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Safeguards needs to have a methodology to assess and evaluate its
effectiveness in order that it is implemented not only effectively but
also efficiently. Therefore it is very important to develop a safeguards
evaluation method which could be applied to the design, planning and
implementation of safeguards. In this context, a method has been de-
veloped focussing on the importance of false alarm analysis besides the
diversion analysis, and the method was applied to a centrifuge enrichment
plant paying special attention to its sensitive informatiomn.

In accordance with the method, firstly a mathematical model for the
enriching process of a centrifuge cascade was established and computer-
ized on the basis of published documents. Secondly applying this simula-
tion model to the plant, operations not related to the HEU production
were analyzed to avoid false alarms, and theoretically possible scenarios
for producing uranium with a higher enrichment were also analyzed to
detect a diversion. Then the major anomalies were indicated for both
cases and it was examined if the LFUA approach could differentiate these
two types of anomalies in the plant.

_ This work has been carried out within the framework of the Japan
Support Programme for Agency Safeguards as a project, JA-4, and this

report describes the final result of the project.

Keywords: Safeguards, Effectiveness, Assessment, Evaluation, Methodology,
False Alarm, Centrifuge, Enrichment, Mathematical Model,

Computer Code, Diversion, Anomaly, LFUA Approach
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1. Introduction

The International Atomic Energy Agency (IAEA) started to develop a
safeguards effectiveness assessment methodology (SEAM) in 1979 with the help
of experts from many countries, aiming at a common methodology which can be
applied to the design, implementation planning and performance evaluation of
IAEA safeguards, and the methodology was finalized at an IAEA advisory group
meeting on safeguards effectiveness assessment methodology held in Vienna in
1981. [1] The basis of this methodology is to evaluate, as a measure of
effectiveness, the probability of defection of at least one anomaly in the
event that a diversion had occurred. - This probability is evaluated usually in
a model facility by analyzing the diversion paths, anomalies which would be
created 1if a diversion were to occur, and the safeguards approach applied to
the facility.

Although the methodology has never been in a routine use due fto
difficulties in, for example, obtaining a complete set of diversion scenarios
including concealment measures, deciding to what extent the safeguards should
cover the diversion paths, quantitatively evaluating the detection capability
of a diversion path, and clearly understanding the physical meaning of the
proposed aggregate measures, it has given us a good start in developing a more
rational and complete method for assessment and evaluation of safeguards.

In order to improve some areas of SEAM, we started a project titled
"Development of Safeguards Effectiveness Assessment Methodology (SEAM) and its
Application to Existing and Planned Nuclear Facilities” within the framework
of the Japan Support Programme for Agency Safeguards (JASPAS), 1.e. a JASPAS
project JA-4, in 1985. [2,3]

In SEAM, if an anomaly is detected, follow-up activities are to be
carried out to decide whether the anomaly is. an indication of a diversion or
simply a false signal. 1In the course of analyzing such follow-up activities,
we - strongly felt the necessity of analyzing false alarm possibilities more
systematically. In line with this thinking, we have developed an evaluation
method which Includes the false alarm analysis as a key element of the
methodology and, using 1it, studied the effectiveness of safeguards in a

centrifuge enrichment plant. This report gives a result of the study.
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2. Safeguards Evaluation Method

In the paragraph 28 of INFCIRC/153 (Corrected) [4], the objective of
safeguards 1is defined as follows: "The objective of safeguards is the timely
detection of diversion of significant quantities of nuclear material from
peaceful nuclear activities to the manufacture of nuclear weapons or of other
nuclear explosive devices or for purposeé unknown, and deterrence of such
diversion by the risk of early detection.” In accordance wifh this
definition, the Safeguards Effectiveness Assessment Methodology (SEAM) [1] has
been developed assuming that the safeguards effectiveness is measuréd by the
extent fo which the objectives of TAEA safeguards are satisfied in a given
application. It is described in the report on SEAM that: "The principal
parameter characterizing the effectiveness of Agency safeguards relates to its
detection capability, that is, the probability of detection of diversion,
should a diversion occur as a function of the quantity of material diverted
and elapsed time, given that certain inspection activities are performed.™

On the other hand, the first paragraph of INFCIRC/153 describes that the
State accepts safeguards on all source or special fissionable material in all
peaceful nuclear activities within its territory, under its jurisdiction or
carried out under its control anywhere, for exclusive purpose of verifying
that such material is not diverted to nuclear weapons or other nuclear
explosive devices. From the viewpoint of the State, the Agency safeguards
should clearly conclude that the nuclear material under the Agency safeguards
is not diverted to nuclear weapons or other nuclear explosive devices because
thel State uses all nuclear material in all peaceful nuclear activities only
for such purposes.

Therefore, the Agency safeguards should detect any diversion if a
diversion were attempted and at the same time it should assure no diversion
and avoid any false judgments if any diversions were not attempted. In this
connection, much effort has been devoted to reduce a non-detection
probability. Namely, diversion paths have been analyzed in detail, anomalies
identified, and inspection sfrategy has been designed, planned and implemented
so as to be able to detect such anomalies. Corresponding to such effort,
however, the similar effort should be made to reduce a false alarm
probability, that 1is, a probability of making a false decision that a
diversion has occurred though it has not occurred. Normally a follow-up

action is designed and taken if some anomalies are detected during the course
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of inspections in order to avoid false decisions. However, more systematic
approach should be taken in the false alarm analysis by defining it as a key
element of the methodology. The safeguards effectiveness should be measured
not only by the detection capability but also by a non-false-decision
probability.

False alarms are generated by some causes/reasons such as:

{1) Insufficient information provided to the Agency;
(2) Problems raised in a plant in operation; and
(3) The fundamental nature of the statistics used in the accountancy of

nuclear material for safeguards.

On the information, the Agency is provided with design information for a
facility to be safeguarded in a degree of sufficiency to design a safeguards
approach and procedure and to implement them at the facility and at the

Headquarters. Insufficiency of such information will occur if:

{1.a) The Agency does not require it or does not understand it sufficiently or
simply the operator does not have it or does not correctly understand
the requirement of the Agency; or

{1.b) The information is not provided to the Agency because it is a kind of

sensitive information.

The Agency could avoid the former case if every divisions concerned in the
Agency cooperate one another and if the Agency consult with advisors,
consultants and experts from the Member States. As for the latter case, a
cautious approach should be devised. One of such approaches was discussed 1in

a report [5]. It is suggested that:

a. A mathematical process model should be developed on the basis of
published theories and data, without including classified information.
Such a model would contribute not only to provide the inspectorates with

~a tool to analyze the process but also to provide the public with
transparency on a plant in which an advanced technology is used;

b. If there are technical parameters that can be easily modified depending
on the progress of development of technologies, a sensitivity analysis
should be carried out to evaluate the effect of such progress on the
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safeguards approach/procedure to be adopted and, if appropriate, to

modify them; w
c. If appropriate, experts from the countries of technology holders could

b4

guarantee the degree of accuracy of the model; and
~d. Reliable, effective and efficient safeguards could be designed wusing

such model.

Since a centrifuge enrichment process, which is investigated in this report,
has sensitive information, we have adopted the approach mentioned above.
On the problems raised in the plant in operation, there are some

possibilities of making a false decision due to problems such as:

(2.a) Deviaticns from the normal operation;
(2.b) Malfunctions of equipment, instruments, devices or systems of an

operator or inspector including clerical errors;

¢) Mis-operations .due to human errors; and
(2.d) Quality of work done by a person who is responsible for, e.g., a
measurement.

In a current practice of safeguards, these possibilities might be investigated
in a folleow-up activity if an anomaly is detected. The anomaly, however,
.could not be avoided or easily solved. A systematic analysis of such
possibilities could beforehand provide us with not only a complete set of
false alarms but also a measures to avoid the false alarms or to solve them
easily, in the design, planning and implementing phases. In this report, such
a systematic analysis is attempted in a centrifuge enrichment plant.

On the problem of statistics, it is said that it is inevitable to have a
false alarm with regard to the fundamental safeguards statistics such as MUF
statistic, D statistic and MUF-D statistic because the verification system
allows to have a non-zero false alarm probability (the first kind of error).
Solving anomalies raised by the statistics would be quite difficult because a
part of nuclear material would have already been shipped to another facility,
making it Impossible to reverify such material. A new approach based on a
fuel cycle might be a solution. This problem, however, is not investigated
further in this report.

A method for safeguards design and evaluation, which we have developed

and applied to a commercial centrifuge enrichment plant in order to
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investigate a safeguards approach for the plant, is as follows:

The first step to be carried out in this method is to establish a mathematical
model, which can accurately simulate a dynamic behavior of the enriching
process 1n a centrifuge cascade, without disclosihg gsensitive information.
The second step in the method is to devise measures for avoiding false alarms
beforehand in designing a safeguards approach. In this context, the method
proposes to analyze normal operations including a transient one, as well as
accidental operations such as a mis-operation of a valve and a malfunction of
a centrifuge, other than the intentional operations for production of highly
enriched uranium (HEU), in details enough to differentiate false indications
from true anomalies. Then, the final step is to design a reliable, effective
and efficient safeguards approach which could detect the true anomalies

without false decisions.

Preliminary studies are as follows: On the mathematical model. we have
developed a dynamical model and the corresponding computer codes, CCS-I [6&]
and CCS-IT [7], on the basis of published documents [8,9,10] and, using this
centrifuge cascade simulation codes, we have carried out some demonstration
analyses, with regard to normal operations of the plant {11} and for the
evaluation method which includes analyses of the normal operations and the

operations for HEU production [7].
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3. Model Centrifuge Enrichment Plant and its Safeguards
As a model centrifuge enrichment plant, a commercial type plant with the
capacity of 800 tonSWU/y was designed in accordance with a procedure presented

in the report [6]. Characteristics of the plant are as follows:

- Design characteristics of a UF6 gas centrifuge

Separative power : 7 kegSWU/y
Separation factor o 1.27
Holding time : 73 sec
Throughput - ¢ 0.98 tonU/y
- Characteristics of a unit cascade
Separative work : 20 tonSWU/y
Enrichment for feed 1 0.711 %
for product : 3.351 %
. for tall : 0.218 %
Flow rate for feed ¢ 26,19 tonl/y
for product : 4.12 tonU/y
for tail : 22,06 tonU/y

The number of stages for enriching section : 13
for stripping section : 9
- Operation unit and total separative work
One operation unit : five unit cascades
= 100 tonSWU/y
The plant : eight operation units
{40 unit cascades) = 800 tonSWU/y

The total number of céntrifuges in a unit cascade is 2865 and the number
of centrifuges for each stage is from the top to the bottom as follows: 10,
20, 31, 44, 59, 75, 93, 114, 137, 163, 193, 226, 263, 249, 232, 214, 193, 169,
143, 114, 80 and 43. The optimum feed flow rate for each stage, Lopt’ is the
product of the throughput of a centrifuge and the number of centrifuges for
the stage. Dependency of the separation factor, 7, on a feed flow rate is
given in the report [6].

This centrifuge enrichment plant consists of a UFy handling area and a
cascade area. The former area includes a UF6 gas feed station and the

recovery equipment for product and tail UF5 gases. 235UF6 is enriched in =a
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cascade of centrifuges in the latter area. Such centrifuge technology is one
of the major technologies used to produce enriched uranium. If so intended,
it could even produce HEU. It is also an advanced technology which should be
protected against any misuse or proliferation because it includes sensitive
information and commercial know-how. It is considered, therefore, that the
cascade area is an especially important area from the Viewpoint of safeguards.

It 1s not easy to establish an effective and efficient safeguards system
for an enrichment plant that uses such advanced technology. The HEXAPARTITE
project [12] tackled this problem and concluded that a limited frequency
unannounced access (LFUA) inspection should be carried out as a basic
safeguards approach in a centrifuge type enrichment plant already in
existence, under construction, or firmly planned at that time. This LFUA
approach might be used for a large scale, future commercial enrichment plant.
Application of the LFUA approach to such a plant, however, should be fully
investigated because the plant will have a larger capability of enriching
uranium 235 and have more sensitive information from the commercial and non-
proliferation viewpoints.

In this paper, the method for safeguards design and evaluation, which
has been outlined in the chapter 2, is applied to the model centrifuge
enrichment plant described above. Only HEU production scenarios and the
relating normal and accidental operations are taken up. Therefore the cascade
area 1is a main concern. Firstly, analyses are carried out on the operations
not related to the HEU production and, secondly, theoretically possible
scenarios for producing uranium with an enrichment higher than the declared
one are analyzed and the major anomalies are indicated for both cases. Then
it is examined if the LFUA approach can differentiate these two types of

ancmalies in the plant.
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4. Cascade Simulation

A mathematical model and the corresponding computer simulation code have
been developed as a tool to analyze not only a plant operation having no
relation to HEU production but also an HEU production scenario in a model
centrifuge enrichment plant. This simulation method makes it possible to
simulate a _transient operation of a cascade by solving time-dependent
equations with regard to flow rate and concentration. A change of product
enrichment is precisely calculated taking into account a change of inlet flow
rate at each enriching and stripping stage of the cascade. The equations,
however, are based on a theory which can be applied to the isotope separation
of binary gas mixtures. Therefore, there is a limitation because of the
existence of uranium 234 if it is intended to accurately simulate the cascade
that produces HEU with a very high enrichment.

The simulation code can treat with two sets of cascades with the same
gtructure. By connecting the product flow line of one set of cascades with
the feed flow line of another set of cascades, the code simulates operations
of a hierarchical cascade with a two-step structure. The code can also
introduce side-streams both at enriched and depleted flow paths, making it
possible to simulate a restructured cascade with a recycle flow between stages
including those of upper and lower cascades. Because of these capabilities,

it becomes possible to analyze various scenarios for HEU production.
4.1 Fundamental Equations for Dynamic Cascade Simulation

vamashita defined equations for a dynamic cascade simulation in a case
where an inlet flow distribution over the stages of the cascade is not changed
but the concentration of fissile uranium is altered depending on time, taking
account of the conservation of material at the mixing points as well as among
these points and assuming that the higher derivatives than the first order can
be neglected and that the holding times and the cuts are independent of the
inlet flow rate. [13] Okamoto, et al., tried to extend Yamashita's approach
to a case where an inlet flow distribution over the stages of the cascade 1is
changedl as well as the concentration of fissile material, and they developed
two computer codes, CCS-I: Centrifuge Cascade Simulatjon - 1 [6] and CCS-11
[71. It was found, however, that they failed to correctly handle the

equations for the concentration of uranium 235. Therefore, all relevant
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equations have been redefined and accordingly the C€CS-I and CCS-II codes have
been corrected and combined in a revised CCS-II code which includes both
procedures for a hierarchical cascade as a function of the CCS-II code and for
a normal one as a function of the CCS-I code. These are described here
including other improvements.

Using the same notation as the reference [6], the basic equations for

the flow rates at the j-th stage are given as follows:

L{t) = L’ ;(t+hs+h )+ L";{t+h;+h";) (1)
8, = L' ;{t+h;+h ;) Lit) (2)
L) = l,'1—1(t)4‘I4"1+1(t)‘F(?101704‘f'341“’P';—1*‘f"3+1”’D"J+1 (3)

where FO may be a time-dependent variable and a sum of several feed flow
rates, 6j0 is one if j=0 and is zero if j is not equal to zero, Lj(t) is the
inlet flow rate at a mixing point between the (j-1)-th stage and the j-th
stage at time t, L'j(t) is the product flow rate at a mixing point between the
j-th stage and the (j+1)-th stage at time t, and L"j(t) is the tail flow rate
at a mixing point between the (j-2)-th stage and the (j-1)-th stage at time t.

Simiiarly the basic equations for the concentration at the j-th stage

are given as follows:

Lt)N;(t) = L ;(t+h;+h )N s(t+hs+h" )
+ L7 (t+h;+h" )N ";(t+h,+h" ;) (4)

-

v, = a;8; = {N’j(t'}'hj"f_h’.f)/{ I_N'j(t+h1+h’j)} /

[N";(t+h;+h";)/{ 1—N"j(t+h,+h",>} (5)

LAN;(t) = L ;- i(AIN ;-1 (W)+F L7010 (8)N"j+1(8)+ 8 soF oNw
£ jon so1—P N st (W) e s P s N s (t)  (6)

where FONF may be a time-dependent variable and a sum of several feed flow
rates of fissile material, and 73 is assumed to be independent from the
concentration but may be dependent on the inlet flow rate.

It 1is assumed that the higher order derivatives may be neglected in a
Taylor expansion or in a differentiated equation, and this effect may be

evaluated since the second order derivatives are calculated and printed in the
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revised CCS-II code. Then Eq. 1 is approximately expressed in the following:

Li(t) = L’;{(t)+(h;+N ;) dL’ (). dt
+ L7ty +(hy;+h";) dL",;{(t)/dt (T

By differentiating Eq. 7, we have
dL ;{t)/dt = dL’,(t)/dt+ dL",{t) dt (8)

Changing the time parameter in Eq. 2 and expanding in Taylor series, we have
L(t)—(h;+h ;) dL(t). dt = L ;(t)./8, (9)

By differentiating Eq. 9, we have

dL ;(t)/dt = (1,780 ,) dL’ ;(t)/dt (10)

Eq. 9 becomes
L;(t) = L ;(t),/0;+;+h ;),/78,dL’" ;(t) dt (11)

Changing the time parameter in Eq. 1 and using Eq. 10 and Eq.'ll, we have
L7i{(t) = L;(t—h;—h";)— L ;{t+h" ;—h";)

= (1/91—1){ L’ 4{t)+(h;—h";) dL';(t)/dt]’ (12)

Using Eqs. 3, 7, 8 and 10, the following equation is obtained:
L ()= L W)+ L a{t)— L")+ soF ot jo1—p 51+ 50170 501

= {h'J—h"rf‘(hrf'h".i)/gj}dL'J(t)/dt = Qus dL’ (1), dt (13)
By summing Eq. 13 from j=j up to j?S and setting L"S+1 to zero, we have
S
IJ'Jﬂi(t)—‘I,'s(t)"lauf(t)4‘AfoI7oﬂ‘;g; (F 11— =1+ 01— 0 141
R _
= ZQL. dL" (t)/dt (14)
=

where AjO is zero if j is greater than zero and is one if j is zero or a

negative value. It should be noted that Lij-l is zero at j=-B and also f"S+1'

— 10 J—
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P"g,1s T'-p-7 and p'_p_; are zero in Eq. 14.

Similarly by expanding Eq. 4 in Taylor series, we have

L;(t)N,;{) = L'J(t)N'J(t)-l-(hrl‘h’J){N’J(t) dL’ ;{(t)dt
+ L ;(t) dN'J(t)/dt} + L7 ;)N ;(t)+(h;th";)

{N"Kt)dL"AtD4ﬂ+Iffﬁ)dN"Ntbﬁﬁ} (15)

where we have neglected the product of two derivatives, dL'/dt=dN'/dt, because
the product is a part of the second order derivative, dzL'N‘/dtz. This effect
may be evaluated because the derivative is calculated and printed in the
revised CCS-ITI code. It is assumed for a while that the derivative of 7 may
be neglected (see the section 4.2). By solving Eq. 5 with regard to N",

changing the time parameter and expanding in Taylor series, we have

N ;)—(h" ;—h";) dN"; (). dt
= N'j(t)/l:rJ{I_N’J(t)}+N'J(t):I = G,(t) (16)

By differentiating Eq. 16, we have

dN ";(t) /dt = 7’1///[ 7'1{ 1“PV'J(t)}'4-PV'J(t):} dN’ ;(t),//dt

= K,;(t) dN’ (1) dt (17)
By the substitution of Eq. 17 in Eq. 16, we have

N";(t) = G:()+ 0 ,—h" K (1) dN’ ;(t),/dt (18)
Using Egs. 6, 8, 10, 12, 15, 17 and 18, the following equation is obtained:

L i (N ()= L ;N )+ L7500 (N5 {t)— L7, IN ", (1)
+ 8 joF oNet+f jo1n so1—p il N (W) s 501070 501N " 510 (1)

= {(hj"‘h,J)N'J(t)+(h!+h";’)G}(t)(1/9 J—l)}dL’j(t)/dt

+ {hwh’ j+(h;-l—h";)K;(t)(I/B;—l)} L’ (t) AN’ ;(t)/dt

= T,{t) dL' ;1) dt+Qns(t) AN’ ; (1), /dt (19)
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where the product of two derivatives, dL'/dt#dN'/dt, has been neglected due to
the same reason mentioned above. By summing Eq. 19 from j=j up to j=5 and

setting L"j+1N"j+1 to zero at j=S, we have
L ;0 (0OIN ;i) =L s(t)N' s(t)— L7 ;(t)N";{t) +A;0F oNr
s
+§{ f'i-in" i-1—p LN’ 1—1(t)+f"{+ln"i+1*“P"i+1N"i+t(t)}

5

= Z{T;(t) dL’ (t)/dt+Qun:(t) dN'z(t)/dt} (20)

=41

It should be noted that L'j—lN'jFl is zero at j=-B in Eg. 20.

In the revised CCS-II code, the approximation of a derivative, dX(t)/dt,
is {X(t+At)-X(t)}/At and the calculation is carried out as follows:

a. Initial values are given to L'(t) and N'(t) at t=0 and the following
steps are repeated increasing the time by an increment At.

b. On the basis of input data, Fy, £, £, p', p", Ng, n', and n" are
prepared. On N'", Eq. 18 is used, where 7 which is ¢ {(L(t)) in a
precise expression is evaluated using Eq. 11 and dX'/dt, X is L or N, is
calculated as {X'(t)-X'(t-At)}/At because X'{t+At) Is not available
at this point of time. )

¢. Eq. 14 is solved with regard to L'(t+At) after the substitution of Eq.
12 in Eq. 14.

d. L"(t) is calculated using Eq. 12.

e. L{t) is calculated using Eq. 3.

f. Eq. 20 is solved with regard to N'(t+At) after the substitution df Eq.
18 in Eq. 20.

g. N"(t) is calculated using Eq. 18.

h. N(t) is calculated using Eq. 6.

i. For evaluating and printing the higher derivatives, the following

formulas are used:
X(t+a) = X(t) + a»dX(t)/dt + 1/2+a’d%X(t)/dt>
dX(t)/dt = {X(t+At) - X(t-At)}/2At

a2x(t)/at2 = {X(t+At) - 2X(t) + X(t-At)}/At2

In a printout, relative values are given, namely, axdX(t)/dt/X{t) and
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1/2%a2%d2X (1) /dt2/X(t).
4.2 Modification of Fundamental Equations

In a start-up operation of the cascade, an inlet flow rate is small
compared with that of the optimum feed and its changes are relatively large in
comparison with the inventory of UFg gas in the centrifuge. This means that
the formation of countercurrent of gas in the centrifuge may be hindered,
resulting in no or little enriching of fissile material. In the revised CCS-
II code, two models have been provided to treat with such a case. In the
first model it is assumed that there is no enriching if the ratio of the inlet
flow rate, L, to the optimum one, Lopt' is less than a given ratio, RL. In

this case y 1is equal to one. Therefore Eq.18 and Eq.20, respectively, become

N";(t)y = N ;(t)+( ;—h";) AN ;(t) /dt ' (21)
L -t{t)N ;-1(8)— L s(A)N s(t)~ L ";(t)N"; (1) +As0F cN#

S
+-;§;'{ f'4~1n';—1*“p',_1PV';—1(t)+-f"t+1n"¢+1——p",+lPJ"i+1(t)}

- };‘;Q“(t) aL’ (DN (1), dt (22)

In the calculation, these two equations are used instead of Egs. 18 and 20.
In the second model, the assumption is that the enriching capablility Increases
in proportion to the inlet flow rate, L, until it reaches to a value, Lopt*RL'

Therefore 7 1s replaced by

'{T!(L!)_l} « L;/ (Lowt. sRL)+1 (23)

The derivative of 4 (L(t))} has been assumed to be zero in the section
4.1 as a standard calculation model. The revised CCS-II code, however, can
handle it more precisely as an alternative model by assuming that it 1is

relatively small. For this, the modification is as follows:

In Eg. 16 7 j becomes

7 (L))~ (hy+h ) drs(L;i(t)) dt ' (24)

Instead of Gj(t) we use the notation Glj(t). If we may assume that the
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product of two derivatives is negligible, then as an addition to the right

hand side of Eq. 17, we have )
_N'j(t){l—N‘J(t)}/[TJ(LJ(t)){IMN'j(t)}‘f‘N’j(t):] |

~dr (L)) dt = —C;(t) (25)

+{t) and an addition to the right hand side of the

In Eq. 18 Glj(t) replaces GJ

equation is

—(h" ;—h";)C s(t) (26)

In case of Eq. 19, if we assume that the product of two derivatives may be
neglected, the following term should be added to the right hand side of Egs.
19 and 20 together with ¥ placed in front of it in the case of Eq. 20.

— (0" ) (1 8, D L AT (L) @

In case of the first model for y, » 1s changed by a step when L reaches to a
given value. This change is not taken into account. 1In case of the second
model, however, the derivative of 7 1is derived from Eq. 23. It is noted that

the derivative of ¢y 1is also taken into consideration when N" is evaluated for

a withdrawal flow or a recycle flow,

4.3 Reference Calculation Model

In order to evaluate the centrifuge cascade simulation model described
in the sections 4.1 and 4.2, a reference calculation model has been developed
and materialized as another function of the revised CCS-II code. This
alternate model is based on the material balance at a stage of the cascade.
If the increased amount of material at a stage is equally distributed over the

stage, we have the following equations with regard to the flow rate and the

concentration:

(L' j-1— L 3+ L1~ L"5+6i0Fe) dt = h; AL ;+0 ;4L ;+h";4L7;
| (28)

(L’J—lN.'j—l—L'JN'J‘i'L"JHN"JH—L"JN"H‘@JoFoNF) At

= hy AL ;N,;+h' ;AL ;N ;+h"; AL";N"; (29)

where 6j0 is one if j=0 and is zero if j is not equal to zero, L"j+1=0 at



JAERI—-M 91-—219

j=S, and L'j_lzo when j=-B, and the side streams are omitted for simplicity.

