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MUICYCL and HUIFAP: 
MODELS TRACKING HNOR URANIUM ISOTOPES 

IN THE NUCLEAR 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 tn»*ichment, reactor burnup, 
reprocessing, enrichment, etc. MUICYCL facilities include 
preproduction stockpiles, U 2 3 S escalation, and calculation 
of losses. The Minor Uranium Isotope Flowsheet Analyzer 
Program, MUIFAP, analyzes one minor isotope ir. one year 
of an enrichment operation. 

The formulation of the enrichment cascade, reactors, 
and reprocessing facility is presented. Input and output 
descriptions and r.ample cases are presented. The programs 
themselves are documented by shore descriptions of each 
routine, flowcharts, definitions af 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 capacities 
plus reactor and reprocessing data, MUICYCL will track 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 - U 2 3 i , U ? 3 I \ and U 2 3 6 - " 
may be studied in a case. The enrichment process is modeled by a single 

1 
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matched abundance ratio cascade [1]; optional separative capacities 

may be specified at the user's option. For each type of reactor fuel 

've.g., BWR, PWR, initial core, reload core), burnup is simulated by a 

relationship giving minor isotope concentrations in spent fuel as a 

quadratic 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 P U 2 3 6 in the reactor and decay of P U 2 3 6 to U 2 3 2 in the 

reprocessing pnase are also tracked. 

Other features of this model incite 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 U 2 3 5 assay of 

both loaded and spent reactor fuel necessary to offset the presence of 

U 2 3 6 . 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 reprocessing, 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 U 2 3 ° concentrations of reactor 

bound streams plus preproduction stream rates which balance stated sepa­

rative capacities. All 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 
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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 one year and one minor isotope 
per case. U 2 3 5 concentrations are not escalated and preproduction is 
not adjusted for separative capacity. 

The programs execute independently in batch mode. MUICYCL produces 
tabular data organized by isotope 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 in 
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 streams 
which are mixed have identical concentrations. A consequence of this is 
that the binary ideal cascade minimizes total flow and total separative 
work. While mixed streams in tl-e matched abundance ratio cascade cannot 
have identical concentrations they are made to have identical values of 
the abundance ratio R. In a three-component cascade, 

where x and y are the concentrations of U 2 3 5 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 uranium isotope separation the total flow in the 
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matched U 2 ! V U 2 3 5 abundance ratio cascade exceeds the minimum by an 

insignificant fraction for a wide range of U 2 3 6 concentrations" [l,p.l88]. 

Let 

H(x,y) =yR"(2k-l) , (2-2) 

where 

k = -2- . 
h 

$1 is the stage separation factor for the two-component system of 

U 2 3 5 and U 2 3 8 , 

$2 is the corresponding factor for separation of the minor isotope 

and U ? 3 e . 

H is calted 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(x p,y p) + Q-H(x Q,y Q) + S-H(x $,y s) + W-H(x w,y w) (2-3) 

-E-H(x E,y E) -F-H'x F,y F) = 0 . 

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

for each side withdrawal stream. For the Q stream 

P'"(x p,y p;x Q,y Q) = 0 , (2-4) 

and for the S stream 

P'H(x p,y p;x s,y s) + Q'H(x Q,y Q;x s,y s) - E-H(x E,y E;x s,y $) = 0 , (2-5) 
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where 

*(x,y;a,e) = H(x,y) - H(a,e) - (x-*) f£ a,6 (y"B) fyLe 
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 U 2 3 b , 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. 

E,x E,y E 

,x F,y p 

• >Xpiyp 

— Q,x Q,y Q 

? w»V yW 

J »"p 'JC 

Fig. 1. Sample Enrichment Cascade. 
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III. MINOR URANIUM ISOTOPE MODELS 

MUICYCL, the Minor Uranium Isotope 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), PU 2 3 f-, and U 2 3 5 in spent reactor fuel as functions of MUI 

concentrations of loaded fuel. All such functions are quadratic, or a 

sum of two quadratics of the form 

y = A + Bx + Cx 2 , (3- 1) 

where C=0 is acceptable. Recently used function coefficients were 

generated by least squares correlations [2]. For U 2 3 6 , the discharge 

concentration y is a function of the initial concentration x, and 

similarly for U 2 3 \ For U 2 3 2 

y -• A, + BjXj + CjXi2 + A 2 + B 2x 2 + C 2 x 2
2 (3-2) 

where the discharge U 2 3 ? concentration is a function both of the initial 

U 2 3 2 concentration, xj, and the initial U 2 3 6 concentration, x /. Generally 

Aj = C] = 0. The discharge P U 2 3 & concentration is a single quadratic 

function of the initial U 2 3 f' concentration. 

Finally, initial U 2 V- reactor concentrations were escalated above 

target values (in the enrichment phase) to compensate for the presence 
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of 'J'36. A quadratic equation then defines the discharge U 2 5 5 concen­
tration, y, as a function of the escalation, x, in initial U 2 3 5 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 fuel, 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 P U 2 3 6 decays to U 2 3 2 with a half-life of 2.35 years, concen­
trations of U 2 3 2 in reactor discharge awaiting reprocessing may change 
significantly. A time-'Jependent PU 2 3 6->U 2 3 2 relationship developed in [2] 
is used in a modified form (Appendix A) which allows yearly additions 
to each blickpile. 

As noted earlier, an input "recovery factor" defines material losses; 
specifically, 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 external returns to the reprocessing queue in any 
year. The recovery factor is applied to these returns when they are 
added to the requested stockpile. 
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C. Enrichment 

The enrichment phase is by far the most complex and time-consuming 

of the three phases in MUICYCL. A single matched abundance ratio 

cascade [1] is modeled. Additional complexity is provided by the use of 

preproduction streams to match a rated separative work value, and esca­

lation of specified U 2 3 5 values due to U 2 3 6 . 

This requires up to three levels of calculations: 

1) Adjusting preproduction stream rates to attain the rated separative 

work value. 

2) Iteration on U 2 3 5 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 available. 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. 
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Each cascade with M 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 a standard numerical technique, the Newton formulation of the 

Secant method [3]. The other two material balance equations, U 2 3 5 and 

total material, are satisfied by adjusting two stream rates selected uy 

the user. 

Adjusting IF 3 5 Concentrations of Reactor Bound Material 

Since the presence of U 2 3 6 in reactor fuel reduces the fuel reac­

tivity, the initial U 2 3 5 assay of the fuel may be escalated in the 

enrichment phase to compensate for this. A quadratic equation of the 

forms of Equation (3-1) is again applied. Howe/er, the returned value y 

is defined as the increment in ihe initial U 2 3 5 assay over the rated 

value. The independent variable x is the U 2 3 6 assay of the stream as 

withdrawn from the cascade. Equation coefficients may be input for 

each type of fuel. 

Adjusting Preproduction to Hatch 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 U 2 3 5 assay -- the initial inventory and the inventory of new pre-

produef'on. 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 + 2 F ^ T y ~ ] ) l n R • ( 3 ' 3 ) 

The three component separative work equation for Figure 1 is 

SW = P-V(x p,y p) + Q-V(x Q,y Q) + S-V(xs,y,) - E-V(x E >y E) - F-V(x py F) . (3-4) 

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 f i r s t minor isotope 
U 2 3 5 / U 2 3 6 Cards (required only when f i r s t minor 

isotope is U 2 1 6 ) 
Yearly data for f i r s t year 
Yearly data for second year 

Yearly data for last year 
End-of-Yearly-Data Card 
Reactor Fuel Cards for second isotope i f present 
Reactor Fuel Cards for third isotope i f present 
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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 U 2 3 2 in all later input for 
this case is to be entered as parts per 
million of U 2 3 5 , 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: limited output 
KASEPR=2: full output 

63-66 A4 Yearly output suppression. Enter any 
characters to suppress printing of all 
yearly output. 

67-70 A4 Enter any characters to suppress U 2 3 r' 
escalation due to U ? 3 f', regardless of 
values on U 2 3 C 7 U 2 3 f ' card. Note, however, 
that an entry must be made in columns 
51-60 of the u 2 3 V U 2 3 f ' card. 
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C3se Card (Cont'd) 

Column Format Description 

80 £1 Enter any character if an "Iteration 
Parameter Data Set" is to be included with 
each isotope definition. See Special 
MUICYCL Input. 

Preproduction Inventory Card - Second card of each case. 

Column Format Description 

1-10 D10.2 Inventory of preproduction (by weight) 
at beginning of case. 

11-20 D10.2 l]/i!' fraction in inventory. 

21-30, 3D10.2 Minor i^r.ope weight fraction(s) in 
31-40, inventory, in the order as specified 
41-50 on the case card. 

51-60 D10.2 U2''•'- fraction in all new preproduction. 

Reactor Fuel Cards - Two cards for each type of reactor fuel when 
minor isotope is & '•'; 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 II 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. 

11-20 E10.0 Weight of initial stockpile of this fuel 
type awaiting reprocessing at beginning 
of first year. 

21-30 E10.0 Weight fraction of U2V' in initial stock­
pile. 

31-40 £10.0 Weight fraction of minor isotope in initial 
stockpile. 
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A. First Card (Cont'd) 
Column Format Description 
4> JG, 3E10.0 Coefficients A, 6, and C, respectively, in 
^1-60, the equation defining the concentration of 
61-70, the minor isotope when the fuel is removed 

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

y = A + Bx + Cx 2 , 

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

71-78 F8.0 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 U 2 3 2 . 

Column Forma t Description 
11-20, 3E10.0 Coefficients A, B, and C, in the quadratic 
21-30, equation (see above), to generate final 
31-40 U 2 3 2 concentration in the reactor as a 

function of initial U 2 3 f" concentration in 
the reactor. 

41-50, 3E10.0 Coefficients A, B, C, respectively, in the 
51-60, quadratic equation (see above) to calculate 
61-70 final Pli 2 3 6 concentration as a function of 

initial U ? u concentration in the reactor. 
71-80 E10.0 Weight fraction of PU ? , f i in initial stockpile. 
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U i ; V U ' " Card - Required only when rninor isotope is U 2 

Column Format Description 

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

2-3, 612 Inter the fuel code numbers of all fuel types 
4-5, to which the coefficients on the card apply. 
6-7, 
8-9, 
10-11, 
12-13 
21-30, 3F10.5 Coefficients A, B, and C in the quadratic 
31-40, equation (see above) to generate the change 
41-50 in lK ; t assay of reactor requirements as a 

function of \PV- assay. 

51-60, 3F10.5 Coefficients A, B, and C in the quadratic 
61-70, equation (see above) to calculate the U-'''•'• 
71-80 assay of spent reactor fuel due to the 

increment in U'-r' assay of loaded cores. 

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

Pil^HO. Format Description 

2-5 14 Current year. 

6-15 F10.2 Capacity of reprocessing plant (in weight 
units for the yiar) after the recovery 
factor has b ^ n applied. 

16-25 F10.2 Capac.ty of enrichment complex (in separative 
work ut its for the year). If blank, inven­
tories will not be fed or produced. 

30 Al A non-blank character is entered if any 
Returns Cards are to follow. 

31-35 15 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 on the case card. 
IYRPR<0 
IYRPR=0 
IYRPR=1 
IYRPR=2 

Suppress debug output 
Defaul to value of KASEPR 
Print limited debugging output 
Print full debugging output. 
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6. Returns Card - One card for each return tc the reprocessing plant in 
a year. The card(s) immediately follow the Year and Capacity Card. 
Each such return has an associated "fuel code number", i.e.v a 
Reactor Fuel Card must have been input for each type of return. 
Co; jmn Format Description 

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

2 I I Fuel code number. 

11-20 E10.0 Stream rate. 

21-30 E10.0 Weight f ract ion of U 2 3 5 . Default is "base 
value" on Reactor Fuel Card, Cols. 21-30. 

31-40, 3E10.C Minor isotope weight f rac t ion (s ) , in the 
41-50, order as specif ied on the Case Card. 
51-60 

61-70 EIO.O I f U:''j2 is one of the miner isotopes in th is 
case, enter here the weight f ract ion of 
P U 2 3 \ 

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

1 Al If this is the last stream card for this 
yeart enter an asterisk (*) here. 

2 Al "I" if stream is a feed ("Input" to cascade). 
"0" if stream is a withdrawal ("Output" 
from cascade). 

3-9 A7 Stream name (optional). 
10 II 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). 

11-20 E10.0 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 El0.0 Weight fraction of U " 5 . 
31-40, 3E10.0 Weight fraction(s) of minor isotope(s). 
41-50, If this is a withdrawal stream, these 
51-60 fields are not processed. 

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

Column Format Description 
1 Al "*" 

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

Col usin Format v Description 
1-3 A3 "END" 

Potes on MUICYCL Input 

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

2. A maximum of 20 feed streams an<* 19 product strews may be defined 
in each year, including recycle streams. No more than six types of 
reactor fuel streams may be defined. 

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

case, follow this card with i blank card. 
4. The PPM (part per million) flag defines the mode of entry of the 

U 2 3 2 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 ovailable to be reprocessed and fed to the cascade in 
year 1975 • K. 

6. Reprocessing and enrichment both occur in the same year. 
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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. !t is applied immediately prior to the reprocessing step, 
both to "cycling material" and to "Returns Card Material." 

8. No assumptions are made on thp 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 

Occasionally 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. Sea "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 data set follows the pertinent Reactor Fuel Cards. Data are read 

by the "Namelist" format; thus the data set will look like 

&PARMS a] a 2 ...«. SEND 
' n 

where data may be entered from column 2 to column 80. At least one 

space must be left prior to aj and following a . Spacing between each 

a. is optional. Each a. takes the form 
"Unjne = Value, ' ; 
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"Home" 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 which is not entered takes its 

default value. 

Variable Name 
EXP 

Description 

T0L235 

EXP is used in generating the initial estimate of 

minor isotope concentration (Method B) and in 

"unmerging" merged streams. The ratio of minor 

isotope concentrations in adjacent streams is 

estimated as the ratio of the corresponding U 2 3 5 

concentrations raised to the EXP power. Default 

values are EXP=1.6 for U 2 3 2 , EXP=1.3 for U 2 3 \ 

and EXP=.7 for U 2 3 f>. 

In the enrichment phase, the U 2 3 C > concentration 

of reactor bound product streams is escalated due 

to the presence of U 2 3 6 . When the largest calcu­

lated increment in the U 2 3 5 weight fraction does 

not exceed TOL235, this iteration phase is con­

sidered complete. Tested in S236. Default value 

is 5D-8, 
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Variable Name Description 
TOLSW In the enrichment phase, stream rates may be re­

calculated to attain the rated separative capac­
ity. When the difference between calculated 
and capacity values divided by the capacity is 
less than TOLSW, this iteration process is com­
pleted. Tested in DELTA. Default = 1D-4. 

TOLGEN The relative difference between the calculated SM 
value and the tar§?t valu* *s compared with TOLGEN 
at the start of the lowest level cf 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 

TOLMRG In the enrichment phase calculation of product 
stream minor isotopes, streams whose U 2 3 5 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 Subroutines MERGE. Default 
is TOLMRG = 5D-4. 



20 

Variable Name Description 

CP.l Convergence criterion of iterations to determine 
minor isotope concentrations. For * cascade with 
N withdrawal streams, there are M simultaneous 
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. 

CR2 Iteration stall criterion, 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 analysis of one minor uraniuQ isotope for one cascade time period, 
consists of a Case Card, Stream Cards, and a Final Card. 
1. Header Card - First input card in a run 

Column Format Description 
1-6 A6 Classification flag - leave blank if un­

classified; punch "SECRET" if secret 
output; punch any other characters if 
confidential. 

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 13 Molecular weight of the minor isotope; e.g., 

"232". Any uranium isotope other than 
U 2 3 5 and U 2 3 8 is acceptable. 

40-41 A2 PPM flag - if the "weight fraction of 
minor isotope" is to be input as parts 
per million of U 2 3 5 , punch any character 
here. 

j . _ " 5trearir€ard - Sn&^si^-for-.each.stream,__Jn any order. A maximum of 
20 feed streams and 20 withdrawal sireaias-satf. be 
defined per case. 

Column Format Description 
1 Al "I" if stream is feed (input to cascade); 

"0" if stream is withdrawal (output from 
cascade). 

3-10 A8 Stream name (optional). 
11-20 E10.0* Stream flow rate. Leave this field blank 

for one feed stream and one withdrawal 
stream; these rates are calculated internally 
to satisfy material balance equations. 
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Column Format Description 

21-30 E10.0* Weight fraction of U 2 5 5 . 
31-40 E10.0* Weight fraction of minor isotope. If PPM 

flag is on, parts per million of U 2 3 5 . 
This field is not processed if the stream 
is a withdrawal. 

Final Card - Last card of each case. 
Column Format Description 

M" »*'« 

V. OUTPUT DESCRIPTION 

A. Standard Output 

Standard MUICYCL output from a case consists of a title page, case 
data page, isotope 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, 
listed year-by-year. Figure 2 portrays a sample summary report. The set 
of summary reports consists of the following: 

Material Flows and U 2 3 5 Concentrations - Feed Streams 
Material Flows - Other Feed Streams 
Material Flows and U 2 3 5 Concentrations - Product Streams 
Material Flows - Other Product Streams 
Minor Isotope Concentrations in Products 
Minor Isotope Concentrations in Feeds 

*If the data are entered in exponential form, it must be right 
adjusted. If exponential form is not used, the data may be located 
anywhere 1n the field with a decimal point, or right adjusted without 
a decimal point. 
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Preproduction 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 OUTPUT-H are the unsigned contributions of feed 
streams and product streams respectively to the H balance equation (2-3) 
of the cascade. The three component separative work values are calculated 
by Equation (3-4) while the two component SW value uses V(x,o) in the same 
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 this step as an aid to convergence. They will be "unmerged" for 
a later cascade solution step (IMER6E * -1). One level higher than 
the cascade solution, an iteration procedure to adjust U 2 3 5 concen­
trations due to the presence of U 2 3 6 is performed (U236ITERS • . . . ) . At 
the highest level, preproduction stream rates are adjusted to attain the 
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rated separative work values (SWITERS = ...}. These two jpper level 

iterations are performed only when the minor isotope is U2'-'- and their 

execution is not suppressed 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 solution 

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 ths 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. No extra reactor or reprocessing output is printed. The 

annual report comprises the final IPR = 1 output. 

When IPR = 2, the IRP - 1 output is printed. Additionally, data for 

each iteration within a cascade solution step is printed - the scaled 

and unsealed concentration vector (X), the calculated function 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 2 n balance are displayed, and the 

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 IPR=2. Future reactor output, \PV' fraction in reprocessing pots, 
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direct returns to 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 2 3 S 

with no iterations suppressed, and less than 5 pages per year for U 2 3 2 

or U2:"*. IPR = 1 generates less than a page per year per minor isotope. 

Debugging output from MUIFAP, set by the debug flag, is virtually 

identical to the extra MUICYCL output generated when IP?.=2, as defined 

previously. 

C. Error Messoies 

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. 

COLUMN 2 OF STREAM CARD FOR STREAM "iiiiii" IS 
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. 
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??FEED STREAM TYPE i, TO REPROCESSING?? NOT DEFINED. EXIT 
A Returns Card has an undefined fuel code number. 

ITERATION IS STALLED. RETURN BEST ESTIMTE. EXIT. 
Before derations had converged, the relative 
change in the estimate vector fell below a 
"'trigger value". This is not usually of 
cciicern. Check final function values. This 
has the same implication in KUIFAP. In both 
programs this message is printed only when the 
full debug fla^ is on. 

SERIOUS ERROR (IERM) 
OF CASE 

IN 

STOP: 

YEAR jjjj PREVENTED CONTINUATION 
PRINT REPORT AND EXIT FROM CASE. 

The case is terminated with this year. Check 
input date for tins year and previous years. 
Generate debug output for this year (IYRPR=2) 
and consult with progra.rar.er contact. 

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

(REPROC) 

(SECANT) 

(MAIN) 

(SECANT) 

•••TERMINATING ERROR: 
MUST BE 236. 

FIRST COMPONENT LISTED ON CASE CARD (NEWCAS) 

(ISOPAG) TOO MANY COEFFICIENTS 
More U 2 1Vu , ;' n' cards were present than the maximum 
allowable number of core types (MAKK0R=6). 

•••WARNING: EXCEEDED MAXIMUM NUMBER OF ITERATIONS FOR (MAIM) 
ATTAINING SW CAPACITY, ii. EXIT FROM THIS LOOP. 

"ii" iterations were not sufficient to converge 
on the input separative capacity value by changing 
preproduction rates. Check input data. 

WARNING: IN jjjj WITH S* ITERS, U236 ITERS, IMERGE=ii jj k, (DOYEAR) 
CONVERGED TO A NEGATIVE CONCENTRATION. 

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 
DUE TO VECTOR Sf\LL. FINAL RESIDUAL WAS x.xxD-xx; TARGET 
WAS y.yyD-yy. CONTINUE EXECUTION 

(MAIN) 

http://progra.rar.er
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The "final residual", which is the sum of the squares of 
the M balance equation values, ?s greater than the "target" 
value for convergence. If the final 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. 

*** WARNING THERE IS A DEFICIENCY OF xxxxx.xx SWU OF (DELTA) 
SEPARATIVE WORK CAPACITY 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. 

WARMING...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) 
EXCEEDS 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 2 3 6 

anu matching SW capacity. 

