a00
120 cowtiunr STAR 010
DA 180 fe1,m STAR 429
B(N=1,0)sP(5)00(XP (f)) STAP .30
180 AN, 1) sP(T) STAR 800
0o 160 tet, 1N 3TAR 850
1HO BN=1) = B(l-ll'!(n 'vhll'l!'(”/(! IP(I) =YP (1)) ) o0 (-1./%.) STAR 86(

B(W) = TOTP8 STAR 470




[0 N

YN D

K

*
3 .
el
PR

109 .

cr 9%y Iat,y

FEITTIE,13IN 1,3, Je Y.ML BLT)
FIERET [T ¢, IFSSTES)

CALL  Z4MTEZ{R,C,%,~1,30;

. Frrary

‘e

""!"'I‘Rl" P!"ll!' N 1

"”!’ll SCALRS. IIB ISSTALES THE PSTISRTE S PTTOR K. TAE STXLING
PHCTOR IS THE SYITIKL ESTYIRATE, PP, SZ TEAT T¥Z ISITIAL SCALED

. ESTEMATE %% VECTGF ae cyes.

1

TR
STkP
STAY

STAR
STAR

pary
prEY
pazy
peey

" pPRY

PREV
(314 5

‘ ” ‘
’CQ!"Ol f!fl["l ZA20, 2 (200, KT (290 AP (20}, !"(ZO' wPL20) .nﬂ." TOTPEPSEY

= {78y .!‘Y[”) ,nnzo) SPER(2 (TS B, XF_EP

5!!;99::;: zvnl(t.u»
Tr 082 zs*lﬂlf! ONES CALLED or PaEvaL..

51 5CTT !!ll’B(l-l.U'll
LESICAL VAT, SZCRET, SABID, COSFID
IETEGEF %%T,T0TPA;, PAGE
LTSN RECORD, CASE(S),OR*E, FEAR(23) , FSIS (20), PRAR(20),PSEW (20)
,13PRD, WPT, SECRYT, PASE, TOTPAS, BADID, CHONPID
DYNeRsILE lczn),,(za;.vt(ZOI €9 (29)

T LI (29) ,PIF(IT) L PEP(20) ,2EPC2C) 1N, B, AP, K
1, Tenv, w2

£0

)

mn

'”7"!!!"' 9,n77)

GENX(Y,Y, Ty - !-(|3¢~~|-z'-( Z)* (10)-X-T) oo (I-1D0)°(IDI-T)
OHNYIR, Y7y = (T2 (15)-1)/(12G=X~Y}+ D) *{X/(1DI~X-T) ) ** [1DO~7)
Co2el, 03

UEITEQE, 175 (CQ0),In0,8)

TE (BRTY BPITR(L,T7900) (7(I),E=V,¥)

YD & TRONenN?

20 10 Je=1, 18

RY(3} =YP (T) O ((THE-FP (J)~YP(3))} /AP (1)) o*EXP
o %0 12,007

RO(T) 2F (T @ {¢IN2-TP(L) ~X(L)} /XD(T)) #oLXP
L4 F L] Dol
CIP (UE2.LT.Y G TR 180

0C 183 s, %82
DHYCDRDI(XP(Fe 1) D (Jo 1} ,THCR)
CHY=DROY(XP (Te V) X (Lo 7),THON)

(1.

Dr KO FsV, 1

G = ’(!)OPlll'(NO(K’-NO(ID|]-DH!'(!P(K, IR (e 1)) ~DAYY (T{K)~
v xeny)

roRTINne R

SPegIR (Te1)

¥ fYR.EL.0) GG TD 12D
o7 100 Js=% M2

G(X) = G(I)-F (N P (HI(I)=HN(IoF) ~DHE® (XF (J) ~XP(T# 7)) ~DBY* (YF (J) ~

1 Y¢re %) ))
29

150
10

189

00

7040
7199

craTINTE

couTINnE

G(1-1) =1,

00 199 131,78

Give1) v G(N=T) =P (I} eI (I}
G(N) e=TOTPE

o 200 Js1,W

G(N=1) = G(B=1}oP(J) *i0(J)
G{M e (RY e X () *P (T

IF (9pT) WRITE(6,7100) (G(5),T5%,W)
PRTTRY

PORYAT (27,5028, 13}
POPAAT(* GY, TPED2V,. 18

[11)

3N0RHTTINE SPCANT {ﬂl!,?ll';:l,!'.i,XT!!HI,CC‘!T,!f!ﬂ,lsfl!ﬂ,
i VIRV, PAEV,CRITHV HIEC WORK ,CRIT,IDROP,
! EYAY, , SWRT, IVLAG)

SETANT ISES THE NEWTCN PONSNLATION OF THE JECANT BETHOD 10 30LYE
W ONORY INEAR ZOMATEONS I¥ W INKNOWNS (TH® NUS STREAN COTCS,) .