We also have the following relationships among parameters at an arbitrary

stage:
L; =L ;/8; (30)
L"; = L ;(1-8;) 70, (31)
N; =N ,;0;+N"; (1—-6 ;) (32)
N"; = N'j/[N'rf"Tj (1-N" ;) } = (33)

The right hand side of Eq. 29 is approximately expressed in

hsN; AL ;0 ;N ;4L ;+0" 3N 4L 7+
h;LsAN;+bh ;L ;AN ;40" ;L7 AN"; (34)

Using this approximation and Eqs. 30, 31, 32 and 33, Egs. 28 and 29 are

rewritten as follows:

[: L j-1— L ;/0;+L ;41 (1,760 ;61—1) +6!0F0:1 At
= [h',i_h".f'f‘ (hy;+h";) /9;} AL ; = QusdL’; (35)

|: L ;1N ;-1— L' ;N ;+ L"j+1G1+1—L"JG3+510F0NF:| At

= (hy+h" ;) N s+ (hi+h";) G; (1,780 ;1) } AL ;

+| hy;+h" s+ (hs+h";) K; (1,78 ;1) :|L’JAN'1

= T,4L ;+Qns AN’ (36)

where
. 2
K; = Ti/{TJ(l*N’J) +N’j} (37)

In this model, we can solve Eqs. 35 and 36 for AL' and AN' or the following

equations which are obtained by summing Eqs. 35 and 36, respectively, from j=j
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up to j=S as in the previous model:
" s
[ L ;1—L' s—L;(176;-1) +AJOF0:I 4t = lZ:jQuAL'a (38)
[ L ;N ;21— L'SN’S#L"jGj‘f“AJOFDNF} A4t

= i(-TzAL't‘i‘QMAN't) (39)
=y

where Ajo is zero if j is greater than zero and is one if j is less than or
equal to zero. L, L", N and N" are calculated using Egs. 30, 31, 32 and 33.
In comparison with the previocus model, it is shown that if h'=h" Egs. 38
and 39 are completely identical with Eqs. 14 and 20 and only difference is in
L and N. In case of L, Eq. 30 correspends to Eq. 11. This means that L of
the reference model is smaller than that of the standard model if L' increases

depending on time, resulting in the difference of 7.
4.4 Hierarchical Cascade

The revised CCS-IT1 code provides a user with the capability of handling
a two-step hierarchical cascade in which the first step cascade may consist of
several unit cascades and the product from it is the feed to the second step
cascade. The tail from the second step cascade may be recycled to the first
step cascade as a part of the feed. The fundamental equations used for both
cascades are identical but the input data for the optimal flow rates should be
different and be proportional to the size of the cascades. The order of
calculations 1is as follows: L', L" and L-of the first step, L', L" and L of
the second step, N' N" and N of the first step, and N', N" and N of the second
step. In the case of recycling of the tail from the second step cascade to
the first ome, L" and N" which are used to calculate the recycle flow rate are
evaluated using the approximation, dX'/dt={X'(t)-X'(t-At}}/At, where X is L
or N, because X'(t+At) is not available at the time of calculation. In this

case, due consideration may be given to the derivative of 7.

4.5 Centrifuge Cascade Characteristics

Various cascade parameters are calculated and printed in the revised
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CCS-T1 code. If appropriate, the unit of L and FO is changed from tonU/y to

grU/sec. These parameters are given below:

[A] Total amounts of uranium and uranium 235 in the product, which are
accumulated during a period from the beginning up to a time, nAt, and
the corresponding average concentration. These are calculated by using
L' and N' of the top stage of the second step cascade and by summing

them over the time steps, i, as follows:

P=P(nit) = [Z(L's. 2)_4:| . 4t fgr-U] (40)
P2ss(ndt) = [Z(LS 2)1‘(N's.2)i:| | (gr-23°(] (41)
No(ndt) = Pass(ndt)/P(nit) [-] (42)

{B] Total amounts of uranium and uranium 235 in the tail, which are
accumulated during a period from the beginning up to a time, nAt, and
the corresponding average concentration. These are calculated by using
L" and N" of the bottom stages of the first step cascade and the second
step cascade if the recycle of tail flow does not exist, and by summing

them over the time steps, i, as follows:

W=W(nit) = [i(L"—s. 1):} : dt‘}‘[gl(l."—s.z)i:l - 4t [gr-u] (43)

i=1

Wass(nidt) = [i(L"~s.1)l'(N"—;.l)t - 4t

i=1

+ [ ;g;(lan—s.z)a'(ﬁfn—s.z)t - 4t [ar-22%4]  (44)
Nuo(ndt) = Wass(ndt)/Windt) [-] (45)

where, if the tail recycle exists, the second terms in the right hand
side of Eqs. 43 and 44 are omitted.

{C] Total amounts of wuranium and uranium 235 in the feed, which are
accumulated during a period from the beginning up to a time, nAt, and
the corresponding average concentration. These are calculated by summing

Fl, FZ’ e Fk over the time steps, 1, if FO consists of them, as
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follows:

F=F(ndt) = g(Fl)l 'dt"l'[ii(Fz)iJ'dt-i—"'

n

+ :E:(I?k)l - 4t ' (gr-U] (46)

L I=1

F 2ss5(ndt) = [ ;g;(l?;)l'(PJF.l)t] ' dtﬁ‘[ ;i;(f?z)l'(ﬁfr.z)t] - 4t

+""+-[ ;g;(frh)i'(PqF.k)i} - 4t fgr-235¢] (47)
N #(ndt) = F 2a5(ndt),/F (ndt) . -] (48)

[D] Inventories of uranium and uranium 235 in the cascade at a time, nAt,
, and the corresponding average concentration. These are calculated on the

basis of the following equations:,

2 s h L’
I (ndt) = > Z[ j’L,-..(nAt—t) dt+X L7, w(ndt+1) dt
m=1 ] [¢]

+ j’h }L"J.u(ﬂﬁlt’f‘t) dt} [gr-U] (49)
I 2as(nét) = Z:: i[ I:jLN;.,(nAtwt) dt+jt ! L N’ ;. n(ndt+t) dt
+ j'h JL"N";.;(ndt+t) dt] [gr-225] (50)
o)
Nilndt) = T 2as(ndt),” I (ndt) [-] (51)

where m=1 corresponds to the lower cascade and m=2 to the upper cascade
and in Eq. 50 L, L' and L" have the same attribute as the coupled N, X’
and N". The calculation is carried out after the flows and
concentrations are expanded in a Taylor series, higher derivatives
than the first order ones are neglected, and L, L", N, XN" and their
derivatives are converted to the corresponding terms with L' and N', 1if
appropriate, using the proper equations derived in the previous
sections. It is noted that the inventory calculation is also consistent

with various modifications described in the sections 4.2 and 4.3.
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[E] Material balances for uranium and uranium 235 over a peried from the

beginning up to a time, nAt. These are calculated as follows:

MB(ndt) = I(0)+F (ndt)—P{ndt)—W(ndt)— I {nit)

2

+g z z(f'.l.l—p’ J.m+f"1.ump"i.n)! - 4t [SP‘U] (52)

m=1 F=—-8

MBzas(ﬂdt) - I 236(0)*‘fvzss(ndt)“I)zas(nﬂt)*“vV235(nﬁt)_'llzas(ndt)
n 2 s
+—;§; ;g; jgig(f’n'J"'_Plpv'J.-*’f"n";,.-p"PV"j,.)j' it [gr-2°°0] (53)
where the summation is carried out over stages, lower and upper cascades
and time steps and inlEq. 53 £', p', f" and p" have the same attribute
as the corresponding n', N', n" and N".
[F] Sum of flow rates, L, L' and L", over both stages of the lower and upper

cascades:
TL(ndt) = > JgL}..mm C ltonU/y) (54)
TL (ndt) = -Zj_l JiL’;,.(ndt) [ton-U/y] (55)
TL (i) = 3 3L sulnit) (ton-U/y] (56)

[G] Separative work at a time, nAt, which is calculated, when FO consists
of Fy, Fo, ..., Fies using L' and N' of the top stage of the second step
cascade and L™ and N" of the bottom stages of the first step cascade

(m=1) and the second step cascade (m=2) if the recycle of tail flow does

not exist, as follows:

N’ s, 2([1“,)
1—N’s. 2(ndt)

U (ndt) = L’ s 2(ndt)- [2N'S. z(nAt)—l} * loge

o] [57n4] e Tt
- 1-N"-s(ndt)

x - . N r
~STF ndt) - [ZNp(ndt)—l}  log, R (57)
=1 1-Ne(ndt) .
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where,
— 2 . . . 2
N"oa(nit) = > L -aandt) N alndt) / 3L s, x(nit) (58)
Ne(nt) = S Fulntt) Ne.stnst) /3 F elnst) (59)

If the tail recycle exists, the term related to L" and X" of the secoud

step cascade is omitted in Eqs. 57 and 58.

4.6 Preliminary Calculations

Among dynamical behaviors of a centrifuge cascade, those of the start-up
operation might be the most difficult to predict because of the drastic
changes of feed flow rate. Therefore a start-up operation is picked up and
discussed here for some preliminary analyses. The feed flow rate was linearly
increased from zero.until reaching to the designed flow rate at 100 minutes
after the start-up of feeding U¥g gas and then it was assumed that it

maintains this value.

(1) Pifficulty in accurately computing dynamics at early time steps

At an early time step of the start-up operation calculation, it 1is
considered that higher derivatives of L' and ¥' would considerably contribute
to the dynamics. Egs. 14 and 20, however, neglect such higher derivatives.
As a matter of fact, Eq. 20 gave us very poor results. This deficiency
sométimes spoiléd whole results. In order to avoid this difficulty, we have
modified the computer program so as to use Eq. 22 instead of Eq. 20 for a
given number of time steps by assigning KCALX(3) in the revised CCS-IT code
{see Appendix A). As a result of parametric calculations, the reasonable
number of KCALX(3) was around 10. Therefore this number was adopted in the

standard calculation model.

(2) Time increment

_ A time increment At (NDELT in the revised CCS-II code, see Appendix A)
is an important parameter because it decides the accuracy of results and the
economy of calculations in general. In case of the model cascade, 60 seconds
were the reasonable choice and the -convenient one to use except for

investigating in details the dynamics during a time period just after the
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start-up of the cascade. Therefore 60 seconds were adopted for normal cases
and 8 seconds were used for other special cases in the standard calculation
model. It is noted that the choice of the time increment could not overcome

the shortcoming in the calculation formulas for a non-linear change.

{(3) Enriching in an early phase of the start-up operation

As mentioned before, it is quite difficult to accurately predict the
separation factor 7 at an early time of start-up operation. If was
assumed to linearly increase in proportion to the inlet flow rate which
covered the range from zero up to RL*Lopt’ the product enrichment from the
normal cascade was given in a solid-line in Fig. 1 in case of RL being 0.1
(RATIO=0.1 and KCALX(2)=1 in the revised CCS-II code, see Appendix A). On the
other hand, if 7 was assumed to be one, 1.e. no enriching, until the inlet
flow rate reached to RL*Lopt' then the dotted line in the same figure gave the
product enrichment (RATIO=0.1 and KCALX(2)=0 in the revised CCS-II code, see
Appendix A). If Ry was changed in the linear model for 7, the peak product
enrichment was shifted as shown in Fig. 2. These figures show that we will
have a more precise model for 7 if we are able to experimentally determine a
profile of the product enrichment. In the standard calculation model, we used

the linear y model with RL being 0.1.

(4} Derivative of 7

Effect of the derivative of ¢y on the dynamics of the model centrifuge
cascade was investigated using the normal cascade. When the derivative was
taken into consideration, the product enrichment became lower before it
reached to the peak Value,rbut its difference between the two cases, i.e. with
the derivative and without it, was less than 5%. On the other hand, it became
higher after the peak value was attained but the difference was less than 1%.
We did not take into account the derivative of » in the standard calculation

model.

(5) Reference model

The reference model was compared with the standard model using the
normal cascade where the linear increase of ¢ in proportion to the inlet flow
rate was assumed and the derivative of was neglected. The product
enrichment was lower until it reached to the péak value and became higher

after that point of time. The maximum difference was around 7% in the former
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situation and 0.6% in the latter one.

(6) Feed pattern

We changed the time at which the main feed flow rate reached to its
design value, while keeping the patfern of a linear increase in the feed flow
rate. As shown in Fig. 3, a shift of product enrichment curve was observed
but  the shift of the peak enrichment was felatively small., In the standard
calculation model, 100 minutes were adopted as the time at which the feed flow

rate reached to its designed value.

(7) de—step cascade

We investigated the dynamics of a two-step cascade which consists of
seven unit cascades in the lower part and one unit cascade in the upper part.
The product enrichments from the lower and upper cascades, respectively, were
given - as shown in Fig. 4, in which the tail from the upper cascade was not
recycled into the lower cascade. Tt is recognized from the figﬁre that due to
the time delay in.the UF6 gas transportation the product enrichment from the
lower cascade is higher than that from the upper cascade at an early stage of
the start-up operation. By looking at the peak values, this delayed time
seems to be about 100 minutes. Although the tail recycle showed that it weuld
reduce the product enrichment compared with the case of no recycle, this
- effect was very small in the beginning and then became larger but not larger

than 7%. The tail was not recycled in the standard calculation model.

(8)  Equilibrium

Within 1% difference, the product flow rate of the lower cascade feached
to its equilibrium at 700 minutes after the start-up, while the product
enrichment of the lower cascade reached to its equilibrium at 500 minutes
after the start-up. In case of the upper cascade, these two parameters were,
respectively, 1,000 and 800 minutes. After 1,000 minutes from the start-up in
case of the 1lower cascade and 1,500 minutes as for the upper cascade, no
reaningful changes were observed in these two parameters. Therefore the
normal, stationary operation was assumed to be obtained at these times after

the start-up in the standard calculation model.
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5. Analysis of False Alarm Possibilities
5.1 False Alarm Possibilities

In the LFUA approach, a product enrichment is measured at a header pipe
to detect an anomaly which would indicate an HEU production. The problem is
whether or not the enrichment becomes higher than the declared one due to some
innocent causes and as the result it is recognized as the anomaly. The

following situations should be investigated:

&. Deviations from the normal operation which include transient operations
such as a start-up, a shut-down and a change of material with one
enrichment to another and operations in which the product flow 1is
recycled due to some safety reasons;

b. Mis-operations due to human errors which include an operation with a
reduced or increased feed flow rate; and

C. Malfunctions of equipment, instruments, devices or systems including a

mechanical failure of centrifuges and a power supply failure.
These operations are discussed below.

5.2 Start-up Operation

Using the standard calculation model and the revised CCS-II code, we
simulated a start-up operation where the feed flow rate was linearly increased
until it reached to the designed flow rate at 100 minutes after the feed
started. Figs. 5, 6 and 7 are the results obtained. Fig. 5 shows the 235U
enrichment and the uranium flow rate at a product header pipe. The product
enrichment reaches to its maximum value at 100 minutes after the start-up and
gradually decreases to the designed one, while the product flow rate steadily
increases up to an equilibrium which is the designed flow rate. The product
flow rate is only one tenth of the designed one when the maximum enrichment is
attained. TFig. 6 shows the average enrichment, which iIs the enrichment of the
product accumulated at the cold trap, and the accumulated amount of product
together with the product enrichment at the header. Although the enrichment
higher than the designed one is obtained as a product, it is homogenized with

the lower one at the product cold trap and the accumulated amount of such
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product 1is very small. Fig. 7 gives the product enrichment when the feed 1is
low enriched uranium with 1.0, 1.5 or 2.0% enrichment. Such a case ig
anticipated if the uranium recovered from spent fuel is used as a feed. In
this case the product enrichment becomes much higher even at an equilibrium
stage,

From these facts it is said that if an enrichment monitor for safeguards
purposes is designed only to detect an enrichment higher than the declared one
at a header pipe, it may produce a false alarm. If the recovered uranium 1is
used as a feed, the alarm level for anomaly detection should be carefully set
up. On the contrary the material accountancy based on inventory measuremnents
mnay not‘generate any anomaly because the measurement is usually carried out
after a considerable amount of product has been accumulated at a cold trap and

transferred to a cylinder.
5.3 Shut-down Operation

A shut-down operation was simulated by linearly reducing the feed flow
rate from that of an approximately stationary operation, which was obtained at
1000 minutes after the normal start-up, to zero which was reached to at 100
~minutes after the start of shut-down operation. A result is given in Fig. 8.
The figure shows that the product enrichment increases and reaches to 4.2% at
~its peak at around 200 minutes after the start of shut-down operation, while
the product flow rate gradually diminishes. Further calculations showed that
the peak of the product enrichment shifted without changing Its value
depending on the time period during which the feed flow rate was decreased to
ZEero.

These facts lead to a conclusion that there would be no serious problen
with regard to this operation and that, however, it might generate an anocmaly
if the enrichment monitor set at a header pipe is so much sensitive to the

change of enrichment.

5.4 Change of Feed Enrichment

Feed material may be changed from natural uranium to a recovered one
with low enrichment. Fig. 9 is a result of simulation of such transient
operations, where the enrichment was linearly changed from that -of natural

uraniom to 1.0, 1.5 or 2.0% enrichment in 100 minutes. Only a gradual
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increase in the product enrichment is recognized. Therefore no anomaly might

be observed in case of the change of feed enrichment.

5.5 Recycled Flow

Due to a failure of centrifuges in a unit cascade or other safety
reasons, the product flow might be recycled to the feed stage depending on the
design. Fig. 10 gives the result of a simulation where the product flow was
recycled in such a way that the recycled flow rate was linearly increased from
0 to 100% of the designed product flow rate during a time span of 100 minutes.
The figure shows an increase in the enrichment at the product header pipe with
the ultimate enrichment being 2.46 times as much as that of the normal
operation. During this period of time, the corresponding flow rate was 1.19
times as much as that of the normal operation. One major characteristic in
this case 1s that no enriched uranium is produced from the process except when
the cascade is returned to the normal operation. This case, however, would be

very rare even if 1t could happen.
5.6 Change of Feed Flow Rate

Due to mis-operations or some other reasons, the feed flow rate might be
changed, i.e. increased or decreased or fluctuated. If the feed flow rate is
increased, then the product enrichment is reduced and the amount of product is
enlarged. On the contrary, i1f the feed flow rate is decreased, the enrichment
is enhanced and the amount is lessened. Fig. 11 gives the product enrichment
in a transient operation where the feed flow rate was linearly changed from
the designed one to a half or 1.5 times of it in 100 minutes. The maximum
enrichment to which the product reaches was about 4%. Even if the feed flow
rate ' was reduced to a quarter of the designed rate, the maximum product
enrichment was 4.1%. A case of feed flow fluctuation was also examined, where
the feed flow rate was linearly fluctuated between the designed flow rate and
a half of it in 100 minutes each for an increase or a decrease. The resulting
product enrichment was fluctuated between 3.6% and 3.8%. These results
suggest that there is no serious problem in this type of operations from the
viewpoint of safeguards. Another characteristic of the operations is that the
situation would be returned to the normal one soocner or later because the

process indicator installed may show an abnormal flow rate which results in
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an action of the operator for remedies of the process.
5.7 Mechanical and Power Supply Fallures

Centrifuge machines might stop to work due to a mechanical failure. If
such a failure occurs at a stage, the optimum feed flow rate at the stage
becones smaller in proportion to the number of centrifuges working.
Simulation calculations showed that the product enrichment was slightly
reduced and even if 10% of centrifuges of the zero-th stage failed, the

reduction of the product enrichment was only 0.4%.
In case of a power supply failure it is considered that 7 decreases

until it reaches to 1. Fig. 12 gives the result of such a simulation where 7

was linearly reduced to 1 in 100 minutes. It shows that the product

enrichment is simply decreased.
It is clear that these two operations do not cause us any problem in

safeguards.
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6. Analysis of Diversion Scenarios
6.1 Technical Means for HEU Production

The followings are the well-recognized technical means for the
production of enriched uranium with an enrichment higher than the declared one
if the facility equipment which has been declared as only for peaceful

purposes is used:

(1) To change the piping arrangement within/between cascades, including the
construction of a hierarchical cascade or a cascade with more stages and
the setting up of a reflux path to recycle the gas flow,

(2) To refeed the product to the cascade,

(3) To manipulate the feed flow rate, i.e. decrease it or make it pulsate,
and

(4) To change the parameters affecting the separative work, such as the cut
and the rotating speed of a centrifuge, including the replacement of the

centrifuge by an advanced one.
These technical means are discussed in the following sections.

6.2 Changes of Piping Arrangement

A typical means to produce HEU by changing the piping arrangement is to
construct a hierarchical cascade by connecting a product header 1line of a
group of unit cascades with a feeding line of another group of unit cascades.
By doing so, the product from the lower group of cascades is further enriched
in the upper group of cascades. An example is a hierarchical cascade which
consists of seven unit cascades for the lower group of cascades and one unit
cascade for the upper group of cascades. Simulation of a start-up operation
of this cascade was carried out. A result is given in Fig. 13. It shows that
the product enrichment reaches to a value far larger than 20% at its peak but
that the accumulated product is very small, only 1.6 kg at its 20% average
enrichment. Because the average enrichment comes down to 14.7%, it is
necessary to further enrich the product in order to obtain the significant
amount of HEU, i.e. 25 kg-U235 contained in HEU with more than 20% enrichment.

It is technically possible to construct a new cascade that can produce
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HEU as a product by completely changing the piping arrangement or by making a
three-step hierarchical cascade. Technical difficulties accompanied with this’
technical means, however, would be much greater than those of the two-step
hierarchical cascade.

If a part of a product flow from a stage is recycled to a lower stage
through a side line, the product enrichment at the top stage becomes higher.
A special case in which all of the product flow from the top stage is led to
the feed stage has been discussed in the section 5.5 and the result 1is that
the product enrichment may reach 2.46 times as large as the designed
enrichment at its maximum. If the recycle line is closed and the product line
is opened to a recovery process,-a product with higher enrichment is obtained.
The product enrichment, however, will soon decrease because the process
returns to the normal operation. Therefore the procedure must be repeated
again if a product with the same level of enrichment is to be produced. In
any case it is impossible to produce HEU using only this technical means.

Major characteristic of the technical means mentioned above is that the
changes of piping arrangement would need‘tremendous efforts 1in completely
removing UF6 gas from the process, shutting down the centrifuges, reversing
the pressure to normal, dismantling the piping system and replacing it by a
new one, vacuuming the process, starting up the centrifuges and feeding the
gas to the system. If the piping arrangement is returned back te the normal
arrangement in order to avoid the detection of such changes, the same
procedure should be repeated again. All of these events are recognized as
anomalies. Another characteristic is that if the extent to which the piping
arréngement is changed 1is limited to a small area, it needs much time to

produce the significant amount of HEU although the efforts needed are reduced.

6.3 Operation to Refeed Product

It would be the easiest scenario to use the product as a feed to obtain
much higher enrichment. We simulated a start-up operation, in which the
product of the first cycle was used as a feed to the cascade, assuming the
standard start-up operation. The enrichment of the second cycle product at
the header pipe and the corresponding accumulated product and its enrichment
were given in Fig. 14, This figure shows the second cycle product enrichment
temporarily exceeds the 20% line but it falls to accumulate the significant
amount of HEU. On the other hand, if the feed flow rate was fixed to the
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designed one during the course of changing the feed enrichment, it was shown
that the enrichment obtained as a product gradually increased after the first
cycle product started to be fed, and reached to 15% at this cycle as shown in
Fig. 15, where the feed enrichment was linearly changed from one enrichment to
another in 100 minutes. If the second cycle product was recycled again, as
the same figure shows, the cascade produced a product with the enrichment far
greater than 20% in the third cycle. Further calculation showed that 28 days
were needed to accumulate the significant amount of HEU, i.e. 24 days for the
second cycle and 4 days for the third cycle, if only one unit cascade was used
and if the accumulation was started just after the change of feed enrichment
began. On the other hand, if the plant was used as a whole and if the
accumﬁlation started in the same condition, the time needed to accumulate the
signifiéant amount of HEU was 35 hours, i.e. 30 hours for the second cycle and
5 hours for the third cycle. Characteristic of these accumulations is that
the final product has a higher enrichment, i.e. 58% in case of the unit
cascade and 28% for the plant as a whole. If 20% is the target, there is such
an alternative method that the second cycle product is mixed with the first
cvcle product reducing the enrichment of the product and that this mixed

product is used as a feed in the third cycle producing a product with about

20% enrichment. In case of the unit cascade, 17 days were needed to
accumulate the significant quantity, i.e. 6 days for the second cycle and 11
days for the third cycle, using the mixed product with 4.4% enrichment. On

the other hand, in case of the plant as a whole, 19 hours were needed, i.e. 12
hours for the first cycle and 7 hours for the third cycle, using the mixed
product with 5.7% enrichment. Major anomaly in this scenario is the uranium

with a higher enrichment at the header pipes for feed and préduct.
6.4 Reduced or Fluctuated Feed Flow Rate

As discussed in the section 5.6, reduced feed flow produces a higher
enrichment but it is slightly higher than the designed enrichment. Even if
the feed is reduced to one tenth of the designed one, the product enrichment
is mere 4.24% in a stationary state. |

As discussed 1in the section 5.2, the start-up operation produces the
uranium with an enrichment higher than the declared one as a transient.
phenomenon. One of the potential technical means to produce HEU is to use

this fact more systematically, i.e. to change the feed flow rate periodically.
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An example is that the feed flow rate is linearly increased from zero to the’
designed flow rate, then linearly decreased to zero and is kept to zero for
some time and the whole scheme is repeated. It was shown that the average
enrichment became the highest in the first sequence, gradually decreased in
the following sequences and approached to an enrichment which corresponded to
that of the reduced feed flow rate that results in the same amount of
accumulated feed. It means that this scenario does not considerably
contribute to the HEU production in the long run.