VI. DEMONSTRATION OF PROBLEM SOLUTION 

A. MUICYCL 

Use of MUICYCL to solve a sample problem is demonstrated here. A 

list of the setup deck, consisting 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 
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F1g. 4. Setup Deck for MUICYCL 
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Fig. 4. Setup Deck for MUICYCL (cont'd), 
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3RAW TEST - «32«23«»234 NOYR 
ISOTOPE OATA PAGE - MINOK ISOTOPE" U232 

FREPRCOUCTICN INVENTORY DATA: 
INITIAL INVENTORY: 
SUBSEQUENT PREPRODUCTI ON: 3 7 0 0 . 0 0 H T U U,'3 5 F R A C T I O N ' O . 0 3 0 0 0 

U23S F R A C T I O N ' O . 0 3 2 0 0 
U 2 3 2 F R A C T I O N * H . R 7 0 0 0 O - I I 

ALL FCLLORINC OUAORATIC F I T EQI 'ATIONS ARE OF THE FORM Q >A « 8 » * * < • ; • » ? . 0 " F < 2 > 
•HERE a ANO 2 ARE ISOTOPE CONCENTRATIONS. I N » F I GMT FRACTIONS 

CCRE K « « t CYCLE T I R E 

I PRR I C 9 

! PRR S i • 

? BRR | C S 

A P » R c t e 

A R A I T I N G REPROCESSING 
««TO«S « U - 2 3 S FR U - 2 3 2 

0 . 0 0 . 7 4 0 0 0 - 0 2 0 . 0 
FR P U 2 3 6 > 0 . l « 0 0 0 O - 0 a 

0.90000-02 0 .0 
FR P u 2 3 6 « 0 . 3 3 0 0 0 0 - 0 0 

R F C ' V Y FACTOR 

0 . 0 6 0 0 0 - 0 2 0 . 0 
FR P U 2 3 6 « 0 . 1 6 0 0 0 0 - O F 

0 . 8 4 0 0 0 - 0 2 0 . 0 
FR P U 2 3 6 » 0 . 2 0 0 0 0 0 - 0 0 

O.RAO 

BTACTOR CONCENTRATION C O E F F I C I f N f S 
A n i 

U232«FIU23?> 0.0 S.30000-0* 0.0 
U?32«F(U23*> I.02T0D-I0 4.R94OO-0H -4.62700-04 

PU236>F«U236> 0,39400-10 .1.61*00-07 3.4I70O-C6 
U232»F(U232) 
U232'P(U236> 

PU236>F<U23ft> 

U232»F«U232) 
U232«F<U236l 
PU236aF|U2'6l 

0.0 
2.47*00-10 
1.74 000-0* 

U232«FIU232* 0.0 
U232>F<U236i 6.S300O' II 

PU236*F(U236l «.tOOQO-IO 
0 .0 
I .S3300-10 <i. 34000-10 

4 . 2 0 0 0 0 - 0 1 0 . 0 
9 . 6 2 4 0 0 - 0 0 I . 3ft OOO-0 7 
« S . 3 9 1 0 0 - 0 7 9 . 4 7 6 0 0 - 0 7 

9 . 6 0 0 0 0 - 0 1 0 . 0 
3 . 6 4 2 0 0 - 0 0 - 4 . 3 I 4 0 0 - O R 
2 . 3 0 9 0 0 - O T - 2 . 7 6 7 0 0 - 0 7 
4 . 4 0 0 0 0 - 0 1 0 . 0 
6 . 9 7 T 0 O - 0 B T . 2 M 0 O - 0 R 
3 . 4 8 * 0 0 - 0 7 S . 4 2 4 0 0 - O B 

CO 
CO 

GRAfcO K S I - « 3 2 » < 3 t * 2 3 4 NOVR 
ISOTOPE OATA PAGE - <«INOR I S O T O P E * U 2 3 * 

PBEPRCOUCTICN INVENTORY DATA: 
I N I T I AC INVENTORY: 
SUBSEQUENT PREPROOUCTION: 

3 7 0 0 . 1 0 M T L U23S F R A C T I O N S . 0 3 0 0 0 
U23S F R A C T I O N S . 0 3 2 0 0 

U234 F R A C T I O N * 2 . 7 0 0 0 0 0 - 0 4 

ALL FCLLOWlNC QUADRATIC ' I T EQUATIONS ARE OF THE PORR Q • * • B*l • C * Z * « . i 0 « " ( I > 
•HERE 0 ANO 2 ARE ISOTOPE CONCENTRATIONS, I N WEIGHT FRACTIONS 

CCRF 

I 
2 
3 

NAME 

P»R I C 
P»R RL 
e » R i c 
B«B BL 

CYCLE T | « 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

A R A I T I N G REPROCESSING REC'VY FACTO* 
N T U ' S FR U-C3S FR U - 2 3 4 

0 . 0 0 . 9 4 0 
0 . 0 O.RAO 
0 . 0 0 . 9 4 0 
0 . 0 0 . 0 4 0 

0 . 7 4 0 0 0 - 0 2 
0 . 9 0 0 0 0 - 0 2 
0 . 0 6 0 0 0 - 0 2 
0 . R 4 0 0 0 - 0 2 

REACTOR CONCENTRATION COEFF IC IFNTS 
A R C 

U Z 3 4 > F < U 2 3 4 > 0 . 0 t,00000-01 0 . 0 
U 2 3 4 » F < U 8 3 4 j 0 . 0 S .BSOOO-OI 0 . 0 
U 2 3 4 » F < U 2 3 . ) 0 . 0 S . 3 * 0 0 0 - 0 1 0 . 0 
U 2 3 4 * F < U 2 . , 4 > 0 . 0 0 . 0 0 0 0 0 - 0 1 0 . 0 

F1g. 5. Output From MUICYCL (cont'd) . 



34 

. t V b * 

t . ! • : * * *: » 

1 J *.. * • * 
1 . 1. F - . l 

- 7 1 . F « 
t - I ' . f t * 

1 . . 4 . 5 . 7 
i . - . n t . ^ ^ V 

i . * * i * 

"«»"'. -.̂ •--* i . » : r - « . c y 
•».-.«• I . * I i* 
» . 1 5 # *.%3 — 
i . * ; » • „ ? • « 
i , - i * !.'.*-*» > . " • » • • . • J - . * * 

=».-.»» * . i « n t 
• J - . I i t . J t 1" 
i * * i « I . . * * - * * 
* ; * * i » «.*' » ; . # ? " . l - I 14* 

» J 1 . F - . ' 

i . « i J . T i l * 1 1 *.<•« '..mti * . » W i t < 5 . * « C 

-..**.; * - * i ; » 9 1 1 .»>«0 
• : . * # « * . F f t » » I t 0 . •>•<]. 
- . %». J • . 9 * -1 f Q ? 5 . » * « 1 
? . • » . s i . a w « 1 . « » J 
i . * e * ? . F I « 5 * 1 . *> f t * 

*;.**•* i . * r i r 1 * 1 . * * » * 
1 . 4 * 1 ^.«r«» 4 * i . « * v 
Y . W F 1 » M » W 1 . » - . I 
a . •». f ft. W S f 7 * 7.»nc 
» .nr» F . J « F 9 * • ) . * # ' . 
i . » . » « i « . J « F f *.* 7 . * > n t 
O-F*»» ( . 7 3 * * 1? t . « n » 
*.«»! 1 mWH 99 » . * • . F 

!_*»» l . V H f •s* 1 . * * ? 

1 ' » F F 

i n * / 

1 l . " / " > . » > • « l . ' . » M ' 

> ».*»«• . !«* i f t ?- * - • . ! 1 * 
1 ? . ; ' • . • » - . - 5 
1 J . V i ' T * ^ - C 

f . r v j * r . - . i w f !V«r> " I » . 4 > 4 W F •;* #•-•«$» 4 I . * , « « 4 « n . f t l ' . O * 
1 U » ' . 1 1 > . « l ? % ' 0 . 1 
• * * • > » • > 1 I i . * « L * n r 9 . 0 

n* .F»0 C * i . n r * i » * 3 * i - * 
. • 1 * * 1 0 1 ? I . * • - . ! » «• «.« i n n i& * J J t „ * 7 t i r 7 * • » - ' • -
« « f t *» l . V M i r C * 1 . 1 

«*»«& «• l . - . •»* . i » <:• i - i 

n*w*o « *.• ' •«* ".* O . I 

. - * I V > 1 » ! . * • * . ' • £ « $ . i 

. 1 1 »*l". 1 » 1 . * * * * * * Oft * > . - . 
• • I .nfj » » * * . » < ' . ' . •ft / * * . \ » Tf, r < i i ••* • p * f - t . c .c 

r i v * i r « i r l t v t «> 

. I F O » o^ J»7** 
. « f O 1 i,i*** 
-*»o» 17 * . ! ' • ' 

.*l«or t ? t.s ** 
• • ' . O f Q7 t.tn-i 
. »ftO» 1 ' 2.J'^ 
. / / 4 » n * i . J ' t 
. < 5 1 V 1 1 i . i * * 
, F V » * i . j f i 
. * * f l * 17 J.}'** 

* . * | > » 1 ^ 

•till* <»• <-/*' -<*VI» • > » « . / « J 
, M V 0 ! t » < - 9 ^ 

* * • * I J 1 / . i n • . / ' I f I V ^ . M « 
K i t • ^ / / . i » - . ) . ' > M t 7 * >.r*r 
/ ' O f 3.? • ? » T « 1 . f.11 1 ? ?.rtr 
' "» *>* /.',#! **.97 >f 1 > 7* »•«. 
* ^ V nt J ' . ' J * * ! f . « i a * 1 7 ^ • . ' - . o 
1 M r *»! / . I ' D *./*'« 0 / j . t m r 

/*!• 1 * f.oim i . l - > * i r 4 T *.r»<i 
^^1« at # » a * i \ , « f . W 1 * *.*•* f * V -n ^ - c * i i . * ^ n » 1 1 ?r*»t 
M-H o> ^.o- , - ^ . * « ^ r «» >,fi« 
•1 1 . 7 ^ . - . * i o » 0 1 J,**.'* 
1 r.,o ? . * ! « * n >.** + 
5 4 . - 1 » . ^ ^ » l * I t ?m TTO 

^ n.o t . iRftr 1 1 J. ***. 
1 « » . i ^ . H M 1 1 7.T1* 
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F1g. 5. Output From MUICYCL (cont'd). 
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"10" are sufficient for running several long cases in one job. A typ­
ical case requires less than 5 CPU seconds on the IBM 360/195. 

The sample problem is an analysis of three minor uranium isotopes. 
U 2 3 2 , U" 2 I t, U 2 3 6 , in a campaign from 1974-1990. Printout of annual 
reports was suppressed.. A sample 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 here. Figure 6 displays the setup deck consisting of the JCL 
and input data, and Fig. 7 lists the full output. 

The program is set up to run on the IBM 360/370 class of machines. 
MUIFAP was written in IBM FORTRAN IV and is executed as an object 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 U 2 3 2 in a five-stream cascade. 

//BLDEAP JOE C167aO),«KCSO-BtOI!-J2»7» 
/ / * PAPTH.JCL — RON HOIPAP REX PROH TAPE 
//•CLASS CP095*1fl,IO»1.O,REGIOR«2OO,LIBES«2 
//LG EXEC rOR1HLG,GOSXSE»80K 
//LRED.STSIB DD DSB-A.H.BL008066.HOIPAP,OIIT-TAPE62,LABEL*(2,SL), 
/ / DISP- (OLD,KEEP) ,DCB*(>BCPH*PB,LRECL*80,BLKSXZE*2000,DEH«3) * 
// VOL*SER*028351 
//60.PT02F001 DD DCB«(BECFH«VBS,LBECL>80,BLKSXZE«1000) ,OIIT»STSDA, 
// SPACE*(1000,(25,5),BLSE) 
/ /CaPT09fO01 DD DflRHT 
//6O.PT05F001 DD * 

HE VALIDITY TEST 
I RETORWS 3500. . 0 0 8 
X WORBAL .00711 
C HE 10. . 9 0 
0 BX 6670 .65 . 0 3 2 
0 TLS . 0 0 3 
• 
/ * 
/ / 

F1g. 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 accomplished largely by seven labeled common 
blocks containing over 100 variables. 

As much as possible, each significant step in the model is partitioned 
into a separate subroutine or entry point. Routines may be classified 
by the primary operation they perform - reactor use, reprocessing, 
enrichment, and -»nput-output. 

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

PREVAL, SECANT, SETUP, S236, UNMERGE 
Input-Output - BGNRUN, IDAY, ISOPAG, NEWCAS, REPORT, SCRIBE, TUNING, 

YRPAGE 
The enrichment phase contains several iteration procedures, described 

in Section C following. The input-output stage is organized by the 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 isotope, and similarly for a third minor isotope if one is present. 
This results in some repetition of calculations. For example, several 
reprocessing calculations are redone for each minor isotope rather than 



ORNL-OWG 7 9 - 8 7 6 8 

MAIN 

BGNRUN 
E=T, i , , - i _ __[ 

NEWCAS ISOPAG 

I0AY 

TUNING SETUP REACTR iREPROCi 
L 

OOYEAR 

NEWFDS INVSTR 

'SZ36 OELTA ETZI SCRIBL 

NEWSTR 
J 

SECANT 
HZ~3 

UNMERG MERGE 

."[ JOMAT PREVAl OMATEQ 

EVAL 

YRPAGE REPORT! 

Fig. 8. MUICYCL Program Chart. 
Routine B is called by Routine A i f l ine segment(s) go down or across from Routine A to Routine P.. 
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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 fl^w is provided in Fig. 9. 

Documentation of individual routines follows. Documentation of 
variables is provided in a later section within this chapter. Note also 
that extensive internal 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 
BGNRUN Prints the header page when executed 

at the beginning of the run. 
DELTA This routine calculates the difference 

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. 
DOYEAR This routine generates minor isotope 

concentrations in cascade product 
streams for fixed SW, U 2 3 5 product 
stream concentrations, and stream 
merging policy for a given year. 

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

Called by Calls 
MAIN 

MAIN NEWSTR 

SECANT 
MAIN PREVAL, 

SECANT, 
MERGE, 
UNMERG 

PREVAL 
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Name 
IDAY 

INVSTR 

ISOPAG 

c 

HAIN 

MERGE 

NEWCAS 

NEHFDS 

NEWSTR 

PREVAL 

REACTR 

REPORT 

Description Called by 
IDAY, a system routine, supplies the BGNRUN 
present date for output. 

This routine adds the three preproduction SETUP 
streams to the cascade when called 
by SETUP for each year. 

ISOPAG generates the isotope data page MAIN 
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 — 
SW and U235/U236 loops, and super­
vises all other processing. 

Calls 

13 
Routines 
See 
Fig. 8 

This routine combines into one stream, 
pairs of product streams having U235 
concentrations within tolerance 
TOLMRG of each other. Merge is 
selectively executed by OOYEAR to 
aid in convergence. 

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

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

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

This routine unseales the cascade DOYEAR, 
estimate, calls EVAL, then rescales SECANT 

REACTR calculates concentrations in MAIN 
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 MAIN 
each case. Called by MAIN Section 
G. 

DOYEAR — 

EVAL 
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._: Name Description Called by Calls 
REPROC REPROC reads any "Returns Cards", MAIN 

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. 

S236 S236 escalates U 2 3 5 in cascade product MAIN — 
to reactor due to the presence of 
U 2 3 6 . It is called by MAIN in each 
U 2 3 5 / U 2 3 6 iteration. 

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

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

SETUP SETUP generates a cascade stream table MAIN NEWFDS, 
each year preparatory to solving. INVSTR 

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

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

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

I 
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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 MAIN. As in MUICYCL, communication of variables is accomplished 
mainly through the use of labeled common blocks (see Section 0). 

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

Name Description 
DMATEQ DMATEQ solves a system of linear 

equations. 
EVAL EVAL calculates the balance equation 

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

IDAY IDAY is a system routine which returns 
the present date as output. 

MAIN MAIN reads the Header Card, calculates 
the balance streams, builds the 
initial estimate matrix to pass to 
SECANT, calculates final data for 
the output table and prints the 
table. 

PREVAL PREVAL unseales the present estimate, 
calls EVAL, then rescales. 

SECANT SECANT finds the zeros of N simul­
taneous equations in N unknowns 
using the Newton formulation of 
the Secant method. 

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

START START generates the initial estimate 
using a linear approximation to the 
matched abundance ratio balance 
equations. 

Called by Calls 
SECANT, 
START 
PREVAL 

MAIN 

MAIN 

MAIN 

IDAY, 
SETUP, 
SECANT, 
PREVAL 

MAIN, 
SECANT 

EVAL 

MAIN PREVAL, 
DMATEQ 

DMATEQ 
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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 l' 2 1 5 concentrations of reactor bound products. 
3) Adjusting preproduction stream rates to attain the rated 

separative capacity value. 
MUIFAP executes the first level only. Each level is now discussed: 

Determination of Minor Isotope Concentrations (level 1) 
In MUICYCL this iteration phase is performed almost completely in 

subroutine DOYEAR, but partially in MAIN, which calls DQYEAR. 
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 to 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, U 2 3 5 and total uranium, are 

always satisfied at the beginning of this stage in DOYEAR by adjusting 
two "balance stream" rates selected by the user. Thus, the mathematical 
system consists of N nonlinear equations in N 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 K+l initial estimates. 
This is built by M perturbations on one initial estimate. The I t h 

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+l) is the initial estimate. This is generated by any oWe 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 U 2 3 5 assay due to U 2 3 6 presence 
(ITERS6>0), scale all concentrations up or down from the last 
returned values to satisfy the U 2 3 6 material balance equation. 

Method B: however, 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 tiiies the estimated 
previous concentration: 

yp(J) = y p ( o - i ) ( ^ ) E X P , 

where 
XP is U 2 3 5 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 of the H balance equations results in 
nonlinearities when minor isotope concentrations do not maintain an 
ascending or descending relationship corresponding to their respective 
U 2 3 5 weight fractions. This difficulty 1s circumvented by temporarily 
merging into one stream any two product streams whose U 2 3 5 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 U 2 J S concentrations. 
During tne merged period, IMERGE=1. For the iteration immediately 
following this, IMERGE=-1. 

The WJIFAP level 1 procedure is considerabjy less complex. The 
initial estimate matrix is also built by perturbations on one initial 
estimate. However, the I t h estimate is generated 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 HUIFAP, all estimate vectors passed to the 
SECANT program are normalized: the Ith component is divided by the 
value of the I t n component in the initial estimate. Thus, the initial 
estimate is always scaled to a vector of l's. 

Iteration on U 2 3 S Concentrations of Reactor Bound Products (level 2) 

The presence of U 2 3 & reduces the reactivity of U 2 3 5 in reactors. 
To compensate, the U 2 3 5 assay is escalated using a quadratic equation of 
the form of Equation (3-1). This is performed (in subroutine S236) when 
the minor isotope is U 2 3 6 and the user has not suppressed this calculation. 
This follows the previous level of iterations and is considered completed 
when each new U 2 3 5 concentration differs from the previous concentration 
by less than a tolerance of T0L235, whose default value is 5 x 10" 8. 
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 SH Capacity (level 3) 

This calculation is performed unless the user has not entered a 
positive value for SUUCAP, the yearly separative capacity. Calculations 
occur each year for which the minor isotope is U 2 3 6 , and following the 
previous two iteration levels. Subroutine DELTA determines the quantity 
of preproduction which should be fed or produced in order to match the 
value of 5WUCAP. The estimate is generated by a linear approximation 
to the rate of change in separative work *or a change in preproduction. 
Appendix B derives the working equations. 

If the relative difference between the calculated SH value and capac­
ity is within tolerance TOLSW (default=lD-4), the preproduction calcula­
tion is bypassed, and enrichment calculations for this year and isotope are 
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 ("stall") 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 
difficulty. If iterations are completed, IER is set to its absolute 
value and more severe measures are taken, as explained 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 2 3 5 ) 
escalation) exceeded the limit of MXITR6=iO. 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=1Q. This error is also likely caused by incorrect 
inpi't. 

At the end of the enrichment 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) containing over 100 variables. Table 1 
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 all variables in MUICYCL 
common blocks. They are identified by common block name, dimension if 
appropriate, and type if different 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 RECORO CYCLE SUMRY COEFFS C0236 

• / / c / 

/ / 
/ • / 

MAIN • 
DOYEAR / 
EVAL / 

r 

INVSTR 
ISOPAG . / 
MERGE / 

NEWCAS 
PREVAL / 
REACTR 

REPORT 
REPROC » 
S236 

SCRIBE / 
SETUP / 
YRPAGE • 

/ 

/ / / 

•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. 



52 

A5M SUMRY, (40). R*4. This is the average U 2 5" : concentration 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 M t h minor isotope in the stockpile of original prepro-
duction. This is set in SCRIBE and used in REPORT. 

AMM SUMRY, (40,3), R*4. AMM(IYR.M) is the average weight fraction 
of the M t h minor isotope in QFM(IYR), the sum of all miscellaneous 
feed streams in year IYR. Calculated in SCRIBE, it is then 
printed by REPORT in the column, "OTHER". 

AT5 SUMRY, (40), R*4. This is the U 2 3 5 concentration in the cascade, 
tails stream each year, subscripted by year. It is loaded in 
SCRIBE each year and printed by REPORT. 

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

C22 COEFFS, (3,5). C22(K,I) is the K t h quadratic coefficient in 
the first half of the equation (see Equation 3-2) which calcu­
lates the concentration of U 2 3 2 when fuel type I is discharged 
from a reactor. This half quantifies the effect of initial U 2 3 2 

concentration upon final concentration. It is input from the 
Reactor Fuel Card by subroutine IS0PA6 and is used in REACTR. 

C26 RECYCLE, (3,6). C26(K,I) is the K t h quadratic coefficient in 
the second half of Equation 3-2 which calculates the weight 
fraction of U 2 3 2 when fuel type I is discharged from a reactor. 
This half quantifies the effect of the initial U 2 3 6 weight 
fraction upon the final U 2 3 2 weight fraction. It is input 
from the second U 2 3 2 Reactor Fuel Card for each fuel type by 
subroutine IS0PA6 and is used in REACTR. 

C44,C66 COEFFS, (3,6). C44(K,I) or C66(K,I) are the K t h quadratic 
coefficients in the equation (see Equation 3-1) calculating the 
discharge weight fraction of U 2 3 1* or U 2 3 6 as a function of the 
initial weight fraction of U 2 3 4 or U 2 3 6 in fuel type I loaded 
into a reactor. These are input from the Reactor Fuel Cards 
by subroutine IGOPAG and used in REACTR. 