IYPLICIT NEALOR(A~H,G-7)
D YERSION YPAY(L3,1%) , PRAY(IS,13) ,CCRET(S), FANB3(13), INEV (11},

PEEY

ag)
350
332

CSTAR SIS

5%
3

¢

ParY 1
PEEV

PREY
SEY
B

EVAL
CAWRAS SRTRLY/ o (2N LR UD) LAY E2T)L AP (20), P (2D, TP(2D),TOTFS, TOTPEEYAL

VL
EVAL
eval
EViL
EVAL
ZviL
EVAL
EViL
EVAL
EVAL
EVAL
EVAL
BVAL
EVAL
EVAL
EYAL
EVAL
PYAL
evAL
EVAL
EVA!

EvAL
EVAL
EVAL
EVAL
EVAL
EViL
EvaL
EVAL
BYAL
EVAL
EVAL
EviL
EVAL
EYAL
EVAL
EvAL
EVAL
EVAL
EVAL
EVAL
evaL

SECA
STCA
SECA
SECA
SECA
SECh
SECA
SpCA
SECA

190
200
2%
220
230
0
250
260
270
280
290
300
310
320
3.0
380
350
360-
370
380
390
800
810
820
830
s80
850
%60
870
(2.3
490
500
510
520
530

10
29
39
(1]
50
(.34
70
L1
79
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SYTBIIZ), ESEC0IN, 1T}, WINTIS,.I3;, 28 g
I, n,cnnno: BET (2D}, 2RLEIP 2CE PP .
IPLAGS G SECR i
P e gey . Ll I
NCOFY Tel B : PR 22CA 5 -
TPYES 1) = INAY (.90 - L BECe 194

PERWII} + PRRTLI.WINy

D2 V80 Tl Ce
. SIR « SAR ¢ ORL(Tyer2 . CEECH 1
180 CRITBV = CRITHW o PUEwW (I)ov? B Seca <2
IF (IVPT.GR.2) YRKTE(S, 7100y un-m,r-v,n CRITHY, S98 SECK S35
c SECA a9
z < coc- TEZT UBEFISEY TO PRTORN SOV EITEER BORRAL 0F AGNORWAL. - SECA 550
c SECR %60 ’
1T (CRETBO.LE.CTRIT(N) GO TO 160 SECR 870
c SECE %80
< -e-- TEST POR STALLED TTERATION - SECE %9 :
IF (S7P.GY.CCLIT(2)) 50 T0 180 . SECA 00 - :
S IF (YOPT.CR. V) WRITE(6,7200) « SPECA 610 "
IPLEG = 3 SECA €298
G0 Y0 200
rces EEIT OB COSYERGED P°S . .
%O IPTAG<? SECR 660 - :
17 (I9RT.GE. 1) ®RITE(G,7)00) srca 670
PTTES SECA €80
180 CovTINUE - SECK 850
IP (ITPR.LT.ITERAX) G0 TO 289 < SECA 710
c C - sEcA 710 ;
c eres ®EIT ON RAYINOR ITERS ~ svCh 720 :
IPLEGe2 - SECA 730 L
VRITR(E,7800) . SECA T80 :
200 comrgne seCa 750 |
5 c SECA 760
c c-oc SILECT BEST ESTINATE SECa 770
= - J=0 : SECA 780 -
M O 25T + CRITRN SECA 790
PO 220 I=1,099 SECA 800 £
- - IF. (CRITT(1).GT.BEST) GO TO 220 SECA 610 i
BESY « CRITI(Y) SECA 820
S : Jey B . SECA 830 ‘ A ¥
P LR 720 coFrIsOE SICA 880 i
- P IF (J.20.0) GO TO 260 SECA 050 :
1 PO 280 3=1,5 ) SECA 850 i
¥ SEENGT) = TRAY (I, J) SECA 970 1
: %0 FYER(E) ¢ MRAYY, ) . SECA B8O -
- CPITNN » CRITTVI} “ SECA 890 :
260 CONTIVOR SECA 500
weTONY SECA 910
280 CORTINNE - SECA 929
c SPCA 910 g
C . ... DETERRIPE WRICH OF TEL WPY LD POINTS TO DROP SECA 980 h .
c SECA 950 k
oRopst SECA 960 4
loln-cnﬂm SECA 970
‘ 300 Se2,%p7 SECA 980 ;
xr {CRITT(I) LT, PORST) GO T0 300 SECH 990 . :
10ROPsg SECA1000
ORSTLCRITT(N) . STEA1010 -
00 corrIvoe SECA020
[ . SECA1030

- c eve DROP 7TOROP’, REORDER ARRAYS AWO INCLYDE LATEST PSTINATE. SECATOR) _
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