Although a start-up operation generates a peak in the product
enrichment, the peak value was almost constant over various reduced feed flow
rates, i.e. around 6%. Therefore the scenarios mentioned here are meaningful
for the HEU production only if they are combined with other scenarios. Such a

case is discussed in the section 6.6.
6.5 Changes of Cut and Rotating Speed of a Centrifuge

One of the methods to change the separative power is to change the cut
of the centrifuges from the designed one to another at all stages or at a part
of them. Fig. 16 gives a result of the analysis with regard to the effect of
a change of the cut on the product enrichment and the product flow rate in a
stationary state. In general, the product enrichment became higher if a value
of the cut decreased. This tendency was specifically intensified if the cut
was changed all over the stages. If the cut of all stages was reduced to 89%
or less than that, the product enrichment exceeded 20%. In case of 89%, about
126 days were needed to accumulate 25 kg-U235 by a unit cascade, where the cut
was reduced from the normal value to 89% in 100 minutes and the accumulation
of product was started just after the change began, and more days were
required 1n case of 88% or less. If the whole plant was used under the same
conditions, 86 hours were needed at a reduction of the cut to 88%, while 89%
was not an optimal cut because it needed more time to attain the 20%
enrichment in the accumulated product. In this scenario, however, there is a
technical difficulty in setting up the cut at a proper value. A specific
anomaly 1is a big change in the product flow and its enrichment even if the
feed flow rate to the cascade is not altered.

If the rotating speed of a centrifuge is increased, the product
enrichment is enhanced, but the safety would be greatly deteriorated. A

specific anomaly 1is an increase in the electric power consumption. On the

— 304
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other hand, if the current centrifuge is replaced by an advanced one, higher
enrichment is also obtained as a product. Efforts needed for the replacement,
however, might be at the same level as that of the changes of piping
arrangement. In order to investigate these cases, we have to analyze the

characteristics of the cascade under the different conditions, which are not

treated in this report.
8.6 A Combined Scenario

As seen In the previous sections, some technical means fail to produce

HEU although they can enhance the product enrichment. These technical means,

however, can be used in combination with other technical means. One
possibility 1is to refeed the first cycle product with a reduced feed flow
rate. In case of one tenth of the normal feed flow rate, the second cycle

product had 19.9% enrichment in a stationmary state. If this operation was
carried out under the standard start-up operation, it was possible to produce
the significant amount of HEU and 70 hours were needed to accumulate this
amount using the whole plant. If only a unit cascade was used, 111 days were

needed to accumulate 25 kg-U235 but the accumulated product enrichment was

slightly less than 20%.
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7. A Safeguards Approach

If activities aimed at producing HEU would take place, they create
anomalies ~ depending on the scenario adopted, for example: the feed flow rate
is changed; the total inlet flow rate which is the sum of inlet flow rates at
all stages is changed; the enrichment of product or both of product and feed
are changed; the size and weight of a feed cylinder is not the same as a usual
one; radiation background in the cascade area Iis increased; radiation
background outside the cascade area is intensified: additional equipment is
installed for a feed of low enriched uranium (LEU) and recoveries of the HEU
product and the tail with rather a high enrichment; there exist abnormal
arrangements of piping between centrifuges/headers of cascades and abnormal
sounds in the cascade hall; separative work is increased; the electric power
consumption 1is increased; and the total working hours are substantially
increased.

Places of anomalies and for their detection are as follows: headers of
feed, product and/or tail; piping between cascades; the cascade hall; an inlet
flow path at an arbitrary stage of a cascade; the autoclave station at the
feed line; sampling lines at the process; UFg handling facility; feed/product
storage area; control room; and operational record and accounting record and
report.

Taking into account the detection measures against cach anomaly
generated by each of the HEU production scenarios, a potential safeguards
approach can be established. The LFUA approach is one of such approaches and
it was agreed as an effective and efficient safeguards approach 1in the
HEXAPARTITE project. This approach could be a favorable one for a future
commercial enrichment plant. As seen in the chapter 6, the easiest scenario
to produce the significant amount of HEU is to refeed the product without
changing -any equipment and piping arrangement. The LFUA approach can detect
such an HEU production by a non-destructive assay (NDA) device set up at the
product header pipe if the HEU production is attempted. This measure is also
effective against the  change of cut or the increase of rotating speed of
cgntrifuges. The measure, however, might not be effective if the NDA device
would be bypassed by setting up a special route. Although any changes of the
piping arrangement are technically quite difficult, the LFUA approach can
still detect such changes by visiting the cascade hall If the changes are

attempted. Additionél points to be given are as follows:
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As discussed in the section 6.3, the time needed to accumulate the
significant amount of HEU is very short in case of the model plant. Therefore
it would be necessary to continuously monitor the product enrichment using an
NDA device at the product header pipe. 1In setting an alarm level to the NDA
device, however, a cautious approach should be taken. As discussed in the
chapter 5, some anomalies may be generated by a normal, transient operation or
a mis-operation. Uranium with an enrichment higher than the designed one may
be produced as a result of such opgrations. This fact should be taken into
account and the -anomaly should be carefully analyzed so as to distinguish a
false anomaly from a true one caused by an intentional activity for. HEU
production. If the agreed safeguards approach only permits the enrichment
measurements at a time when an inspector visits the plant, the inspector could
avoid a period of transient operation for his NDA measurements. In this case,
however, the timing of the plant visits by inspectors would be a crucial
parameter.

The number of NDA.devices and where the devices should be installed
would depend on the numbers of independent feeding and recovering systems and
of operational units. It would not be necessary to cover all unit cascades by
this monitoring system. The reason is that a longer time is required for the
accumulation of the significant amount of HEU with a limited number of
uncovered unit cascades and that in order to detect an attempt to produce HEU
with such cascades it is sufficient to measure the product enrichment at a
header pipe of the cascades when an inspector visits the plant. Frequencies
and timing of the visits by inspectors for this purpose could be determined
from the viewpoint of cost effectiveness.

For the purpose of detecting an attempt to produce HEU by changing the
piping arrangement, frequeﬁcies and timing of the inspectors' visits depend on
the time required for the accumulation of the significant amount of HEU and
for the preparation for and concealment of this accumulation. The theoretical
approach discussed in this report can predict the time for the accumulation,
but it is difficult to estimate the time for preparation and concealment.
Applying some C/S devices or radiation monitors would be a possible solution

to avoid frequent visits from inspectors.
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8. Discussion

In a future commercial enrichment plant a centrifuge will have a greater
separative power, which brings in the following effects: since the numbers of
stages and centrifuges in a unit cascade are reduced, the total length of
pipes 1is shortened resulting in a reduced effort for the changes of piping
arrangement; in-process inventory of UFé gas in a centrifuge reduces and
electric power consumption also decreases; and since the cascade would need
maintenance, workers will enter into the cascade hall and work there. Another
effect is that for economical reasons the plant designer 1s expected to apply
a cell fype arrangement to the cascade to be constructed, in which one cell
contains a number of centrifuges. In this case a cell secems to be a black box
into which an inspector cannot make access. A built-in arrangement might be
technically possible, by which the piping could be switched from the normal
arrangement to the other without being detected.

There are other parameters that affect the safeguards for the future
commercial enrichment plant. These are the enrichment of product uranium and
the sizes of a unit cascade and the plant. A variety of enrichments would be
required, which would necessitate a more careful analysis for the safeguards
design. On the other hand, the size of a unit cascade would be decided on the
basis of operational and economical requirements and the size of the plant,
which could be expanded with relative easiness if needs arise, would depend on

a predicted balance between supply and demand in the future.
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9. Concluding Remarks

In designing a safeguards approach for a nuclear plant in which an
advanced technology 1is uSed, there are difficulties because sensitive
information might not be disclosed. Lack of key information could lead to low
transparency on the plant on one hand and to low reliability in the safeguards
on the other hand including possible misjudgements in conducting safeguards
activities. In order to solve this problem we have developed a method, in
which firstly a mathematical model to describe the key process should be
developed on the basis of published documents, secondly unintentional. and
intentional operations of the process are to be analyzed using this model, and
finally a reliable, effective and efficient safeguards approach should be
established taking into consideration both anomalies generated by
unintentional and intentional operations.

This method has been applied to a model centrifuge enrichment plant with
a commercial size. A mathematical model that can simulate a dynamical
behavior of cascades has been developed. Transient operations and potential
mis-operations as well as technical means to produce uranium with a higher
enrichment than the declared one have been analyzed. Then the LFUA approach
has been examined. The mathematical model, which has been developed, is a
relatively simple one but it has a capability of analyzing a varliety of
cascades aimed at HEU production. In order to enhance this capability,

however, the following points should be investigated:

{1) To incorporate the mathematical model into a whole system that has the
capability of simulating flows and inventories of feed, product and tail
along with their corfesponding enrichments all over the plant.

(2) To develop a calculation method that can predict as precisely as
possible a relationship between the inlet flow to a centrifuge and
the separative power especially in case of a small flow rate,
although it would be difficult to theoretically predict such

relationship because of a complex gas dynamics.

Although the analyses of unintentional and intentional operations, which
have been carried out in this report, are not necessarily thorough, our
results indicate that the transient phenomenon accompanied with normal process

operations or mis-operations should be taken into account when an alarm level
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is set up to detect an anomaly in an enrichment measurement at a cascade
header. It is noted, however, that the alarm level could be set to be low if’

the anomalies, which may be generated as a result, are easily resolved.
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Appendix A Input and Output Data of Revised CCS-II Code

The 1input and output data of the revised CCS-II code are slightly
different from those of the CCS-I code because the former code has the
capability of handling a two-step hierarchical cascade as well 4as new
functions added to it. For a user's convenience, however, explanations of all
input data are given in Table A.1 with mathematical gymbols used in this
report, variable names used in the code, data types, explanation of suffixes
of a variable, units and meanings. The following points should be taken into

account when the input data are provided:

a. Only non-zero values are requested to be given as an input.

b. There is a limitation on the size of a variable, as shown in the column
"Meaning" of Table A.1, and this should be strictly observed.

¢. The input data that relate to stages are to be given firstly for the
lower cascade. and then for the upper cascade: in case of the enriching
section, X{1) to X(S+1) are for the lower cascade and X(S+2) to
X(2%(S+1)) are for the upper cascade and In case of the stripping
section, X(1) to X(B) are for the lower cascade and X(B+1) to X(2xB) are
for the upper cascade, where X is an arbitrary variable.

‘d. When a recycle flow is specified in the input, a side flow p' should be
recycled as a feed f' and in case of p"” as f". This Is not a serious
limitation because a feed as f"j and a feed as f'j—z are both mixed with
the feed to the (j-1)-th stage and the former two feeds may be
interchangeable.

e. Derivatives of L' are given as an output when KPRINT(2)=2, while L'N’
and the derivatives of N' and L'N' are given if KPRINT(5)=2.

f. In case of a start-up.operation of a cascade, the corresponding
numerical calculation does not necessarily give a precise result. The
use of KCALX(3) option is recommended.

g. The input data for a cut, main feed flow, recycle flow and a gide stream
should be given at a specific time defined by a multiple of the time
step. If these data are not given at a time, a linear interpolation or
a constant extension is carried out on the basis of the adjacent dafa
given. One point data are permissible if these parameters do not change

depending on time.
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An example of actual input data is illustrated in Fig. A.l. As an
additional output, 1lists of product flow rates and their corresponding
enrichments, accumulated products and their corresponding enrichments are
provided in the revised CCS-IT code with each being aggregated over all output
points. Dimensions for these parameters are 2,000. If the number of output
points is over this number, only the first 2,000 are given in the 1ist. An

output example is shown in Fig. A.2.
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Table A.l Explanation of input data
Sym- Variables !Ty Suffix | Unit Meaning
bol pe |
S 1S I - - Ton stage No. in the
; i E enriching section (up
i to 200)
B [B L - - Bottom stage No. in
| the stripping section
(up to 200)
MAXCUT I - - Number of 1CUT,CUTICi)
; data (up to 50)
i fCUTCiD ii i:1,2,3,--- it Series of times when
; E ) the cut is changed
| g ;| cuTICm,i,1> (R | mi(m-1)-th - Cut in the enriching
‘ stage (%) section
i11,2,3, -
CUTI(m,i,2) (R m(-m-th - Cut in the stripping
stage (%) section
iv1,2,3,
h; | JH(m, 1) 1 [ mi(m-1)-th sec Hotding time regarding
stage (%) L, in the enriching
section
JACm, 2D i mi(-my-th sec Holding time regarding
stage (%) L; in the stripping
seciion
h™ ;| JHDCm, 1) [oim:Cm-1)-th sec Holding time regarding
stage (%) L’ ; in the enriching
section
JHD(m, 2D | | m:{-m)-th sec Holding time regarding
stage (%) L' ; in the stripping
section
h'; | JHDD{m, 1D I lmi(m-1)-th sec Holding time regarding
stage (¥) L"; in the enriching |
section i
JHDD(m, 2) toym:(-m>-th sec Holding time regarding
stage (%) L."; in the siripping
' section
L opel XLOPT(m, 1) R im:{m-1D-th | tonlU/y | Optimum intet flow
| stage (&) rate in the enriching
section
XLOPT m,2) R | m:(-m)-th tonU/y | Optimum inlet flow
stage (%) rate in-ihe stripping
section
L7 ;1 xLdi(m, 1 R imi(m-13-%h tonU/y | Initial value for en-
‘ stage (%) riched flow rate in
the enriching section
XLoidm,2) R im:(-m)y-th tonU/Zy | Initial value for en-
| stage (B) riched fiew rate in
the stripping section
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Table A.1 (Continued)
{ Sym- Variables Ty Suffix Unit Meaning
kol pe
N XNDI(m, 1) R im:(m-1)-th - Initial value for en-
stage (%) richment in enriched
flow in the enriching
section
XND I Cm,2) R im:(-m)-th - initial value for en-
stage (%) richment in enriched
flow in the stripping
section
k NFEED ] - - Number of main feed
flows (n, up to 50)
| MAXF(n) I | nin-th main - Number of [FEED,FEEDY,
feed flow XNFI data (i,up to 507
IFEEDCi,n) ! i01,2,3, - 4t A time when the main
n.n-th main feed flow is changed
feed flow
Fo | FEEDICi,n) R 1i:1,2,3,--- | tonU/y | Flow rate of the main
nin-th main feed flow changed
feed flow
Nr | XNFULCE, ) R |i:1,2,3, - - Enrichment in the main
: n:n-th main feed flow changed
feed flow
(Re- | MAXFXD | - - Number of recycle
cy- flows (n, up to 200)
cle NBR(k,n,1) | | k=1:p’,=2:p" - Qutiet stage No. for a
fiow) n:n-th re- recycle flow
cycle flow
NBR(k,n,2) |l k=1if’,=2:fF" - Inlet stage No. for a
nin-th re- recycle flow (k should
cycle flow he the same as above)
MAXSPR{1,n) i n:n-th re- - Number of [SPR,SPRI
cycle flow data for k=1
(i, up to 50D
MAXSPR(Z,n) I n:n-th re- - Number of |SPR,SPRI
cycle flow data for k=2
(i, up to 50).
ISPRCI,1,n) | it1,2,3,- 4t A time when the re-
n:n-th re- cycle flow correspond-
cycle flow ing to k=1 is changed
ISPRCi,2,n) ! it1,2,3,: it A time when the re-
: nin-th re- cycle flow correspond-
i cycle flow | ing to k=2 is changed
SPRICi,1,n) |R 1i:1,2,3,--- | tonl/y | Recycle flow rate
n:n-th re- changed at ISPR(Ci,1,n}
i cycle flow
P SPRICE,2,ny IR i:1,2,3,-- tordl/y | Recycle flow rate
nin-th re- changed at ISPR(i,2,n)
cycle flow
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Table A.1 (Continued)
Sym- Variabies Ty Suffix Unit Meaning
hol pe ;
MAXSFD(m, 1D I m.{m-13-th - - Number of |SFD,SFDI,
stage (%) SNDI data(i) for (m, 1)
_ (up to 50)
MAXSFD(m,2) folmi{-my-th - Number of ISFD,SFDI,
stage (%) CSADI datali) for (m,2)
(up 1o 50)
ISFOCi,m, 1) | i:1,2,3,-- At A time when side feed
m:Cm-1)-th f'; is changed in the
stage (%) enriching section
1SFDCi,n,2) [ i:1,2,3, - 4t A time when side feed
me(C-m2-%h f"; is changed in the
stage (%) siripping section
£ ;L SFDIC,m, 1D R it1,2,3,- tonU/y i Flow rate of the side
wo(m-1)-th feed £ ; in the
stage (&) enriching section
SFDICi,m,2) | R |i:1,2,3, tonl/y | Flow rate of the side
m.(-m)-th feed £ ; in the
: stage (%) lstripping section
n ;| SNDICi,m, 1) (R P 101,2,3,0 - Enrichment in the side
' fme(m-1)-th feed £, in the
stage (&) gnriching section
SNDICi,m,2) R |i:1,2,3, - - Enrichment in the side
m:(-m)-th feed {5 in the
stage (%) stripping section
MXSFOD(m, 1) | m:(m-1)-th - Number of 1SFDD,SFDDI,
stage (&) SNDDI data (i) for
: (m,1), Cup to 502
MYXSFOD(m,2) | m:(-m)-th - Number of |SFDD,SFDDY,
stage (%) SNDDI data (i) for
(m,2), Cup to 507
FSFDDCi,m, 1) | it1,2,3, it A time when side feed
m:{m-1)-1th f7; is changed in the
stage (%) enriching seciion
1SFOBCi,m,2) | | i11,2,3, 4t A iime when side feed
m:{-m)-th f"; is changed in the
stage (&) stripping seciion
F'; L SFODICi,m,1) i R 1i:1,2,3, -+ | tonl/y | Fiow rate of the side
m:{m-1>-th feed f"; in the
stage (%) enriching section
CSFODICi,m,2) (R O1i11,2,3,--- | tonl/y | Flow rate of the side
f m:(-m)-th feed f"; in the
stage (%) stripping section
n's [ SNDDICi,m,1) IR [i:1,2,8,0 - Enrichment in the side
m:{m-1)-th feed f"; in the
stage (%) enriching section
SNODICi,m,2) TR | i:1,2,8,--- - Enrichment in the side
mi(-m)-th feed f7; in the
stage (k) stripping section
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Table A.1 {(Continued)
Sym- Variables Ty Suffix Unit Meaning
hol pe .
MAXSPD(m, 1) [ tm:{m-1)-th - Number of 1SPD,SPDI :
stage (%) data (i) for (m,1) |
(up to 50)
MAXSPD(m,2) f mo(-my-th - Number of [SPD,SPD!
stage (%) data (i) for (m,2)
{up to 50D
ISPDCi,m, 1) 11 ji:1,2,3,«-- it A time when removal
meo(m-1)-th p’; is changed in the
staze (%) enriching section
ISPDCi,m,2) || i111,2,3,-- i A time when removal
mi{-m)-th p ; is changed in the
stage (%) stripping sectien
P ; SPotCi,m,1) R | i:1,2,3,-- tonU/y | Flow rate of the
m:{m-1)-th removal p’; in the
stage (%) enriching section
SPoICi,m,2) R i01,2,3, " tonU/y | Flow rate of the
m:(-m)-th removal p’; in the
stage (k) stripping section
MXSPDD{(m,1) I m:(m-1)-th - Number of ISPDD,SPDDI
stage () data (i) for (m, 1)
Cup to 50)
MXSPDD{m,2) i m.(-my-th - Number of §SPDD,SPDDI
stage (%) data (i) for (m,2)
Cup to 50) !
ESPODCT ,m, 1) || i:1,2,3,--- 41 A time when removal !
! mam-1>-1h p’; is changed in the
stage (%) enriching section
ISPDDCi,m,2> | | i:1,2,3, - it A& time when removal
mi(-m)-th p s is changed in the
stage (&) stripping section
p ;| SPDDICi,m,1) R 1i:1,2,3,... | tonl/y | Flow rate of the
m:(m-1)-th removal p’; in the
{ stage (%) enriching section
SPDOICi,m,2) | R ii:1,2,3,... |tonU/y | Flow rate of the
: m:(-m)-th removal p’; in the
stage (%) stripping section
MAXG { - - Number of data points
: (i, up to 2007
RLOPTIC) R 1i:1,2,3, - Flow rate ratio param-
eter (L/Lope) for 7
T GAMICI) R 1i:1,2,3, - Separation factor
R | RATIO R a - - Threshold ratio for
| full enrichment calcu-
lation, compared with
L/L opt
4t NDELT | - sec Time step for comput. |
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Table A.1 (Continued)

Sym-
hol

Variables

Ty
pe

Suffix

Unit

Meaning

(For
cal.
and

out-
put)

INTVLP
KPRINTCiD

NSTOP

MODEL ~

KCALX(i)D

it1,2,.00.0,7

it

it

Interval for output
Output option for [,
L’ pL”)IV,N, )I‘J” in
this order for (i=1,8)
=0: no output
=1: output is given
=2: with derivatives
for L7 (i=2),N  and
L° N (i=5)
=-1,-2: at tast point
{(i=7)=0: no cutput for :
each time step
=1: output is given
for each time step
=-n: output is given
from the n-th step
Number of time steps
for calculation
Calculation model
=0: standard mode!
=1: model which takes
account of the deriv-
ative of 7
=-1! reference mode!
Cafcutation opiion
(1)=0: normal cascade
=1: two-step hier-
archical cascade
=2. two-step with
tail recycle
=-n: 2nd step feed
= Fo/n
(2)=0: step (L)
=17 linear 7
(3)=n: 7=1 titl the
n-th time step
(4)=0: flow rate for
p’,p”,recycle flow
=1: flow rate ratio
for p’,p”,recycle
flow
(5)=0: normal
=To(dt): 7 starts
to linearly de-
crease due to
power failure
(6)=T1{(dt): 7 reaches
to 1 by power
failure
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Table A.1 {(Continued)

Sym-
bol

Variables

Ty
pe

Suffix

Unit

Meaning

EMPTY

(7)=0: no change of
XLDILXNDI in the
next run

=1 last L°,N’
for XLDI,XNDI (k%)

[f L’ < EMPTY, it is

rezarded that the cas-

cade is emptied and
the run is stopped;
default: 1.0E-5

Note: Type | means integer-type data and type R means real-type data.
(%) In case of enriching section, m:1~S+1 is for the lower cascade

(%%)

and m:S+2~2%(S+1) is for the upper cascade.

In case of stripping

section, m:1~B is for the lower cascade and miB+1~2%B is for
the upper cascade.
If the run is continued with L7 and N’ transferred from the previ-
ous case, KCALX(3) should be 0. Since N”(-4t) is not transferred,

”

p” is stightly changed.

to zeros.