C55 RECYCL, (3,6). C55(K,J) is the K t h coefficient in the quadratic 
equation (see Equation 3-1) to define the weight fraction of 
U 2 3 5 in spent reactor fuel as a function of the U 2 3 5 escalation 
in a fuel type identified by J loaded into a reactor. See 
definition of KNUM. It is input from the U 2 3 5 / U 2 3 6 Card by 
subroutine ISOPAG and used in REACTR. 
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CASE RECORD, (5). This is the case name, read from the Case Card 
by subroutine ̂ EWCAS and printed by NEWCAS, ISOPAG, and YRPAGE. 

COEF C0236, (3,6). COEF(K.J) is the Kth coefficient in the quadratic 
equation (see Equation 3-1) to define the change in U 2 3 5 assay 
reactor requirements as a function of U 2 3 6 assay in cascade 
product. J identifies the fuel type through use of KNUM(J). 
COEF is input from the U 2 3 5 / U 2 3 6 card by ISOPAG and used in 
S236. 

COEFF COEFFS, (3,6,3). C0EFF(-,-,1), (-,-,2) and (-,-,3) are equiva­
lent to C22(-,-), C44(-,-j and C66(-,-}. This arrangement 
permits easier input of these data by subroutine ISOPAG. 

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

CORNAH 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, ̂ nd YRPAGE. 

CPU COEFFS, (3,6). CPU(K,I) is the K t h quadratic coefficient in 
the equation (see Equation 3-1) calculating the discharge weight 
fraction of P U 2 3 e as a quadratic function of the initial weight 
fraction of U 2 3 6 in fuel type I loaded into a reactor. This 
is input from the second U 2 3 2 Reactor Fuel Card for each fuel 
type 1-n subroutine ISOPAG and is used in REACTR. 

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

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

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

F EVALU, (20). F(I) is the weight of the I t h feed stream to the 
cascade in a year, ordered by U 2 3 0 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. 
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SUMRY, (40,6), R*4. FEED5(IYR,IF) is the U 2 - concentration 
(weight fraction) of stream FEEDQ(IYR,IF). It is loaded in 
SCRIBE and printed in step REPORT. 

SUMRY, (40,6,3), R*4. FEEDM(IYR,IF,M) is the weight fraction 
of the K ' minor isotope in stream FEEDQ(IYR,IF). It is loaded 
in SCRIBE and 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 I t h 

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 
I t n feed stream to the cascade is to be calculated by material 
balance equations. Otherwise, FSIN(I) contains blanks. FSIN(I) 
is loaded from input in each year by SETUP and used in DOYEAR 
and VRPAGE. 

FXF,FYF EVALU, (20). FXF(I) and FYF(I) are the quantity of U 2 3 5 and 
of the minor isotope, respectively, in the I t n feed stream to 
the cascade in a year. They are calculated in DOYEAR and used 
in the annual report (if not suppressed) by YRPAGE. 

ICYCL RECYCL, (6). ICYCL(I) is the cycle time 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 IS0PAG and used in REACTR. 

IFSTR RECORD, (20). IFSTR(I) is non-zero if the I t h feed stream to 
the enrichment process represents a reactor iturn. If 
IFSTR(I)>100, then IFSTR(I)-100 is the fuel type, and this 
stream card was entered by the user. If 1<JFSTR(I)<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. 

IN 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. 

IPSTR RECORD, (20). IPSTR(I)=K#) 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. 

FEED5 

FEEDM 

FEEDQ 

FNAM 

FSIN 
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IPTYP RtCYCL. (6). IPTYP(K) is the product stream number of a cascade product stream which will be loaded in core type K on reactors 
the following year. This is set in SETUP each year from input 
and used in MAIN, REACTR, and S236. 

I5TRM EVALU, (20). When subroutine MERGE is used temporarily to 
combine two adjacent cascade product streams into one, ISTRM 
handles stream number bookkeeping. Use of MERGE may mean there 
are N-l 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
lations in DOYEAR and EVAL, and reinitialized in UNMERG. 

IUNIT CYCLE. This is the logical number of the temporary data set 
onto which all yearly data are written while modeling 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 
also used in INVSTR, ISOPAG, NEHCAS, REPROC, SETUP, and YRPAGE. 

IYR 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. 

IYRMAX 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. 

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

JYR EVALU. This is the actual 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. 

KF EVALU. KF is the subscript of the feed stream to fie cascade 
whose weight, F(KF), is to be calculated by closing the total 
material balance and U 2 3 L balance equations. KF is identified 
from ir.put in SETUP each year, and F(KF) is calculated in DOYEAR. 
Also used in YRPAGE. 

KNUM 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 
S236. 



KORES RFCYCLE. 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. 

KP 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 U 2 3 5 balance equations. KP is identified from input 
in SETUP each year, and P(KP) is calculated in DOYEAR. Also 
jsed in YRPAGE. 

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

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

M2 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. 

N EV/iLU. This is the number of product streams from the cascade 
in a year, initialized in SETUP, and subject to change due to 
use of subroutine MERGE. It is equivalenced to OUT. Also used 
in DOYEAR, EVAL, MERGE, PREVAL, SCRIBE, SECANT, SETUP, and YRPAGE. 

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

NUM EVALU, (20). For the I t h 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. 

P EVALU, (20), P(I) is the weight of the I t h product stream in 
the cascade in a year, ordered by U 2 3 5 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(I) may 
be saved in temporary storage by YRPAGE for later use. Also 
used in MAIN, DELTA, EVAL, MERGE, REACTR, and SCRI3E. 

PA5M SUMRY, (40), R*4. PA5M(IYR) is the averaged U 2 3 t> weight fraction 
in QPM(IYR), total miscellaneous cascade product flow in a year. 
It is calculated by SCRIBE and used in REPORT. 

PAGE RECORD, 1*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, 
incremented and printed in MAIN, DOYEAR, ISOPAG, NEWCAS, and 
REPORT. 
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PAMH SUMRY, (40,3), R*4. PAMM(IYR,M) is the averaged weight fraction 
of the M* n minor isotope in QPM(IYR), total miscellaneous cascade 
product flow in a year. It is calculated by SCRIBE and printed 
by REPORT. 

PNAM RECORD, (20). PNAM(I) is the name associated with the I t h 

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. 

P0T1 EVALU, (6). P0T1(K) is the initial stockpile weight of fuel 
type K awaiting reprocessing. This is read from the Reactor 
Fuel cards for the first minor isotope in subroutine ISOPAG 
and is used in REPROC. 

P0TPU1 EVALU, (6). POTPUl(K) is the weight fraction of PU 2 3 f c in the 
initial stockpile of fuel type K awaiting reprocessing. It is 
input by subroutine ISOPAG from the second Reactor Fuel Card 
for U 2 3 2 and is used by REPROC. 

POTXP RECYCL, (6). POTXP(I) is the present U 2 3 5 weight fraction in 
the stockpile of fuel type I awaiting reprocessing. This is 
variable over time because U 2 3 5 entering the reactors^ has been 
escalated due to U 2 3 6 . Initialized (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 to the cascade, and also used in MAIN, SCRIBE, and 
YRPAGE. 

P0TYP1 EVALU. (6). POTYPl(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 ar.d is used in REPROC. 

PRE1L SUMRY, (40), R*4. PREIL(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(IYR,M) is the weight fraction of 
the Mth 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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PRE2L SUMRY, (40), R*4. PREZL(IYR) is the weight of the "new" 
preproduction stockpile 'it the end of year IYR. It is loaded 
in SCRIBE and printed in REPORT. 

PRE2M SUMRY, (40,3), R*4. PRE2M(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. 

PRE2P, SUMRY, [(40), (40), (40,3)], R*4. PRE2P(IYR), PRE2P5(IYR), 
PRE2P5, and PRE2PM(IYR,M) are, respectively, the weight. U 2 3 5 weight 
PRE2PM fractioii, and weight fraction of M*h 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. 

PREI 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. 

PREIIF 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. 

PROOM SUMRY, (40,6,3), R*4. PR0OM(IYR,ITYP,M) is the concentration 
of the M t n minor isotope in cascade product stream 
PR0DQ(IYR,ITYP), product to reactors. It is loaded in SCRIBE 
and printed by REPORT. 

PR0D5 SUMRY, (40,6), R*4. PR0D5(IYR,ITYP) is the U 2 3 5 weight fraction 
in PR0DQ(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. 

PRODQ SUMRY, (40,6), R*4. PR0DQ(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. 

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

PXP EVALU, (20). PXP(I) is the quantity of U 2 3 5 in the I t h product 
stream from the cascade in a year. It is calculated in DOYEAR 
and used in MERGE and YRPAGE. 



QFM 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. 

QNORM 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. 

QPN 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. 

QTAIL 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. 

RETRN 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. 

RPU6 RECYCL, (6,40). RPU6(I,IRYR) is the weight fraction of P U 2 3 6 

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

RR 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 REACTR 
and used in REPROC. 

RXP RECYCL, (6,40). RXP(I,IRYR) is the weight fraction of U 2 3 5 m 
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 U 2 3 6 . The 
data are used in REPROC. 

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

SECRET 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 YRPA6E. 

SEP SUMRY, (40), R*4. SEP(IYR) is the input three component ( U 2 3 5 , 
U236t u 2 3 8 ) separative capacity of the enrichment plant 
in year IYR. It is loaded in SCRIBE each year and printed by 
REPORT. 
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SHRINK 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. 

TOTF5 EVALU. This is the total weight of U 2 3 S 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. 

T0TF6 EVALU. This is the total weight of U 2 3 6 in the feeds to the 
cascade in a year. It is calculated in DOYEAR and used in the 
annual report (if not suppressed) in YRPAGE. 

TW0K This variable, calculated in ISOPAG for each minor uranium 
isotope, 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. 

UNQ.UN5, SUMRY, [(40,6), (40,6), (40,6,3)], R*4. UNQ(IYR.ITYP), 
UNM UN5(IYR,ITYP), and UNM(IYR,ITYP,M) are, respectively, the 

weight, U 2 3 5 weight fraction, and weight fraction of the M t h 

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. 

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

XF EVALU, (20). XF(I) is the U 2 3 5 weight fraction in the I t h 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. 

XN0RM5 SUMRY, (40), R*4. XN0RM5 is the U 2 3 5 weight fraction in 
normal feed, subscripted by year. It is calculated in SCRIBE 
and printed [only XN0RM5(1)] in REPORT. 

XN0RMM SUMRY, (40,3), R*4. XN0RMM 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. 

XP EVALU, (20). XP(I) is the U 2 3 5 weight fraction in the I t h 

product stream from the cascade in a year. It 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 U 2 3 5 in the 
intitial stockpile of fuel type I awaiting reprocessing. This 
is input from the Reactor Fuel Cards for the first minor isotope 
by subroutine ISOPAG. Also used in REPORT and REPROC. 

YF EVALU, (20). YF(I) is the minor isotope weight fraction in the 
jth f e e j stream to the cascade in a year. It is loaded in 
SETUP each year for each minor isotope value. Also used in 
DOYEAR, EVAL, SCRIBE, and YRPAGE. 

YP EVALU, (20). YP(I) is the weight fraction of the minor isotope 
in the I t n 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 U 2 3 2 , 
SETUP loads YP6(I) with the U 2 3 6 concentration of the I*" 
product stream. Subroutine REACTR requires these data to cal­
culate discharge U 2 3 2 concentrations (see Equation 3-2). 

VIII. 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 
assumption is invalid when analyzing cascade products highly enriched in 
U 2 3 5 . Significant inaccuracies may begin to occur when the U 2 3 5 enrich­
ment increases beyond 90%, ultimately causing the sum of the top product 
concentrations to exceed 100%. All 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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FORMULATION OF PU 2 3 6 -HJ 2 3 2 DCCAY EQUATION 

From [ 2 ] , p. 7, the formula for >J 2 3 2 concentration, in the presence 

of P U 2 J 6 , over time is 

y t = y ( t ,y 0 ,p ) = y0cl - kpfd'-c 1) , 

where 

t = time in years after discharge from reactor 
y. = U 2 3 2 concentration at time t, wt. fr. 
y 0 = U 2 3 2 concentration at discharge, wt. fr. 
p = pu 2 3& concentration at discharge, wt.fr. 

-.009627 
c = e 

--2>»32 

d = e 
k = 1.02357 

After slight rearrangement 

Y t = (yo +kp)c l - kpd* = V t - Wt • 

V t 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 

V T • " t d T • 

It will be shown that, when two streams of the same fuel type are combined 
by merging their V t values and W t values, the resultant U 2 1 2 concentraMon 
over time is identical to the weighted sum of the concentration of uncom-
bined streams. Thus, all material of one fuel type awaiting reprocessing 

http://wt.fr
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may be accounted for by updating one pair of values, POTV(I) and POTW(I) 
each year. 

Let quantity Q 0 of material be discharged from the reactors at time 
t0 = 0, and quantity Qi be discharged at time ti. 

Then for time t- > 0 

y = V c J - W d J , 
0 > -j O»0 0 >0 

and for t. > tt 

r V U t.-t: 

y.- t = V c K - W d K 

where 
y. . = U 2 3 2 concentration in Q. at time t., i, j i j 
V. • = V value of material Q. at time t., i»j t i j 
W- - = W value of material Q. ot time t.. l, j t I j 

Combining these streams at time t >_ t l t the weighted U 2 3 2 concentration 
is (subscript z indicates combination) 

y z , a = (Q y + Q y )/(Q +Q ) 
0 0 »<* 1 1 1 1 0 I 

tn t - t l t t - t l 
= (QV c + Q V c - Q W d a - Q W d )/(Q + Q ) 

0 0 »0 i 1 1 1 0 0 »0 l l f l 0 1 

QQVQ.I + Q I V I , I V * 1 _ Qowo,i * Qi w i , i V l i 
" Qo *Qi C Qo + Qi d 
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Setting t = t we produce the formulae for updating V and W values by 

combination of material at time t , 
i 

Q V + Q V 
0 0 * 1 1 1*1 

V , = , and 
2 , 1 Q + Q 

o I 

Q W + Q W 
W = o o » i i i » i 

Z » i Q + Q 
o i 

This combined stream will have, at time t 2 > ti , 
t2-ti t 2-t x 

* z , 2
= V z , i c " W 2 , i d 

which is identical to the value of y, when the material is combined at 
'z,a 

t = t . 
a 2 
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APPENDIX B 
DERIVATION OF PREPRODUCTION ESTIMATE 

L 
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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) 
x p,Xp,x R = corresponding U 2 3 5 concentrations. 

The following algorithm is used: 

AR = ASH/ ̂  , 

where 
ASW - the required increment or decrement in SW to attain capacity 
SW = Pv(xp) - Fv(x F) + Rv(x R) + constants 

The balance streams are calculated by 

P - F + R + K , * 0 

Pxp - Fx F + Rx R +K 2 = 0 

where Kx and K 2 are terms Involving other streams. Using substitution 
and implicit differentiation on the above, 

M 5R ' 
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and 

6F _ X P X R 
6R x p - x F 

Therefore, 

dSW 
dR 

[ v ( X p H ( x F ) ] ( x p - x R ) dSW 
dR X p - x F 

+ v(x R ) - v(x p ) 
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APPENDIX C 
MUICYCL PROGRAM LISTING 



r 

n 
: " S T I C T C L 70 
r a ••:3rL *.T THE n c i s i f »ir»t CYCLE »ITH Mreasrs as TBE T H O P *o 
C IMIT-'S ISOTOPES. P'OSBBHEO 8* S.B. MOT 11D P.». BCUBEV. 50 
~ C C P T T I P SCIESCES J iTtsro j , M m cacetDE cotPoaaTios. S K I S U «•> 
C Dl»I5IC". OBI SIDG!. TS. TJ 
C C3STC»£» COTtiCT: STEPSEB PBEBSTT. OBPT. OP EfEBST, OBE MICE. T«. 80 
-" ••n.i -ninBEuaTWi i s PSOBIOEQ i s O H I / C S » ~ 3 ? . 90 
" 100 

-IIFIICIT »»«!.•»(«-H.O-J) 1:9 
ic;rc»L «ST.SEc»rr.EaDLi». CCSMD. « S L I » . sossc 121 
I - T E M P pass n o 
E*at*g Eiasr / ' • / , S T B B / » » V i»o 
CC*so* / t l l l V r(29| .P(29),IP|20),IP|20),Trt29I.TP(20l ,tO??5„T0?pe 159 

i , * i K i 2 9 ) , p t r t 2 0 i , P T r f 2 0 ) , r a p t 2 0 ) , r » , i , t p , K P u o 
1 .TBOB, POTM6), POTT?'(SI . 1TB. S 2 , TPE(20I 170 
1 ,POTPB1|6) , JTJ, I T B M I , I5T»Rf20) 180 

CCSSOB /PECTCl/ E B | 6 , * 0 ) , k T P ( 6 , « 0 ) , B P 7 6 ( 6 , « 8 1 , P9TPT|6I 190 
1 ,PQfT(6), H > T t » | 6 | . CTCCaP, S B P l * ( ( 6 | , BET'Sf6) 2<)3 
1 . I P T T P i o ) , ICTCMM. IPEOSS(6) . EOPES, I 1 I I O I 210 
1 , P O T I P f 6 l , E I P | 6 , « 0 | 220 

COKW/BECOPD/ C a s e { S | , 9 a T E . P I l l ( | 2 0 1 , F S t S { 2 0 | , P * a ! I ( 2 ) ) , ? S I I ( 2 0 I 2 3 0 
1 . 1 S T . SECBET, PEGS, COBTIS 2*0 
1 ,CO»*»Sf» ( , I F S T 8 I 2 0 I , tPSTIt20) 250 

c r ^ m j / C T C I V »a»SE. w s r r 2 6 0 
COnSOI /SOSST/ PBOST (30721 270 
DXREBSIOB I P T S T ( 2 0 ) , I B » 3 ( 3 I , 2 8 0 

t O I E S C P | 6 > , p > a c r i 2 o , 3 ) , m i ( ( } | , p s e i { 3 ] 2 9 0 
S f I | ' f 2 - * T - 1 . | » 9 L O S ( I / ( 1 . - I | | 300 
Z I ( I , T I - B t E ) - B ( T | - ( ( E - T | / ( . 0 0 7 1 1 - T ) l * ( B f 7 . 1 1 B - 3 | - S t l | | 310 

C 3 2 0 
C IRPOPTIST BO*-COSSOB BLOCB VBBIBBLES: 330 
C 3«0 
C IE8 TBS ITEPaTIOB EBBOB PLJC TESTED OBIT BT EBD OP TEB*. , 350 
C Ir.tf.Z PBODOCT STRCBSS BBOSE 0235 COBCS BIE BITBIB % C E f T l I ' 360 
C TOlEBBBCe Or UCB OTBtl S»T * l RCBCEft IB THE CBSCkDE 370 
C ITEBBTIOB PBOCEOOBE. I SEE SBtSECTIOE E . 2 380 
C IBD3 I B D 3 ( t ) ° i a S C a 0 E STBEBT • aSSCCIBTED BITS PEES PBOS PBE1. 390 
C (2 j» " " - . . . M J 2 . t g o 
C | 3 | « . . . PBEPB0P9CTI0B. BIO 
C L BfPIBES THE OBIT B3BBEB OBTO BFICB TRE CBSCBOE aSEOai 420 
C BEPOET IS BJiTTEI, ISBBLLT 9 . SET IB SESCBS. «30 
C PPE1,?PE2 TBI 311JTITT OP RBTEPIBL IB TBE STOCKPILES Of IBITIBL «»0 
C PBEMODTCTXO'I aBD S08SE01EBT PEEPBO90CTI0B EESPECTXTELT ( 5 0 
C SPTCaP TBE IBPOT SB CBPICITT OP TBE CBSCBD* IB a SITES TEBB. »60 
c a p i 123S r p a c T i o s n m r t a i PBE>BODUCTIOB TBTEBTOBT » T O 
C aP2 1 2 3 5 r»aCTIOB IB LBTEP PBEPR'IDHCTtOSIPIXED IB I B P O T ) . M 0 
C BR1 1IB0S ISOTOPE fl*CTIO» IB IBtTlaL P1EPB4D. IBTEBTCBT. »90 
C a»2 " " " I B UTEB PBEPBOylCTIOB. 500 
C 510 
C 520 
c s E c r i o B a - - i B i n a t i z a T i o B 530 
C 5B0 

TEPO « 0 . 550 
BEITR • 10 560 
HIITK6 « 0 5 7 0 
BIITB6 ' 1 0 5 8 0 
SIR < 100 5 9 0 
iTPnat * «o t o o 
«a(KQ9 • 6 6 1 0 
ITBIT « 2 620 
CM. I EGBBm(DaTE,PaSE) 6 3 0 

e 6»o 
C SECTICB B — I R I I CaSE: CBSE IBITiailtaTIOB BBS PB3CESS CaSE Ca*B 650 
C 660 
C BOTE TBBT COBROB BIOCB /SORBT/ IS BEBE RIBEB a SIXE »E»»tT 670 
C 2( BT1ES t»»SEB T«» OSED IB lOflTIBES REPOBT aBO SCSI BE, BPO SURBT 680 
C IS ZT9CED OOT REBE. THE SUCI SPBCE PEBRITS POTOBE EIPaBSIOB. 690 

20 COBTIBUE 700 
IEB « 0 710 
DO »0 I«l ,3072 720 

•0 PROBT(I)«0. 730 
Or 60 I«1,6 7»0 

60 nBESCPfl) « 0, 750 
C 760 
C BEBO CaSE C*»0 BBS SEBEKUTE fITIE PBGE 770 

c a n EEBcas(RKasE,*fBa,piR,*asipa,Eitsc,Tnat,i.,KORPS) '»o 
isa»«t 790 

C BOO 
c sEcrior r - - STBBT BEB ISOTOPE FOB a case REBC. B(*o(Bttta»t *^o 
C PBEPP00BCTIOB IB7EBTOBT CII9. »LS0 BMD BEaCTOB ftFEL 820 
c capo(S) aao V235/V736 raao, PBOCESS as» PBIBT ISOTOPE 630 
r. 0«T» PaGE. a t t THIS IS OOBE IB I SOPHS. 8*0 
C B50 

*0 COBTIBBE 860 
CM,I i«cpaG<RiB»,«asrp»,?PR,»iR,p»Ei,a»i,ap2,fBRi,aBi,B0Esc,Ensc »7o 

1) B60 
RB • « - 2 3 0 890 
RJ • CB2-2M)/2 »00 
P»E2«0. »10 
a^2-0, 920 

r 910 
c . . . i m r i a w z r IT«««TIOB P*BRS • - omonu.i i rao IB fatitrs IB 9»O 

L 
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: —T-CJI. « 2 
ZkLl ? U I ' V ; r ? I . T 9 i . 2 1 S . r C i S » , » I ? . T O L . ; E S , T G L . l ? ; . C 5 1 . C 3 2 , 7 ' J « . » A S E ? S 9«9 

1) Yt'. 
:T= » i ?eo 

- s£c::r" ; — ST»?T I S * TEA?: BEAD TEA» **s CAPACITT CASS. CALCULATE IOOO 
T ? T n ? E PEACTOB 5ET1BBS. »»J SESWATE IBEP90C) 1EPS/-CESSSB 1013 

3T?!»»S TO? 1SH TBIS TEAS. " 1929 
C 1913 

130 c^"T'?ri ; 1Q*1 
1050 

r r f ' / ) T»AP 113 CAPAtITT C«?3 I960 
i * C ' F . L E . t ) IS»"0 1O70 
J*»S7F « 3 10*0 
r r t r » » 3 E . ! 9 . 1 ) P2AD(S,739C,ES!>»260) TIBT .JTP.CTCCAP.SB'ICAr.D'lR, 109? 

