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AN INTRODUCTION TO THE CONSEPT PROGRAM FOR CONTROLLER-RUN
SOLVENT EXTRACTION PROCESS TESTING

A. D. Mitchell

ABSTRACT

The CONSEPT program is a new computer model for controller-
run solvent extraction process testing. The program can
currently be used for the Purex and Thorex processes. Al-
though CONSEPT was tailored to model centrifugal contactors,
other types of contactors can also be simulated. The major
features of this program include its provisions for variable
flow rates and volumes and its implementation of automatic
process controllers. A listing of the program and instruc-
tions for its use are presented.

1. INTRODUCTION

The CONSEPT program is a new computer model for controller-run
solvent extraction process testing. The program was developed as a tool
for testing ideas in the reprocessing of nuclear fuel. The basic con-~
cepts and methods used in the CONSEPT program are similar to those in
the SEPHIS programs.1‘3 The new abilities of this program make it
especially useful in certain modeling applications; but due to some very
specific limitations, the CONSEPT program should not be viewed as a

replacement for the SEPHIS-MOD4 program.

The CONSEPT program is built on a stage model similar to that of the
SEPHIS~MOD4 program. The differences arise in the specific assumptions
used to limit the stage model. The SEPHIS programs assumed that both
the flow rates and the volumes were constants set by the user. The
CONSEPT program calculates the stream flow rates and stage volumes using

equations that describe their interrelationship.

The concentrations in the CONSEPT program are calculated in a manner

similar to that of the SEPHIS-MOD4 program. In SEPHIS-MOD4 the stages are



tailored to resemble mixer-settler stages with explicitly defined mixers
and settlers. However, the CONSEPT program uses stages that are tailored
to act like centrifugal contactors with instantaneous mixing and phase

separation.

One of the major features of the CONSEPT program is its use of pro-
cess controllers. In SEPHIS-MOD4 the feed stream variables are treated
as constants, but in the CONSEPT program, each of the feed stream
variables (i.e., flow rates, concentrations, and temperatures) can be
automatically and independently controlled based on some other variable
in the system. These controllers can be employed in optimization,

flowsheet development, plant monitoring, and safeguards testing.

In adapting the ideas of the SEPHIS-MOD4 program to the stage model
in the CONSEPT program, certain procedures had to be revised or removed.
This prevents the use of the CONSEPT program as a replacement to the
SEPHIS-MOD4 program for the Purex process. In the SEPHIS-MOD4 program
for the Purex process, the conversion of units from a molar to a molal
basis was done to bypass the effects of changes in volume due to changes
in concentration. This conversion does not seem to be feasible in the
CONSEPT program. The assumption of where and when chemical equilibrium
occurs is very similar for the two programs, but the printed results for
the SEPHIS program are equilibrium results, whereas those of the CONSEPT
program are not necessarily equilibrium results. 1In addition, the assump—
tions made in adapting plutonium reduction reactions in the CONSEPT program
are different from those made in the SEPHIS-MOD4 program, and consequently
the results differ. For these reasons the CONSEPT program is not a
replacement for the SEPHIS-MOD4 program and should be used primarily when

its extra abilities are required.

The program has been converted to use SI-metric units. The only
significant change involved changing the time basis from minutes to
seconds. For those comfortable with the SEPHIS-MOD4 program, this will
entail a change in the ratio of flow rate to volume and in the correspond-

ing time increment.



The CONSEPT program was originally designed to test solvent extrac-—
tion flowsheets proposed for centrifugal contactors with process control-
lers. However, implementation of the stage model in the program now
allows the user to test many ideas in addition to those originally
intended. In conjunction with experimental testing, the program should

become a useful aid in developing flowsheets for nuclear fuel reprocessing.



2. STAGEWISE IDEAS AND MATHEMATICS IN THE CONSEPT PROGRAM

The ideas and mathematics in the CONSEPT program make it distinct
from other solvent extraction modeling programs. Although the general
description of the stages with their associated feed streams is similar
to that of other models, the use of equations to calculate changes in
flow rates and volumes, and the particular method of calculating concen-
trations distinguish this program from its predecessors. The CONSEPT
program alsoc employs automatic process controllers on the feed-stream
variables if specified by the user. The correlation for calculating
distribution coefficients and the mechanics of plutonium reduction
reactions are adapted from the SEPHIS-MOD4 program. The variables used

in the equations are defined in Appendix A.