It is also noted that P, F and W are reset
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(-2 GAMMA (-)

STAGE SEPARATION FACTOR

i1.1¢

1.40

1.60

1.90

2.30

2.50
2.60
2.70

1.00

1.51000E+G0
1.4F00CE+00
1.44000E+0C0
1_42000E+Q0
1.39000E+00
1.37000E+00
1.35000E+00
1.33000E+00
1.31000E+0Q0
1.29000E+00
"1.27000E+00
1.25000E+00
1.24000E+00
1.23000E+Q0
1.22000E+30
1.21000E+00
1.20000E+00Q
1.1900G0E+00
1.1BCOUE+00
1.18000E+00
1.17600E+00
1.16000E+00
1.15000E+00
1.15000E+a0
1.14000E400
1.140Q00E+00
1.13000E+00
1.13000E+00
1.12000E+00
1.12800E +00
1.12000E+00

-2

NUMBER OF FEED FLOWS .
1

K

NUMBER OF SIDE FLOWS

SFx
SFsn
SPx
SPrx

REFLUX FLDW

nouoa

(-3
(-2
-3
-3

[= =]

BETWEEN SIDE FLOWS
~== NO DATA ---
RATIO OF L/LOPT = 0.100 {-

SPECIFICATION OF FEED FLOWS
¢ )X DELTA-T (SEC}

]

FC 1
0.0

NE(
7.-.11000E-03

b

1

1000 10000
(TON-U/YR)
1.83299E+02 1,B329%E+02
» (=3

7.11000E-03° 7.11000E-03

SPECIFICATION OF FEED SIDE FLOWS

SPECIFICATIO

SPECIFICATION

NO DATA ~---

OF PRODUCT SIDE FLOWS
NO DATA ---

OF REFLUX FLOWS
NO DATA --~

OF cut
NO DATA ==

Fig. A.2 (Continued)
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PRCODUCT FLOW AND CONCENTRATION FOR EVERY 100 * DELTA-T

FLOW (TON-U/YR)

0.0

4,B4L592E-05
1.47928E-0C2
1.44265E~-01
S.05745E-01
1.06555E+00
1.69446E+00
2.29336E+00
2.81323E+00C
2.23943E-QC
3.57574E+40Q0
3.83408E+Q0
4.02859E+00

4,15868E-17
2.87700E-04
2.67627E-02
1.96287E-01
6.05769E~01
1.18976E+0Q0
1.81886E+0QC
2.40450E+00
2.90602E+0C
2.31356E+00
3.63320E+00
3.87763E+00

1.19237E-10
1.09862E-03
4.45070E-02
2.58649E-01
7.12921E-01
1.31560E+00
1.94135E+Q0
2.51218E+00
2.99501E+Q0Q
3.38416E+00
3.687465E+00
3.91875E+¢Q0

DITTO BUT FROM LOWER CASCADE

0.0
3.32945E-01
3.59057E+00
9.99687E+00
1.60300E+01
2.031486E+01
2.320246E+01
2.51218E+01
2.63914E+01
2.72298E+01
2.77833E+01
2.81485E+01
2.83895E+01

6.85158E-06
6.78775E-0C1
4.68736E+0C0
1.1334%E+01
1.70210E+01
2.09889E+01
2.36521E+01
2.54194E+01
2.658B0E+401
2.73596E+01
2.7B689E+01
2.82050E+01

CONCENTRATION (-}

c.0

8.60474E-03
2.34599E-02
1.72544E-01
2.67772E-01
3.03999E-01
2.48492E-01
2.15456E-01
1.92460E-01
1.76574E-C1
1.65754E-01
1.58482E-01
1.534674E-01

7.14354E-03
9.98036E-03
4 .88886E-02
2.22907E-0Q1
3.58379E-01
2.90503E-01
2.40722E-01
2.10171E-01
1.88787E-01
1.74060E~01
1.64056E-01
1.57352E-01

2.34058E-03
1.17610E+00
5.91560E+00
1.26153E+01
1.79415E+01
2.16113E+01
2.408661E+01
2.56934E+01
2.67690E+012
2.74791E+01
2.79478E+01
2.82570E+01

7.23220E-03
1.23705E-02
6.98858E-02
2.77372E~-01
3.48147E-01
2.78248E-0Q1
2.33719E-01
2.05251E-01
1.85379E-01
1.71735E-01
1.62488E-01
1.56312E-01

DITTO BUT FROM LOWER CASCADE

0.cC

1.46719E~-02
6.191%6E-02
4.898B30E-02
4.19496E-02
3.81206E-02
Z.59188E-02
3.46709E-02
3.39811E-02
3.36166E-02
3.34393E~02
3.33665E-02
3.33495E-02

7.19676E-03
2.18098E-02
5.98842E-02
4.70423E-02
4.10084E-02
3.75768E-02
3.56087E-02
3.44976E-02
3.388764E-02
3.35695E-02
I.341B3E-02
3.33598E-02

Fig. A.2

7.54528E-03
3.26341E-02
5.71254E-02
4.54675E-02
4.01637E-02
3I.70903E-02
3.53320E-02
3.43438E-02
3.380564E-02
3.35289E-02
3.34010E~0C2
3.33550E-G2

8.77564E-08
3.13848E-03
6.92609E-02
3.31339E-01
8.26040E-01

1.44217E+00

2.06151E+QC
2.561625E+00
3.08021E+00C
3.45133E+00
3.73920E+00
3.95754E+00

2.91023E-02
1.82890E+C0
7.24494E4C0
1.38272E+0C1
1.87948E+01
2.21854E+01
2.44474LE+01
2.59456E+01
2.69355E+01
2.75890E+01
2.80203E+01
2.83048E+01

7.4L2996E-03
1.64181E-02
9.66529E-02
3.28454E-01
3.32608E-01
2.67334E-01
2.27205E~01
2.00673E-01
1.82218E-01
1.69583E-01
1.61043E-01
1.55357E-01

§.50139E-03
4.81776E-02
S.41045E-02
4.41627E-02
3.94065E-02
3.66551E-02
3.50855E~02
3.42076E-02
3.3733BE-02
3.34940E-02
3.338B68E-02
3.33518E-02

{Continued)

3.96644E-06
7.32957E-03
1.02177E-01
4.13949E-01
9.43981E~01
1.56870E+0Q0Q
2.17894E+00
2.71663E+00
3.161466E+00
3.51515E+Q0
3.78797E+00
3.99412E+400

1.25336E-01
2.63543E+400
8.62201E+00
1.49658E401
1.95845E+401
2.27147E+01
2.47985E+01
2.61777E+401
2.70888E+01
2.76902E+01
2.80870E+01
2.83489E+401

7.83654E-03
2.30486E-02
1.30350E-01
3.64465E-01
3.18260E-01
2.57400E-01
2.21125E-01
1.96416E-01
1.79288E-01
1.67593E-01
1.59710E-01 -
1.54479E-01

1.05983E-02
5.86902E-02
5.13051E-02
4.29974E-02
3.87281E-02
3.62662E-02
3.48661E-02
3.40873E-02
3.36711E-02
3.34644E-02
3.33755E-02
3.33500E~-02
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ACCUMULATED PRODUCLT (GR-U>

0.0

3.89354E~04
3.53627E-01
6.43721E+00
3.54105E+01
1.09130E+02
2.40390E+02
4.30566E+02
6.74169E+02
9.62786E+02
1.28759E+03
1.64056E+03
2.01495E+03

3.42062E-17
3.08003E-03
7.41927E-01
?.86558E+00
4 .598B0BE+01
1.30592E+02
2.73819E+02
4.75260E+02
7.28579E+02
1.02512E+03
1.35617E+03
1.71392E+03

2.42960E-10
1.50011E-02
1.41142E+00
1.39827E+01
5.85246E+01
1.54435E+02
3.09593E+02
5.22036E+02
7.84717E+02
1.08BB4E+Q3
1.42581E+03
1.78808E+03

DITTO BUT FROM LOWER CASCADE

0.0

5.74876E+0Q
1.62412E+02
7.95315E+02
2.04744E+03
3.78943E+03
5.86799E+03
8.17200E+03
1.06255E+04
1.31778E+04
1.57954E+04
1.84560E+04
2.11451E+04

AVERAGE CONCENTRATION (-3

0.0

8.29412E-03
2.39763E-02
1.07886E-01
2.77532E-01
3.15882E-01
2.91740E-01
2.64513E-01
2.42246E-01
2.24738E-01
2.11103E-01
2.00470E-01
1.92160E-01

1.21708E-05
1.51731E+01
2.41045E+02
9.98436E+02
2.36204E+03
4.18245E+03
6.31362E+03
8.65266E+03
1.11293E+04
1.36970E+04
1.63247E+04
1.89919E+04

7.14172E-03
9.28404E-03
3.31742E-02
1.38215E-01
2.97240E-01
3.12772E-01
2.85970E-01
2.59648E-01
2.38390E-01
2.21732€-01
2.08759E-01
1.98642E-01

1.07967E-02
3.26196E+01
3.41824E+02
1.22648E+03
2.69483E+03
4 ,58764E+03
6.76746E+03
9.13876E+03
1.16368E+04
1.42185E+04
1.68555E+04
1.95289E+04

7.22126E-03
1.09161E-02
4.58589E-02
1.73216E-01
3.09014E-01
3.08340E-01
2.8032%9E~01
2.54991E-01
2.34718E-01
2.18874E-01
2.06528E-01
1.96902E-01

DITTO BUT FROM LOWER CASCADE

0.0

1.18578BE-02
4.76114E-02
5.30527E-02
4.79677E-02
4.42050E-02
4.1618B%9E-02
3.98141E-02
3.85353E-02
3.76116E-02
3.69310E-02
3.64200E-02
3.60289E-02

7.18482E-~03
1.59197E-02
5.19612E-02
5.20156E-02
4.71010E-02
4.36071E-02
4.12058E-02
3.95228E-02
3.83264E-02
3.74588E-02
3.68172E-02
3.63335E-02

Fig. A.2

7.44830E-03
2.2096BE-02
5.38819E-02
5.09346E-02
4.62944E-02
4,30537E-02
4.08200E-02
3,.92506E-02
3.81305E-02
3.73149E-02
3.67096E-02
3.62514E-02

3.21482E-07
5.28922E-02
2.48393E+00
1.95856E+01
7.31661E+01
1.806B0E+02
I.47675E+02
5.70826E+0Q2
8.42512E+402
1.15387E+03
1.49645E+03
1.86300E+03

2.40805E-01
6.10209E+01
4.67013E+02
1.47825E+03
3.04447E+Q3
5.00421E+03
7.22886E+03
9.62986E+03
1.21475E+04
1.47422E+04
1.73877E+04
2.00668BE+04

7.387B1E-03
1.35468E-02
6.22729E~-02
2.10890E-01
3.15051E-01
3.03139E-01
2.74862E-01
2.50541E-01
2.31224E-01
2.16156E-01
2.04408E-01
1.95244E-01

8.10397E-03
3.03589E-02
5.43287E-02
4.98868E-02
4.55452E-02
4.25399E-02
4 ,04609E-0G2
3.89942E-02
3.79466E-02
3.71795E-0G2
3.66076E-02
3.61734E-02

(Confinued)

2.25087E-05
1.48617E-01

4.10411E+00 .

2.66673E+01
9.00078E+01
2.09335E+02
3.88018E+02
6.21561E+02
9.01892E+02
1.22014E+03
1.56B06E+03
1.93864E+03

1.57184E+400
1.03325E+02
6.18041E+02
1.753237E+03
3.40973E+03
5.43127E+03
7.69723E+03
1.01256E+04
1.26613E+04
1.52679E+04
1.79212E+04
2.06055E+04

7.71203E-03
1.76821E-02
8.27361E-02
2.47670E-01
3.16953E-01
2.97528E-01
2.69586E-01
2.46295E-01
2.27%00E-01
2.13569E-0C1
2.02390E-01
1.93664E-01

9.43690E-03
3.97204E-02
5.39104E-02
4 . 8BYSHLE-02
L.4LBLIFE-02
4.208625E-02
4.01262E-02
3.87582E-02
3.77739E-02
3.70517E-02
3.65114E-02
3.60993E-02
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Appendix B Source List of Revised CCS-1I Code

The revised CCS-11 code has been programmed in FORTRAN 77. It consists
of the main routine, block data and 18 subroutines and the source 1list of
these subroutines is given in an alphabetical order of their names at the

following pages. OQutline of these is as follows:

Main routine: calls five subroutines, CLEAR, PCARD, CLEAR1, INPUTX and CALX,
and repeats calculations until the end is detected in an array of input
data. :

BLOCK DATA: sets up characters for output.

ALIST: prints L' and N' of the top stage and P and Np for every print-out
point.

AVERAG: calculates cascade characteristics such as the average concentration
and the separative work. '

CALLD: calculates L' .and then L" and L.

CALND: calls one subroutine, INTERG, and calculates N' and then N" and N.

CALPRE: calls two subroutines, ZEROO and INTERG, and calculates N" for a side
stream or for a tail recycle.

CALX: calls eleven subroutines, INITL, ALIST, INTCUT, CALPRE, INTERZ, CALLD,
CALND, SUM, OUTPUT, MOVE and AVERAG, and controls time steps.

CLEAR: has one entry, CLEARL, calls two subroutines, KINE1l and ZEROO, and
carries out the zero clear or the initial setting.

INITL: gives the initial values to L' and N'.

INPUTX : reads_ input data from the unit one, prints them and defines basic
parameters. '

INTCUT: interpolates a cut on the basis of given data.

INTERG: interpolates a variable on the basis of givén data and is exclusively
used for the separation factor.

INTERY: interpolates two variables on the basis of given data.

INTERZ: calls two subroutines, ZEROO and INTERY, and interpolates Fj, N, f',

/ n', f", n", p' and p" and/or determines the path and the rate of a

_ recycle flow on the basis of given data.

- MOVE: preserves the latest L' and N' for the next time step calculation as the
previous data,

OUTPUT: prints accumulated amounts of the preoduct, tail and the feed and N, L,

CN', L', N", L", dN'/dt, dL'/dt, ¢2§'/dt? and d?L'/dt? over all stages
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for every print-out point.

PCARD: reads input data from the unit five and writes them on the unit one and
also prints them.

SUM: sums up L, L' and L" over stages.

ZEROO: has one entry, NINEl1l, and gives zero or 999 to a variable.

Source list of the revised CCS-1I code is given for each routine as

follows:

- e e e e v T o e

File Name : ccsle.f
Size 59951 bytes

Date : 91-11-19 12:19
Routine Name Page
1 MAIN 0001
2 BLOCK DATA 0002
3 ALIST 0003
4 AVERAG 0005
5 CALLD 0007
6 CALND - 0010
7 CALPRE 0015
8 CALX 0017
9 CLEAR 0019
10 INITL 0021
11 INPUTX 0022
12 INTCUT 0028
13 INTERG 0029
14 INTERY 0030
15 INTERZ 0031
16 MOVE 0033
17 OUTPUT 0034
18 PCARD 0037
19 SUM 0038
20 ZEROO 0039

W o e o o A e e
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Source Listing - V. 4.0 < MAIN : ccslc.f > Tue Nov 1§ 12:56:27 1991  Page 0COl

Seq.

000001
000002
000003
000004
000005
000006
000007
00G008
00G009
002010
000011
oocolz
000013
Seg,

PR S IO A SRS S NI TRV SV DU SIPENE JIY S UM SRR ST

100

PROGRAM CCS8-II, REV.1 (1991-06-18)
CENTRIFUGE CASCADE SIMULATICN CODE 11
WHICH CAN HANDLE HIERARCHICAL CASCADES AS WELL AS NCRMAL ORES

CALL CLEAR

CALL PCARD

CALL CLEARI

CALL INPUTX(KEND)
IF(KEND.NE.O) GO TO 200
CALL CALX

GO TO 100

STOP

R AP U S SES: PINPIE. SO SR I N SRR T TR A R Y AR R AR, -

Source Listing - V. 4.0 < BLOCK DATA : ccsle.f >  Tue Nov 19 12:56:27 1991

Seq.

000014
000015
000016
0oool7
000018
000019
000¢20
000021
Seq.

AT SR DU S, B SV RN T SIS DI SRR TR IR A R ERL:

c

BLOCK DATA

COMMON/CCM7/ KPRNL(3},KPRNF(3),KPRNP(3),KFRNN(3)
CHARACTER*4 KPRNL,KPRNF,KPRNP, KPRHN

DATA KPRNN/ N, 'N*? , 'N#** [ KPRNL/'L?, ' L#? 1L/

DATA KPRNE/’F?,'F*?, tF*%? [ KPRNP/'P?, p¥? 2P’ |
END
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Source Listing - V. 4.0 < ALIST : ceslc.f > Tue Hov 19 12:56:27 1991  Page C0C3

Seq.

000022
000023
000024
000025
000025
000027
000028
000029
000030
000021
000032
000033
000034
000035
000036
000037
000038
000039
000040
000041
000042
000043
000044
060045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055
000056
000057
000058
000059
000060
000061
000062
000063
000064
000065
000066
000067
000063
000069
000070
000071
000072
000073

000074

000075
000076
000077
000078
000079
Q00080
000081
Seq.

ceuat

c

b b

100

150
200
250

300

Gt

P g pd b b b

T T SR AN DI DN SUPEE, SN DN R DITT Ay VRS
SUBROUTINE ALIST(N)

COMMON/COML/ IS,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)
NFEED, IFEED (50,50) ,MAXF(50),IS¥D(50,200,2),MAXSFD(200,2)
, ISFDD(59,200,2),MX5FDD(200,2),I8PD(50,200,2)
,MAXSPD(200,2),I8PDD{50,200,2),MXSPDD(200,2)
,NSFD,NSFDD,NSPD,NSPDD,NBR{2,200,2} ,MAXFXD,MAXG
, ICUT(50) ,MAXCUT, ISPR(50,2,200) ,MAXSPR(2,200)
.JE(200,2},JHD{200,2),JHDD(200,2},I5],NTIME,MODEL
;RATIO
COMMON/COM2/ FEEDI(5C,50),8FDI(50,200,2),8FDDI(50,200,2)
+SPDDI(50,200,2),CUTI{200,50,2},5PRI(50,2,200),XLDT(200,2)
,ENF1(50,50),8NDI(50,200,2),8NDDI(50,200,2),8PDI(50,200,2)
,XLCPT(200,2),GAMI{200) ,RLOPTI{200),XNDI(200,2)
COMMON/COM3/ XL(ZOO 2},XLD(200,2),%XLDD(200,2),YLD(200,2)
,BN(200,2),XND(200,2),XNDD(200,2),¥ND(200,2)
XLIMIT(ZOO )
COMMON/COMS / SUML,SUMLD,SUMLDD,TFL,TPL(Z),TWL,TFLN,TPLN(2),TWLN
,ANF,ANP, ANW,DUT, SFBAL, SFNBAL
COMMON /COMC/ ICAS,IS2,IS3,1B2,1B3,SUMF
DIMENSION PL(2000,2),PN(2000,2),APL(2G00,2),APN(2000,2)

ID=2000 ,
IF(N.NE.0) GO TO 100

NPN=0

RETURN

IF(N.NE.1) GO TO 300
TF(KCALX(7).EQ.0} GO TO 250
IF(NTIME.NE.NSTOP+1) GO TO 250
DO 200 M=1,2

IF(M.EQ.1) ISB=IS3

IF(M.EQ.2) ISB=1B3

DO 150 J=1,ISB
KLDI(J, M) =XLD(J,M)

XNDI (J,M}=XND(J, M)

CONTINUE

CONTINUE

NPN=NPN+1

IF (NPN.GT.ID) RETURN

PL(NPN, 1)=XLD(IS3,1)

PL(NEN, 2)=XLD(IS1,1)

PN (NPN, 1)=XND(1S3,1)

PN (NPN, 2)=XND(IS1, 1)
APL(NPN,1)=TPL(1)

APL(NPN, 2)=TPL(2)
APN(NPN,1)=0.0

APN(NPN,2)=0.0
TIF(TPL{1).NE.0.0) APN(NPN,.1)=TPLN(Ll)/TPL(l)
IF(TPL{2).NE.0.0) APN(NPN,2)=TPLN(2)/TPL(2)
RETURN

IF(NPY.GT.ID) NEN=ID
WRITE(6,6000) INTVLP
WRITE(6,6010) (PL(I,1),I=1,NBN)
IF(RCALX (1) .NE.0)

*WRITE(5,6030) (PL(I,2),I::1,NPN)

WRITE(6,6020) (PN(I,1),I=1,NEN)
IF(KCALX(1).NE.0)
*WRITE(6,68030) (PN(I,2),I=
WRITE(6,5040) (APL(I,1),I
IF({KCALX(1).NE.Q)
..1....+....2....+..‘.3....+.‘..4....+....5....+....6..,.+....7....+....

1,NPN)
=]1,NPN)
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Source Listing - V. 4.0 < ALIST : cesle.f > Tue Nov 19 12:56:27 1991  Page 0004

Seq.

000082
000083
000084
000083
000086
0co087
000088
000089
0000990
000091
000092
G00093
000094
Seq.

N ST UL U SO S JUN
*WRITE(5,6030) (APL(I,2),
WRITE({6,6050) (APN(I,1),

IF (KCALX(1).NE.O)
*WRITE(6,6030) (APN(I,2),I=1,NPN)

RETURR
6000 FORMAT(1HL,'PRODUCT FLOW AND CONCENTRATION FCR EVERY’,IE,

* ' % DELTA-T?) ,

6010 FORMAT(/LX,’FLOW (TON-U/YR)'/(1X,1P5E12.5))
6020 FORMAT(/1X,’CONCENTRATION (-)’/{l1X,1P5E12.5))
6030 FORMAT(/1¥,'DITTO BUT FRCM LOWER CASCADE’{(1X,lP5ELZ2.5))
6040 FORMAT(/1X,'ACCUMULATED PRODUCT (GR-U)’'/[(1X,1P5E12.5))
6050 FORMAT(/1X,’AVERAGE CONCENTRATION (-)'/(1X,1PSE12.5))

END
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Source Listing - V. 4.0 < AVERAG : cesle.f > Tue Nov 19 12:56:27 1991

Seq.

000095
000096
000097
000098
0009099
000100
000101
000102
000103
000104
004105
000106
000107
000108
000109
000110
000111
000112
000113
0NCll4
Q00115
000116
000117
000118
000118
000120
000121
000122
000123
000124
000125
000126
000127
000128
000129
000130
600131
000132
000133
000134
000135
000136
000137
000138
000139
000140
000141
g00142
000143
000144
000145
000146

Q00147

000148
000149
000150
000151
000152
000153
000154
Seq.

A 1 + /I DI DU S SRS JEPNL TUP O . SR

R N T AT

SUBROUTINE AVERAG

COMMON/COM1/ IS,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)
,NFEED, IFEED (50,50} ,MAXF(50},1SFD(5C,200,2),MAXSFD(200,2)
, ISFDD(50,200,2),MXSFDD(200,2),I8PD(50,200,2)
,MAXSPD(200,2),I8PDD(50,2C0,2),MX5PDD(200,2)
,NSFD,NS¥DD,NSPD,NSPDD,NBR(2,200,2) ,MAXFXD,MAXG
, ICUT(50) ,MAXCUT, ISPR(50,2,200) ,MAXSPR(2,200)
,JH(200,2),J8D(200,2),JHDD(200,2),151,NTIME,MODEL
,RATIO

COMMON/CCM2/ FEEDI(50,50),8FDI(50,200,2),SFDD1{50,200,2)
,SPLDI(50,200,2),CUTI(200,50,2),8PRI(50,2,200),XLDI(200,2)
,XNFI(50,50),SNDI(50,200,2),SNDDI(50,200,2),5PDI(50,200,2)
,XLOPT(200,2),GAMI(200),RLOPTI(200),XNDI(200,2)

COMMON/CCM3) XL(200,2),XLD¢200,2),XLDD(200,2),YLD(200,2)

,EN(200,2),XND(200,2),XNDD(200,2),¥ND(200,2)
yXLIMIT{200,2)
COMMON/COM4/ SFD(200,2),SFDD(200,2),SPD(200,2),SPDD{200,2)
,FEED(50),CUT(200,2),ZNF(50)
, SND(200,2),8KDD(200,2)

COMMON/COMS/ SUML, SUMLD, SUMLDD, TFL, TPL(2), TWL, TFLN, TPLN(2) , TWLN

,ANF, ANP, ANW, DUT, SFBAL, SFNBAL

COMMON/COM&/ UNIT,SFND(200,2),SFNDD{200,2),SPND(200,2)

,SPNDD(200,2) ,SUMFN

COMMON/CCMO/ ICAS,182,183,IB2,IB3,SUMF

o Pa pand v b P b g P b b b B b

STFCT(ZL,ZNY=ZL*(2.*ZN-1.)*ALOG(ZN/(Ll.-ZIN))

XLDD1=XLDD(1B,2)-SPDD(IB,2)+SFDD(IB,2)
IF{XKCALX(1).EQ.1.OR.KCALX(1).LT.0)
*XLDD1=XLDD1+XLDD(IB3,2) -SPDD(IB3,2) +SFDD(IB3,2)
XLNDD1=XLDD(IB,2)*XNCD(IB,2)-SPNDD{IB,2)+SFNDD(IB,2}
IF(KCALX(1).EQ.1.0R.KCALX(1).LT.0)
*XLNDD1=XLNDD1+XLDD(1B3,2)*XNDD(IB3,2)-SPNDD(IB3,2)+SFNDD(IB3,2)

IF(NTIME.EQ.1) GO TO 100
TEMP1=XLD(1$3,1)-SPD(I83,1)+SFD(183,1)
TEMP2=XLD(IS1,1)-8SPD(IS1,1)+SFD(IS1l,1)
TPL(1)=TPL(1)+TEMP1*NDELT*UNIT
TPL(2)=TPL(2)+TEMP2*NDELT*UNIT
TWL=TWL+XLDD1*NDELT*UNIT

TFL=TFL+SUMF*UNIT*NDELT
TEMP1=XLD(IS3,1)*XND{IS3,!)-SPND(IS3,1)+SFND(IS3,1)
TEMP2=XLD{IS1,1)*¥ND(IS1,1)-SPND(IS1,1)}+SFND(IS1,1)
TPLN{1)=TPLN(1)+TEMP1*NDELT*UNIT
TPLN(2)=TPLN{2)+TEMP2*NDELT*UNIT
TWLN=TWLN+XLNDD L *NDELT=UNIT
TFLN=TFLN+SUMFN*NDELT*UNIT

IF(TFL.NE.0.0) ANF=TFLN/TFL

IF(TPL(1).NE.0.0) ANP=TPLN(1}/TPL(l)

IF(TWL.NE.C.0) ANW=TWLN/TWL

100 DUT=399999.

XNDD1=0.0
IF{XLDD1.NE.0.0) XNDD1=XLNDDI/XLDDI1
ANF1=0.0

IF(SUMF,NE.0.0) ANF1=SUMEN/SUMF
IF(XND(IS3,1).LE.C.) RETURN
IF(XND(1S3,1).GE.1l.) RETURN
IF(XNDD1.LE.O.) RETURN

Page 0005

et W8

[ PR U SRR SIS, SN DI - PR U SR M.



Source Listing - V. 4,0 < AVERAG :

Seq.

000155
000156
Q00157
000158
000159
000l60
000161
0001562
000163
Seq.

veat

I

+ 2 +.o..

IF{XNDDLl.GE.1.) RETURN
IF(ANFL,LE.0.} RETURN
TF(ANF1.GE.l.) RETURN
DUTI=8TFCT(XLD(153,1},XND(183,1))
DUT2=8STFCT(XLDD1,XNDD1)
DUT3=8TFCT (SUMF,ANF1)
DUT=DUT1+DUT2-DUT3

RETURK

JAERI—M 91—219

B P T TS SN SO P

cesle, >  Tue Nov 19 12:56:27 1991

Bt

Page 00069

o8
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Source Listing - V. 4.0 < CALLD : ccsle.f > Tue Nov 1§ 12:56:27 1991

Seq.

000164
000165
0001656
006167
000168
000165
000170
000171
000172
000173
000174
000175
0c0176
000177
0C0178
000179
000180
000181
00c182
000183
000184
000185
000186
000187
000188
000189
000190
000191
000192
006193
000194
000195
000196
000197
000198
000199
00200
0002¢C1
000202
000203
000204
000205
000206
000207
000208
000208
000210
000211
006212
000213
000214
000215

000216

000217
000218
000219
000220
000221
000222
000223
Seq.