' ITPPB 1103 
IF ! « ? « S S . E 3 . 1 | » » I T S | I 7 I I T | TUtT.JTP.CrCCAP.SBJCAP.OIS.ITBPP 1119 
If t - » A S « . 1 T . 1 ) » t U | l ' m T l TI«1 ,JT5 .CtCC»? ,5» lC»P ,D»S . ITPP» 1123 
I f ITIPT.E9.S7»P> 10 TO 260 1110 
IF m - . S £ . S H t l » 1 SSBSTP=1 11M 
i ? » ' F A S E P S H5Q 
I* < I T P ? r . I E . O | IPR"S»I9 ( I faPB,0 ) 1160 
BFT - rpS.GT.1 1170 
IF f»PT) BBIT? (•>,71001 »TR. CTCCAP, SBOCAP 1189 
ITP = ITR»1 1190 

r i2oa 
C CALC0LA7E P3T1SE BSACTQ9 3ET0BBS PBOB l»ST I B I S ' S CASCADE GOTPTT 1210 

C H I PEACTStP*T,IPTGT.BKASE) 1220 
C 1230 
C BEPSOC BFA3S I * A»T (ET1BIS DIRECTLT TO REPROCESSING P U R T , IIO 12«0 
C EEP3<"CE5SES ePACTOP BET05BS TO BE PBO TO GBP W I S IEA8. 1250 

CALL »E?S(OC(0,B«T,»E»ST'.:?P.) 1260 
r 1270 
C SECTI'S • — CALC9UTE 0 « TEAR OP CASCADE 0PEBATI9RS. 1280 
C 1299 
C S.15SP-.1H.S E . I - BEAD ISO ORGABIZE STtEAR CARDS. 1300 
T 1310 

IP IIPP.CE.1l t « « 1320 
B»ITE(L,7800) 1310 
IP (SECRET) I P I T E | l , 0 1 3 0 | 13*0 
I ? (COBPIB) BBITE(L,80O0) 1350 
IP (L.EQ.6) PAGE»PASE»1 1360 
•PITE(L ,8209 ) PAGE 1370 
L*LSA» 1380 
CALL SETUP (AF1,AR1,AP2,AR2,IBD),PPR,PBACP) 1390 
Z 1 c Z I ( l P 1 , I P ( r P l ) 1*09 
Z?=Z<(AP2 .T?( IPn 1 .10 
DO 120 1*1,BORES 1*20 
IF f IPTTP(I ) .EQ.S l 50 TO 120 1*30 
IPP = IPTTPCH 1**0 
IPTGT(I| • IP f lPP) 1*50 
IF (1IESCP(I ) .EQ.3 .> OBESC?(I)«IP(IPP) 1*60 

120 CCRTIW1E 1»70 
ITESS*0 1*80 
I»»1=1 1*90 

1*0 ITERS', * 0 1500 
IREPGE ' 9 1510 

C 1520 
C SIBSECIOB t.2 - CALCULATE 0»S TEAR, B I T B I H 0215 ESCALATIOB ABB 1530 
C SB tHOSTREIT LOOPS, ABD RERGIBG/OBRERGIBG. 15»0 
r 1550 

160 C f T l B O E 1560 
IP (IEP.LT.0) IEB»0 1570 

C 1580 
O i l DOT»ARpB,SBB,5B!JCAP, ITERS, ITERS* ,TRBRGE,CI1,C»2 1509 

» ,ErP,TOLGEI,tOLR»:;,IBDl,PS01,PS»R,TOTP5,TOTP6 1600 
1 , IP», :ER,<r»IT*f) 1 6 . 1 

C 1620 
C . . . tRCICE IS 05ED AS POL LOBS: 1630 
r IRERGB»1: 5TREAHS IITH SARF 0 -215 »ALS RERGEO THIS TIRE 16*0 
C IREBGE-2: 3TREAR5 BITH REABLT S»RE 0215 f A l S RUSED THIS TIRP 1650 
C IREEGE'O: RER5IB0 HOT USED JOB BOT 1ET 0SED| TRIS TIRP. 1<60 
T IREBGE—1: ROB THIS TIRE BITR RESGIBT iOT PCBRITTEO. 1670 
C . . . MERGE IS SET TO >0 IB BOHTIBE tEBGE C1LLED 8T B0TE1B. 1680 

! • ( I R M G E . E 0 . - 1 | IRERGE«0 1600 
IP (^2.BE.216.0P.»OESC) GO TO 180 1700 

C 1710 
C SIBSECTTC" P . l - H235 ESCAUTtOB LOOP: C»LC 0215 CSC OR CISCBBE 1720 
<". PBOrwCTS TO »t»CTO», IP I S O U T I O B CO»TE*GtD, 1719 
f ' » I T TO SOBSEC t.»; IP EXCEEBEB RAI I TBS, CUT TC 17*0 
C 9'IBSEC P . 5 ; ELSE R8TIIPB TO 3(l»SEr E. 2 1750 
C 1760 

CALL r .2J6(IP,KPTGT,TP,IPTrP,TOL2J5,BIP2)5,e l80) 1770 
rrr*v> • ITERS*»I 17R0 
IP (IREHr.r.OE. 1) tlEPGE«-l 1790 
IP (ITEBS6.LE.R(ITR6| GO TO 160 1800 
IPP « 2 1810 
»PITP!(6,7210) SlITB* 1820 
G1 TO 200 1830 

r 18*0 
C StRrlP'-TIOB E.« - IBP If AB.HSTRBBT LOOP; CALCOUTE PREPROOOCTIOB 1850 
C TO OPBPATP CAiltAOE AT "!B < APACITT. IP SB COBPEPCD 1860 
r OR EICEEBEO RAI ITRS, EXIT TO SO03EC E . 5 ; ELSE 1870 
r RPTOBB TO 3UBSP/T E.2 1880 
r 1800 

http://IIPP.CE.1l
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••i: ccvr:»T* 1903 
IF (t^E»C».I3.-2S I5BSS!»-1 1910 
ir ei»»»6s.»3.-'i so ?e iso 1529 
IF C.-CT. (HASE.»3-1-»»3.S»7CAP.JT.3.)) SO TO 233 1930 
Cttt DnTMSB7CA?.SB.tl,Z2,F,P,PFSl.?B!2.:»Dl,IE93.?01SB,.JT?,e230 19*3 
') 1950 
IT (»?7) »BITE(S,7730) SB, SBOCA? 1560 
: T " S » I T I « 5 * 1 1970 
IF »ITE?S.iS."T.ITS) 3C TC 1*3 1980 
IiP * 3 1993 
• >:-»«,7333) SXITB 2003 

2019 
S S » ; ° C T : C - S . S - I T E S A T I C B S COMPLETES FOB T S I S T E * » . T E S T r e * 2023 

•HOPS MB 0P9BTE PSEPBOOOCTIOI STOCKPILES. 2030 
20*3 

. . . IF TBIS IS ? H OB 3BB al«OS ISOTOPE I * TBE C»SE. 2050 
fPOATE PPEPS097CTI05 STOCKPILES 2060 

230 c o r r : » 7 » 2070 
IF ( I S ' . t T . 3 ) I E » « - I » B 2080 
IF ( I t * . F , 3 . 1 ) CB«»«CB1 2090 
IT ( IER.E0 .1 ) S B I T E ( 6 , 7 « 9 3 | JTB, CBITIB, CS 2100 
IF ( IEF.CT.1) »?:TE{6,75'»9) IEB. JT8 2119 
P 3 « ? ( I E B 3 ( 3 ) ) 2120 
;» ( S ' A S E . t O . 1 ) SO TO 220 2130 
IF ( P 3 . S T . 1 B - 3 ) P9E2'PBE2*P3 21«0 
I * ( F ( I S D 3 ( 2 ) ) . S T . 1 3 - 3 ) PSE2«P2E2-F(IBB3(2) ) 2159 
IF (F ( 1 1 0 3 ( 1 ) 1 - " . 1 0 - 3 ) PSE1«P8E1-»IIWB3(H) 2169 
IF (PSE1 .LT.13-3 ) P8B1»0. 2170 
IF ( ? » E 2 . l T . 1 B - 3 ) PBE2»0. 2180 

220 COVTKVE 2190 
^2209 

. . . 1P9AT? PPEPBGBOCTIOB SIBCB ISOTOPE 1SS1T 2210 
IF ( ? 3 . I T . 19-3) SOTO 2»9 2220 
T=PBE2-P? 2230 
A!!2«(VPRE2)n!«2 • ( P 3 / P P E 2 ) » I P ( 1 1 0 3 ( 1 ) ) 22«0 

22S0 
SECTICH F — DATA S70BASE *!C9 CASCADE OITPOT FOB T»E TEAR, 9EFOBS 2260 

STAETISS THE BEIT TE»B. 2270 
2280 

2»9 CTVrtBITP 2290 
2390 

SUPPrCTIBE SCBIEP BAS ABBES 3 / 7 6 TO BECOSB I * CCMOE / S » 9 B t / TBE 2310 
BAT* BIEOfO f S TBE SOS^ART REPORTS. THESE 8SP3BTS USE SBITTE* 2320 
PT S"EROtITI!IE REPORT, CHILES 9ELOB. 2330 
CALL SCPIEE (!l:l,A91,Ar2,SBOCA?,PSE1,P8E2,."I».ASE) 23»0 

2 353 
. . . »ECOPB TEARLT BATA FOR BEIT ISOTCPE ABB GEfEBATE TSABLT 2360 

CASCADE PLCTSSEET. 2370 
IF ( I E R . B E . 9 . 0 P . I P R . S T . 9 ) L«6 2390 
O i l T » P A 3 E ( S S , l , I » 3 3,9lA»».S?AS,PaACP,FS91!,I'OrP5,r0T?«,ZSRC 2399 

1 ,P23' ! ,?Pgl , '>aS2,AP2,A12,SW,Smi) 2»09 
L*LSA» 2«13 
IF ( I f .S .LE.1) ~A TO 199 2923 

2*30 
SECTITB G — COBPIE'EJ LAST TEA? OF THE BIB FOS THIS COgPOIEBT. 2»»0 

BRITS FIBAL DATA, TBES 3C SEIT CCSPOSEST 08 MXT CASE.- 2»50 
2B63 

2 ( 3 COBTH'E 2»70 
IF (FOIES.E2.Jt ?0 TO 300 2«S9 
IT" « ITB»1 2 (90 
CALL SEPPOC(1,»PT,0,PPII) 2500 
B P I T P f l , 76301 2513 
DC 2 8 1 1*1,BORES 2520 

290 »!>ITE(L,79911 COB!»A8(I), t , POT(J) , J-OTfP(I), P3TTP(I) 2530 
330 T 9 T I 9 1 E 2543 

If (nH.'.-SE.EO.I) E9D FILE IOSIT 2550 
IF ( I ' R . G T . I ) KO«PS»!t»A5Z 25*0 
IF (HFASt. 1 . ro iPS) CO *0 320 2571 
TAIL fEPTR* (AP1,AP2,FOSP3,1»ESCP,!i:iA,rR!11) 2583 
IP ( I V . G T . 1 I STOP 2590 
V- T" 20 2*91 

320 »BASE«RlfASE»1 2610 
SO TO 80 2*20 

7019 POP1AT (A1 , I » , 2F10 .2 ,»X,A 1 ,15) 2*30 
7119 r o » ! H » ( J 5 , ' CAPACITIES: REPROCESSI*; («T'T) » ' , IPO 10. 3 , ?6»0 

1 • E9RICH8ERTiS»1) " , 1 P B 1 0 . 3 ) 2653 
7200 PIMATCOBA'BM-;: HA» BO Of JfESS OB 0235 ESCALATION,', I 3 , 2*60 

1 ' . EIIT PROB THIS LOOP.') 2*70 
7110 P O R B A T I ' - ' " 9ARBIB9: EfCEEOED BAIIBTB «0 . OF tTEBATIOBS FOB', 2680 

' ' ATTAMHO 5» CAPACITT,', 1 3 , ' . « I I ! »»3R TKIi LOOP.') 2*90 
7»09 •IR^ITCOBABSI'CJ' / 'HABIIJB.; . . , LAST I T S M T I M 3 , J B ' , I 5 , ' OIOI 'T' , 2700 
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HMO f n | F » T T M / H r ( l 2 1 t « » , e l 1 . S 
1 , T * 0 , > U 2 , l 2 » r i 8 2 J * ) ' , l » J e i 1 . * / T W , « M J J S » I C ! » 2 H l , , » r l B I 1 . » / ( 

• 190 r O M » T { » l , « I 2 . T I , * r i O . S | 
*2oo rot»»T t • TOO n»»t coEmcir»TS'i 
ftM« ror«»T»»-',T22r

,CM»<;e i» »2JS c o K i m r i n i LO»BD « ri»2}*» 
I , ' CO«CE»T»«TIO» LOaDCOl') 

»M>« ro»n»?i'0',T2», ,co»e co»*».ioi,'»«,isr,'B',»5i,»c»/T2*,".tpe»)isori«T9 
••wo ro»s»T< «t,M,%*,J2.2i,*t»«,Bij.S)) rsori*«9 
»AOO ro tmrf ' - ' r r i9 , ' r iwt « J S co»cr*Tt«TioB i» s?e»r raei « • 

i ,"Mi*c»e»sr »» *215 (.oiae» oie TJ 7236 p»t5t*co') 
*•'«» r n t R I T I ' f t - W n e S S »»f 1 - 2 I S t S C » U T l O » M S TO l - 2 » t 3 1 5 S - I T B » 

1 ,• tat-r.stn astra coerririe»rs'/'» •) 
etoo rowaTi'-'i 
*Mc rcmiTi'iM 
9000 rotn»TC»»,,T^*,»---co»rioe»TJ»i-—') 
»i»9 reM»T{ ,»',T»,'—sec»eT--',/,»»',T*i, ,sEc»rT ,( 
»200 rOM»T(IISI.'?»««',Ill 

rre> 

I S o n 2 7 0 

: son MO 
I S C H J I 9 
i s o n i i a 
ZSOM320 

rsomro 
t s o r m o 
i soru*j 
ISO?I*50 
uon»»9 
iscpiwa 
i5en»Jo 
tSOP1**0 
ison»so 
;son»eo 

rs<JP1«99 
;WPISOI 
t s o r m o 
rscpn29 
rwptS3o 
!SOP1«»0 
rsopH 0 
rsons«o 
i s c n w o 
IS<3P1S80 

L, 

SttSrOSTHE f lEI<:E(tn*SE,*Pl ,T0Ll l t3 ,a<«'n RE*C 
i m i c i t »rai»i {a-«,o-n near, 
KwrcaL tar nets 
cenaoa / (rat i / r j20> ,r(201 ,irc20) ,(P{20) ,rri2»i ,ir<}0} ,T<ytTi,rtrtTtntt 

1 ,*QH(2f>i .nrtiH.tirtiai.ntW.iiii.Kt.i? nttc 
I ,T»OE, POT I (ft), POTTPI(»), «»a, »2, TPtfM) 
1 ,porpit(6) r .rra, iraaai, rsra*(24> 

OIHH-.ID» :*rasi29), rs»r(29|, IPS»T(2I)|, TP3»f(20) 

mrs aoTTret conataas rato oae sraeaa, raias or racwcr -imam 
varans H»»r»<; tijn coacerraarroas »imi» ronnara rotup-, or eae 
Tf^er. *Ea«E rs syiBCTireir KECOTEB ar DOIK»» TO »JO ra 
una/Eaerac*. 

BO 7t i«i,a 
ia*a«(i> • 9 
rsa»(i) • pjii 
r»s»f(ii »p(n 

aa coarsa''.t! 
aai • a-i 
iiirrp • , 
.1 • 9 
. . . POP 3»«e np coip»aiOT» t» DO^WOP attoa: 
»r{»r'i • - t . 
(in 11 J .1 ,» 

10 
2 0 
JO 
• 9 
5 0 
6 0 
TO 
SO 
» 0 

urac »»«c nrao seas aeao too aeac n o 
RE»G >2o aeas n o 
«Ef<5 1»9 
REES »*-o 
aEas 160 
1EE5 170 
•T.*r, 189 
fEE« 190 
>ERS 230 
RER9 219 
KERG 220 
RERi; 2J9 
«rac 2»o 
nttr. jno 
a»as n•> 
h**<\ 279 
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! — = • , - , , ; 
: « T 5 * f ; i . « j 
if f " i : i - , ' ? i : > » ( . ~ - tt.s**i c i T ? *S 

* « » * ? i t j • ?r :» i ! 

-an « ?i?m/?m 
:- C " T I Bf : t t i* .T!»» i t , * t i i . w « i 

: • »* .*7 .*s»»u :* .E>;E-» 

• 7 1 - * « 1 

r» :r »!tr*t i- i i a n t s ertcirBD »T TUB E O rt - •» w . n s i r 
IE • « ^T'lHtS »£3E -»r;£S »T TgE rT*«T Of t i l .:._.«TT.M5. 

•5' *-J !«»,» 

««" 1SI I» TEST TJ 3*3-100? PB12»: 

: » T V . rs"g»«.»»i = u s 

: . -?»• f r « : 

.»* ( ."?«.IT.3» V3 TO »» 

:E I : I « ? * I ! « I J . G T . 9 » in T I *s 

f f f t l • IPHTfll 
M M ' * r » P H * / » P | i ' » i l » » n . / B i r » 

r ? t » • :« • 

sier-miiti- »!vc»s(!tri$p,*m,»;n,e*'SE;>i,,E'e.-;c.?3«B,:.,!(c«FSi 
I*M.I<"it Stit»9(»-H,' .-?) 

.MWICM S»T,5Hr«ET, B10I.IS, TOUfJO, -.MLIU, MESC 

• m » * s i * * ' / ' v , S P / V ' S S C B T V . i « c » r , « » / • • 
C ' ^ f / J E C ' V C«'5E{'>|,,-i«TE,t»»irC2'>»,rsje(?Ct,M»ll|iO|,?5IHJO) 

* , " • • : , s tc» f» , MSB, cosrto 
i . c o m * C M , - • • ; T » I J » » , : « T M J O I 

"•fS »':Trt»E »E*5". TSI T»-,t CIIJ »»J -„E»S»!TES THE TJTlt » » « . 

•»» ' . - ' 1 
fuse*.,?}-)?) C J I » , < ! f i » c : i , * « f , i i , C M , r3tr»T, M S S P ? , STOP:T 

' ,E»E5r, T1»E 
JP ft »"lf«>.!i,.»!lD» "TO* 
I."' 
:» <;•:<•?!•?.»»,WI*P» i.«* 
itr*tz « rsrriiT.Es..- *c 
C . - m « I".ecST.*E,Bl.«»l( .»»B. JSeC9T.HB.5K 
»»ITEf'.,«iJO| 
IP »^r.»r;o> v» :? ( (« , ' IOOI 
rp f - . ' c m ) »pfT«(>.,6»»')t 
;>»;•. P J K I M 
»HT»(»,?571| 9«T», f>«<SE, C«"!E 
r-:*?^ • a 
W5 ?") I 1, f 
IP l ' f « » t J . P 3 . 1 » W T3 10 
rp uri iPdv.T.T.m.oB.i inMrK'jT.;!*'! ) «& TO »•> 

"t'*. TO f l 

»>!• (• . n i l ) *J»P 
<•>! P I I T 

»,1 ;*'•? i n s 
r» ( . ' • I ' .T . t r ' ^ P " . . l E . 1 . » » ! ) . ^ t f l > ( 1 1 . » r . 2 5 » ) | V, V. M 
lift ",7?V){ 
r»M, >.»!» 