2.1 General Model of a Stage

The model of a stage in the CONSEPT program is subdivided into the
description of fluid flows through the stage and the description of
solute flows through the stage. The description of fluid flows is pri-
marily a volume balance problem where the changes in stage volumes are
regulated by the flow rates in the stage. The description of solute
flows is in the application of unsteady-state mass balances in the stage.
Once one stage has been described, it is easy to group many such stages

to describe any desired solvent extraction system.

The volumes and flow rates of the two phases comprise the fluid-flow
problem to be described. TFigure 1 shows the idealized stage (j) used in
the description. Four streams may enter each stage: the aqueous stream
from the preceding stage (Ajnl)’ the organic stream from the succeeding
stage (0j+l)’ the aqueous feed stream (Afj), and the organic feed stream
(ij). The aqueous and organic streams which leave the stage (Aj’ Oj)
either flow to the next stage or leave the system as product streams.
Under normal conditions, the position of the phase interface will vary
between the aqueous volume set point (VS) and the total stage volume
(VT). The aqueous volume set point is the maximum aqueous volume that
could be found in the stage without having an aqueous stream flowing out

of the stage. The aqueous volume set point can be zero if the stage
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Fig. 1. General model of volumes and flow rates in a stage.

drains completely; values greater than zero indicate that there would be
a residual volume due to back~pressure or a trap or jackleg on the aqueous
underflow. The total stage volume is the volume up to the organic over-

flow weir.

The solute-~flow problem can be visualized more easily with a group
of stages as shown in Fig. 2. The stages in the CONSEPT program are
arranged so that the aqueous phase flows toward higher numbered stages
while the organic phase flows toward lower numbered stages. The solutes
enter the system in the feed streams (identified by the subscript ).
The feed streams are combined with streams from neighboring stages in
what can be called a mixer. Because the CONSEPT program tries to mimic
centrifugal contactors where the mixing time is essentially zero, the
mixer in the CONSEPT program has no volume and no residence time. It is
used only to equilibrate the streams entering the stage. The products

of the mixer are combined with the stage contents in what can be thought
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Fig. 2. A group of stages showing interconnecting streams.

of as settlers. Except for considering reactions, the aqueous and organic
phases in the settler are kept separate and the solutes are not allowed

to change phase. 1In the case of plutonium reduction reactions, the
organic-phase plutonium(IV) is allowed to cross from the organic to the
aqueous portion of the settler. The products of the settler leave the
stage and proceed to the next mixer, or leave the system as a product
stream (identified by the subscript p). Tt should be noted that the
interstage flow rate (i.e., Aj in Fig. 2) is actually Aj - Apj’ and A,

is the total phase flow rate out of the stage. (Tigure 2 was simplified

for clarity.)



The feed-stream variables in the CONSEPT program can be varied auto-
matically by use of process controllers. The controllers can vary the
solute concentrations, temperatures, and flow rates of the feed streams.
The variable monitored by the controller can be any concentration, tem-
perature, flow rate, volume, or density in the system. The controller
can use either three-mode or on/off controlling schemes. Feed-stream

variables can also be constants (noncontrolled).

2.2 Mathematical Model of Mass Balances in a Stage

The general description of a stage indicates how the separate compo-
nents fit into the overall scheme. However, the computer must be given
equations with which to work. In this case, volume and mass balances
must be written for the fluid-flow and solute-flow problems. It should
be noted that the following mass balances neglect the product streams.
The product streams constitute a constant term subtracted from the flow
rate arriving from the preceding or succeeding stages (Ajvl or Oj+1)’

and they are treated as such by the program,

The differential volume balances for each phase describe how the

volumes depend on the flows. For the aqueous phase

v
al . -
T Aj*l + Afj Aj . (L

or the rate of change of the volume is equal to the difference between
the flow rates of the streams entering the stage and the flow rate of

the stream leaving the stage. Similarly for the organic phase,
~2L -0 40, -0, . (2)