T SRS I DA TS R SRR SR SUTE ST, SUN SR DU

SUBROUTINE CALLD(IT1,I12,IJ:,1J2,SUMX,UINV)

C -

COMMON/COML/ IS,IB,NSTOF,NDELT,INTVLE,KCALX(8),KPRINT(8)

,NFEED,IFEED(50,50),MAXF(50),18FD(50,200,2),MAXSFD(200,2)
,ISFDD(50,200,2) ,MXSFDD(200,2),ISPD(50,200,2)
,MAXSPD(200,2),I8FDD(50,200,2),MXSPDD{20C,2)
,NSFD,NSFDD,NSPD,NSPDD,NBR(2,200,2) ,MAXEXD,MAXG
, ICUT(50) ,MAXCUT, ISPR({50,2,200) ,MAXSPR(2,200)
,JH(200,2),JHD(200,2),JHDD(200,2),1I5]1,NTIME,MODEL
yRATIO
COMMON/COM2/ FEEDI(50,50),SFDI1{50,200,2),SFDDI(50,200,2)
,SPLDI(50,200,2),CUTI(200,50,2),SPRI(50,2,200),XLDI(200,2)
,XNF1{50,50),5NDI(5C,200,2),SNDDI(50,200,2},8PDI1{50,200,2)
,XLOPT(ZOO,Z),GAMI(ZOO),RLOPTI(ZOO),XNDI(200,2}
COMMON/COM3/ XL(200,2),%LD(200,2},XLDD(200,2),YLD{200C,2)
JEN(200,2),XND(200,2),XNDD(200,2),YND(200,2)
SXLIMIT(200,2)

COMMON/COM4/ SFD(200,2),8FDD{200,2),8PD(200,2),8PDD(200,2)
,FRED{50),CUT(200,2),XNF(50)
+SND(200,2),S8DD(200,2)

COMMON/COMS/ SUML, SUMLD, SUMLDD, TFL,TPL(2},TWL, TFLN, TPLN (2}, TWLN
SANF,ANF, ANW,DUT, SFBAL, SFNEAL

COMMON/COM8/ XLDND(200,2),YLDND{200,2),NCOUNT(200,2),
WLD(200,2),WND(200,2),WLDND(200,2),"
DLD(200,2),DND(200,2),DLDND{200,2),
DDLD{(200,2),DDND(200,2),DDLDND(200,2)

v P4 P Facl i ]

sl B B B - S

SUMQ=0.0
SUMDD=0, 0
SUMD=0.0

DO 200 M=I,2
IF(M.NE.1) GC TC 100

¢ J=0,1,2,3,...,8

ISB=IS1
GO TO 110

¢ J=-1,-2,-3,...,-B

100 ISB=IB
110 DC 190 JJ=1,1I8B
22=0.0
IF(M.NE.1) GO TC 140
J=112-JJ+1
IF(JJ.EQ.ISB) GO TO 120
J1=J-1
GO TO 150
120 ZZ=ZZ+SUMK*NDELT
Z2Z=7Z+XLD{I1J1,2)*NDELT
SUMD=SUMD+(SFD(1J1,2)-SPD(1J1,2))
GO TO 17¢C
140 ZZ=7Z+SUMK*NDELT
J=JJ+1J1-1 _
IF(JJ.EQ.IS3) GO TI0 170
J1=J+1
150 ZZ=ZZ+XLD(J1,M)*NDELT
SUMD=SUMD+(SFD(J1,M)-SPD(JL,M))
170 ZZ=ZZ+(-XLD(I1I2,1)-XLD(J,M)*(1./CUT(J,M}-1.)+SUMD
X +SUMDD) *NDELT
QCONTO=JHD(J,M)-JHDD(J,M)+(JH(J,M)+JHDD{J,M))/CUT(J,M}
QCONT1=QCONTO
IF{MODEL.GE. Q)
T R S APUUDATE SRS DUVENIE AU SN DU SUPIS N . SRS S

Page GOC7
?"|'+llll
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Source Listing -~ V. 4.0 < CALLD : cecsle.f > Tue Nov 19 12:56:27 1991

Seq.

000224
000225
000226
000227
000228
000229
000230
000231
000232
000233
000234
000235
000236
000237
000238
000239
000240
000241
000242
000243
000244
000245
000246
000247
000248
000249
000250
000251
000252
000253
000254

000255

000256
000257
000238
000259
000260
000261

- 000262

0002463
000264
000265
000266
0c0267
D00268
000269
000270
000271
000272
00C273
000274
000275
000276
000277
000278
000279
000280
000281
000282
000283
Seq.

et 1L + 2..00000003,

150
2090
c
¢ I,
c

210
220

250
360

cesatoon bonn P S

+.o0..4 -
YR(LLGICUTII, M -L.O)
1

*QCONT1=QCONT1+(JHD (J,M) -JHDD(J,M)
YLD (J,M)=XLD(J,M)+(ZZ-5UMQ} /QCONT
IF(YLD(J,M).LT.0.0) YLD(J,M)=0.0
IF{M.EQ.2.AND.JJ.EQ.IB) GO TO 190
SUMDD=SUMDD+(SFDD (J,¥)-8PDD(J,M))
SUMQ=SUMQ+QCONTC= (YLD (J,M) -XLD (J,M})
CONTINUE :
CONTINUE

LDD, DERIVATIVES

DO 300 M=1,2
IF(M.RE.1) GO TO 210
ISBO=1I1

ISBI=112

GO TO 220

ISB0=1J1

ISBl=1J2

DO 250 J=I5B0,ISEl
XL(J,M)=XLD(J,M) [CUT(J,M)
XLDD(J,M)=(1./CUT(J,M)-1.)*XLD(J,M)

IF(MODEL.GE.0) XLDD(J,M)=ELDD(J,M)+

% (JHD (J,M) -JHDD{J,M) ) * (1. /CUT(J,M)-1.)*(YLD(J,M)-XLD (J,M) ) /NDELT
IF(XLD(J,M).EQ.0.0) GO TO 250 -

TEMP1=JH(J,M)+JHD(J,HM)

TEMP2=TEMP1*TEMP1/2.0
DLD(J,M)=TEMP1* (YLD (J,M)-WLD(J,M})/2.0/NDELT/XLD(J, M)
DDLD(J,M)=(YLD(J,M)-2,0%KLD(J,M)+WLD(J,M) ) /NDELT**2/XLD (J,M)
**TEMP2

CONTINUE

CONTINUE

IF(MCDEL.LT.0) GO TO 500

- J=1I12

429

430

et

J1=J-1

TEMPI=SF¥D{J1,1}-SPD(J1, 1)

L(J, 1)=X1LD{J1, 1) +TEMP]

DC 420 JJ=2,18

J=JJ+IT1-1

J1=J-1

J2=J+1
TEMP1=SFD(J1,1)-SPD(J1,1)+SFDD(J2,1}-5SPDD(J2,1)
XL(J,1y=XLD(J1,)+X1DD(J2, 1) +TEMPI

CONTINUE

J=1I1

J1=17J1

J2=J+1
TEME1=8FD(J1,2)-8PD{J1,2)+SFDD(J2,1)-SPDD(J2,1)
XL(J,1)=XLD{J1,2)+XLDD(J2,1)+TEMP I +SUMX

J=1J1

J1=111

J2=J+1
TEMP2=SFD(J2,2)-SPD(J2,2)+SFDD(J1,1)-5PDD(J1,1)
XL(J,2)=XLD(J2,2)+XLDD(J1, 1}+TEMP2

DO 430 JJ=2,1B-1

J=JJ+1J1-1

Ji=J-1

J2=J+1
TEMP1=SFD(J2,2)-SPD(J2,2)+SFDD(J1,2)-SFDD{J1,2}
XL(J,2)=XLD(J2,2)+XLDD{J1, 2)+TEMPL

CONTINUE

B T U/ SR S DI S SUUNE SN SN ST TP

Page 0008
Toostea,
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000284
000285
000286
000287
000288
000289
000250
000291
000292
000293
000294
000255
000296
000297
000298
000289
000300
000301
0C0302
000303
000304
000305
000306
000397
Seq.

C
c
c

TEMP1=SFDD(J1,2)-SPDD(J], 2)
¥L(J,2)=XLDD(J1,2)+TEMPI]

FOR INVENTORY AND MATERIAL BALANCE

500 DO 540 M=1,2
IF{M.NE.1) GO TO 510
ISBO=I11
I5B1=II2
GO TO 520
510 ISBO=IJ1
I5B1=1J2
520 DO 530 J=ISBO,ISEl ’
UINV= UINV+XL{J My *JH(J,M)+XLD (J,M) *JHD({J, M)+XLDD(J M)%JHDD(J M)
IF(MOPEL.LT.0) GO TO 530
UINV=UINV+{JHD(J,M}**2-JHDD(J,M}**2- (JH(J M) =*2- JHDD(J M)**2)
#[CUT(J,M))*(YLD(J,M) -XLD(J, M))/NDELT/Z 0
SFBAL= SFBAL+{SFD{J M)-SPD(J,M)+SFDD(J,M) ~-SPDD(J, M) ) *NDELT
530 CONTINUE
540 CONTINUE
RETURN
END
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Seq.
000308
000309

000310

Q00311
000312
Q00313
000314
000315
000316
000317
Q00318
000318
000320
000321
000322
000323
000324
000325
000326
000327
000328
000329
000330
000331
000332
000333
000334
000335
000336
000337
000338
000339
000340
0003241
000342
000343
000344
000345
000345
000347
000348
000349
000350
000351
000352
000353
000354
000355
000355
000357
000358
000359
006350
000361
000362
000363
000364
000365
000366
000367
Seq.

<3

R N Y LI SRR N S NI TR I

SUBROUTINE CALND(IT1,112,1J1,1J2,SUMKN,USINV)

COMMON/COML/ 1S8,1B,NSTCP,NDELT,INTVLP,KCALX(8),KPRINT(8)
,NFEED, IFEED(50,50) ,MAXF (50),ISFD{50,200,2),MAXSFD(200,2)

A pd B DS g b D D D

,ISFDD(50,200,2),M{SFDD{200,2),ISPD(50,200,2)
yMAXSPD(200,2),ISPDD(50,200,2},MESPDD(200,2)
+NSFD ,HSF¥DD,NSPD,NSPDD,NBR(2,200,2) ,MAXFXD, MAXG

, 1CUT(50) ,MAXCUT, ISPR({50,2,200) ,MAXSPR(2,200)
,JH(200,2),JHD{200,2),JEDD{200,2},I81,NTIME, MODEL
,RATIO

CoMMON/CoM2/ FEEDI(50,50},8FDI(50,200,2),8FDDI(50,200,2)

R N TEERT

,SPDDI(50,200,2),CUTI(200,50,2},8PRI(50,2,200),XLDI(200,2)
, XNFI(50C,50),SNDI(50,200,2),5NDDI(50,200,2),5PD1(50,200,2)

,XLOPT(200,2},GAMI{20C),RLOPTI(200),XNDI(200,2)

COMMON/COM3/ XL(200,2),X¥LD{200,2),XLDD(200,2),YLD{200,2)

i pd 4 = pd pd s}

SUM5

,XN(200,2),XND{200,2),E5DD(200,2),YND{200C,2)
yXLIMIT(200,2)

COMMON/COM4/ SFD(200,2),SFDD(200,2),SPD(200,2),SPDD(200,2)

,FEED(50},CUT(200,2),XNF (50)
,SND(200,2),3NDD(2090,2)

. ANF, ANP, ANW, DUT, SFBAL, SFNBAL

CCMMON/COM6/ UNIT,SFND(200,2),SFNDD{200,2),5PND(200,2)

+SPNDD(200,2),SUMFN

COMMOR/COM8/ XLDND(200,2),YLDRD(200,2),NCOUNT(200,2},

WLD(200,2),WND(200,2),WLDND{200,2),
pLD(200,2),DND(200,2),DLDND(20C,2),
DDLD(200,2),DDND(200,2),DDLDND(200,2)

=0.0

ANUM1=XLDND(II2,1)

DO 2

00 ¥=1,2

IF(M.NE.1) GO TO 100

J=0,1,2,3,...,8
1583=

181

GO TC 101

J=-1,-2,-34...,-B
100 ISB=IB
i¢l DO 150 JJ=1,18B

ANUM2=0.0

IF(M.NE.1) GO TO 115
J=I12-JJ+1
IF(JJ.EQ.ISB) GO TO 110
Ji=J-1

GO TO 116

110 ANUMZ2=XLDND(IJ1,2)

SUM2=SUMZ+SFND{1J1,2)-SPND(1J1,2)
GO TO 120

115 J=JJ+1J1-1

IF(JJ.EQ.I1SB) GO TO 120
J1=J+1

116 ANUM2=ELDND(JL,M)

SUM2=8UM2+(SFND(J1,M)-SPHD(J1,M))

120 DS2=SUMZ=NDELT

DS3=SUM3*NDELT
T TR R SO/ N SUTITITS: INPIINE SO SUME RN UM SUPIY T

COMMON/COM5/ SUML, SUMLD,SUMLDD, TFL, TPL{2},TWL,TFLN,TPLN{2), TWLN
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000368 IF(XLD(J M).NE.0.0) GC TO 130

000369 NCOUNT(J,H)=0

000370 GO TO 170

000371 130 NCOUNT(J,M)=NCOUNT(J,M}+1

000372 IF(NCOUNT(J,M) .LT.KCALX(3)) GO TO 170

000373 IF(¥L(J,M).GT.XLIMIT(J, M)} GO TO 140

000374 IF(KCALX(2).EQ.D) GO TC 170

000375 C KD

000376 140 RL=XL(J,M)/XLOPT(J,M)

000377 CALL INTERG(RLOPTI,GAMI,RL,MAZG,GAMO,DGMDRL)

000378 IF(KCALX(5).EQ.0) GO 10 145

000379 HTIMEO=NTIME-1

000380 IF(NTIMEO.LE.KCALX(5)) GO TG 145

000381 IF{NTIMEQ.GE.KCALX(6)) GO TO 144

000382 GAMO=(GAMC-1.0) * (KCALX(6) -NTIMEO) / (KCALX(6)-KCALX(5))+1.0 "
000383 DGMDRL=NGMDRL* (KCALX(6) -NTIME() [ {KCALX (6)-KCALX(5})
000384 GG TO 145

000385 144 GAMO=1.0

000386 DGMDRL=0.0

000387 145 TF(XL(J,M).GT.XLIMIT(J,M)) GO TO 150

000388 IF(XLIMIT(J,M).EQ.0.0) GO TO 150

000389 GAMO=(GAMO-1,0)*XL(J,M) /XLIMIT(I,M}+1.0

000390 150 DENO=GAMO=(1,0-XND{J,M)}+XND(J,})

000391 GO=%ND(J,M) /DENO

000392 ZK0=GAMO/ (CENO*DENO)

000393 TEMPI=(JH(J,M)+JHDD (J M} )*(1.0/CUT{J,M)-1.0)*ZKO
000394 TEMP2=JH(J,M)+JHD (J, M)

000395 Q0= (TEMP1+TEMP2) *ELD(J, M)

000395 TEMP1=(JH(J,M)+JHD (J,M) ) *X¥D (T, M)

000397 TEMP2=(JH(J,M)+JHDD (J,M))*(1.0/CUT{J,M)-1.0)*G0
000398 TCONTO=TEMP1+TEMP2

000399 IF(MODEL.KE.1) GO TO 160

000400 TEMP1=DGMDRL/CUT(J,M) /XLOPT(J,M) *(YLD{J,M) -XLD(J,M) ) /NDELT
000401 IF(XL(J,M).LE.XLIMIT(J,M) .AND,RL(J,H) .NE.D.)

000402 *TEMP1=TEMP1*XL(J,M) [XLIMIT(J, M)+ (GAMO-1.0) /XL(J,M) fCUT(J,H)
000403 *#{YLD{J,M)-RLD(J, M)} /NDELT

000404 DENO1=(GAMO- (JH{J,M}+JHD(J,M) )} *TEMP1)

000405 o ®E{1,0-XND{J,M)})+END(J, M)

000406 G10=KND(J, M}/DENol

000407 CO=XND (J,M)*(1.0-XND(J,M4})/ (DENO*DENO) *TEMP!

000408 C

000409 160 IF(MODEL.NE.1) ANUM3=XLDD(J,M)*GO

000410 IF(MODEL.EQ. 1}

000411 *ANUM3=XLDD (J,M) = (G10-(JHD (J,M) -JHDD (T, M} ) *CO)

000412 ANUM={ -ANUMI+ANUM2 -ANUM3 } *NDELT

000413 IF(M.EQ.1.AND.JJ.EQ.ISE) ANUM=ANUM+SUMXN=NDELT
000414 IF(M.EQ.2) ANUM=ANUM+SUMEN*NDELT

000415 DENC=Q0

000415 I¥ (MODEL.GE. () DENO=DENO+

000417 *(JHD(J,M) -JHDD(J,M) ) *(l. /CUT( M) =1Ly *ZRO*ELD (T, M)
000418 SUM4=SUM4+TCONTO* (YLD (J,M)-XLD(J,M}))

000419 IF(MODEL.EQ. 1)

000420 #SUMS=SUMS+( JH(J, M) +JHDD (J, M) ) * (1. /CUT(J,M)~1.)*XLD (J, M} *C0
000421 YND(J,M)=0.0

000422 IF(DENQ.NE.O.)

000423 *YND (J,M)=XND (J,M)+{ANUM-SUM1-SUM4+SUM5+DS2+DS3) [DENC
000424 TF(YND(J,M}.LT.0.0) YND(J,M)=0.

000425 TF{YND(J,M).GT.1.0) YND(J,M}=1.

000425 YLDND(J,M)=YLD{J , M} *YND (J, M)

000427 SUM1=SUMI+Q0* (YND(J My -END(J,M))

Seq. R T N L AR R T 3.,..+....4....+....5....+....6....+....7....+....8
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000428 C. INVENTORY

000429 IF (MODEL.LT.0) GO TO 165

000430 TEMP1=(JH(J,M} **2-JHD(J,M)%%2) /2.0

000431 TEMP2=(JE(J, M) *¥%2-JHDD (J, M) #%2) % ( 1.0/ CUT(J,M)-1.0) /2.0

000432 USINV=USINV

000433 % (TEMP1*XND (J,M) +TEMP2#GO) % (YLD (J, M) -XLD (J,M) ) /NDELT

000434 %. (TEMPL+TEMP2#ZK0) *XLD (J, M) # {YND (J, M) ~XND (J,}) ) /NDELT

000435 IF(MODEL.EQ. 1) USINV=USINV+TEMP2%XLD(J,M)*CO

000436 C NDD
000437 165 XNDD(J,M) =GO

0C0438 IF(MODEL.EQ.0) ZNDD(J,M)=XNDD(J,M)+
0¢0439 *(JED(J,M)-JHDD (J, M) ) *ZK0*(YND (J,M) -XND{J, M) ) /NDELT
0004540 IF(MODEL.EQ.1} XNDD{(J,M)=G10+
000441 *(JHD (J,M) -JHDD (J,M) ) *{ZKO* (YND(J,M) -X¥D{J,M) ) /NDELT-COC)
0C0442 IF (XNDD(J,M).LT.0.) XNDD{J,M)=0.
000443 IF{ZNDD(J,M).GT.1.} ENDD(J,M)=1.
00C444 C N '
000445 TEMP1=CUT(J,M) *¥ND{J,M)
000446 TEMP2=(1.0-CUT{J,M))*GO
000447 EN{J,M)=TEMPI+TEMP2
000448 IF(EN(J,M) . LT.0.) XN(J,M)=0.
000449 IF(EN(J,M).GT.1.) XN(J,M)=1.
000450 GO 1O 180
- 000451 C XD '
000452 170 QCONTO=JHD(J,M)-JHDD(J,M)+(JH(J,M)+JHDD (J,M}) /CUT(J,M)
000453 DENO=QCONTO
000454~ IF(MODEL.GE. Q) DENQ=DENO+{JHD(J,M)-JHDD(J,M))*(1./CUT(J,M}-1.)
000455 ANUM3=XLDND (J, M) * (1. /CUT(J,M}-1.)
000456 ANUM={-ANUM]+ANUM2 -ANUM3) *NDELT
G00457 IF(M.EQ.1.AND.JJ.EQ.ISB) ANUM=ANUM+SUMXN*NDELT
000458 IF(M,EQ.2) ANUM=ANUM+SUMEN*NDELT
000453 YND(J,M}=0.0
060460 IF{YLD{J,M).KE.0.0)
000461 *YND (J,M) = (XLDND (J, M) +(ANUM-SUML+DS2+DS3) [DENO} /YLD (J, M)
000462 IF{YND{J,M).LT.0.} YND(J,M)=0.
000463 IF{YND{J,M).GT.1.) YRD{J,M)=1.
000464 YLDND (J,M)=YLD{J,M}*YND(J,M)
000465 SUM1=SUML+QCONTQ* (YLDND (J,M) ~XLDND(J,M))
000466 C INVENTORY
000467 IF{MODEL.LT.0) GO TO 175
000468 TEMP1=(JH(J,M)**2-JRD(J,M)**2)[2.0
000469 TEMP2={JH(J,M)**2-JEDD(J, M)ﬂ‘Z)*(l 0/CUT{I,M)-1.0)/2.
000470 USINV=USINV- (TEMP1+TEMP2)* (YLDND(J,M)-XLDND (J, ) /NDELT
000471 C NDD
000472 175 ENDD(J,M)=END(J,M)
000473 IF{MCDEL.GE.0) ZNDD(J,M)=XNDD(J,M)+
000474 *{JHD{J,M) ~JHDD{J,M} ) * (YND(J,M) -XND(J,M)) /NDELT
000475 IF{ENDD{J,M}.1T.0Q.) XNDD{J,M}=0.
000476 IF{XNDD(J,M).GT. 1.} ZNDD(J,M)=1
000477 C N
000478 XN(J,M)=ZND(J,M)
000479 C

000480 180 SUM3=SUM3+(SFNDD{J,M)-SPNDD(J,M))
000481 190 CONTINUE
000482 200 CONTINUE

000483 C

000484 € DERIVATIVES

000485 C

000486 DO 300 M=1,2

000487 IF(M.NE.1} GC TO 210

Seq. N T T T R I PRI T LT T O I IR R AR
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000488
000489
000490
000491
000492
000493
000494
000485
000496
000497
000498
000499
QGo500
000501
000502
¢00503
000504
000505
000566 <
000507
000508 C
000509
000510
000511
000512
000513
000514
Go0515
0005156
000517
000518
000519
000520
000521
000522
000523
000524
$00525
000528
000527
000528
€00529
000530
000531
000532
000533
000534
000535
000536
000537
000538
000539
000540,
000541
000542
000543
000544
000545
000546
000547 ¢
Seq.

R R P T T e B TR TR PR, IS TN S S N TR T

ISBC=II1
ISB1=II2
GO TO 220
210 ISBO=IJI
18B1=1J2
220 DO 250 J=ISBC,ISBl
TEMP1=JH(J,M)+JHD(J,M)
TEMP2=TEMP1*TEMP1/2.0
IF(ZND(J,M).EQ.0.0) GO TO 230
DND(J,M)=TEMPL* (YND(J,M) -WND(J,M})/2.0/NDELT/XND (J,M)
DDND{J,¥)=(YND(J,M)-2.0%XND (J,M) +WND (J,M} ) /NDELT**2 /XND(J,M)
**TEMP2
230 IF{XLDND(J,M).EQ.0.0) GO TO 250
DLDND (J,M}y=TEMPL* (YLDND{J,M)-WLDND (J,M))/2.0/KDELT/XLDND (J,M)
DDLDND(J,M)=(YLDND(J,M)-2.0*XLDND(J,M) +WLDND (J, M} ) /NDELT#*%2
*{XLDND (J, M) *TEMP2
250 CONTINUE
300 CONTINUE

IF(MODEL.LT.Q) GO TO 500

J=1I2

Jl=J-1

TEMP1=SFND(JL,1)-SPND(JI, 1)

IF(XL(J,1).NE.O.)
XN (T, 1)=(XLDND{(J1, 1) +TEMPL) /XL(J, 1)

DO 420 JJ=2,1S

J=JI+I11-1

J1=J-1

J2=J+1
TEMP1=8FND(J!I,1)~8PND(J1, 1 )+8SFNDD{J2,1)-SPNDD{J2,1)
IF(XL(J,1).NE.O.)
*IN(J, 1)=(XLDND(JL, 1) +XLDD(J2, 1} *ENDD{J2, 1 }+TEMPL) /XL(J,1)

420 CONTINUE

J=111

J1=1J1

J2=J+1
TEMP1=SFND{J1,2)-SPND(J1,2)+SFNDD(J2,1)-SENDD(J2,1)
IF(XL{J,1).NE.0.)
*XN(J,l)=(XLDND(Jl,2)+XLDD(J2,1)*XNDD(32,l)+TEMPl+SUMXN)/XL(J,l)
J=1J1

J1=1I1

J2=J+1
TEMP2=SFND(J2,2)-8PND(J2,2)+SFNDD(J1,1)-SENDD(J1,1)
IF(XL{J,2).NE.O.) -
*XN(J,2)=(XLDND(J2,2)+XLDD(J1,l)*XNDD(Jl,l)+TEMP2)/XL(J,2)
DO 430 JJ=2,1B-1

J=JJ+1J1-1

J1=J-1

J2=J+1
TEMP1=8FND(J2,2)-SPND(J2,2)+8FNDD(J1,2)-SPNDD(J1,2)
I¥(XL{J,2).NE.Q0.)
*XN(J,2}=(XLDND(JZ,2)+XLDD(J1,2)*XNDD(J1,2)+TEMP1)/XL(J,Z)

430 CONTINUE

J=1J2

Ji=J-1 ,

TEMPL=SFNDD(J1,2)-SPNDD{(J1,2)

IF(XL(J,2).NE.Q.)
*XN(J,2)=(XLDD(J1,2}*¥NDD(J L, 2)+TEMPL) JEL(J,2)

T U SR SN U DTN S SN . DU SO . S S N E R
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000548
000549
000550
000551
000552
000553
000554
000555
000556
000557
000558
000559
000560
000561
000562
000563
000564
Seq.

AT S DU SR SN SN S IO SR . T RS IR L R RT AEFRE SERRt
c FOR INVENTORY AND MATERIAL BALANCE

C

500 DO 540 M=1,2
IF(M.NE.1)} GC TO 510
ISBO=111
ISBl=112
GO TO 520
510 ISBO=IJ1
ISB1=1J2
520 DO 520 J=ISBO,ISBl
USINV= USINV+XL(J MY *EN(J, M) *JH{J, M) +XLD(J, M) *¥ND(J, M) *JHD (J, M)
% +¥LDD{J, M) *XNDE (J,M} *JHDD(J, M)
SFNBAL=SFNBAL+(SFND(J,M)-SPND{J,M} +SFNDD (J,M) -SPNDD (J, M) } *NDELT
530 CONTINUE
540 CONTINUE
RETURN
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000565
000566
000567
000568
000569
000570
000571
00572
000573
000574
000575
000576
000577
Cco0578
000579
000580
000581
000582
000583
000584
000585
000586
000587
000588
000585
000590
000591
000592
000593
000594
000595
000595
0003597
000598
000595
00C600
000601
000602
000603
000604
000605
000606
000607
000608
000609
000610
0C0611
000612
000813
000614
000615
000516

000617

000618
000619
000620
000621
000622
000623
000624
Seq.