1 1 C T ' J T J I I " 

•P?S ?ti 
• ! K 7*" 
• • * S M I 
SEtS JtO 
S J » S 52-> 
- I t C J>? 
Tr»a >«5 
-cue f o 
<!»*« WO 
s e t s n» 
3 E » * »e' 
!TB9« » a 
! ! K »05 
!fS«C »ta 
EEJS »23 
•-E1C «: , , SB»S » S 

s a w « t j 
S n C (79 
B W f « 0 
•esc «»c 

SCTEtMSVIS 500 
« n « Ma 
•B»6 520 
SB»C_SW 
t ; * e ««ij 
.irse » o 
».E»S %» • M B « o 
RISC MO 
1EEC v r 
: s t f . wo 
•egc e » 
REIG (23 
ntvt: e j : 
r.Z*r, 1*9 
B'CS 659 
-2»G a j 
1»«C m !»ESC tao 
RPS5 *»9 
SEtC 700 
. • l i e 710 
•S IC 720 
SERC 7J-) 

* ' » BE14 7*1 
REiC 759 
BE»C 7*9 

* !»C 10 
JEPC 20 
( U C 39 
IEWC »9 

5 ' / « » C 50 
20) fJ»C 60 

»E»C 70 
IE»C «0 
J»»C * 9 
»E»C WO 
»EtC 1T0 
»E»C 120 
»E»C 1J0 
•BfC 1»0 
•rac «50 
JEBC 160 

P:T »r»c 170 
»E»C » 0 
SE»C 190 
IE>C 290 
»t»C 210 
f t I C 220 
1E»C 219 
«e«c 2*0 
»e«c 250 
»P»C 260 
»E»C 270 
»P»C 2S0 
fE»C 199 
tE*C 300 
K i t e J10 
»E»C 320 
TB»e MO 
«e«c !»-, »B»C 150 
»«»c « 9 
»E»C 170 
»MC 1D0 
*E»C 390 
iiMir HO 9 
j»»»r »10 
»P»C « 9 
?tv<: 110 
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sr i iTr»en «r !?*.{«. n a i i 

:- j.»''.T.t?:»rr.»»>..*»r.-i-.«:j; »*:TSf'..Tiooi 
I F cr.»s.«-i »»:T»(*.'r»M» 
:r r i . rc . l » »ri?E(«.«oooi 
i * f«T«c.t>r.ei*siri • i i - r ( » . . * i j i i 
: » i r : » . » F . E i » i » j « * J T S I « . , « _ S O » " <. 
• • • • n 

TOO- J ' » - « - f « M , ( ? . « » , » * . » * . 2 r , : J . ? ! . ! • . I * , * ! , M l 
»ii« »n«T*-|"5»»»»*?'-?i c i t o r THE r c u f » i * : n t » r isvr»?» I » L T E 5 ts». 

*. » m u s s . B « T . » » 
T200 ( r , t s » T | > 3 > m T B U M r t r i B t » 0 » : « * « C<3SK>*9T L I K E S & 3 * . 

i • CMS o u « n « 236-*i 
T-IM » " ^ * T | l I . » 9 . 7 * t . ' C » ? E a » T » F l W . T I . I i . • » » « • . n / 

t • - • / / / f M . ' C K ! » ! « : " . * » * | 
T*M W M T p U ' . T J l . M I K y I3»TC?S T5LSC1I.tr i t lCTT;; " , }I») 
' V I I f,?>S»7fM'| 
IMS «oi>»r{'«>.TW. po-Tir«T: SECrerv , » , .T» ,»s!c»st ' , --
TWO r« ,tR»Tf»o»,t'W.'wn»»i: c«wtos» t i» iv , » , , r j e ,»co«»r3E» i« i * i 
raw r e p i n e s * . t M r ' M t M r : u r c u s s m w i 
TWO W»!t*T| '4".T»."*»i»W C*SC1»S C9TWT - »»t*TZ9'I 
sooo F B I S * T I ' 0 ' , T J O , ' I S * * I . T C»SCIDC e n r o l - nvn*vmv% 
***a rnr»*Ti'o*»T».,'sii»r»ess tat e s n u r i c * or * £ ? $ GMrstfrMTrer* 

t - . • 9TS T« T-2J* ' | " " "*"""" 
*«a r4nat|*v,r»,>isKc 9332 »ns*r rncrie* . IT *, 

• »s M » T S m n i t i o r or « « • ) 
* » o rorstT i '^ ' . tw, * -—co»r i iwwr i»t—*» 
B U O n»r t«T ( , »« .T f t»» '~ssc»r r" , . / . *» * , t» i , , stc»r r ' i 

wo -

s«>*aT:m »s«ST>| i<rt , r ,? , i») , i i 
H P L J C I T I E U . > « ( » - « , O - I > 
i M ' r . K i r iJOi . n J i i , I M I M I 

*̂  
r c«i!":f T»r r»rr or PiterroiHcTiix PESO s n u s or MEPIOSOCTIS* 
C W»«C? < t f ! K . C»LLS» ET 3BI.fl. 
c 

t i - r " > H n 
Vi Tf- (20,»J,*0| , I 

c cn»;« r«»s or rr»t 
20 »»ir i«rer i i *»^t 

rsTrr i 
c CIUJGE rsfa or p#ff? t 

*o n t i t * r ( i i i > M T 
» m » » - -^ 

c c n r . t r t r r roDirrro i noowc? : r 
no wi)-nm>i*T x v ' . 

r r ro r i "v- -^ 
run 

SOMOTMBE r rs» * t ( f , r , « i pre* w 
mrticir ieit»*(*-i,o-z> , pie* 21 
COMO<I /t»M.T/ i ( 2 i i , K » I ,iri2Jj,»r(J9>,triJ9» rtn2»i»TOTr^ r

,:'yTr*,»»sr vo 
> r s m i o i r r i r (30) ,rTr(2O>,pipf20), t i , * ,rr ,rp 
1 , t i o « r rrsrii«i, P O T T P M * ! . I T * , « , r?6(20i 
' , r o r r i i ( M » •»»•» I T P I » I , I S T » M * » » 
onr»-;rcii i(ii , r ( i | 

t » » t %*̂  »e»e « ? 
t s » t « ; IIWC «»'! s»»c i «7 
« i»e »*1 
TMC ? « 
T'»C «.»? 
».£»'• V. 
rrac 'A-
«•«: t * » 
IS»C WS 
re»e !<5 
•CTC ST5 
is»«: «.ei 

•^•J 
«»c '.90 
»E»C «»5 
« * C £24 
rswc « a 
*e»c t?" 
snc u s 
»t»C 6*3 
»WC t > 8 
• I B C . I t i 
J I»C <*•> 
m e »« snc 110 
*e*c no 
*S»C T)5 

I I B S 10 
«E«S 20 
«»s }0 
» f»s »9 
U K •̂5 
» t»s «3 
»£»S TO 
rsas SO 
JE»J •»•} 
*E»S no 
»»»S no 
n»^- 'JO 
i t » s t }0 
IE>S wo 
»s»s IV., 
rsas wo 
rrrs no 
»t»s mo 
»»»s » < J 

1E»S 230 
K > S 210 

W H t lTT I iE , CiltEB »<»» »T BOTE!* **0 S K I f t , IVSCtLCS THE 
ESTI'UTI, MILS E»U, THE tESCttSS. 

DO 29 , ' • ' , » 
20 r ( i | « i(t»»Ti>if) 

c«ti t f t t d . r i 

»o Ten • * c o / T P n i 
r r r i r ' 

icdfoiTiie tncr*mT,irtni,tnitst) 
f i t n i c t t rE«t*«(ii-H,o-X) 
w , rc» t »»T '-_.• 
c n w i i /ET^mz r(»),r(20>,«r(2oi, irt i9»»»r(2or, irt2»»rTOTr4,fOTr<«»c 

1 ,»n»Uo» rritr(20(,rrr(Z»N('»r(2i)» r:r,ej.rr r icr 
* , T I O K , rar?(6t, roTrrn*s , : r r , m, r rn^J i 
1 ,roTroif«) , a n , !»»«»*-. 
r o n i ^ r / r e c r c t / ^ j | 6 , » j ( , R T ? ( * , » O I , «POO t'. rOOI , roT?a,<) 

' , r f t f<* ) , r o t r n m , crec»r, S K H 5 K ( « ( , RET»»I«) 
1 , i m n t i , icrcur*) , »r«ors(«i , *ores, irnrror 
1 , r o n r ( « , » » K * , * D ) 
co^iinii /coKrrs/ C22(i,»), r«> ( i , « i , c«6<),6|, c ; 6 ( i , 6 i , ewOr*) 

t ,C^S(',H| 
ccriso»/co2)«/ »» IVH{ * I , <*orr(**M 
DlFR»1!rm »(>fJT(20| 

fSET »•) 
rCET so 
m * ISO 
r»E» TO 
MET • 0 
? » E T 00 
WET 100 
M E * I IJ 
r»ET 120 
PIC* 1J0 
P»E* t*0 
p»e» 150 
m » i«a 
PIE 7 ITO 
PIE* 110 
PIE* I»0 
PIE* 200 

»I»C 10 
vt»c 20 
? t » c 10 
Jt»C • 0 
auc 50 
rs*e «0 
»»tc TO 
»»c *9 
»f»C *0 
r»c 100 
•rue no 
»r»e 120 
»E»C 1)0 
»r»c mo » f l C ISO 
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»»»C~* CH.C3L»TfS «*tMTI»TIQ8S I* PTfM PMCT^P SOTPTT »EC« 
U'/T 'MP'S CIICI&I C-TTWT. CILWO ST S»I* SKTtO» S IT Z'-t STIST 

i r fTTP.CT.J l 9t> TO a3 
. . . I T ST*»T o r n . i t « » » s s <b c t s z t o s m » : ? t o » I * C T C » . 
. . . » I - : * I I U »*» PSTOP*. 
9C 29 I«l,Pep»5 <•> 
3C 20 J»3.ITP»»T 
IT t * r » s i . f 3 . T | » i ? | t , j » - j . 

-» i?cr .J ) • c . 
»*1«tT.->7 » 0. • 

' W P f » I , f l • 9 -

* i cc«rt«s» 
" «• • f l ! 2 - 2 J 3 | / 2 

«*• - r i « e , W 3 . i*<n. wa 
SO CC»T3«S« 

1-2JJ CISE C 

i » c no 
IE*C 180 
; » c wo 
»E»C » » 
PMC 213 
; : » c 22a 

»£»C 239 

JMC 250 

t n c » e 
K8C J70 
MIX 2CC 
ee»c 2*3 

. S M C 390 
u i c n o 
•I1C 329 
«P»C 130 

-JMC 3*0 
*MC 350 
I t K X t 
»t»C 370 
I H C 380. 
*E(C 390 
RMC <00 
K i c «ta 
CMC »20 
828C »J0 
t r i e «*9 
PMG. »50 

>-0 

B"" 80 J»».ro»SS 
SP « i P T t » | i i . t a - 9 i s « n » 
CSS « IPTTPHJ 
I»T» • I K • ICtCt|E|>1 -. • « ' -
» * c r : r r p | • PtrsTi 
e « c T-2J2 p w » t PRO* B - 2 3 * H X T I U n » s 3-212 1 s t r u t 
W ' H . t t W • C2«| l , :» • ?2«(2.I)>TP«fISl!) • C?8 (3,11 »TV6cIST| >*2 PMC « 6 

•C22ft . I l » C22<:,f)*TP|IST) • C 2 2 j J , I | » f H I S f | * « 2 BEIC «70 

p » * * f : . i » ? « » S . - ? T P , T I • cp*»f2,n»TP*rrssf # ?p9(i,i>*rP6rr$<i}*>2teic «oo 
J»T= » .JT» • ICTClJIJ-l i M c 500 
IT ««,*TI » » r r ^ i » . . 7 « i > j « r p , i . P M I . " « I . »»/ I , I » T I > , » M < c , i » T P P t i c 510 

9MC 520 
PEIC ',30 
SMC 5»0 

»1 
c ~ » T r t i T 

100 C-ST111E 

0-2 >» C I S ! 

c CPIC "»-23* ?:•!« pse» o-2J» U J T J J L : 
V. 121 I'-1,*6*SS '•• 
t r <t»TTfJH.EC.'H so to 120 

IB»B » TTP » r r r c t o i - i 
P V I I , : P T « I « ? i i ; j ) 
f » P C ! , I « P | « C»«f» , IJ » C * M 2 . I I M f > ( I S - ) » C * * f 3 , Z | » T P ( l T R ) » 2 
.»PTP * »ip » i c f c t e n - 1 
rr iFPt) piriEnt.TMor w p . r . p p u . i p n t , • r p c c i t m 
"K. TO »80 

1*0 •XfTt'tt 
r 
' t - 2 ? t C.*S! 

: c i t e T - 2 3 « r r i « i p»',s o-2Jt u i : m 
r » i c T-2i-; p:*»t PPOH oetr* i - 2 » s I » I T I » L 

a^ i*a :«T,«oprr 
IP flPTTPcH »E0-'>) 10 TO 1«0 
IPTf « ITS • IC?Ct(I\,-1 
1ST » IPTTPfTI 
»P» r !»TM « PII5TI 
BEi'.I* • ItllSV • ITPT5T<r> 
J « r»omr> 
P T P|; ,1PT»| « C55(1,J) • C55(2,j)*BElSI« » CS5(J,j)»»fX5Ji»»2 
« ? P C I , I » T H • c * e » i , n . C6*<2,!)'if>(fs*) » c « < ( 3 , i ) * r r ( i s i | * * 2 
«T» « JtP • JCTCIIH-1 
JP (BpT) PTITEr*r71»0> J»Tf,l,till,Iim, » T P | I , J » « ) 

160 r e i T i f o t 
M 5 COfTtSO! 

peTop-f 
7000 ftPIHTC »T TEM',K,». C0»E»,I2,» B|TH »*TE,rif»t2,»'l65' ,3E**.5 

1 , ' » t t t BE SSptlHf, (EPtOCEOOED »»9 fE0,«) 
T100 »o»r»Tr« »T TE»»',rs,' COP«' ,T2 ,» »IT« » m , r m i « « • . » , i « i » . » 

1 , • P l t l »E 3»P0»r, PEPPOCESSEO IPS fPD.'( 
ET0 

PS*C 550 
SMC <.f 
PEIC 570 
(EK 5*0 
PE*C 5»0 
BEIC 600 
PMC 610 
PEIC « 0 
STIC 630 
PIIC fcftO 
PMC 650 
PMC C«0 
pr*c «TO 
PEIC M« 
PEIC 69b 
PMC TOO 
SEIC 710 
PMC 720 
IEIC 730 
PMC 7*0 
PEIC 750 
PEIC 760 
PE1C 770 
PEIC 700 
PMC 190 
PMC 800 
PEIC 810 
-MC 820 
REIC 830 
PMC 8*0 
IMC 850 
IMC 060 
PMC 870 
PEIC 880 
PMC 896 
IMC 900 
PEIC 910 
r t l C 920 
REIC 030 
I M C 9»0 
PEIC 950 

SiPPnfTIK PEP09T (IP1,tP2,rC*P:T,'JftE:iCP,*f1»,r9T1) PEPO 10 
r«PirciT tt*i.")(t'H,i'f.i pipe 20 
lOOICIt »PT,-!ECP«T, ttOUl, COPrJD, OEPIIR PtPO 10 
HTPIfP OOT, PIOE PPPO >0 
C.TT0P /PJCTCT./ P P ( 6 , » 0 ) , PTP(6 ,»1 ( , RP16 (6 ,»0» , [WTPTf*! PPPO '•*• 

1 , P 0 T ( « » , POTtP»«), CrcCIP, 3HPl>K(6| , PETPP(«t PEP*! 60 
f , fPTrPj»i , i C 7 « ( « i , ino?i(f>), »c*i%, T*piro» PEPO 
I ,WTrp{») , I I K » , » O I pppo »o 
« i « f ) V » K i ' » / rMP(5i ,OI?E,r»l8(20|,P3J!>f ,'0l,P»«8(2)W»ST»(2O| UPO 90 

1 f » P t , 3KPET, PI'.T, C0TPI0 PEPO 100 
1 ,C0PM*(6), lPrITP(20|, rP3T*(20) IfpO 110 
rr,w /SUV>r/ »'>.T(»5>, »»()}, *.TT(»'),)), 1T0(»0) P'.po 120 
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i ,i-nc*;.ii. ctci*9). 
X , F ! t K I » . i l . P » i S ( * 9 ) . P * e S f * l . J | . M t l t f * 5 r 
1 , 9 P E 2 P f f « 9 , » . » « I L | 0 | , P P E 2 S f « 9 , 3 ) , P P ! 2 P | « 3 ) 
i , ? I E 2 H « » 9 J . m i N W , n . weii»»». » E I I P I » « J 
: .3IOIBC«!>I, 3»si*ai. art :t i m , SEP;OJ 
» ,1*3f«9,«>. M*l»»»*l. WI»»,».J». E»B*95-l«9l 
j .tnnnfi.n. jrn«f*9i, nn 
• m > i »s». i s , u s . K S . » « , c t c - r B K . r n s s , PEEK. » H , H « » K 21a 

t . P P E U . ?*SIPB". t « » a . waft . near , m a r s , H K K , m i »E»C 22* 
» , « n i » , iwnr.. nan. PPOOO. ar*. S M R . » * . OTIIL, ss» »SPC aat 

,<i«, •»«. sse , i sotss , ttoaite. t u * * W »/.»urs»v»/«EPO avt 

us 
»»9 

» i r c i s j 
PEPO MO 
»MC »70 
PEPO 189 
M M 199 
CEPC 29S 

C 
C 

O 

'.T.Jfipf 

M - S T 5 I C P F P i ! l t 3 | , S I » f ) | , B»ESCP-|*1 

K K I - A » E I 1 T E S S m S I t T REKtTS FC» EICB CPSE. C1LLE9 BE P.* I J , 
»rrto» <;. 

. •MTEPIl i l U H I U H 9 2 » < Q I C E R M t t O * S — PEE» STPE1P.S P*0R PE1CTPS 

? t c c ? ( S E » t 
» « T e f * . W 9 » | P»se --
i s j o j p r w » t i T t | * i « » 9 0 t • • - . - • • -

• i p istctch »p iTK(6,e t t )9> • 
• I I T E ( 6 . 7 9 9 9 > . . . 
p » i i e i M 3 M i i c a * K S i i r . i * i , E ' * K s i -

' I r l T t ( « . » » > j m O » S | » > . I " » , » P E 5 > 
9 » I T B f e . 9 6 » 9 ) 
an 2 9 i . i . i m _ 

J^ r » » ' " « ' . » 7 W > F » H » f T f , f P « « » 5 » T , n , P E « l r t l I , J » , J » » r E O M S » 
• K i r e " [ 6 , 8 C 9 0 | 
» * I T E f 6 , 1 1 9 9 0 ) 
IP f M t f l B l SPITEf«,«999> 

it ( s » c * r r » • u T t i & . f t ' S O ) 

M T E P I * L rr.i»!: - OTKEP P E E S S T S E » « 

?»«:t>p»0E«i 
» P I T P | 6 , 7 9 W J P»5E 
IF CCOrPI9| » » I T E ( 6 , * 9 9 8 ) 
I f (SECRET) » » I * E ( S , 8 1 9 9 ) 
» » I T E ( 6 , 7 ? 9 9 ? 
»»ITE(«,e*<I9J 
M I T E f ' , 7 » 9 9 j IP I 
TOT1»0. 
T0T2«9 . 
x •»- i'i,nn 
T0Tt.T«1»BSfIJ»aWUI 

» 9 TIV»2»tOT2»0P«|I»-
I5Z"9„ 
IP (TOM.EO.O.) TO TO 69 

« 9 » 9 I T E ( 6 , 7 5 9 0 ) » P 2 , H O M V C I I , » « ' 
• ? I T E ( 6 , B 6 0 9 ) 
I » 9 « 0 
C»*P«Bl.»!IK 
DO ' 9 9 I«1,«PTP 
IF ( P P E I I P ( I ) . J . 9 . O 9 . I 1 D . S T . 0 ) 5 0 t r 90 
I I 0 « 1 
CM*'PUIS 

»0 SIMP'PPEHI) • P P S I I P O ) 
» F t T E ( * , 7 6 9 0 ) J t t » » d l , S9R? 
CH«R'8l««H 

19" OOfTIfTE 
» » J T E | 6 , » 2 0 9 ) 
» H T E f « , 7 7 0 0 1 
IP (1110 .10 .1) t P I f f ( 6 , 7 g 9 9 > 
IP (C09PIP) » t ITt (6,891)0) 
IP (S'CPETf tltTtft,11001 

CHIP, QSOgft(I) , OP* (I) 

Htttnin n c s *»» WJ* IOPCEPTPJWOPS - - P»G» ST»C»HS TO PEICTPS 

PISE.PICE'1 
»PITE(6,7»OO) p»oe 
I f <COSfI0» OTITe(6,«999J 
IP (SfCPET) f»ITEJ6r»»99) 
» P I T r ( e , » 2 9 9 ) 
« > I T E ( « , S ) 9 9 ) ( c o p * * i i ( i ) , r I , « O » E S I 
« * ! T 8 f * f B * 9 9 ) (UPESCPC . . | , * 0 » E 3 ) 
» » I T f ( e , M 9 9 ) 
oo 129 r » i , » » r » 

120 M I T t ( 6 , 0 7 9 9 ) . l I E H E d l , ( P I O D 9 ( I , . l | , P I K > 9 S ( I , J ) , J « I , « 9 » « S » 
» P I T E ( t , S * 0 0 ) 
t R I T E ( 6 , 1 1 0 9 0 ) 
IP (COPPID) » » I T t ( * , « 0 0 0 ) 
IP (IgeHCf) f » I T H * » « 1 9 9 ) 
l U T K m i , HO»S - (JTHE1 P»09')Ct S T , • « » « 

P»BE.p»'8«« I 
» » I T f ( * , 7 9 9 0 ) P»«P. 