Assuming that the flow rates into the stage are given, the only variables

remaining are Aj and Oj' These are described by

A, =k (V.. -V, , (3
h| aJ( aj SJ) )

and

0, =k . (V +VvV., -V ﬁ) - (4



These equations assume that the aqueous flow rate out of the stage is pro-
portional to the aqueous volume in excess of the set-point volume, and the
organic flow rate out of the stage is proportional to the organic volume

over the overflow weir. The program imposes other restrictions, namely:

vaj < 0.95 VTj ; (5)
kaj >0 3 (6)
0] >0 7
A, >0 8
52 (8)
and
0], >0 . (9

These restrictions derive from the mathematical requirements of the
program and from practical limitations on the system. The restriction
in Eq. (5) keeps the aqueous level from going above the overflow weir.
Although the program would not allow an aqueous stream to flow over the
weir, the large aqueous volume would produce problems in Eq. (4). If
the restriction in Eq. (5) were removed, there could conceivably be a
calculated organic flow out of a stage [from Eq. (4)] without any
organic being present in the stage. The factor of 0.95 was chosen
arbitrarily. Equations (6) and (7) are used to prevent division by
zero and negative flow rates. Equations (8) and (9) restrict the flow
rate to non-negative values. A negative flow rate would mean that a
stream was flowing in the wrong direction, and the mass balances in the
program are not designed to handle such a stream.

Considering the aqueous phase, Eq. (3) is substituted into Eq. (1)
giving

d—VE-‘!chv = A, +A +k .V (10)

dt aj aj i~1 fj aj Sj °

This is a first-order linear differential equation, and the solution to

the general case is of the form

Vaj = exp(~Sk dt)[C + Sfexp([k clt)(Aj_l + Afj + kajVSj) de] . (11)



The program uses an integrated form of Eq. (11), which explicitly defines
the new aqueous volume in terms of the previous volume and the parameters
in Eq. (11). The integration of Eq. (11) is over one time interval, At;
VSj and kaj are treated as constants, but Aj~1 and Afj are assumed to
vary linearly over the time increment At. The integration is performed
for the general case of Eq. (11), for the special case Vaj ﬁAij, and for
the transition case. The equations for the organic phase are treated
similarly. The accuracy of these methods is discussed in ‘Sect. 4.

The calculation of flow rates and volumes is followed by the calcu-
lation of concentrations, which is accomplished in two steps. The streams
entering the stage are equilibrated in the mixing zone of the contactor.
After being equilibrated, the entering streams are combined with the con-
tents of the aqueous and organic settlers. These settlers are treated

as well-stirred tanks with the volumes defined above.

Equilibration of streams entering the stage is performed by apply~
ing a steady-state mass balance, This mass balance dictates that the
amount of solute leaving the mixer is equivalent to the amount entering

the mixer, or

mjxmj + Omjymj = Aj-lxj—l + Afjxfj + Oj+lyj+l + ijyfj (12)
Further requirements are imposed that

Amj = Ajwl + Afj s (13)
and

= + .

Onj = 9541 F Oy (14)
To equilibrate the streams, the aqueous and organic concentrations are.
related by a distribution coefficient

y . = Dx . (15)

m] m]j

The distribution coefficient is calculated as a function of the aqueous
concentrations, the tributyl phosphate (TBP) content of the organic phase,
and the temperature. The temperature in this case 1is calculated by a

simple heat balance
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T (A, +0.)=A

mj " mj mj j—lrj~l ATy

£5Tes * 05 Tye + OpyTey » (16)

with consideration given to the different specific heat of the organic
phase. 1In Egs. (12) through (16) the temperatures, concentrations, and
flow rates of the streams entering stage j are taken to be the average
of the values at the start and at the end of the time increment. The
concentrations subscripted by m are taken to be constant over the time
increment. It should be noted that Eqs. (12) and (15) are not used for

extreme flow ratios

A, >250 a7
mj mj

nor
0., >25A ., . (18)
mj m]j

In these cases the mass balance is simply

= Aj~1xj—l + Afjxfj s (19)

X,
mj m}

with a similar equation for the organic phase. With extreme flow ratios,
unrealistic solute concentrations are calculated during the start-up of
a process. This is generally not a problem after each stage has an
adequate flow of each phase, but the restrictions in Fqs. (17) and (18)
were added as a housekeeping measure during start-up. This completes

the equilibration of streams entering the stage, so these streams now

flow to the settlers.

The equilibrated streams are combined with the coantents of the
settlers according to a mass balance for a well-stirred tank. For the

aqueous phase,

d(Va.x.)