AT SRR DU DU/ DI I R N TR TR AR L I LI e
SUBROUTINE CALPRE
C B
COMMON/COML/ 1S,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)
, NFEED,IFEED(50,50),MAXF(50C), ISFD(50,200,2),MAXSFD(200,2)
, ISFDD(50,200,2) ,MXSFDD(200,2),ISPD(50,200,2)
,MAXSPD(200,2),ISPDD(50,200C,2),MXSPDD{200,2)
,NSFD,NSFDD,¥SPD,NSPDD,NBR(2, 200, 2) ,MAXFXD,MAXG
, ICUT{50) ,MAXCUT, ISPR(5C,2,200) ,MAXSPR(2,200}
,JH{200,2),JHD{200,2),JHDD(200,2),I81,NTIME,MODEL
,RATIO

COMMON/COM2/ FEEDI(5C,50),SFDI(50,200,2),SFDDI(50,200,2)
,SPDDI(50,200,2),CUTI(200,50,2),SPRI(50,2,200),KLDI(200,2)
,XNF1(50,50),8NDI(50,200,2},SNDDI(50,200,2),SPDI(50,200,2)
,XLOPT(200,2),GAMI(200),RLOPTI(200),XNDI(200,2)

COMMON/COM3/ XL.(200,2),XLD{200,2),XLDD(200,2),YLD(200,2)
,XN(200,2),XND(200,2),XNDD(200,2),YND(200,2)

y XLIMIT(2C0,2)

COMMON/COM4/ SFD{200,2),S¥DD(200,2),SPD(200,2},5PDD{20C,2)
,FEED(50},CUT(200,2),XNF{50)
,SND{200,2),SNDD(200,2)

COMMON/COM8/ XLDND(200,2),YLDND(20C,2),NCOUNT(200,2),
WLD{200,2),WND{200,2),WLDND(200,2),
DLD{200,2),DHD(200,2),DLDND(200,2},
DBLD(200,2),DDND(200,2),DDLDND(200,2)

COMMON/COM9/ XLDD0(200,2),XNDD0O(20C,2)

CCMMON/COMG/ ICAS,IS2,183,182,IB3,SUMF

Ll i

P Pa Dt B e B b bd B b b e

CALL ZEROO(XLDDO,800)
IF (NSPDD.NE.O) GO TO 100
IF (MAXFXD.NE.0) GO TC 100
IF (KCALX(1).GE.2) GC TO 100
IF (KCALX(4).EQ.1) GO TQ 100
RETURN
¢ PRELIMINARY CALCULATION CF L¥* AND N*# FOR REMOVAL FLOW
100 DO 200 H=1,2
IF(M.NE.1) GO TO 110
ISB=183
GO TO 115
110 ISB=IB3
115 DO 150 J=1,1SB
C L¥%
XLDDO{J,M)=(1./CUT(J,M)-1.)*XLD(J,M}
IF (MODEL.GE.0) XLDDO(J,M)=XLDDO(J,M)+
#(JED (J M) -JHDD (J,M) ) * (1, /CUT(J,M}-1.)*(XLD(J,M) -WLD (J,M) } /NDELT
C Nk
TEMP1=(JH({J,M)+JHED (J, M)} [CUT(J, M)
XLO=XLD{J,M) /CUT(J,M)
IF(MODEL.GE. Q)
*XLO=XLO+TEMP1* (XLD(J,M) -WLD (J,M) ) /NDELT
RL=XLO/XLOPT(J,})
CALL INTERG(RLOPTI,GAMI,RL,MAXG,GAMO,DGMDRL)
TF(KCALX(5).EQ.0) GO TC 119
NTIMEQ=NTIME-1
IF(NTIMEO.LE.KCALX(5)) GO TC 119
IF(NTIMEO.GE.KCALX{6)) GO TC 118
GAMO=(GAMO-1,0)* (KCALX(6) -NTIMEQ) [ (KCALX(6) -KCALX(5})+1.0
DGMDRL=DGMDRL* (KCALX(6) -NTIMEQ) / {KCALX(6) -KCALX(5})
GC TO 119
118 GAMO=1.0
DGHMDRL=0.0
Gt

R DR DUNIUE SR SN U NP PR SUNIE UMY

Page 0015
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Seq.

000625
000626
000627
000628
000629
000630
000631
000632
000633
000534
000635
000636
000637
000638
000639
000640
000641
000642
000643
000644
000645
000646
000647
000648
000649
000650
000651
000652
000653
000654
000655
Seq.

JAERI—M 91—219

Page 0015

NP S S SPDIN FIE SPIIS. PIEE DI SERE NS PN SEEEL TETTE AT PR IR

119 IF(XLO0.GT.XLIMIT(J,M}) GC TO 120
IF(XLIMIT(J,M).EQ.0.C) GO TC 120
GAMO=(GAMO-1.0)*XLO/XLIMIT(J,M)+1.0

120 DENO=GAMO*(1.0-XND(J,M))+XND(J,H)

GO=XND{(J,M) /DENC

ZK0=GAMO/ (DENC*DENOQ)
IF(XLC.GT.XLIMIT(J,M}) GO IO 130
IF(KCALX(2).EQ.0) GO TO 140

130 IF(MODEL.NE.1) GO TO 135
TEMP1=DGMDRL/CUT(J,M) /XLOPT (J,M)*(XLD{J, M) -WLD(J,M}) /NDELT
IF{XL0.LE.XLIMIT(J,M) . AND.XLO.NE.D.)

*TEMP1=TEMP1*XLO/XLIMIT(J,M)+(GAMO-1,0) /ZLO/CUT(J,M)
% (XLD(J,M) -WLD{J,M) ) /NDELT

DENO1=(GAMO- (JH(J,M)+JED (J, M) ) *TEMP1)
#%(1,0-XKD(J,M))+XND({J,H)

G10=XND(J,M)/DENO1
CO=XND(J,M)*(1.0-XND(J,M))/{DENC*DENO) *TEMP1

135 XNDDO(J,M) =GO
IF(MODEL.EG.1}) XNDDO(J,M}=Gl0
IF(MODEL.GE.0) XNDDO(J,M)=XNDDC(J,M)

%+ (JHD (J M) -JHDD (J, M) ) *ZKO* (XND (J, 1) -WND (J, M} ) /NDELT
IF(MODEL.EQ. 1) ENDDO(J,M)=XNDDO(J,M}
*- (JED (J,M)-JHDD (J,M}) ) *CO
GO TO 150°
140 ENDDO(J,M)=ZND{J,M)
IF (MODEL.GE.0) XNDDO(J,M)=XNDDO(J,M)+
*%(JHD (J,M)-JEDD (J,M) ) * (XND(J, M} -WND (J,M) ) /NDELT

150 CONTINUE

200 CONTINUE
RETURN

U (AP N S S FUNDI SO A SRR TR TTE N UMM IR P SRS -
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Seq. A SR IR O e DI R R TR T O P S I SRR TL:
000656 SUBROUTINE CALX

000657 C :

000658 COMMON/COML/ IS,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)
000659 X ,NFEED, IFEED(5C,50) ,MAZXF(50),ISFD(50,200,2),MAXSFD(200,2)
000660 X » ISFDD{(50,200,2) ,MXSFDD (200,2),1SPD(50,200,2)

000661 X ,MAXSPD(200,2),ISPDD({50,200,2),MXSPDD(200,2)

000662 X ,NSFD,NSF¥DD,NSPD,NSPDD,NER(2,200,2), MAXFXD, MAXG
600663 X y LCUT(50) ,MAXCUT, ISPR(50,2,200),MAXSPR(2,200)

000654 X ,JH(200,2),JHD(200,2),JHDD(200,2),181,NTIME, MODEL
000665 X ,RATIO

000666 COLMON/COM2/ FEEDI(50,50),SFDI(50,200,2),5FDDI(50,200,2)
000687 X ,SPDDI(50,200,2),CUTL(200,50,2),8PRI(50,2,200),XLDI(200,2)
000668 X ,XNFI(50,50),8¥D1(50,200,2),8N0DI{50,200,2),8PDI(50,200,2)
000669 X ,XLOPT(200,2),GAMI(200),RLOPTI(200),XNDI(200,2)
000670 COMMON/COM3/ ZXL(200,2),XLD(200,2),X1DD(200,2),YLD(200,2)
000671 X ' ,AN(200,2),XND(200,2),XNDD(200,2),YND(200, 2}
000672 X , XLIMIT(200,2)

000673 COMMON/COM4/ SFD(200,2),SFDD{(200,2),SPD(200C,2),5PDD(200,2)
000674 X ,FEED(50),CUT(200,2),XNF(50)

000475 X ,SND{200,2),SNDD(200,2)

000676 COMMON/COM6/ UNIT,SFND{200,2),SFNDD(200,2),SPND(200,2)
000677 )4 s SPNDD(200,2),SUMEFN

000678 COMMCON/COM8/ XLDND(200,2),YLDND(200,2),NCOUNT(200,2),
000679 X WLD(200,2),WND(200,2),WLDND(200,2),

000680 X pLb(200,2),DND{200,2},DLDND(200,2;,

000681 X DDLD(200,2),DDND(200,2),DDLDND(200,2)

000682 - COMMON/COMS/ XLDDC(200,2),XNDD0(200,2)

000683 COMMON/CCMO/ ICAS,IS2,1S53,1B2,1B3,SUNMF

000684 DIMENSION KPRNTO(7)

000685 ¢

000688 NTIME=0

000687 DO 100 I=1,7

000688 KPRNTO(I)=KPRINT(I)

000589 100 CONTINUE

000690 CALL INITL

000591 CALL ALIST(C)

000692 C

000693 PO 200 NTIME=1,NSTOP+1

000694 C

000695 JINV=0,0

000695 U5INV=0.0

000697 CALL INTCUT(NTIME)

000698 CALL CALPRE

000699 CALL INTERZ

000700 C LD FOR LOWER CASCADE

000701 ICAS=]

000702 SUMX=SUMF

000703 - IF(KCALX(1),LE.1) GO TO 110

060704 SUMX=SUMX+XLDDO(1B3,2)

000705 110 CALL GALLD(1,ISI,I,IB,SUMX,UINV)

000706 IF(NTIME.EQ.1) UINVO=UINV

0co707 IF(KCALX(1).EQ.0) GO TC 130

000708 . C LD FOR HIGHER CASCADE

000709 ICAS=2

000710 SUMX=XLD(1S51,1)

000711 IF(KCALX(1).GE.0} GO TO 120

000712 SUMX=-KCALX(1)

000713 SUMX=SUME /SUMX

000714 120 CALL CALLD(IS2,153,IB2,I1B3,SUMX,UINV)

000715 IF(NTIME.EQ.1) UIRVO=UINVO+UINV

Seq. R S S SR IS P SUNIT TR S T P T - T e S SR TR
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Seq. .
000716 C
000717
000718
000719
000720
000721
000722
000723
000724 C
000725
0007256
¢0c727
Q00728
Q00729
000730
000731
000732
000733
000734
000735
000736
000737
000738
000739
000740
000741
000742
000743
000744
000745
000746
000747
000748 C
000749
000750
000751 C
000752
000753
. 000754
000755
000756
000757
000758
000739
000760
000761
000762
000763
000764
Seq.

vt
KD
130

P I T SR N DU RS SO ST TS TUUM . JUNPIS NPy PIPIE IRS.
FOR LOWER CASCADE

ICAS=1

SUMXN=SUMFN

IF(KCALX(1).GE.2)}

*SUMEN=SUMAN+XLDD(1B3, 2) *XNDDO(1B3,2)

140
150

160
170

180
200

300

310

60001

CALL CALND(!,ISl,I1,IB,SUMXN,USINV)
IF(NTIME.EG.1) USINVO=USINV
TF(KCALX(1).EQ.0) GO TO I5C

FOF HIGHER CASCADE

ICAS=2

SUMXN=XLDND(IS1,1)

IF(KCALX(1).GE.0) GO TO 140
SUMEN=-KCALX (1)

SUMXN=SUMFN/SUMXN

CALL CALND(IS2,183,IB2,1B3,SUMZN,USINV)
IF(NTIME.EQ.1) USINVO=USINVOQ+USINV

CALL AVERAG

CALL SUM(JUMP)
IF(NTIME.GT.200,AND.JUMP.EQ.1) GC TO 300
IF{MOD(NTIME-1, INTVLP) .NE.O0) GO TO 180
NTIMEO=NTIME-!

KPENT1=-KPRINT{7)

1F (KPRINT(7).LT.C.AND.NTIMEO.GE .KPRNT1) KPRNTO(7)=1
NTIMEO=NSTOP+1-INTVLP .
IF(NTIME.LE.NTIMED) GO TC 170

DO 160 I=1,6 :

IF(KPRINT(I).LT.0) KPRNTO(I)=-KPRINT(I)
CONTINUE

CALL OUTPUT(XPRNTO,UINVO,UINV,U5INVO,USIRV)
CALL ALIST(1)

CALL MOVE

CONTINUE

CALL ALIST(2}
RETUEN

NTIMEO=NTIME-1

KPRNTI=-KPRINT(7)
IF(KPRINT(7).LT.0.AND.NTIMEQ.GE.XPRNT1) KPRNTC(7)=1
DO 310 I=1,6

IF(XPRINT(I).LT.0) KPRNTO(I)=-KPRINT(I)

CONTINUE

CALL QUTPUT(KPRNTO,UINVC,UINV,USINVO,USINV)
WRITE(6,6000)

CALL ALIST(Z)

RETURN

FORMAT(/ 15X, '+*#w%x THE UF4 GAS IN CENTRIFUGE CASCADE EMPTIED AT’,
%1 THIS TIME *,'::'n’:‘.'r-}:’)

END

R D S S S SUE DN SIS . R N N C LY AT RE SRR -
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Seq.

006765
000765
000767
000758
000768
000770
000771
000772
000773
000774
000775
000776
000777
000778
000779
000780
000781
000782
000783
000784
000785
0007856
000787
000788
000789
000790
000791
000792
000793
000794
Q00795
000796
000797
000798
000799
000800
000801
000802
000803
000804
000805
000806
000807
000808
000809
000810
000811
000812
000813
000814
000815
000816

000817

000813
000819
000820
pooszl
000822
000823
000824
Seq.

ceetas ot 200,
SUBRCUTINE CLEAR

C

[ Ne

e ReNe] oo XeNe]

C

I B ] o

b b

X

P b Fac i oo il ]

COMMON/COML/ IS,1B,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)

COMMCN/COM4/ SFD(200,2),SFDD(200,2},8PD(20C,2),5PDD(200,2)

+ 2 S D S S . S

cesle f >

Tue Nov 1§ 12:56:27 1931  Page 0016

I R S Y AR S

,NFEED, IFEED (50,50) ,MAXF(50),I8FD{50,200,2) ,MAXSFD(200,2)
,ISFDD(50,200,2) ,MXSFDD(200,2),1I8PD(50,200,2)
yMAXSPD(200,2),I8PDD(50,200,2),MXSPDD(200,2)

, NSFD,NSFDD,NSPD,NSPDD,NBR(2, 200, 2) , MAXFXD, MARKG

, ICUT(50),MAXCUT, ISPR{50,2,200),MAXSPR(2,200)
,JH(20C,2),JHD(200,2),JHDD(200,2),181,NTIME ,MCDEL

¥

RATIO

CCMMON/COM2/ FEEDI(50,50),SFDI(50,200,2),5FDDI(5¢C,200,2)

,SPDDI(50,200,2),CUTI(200,50,2),8PRI(50,2,200),XLDI(200,2)
,XNFI(50,50),588DI(50,200,2),SNDDI(50,200,2),8PDI1(50,200,2)
,XLOPT(200,2},GAMI(200),RLOPTI(200),XNDI(200,2)
COMMON/COM3/  XL(200,2),%LD{200,2),%LDD(200,2),YLD(200,2)

JEN(200,2},%ND(200,2),XNDD(200,2),¥YND(200,2)

yALIMIT(200,2)

,FEED(50},CUT(200,2}),XNF(50)

,SND(200,2),8NDD(200,2)

COMMON/COMS/ SUML,SUMLD, SUMLDD, TFL, TPL(2) , TWL, TFLN, TPLN (2) , TWLN
,ANF , ANP, ANW,DUT, SFBAL , SFYBAL

COMMON/COM6/ UNIT,SFND(200,2),SFNDD(200,2),SPND(200,2)
,SPNDD (200,2) , SUMFN
COMMON/COM7/ KPRNL(3),KERNF(3),KPRNP(3),KPRNN(3)
COMMON/COMS8/ XLDND(200,2),YLDND(260,2),NCOUNT{200,2),
WLD(200,2),WND(200,2) ,WLDND (200, 2),
DLD(200,2),DND(200,2),DLDND (200,2),
DDLD{200,2) ,DDND{200,2),DDLDND(200,2)
COMMON/COM9/ XLDDO(200,2) ,XNDDO(200,2)

COMMON/COMO/ ICAS,IS2,1S3,IB2,1B3,SUMF

COMMON/COMA/ EMPTY
DIMENSION EQL(L),EQ2(1),EQ3(1),EQ4(1),EQS(1),EQ6(1),

EQ8(1),EQ8(1)

,EQO(1)

EQUIVALENCE (EQl1,IS),(EQ2,FEEDI), (EQ3,XL), (EQ4,SFD), (EQ5,SUML),
X

{EQ6,UNIT), (EQ8,XLDND), (EQS,XLDDQ), (EQC, ICAS)
CHARACTER*4 RPRNL,KPRNF,KPRNP,KPRNN

CONDITION OF EMPTY
EMPTY=1.CE-3

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

ZEROQ(EQL, 1066€33)
ZEROO(EQ2,166600)
ZEROD(EQ3, 36C0)
ZEROO(EQ4, 2900)
ZEROO(EQS, 17)
ZEROO(EQ6, 1602)
ZEROO(EQS, 4800)
ZEROO(EQ9,  800)
ZEROO (EQQC, 6)

MODEL= 0: MATERIAL BALANCE AT A MIXING POINT

et

1:

MODEL=0
RCALX(1)

KCALX
KCALX(2)=0: GAMMA=1 IF L IS LESS THAN LO
. TR D A

A

—~ 0

13=0

A T S

=0; 1-ST STEP CASCADE
1: 1-ST AND 2-ND STEP CASCADES WITHOUT TAIL RECYCLE
2: 1-ST AND 2-ND STEP CASCADES WITH TAIL RECYCLE

SAME AS ABOVE, RUT D.GAMMA/D.T .NE. O
=-1: MATERTAL BALANCE AT A STAGE

T TR D

oo et
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Seq.

000825
000826
000827
000828
000825
000830
000831
000832

- 000833

000834
000835
000836
000837
000838
000839
000840
000841
000842
000843
000844
000845
000846
000847
000848
000845
¢oo8s0
000851
Seq.

¢

[ R

OO

R IR TR I N Y TR TTL ST SN PR S
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=1: GAMMA INCREASES IN PROPCRTION TC L/LO

KCALX(2)=0

KCALX(3)=N: GAMMA=1 IF TIME STEP NO. IS LESS THAN X
(IF LD=0 THEN TIME STEP NC. DOES NOT INCREASE)

RCALZ(3)=0

PRINT INTERVAL BY TIME STEPS

INTVLP=1

PRINT CPTION: (1)L, (2)LD, (3)LDD, (4)N, (5)ND, (6)NDD

N R N T

=0:NC PRINT, =1:PRINT, =-1:PRINT BUT LAST ONE
=2 AT (5):PRINT INCLUDING DERIVATIVES

DO 100 I=
KPRINT(I)

100 CORTINUE
CALL NINEL(NBR,800)
RETURN .

1,6
=]

ENTRY CLEARL

CALL ZEROQO(EQ3, 3600}
CALL ZERGO(EGQ4, 29C0)
CALL ZEROO(EQS, 17)
CALL ZEROO(EQS, 1602)
CALL ZEROO(EQ8, 4800)
CALL ZERGO(EQS, 3800
CALL ZERCO(EQO, 8)
RETURN
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Seq,

000852
000853
000854
000855
000856
000857
000858
000859
000860
000861
000862
000863
000864
000865
000866
000867
£00868
000869
000870
000871
¢o0872
000873
000874
000875
000876
Q00877
000878
000879
000880
000881
000882
000883
000884
000885
000886
000887
000888
000889
000890
000891
000892
000893
000894
000895
000896
Seq.

AR S A SRS DU SUURMC INUSVI DN SIS DI, SUPRR U TR R

SUBRCUTINRE INITL

COMMON/COML/ IS,IB,NSTCP,NDELT,INTVLP,KCALX(8),KPRINT(8)
,NFEED, IFEED{50,50) ,MAXF (50}, ISFD(50,200,2) ,MAXSFD(20C,2)
, ISFDD(50,200,2) ,MXSFDD(200,2),1S8PD{50,200,2)
,MAXSPD(200,2),18PDD(50,200,2),MXSPDD(200,2)
,NSF¥D,NSFDD,NSPD,NSPDD, NBR(Z,200,2) ,HAXFXD, MAXG
, ICUT(50),MAXCUT, ISPR{50,2,200) ,MAXSPR(2,200)
,JH(200,2),JHD(200,2),JHDD(200,2),1S1,NTIME,MODEL
,RATIO
COMMOW/COM2/ FEEDI(50,50),SFDI(50,200,2),8FDDI(50,200,2)
,SPDLI(5¢C,200,2),CUTI(200,50,2),SPRI(50,2,200),XLDI(200,2)
,XNFI(50,50),SNDI(50,200,2),8NDDI(50,200,2),8PDI(50,200,2)
XLOPT(200,2),GAMI(200),RLOPTI(200),XNDI(200,2)
COMHON/COM3/ XL(200,2),XLD{200,2),XLDD{200,2),YLD{200,2)
,XN{200,2),XND(200,2),;XNDD(200,2),YND(200,2)
,XLIMIT(200,2)
COMMON /COM6 / UNIT,SFND(ZOO,Z),SFNDD(ZOO,Z),SPND(200,2)
+SPNDD{200,2),SUMFN
COMMON/COM8/ XLDND(200,2),YLDND(200,2),NCOUNT(200,2),
WLD{200,2},WND(200,2),WLDND(200,2),
DLD(200,2),DND(200,2),DLDND(200,2),
DDLD(200,2),DDND(200,2),DDLDND(200,2)
COMMON/COMG/ 1CAS,IS2,183,1B2,1B3,5UMF

PABA DG P PaARd A pabd | PR ppd g be pd

UNIT=1000.%1000C./(365.%24.%60.%60.)
DO 200 M=1,2
IF(M.NE.1) GO TO 110
ISB=1S63
GO TO 120

110 ISB=IB3

120 DO 150 J=1,IEB
XLD(J3,M)y=XLDI1{J,M)
YLD(J,M)=XLD(J,M)
WLD(J,M)=XLD(J,M)
XND(J3,M)=XNDI{J,M)
YND (J,M)=XND(J,M)
WHD(J,M)=XND(J,M)
XLDND(J,M}=XLD(J,M) *XND (J,M)
YLDND(J,M}=XLDND (J,M)
WLDND (J,M)=XLDND (J,M)

150 CONTINUE ‘

200 CONTINUE
RETURN

et

--------
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Seq. R T I DA S DU S SR UL DS R JUNPIN SN FRPE SO
000897 SUBROUTINE INPUTX(KEND)

000898 ¢C

000899 COMMON/COM1/ 1S,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)
000300 X yNFEED, IFEED({50,50) ,MAXF (50),ISFD(5C,200,2),MAXSFD(200,2)
000901 X , ISFDD({5¢,200,2) ,MXSFDD(200,2),18PD(50,2C0,2)

000902 X ,MAXSPD(200,2),ISPDD(50,200,2),MXSPDD(200,2)

000903 X +NSFD,NSFDD,NSPD,NSPDD,NBR(2,200,2) ,MAXFXD,MAXG

000504 X , ICUT(50) ,MAXCUT, ISPR(50,2,200),MAXSPR(2,200)

000905 ) ,JH(200,2),JHD(200,2},JHDD(200,2),18]1,NTIME,MODEL
000906 X yRATTO

000907 COMMON/COM2/ FEEDI(50,50),$FDI(50,200,2),8FDDI(50,200,2)
000908 X ,52DDI(50,200,2),CUTI{200,50,2),5PRI(50,2,200),XL.DI(200,2)
000909 X ,ENFI(50,50),8NDI(50,200,2),8NDDI(50,200,2),SPDI(50,200,2)
000910 X ,XLOPT(200,2),GAMI(200),RLOPTI(200),XNBI(200,2}

000211 COMMON/COM3/ XL(200,2y,XLD(200,2),XLDD(200,2),YLD(20C,2)
000512 X L XN{(200,2),XND(200,2),KNDD(200,2),¥ND(200,2)
000913 X +XLIMIT(200,2)

000914 COMMON/CCMT7/ KPRNL{3),KPRNF(3),KPRNP(3),KPRNN{3)

000915 COMMON/COMO/ ICAS,I1S82,183,1B2,1B3,SUMF

000916 COMMON/COMA [ EMPTY

000917 DIMENSION NAMEU(3),NAMEU1(3},NAMEU2(3)

000918 ¢

000919 CHARACTEER*4 KPRNL,KPRNF,KPRNP,KPRNN,NAMEU, NAMEUL,NAMEUZ
000920 DATA NAMEUL/®(TON®,'-U/Y’,’R)’/,NAMEU2/’ (RAT?,?10)7," */
000921 C

000922 NAMELIST/DATA/ IS,I1B,NSTOP,NDELT,INTVLP,KPRINT,MODEL,KCALX
000923 X ,NFEED, IFEED,MAXF, ISFD,MAXSFD, ISFDD,MXSFDD, ISPD

000924 X ,MAXSPD, ISPDD,MXSPDD, ICUT , MAXCUT , MAXFED, MAXS PR, MAKG
0009235 X ,JH, JHD, JHDD,¥L0T,FEEDT, SFDI,SFDDL,SPDI, SPDDI, XNFI,NBR
000926 X ,SNDI,SNDDI,XLOPT,XNDI,RLOPTL,GAMI, ISPR,SPRI,CUTI,RATIO
000927 X L EMPTY

000928 ¢

000929 KEND=0

000530 READ(1,DATA,END=11111)

000s31 ¢

000832 € BASIC PARAMETERS

000533 Do 1 I=1,3

000934 NAMEU{1)=NAMEU1{T)

000935 1 CONTINUE

000936 IF(KCALX(4).EQ.0) GO TO 3

000937 Do .2 I=1,3

000938 NAMEU (1) =NAMEUZ(I)

000939 2 CONTINUE

000940 3 IS1=IS+1

000941 152=]

000942 153=181

000843 1B2=1

000944 IB3=IB

000945 IF{KCALX(l).EQ.0) GC TO 5

000945 I1S2=151+1

000947 I183=2*151

000948 1BR2=IB+1

000949 I153=2%1B

000950 5 NSFD=0

000921 NSFDD=0

000952 NSPD=0

000953 NSPDD=0

000954 DG 7 ¥=1,2

000855 IF(M.EQ.1) ISB=IS3

000956 IF(M.EQ.2) ISB=IE3

Seq. AU SR P S, JUPE . SUNPIE JER S TR DS I S N A EERRE:
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Seq.
000957

000358 -

000559
000960
000361
000962
000963
000964
000965
000966
000967
000968
000969
000970
000971
000972
000973
000874
000975
000976
000977
000978
000979
000980
000981
000982
000983
000984
000985
$00986
000987
000988

000985 -

000590
000851
000992
000593
000994
000995
000996
000397
000998
000999
001000
001001
001062
001003
001004
001005
001006
001007
001008

001009,

001010
001011
001012
001013
001014
H01015
- 001016
Seq.