SPPO a » -
MPC 2C9 
PEPQ 279 
9EPO 280 
PIPC 299 
K » f . W 9 
CEPC J19 
3PPC 329 
9EP0, JJ0 
'•SPC 3*9 
KEKJ 350 
PEPt 3C9 
•EPD 4 7 9 
«ETO 309 »»• 

» 9 9 . 
seec *io -
»SPO »20 
KEPC »19 
BEPS »»9 
•EPC »S9 
PEPI> *C9 
PEPC »70 
•Ef^1 « 9 
IEP0 * 9 9 
PEPO MO 
9EPC 5 1 9 
9EPO 521 
PEPC « 9 
•epo 5»i 
PEPO « 9 
»EPC i * 9 
PffPO 579 
PEP'. 5»9 
1EPO M 9 
PEPC « 9 * 
PEPO 619 
ffEPO «29 
PEPS * 3 9 
PEPO * » 9 
PEPD € 5 9 
SEPO 660 
CEPC 679 
PEPO 699 
i»EPO 6 9 0 
PEPO 799 
PEPC 710 
PEPO 720 
PEPO 7?9 
PBPO 7 i 7 
PEPO ?rs 
PEPO 760 
PPPO 779 
PEPO 799 
»EP0 799 
tEPQ 899 
PEPO 919 
PEPC 929 
REPO ( 1 9 
PEPO 9*9 
PEPO »50 
PEPO 960 
PtPO 979 
PEPO 9 9 9 
PEPC 999 
PEPO 909 
PEPO 9 1 9 
PPP0 920 
PEPO 919 
PEPO J»9 
PEP0 950 
PEP0 C O 
PEPO 970 
PEPO 9 9 9 
PPP0 099 
PEPOfoOO 
PEP01010 
PEPO1020 
PEPC1979 
PEP010» 
PEP0105'j 
(rrct/tOAO 
PEP01970 

\ 
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* r i tS { f t . l «WI 
rr CCOHPISJ « iTrtG,$o»9! 
n « , I C S K I m r e t « , « i 0 9 i 

w n £ r a o i R i H s i n i m K ='-"*' 

,- »PItS1t,7 • .7) P*BB • 
X* Icr,s;jt» »ilTIi*rftOOOJ 
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„ rortm.iowoi c*>itt*iii \ r '• .' -

• m t s r ^ i o w s r f»flris*ii*r,lii*»,HHiP3i l 

1»wxeH.»i»ra9j" i a u > r r i r « i . r o s ? s i 

IP tCC«P») »RITE|6,W00> 

tm or n3ttectssr.fi trrnns 

A-

« ; n ' J t ' i ' . t j i i s i t«»:»»i| . i-t.E'W!»si 
« « : T S { » . M ) S S 
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» I » B » I « , » B I I J i l t s f j | . p«siL(j), nziL%st.&*s.iiit.m.*.*•• .•r.rrnitm-&-< 
* * ' " " PEP'.20«-'; 

•EP',2130 
P'POJUO 
t!PO;i2 '5 
p*p<;2fj-. 
K»«21»9 
a*»c2>«.-. 

gPO21«0 
f?17i} 

«E?r.2t?G 
»ZPr.i200 
MP02219 
EEP02221 
W*922M 
PW^I2»9 -
»EPC33Sa 
SSPD224.J 

K7O2300 
IEP02310 ' 
PEPO2320 
peeo2j)o 
se?o>i*o 
IBPC23SO 
«epo2JCo 
PEPO23T0 
PSP0238S 
PEPQ2390 -
t.»P02»93 
SfP02»19 
PEPC2920 
SPPC2C30 
PEP02MO 
P£P02»50 
PEP02»t1 
8BPC297S 
»epQ2»eo 
9EPO2«90 
PPPO2S00 
PEP02M0 
PSPO2520 
REP02530 
REPO25»0 
PBPO25?0 
8EPC2S40 
PEPO2S70 
IBPO2S80 
»epo2s*o 
PEP02600 
REPC2610 
PEPO2620 
8EPG2810 
IPP02MO 
»*kO26S0 
BEPG2660 
REPC2870 
m o 2 t « o 
IEP02690 
PEPO270O 
8EP02710 
IEPO2720 
P.EP02730 
tCPO27*0 
1PPO27S0 
PEPC2760 
IEP02770 
PKP02780 
PEP02790 

"ISCEIXMSQSS MS0XI. B*?H 

p»5E'P*<;i» i 
»F:tf |fc,>»M| » t s e 
i r ICCfPIIH B3TTE(6,00001 
IF ISECPET) • P I T E | « , » 1 0 9 ) 

-»KTE| fc ,1 t100> 
" B R I T t | * , H 2 0 0 ) 

D« » 0 3 r i 1 , « « T ? 
* 3 0 » S r T E | t , 1 I 1 0 0 ) )TE»9f-»l. " 

•PITEI^.TIOOOJ 
Tf (COP-PIS) B»ITEfft,00001 
IP ISECPEt) » » I ? S ( * r * l 0 a » 

E P ( J » , CTC(J) , »T'»|JJ 

C tlR> OP MSC D»T» 
»ET»P» 

7 0 0 0 P C M I T t > 0 ' , 2 t t , ' l ! t T e » f « L PIOPS »»B 0 - 2 3 5 CO*CUTttTIOIIS(() - • 
f , • PEED s r t n e s ' i 

JIOO r e m i t C o » t » i > ' , 6 t , » « s i » i : ' , 2 P 6 m . i ) 
7209 r o r i t K f ' O ' r f t t r ' s m t u L r i o t s - OTHEI PEES STTEIIISM 
7100 rOm»T»'0 , ,t2»,'PtE-p»O0«,*»,'IIO»!!*l , ,#I,»0t , !»»'J 
7«00 POP**TfT2»,2PP«.T,'»»«| 
7VJ0 ffiPPU'C TB»P »SS»t: ' ,2PP1», ) ,2P12. ) , ' • •» 
WOO PO*l»»T (I7,T2f,IPE12.*,ll ,IPE11.«,IPE12.«> 
7700 PRPMt ( ' • ' ,T!« ,»»» 2 ftStUTS'l 
7800 POPIIIT |«» • , • « • , ' » ISt T» tO PEEK »EP PIE-PPOB') 
7900 rOP!l«t |M' ,H«f ,»P»5g« , I1 ) 
oooo rc*»»t ( • • ' r t s t , ( — ~ > c o i r i s c * r i a t — • > 
8100 romiit c » . ' , t s 9 , ' — s E c t E r - - » i 
8200 POPII«tC»0',2M,»«T«*Illl P108S »«D 1-23S CO«CI*ttlTI0i5|f) - • 

I ' , ' PPOOOCt STUiBS'l 
0300 POBIUf (•0»,8T,'COfE tTPE: ' , * ! , * * , $ ( 11I ,»«) | 
8090 POHIt (-0 TE»»',6I,'*SS»T; ' ,« (2 l ,2PP«. 3,*IH 
8500 POM»t (»0 TE«P' , ' I , '"S»7: ' r 2P8P19 .1 | 
8600 POPBIt (' '} 
8700 ro*Elt()I ,I«,12X,«I1PDl2.) ,2PP7,3U 
8(00 PO»»»T('0' , '9t , 'B»TI»Hl PIOIS - OtREE PIOOOCT S <E*RS'| 
8900 r o w » t r o ' , t 2 » , ' p » E - » i o o ' , M , ' t u n s ' , s i , ' o * m ' f 
9000 POm*I| ' TE»» ASS8T:' ,2PP10.3,**, ' •• ' ,5T, 2. P12 . ) , ' • » ) 
9100 PO»E»t (17,721,1?)l!12.») 
9200 POMUT (*»» PEI5STEB »»E»»r,E, »Lt TE«»S>) 
9300 m m x t c»»,T3»,»»« srE disc IEPOPTM 
9«oo row»T c o ' , 2 9 i , " i - ' , i 3 , » COKCEMMTIOR i r riooncts (HiSRt r»»cTitEro2«6o 

10*1 •) PEPC28-.0 
9wo ro»8*t c)*,r*,TJt,in!Ei2.'St »rro2i20 
9800 P0PE8T C'»',W2, 1P3E12.4) »«Pfi;»lO 
9700 permit ( * o ' , 2 9 i , " » - ' , r i r ' co»cE»t»mo» i» rato* (»EIS«T PP»CTIO;IIPEPO2R*O 

1'I PEP028SO 
9800 ro'ifiit co' ,29»,'piiepiODoctio» IPVEKTIPU io«n»rr') IEPO28»O 
9900 POMIT ('0»,1«»,' l»ITI»l. tWP»TOf»',2»»,»S11»SI0»Eirr P»EPIOD»CTir» PEP02870 

lIPPEItOPJES') PPPO2880 
10000 P6M** l*«,'23V. » , 2 P P 1 0 . 7 , ' t ' , 2 « , I 1 , ' ! ' , J P P 9 . 7 , ' « « , 2 9 I , PEP02890 

1 '0-23* «8*»rs ' , 2 P P « , ] , ' ( ' ) 8EP02900 
IOIOO p * » m { * » ' , ' » , M , ' ! ' , 2 p p i o . 7 , ' » » , 2 » , r j , ' f '.jrrt.7,'%') «aro2»io 
10200 POPE»- f » , ' T E « » » , i n , » Q i u i i r r i T r ' , 2 9 t , ' o o » » T i T r ' , 9 i , ) ( i ) , ' « ' , n a n wro2920 
IOIOO rottmr ( n , i « , i i ( , i p r i o . ) , 2 ] i , E i o , ) , i ( » , f P E i 9 . i n »«ro2930 
i"»oo PCM*T {'0' ,29», 'oopr»a:Ej5E9 »ETO»»» ifrtnTorr') »«ro29»o 
10M0 POMIT f*0',291,'COPE TIPE: ' , » 8 , 12», '»35»T5 Iff fEIOUt PEPCEPT'I PEPOJ950 
'O*oo PO»«»T co' ,5» , 'rg»»' , i i» , 'oo»irr iTT o P ' , » a , » o - 2 J 9 ' , ) ( i o x , ' o - » , i 3 i ) »rro2»«o io7oo ro»MT (i9r,"iH»rinc,9a,'«is«r',)(«x ra»,'**s«r'M PEP02970 
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n*3: •c«-»-
'•3991 •£•«•»-
n ? * ? F"S»T 
1T1S3 . » !« • • »T 
ttscs " " " « ? 

1 I S T . " 
; 2 3 t . 
1 r 2 i r , 

m a c • ' « • * " 
ttwa J1*t«T 
«»5«S yspsa-
necs TOP'a? 
n?ec rotsat 
ueoo rC»BIT 
J T5J0 FTSEa? 
tTOII- PCPRBT 

MB . 

i e t . I= .M. lPEI2-5j 
I" • , « T . 2P »l T. 7,3 f*I,2PF II. T> J 

f '3*.29l ."«SCEm*EC5S i m i l D»T»«| 
f s ^ . s a . ' T E a s ' . ' s i . ' S E r a s i T i T E ' . n i . ' S E V s o c s s s w s ' 

m i s 3 2 3 W 
• • o r F ' . i s t . ' c a p a c - T r ' . n x . ' a s s t i v 
• c « ? » c i ? r ' . J 2 f . , i K r s » c i v / » 

| 6 t , t * . 3 C I 0 I . I ? e t 3 . 3 | | 
[ • • • . T S S . ' P K - r i o s ' . s r . ' j o u i a i ' . e i . ' O T s e i ' i 
! • • , T 8 S , 3 P r l 2 . J , , « , | 
(' T M S » . « , ' a s $ i r : • ,«{2I .2P'6 .1 ,*I )J 
(•••.T89,»3P12.3.»»M 
C'O'.aX.'COBE T T ? E r ' , « | « r » » 8 H 
» ' • » . • « * , • ? S » - M O J ' . S I . • T U t S ' . T I . ' C T i S B ' J 
( • * ' , T 9 j , ; ? r i 2 . 3 , 5 a . » » » » , 5 a . 2 P r i 2 . 3 . * » ' » 

MPC25S5 
BSPC2993 
R»?O2003 
•rpcjaia 
s irc302a 
PEPC-IOJC 
B I P C S O O 
aS?O3950 
wrcsaea 
8EPC3S70 
^Epejoea 
SEPC3090 
BEPO3100 
BEPO3110 
n r o 3 i 2 o 
SEPC3133 
BBPO31»0 

S1BB01TIBE SEPBOCdES3,B3T,SEBSTB,PPI!) BEPB 
I-SPIICIT S » a l » 8 l » - ! l ; 0 - Z ) EEPB 
2 r a i * ? S T a B / ' * * / BLBB-JC/' * / REPB 
c c » « » /ETH7/ r(2S) ,Pt20t ,xr i2Ci , ip i20) ,Tr(2a> r r?i2ai ,rorrs r T«FeBEPB 

,S7Y{20| .EXE(2K| ,FTP(20) ,PXP{29J , 11 ,»,KE,IP 
i ,-rwir, F O T I | 6 | , fOTTr:(o». I E B . 8,2, iP6|20> 
* »POTPIH»«V, M t t r " n t « « 

C 0 5 S C / i E C T C t ' ; i ( » . » 0 ) , > T P ( 6 , « 0 J , B P « 6 f 6 , » 0 > , POTP9(6j 
I , ? C T ( 6 J , POTEPte i , CTCCBP, S « B I 3 K | 6 ) , B R B > { 6 ) 
I ,IPTTPt«J., I C T £ l ( 6 J , I P g O a S ( t ) , « 0 « ! S , E l K O t 
1 , P 0 H P { 6 ) , EX?<6,«0j 

CC-SCI /CTCIE/ S K I S ' , JOBIT 
KTTMIOtT POTV(eJ, r C t K ( t | , r W U J . F B I C f S ) , 8 IPS»*(S ) 
105IT»1 MtPOT 
l-OTICIL »BT 

PEPPOC S f l t S »»F "PETOPBS C«-OS". STBMSS TO FEED DIBBCTLI TO 
BE PROCESSUS TSJS TE»F. THESE i » E SEBGEO »ITB BEaCTOS RETUSSS 
THIS TEH?. OEPEBDIBS 0 » C»P*CItr . > PEBCE»T»«E TF a r a i U B L E 
*«TF»ial . IS BEPBCCESSED BE»S(BET!F) . TO BE FED TO CaSClBI T8JS TEXP 

IF C T P . 0 T . 1 | 50 TO » 0 

T»»? r,n i i : ; i a L i t ( T t o i 

ElPt » D E l ? ( - 0 . 9 0 9 6 2 7 9 0 J 
EIP2 • 3EIP( -0 .2«32D0J 
BE • 1 .0235750 
SUIPOT'.TRIJE. 
DO 21 I"1,HOPES 
POTTfl) • 1 . . 
pct»ci) • a. 
POT(I) » ?OTI( I | 
POTIP(I) « IPEOBS(I) 
POTTPdl » POTTPlfH 
POTM(I) » P0T?l>1(I) 
IF ( M T f I J . E 3 . 0 j 50 TO 21 
B71P0T » .FALSE. 
IF (n2.fl.232) 1 0 TO 20 

9E»P0Tpq(I) 
POTW(IJ » POTTP(IJ 

POT»dJ 
PCT7(tJ ' 

23 COBTIBTE 
<K V, 80 

»0 CQBTUOE 
C 

IF 1 - 2 3 2 CaSE 1 ( 0 SORE 1BPBOCE5SE0 POTS R t U I I FROil l»ST TE»», 
c c a i c » E » 7 - 2 1 2 c o a c S U E TO oec»T . 
c 

IP (.<I2.BE.232.CB,*I)I.P0TJ V> TO « 0 
30 «0 T«1,ITO»E5 
IF (POTfl) , » 3 . f ) | 10 TO M 
P^TTftJ « P0TT(IJ»EIP1 
P-1T»(I) • POTf (IJ»E»TP2 
PfiTTPflJ • POT»(IJ - POTB(I) 
IF fPBTJ fPrTE(« ,7000J I ,POTTPdl 

60 COHTKTE 
r 

»E»» «!IT STPEaU-! TO BE FB9 DIBECTLr TO BEPBOCWSIW Pl»»T THIS 
r TE«», »»D BEH8E THESE BITH BEaCTOB OUTPOT STBtlHS F0« THIS TEBB. 
r. BOTE "HIT BEICTOB OIJTPOT KBIES BT TBaP DUE TO PBESEBCF Of 1 2 3 * 
C a«D "KtPIPOBE 13 SITED If »XP«COBETTP,T»J. F0« EKSI IB BtEBDIBS 
c c a i c a t » T i o » s o » t r P I P » s TE«po»aBitT I B C R E U E B T B B , THEB » E S T O P E P 
c TO IT:! OHI-SIIMI. » » w e T H M « S E OF K I P S H T . c 

ID ro»Tt*1E 
IF (»E»ST».E9.0) -;0 TO 140 
oo too i«i,ro»E-> 

ioo pxps«7d) • p»pfi,irn 
IF (»»T| »9ITE(«,7100J 
Ttn 1»1 f"lr20 
IF {HF»SE.E3.1| RE*0(5,7210) T U T , «TTP, »T, Ft'>, F»»H, r«PIK 
IF fnirast.RO. 1> wniTEdiBiT) Tirr, KTTP, »T, rif>, run, p»pi« 
ir (HrDr.i.iT.ii BE»I>(II»[T| n r r , KTTP, » T , r»s, F « M , r*pi* 

10 
20 
33 
*0 
SO 
to 
70 to 
93 
109 
110 
120 
130 no 
150 
160 
170 
160 
190 
200 
210 
220 

3EPB 
BEPI 
BBPB 
BEPB 
9EPB 
BEPB 
BEPB 
BEPB 
BEPB 
BEPB 
BSPB 
BEPP 
EEPB 
BEPB. 
BIPP 
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FSS ( I I • « ! » ! ! ) 
BC ICO J » 7 . » 

139 s r » n r , j j - r v » T | i . j | - r » i s ( i » 
c u t o * * t E 9 ( * o B P , * B s , * , - t , i s i 
n s s * i T » » i 

S E M I ) • » . 
WC 1 2 9 J " t , S 

120 SIX CI) * TtX.Hl - H « l T | T , J > - I M T | I . i r l | ) * » S S P | 
' • o M » » C I » - i « » | i ) • o n i n 

IT H » ^ I . 6 E . 2 J »PITE|8,->000» XTEa,(EBE*fI> , ' - * > » 

»W1S»TE * » » ESTIUTE: 
C I I l ! » « t J I » t » . M t W . I T t » | _ 

C«LCIt»TE COSPEBGE1CE I»t>IC»TO»S Or IBS FOT8T 

s o * * o . 

oc i e a i « i . » 
SO* • SOB » 0 E L ( I ) » 2 

i s a C B I T M * c » i t i i • r s e » m « z 
I f ( H P T . S E . 2 ) . » P I T ! | 6 , T 1 0 0 J I T S E l f l ) , l « 1 , 8 ) ,C8ITS*,S0B 

. . . . TEST BS!T!I»? TO 8ET088 » M EIT8ES StJBSU. 0 8 U S 3 8 S I I . 

IF «CPIT»».IE.CCBIT(1H SO TO 180 

. . . . TEST fit SZU.U9 ITEMTI08 
I » (ST".ST.CCBIT|2|J SO TO 200 
I f ( I » P T . 5 E . I) » 3 I 7 t { * . 7 2 0 0 | "-
IPUG * 3 
50 TO 220 

- . . . . EXIT O* C O » m S E D f ' S 
180 l n » S « 1 

ir J IBPT. IS. ' ; -::.i(6.;?30) 
PETOt* 

210 CO»TI«1E 
IP { I T f P . t T . I T » a t » SO TO 300 
. . . . M I T 09 ft*XI*39 ITMS 
I P L « S * 2 
« T T E i e , 7 » 9 0 ) 

2 2 0 COITMOE 

. . . . bEHCT BEST ESTIIUTE 
• ' " » 
PPST • CBIT8B 
OC 2*0 I - 1 , » P 1 
i r |CBITTfI) .ST.Si!ST) 00 TO *»0 
PE-.T « CPITT(I) 
J ! 