JAERI—-M 91—219

R U DI /R UUS: TAVIUINE UMY SUPE. S, I TV . SUAPIL N

DO 6 J=1,I8B
XLIMIT(J,M)=XLOPT(J,M)*RATIO
IF(MAXSFD(J,M} .NE.C) NSFD=NSFD+1
IF(MXSFDD(J,M} .NE.0) NSFDD=NSFDD+]
IF (MAXSPD(J,M) .NE.O) NSPD=NSPD+l
IF (MXSPDD(J,H) ,NE.O) NSPDD=NSFDD+1
6 CONTINUE
7 CONTINUE
c
¢ TITLE PRINT
WRITE(6,6000)
WRITE{6,6010)
G PRINT FOR ENRICHING SECTICN
WRITE{6,6020)
WRITE(6,6030)
WRITE(6,6040)
WRITE(6,6020)
DO 10 Il=1,183
J1=183-11+1
J=J1-1
WRITE(6,6050) J,CUTI(JL,L,1),JH(J1,1),JHD(J1,1),JHDD(JL, 1)
X ,XLDI(JL,1),XLOPT(JL,1),XNDI(J1, 1), XLIMIT(J], 1)
IF(J.EQ.IS1) WRITE(6,6001) -
1C CONTINUE ’
WRITE(6,6020)
C 7PRINT FOR STRIPPING SECTION
Do 2¢ J=1,1B3
JMINUS=-J :
IF(J.EQ.IB+1l) WRITE(6,6001)
WRITE(6,6050) JMINUS,CUTI(J,1,2),JH(J,2),JHD{J,2),JHDD(J,2)
X LELDI(],2)y,XLOPT(J,2),XNDE(J],2) ,RLIMIT{J],2)
20 CONTINUE
WRITE(6,6020)
¢ L [/ LOPT...GAMMER
WRITE(6,6500)
DO 150 J=1,MAXG
WRITE(6,6510) RLOPTI(J),GAMI{J)
150 CCHNTINUE
WRITE(6,6520)
¢ NUMBER CF FEED FLOWS PRINT
WRITE(6,6060)
WRITE(6,6070) NFFED
C NUMBER OF SIDE FLOWS
WRITE(6,6080)
WRITE(6,6090) NSFD,NSFDD,NSPD,NSPDD
C REFLUX FLOW BETWEEN SIDE FLOWS
WRITE(6,6400)
IF(MAXFXD.EQ.C) GO TO 210
DO 300 J=1,MAXFXD
DO 300 I=1,2
IF(WBR(I,J,1).EQ.939) GO TO 300
IF(NBR({1,J,2).NE.999) WRITE(6é,6410) KPRNP(I+l),NBR(I,J,1}

X ,KPRNF {2} ,NBR(1,J,2)
IF(NBR(2,J,2) .NE.999) WRITE{6,6410) KPRNP({I+1),NBR(I,J,1)
X ,KPRNF (3),NBR(2,J,2)

300 CONTINUE .
310 IF(MAXFXD.EQ.0) WRITE(6,6300)
WRITE(5,6330)
WRITE(6,6095) RATIO
¢ CCONDITIONS OF FEED FLOWS

R VI SV SR ST SN DENIR SENR S ST R T TR L ST I PP
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Seq.
001017
001018
001019
001020
001021
001022
golozs
001024
001025
001026
001027
001028
001029
001030
001031
001032
001033
001034
001035
001036
001037
001038
001039
001c40
0010641
001042
001043
001044
G01045
001046
001047
001048
001049
001050
001051
001052
001053
001054
001055
0C1056
001057
001058
001059
C01060
001061
001062
001063
001064
001065
001066
001067
001068
001069
001070
001071
001072
001073
001074
601075
001076
Seq.

30

JAERI—M 61—219

IS DUV TR SE . IR SRS PRI FNHA. PR

WRITE(é 6330)

WRITE(6,6100)

DO 30 K=1,NFEED

WRITE(6,6110)

WRITE(6,6120) {IFEED(I,K),I=1,MAXF{K))
WRITE(6,6130) K

WRITE(6,6140) {(FEEDI(I,K),I=1,MAXF(K)})
WRITE(6,6420) K

WRITE(6,6140) (XNFI(I,K),I=1,MAXF(K))
WRITE(6,6335)

CONTINUE

IF(NFEED.EQ.0) WRITE(6,6300)
WRITE(6,6330)

C. CONDITIONS OF FEED SIDE FLOWS

40

50

60

WRITE(6,6150)

KZERC=0

DO 40 11=1,183

J1=183-11+1

J=J1-1

IF(MAXSFD(J1,1).EQ.0) GO TO 40

KZERO=1

WRITE(6,6110)

WRITE(6,6120) (ISFD(I,JI,1), I*l  MAXSFD(JL,1})
WRITE(6,6160) J

WRITE(6,6140) {SFDI(I,Ji,1),I=1,MAXSFD(J1,1})
WRITE(6,6420) J

WRITE(6,6140) (SWDI(I,J1,1),I=1,MAXSFD{J1,1))
WRITE(£,6335)

CONTINUE

Do 50 J=1,1B3

IF (MAXSFD{J,2) .EQ.0) GO TO 50

KZERO=1

JMINUS=-]

WRITE(6,6110)

WRITE(6,6120) (ISFD(I,J,2),I=1,MAXSFD(J,2))
WRITE(6,6150) JMINUS

WRITE(6,6140) (SFDI(I,J,2),I=1,MAXSFD(J,2))
WRITE (6,6420) JMINUS

WRITE(6,6140) (SNDI(I,J,2),I=1,MAXSFD(J,2))
WRITE(6,6335)

CONTINUE

DO 60 Il=1,183

J1=183-11+1

J=J1-1

IF (MKSFDD(J1,1).EQ.0) GO TO 60

KZERO=1

WRITE(6,6110)

WRITE(6,6120) (ISFDD(I,Jl,1),I=1,MXSFDD(JI,1))
WRITE(6,56280) J

WRITE(6,6140) (SFDDI(I,JI,1),I=1,MXSFDD(J1,1))}
WRITE(6,6420) J

WRITE(6,6140) (SNDDI(I,J1,}),I=1,MXSFDD{JI,1))
WRITE(6,6335)

CONTINUE

Do 70 J=1,1B3

IF(MXSFDD(J,2}.EQ.0) GO TO 70

KZERO=1

JUINUS=-]

WRITE(6,6110)

WRITE(6,6120) (ISFDD(I J,2), I 1,MXSFDD(J,2))

o

.o

Teaes
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Seq.

001077
061078
001079
001080
001081
001082
001083
001084
001085
001086
001087
001088
001089
001090
001091
001052
001093
001094
001095

- 001096

001097
001098
001099
0011G0
001101
001162
001103
001104
001105
001106
001107
001108
001109
oolllo
001111
001112
001113
001114
0Cl1l11s
0Clii6
001117
001118
001119
001120
001121
001122
001123
001124
001125
001126
001127
001128

001129 .

001130
001131
001132
001133
001134
001135
001136
Seq.

WRITE(6,6280) JMINUS

WRITE(6,614C) (SFDDI(I,J,2),I=1,MXSFDD(J,2})
WRITE(6,642C) JMINUS

WRITE(6,6140) (SNDDI(I,J,2},I=1,MXSFDD{JT,2))
WRITE(5,6335)

70 CONTINUE

IF(KZERC.EQ.0) WRITE(6,6300)
KZER0O=0

C CONDITIONS OF FRODUCT SIDE FLOWS

80

90

100

110

WRITE(6,6330)
WRITE(6,6170)

DO 80 11=1,153

J1=183-11+1

J=J1-1

IF(MAXSPD(J1,1).EQ.0) GO TO 80

KZERO=1

WRITE(6,6110)

WRITE(6,6120) (ISPD(I,J1,1),I=1,MAXSPD(J1,1))
WRITE(6,6180) J, (NAMEU(I},I=1,3)
WRITE(6,6140) (SPDI(I,J1,1),I=1,MAXSPD(JI,1))
WRITE(6,6335)

CONTINUE

DO 90 J=1,IB3

IF (MAXSPD(J,2).EQ.0) GO TO 90

KZERO=1

JMINUS=-J

WRITE(6,6110)

WRITE(6,6120) (ISPD(I,J,2),I=1,MAXSPD(J,2))
WRITE(6,6180) JMINUS, (NAMEU(I),I=1,3)
WRITE(6,6140) (SPDI(I,J,2),I=1,MAXSPD(J,2})
WRITE(6,6335)

CONTINVE

DO 100 1Il=1,IS3

J1=183-11+] '

J=J1-1

TF(MYSPDD(J1,1).EQ.0) GO TC 100

KZERO=1

WRITE(5,6110)

WRITE(5,6120) (ISPDD(I,JI, 1) I=1,MXSPDD(J1,1))
WRITE(5,6190) J, (NAMEU(I),I=1,3)
WRITE(6,6140) (SPDDI(I,Jl,l),I=1,MXSPDD(J1,1))
WRITE(6,6335)

CONTINUE

DO 110 J=1,IB3

TF(MXSPDD(J,2).EQ.0) GO TO 110

KZERO=1

JMINUS=-J

WRITE{6,6110)

WRITE(§,6120) (ISPDD(I,J,2),I=1,MXSPDD(J,2))
WRITE(6,6190) JMINUS, (NAMEU(I),I=1,3)
YRITE(6,6140) (SPDDI(I,J,2),1=1,MXSEDD(J,2))
WRITE(6,6335)

CONTINUE

IF(KZERO.EQ.0) WRITE(6,6300)

C CONDITIONS OF REFLUX FLOWS

WRITE(6,5330)
WRITE(6,6440)
IF(MAXTED.GT.0) GO TO 170
WRITE (6,6300)

GO TO 185
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Seq.

001137
001138
001139
001140
001141
001142
£01143
001144
GO1145
001146
001147
001148
001149
001150
001151
0C1152
001153
001154
001155
001156
001157
001158
001159
001160
Q01161
001162
001163
001164
001165
001166
001167
001168
001169
001170
001171
001172
Q01173
001174
001175
001176
coLL77
001178
QoLl79
¢ol1s0
001181
001182
001183
001184
001183
001186
001187
001188
001189
001190
¢o1l9l
001192
001193
001194
001195
001196
Seq.

O T ETS TN O A
170 DO 180 J=1,MAXFZD
DO 180 I=1,2

IF(NBR(I,J,1).EG.999) GO TO 130

WRITE (65,6110}

WRITE(6,6120) (ISPR(N,I,J),N=1,MAXKSFR(I,J))

IF(I.EQ.1) WRITE(6,6450) KPRNP(2),NBR(I,J, 1), {NAMEU(N),N
I,J,1), (NAMEU(N),N
I,J))

1,3)
IF{I.EG.2)} WRITE(6,6450) KPRNP{3},NBR( L,3
WRITE(%,6140) (SPRI(N,I,J),N=1,MARSFR(
WRITE(6,6335)
180 CONTINUE
185 WRITE(6,6330)
¢ CONDITIONS QF CUT
KCUT=0
WRITE(6,6310)
. IF(MAXCUT.EQ.1) GO TO 200
KCUT=1
WRITE(6,6110)
WRITE(6,6120) (ICUT(I),I=1,MAXCUT)
DO 120 I1=1,183
J1=I83-11+1
J=J1-1
WRITE(6,6320) J
WRITE(6,6140) (CUTI(J!,I,1),I=1,MAXCUT)
120 CONTINUE -
DO 130 J=1,133
JMINUS=-J .
WRITE(6,6320) JMINUS
WRITE(6,6140) (CUTI{J,I,2),I=1,MAXCUT)
130 CONTINUE
200 IF(KCUT.EQ.C) WRITE(6,£300)
WRITE(6,6330) '
C CONDITIONS OF NUMERICAL AND PRINT
WRITE (6,6230)
WRITE(6,6240) NDELT
WRITE(E,6250) NSTOP
WRITE(6,6280)
WRITE({6,6290) (KPRINT(I),I=1,8)
WRITE(6,6270) INTVLP
WRITE(6,6271) MODEL, {KCALX(I1),I=1,8)
WRITE(6,6272) EMPTY
RETURN
11111 KENWD=1
RETURN
6000 FORMAT(1H1,24X,66(1H%) /25X, 1H%,64¥%, 1H*/25K, 1H*,5K, ' ANALYSIS’
1 ,' OF DYNAMICS 1IN UF6 GAS CENTRIFUGE '’
2 ,’CASCADE®, 5%, E%/25K, 1H#, 64X, 1H* /25K, 1%, 19X, "WITH SIDE’
3 ,'  TFLOWS?, 28X, 1H*/25X, 1H*,64%, 1H*[25K, 66 (1H%))

6001 FORMAT{1X)

6010 FORMAT(//5X,’CHARACTERISTICS OF CENTRIFUGE CASCADE')

6020 FORMAT(IHO,1X,130(1H.))

6030 FORMAT(1HO,?2X,?STAGE NO,’,5X,’CUT’, 14X, "HOLDING TIME’, 9%
1,'ENRICHED FLOW RATE’,2X,’OPTIMAL FLOW RATE’,2X,’ENRICHED ’
2,7ASSAY?,1X, 'ENRICHING RESTRICTED')

6040 FORMAT(4X,'J (-)’,8X,’(-)’,8%,’H {S8EC) H* (3EC) H#*% (SEC}!?
1,4%,°L* (TON-U/YR)",6X, LOPT (TON-U/YR)',SX,’N* (-)’
2,10%,°L (TON-U/YR)?)

6050 FORMAT(SX,I4,4%,1PEL2.5,3(5%,15),6%,1PE12.5,6%,1PEL2.5
1,6%,1PE12.5,6%,1PEL2.5)

6060 FORMAT(//S5X, 'NUMBER OF FEED FLOWS')

6070 FORMAT(12%,'K = 7,15, {~)")

R L S SO SV NI I DY SUNUE DUV SRV DO
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Seq.

001187
001198
001199
001200
001201
001202
001203
001204
001205
001206
001207
001208
001209
001210
001211
001212
001213
001214
001215
001216
001217
001218
001219
001220
001221
Q01222
001223
001224
001225
001226
Qolz27
001228
001229
001230
001231
001232
001233
001234
001235
001236
001237
001238
Seg.

T

6080
6090
1
6095
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6220
6230
6240
6250
6260

FORMAT{/ /5X. 'NUMBER OF SIDE FLOWS?)

FORMAT(12%,'SF% = 7,15, (=Y'/12%,’8F%* = ' 15, (-}’
L J12X,78P% = 7,15t (-)'/12%,78P%% = 7, 15,7 (-)’)
FORMAT (1HO, 5%, *RATIO OF L/LOPT =',F10.3,” (-)’,[)

FORMAT(//5X, "SPECIFICATION OF FEED FLOWS’)

FORMAT(12X,7{ )X DELTA-T (SEC)’)

FORMAT(2X,10I13)

FORMAT(/12X,?F{*,13,’) (TON-U/YR)")

FORMAT (2X,1PICE13.5)

FORMAT(//5X,SPECIFICATION OF FEED SIDE FLOWS’)
FORMAT(/12X,’SF*(’,13,”) (TON-U/YR)’)}
FORMAT{//5X,'SPECIFICATION OF PRODUCT SIDE FLOWS’)
FORMAT{/12¥,*8P* (',13,7)",1X,3A4)
FORMAT(/12X,’8EB#*(*,13,7)7,1X,3A4)
FORMAT(22%,13,3%,13,4%,13) - ' '
FORMAT{//SX,’CCNDITIONS IN NUMERICAL CALCULATION AND PRINT’}
FORMAT(/12X,’TIME INTERVAL DELTA-T = ’,17,’ (SEC)')

FORMAT( /12X, ’NUMBER OF TIME STEPS W17, (<))
FORMAT{/12X,'PRINT OPTION’,10X,’= L, L¥, L¥*,35X
X, N, N¥ , N¥ 5X,70THERS’)

FORMAT(/12X,PRINT INTERVAL LIT (-

£270
6271
1
6272
6280
6290
6300
6310
£320
£330
6335
6400
6410
6420
6440
6450
6500
1
2
6510
6520

NS

i1n

FORMAT{ /12X, 'CALCULATION MCDEL MODEL KCALX’
/37%,917)

FORMAT( /12X, CONDITION OF EMPTY =

FORMAT( /12X, 'SF**{*,13,") (TON-U/YR}")

FORMAT{37X,13,15,16,7%,13,15,16,111,15)

FORMAT{15%,'--- NO DATA ---")

FORMAT(//5X,*SPECIFICATION OF CUT’)

FORMAT{/12X,’CUT(?,13,") (-)")

FORMAT (3%, 45{1H.))

FORMAT(//)

FORMAT (/ /5%, *REFLUX FLOW BETWEEN SIDE FLOWS®)

FORMAT (12X, 'FROM ',44,°(’,13,") TO ’,A&,°(*,13,")%)

FORMAT{1HO, 11X, NF(*,13,’) (-}")

FORMAT(/ /5%, *SPECIFICATION OF REFLUX FLOWS’)

FORMAT(12X,44,"(*,13,7)",4X,3A4)

FORMAT(////7%,55(1H,}/1H0,9X, FLOW RATE RATIC’,8X
,’STAGE SEPARATION FACTOR'/10X,’L / LOPT (-)’,16X
J'GAMMA  (-)'/1HC,6X,55(1H.))

FORMAT(12X%,F5.2,15%,1PE12.5)

FORMAT(/7%,55¢(1H.))

END

, 1PELS.5])

T T S PO TN B EUTEE IE TR SR EI TRRES PRy
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Seq. AU S P DU U S SURUE Y SO . PN TER TUADUE SO SO S
001239 SUBROUTINE INTCUT(NT)

001240 € ' '

001241 COMMON/COM1/ IS,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(8)
001242 X  ,NFEED,IFEED(50,50),MAXF(50),IS8FD(50,200,2) ,MAXSFD(200,2}
001263 X  ,ISFDD(50,200,2),MXSFDD(200,2},I8PD(50,200,2)

001244 X ,MAXSPD(200,2),ISPDD(50,200,2),MXSPDD(200,2)

001245 X  ,NSFD,NSFDD,NSPD,NSPCD,NBR(2,200,2),HAXFXD,MAXG

001246 X ,ICUT{50),MAXCUT,ISPR(50,2,200),MAXSPR(2,200)

001247 X ,JH(200,2),JHD(200,2),JHDD(200,2),I51,NTIME,MODEL

001248 X ,RATIO

001249 COMMON/COM2/ FEEDI(50,50),SFDI{50,200,2),8FDDI(50,200,2)
001250 X  ,SPDDI(50,200,2),CUTI(206,50,2),SPRI(50,2,200),XLDI(200,2)
001251 ¥  ,XNFI(50,50),SNDI(50,200,2),SNDDI(50,200,2),SPDI(50,200,2)
001252 X ,XLOPT(200,2),GAMT(200),RLOPTI(200),XNDI(200,2)

001253 ~ COMMON/COM&/ SFD(200,2),SFDD{200,2),SPD{200,2),SPDD(200,2)

001254 X ,FEED{50),CUT(200,2),XENF (50}
001255 X ,SND(200,2),5NDD(200,2)
001256 COMMON/COMO/ ICAS,I152,183,IB2,1B83,SUMF
001257 C

001258 TF(NT.GT.ICUT{1)+l) GO TO 140

001259 JT=1

001260 110 DO 120 J=1,183

001261 CUT(J,1)=CUTI(J,JT,1)

001262 120 CONTINUE -

001263 DO 130 J=1,1IB3

001264 CUT(J,2)=CUTI(J,JT,2)

001265 130 CONTINUE

001266 GO TC 180

001267 140 IF(NT.LT.ICUT(MAXCUT)+1) GO TO 150
001268 JT=MAXCUT

001269 GO IO 110

0Cl1270 150 DO 151 JT=1,MAXCUT

001271 IF(NT.LT.ICUT(JT}+1) GO TO 152

001272 151 CONTINUE
001273 152 JTi=JT-1

001274 DIV=FLOAT(NT-(ICUT(JT1)+1))/FLOAT(ICUT(JT)-ICUT(JT1})
001275 DO 160 J=1,I83

001276 cuT(J,1)=CUTI(J,JTL,1)+({CUTI{J,JT,1)-CUTI{J,JT1,1))*DIV
001277 160 CONTINUE

001278 DO 170 J=1,IB3

001279 cuT(J,2)=CUTI(J,JTLl,2)+(CUTI(J,JT,2)-CUTI(J,JTL,2))*DIV

001280 170 CONTINUE
001281 180 RETURN

001282 END
P DS PO U DRI SN FUDUEJUUT S SN, SN SETT FOURE Uy PRI SN
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001283 SUBRQUTINE INTERG(XI,YI,X,N,YC,Z)

00128& C

001285 DIMENSION XI(N),YI(N)

001286 C

001287 IF(X.GT.XI(1)} GO TC 1¢C

001288 YO=YI(1)

001289 Z=0.0

¢01290 RETURN

001291 10 TF(X.LE.XI(N)) GO TO 20

001292 YO=YI{N) '

001293 2=0.0

001294 RETURN

001295 20 DO 30 I=2,N

001296 IF(X.LE.XI(I)) GO TO 40

001297 30 CONTINUE

001298 WRITE(5,6000)

001299 STOF

001300 40 TI=I-1

001301 Z=(YI(I)-YI(I1))/(XI(I)-XI(I1))
- 001302 YO=YI{I1)+Z*(X-XI(11))

001303 RETURN

001304 6000

001305 END

Seq.