2*0 cn<ITI*0E 
IP M.EO.O) 00 TO 280 
00 2 « 0 ' « 1 , » 
i » r » ( D •• « * T ( I , J I 

?«o r i r * ( i ) • P 8 « T « , J | 
CPrT»4 • C8ITT(J | 

2 8 0 C0PTI80E 
8PT0P9 

100 C08TI8TE 

. . . DETEP1I8E BHSC8 o r THE »PI 010 POUTS TO BPOP 

I 0 8 0 P - 1 
» n » S T « e t i T T ( i ) 
BO 320 X"2,PP1 
IP (CPJTT(I) . I T . »0P5T> GC TO 120 
IBPOP«J 
»0»ST»e»ITTCI 

•.20 e r i T i » i E 

. . . OPOP ' lOPOP' , »E(5»»eP Iflkft »»0 MCl'IOl UtVrt ( s r X M I l , 

IP ( I » P * . S E . 2 ) » P I T E ( * , 7 M 0 ) r3T»3(!D»OP) 
IP ( I 0 » O P , t 0 . » P l ) Co TO HO 

SECa 1»0 
SEC* 200 
SEC* i l O 
SECa 220 
SSCt 230 
« C » 2*0 
SEC* 250 
SEC* 280 
S K I 270 
SEC8 280 
SEC I 290 
S ' C I 309 
SEC* 310 
SEC* 320 

PE» SEC* 330 
SEC* 3*3 
5ECi 355 

s « e a 3«o 
s z c * rro 
SEC* 364 
SfC* 3 9 0 

S E C * * i o 
s t c a »20 
S E C * »3o 
s s c a M O 
s r e a » s o 
SEC* * * 0 
SEC* * 7 0 
SEC* tO 
SEC* *90 
SEC* 500 
SEC* MO 
SEC* 520 
SEC* 530 
sec* s*o 
SEC* 550 
SEC* SCO 
SEC* 570 
SECa 580 
s«ca 590 . seca too scca iio seca »2o 
SEC* 630 src* ««o szca *50 seca ««o 
SEC* 6T0 
SEC* 6«0 
SEC* «90 
SEC* 7 0 0 
SEC* 710 
SEC1 720 
SEC* 730 
SEC* 7*0 
SEC* 750 
SEC* 7*0 
SPC* 770 
SEC* 780 
SEC* 790 
src* aoo 
S K I 810 
SEC* *20 
SEC* 830 
SEC* 8*0 
SEC* 850 
SEC* 860 
SEC* 870 
SEC* 810 
SEC* 890 
SEC* 9 0 0 
SEC* 910 
SEC* 920 
SEC* 939 
SEC* 9*0 
SIC* • * . / -
SEC* 980 
SEC* 970 
SEC* 9 8 0 
StCk 990 
SECMOOO 
5ECM010 
SEC*1020 
5ECM030 
5EC»10*0 
S E O 1 0 5 0 
SEC*10*0 
SECM070 
SEC»1080 
SECI1090 
3ECI1J0C 
srr»i;io 
St:.'* 1120 
3PCH11J0 

http://TtX.Hl
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363 
3M 

79TC 
i m 
72-JT 
7 MO 
7»90 
7S31 

JC J « l J « t , * SEC*1153 
* s » r u . r i » T ? » T ( i . : » i ) (Tv s s e i i i o 
r » i T i J , u • F P » T M , I » I I S E C U U O 
r s i s s m - I S I S S C I » I I S E c i n e o 
c r t T T i n - C M T - O M I ' - - S E c * » m 
Cn5TI*8r SEC11233 
V * 3 3 I « t . - SECH2I3 
i ' K t : , * * i ) « m * t i i s E c * t 2 2 o 
»*»Tf : , ! ? * » • « ! » ! : » SECI1239 
I S 7 ? S ( » P 1 | » I T » P S*C«t2«3 
C ? : T - ( » ? 1 | - C « T 5 » SECI1250 
« • ? » » • « S I C i l X O 
• C » « » T | , » » , I 2 , « t • , 9 9 1 S . 7 / | 9 I . 9 9 1 5 , 7 ) 1 SEC1T279 
p e » a « T f p ' . i p » j i ^ . 3 / i » i » » o i 5 . 3 o s R « i 2 e s 
."•<»**• t » » i T S » » T I * l I S S T F U S 9 . »ETBi» BEST S ' S T M I T E . B i r T ' l 5 E C t 1 » 0 
P^F-lTI'BCCSnBSWOE tCHCTEB*! SEC11300 
M - g J » T I » 9 S T i F V » S T C > : ' S * l M r ! j i ; » I S . BETBSS BEST 2STI5*TE»I SECBfllO 
F O K * T f * 0 3 » O P ' . U , » F»OS B*fIS» l SEC11329 
f O SIC*1333 

s s B p m i « s s E T « p f * p i , * s i , » P 2 , * s 2 , : * a 7 , p p s , P M C P ) S E T O 
iKMcrz R E » i » 8 u - a . o - n s r t B 
t«"-5IC*l M T . S E O i t T . H 9 U * , CCSEID SSTB 
i r T E S l * OTT, U S E > SET* 
* E * t « « 0 / ' O 7 , 5 t W » 7 , ( u i l / ' V , I I / T V ^ V- G SEI« 
9TBEBSI0B S T M | * 1 | , S K . S f « f | , 0 < M ( T f « l | , r t * l t . T » ( * 9 | SETS 

1 „ I S T S n « « l , I S 9 2 I M ) . 1*31 O l . B a l * » ( * 0 , 3 ) , P»«CP|21.3> SET* 
CeSSCt / I » * t l V ? « 2 3 » . ? ( i O » . i r C 2 O » , I P l 2 0 l r I P | 2 3 t , T H 2 0 ) . T C T F 5 , T C r r * S r r i I 

r i t n i i 2 » i , F i r i 2 i » ^ r T r f 2 0 ) , n r i 2 0 } . i < i , s . ( r . E r 
. r a o i . * 9 r t t 6 i . » o r t M f « | r r ^ > , » ? , T M > 2 « 
, P O T P S I t 6 i , « » , m m , I S T C S I 2 0 I 

C M W ! /SECTO./ H | 6 , « « ) , I T ? { 6 , » 0 | . g P 3 * ( 6 . * D r PGTFBfS) 
, P O T | « l . POTTPf*!, CfCCtP, 5BBIII : * | , tETRSfC) 
, IPTTPtM, I C T C t l t ) , TPTQtSI t ) , ( 0 » E S , RtfEOF 
, P O T » P | t ) , » t P ( 6 , « 3 ( 

C lWOB/ iECiPD/ C * S e f S I , 3 * T E , P M ' ! ( 2 0 | , f S I S ( 2 i } | , P 3 l S f 2 1 ) , P S I « f 2 3 | 
, * B T , SECPET, M S B , COWI3 
, C O P » I I I » ) , i r s ; » | 2 a i , t p s r » < 2 9 j 

a ^ i i o * A t c i t / B » » S E , i«i»rr 
EOBIFATEICE IJ.OOTI 

3ET1P GE»tr- ITEt » C»SC»OF 5Tf*»!t ?. SIP. S»CB TE»» P*E?»»»TO»T 
?U»I*G. -»TBP IS CILIE3 BT DCTS4P. 

KH'112-230 
IP |B»TJ • » ! ? « ( « , 7 1 3 If JT» , BITE 

C WILD 1 STEEM T»B»<f PPOB :*PTT C«»BS Pt*H PtEPflBUCTI',* STBEMS, 
C H B S PECYCLE. 
C 

30 20 I » 1 , » 0 
t > o 2 r r > - o 
DO 20 . ! • ! , ) 

20 1 B I I R ( I , J ) • 3 . 
BO »0 I»1, l»IK0Sl 

»0 IPTTPM) * 0 
90 60 J » T , J 7 
IF (KMSE.EO.1) »E»Df6 ,7200 ,E*9« 160) TIKT, S T » » ( J ) , S U S f J ) , 

I S S T f P M l , 0<M»»| . l» , F ( J | , { 1 « I » » ( J # ! ( , I - I , ) ) 
I " e « « s t . s T . i > »E»r>(jnjrT) m r , S V ' S I J J , -;***{•>>> 

1 I ' ,TTP| .I) , OHAITMl, » { J ) , ( 3 f l I * t ( J , t ) , I - 1 , 3 | 
t f (TIFT.E0.5T»lt( «C TO »9 

*0 COfTI*1« 
f » I T F ( * , 7 » » 0 | 
» » I T E « * , » * 0 0 ) 
M I L EfIT 

*0 C0PTHWE 
c u t m » 5 T R ( 5 T i i , s « « B , a n » r r , » , i H t « » ( i , n r » s n , « P i , » » i , « P 2 , m i 2 , 

» ! » 0 2 , 3 , I S - r i ? > 
C » t l »E»PDS(5T»>I,SII»H,a(I»*T,»,niIIH(l / l l l t«Se» , l , ISTTP,COi*»H) 
r r « j 
J» <Pi>lt .P0.8t»»' l CO TO 120 

C . . „ CC»»E»T FP0« M t T S PE* RCll tOf 1 -23S H?HT OF *S*0» JSOT0PE 
C . tO ST»»B»PB »EI5KT P»»CTI0». 

30 100 f ' l . I T 
100 i m » P ( I , R r « 5 F ) > t f R f f P f ( , * i r i S E I « I B - 6 » t f ! ) 

etl7E» *IL ST»E»!I3 BT 11-23* COHCEHTMTJOI F t L T E O ) . 

1-.1 00 1*0 I M . I T 
•»0 JB(I ( • I 

DO n o r«2,rT 
I H ' I - 1 
DO I M .ui,:n -
IP (S (T | . (5T . P ( I | ) 30 TO l « 0 
IF ( » ( • » ! - 1 8 . » ( ! > . » » 0 . n T T P ( l ! M J ) > . « . 0 ) r,0 TO 140 
TlfP»F(f) 
rBTHP'IDIfl 

10 
20 
39 
• 0 
SO 
W 
70 
SO 

«<k 

iio 

srr» 
; i T 5 
SETS 
S»TO 120 
SETS 130 
SET» 1*0 
SETO »50 
SET0 160 
SETO 170 
SFTO ISO 
SETIF 1»0 
SITO 200 
SETO 210 
SET1 220 
SETB 230 
SETB 2*0 
SETB Vid 
SE»B 2*0 
SETB 270 
SETB 2»0 
SETB 290 
SETB 300 
SET3 310 
SETB 32C 
SBTB 330 
SETB 3*0 
SETO ISO 
SETB 36C 
SETB 370 
SETB MO 
SETB 3»0 
SETB *O0 
SETB *10 
SETO *20 
SETO *10 
SFTO »»0 
SST0 *S0 
SETO *«0 
SETB *70 
SETB * 0 0 
SETO *90 
SETO 600 
SETS 410 
SETB *>20 
SETB MO 
3ETB "5*0 
SETO MO 
SFTO WO 
SETB 670 
SETB 400 
SETB MO 
SETB *O0 
SETB * ' 0 
SETB « 2 0 
SETB «S0 
S«n ««o 
SETB 650 
SETB 060 
SETB *70 
SETB f.»0 
SETB (SOO 
SFTB 700 
SEI3 710 
SET! 720 
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»|I-f>11»SII-K) 
»68 :sfi-s*M»raa-» 

• C f l ' T S f 

IS? CCS7ISBE 
i r t.^ct.BHF: so t o 220 
y 203 I » i . . t 
: : - i 9 U I 

13-! »«ir»t6,T»aoj s T t - c i i ) , j « » B | i i i , i s T r P { i X ) . o o u r i i i i . a u i , 
311 crrrj"3» 

r SPIPITI laBLS I*TO PEES MS PS099CT STBUBS. SET OTB11 SIT*. 
C 

O<FT«C 
DP -3V9 I«1 r IT 
II-I9I.I) 
I" (ST<SCIX| ••E.X.T) SO TO 280 

. . . r z « e STSE13: 

I f IH.tE.20J CO 10 2 1 } 
BfXTElCTCOO) 
•PITg(«,T«90) 
CKl EER 

2*0 CCBTIIIS 
FBaBftS|«S*IS(tI) 
r i t t | 'C<MiTit i i 
TTdl) • B9X*lfII,R«ISEl 
DO 260 J » l , 3 

I P H n - S | l | 
rs»(:s)>Bta«T 
rrsTPii*) - 9 
I f U S 7 T ? « I I J . I . T . 9 J t f S r * C I B | > - I S T I P i : l ) 
IP «ISTTPfII» .ST.9» I f S t f ( I » J « I S T T P J I I I » 1 » 3 
I * I I ! > C 2 ( t I | . r E . 0 | 1 ( 0 3 (1*02 ( I I ) 1 * 1 * 
IP ( P ( X * ) . S T . 3 | <M TO 3»0 
P?I*JI»)»ST»P 
PP«I» 
9e ro 5»J 

C . . . P P 5 0 9 C T STPE»!»: 
2*0 C O T T I B U E 

CHT«0"TT*1-
IP ( S T P S f t l ) .E9.CJ SO TO J09 
« & » * ( * , I O O O J 5 i « i ( i : > , ^ r p n ( i i ) 
t » I ? E J * . W 0 O | 
cut. riir 

399 COBTIIIE 
I f (09T.LE.20I 5 0 TO 329 
»PITE{6 ,7790) 
BMTEf<,7B0O) 
can fxiT 

329 COFTJVJE 
I S T » B ( 0 1 T I • 0<TT 
PiraniooTi'SStRCti 
PCiOTt'QDamiii 
IP(0(JT|»MH 
rptOT-) • 7!tiia(ii,BirasE| 
i f (s2.E0.232) TPS(oirri»M:*Mii, i) 
IPSTPfCOTI « 0 
If nSTTPfHl.S7.9J XPST»(C0T)»I3TTP(II) 
If IISTTPfIIJ.ST.0) IPTTP(ISTTP(II|J«0!Tr 
I* (1*02(111 .BE.9) la93(lfft2(II))«>9T 
in*(00T»»II 
P S I * f ) 0 T ) * * L * « K 
IP JHCID.OT.O) SOTO 1»9 
psxi{ooT)«STa» 
PP-OOT 

wo ccmnit 
ir-tnn BMT«(* .T*OOI i» ,MT,p»M<*n,M»*<'Pt 
PET9B* 

7«o c o m a o e 
SO TO »9 

7909 f»»aT( '0»»» C O m i 2 OP JTPfaH C»»D POP. S7IEH 
1 »I»CO»»ECTJ " • , » » , ' » ' ) 

7100 P0»U»T f12I,»C0»E TTPE 2U»»T ITT' ,»r , 'S-fB*CTI0»' , l9I 
1 ,'RItO» IWTOPE r»ICTIO»3',nO,lS>,»*) 

7200 fO»»aT»al,»l,*7,II,*E10.b) 
7100 r*f*«T(1t,M,1(,ta,IA,<POH.«,9PT13.«,391*.S) 
7»oo frMaTf « o « » riBiaa of S T I L U S EXCEEDS S I Z I OP ptosaaa » • • ' ) 
7*00 fC»r»Tf'0»HBE» OP HPTT lT»Ea« EICEE05 MEIIHIt OP 20 ' | 
7«90 PO»»aT('0i»«»,r2,» onT^',12, ' caioiLario PBED»',*i,' . -aicouTto 

i . 'paocKT-' ,*** 
7709 rcfaiTfoaiirBEa or OTTPTT STPEHHJ IICEEDS nafiaon OP 2 0 M 
7i00 »C»»»'('9',T*>»,'TEPPIJP»TE EIEC0TIO«',/,'»',T5«,'TEa!»I»»TE ETECOTI0SfT0t«19 

" • ) SfT01*»9 
trn nfTMfio 

' , * * # IS 

S»T0 739 
I ITS *»9 
SETB 750 
SSTB 7C0 
SETB 779 
sera TBO 
SETB 790 
sets MO 
SET! ( 1 3 
S * t 8 8 3 9 
SETB 8 3 0 
SSTB 8*0 
S R « ISO 
SET! MO 
S R B - 0 7 0 
SBTB MO 
SSTB WO 
SETS 9 0 9 
SETS 9 1 0 
SETB 9 2 0 
SBTB 9 3 » ~ 
SETB 9 * 9 
SETB 9 5 0 
SETB 9 6 0 
SSTB 9 7 0 
SETB MO 
SSTB 9 9 0 
SETBtOOO 
SBTB1019 
SETB1020 
SBC8W39. 
S ! » 5 « * S 
SRT510S0 
SETBtMO 
SETBI070 
SETB10BO 
SETB1090 
SETBIfOO 
5ETB1T10 
SETBf120 
SETOI'30 
SCTB1W0 
s e r a m o 
S J T 0 1 H 0 
SET01170 
SETBtlBO 
SETB1199 
'.ET01200 
SET01210 
SET01220 
SET0I230 
SETB12V0 
SETBI250 
SETB1260 
SETB1270 
SSTC12B0 
s r r o ' 2 9 0 
SETB1300 
SETBI310 
SPT01320 
SPTBJJ30 
SET013»9 
SSTB13S0 
SETB1360 
s r r m s T o 
SETDI3B0 
SET0I390 
SET01400 
SETDH10 
SETBU29 
JETBH33 
5ET0I»»0 
SETBt»S0 
SITOHtO 
SET0H70 
SET«1»90 
SET01»»9 
SET01C09 
SET01*10 
StllliJO 
SET91i39 
SET01*«0 
S E T 0 U 5 0 
*ETB11«9 
StTOIiTO 
SETbttBO 
SETBIMO 
SET01690 
SETOt*10 
SET0I620 

http://IH.tE.20J
http://s2.E0.232
http://nSTTPfHl.S7.9J
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SSSFOTTISE mr'G|si,?tt.2n,T<n.s»»,nM,Tn.6M,Tiisi':,«M.c»2i 

i w i c n s m ' s c a - s . c - t i 
P8HM Et?TfI|/1.«9BS,l.3990,9.7309/. 1UW/* • / . ?ET|t9| 
M»»tTSr /?»»»V * » . 111-23S, T01S9. TCLSES, TOtSSS, C81. ' !2 

c WTR MCB sea iscrnrE IE a case, «ai» c a u s m m T: S R TSE 
c »ai»ES •>* iT»«Tro» ?ai»B»e»'?. TSESE M M S ace SET BT EITBT* 
c w f u t t oa rww vaiizs »»a H I BLUES paixtcs. 
c 

TU23S » 59-8 
T0tS»» - 19-* 
*116SS « .390 
TIH'M • .909590 
Ctll « 2.59-17 
CP71 » 19-*t 
ETPI • u ? T | s i ) 
ir fras ;n .KA.9 .a i> .T<nE.eo .n .aHi » TO 29 
tPITFI«,799»| 
*MTEte,7199> T1L2K, TQLSsI, TtLCEI. T1LMC. S I M , Cal l , CB21 

29 If ( T W . [ } . a U > l IET38S 

. . . »eaa i » iTE>aTiei ra t s s rr.s m s i so tope: 

n » • o . 
T0LZ35 • 9 . 
T01S« « 9 . 
TtWEW - 9 . 
T0L.1SS " 0 . 
caiW ft. -
araMS.ntasi 
i r fTOl23S.9E.9.t TU2J5-TOI.23S 
i.» ( T c i s a . a s . o . i TOLsaiTou* 
If [»f F.SE.9.1 EXP1«F.X? 
ir (T0>LCtt.*E.9.| TUGEI'TOLCES 
u r r o u n c . i r s . 0 . ) Tftaas-rouits 
If (C*1 . tE.9 . | CS1I*Ct« 
IF <CP?.IE-G.) C*2t«Ct2 
•SITEC6.7209) T1L235, TOLS8T, T J H H , TIL9PS, EIP1, CI1I, Ct2» 
rvntm 

71)39 •OMaT|'0»,10l,» ,TH.2JS TOlS» T0tSE» Tt-lHtC EIP» 
1 , • CS1 CI2»» 

7100 p e » s a r r B E P » i ! i . T , , i M E i 9 . 2 , o r r 7 . j . r i e . s . f i . i . i M E i o . ' i 
7200 POtaarc CM»SE» , ,1?2»19.2,9PFT.J,P19.S,P8.J, lP2tl0-2| 

smio—iit Tsp»5e(wi,Lri»93rfcu»K,sr»»,r»»cr,rsjs,T3T?s,TOTPf 
i ,XEto,Psra,pBei,pse2,ap2,a*2,sa,s«ai 

i m i c i r iE»t»«(»-»,o-xi 
HTF.CEP OUT, Faee 
Cewot /tULI/ Pt20l,P|20),Kr(20),IP(20),Tr«2}),TP(29|,TOT*S,TOI 

I , f<I»(20l r f ir (20) .r iF(20) ,PIF(20) . I» ,» , l tr ,«P 
1 ,T*0C, POT MM. P0T1H»6), IT*, 1 2 , TP6|20| 
1 ,POTP01<6), JT», ITtlMI 
co»ies /ncia./ ta{6,«oi. IT?(* ,»O», KPIH(S,«OI, SOTFBIM 

i ,POTC«I, P9TIPI» I , CTCCBP, saai«((6i, trrt«<«i 
1 ,IPTTP(*I, ICTCIC*). IWt08Sf6j, I01ES, MIEOt 
1 ,POTIP(6), t (P |6 ,»0) 
Cimos/atCOSO/ C*SE(5t,DaTE,pa*ll(70),rSISf20),PI*g(29>,PSI*f20l 

i , n t , sEcarr, *aet, coano 
i ,co»f»a|6|, IPST»(20 | , IPSTB(20I 
coaao* ATCL»/ must, inarr 
SE«l»S o/'O'/, IT/«IV 
logical, SECRET, cotrio, »«T 
Eooifauacr (*,O»D 
Direaiiot i i s i n i , raacr(20,)i, PTP<29I 
• {t,T,H • T»|ft09-I-T»/*M»(«-190l 

IEC01& TMtlT OBT* rot «ETT ISOTOPE »»B 0E»EtBTE TEBPLT 
casctoE PIOVSIEET. 

8T»«0. 
DO 29 I»1,I» 
Rii>aia>P(ii *n (trji) ,TP(II ,Tto*i 

20 corriaoE 
TOTP6-0 
irotT'0. 
P0 (0 E«I,09T 
HQOT*HCnT'P(«l »M (IP<«1 ,TP(«| ,T»0E) 
PTP(*>« F[KI«T?((I 
T0Tr«»T0TP*»PTP|*| 

»0 C0»T»»0P 
Mf»$»-sta 
oirop6»oir/TOTf* 
T«0f6"PTPJ09T)/TOTr<l 
R m » 1 CCmETEO rTIMTJOES, 3EREMTI C»SC»0E FLOVSHCn MOE. 

TTII 19 
TOST 29 
T7JI 30 
TOTI *?= 
TSSI so 
I H I 69 
TTOI 79 
TOTI - ao 
TT5I »o 
t w r too 
•nai MO 
wrai 120 
T9»I 130 

Wtl »» tint 150 
n s i MO 
rail 179 
7TOI 180 
t a i WO 
t « a i 200 
•war 219 
t m 229 
TBBI 239 
t a i l 2 J 9 
m i 250 
TTOI »*9 
t a v i 2 7 9 
T 9 I I 299 
wax 299 
T9BI 309 
T9*I 319 
r»n 326 
T«BI 3 3 9 
r n i 3*9 
t a a i JS9 
n a i 369 
T W I 370 
T8»I 380 
rnt 3*0 
rrai »90 
TUII • 10 
r trs i • 2 9 
roai • 3 0 
T9»I MO 
TIE I • 5 0 
TOfI • 6 9 
'."»»! •TO 
T B i l • 8 9 

TFPa 10 
»»pa 20 
t * p a 30 
TIP* • 0 

i m a 50 
Ttpa 6 0 
ttaa 70 
ran 90 
Ttpa 90 
T*pa 109 
TIP» HO 
rtpa 120 
T * H 130 
rtra 1*0 
rtpa 150 
r a n 160 
T»»» ITO 
rara 199 
rtpa 190 
T I H 200 
TIP» 210 
T I M no TIP* 230 
T»pa 2*0 
TtP* 250 
TFP» 2 ( 0 
TIF» 270 
T"/» 289 
T I M 290 
T I P ! 300 
TtP« 319 
T i l l 320 
TPP* 310 
T t P I 3*0 
TIP* 350 
TlPa 360 
T i n 370 
T i n 390 
TIP* 390 
TIP* •0ft 
TIP* • 10 
T i n • 2 0 
T i n • 3 0 



10) 
c 

. . . SITE IEML; sttEftss os u n t , e n DCS'T S»TE BBS?*C8«CTICB TIP* «*e 
sr»nss a a e , a t X , I -T SATE JECTCISO PEED STIEEJB TIPI »SO 
ETTEP? TSOSP CE19 I t OS MBB5 - T S e t - . i t . U _ 2 9 IPSTE S038E8TBN M S 

: OP W9 * TJE COIS TTPE tISBEB. 

S » I T » l l . T S ( » » J T » , CBSE,B1TE 
wiTPu.rrjoj as.as 
X*»"9 
•yr 69 I » I . I I 
IF (01ES(*(ID.L?.1B-3| CO TO CO 

smsiL,Tsaai p i i s t i . . r s i t . i t , .n i ) .T .pu>.Tni ) . 
» FTP«I|.ETP»a 
if i t p s n t n .SE.01 »fiT!a r7ooai i r s r u n 
IP {ISir.Ea.3l TStTFil.790*1 

1T.1 I SC TO 60 
! r |IBE3|2).ES.I) GO TO 69 

IP tifsr*ii>.GT.i9ai pau>irstB|i)-ioo 
IF ii.EO-fpj ru i*o . 
S9ITEII9SITI PUSS, IT, PSU|I | , M l , P |I) . tT|IJ. TPH), 

i t n K r p , j ) , j « 2 . ! ) 
60 CCSTI50T 

»»ITE|LrB090| 
*BTTErt,aiooi rsos.Torrs.TOTW.gii 
*pir«(E,e)M» 
lrs»"S 
DO 80 I « 1 , S - -
1? (B>ES(P(I ) f . I T . 1 B - 3 ) SO TO SO 
« P I T E ( l , T « 0 0 | P S I Y | I ) , » S I S { I ) , F | I ) , I P ( I ) , 

1 T P | I ) , P I P ( : | , P T P | r | 
If ( I ? m ( I | . ; £ . 3 t S»ITE(i . ,7£d9> I P S T . ( I ) 
IP f I - U . E 0 . 3 l WSITI(L,8200) 
I S f « 1 
TEP5 « EIRBK 
IP ( I . E & . 9 ) T E M * S m 
IF ( I . E 9 . I S 9 3 I J ) .OP.EKISS.GT.1) CO TO 8 0 
IP (I .EQ.KP) ? f l ) * 9 . 
»PITE(I9SIT | ISP'S, O, P U S ( I ) . I P S T R d l , P ( I ) , E P | I | , TP(I | 

1 ,?E*C,2EBO 
BO CCSTIJOP 

IF (SXASE.EJ.1) BgITE<I9*IT| ( P < I S 0 i ( . I ) ) , J « 1 , 2 | , ? ( I X 9 3 ( 3 ) ) 
B P I T E ( l , 8 « 9 0 ) 
JRITPf t ,81991 PSl»S,TOTPS,TOTP«,HOHT 
S R I T E ( t , 7 1 9 0 | 
I f ( > R » 1 . T E . 9 . | BRITE(L,7299> PSEI 
I « ( P I E 2 . S E . 9 . I » » I T S ( I , 7 3 0 9 J PRE2. » ? 2 , » « 
IP | P R E 1 » P « E 2 . E 3 . 9 . | t P t T « ( t , 8 T 0 9 | 
W I T M l , 7 » i ) 0 ) 
ip<r • o 
v> 109 f * i , t a t ! s 
I f ( P O ? ( K | . E 9 . 9 . ) SOTO 199 
PRITE(t ,7500J COESEl-fl) , * , POT(K), POTIP(E), P3TT?(E| 
I i f « 1 

100 COETI10E 
O * f ( I I E . E 0 . 9 J » » I T E ( l , 8 7 9 0 J 

VRITE(t ,8S90) SB, SB, M , 01 fOff., S»lt , B S , »* , TL60F6, BI? 
» P I T E ( l , 8 6 9 9 ) 
IP (SECRET) SPITE(1 ,8809 ) 
IP (CQftPID) »»ITS( ( . ,99991 
PETORW 

7991 P3R1»Tf '»» ,T27 ,TS) 
T199 PORB/IT f'-PREPROO IBTEST0BIE3(TB EBB>:«| 
7599 PCPHHTrrlS. 'WITIIl l P B E P B O 0 ' , m , 1 P D 1 2 . S ) 
7309 PCP««T'-18, 'IIFS P R E P R O » ' , T J 9 , 1 P O f 2 . S , 2 ? f 1 6 . 7 , P 1 9 . 12| 
1»99 P0M*Tf'-9»PW>CESSED PETIJUS (THI5 r p ) : » ) 
7599 P 0 P N T ( T 1 8 , » 8 , I « , 1 F 0 i r . S , 2 P P 1 6 . 7 , r i 9 . 1 2 ) 
7691 P O M » T ( T 5 3 , " T t » * l ! « t , l O « S » E t T M I - T I P S ' / ' » , T « 1 , I » / 

1 ' ' , T 9 9 , ' < : » * E : ' , » » 8 , » 1 
1 / T » 9 , ' 9 » T E ; » , * 8 ) 

T E N 6 9 9 
T E N CIO 
T E N 6 2 0 
T E N 6 3 0 
T f P l 8 * 0 
R F I CSO 
ray* eso 
T B N (TO 
TEN c«o 
TIP* 8 9 0 
T E N 7 9 0 
T B N 7 1 0 
T E N 7 2 0 
T E N 7 3 0 
T R N 7 « 0 
T E N T56 
T B N 7 6 0 
T t N 7 7 0 
T E N 7 8 0 
T B N 7 9 0 
T E N 8 0 0 
T E N 8 1 0 
T f P l 8 2 0 
T B N 8 3 0 
TRP* 8*0 
TEP* 8 5 0 
T»P» 8 6 0 
U P I 8 7 0 
TBP» 880 
T E N 8 9 0 
I ( » l 4 0 9 
TIPE 9 1 0 
T B N 9 2 0 
TBPR 930 
T R N 9*0 
T R N 959 
T R N 960 
T R N 9 7 0 
I I P * 9 8 0 
TRP* 9 9 0 
TEPM000 
797*1010 
TRP11020 
T»P»1939 
TRP*10*0 
TBPRIOfO 
TVPE1069 
T*P»1070 
TRP»1080 
TRPR1990 
T»P»1109 
TRPBWO 
TRPIM29 
TBP»HJ0 
f i p » " » 9 

9 - P S * C E B T ' , e i , T R P * 1 » 0 7790 P r > V ! » T ( ' 0 ' , T 1 6 , ' P M » M * E COBE 0***19* t'EIMT 
1 M . ' - P E E C B S T ' . B E ^ - C O B T E S T ' . J I O ^ - C O m B T ' ) TPP*1I69 

7909 P0RS»T(» ' , ( T l l , l l , l 1 , l t , 1 P 9 1 2 , S , 2 P P « 6 . 7 , TRPI1170 
1 P 1 9 . 1 2 , » T , I P 9 I 2 . S , 6 ( , 1 P 0 1 2 . M > r » P » ' I « 9 

7900 PO»5»T ( • • ' , T 1 , , I S P 0 T ST»r*H5'l r * P * f 1 9 0 
8999 P 0 H » T ( » ' , T 1 2 » , ' I B P B T - H ' | , . T 1 P H 2 0 0 
8199 P O P M ' C ' , - 2 9 , , t O T * t » , T J i , 1 P B I 2 , * , T 8 * , 1 P 0 1 ? , i , 2 ( 6 X , 1 P S 1 2 . 5 » ) TRP*12f9 
8299 P 0 M » T ( ' # ' , T 2 , ' 0 9 T P B T S T P * * « » ( T P N 1 2 3 0 
8199 Pt»B»T (»0 'J T*P*1239 
8»00 P0»8»T( ' ' r TI2« , '90TPIIT-HM T*P»12«0 
8V>« p r , » ^ » T ( ' - ' , T 2 5 , ' i , ' , H , ' , » SEP»»»TI7E » 0 * E ' , T » 1 , 1 P B » 2 . 5 , T 7 0 , T*P»1250 

1 » S . » . O I P P E » E 1 C E / T O T . , , I 2 » ' - I » W T ' , T 1 0 0 , 1 P D 1 2 . 4 / » r ; » J 3 « 0 
1 • « , T 2 5 , " i , 8 SEP*P»TITE BORE' , T « 8 , 1 P B 1 2 . i , T 7 9 , ' T » I I S ' , TRP*1270 
1 I 2 , ' - C 9 f T B B T / T O T . ' , I 2 r ' - r » P 9 r » r T 1 0 0 , 1 P I ) 1 1 . V r*P»1280 
1 T 2 S , » B I f f t » t » C E « , T » » , 1 P » 1 2 . M T*P*f299 

« 9 0 P ' M » T f ' 0 » 9»*»I9II »EI«HT* BETEPHJIIEB RT B*LI1CE') r » P » ' J 0 0 
C799 P O t S R T ( ' « ' , r l l , > M f C > ) T»P»1M0 
8810 f n i l ( ( I T ( ' « ' , T W , ' — S E C R E T - - ' , / , ' • » , T6f ,'SECPET') T»P«1)20 
8990 P n p N T ( ' * ' f T > 4 , ' > - e O * P I 0 t r r i * ( " M TBN1310 

"!«» TRPtlHO 

DIII8[.E pPEcinron ftfucTfos DIUTJC(»,j ,nr, . i .r . j , i '>i D^»T 19 

http://TSet-.it.U_29
http://%7bISir.Ea.3l
http://1T.1I
http://fI-U.E0.3l
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P ? ; G S H aoraoas a. s . POSDBSUC aro a. e . e o n i D S . o-ur 24 
CO>?OTtXC TZCWBOLOGT CSSTBa, M O * CaBUDC COW.. BOttet* » I T . , 0-1T 30 
C«» ?IBG(, TPBS. BUT »a 

B3»T £0 
o u t eo 

DI-IESIOI «CII>,1| ,S |I£,1 | BUT 70 
ocT»tt PBECXSIOS i , s . t , s , 3 B U T SO 
• " • • I I I O U T 90 
n > » B S ( J J J ) BUT 100 
> • ' - DBBT 110 
IP (J.YJ.LT.Ot B>0. BUT 120 
«tl"BB-1 OUT 130 
or I < O I « I , I * R g u j M O 

s - o . e M a t « • 
X DO 2 0 J « I , « BUT WO 

B * M B S U W . I I I - m t n g 
IP (*.IT,5) 00 TO M BUT 180 
S»B . BUT 190 
1*J BUT 200 

2'/ COBTIWBB BUT 210 
IP IL.ra-11 60 TO 100 BUT 220 
M BO *«I.^» BUT 230 

S*tfI,.I) . BUT 2*0 
t f I , J> - t (L .J ) BUT 250 

*« B ( L , J > « S a n c x i 
IP | B V . U . 0 | CO TO 00 B U T . » • 
BO 60 J«1.B» BUT 2*0 

S-BCI.JJ BUT 290 
»(I,J)«Eft. .J) BUT WO 

60 » a . f l " S BUT 310 
BO 0—0 DMT 320 

100 IP | a | I , I | . B 9 . . 0 . | 64 TO ISO BUT 330 
IpO«I»l BUT 300 
BO 160J«IPO,M BUT 350 

I P f t u , i | . f a . o . i eo TO MO OBBT j t o 
s > a | j , q / a a , i i BBBT 370 
a u . D ' O . o O U T w o 
so 120 C*IPO,BB BOBT 3*o 

120 a u , ( | * a i a , » i - a i i , B i * s m i M O 
IP (JT. l t . 0 | 00 TO 160 OUT 010 
DO 1*0 f«1,BT OUT »20 

100 B(J ,«>«B(J , ( | -BfI , l | «S BUT *33 
160 COBTIBBZ OUT MO 
i«o cniTHve BBBT »so 

DO 2001*1,BB DB*T « 0 
200 D*B*a|I,I | BStT »70 

IP l«T. t t .» ) SO TO X60 BUT »B0 
BKO . B»-t DB»T WO 
DO 2*0(-1,BT BBtT 509 

B((B,*)>Bf'*,B)/tfBB,'*> BBtT 510 
00 2«0I*1,EBG DBtT 520 

B«B«-I OBtT 530 
BO Z20J*B,(B0 DBRT S»0 

220 B|B,K)'B<B,()>a|B,J»1|»ef,I*l,e| D'tT 550 
2*0 B(B,!t)«l(B,B|/a{S,B) DBBT S60 
260 WttTfO-B BUT 570 

ermpa BBIT soo 
BBD DBtT 5*0 

http://JT.lt
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7 s i ; r u in 
C 35 

A - I t " ? 3SASWI ISOTOPE FIXBS8BET ASALTZEE P59SEA3. TSIS I S A »5 
r «C31t C» TEE IBAIITS E»BICB«»T HOCESS POP Zrt TUP 189 O S ! 58 
- * : i G 6 ISOTOPE PEE CASS. TBE EBSICB3IBT PPOCESS TS S33EIE9 BT 60 
C A S I ' l l E -ATrBFO AB753A5CI S»TIC CASCADE. 70 
C ? ? - ? « » S « 3 BE S . P . B U S . CCSPJTES SCIESCES OITI: "•'. TSICJ SI 
Z CIPEIEI CO1P0C1TI3*. MCISAP 9 I » l S I O S , OAE B I 9 * S . 1 3 . 30 
r : ? I ? I S H . I T FOBSTLATED BT A.SE u IABZA. car PIOOE SASBBIS ioo 
c •sirrtsKB p u t i , oai ' i s e e , T*. i n 
C ?TLL 9CC0»EITATICS IS FSGfDED I I GPT1/CSD-37. 12 /78 121 
7 1 3 0 
c t»a 

IMPLICIT »EAL»»(A-B,0-Z» '50 
ITTESSB C<1T,TGT?AI.PA6£ IS1) 
tC-JICAL »BT,SZC»IT.BA»I9,CGJPI9 170 
SEAL'S SLAW/' • / . SEC/'SSCSETV. ISEC3T 1BO 
CO-SO* /niWf P f 2 » | , P f 2 3 j , I M 2 0 ) . I P C 2 Q , i r t 2 » J , T P C » | .TCTP5.TOTP6 199 

1 , » 1 1 » C 2 9 | , P l P i » » , F T F | 2 0 l , P Z P | 2 0 | , I I , J , r F , ! t P 200 
1 . T»OB, R2 210 

CCNS0J/PEC0P9/ CASEI5) .DATE, P K 3 (20) .PSIT (20) ,PSAS(29) , P S I * ( 2 0 | 220 
1 . I S P t S . f » T . SPXBET. PA1E, TOTMS, BAOI&. COTFIO 230 

9IKEBSI0I a ) S ( 2 0 ) , F E * D f 2 1 > . P I P t 2 9 ) , f P M I ( 2 9 | 2«0 
DISEBSIO* IP AT ( 2 0 , 2 1 ) , P » A T ( 2 j , 2 1 ) , C C » I ? ( 5 | . ISOES(20) . 259 

• 1 B S E C f 2 9 , 1 ) , BOBM20.20I . CPITJ20.2) 2E9 
ITTE»*».l PSEtlL 279 
E01I»»IE»CE «»,OTTJ 280 
» { t . » , n = j290« i» i»T/»r -n -n>» i»> iy ; i i / c i90 - i -T i ) 2»o 
BU.T.T) » T»(('a»-I-H/E»»»(Z-laO| MO 

C 315 
C i c t ' I ' , 1 I — INITIALIZE PCD TBE SOI . BEAD BEA9ZB CASD. 320 
C 330 

CALl iagSET(263, 1000,-1) 1»0 
CALL I9AT (DATE* 350 
S » A ! > ( 5 , 7 1 9 0 ) ISECST. DBTC 360 

2 1 SET = t S O - ; . * ! . BLA3K 370 
PAr.p.0 389 
SECPr" » ISECPT. E3.SEC WO 
c c r » n = isEc»T.»s.aL»rft .ABO. ISEC3T.BE.SEC »OO 

c »io 
C SECTIOl P — PEAC CASE 9ATA, CALCULATE TOTAL PLOBS, FL3HS Of »20 
? BAUUCE STPSA^S. »39 
C MO 

»0 C5STI*0E «50 
•PIT? ( 6 , 7 2 0 9 ) WO 
CALl Sttl? »70 
r p i n . i «S3 
TOTPMO. »99 
TtTP5«0. 550 
»S1B«0. 510 
V 60 I « l , I f 520 
IP (P(I) .LS.)) 10 TO 40 539 
P(F(IJ>P(I)«IF(I) MO 
PTP!I)»P(I1*!'P(I> 550 
TOTF5»T0Tf5»F»P(I) 560 
TOTP«»tnTr*»F»P(I> 570 
PSH«PSOfI»Pfn 580 

«o COITIPOE 5*0 
T''TP5»I). HO 
esifi-o. tio 
00 80 .1»1,CfT 620 
IP ( P ( J | . I . t . 0 > 50 TO 80 «J0 
P * P ( J | « P ( . » j » I P ( J | 6»0 
TOTP5«TOTP5»HP(J| t > 0 
P59B.PS0B» P(J( 6«0 

80 COETIBOE 670 
PC r P) ' (T0TP5-T0TP!>»»P |*?)» (PS'J ' l -PS!M) | / ( IPf« 'P l -»»e I »>) <*0 
P(»P)«l(ltF>»fS<IS-PSO!l 6*0 
P*P(EP|-P{«'P) , «M«'P) TOO 
prP(APMP(KP)*TP|EP) 7 t » 
TOTP5«TOTP5»f>F{BP) 720 
TCTP6«TOTP6»rfP{Kf> 730 
P5>H-FStM»F(|[F) 7»0 
PTPJPP) •»{«•?) »IP(irp) 750 
TTTP5«TOTP5»PTP(l(P) 7«0 
PS1S»PS(18»P(*P) 770 
U C»»T) » » S * E ( 6 , 7 1 0 0 ) 'BAHjrPKPfFfljPBAIKirPljPfirPl.TOTPSjTOTpe, 7B0 

i »snn 770 
IP (»•!) »»ITIE(>,7»00) (»18(I) , I» l ,mT) BOO 

e »io 
C SEC-IOl C " SOI.™ '.IBOITAIEOTS E09ITIOBS 01" BATCBED ABOBOABCf P«TI0 »20 
C CASC4DE TO f,E»»»TE SOLOTIOB OP CASE. 811 
c »»o 

CA1L STAPT »*0 
C 860 

IP (»»T) BPITE{«,7500) ( I , T P ( I ) r I - 1 , O B T ) 870 
OH I'M .("IjOITT 880 
TPBA» (•'» •Mill (l.'XV,J) ,TOTP«/P(-') I 890 

190 WBTIBUE 900 
or i»o i i 1,11 9 1 " 
»P»T( ' , »P1 | • 1. 920 
DO 12« n\,n 930 

1J1 t * » T f f,.T( . 1 , 9»0 

http://isec3t.be.sec
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.F C=°-» »firS|«,TT30J <J,Ii>!!»I(J),J«t,07T) 969 
I* f . ' C T . t « ? T . : « . (S2C&ET.C».C9SFID)|1 GC TC 1*1 S70 
:P (COBFISI «srrE(*,*503) Mo 
:r ei ic?rr) »»r:s(«.»«»9) 995 
BTI-M6.7299) 1003 

t«" « T T I * « 1019 
;c 185 r»l,BPl 1323 
'»IT ?at»«I.fT5»T(I.H ,»3«T(1 r II .J) 1039 

R3 II"T«»1« - I 19»3 
!•>>=•: (5?1)«3 1051 
;r»3=9 i 95o 
;7?P»T*70 1070 
T"ST«3 1083 
I* (**:) I W T * 2 1090 
C C » I 7 ( » ) « » " 1 . D - 1 8 1109 
C C « I T ( 2 1 « » » 1 . 3 - 1 6 1119 
Cl? t S ! C t S T C T P i r . F * l T , B , 2 3 , I T E t R I , C C 3 I ? , I T E J , I S 1 I B S , A 5 S , r E E D , 1120 

< c»rri» , i sEc,»o»r»c»iT,:a»op,PtEt»Ci»»T, in . iGj 1110 
c 11*0 
C S ' t T l ^ T> « CftLCSUTE BID R I R lESlLTS OF CISE; SET08E 10 SECB B. 11SI» 
C 1160 

I» (.BCT.BPT1 50 TO 209 1170 
»MTE(e,7«90) ( I .»KI«) . I«1 ,0BT| 1100 

BPITEC6.7900) (I ,rEJD(IJ,I«l ,B| 1190 
•SITUS,78001 1290 

BPI-EJ6.8090J TTEB. CCilTflJ. CTITfW 1110 
»»IT?|t,72W)> 1220 

IF ICCSPIO) BPITE{6,9IOO> 1230 
IP (S»C»ET) BPlTE(6,9i«9J 12»9 
P I S S ^ P B S I * ! 1259 

BeiTE(6 ,» l90) PISE 12*0 
290 0 * T I 1 " r 1270 

S » « 0 . 1280 
SS—9. 1293 
*.IS"). 1309 
V 223 1 - 1 , 1 5 1310 
8 i r » R I S « P ( I ( • H f I F ( I ) , T f ( I | ,TBOK| 1320 
• M n = S B P - F ( I ) » T ( I F ( I ) . 0 . , T » C « ) 1333 

231 S " * S » - P < ! ) » T ( I « ( I | ,Tr(I ) ,TB9f .» 13»0 
TCT?««iJ 1350 
| T T * 0 . 1369 
!)<• 2»9 K*1,00T 1370 
T?(H| • *SS(I[)«TP(«) 1380 
S'Mit=HtI'rr»?{») »R(«?(*> ,TP(M,T»CB) 1390 
PTP(F)« P(S>»TP(f | 1»00 
TOTP««TOTP6»PTP(!T| 1»10 
S » ^ « S » B » t | I ) M ( I P ( « ) ,0 . ,TBOB) 1U20 

2»0 S » « S » » P t H » T « I » ( I ( , t P ( K l , T I I 1 H 1»30 
9rP»S»-SB» 1«»0 
» I P l P 6 - - ' I P / r O * P 8 1«50 
'•ItOP^'PTPJOTTl/TOTr* I M 9 

2*3 .-^TTHOl; 1*70 
»PITE(« ,81 i0> C«SS,D»TZ 1M0 
f. • » 2 - 2 3 3 1*90 
»»TT»(6 ,8290) 811,(lit 1500 
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