Tue Nov 19 12:56:27 1991

AU [UUUR JUN, BN JUNDIPS: SUMPIE: DUNDI DU TUMIE. FURPIE JU . SRV SN

FORMAT (1X,?*%% SUB INTERG *** GAMMA TABLE INPUT ERROR’)

Page 0029
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001306 SUBRCUTINE INTERY(IX,XI,XII,K,N,XO0, XOO)

001307 C

001308 DIMENSION IX(1),3I(1),XII(1)

001309 C

001310 IF(W.EQ.0) RETURN

0c1311 IF(K.GT.IX(1)+1) GO TO 10

001312 X0 =XI(1)

001313 X0C=X11(1)}

001314 RETURN

001315 10 IF(K.LT.IX{¥)+1) GO TO 20

001316 X0 =XI({N)

001317 XCO=XII(N)

001318 RETURN

D01319 20 DO 20 J=L,N

001320 IF(K.LT.IX{(J}+1) GO TO 40

001321 30 CORTLNUE

001322 . WRITE(6,6000)

001323 STQP

001324 40 J1 =J-1

001325 DIV=FLOAT (K- (IX{J1)+1))/FLOAT(IX(J}-IX{(J1))
Q01326 0 =XI:{J1)+(XI(J)-XI(J1))*DIV

001327 XCO=XIT{J1)+(XIL(J)~- XII(JI))“DIV

001328 RETURN

001329 6000 FORMAT(1X,'#%% SUB INTERY *** TIME TABLE INPUT ERROR’)
001330 END

Seq. AT S DR S DI U USSRy S N A R TR TR IR SRy FRRTL PR
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001331 SUBROUTINE INTERZ

001332 C

001333 COMMON/CCM1/ IS,IB,NSTOP,NDELT,INTVLP,KCALX(8),KPRINT(S)
001334 X ,NFEED,IFEED(50,50),MAXF(50},ISFD(50,200,2) ,MAXSFD(200,2)
001335 X ,ISFDD(50,200,2},MXSFDD(200,2),ISPD(50,200,2)

001336 X ,MAXSPD(200,2),ISPDD(50,200,2),MISPDD(200,2)

001337 X ,NSFD,NSFDD,NSED,NSPDD,NBR(2,200,2),MAXFXD,MAXG

001338 X ,ICUT(50),MAXCUT,ISPR(50,2,200),MAXSPR{2,200)

001339 X ,JH(200,2),JHD(200,2),JHDD(200,2),151,NTIME, MODEL

001340 X ,RATIO

001341 COMMON/COM2/ FEEDI(50,50),SFDI(50,200,2),SFDDI(50,200,2)
001342 X ,SPDDI(50,200,2),CUTI(200,50,2),SPRI(50,2,200),%LDI(200,2)
001343 X ,¥NFI(50,50),SNDI(50,200,2),SNDDI(50,200,2),SPDI(50,200,2)
001344 X ,XLOPT{200,2),GAMI{200),RLOPTI(200},XNDI(200,2)

001345 COMMON/COM3/ XL(200,2),XLD{200,2),5LDD{200,2),YLD(200,2)
001346 X ,XN(200,2),XND(200,2),XNDD(200,2) ,YND(200,2)
001347 X : ,XLIMIT{200,2)

001348 COMMON/COM4/ SFD(200,2),SFDD(20C,2),SPD(200,2),SPDD(200,2)
001349 X ,FEED (50),CUT{200,2),XNF(50)

001350 X ,SND (200, 2),SNDD (200,2)

001351 COMMON/COMS/ UNIT,SFND(200,2),SFNDD(200,2),SPND(200,2)

001352 X ,SPNDD (200, 2) , SUMFN

001353 COMMON/COMS/ XLDDO(200,2),%NDDO(200,2)

001354 COMMON /COMO/ ICAS,182,183,IB2,1B3,SUMF

001355 DIMENSION DUM(50)

001356 ¢ -

001357 CALL ZEROO(DUM,50)

001358 CALL ZERCO(SFD ,1600)

001359 CALL ZEROO({SFND ,1600)

001360 €

001361 NT=NTIME

001362 SUMF=0. 0

001363 SUMFN=0.0

001364 DC 100 K=1,NFEED

001365 CALL INTERY(IFEED(1,K),FEEDI(I,K),XNFI(1,K),NT,MAXF(K),FEED(K)
001366 X ,XNF (X))

001367 SUMF=SUMF4FEED (K)

001368 SUMFN=SUMFN+FEED (K) *XNT (X)

001369 100 CONTINUE

061370 DC 200 M=1,2

001371 IF(M.NE.1) GO TC 110

001372 ISB=IS3

001373 GO TO 120

001374 110 ISB=IB3
001375 120 DO 150 J=1,183

001376 CALL INTERY(ISFD(1,J,M),SFDI(L,J,M),8NDI(1,J,M),NT,MAXSFD(J,M)
001377 X ,SFD(J, M), SND(J, M)

001378 SEND (J,M)=SFD{J,M)*SND(J,M)

001379 CALL INTERY{ISFDD(1,J,M},SFDDI{1,J,M),8NDDI(1,J,M} ,NT,MXSFLD(J,H)
001380 X ,SFDD(J, M), SNDD (J,M))

061381 SFNDR(J,M)=8SFDD(J,M)*SHDD(J,¥)

001382 CALL INTERY(ISPD(1,J,M),SPDI(1,J,M),DUM,NT,MAXSED(J,M),SPD(J,M)
001383 X  DUM)

001384 IF(KCALX(4).EQ. 1) SFD(J,M)=SPD(J,M)*¥XLD{J,M)

001385 IF(SED(J,M).GT.XLD(J,M)) SPD(J,M)=XLD(J,M}

001386 SPND(J,M)=SPD(J,M)*XND (J,1)

001387 CALL INTERY(ISPDD(l,J,M),SPDDI{(!,J,M},DUM,NT,MXSPDD(J,M)

001388 h.! JSPDD{ T, M}, DUM)

001389 TF(RCALX(4).EQ.1) SPCD(J,M)=SPDD(J,M}*XLDDO{JT,M)

001390 IF{SPDD{J,M) ., GT.XLDDC(J,M)) SEDD(J,M)=ELDDO{J,M)

Seq, T T P S DI SN SRS S S TR PR D S Y I SRS
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0ol39l SPNDD (J,¥)=SPDD(J,M) *ENDDO(J,M)

001392 150 CONTINUE

001393 200 CONTINUE

001394 C

001395 IF(MAXFXD.EQ.0) RETURN

001396 C

001397 DO 250 K=1,MAXFYD

001398 DO 240 I=L,2

001399 IF(NBR(I,K,1).EQ.999) GO TC 240
001400 IF(NBR(I,K,1}.1T.0) GO TO 205
001401 J=NBR(I,K,1)+1

001402 IF(J.GT.IS3) GO TO 300

001403 M=1

001404 GO TO 210

001605 205 J=-NBR(IL,K, 1}

001406 IF(J.GT.IB3) GO TO 300

001407 M=2

001408 21¢ IF(NBR(I,K,2}).LT.0) GO TC 215
001409 MA=1

Q01410 MB=NBR(I,K,2}+1

001411 IF(MB.GT.IS3) GO TC 300
001412 GO TO 220

001413 215 Ma=2

001414 MB=-NBR{I,K,2) "

001415 IF{MB.GT.IB2) GO TO 300

001415 220 CALL INTERY(ISPR(I,I,K),SPRI(l,I,K),DUM,NT,MAXSPR(I,R{,._”P,PWM)
001417 IF(I.NE.1) GO T9 230

001418 IF(KCALX(4).EQ.1) TEMP=TEMP*XLD(J,M)
001419 SPD(J,M)=SPD(J,M)+TEMP

001420 IF(5PD(J,M).LE.XLD{J,M)) GO TO 225
00l421 TEMP=TEMP-SPL (J,M) +XLD (.J,M)

001422 SPD(J,M)~XLD (J, M)

001423 225 SPND{J,M)=3PND(J,H)+TEMP=END (J, M)
001424 SFD(MB,MA}=SFD (MB,MA)+TEMP

001425 SFND(MB,MA)=SFND (MB,MA) +TEMP=END{J, M)
001426 GO T0 240

001427 230 IF(KCALX(4).EQ.1) TEMP=TEMP=XLDDO(J,M}
001428 SPDD(J,M)=SPDD({J,M)+TEMP

001429 IF(SPDD(J,M).LE.XLDDO(J,M}) GO TO 235
001430 TEMP=TEMP-SPDD(J,M) +XLDDO(J, M)

001431 SPDD(J,M)=XLDDO(J,M)

001432 235 SPNDD(J,M)=SPNDD(J,M)+TEMP*XNDDO (J,M)
001433 SFDD{MB,MA)=SFDD(MB,HA) +TEMP

001434 SFNDD (MB,MA) =SFNDD (MB,MA) +TEMP=ENDDO (], ¥)

001435 240 CONTINUE
001435 250 CONTINUE

001437 ¢

001438 RETURN :

001438 300 WRITE(6,6000) (NBR(I,K,N),N=1,2)

001440 STO?

001441 §000 FORMAT(1X,'RECYCLE FLOW INPUT ERROR: NER’,2110]

001442 END

7Y PR S BT VR S R N T I T ZT RS I T TS TRTTE PORTY PRURL FRPTY FPRRL SRR
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001443
001444
001445
001446
001447
001448
001449
001450
001451
001452
001453
001454
001455
001456
001457
001458
001459
001460
001461
001462
001463
001464
001465
001466
001467
001468
001469
001470
Seq.

c

11¢
120

150
200

SUBROUTINE MOVE

< MOVE :

JAERI—M 91—219

cesle.f »

Tue Nov 19 12:56:27

1991  Page 0033

COMMON/COM3/ XL(200,2),XLD(200,2},XLDD{200,2),YLD(200,2)

P b va

COMMON/CCMO/ ICAS,IS2,183,1B82,IB3,SUMF

DO 200 M=1,2
IF(M.NE.1) GC TO li0Q
ISB=I53

GO TC.120-

ISB=1B3

DO 150 J=1,I5B
WLD(J,M)=XLD(J,M)
XLD(J,M}=YLD (J,M}

WND (J,M)=XND(J,M)

XND (J,My=Y8D (J, M)
WLDND (J,M}=XLDED (], M)
XLDND (J,M)=YLDND (J, )
CONTINUE -

CONTINUE

RETURN

,XN{200,2),ZND(200,2),XNDD{200,2),YND(200,2)
y XLIMIT(20C0,2)
COMMON/COM8/ XLDNWD(200,2),YLDND(200,2),NCOUNT(200,2),
WLD(200,2},WND(200,2),WLDND(200,2},
DLb(200,2},DND{200,2),DLDND(200,2},
DDLD{200,2),DDND(200,2),DDLDND(200,2)
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Seq., RN TEUD T DR . SO T ST SO N SR E ST U JUNPOY SIS NS
001471 SUBROUTINE OUTPUT(KPRNTO UINVO UINV,U5INVO,USTNY)
001472 C
001473 COMMON/COML/ IS,IB,NSTOP,NDELT,INTVLP,KCALX(S),KPRINT(S)
001474 X ,NFEED, IFEED(55,50) ,MAXF{50),ISFD(50,200,2),MAXSFD(200,2)
001475 X , ISFDD(50,200,2) ,MXSFDE(200,2),18PD(50,200,2)
001476 X ,MAXSPD(200,2),ISPDD(50,200,2),MXSPDD(200,2)
001477 X ,NSFD,NSFDD,NSPD,NSPDD,NBR(2,200,2),MAXFXD,MAXG
001478 X , ICUT(50) ,MAXCUT,ISPR(50,2,200) ,MAXSFR(2,200)
001479 X ,JH(200,2),JHD(200,2),JHDE(200,2),151,NTIME,MODEL
001480 X +RATIO
001481 COMMON/COM2/ FEEDI(50,50),SFDI(50,200,2),5FDDI(50,200,2)
001482 X ,SPDDI(50,200,2),CU0TI(200,50,2),8PRI(50,2,200),XLDI(200,2)
001483 X ,¥NFI(50,50),SNDI(50,200,2),8NDDI(50,200,2),5PDI{50,200,2)
001484 X ,XLOPT(200,2),GAMI(200),RLOPTI(200),XNDI(200,2)
001485 COMMON/COM3/ XL(200,2),%XLD{200,2),XLDD(200,2),YLD{200,2}
001486 X ,EN(200,2),%ND{200,2),XNDD(200,2),YND(200,2)
001487 X +ALIMIT(200,2)
0016488 COMMCN/CCMS/ SUML,SUMLD,SUMLLD,TFL, TPL(2),TWL, TFLN, TPLN(2), TWLN
001489 p ,ANF ,ANP, ANW,DUT, SFBAL, SFNBAL
001490 COMMON/COM6/ UNIT,SFND(200,2),SFNDD(200,2),SPND(200,2)
001491 X »SPNDD(200,2),SUMFN
001492 COMMON/COM7/ KPRNL(3),KPRNF(3),KPRNP(3),KPRNN{3)
001493 COMMON/COM8/ XLDND(200,2),YLDND(20C,2),NCOUNT{200,2),
001494 i WLD(200,2),WND(200,2),WLDND(200,2),
001495 X DLD(200,2),DND(200,2),DLDND{200,2),
001496 X DDLD(200,2),DDND(200,2),DDLDND(200,2)
001497 COMMON/COMO/ ICAS,132,183,1B2,1B3,SUMF
001498 DIMENSION KPRNTO(1)
001499 CHARACTER*4 KPRNL,KPRNF,KPRNP, KFRNN
T00L500 C
001501 KPRNT1=KPRNTG(7)
001502 bo 10 I=1,6
001503 IF(KPRNTO(I).GT.0) KPRNT1=1
001504 10 CONTINUE
001505 IF (KPRNTL.LE.0) RETURN
001506 NT=NTIME-1
001507 IMP=TPL(1)*ANP
001508 IMW=TWL*ANW
001509 IMF=TFL*ANF
001510 UINVI=UINV*UNIT
001511 USINVI=USINV*UNIT
001512 ETNV=0.0
001513 IF(UINV.NE.C.0) EINV=USINV/UINV
001514 DIF5=7MF- {ZMP+ZMW) + (USINVO-USINV+SFNBAL) *UNIT
001515 DIFU=TFL-(TPL(1)+TWL)+(UINVO-UINV+SFBAL) *UNIT
001516 WRITE(6,6010) NT
0015i7 WRITE(6,6020) TPL(l),TWL,TFL,UINV1, DIFU,KPRNL(1)},SUML
001518 WRITE(6,6080) ZMP,  ZMW,ZMF,USINVI1,DIF5,KPRNL{2),SUMLD
0C1519 WRITE(6,6030) ANP,  ANW,ANF,EINV, KPRNL(3),SUMLDE
001520 IF(DUT.NE.99999.) WRITE(6,6031) DUT
001521 IF(DUT.EQ.99999.) WRITE(6,5032)
agls22 T¥(KPRNTO(1).LE.0) GO TO 100
001523, WRITE($,6070) KPRNL(1), (XL{IS1-J+1,1),J=1,1I81)
001524 WRITE(6,6050} (XL{J v2),J=1,18 )
0C1525 IF({KCALX({1).EQ.0} GO TO 100
001526 WRITE(6,6051) (XL(183-J+1,1),J=1,181)
001527 ‘ WRITE(6,6050) (XL(IB +J ,2),J=1,IB )
001528 100 IF(KPRNTC(4).LE.C) GO TC 110
001529 WRITE(6,6040) KPRNN(1), (XN(ISl1-J+1,1),J=1,181)
001530 WRITE(6,6050) {XN{J 12)y J 1,IB )
Seq. R T B N TR IR RN E L R T T S N TS P Y
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001531
001532
001533
001534
001535
001536
001537
001538
001539
001540
001541
001542
001543
001544
001545
001546
001547
001548
001549
001550
001551
001352
001553
001554
001555
001556
001557
001558
001559
0C1569
001561
001562
001563
001564
001565
001566
001567
001568

. 001569

001570
001571
001572
001573
001574
001575
001576
001577
001578
001578
001580
001581
001582
Q01583
001584
001585
001586
001587
001588
001589
001590
Seq.

ot

110

200

210

300

310

320

330

340

350

360

et

N AT
IF(KCALX{1).EQ.0} GO
WRITE(6,68051)
WRITE(%,6050)

< QUTPUT :

JAERI—M 91219

IF(KPRNTO(2).LE.0) GO TC 200

WRITE(6,607C) KPRNL(2),(XLD(IS]-J+1,

WRITE(6,6050)

IF(KCALX(1).EQ.0) GO TO 200

WRITE(6,5051)
WRITE(5,6050)

IF(KPRNTO(5).LE.C) GO TC 210

WRITE(6,6040) KPRNN(Z),(XND(ISi-J+1,1)

WRITE(6,6050)

IF(KCALX(1).EQ.0) GO TO 210

WRITE(6,56090) (XLDND
WRITE({6,6050) (XLDND
IF(KCALX(1l}.EQ.0} GO
WRITE(6,5051) (XLDND
WRITE(6,6050) (XLDND

WRITE{6,6110) (DLD
WRITE({6,6050) (DLD
IF(KCALX(1).EQ.0) GO
WRITE(5,6051) (DLD
WRITE{6,6050) (DLD

J

J
IF(KPRNTC(2).LE.1) GO TC 330

J

J

“WRITE(6,6051) - (END(IS3-J+1,1),
WRITE(6,6050) (XND(IB +J ,2},
IF(KPRNTO(3).LE.C) GO TC 300
WRITE(6,6070) KPRNL(3), (XLDD{ISl-J+1,1),J
WRITE{6,6050) (XLDD{J v2)44
IF(KCALX{1}.EQ.0} GO TO 300

WRITE(6,6051) (XLDD{183-J+1,1),J
WRITE(6,6050) (XLDD{IB +J ,2),J
IF(KPRHTC(6).1E.0) GO TO 210
WRITE(6,6040) KPRNN(3), (XNDD{ISL-J+1,1},J
WRITE{46,6050) {XNDD(J v2)4d
IF(KCALX(1).EQ.0) GO TO 310

WRITE(6,6051) (XNDD(IS3-J+1,1),J
WRITE(5,8050) (XNDD(IB +J ,2),J
IF(KPRNTC(5).LE.1) GO TO 320

(Is1-J+1,1),J=1,181)
(J +2),J=1,1IB )
TO 320

{183-J+1,1),
(I3 +J ,2),

(Is1-J+1,1),J=1
(J 12}, J=1
TO 330

(183-J+1,1},J=1,1I51)
(IB +J ,2),J=1,1B )

IF(KPRNTC(5).LE.1) GO TC 350

WRITE(6,6100) (DND
WRITE(6,6050) (DKD
IF(KCALX(1).EQ.0) GO
WRITE{5,6051) (DND
WRITE(5,6050) (DND
WRITE{6,6120) (DLDND
WRITE(6,6050) (DLDND
TF(KCALX({1).EQ.0) GO
WRITE(6,6051) (DLDND
WRITE({6,6050) (DLDND

{I51-J+1,

(181-J+1,1
(J )2
TG 350

(I83-J+1,1),3=1,181)
(I +J ,2},J=1,IB )

)
(IR +J ,2)
)
)

gy
— b s

IF(KPRNTC(2).LE.1) GO TO 360

WRITE(6,5140) (DDLD
WRITE(6,6050) (DDLD

WRITE(&,5051) (DDLD
(DDLD

J

J
IF(XCALX(1).EQ.0) GO TO 360

J

J

WRITE({&,6050)

N Y TR

{I51-J+1,1%,
J 123,

(IS3-J+1,1)
(IE +J ,2)

IF{EPRNTO{5).LE.1} GO TO &0
P U A S

toos S taen bl

cesle,f >
R TR N SN
T0 110
(AN(I83-J+1,1),J=1,180)
{(XN(IB +J ,2),J=1,1IB )
1y,J=1,1I81)
{XLD(J ,23,J=1,1IB }
(¥LD(I83-J+1,1),J=1,1I581)
(XLD(IB +J ,2),J=1,IB )
,J=1,181)
{XND(J ,2),J=1,1B )

wn

Tue Wov 16 12:56:27 1991
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G01591
001592
001593
001594
001585
001596
001597
001598
001599
001600
001601
001602
001603
001604
001605
00lE06
001607
001608
001609
001610
0601611
001612
001613
001614
001615
001616
00lE17
001618
001619
001620
001621
001622
001623
001624
001625
001626
0015627
001628
Seq.

A TR I S T PRI

¢

370

400

6010 FORMAT(/1X,**',I8,'X DELTA-T (SEC)’
X

WRITE(6 6130) {DDND  (IS1-
WRITE(6,6050) (DDND (J

cesle.f »

+
J+l 1)
2),

IF(KCALX(1).EQ.0) GO TO 370
WRITE(6,6051) (DDND (IS3-J+1,1),

WRITE(6,6050) (DDND (IB
WRITE(6,6150) {DDLDND(ISI
WRITE(6,6050) (DDLDND(J

IF{XCALX(1).EQ.0) GO TO 400

-J+1, 1),
12) 5

WRITE(6,6051) (DDLDND(IS3-J+I1,1)

WRITE(6,6050) (DDLDND(IB
RETURN

,J=1,18
+J ,2),J=1,1B

= =

4
J
J
J
7 ,2),J
J
J
J
J

Tue Nov 19 12:56:27 1991  Page 0036
L TR TPITY - TAUE S S T

{T25,1PRODUCT?, T40, "WASTE",T54, "FEED’

X y 162, "INVENTORY', T7
, 186, TOTAL FLOW RATE SUMMED UP OVER STAGES’)

FORMAT(1X,’U AMCUNT (GR)?,1P5EL3.5

A4, '=",1PEI2.5,’ (TON-U/YR)’ )

6030 FORMAT(1X, 'AVERAGE ASSAY (-)’ ,1P4E13 5,7 c--eemmeee-

o
6G20
X

4

X

X
6030

6080
X
6030
6100
€110
6120
€130
6140
61590

et

, 186, SIcMA ?

, 186, SIGMa ',
6031 FORMAT(T&6,’SEPARATIVE WORK

3, MAT.BALANCE’

,’ (TON-3WU/YR)?)
6032 FORMAT(T86,’SEPARATIVE WORK *,7=7,7 sowsiisionii
,’ (TON-SWU/YR)’)
6040 FORMAT(LX,A4,1P10EL2.5/(5X,1P10E12,5))
FORMAT(SX  ,1P10E12.5/(5X,1P10E12.5))
6051 FORMAT(1X,’2-ND’,1PI10E12,5/(5X,1PICEL2.5))
6070 FORMAT(/IX,44,1P10E12.5/(5%, PL0EL2.5))
FORMAT(1X, 'U235 AMOUNT (GR)',lP5E13.5

| T86, SIGMA ', AL, =", 1PEL2.5,

YL 1PLOEL2.5
§8§§i£§$%§2’§N§ ’:i§10E12.5
FORMAT(/1X,’DL¥ *,1P10ELZ.
FORMAT( /1%, ’DL¥N’ , 1P10E12.
FORMAT(/1X, 'D2N*", 1P10R12.

FORMAT(/1¥,'D2L%’,1P10E12

FORMAT(/1X,'D2LN’, 1P10E1Z,

END
I R U U N

5

5
5
5

A4,7=7,1PE12.5,* (TON-U/YR})’
’,’=’,lPElZ.5

(TON-U/YR))

{(5%,1P10E12.5))
/ (5K, 1P10E12.5))
[(5X,1P10E1Z2.5))
5/(5%,1P10E12.5))
/ (5%, 1P10E12.5))
[ (SX,1P10E12.5))
{ (5%, iP10E12.5))



Seq.

001629
c01830
001631
001632
001633
001634
001635
001636
001637
001638
001€36
001640
001641
001642
001643
001644
001645
0016456
GOLl647
001648
001649
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Scurce Listing - V. 4.0 < PCARD : ccsle.f > Tue Nov 19 12:56:27 1991
RUE U DS S SNSRI SR JIE SUR S P DT RS TR TR P
SUBROUTINE PCARD
c
DIMENSION DATA(20)
¢
REWIND 1
ND=0
WRITE(6,6000) _
100 READ{5,5000,END=11111) (DATA(I),I=l,20)
ND=ND+1
WRITE(6,6010) ND, (DATA{I),I=1,20)
WRITE{!l,5000) (DATA(I),I=1,20)
GO TO 10C
11111 REWIND !
RETURN
5000 FORMAT (20A4)
6000 FORMAT({1H1//55%,'INPUT DATA IMAGE’/TS& 200"}
X /T30,717,7%,710°,8%,'207,8%,7307,8X,"40",8%,750", 8%, 60’
X ,8%,'701,8%, 7807
X /T30,8(9(1H.),1H+))
6010 FORMAT(T20,15,5%,2044)
END
R U S DU R UM JANDIPY SUSINE DI TR Y AT

Seq.

Page 0037
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P IO



Source Listing - V. 4.0

Seg.

001650
001651
001652
001653
001654
001655
001656
001657
001658
001658
001660
00Les6l
00ls62
001663
001664
001665
001666
001667
001668
001669
001670
001671
001672
001672
001674
001675
001676
001677
001673
001679
001689
001681
001682
001683
001684
001685
001686
001687
001688
001689
001690
001691
001692
001693
001594
001695
001696
Seg.

C

vt

10

20

10

120

210

220

JAERI—M

< SUM : ccsle.f >

1 Toearls +....3,00. 1,

"SUBROUTINE SUM(JUMP)
COMMON/COM1/ TS, IE,NSTOP,NDELT,

y ISFDD(50,200,2) ,MXSFDD (200
yMAXSPD(200,2),ISPDD{50,200
,NSFD,NSFDD,NSPD,NSPDD, NBR(
»1CUT(50) ,MAXCUT, ISPR(5C, 2,
,JH(200,2),JHD(200,2),JHDD(
»RATIO

coMioN/coM2/ FEEDI(50,50),SFDI{

P b o b B

yKLOPT(200,2),GAMI(200),RLO
COMMON/COM3/ XL(200,2),XLD{200
+AN(200,2),XND(200

s ALIMIT(200,2)

B g e b >

,ANF, ANP, ANW, DUT, SF

91—219

Tue Nov 19 .12:56:27 1891
N T

INTVLF,KCALX(8),KPRINT(8)

,NFZED, IFEED(50,50) ,MAXF(50),ISFD(50,200,2),MARSFD(200,2)

121, 15PD(50,200,2)

1 2),MESPDD(200,2)
2,200,2) ,MAXTXD,MAXG
200),MAXSPR(2,200)
200,2),181,NTINE,MODEL

50,200,2),SFDDI(50,200,2)

PTI(2C0),XNDI(200,2)
,2),XLDD(200,2),YLD(200,2)
y2},ENDD(200,2),YND(200,2)

BAL,SFNBAL

COMMON/COMO/ ICAS,152,183,IB2,1B3,SUMF

COMMON/COMA/ EMPTY

SUML=0.
DO 1¢ J=1,I83
SUML=SUML+XL(J, 1)
CONTINUE

bo 20 J=1,IB3
SUML=SUML+XL{J,2)
CONTINUE

SUMLD=0.

Do 110 J=1,183
SUMLD=SUMLD+XLD(J, 1)
CONTINUE

DO 120 J=1,1B3
SUMLD=SUMLD+XLD(J,2)
CONTINUE

SUMLDD=0.

DO 210 J=1,183
SUMLDD=SUMLDD+XLDD(J, 1)
CONTINUE -

DO 220 J=1,1B3
SUMLDD=SUMLDD+XLDD(J, 2)
CONTINUE

JUMP=0

IF(SUMLD.LE.EMPTY} JUMP=1
RETURN

END
S T

NP ST I U

Page 0038

I5Ili!+lll'60|||+|ll07|‘ll+||ll8

,SPDDI(50,200,2),CUT1(200,50,2),8PR1(50,2,200),XLDI(200,2)
, ANFI(50,50),8NDI{50,200,2),8NDDI(50,200,2),8PDI(50,200,2)

COMMON/COMS/ SUML,SUMLD, SUMLDD, TFL,TPL(2),TWL,TFLN, TPLN(2), TWLN
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Source Listing - V. 4.0 < ZEROD :

Seq.

001697
001698
001698
001700
001701
001702
001703
001704
001705
001706
001707
001708
001709
001710
Col711
001712
Seq.

N N I RV RN
SUBROUTINE ZEROO (XX, N)
DIMENSION IIL(N),ZE(N)

Do 10 I=L,N
X(I)=C.

10 CONTINUE
RETURN

ENTRY NINEI(II,N)

DO 30 I=1,N

TI(I)=999
30 CONTINUE

RETURN
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