+ —
ar A_)x Ax, +G

1 £37"mj 373 ’ (20)

= (4,
i

or the change in the amount of a solute in the stage is equal to the
difference between the amount flowing in and the amount flowing out of
the stage, with consideration given for any amount generated by reactions
in the stage. To simplify this equation, the differential is expanded

according to
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ayy) v Sy Da (21)
dt aj dt i de
or by substituting from Eq. (1)
Efiﬂiiiz =V -Efi-+ x, (A + A, - A) | (22)
dt aj dt -1 T ey T Ay - )

Using algebraic relationships on Eqs. (20) and (22)
dx,
Vo s (A ) + A - %) =6 (23)
In this equation, xmj and G are considered to be constants for a time
increment ; Vaj’ Aj—l’ and Afj are considered to vary linearly from the
start of the time increment to the end of it. The solution to Eq. (23)

for the general case is

z = exp[-/P(t) dt}{C + SQ(t) exp[/P(t)dt] dt} , (24
where
zZ = X ., - X, , (25)
mj ) ‘
Ayt AL
P(t) = o=l (26)
aj
and
Q(t) = —G/Vaj . (27)

The CONSEPT program uses an integrated form of Eq. (24). The
integration of Eq. (24) is over one time interval, At. Because of the
complexity of the integration, certain liberties were taken to simplify
the expressions where necegsary. The integration was performed for the
general case and for a number of important special cases. Similar
equations are used for the organic phase. The accuracy of these methods

is discussed in Sect. 4.

2.3 Process Controller Operation

Implementation of process controllers is a major feature of the

CONSEPT program. Properly employed, the process controllers in the pro-
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gram can automatically determine flowsheet conditions; simulate unit
operations; transfer streams from one place to another; add, substract,
multiply, divide; act as timers or alarms; or simply simulate process
controllers. Their proper specification requires thoughtful considera-
tion on the part of the user, but their potential usefulness should

warrant this degree of consideration.

The CONSEPT program uses three-mode (PID) and on/off-type control-
lers. In both cases the goal is to control some particular feed-stream
variable based on a controlling scheme and the value for a system
variable being monitored. In the input to the program, the user must
specify which variable is being controlled, which variable is being
monitored, and the controlling scheme to be used. Any number or combina-
tion of these process controllers can be used, and any variable in the

system can be monitored.

2.3.1 Three-mode controllers

The controlling scheme for three-mode controllers 1s shown in Fig. 3.

When the computer evaluates a process controller, it first finds the value

ORNL DWG 79-1154R

m -~ VALUE OF THE VARIABLE BEING MONITORED

—ERROR IN THE MONITORED VARIABLE

!

de

dt) + S
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|<¢,(e+’—i-i fedf + Ky

-

¢ — OUTPUT OF THE CONTROLLER

.—
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-
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o

c'(1+1~g-6r)-v-—r~ RANDOM NUMBER (~1<r <1)

C — FINAL VALUE FOR THE CONTROLLED VARIABLE

Fig. 3 Controlling scheme for a three-mode controller.
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of the variable being monitored. This value is compared with the set point
for the monitored variable. For regular controller operation, the set
point is the target value for the controller. However, for many control-
ler uses, the set point is just a number to subtract from the value of

the monitored variable. Subtracting the set point from the value of the
monitored variable results in an error in the monitored variable. This

error is used in a standard three-mode controller equation

e =8, =K [e+ (I/K) fe dt + K (de/dD)] , (28)

where c¢ is the output of the controller. The initial value for the dintegral
term in Egq. (28) is set to zero when the feed streams are reinitialized.

The value for the integral is approximated as a summation

t

t e + e

f e dt =Z »ti@%———i At . (29)
0

t=0

The derivative term is approximated as

e - e
de _ "t+At "t .
dt At : (30)

The four constants in Eq. (28) are determined by the user. Controllers
generally have limitations on their operation (a valve may be opened no
further than all the way, nor closed further than off). Thus the value

of ¢ is constrained by a minimum and a maximum value which must be speci-

fied by the user. ‘After the limits have been imposed, some amount of
noise or an error band may be applied to the value of the variable being
controlled. The size of the error band, N, is determined by the user.
This noise can be viewed either as a degree of measurement uncertainty
or as an errvor in valve placement. The position within the error band

is determined by a random number. The noise is applied according to
C=c¢'[1l + r(N/100)] , 31

so the error band is some fraction of c¢' rather than an absolute amount.
The final value for the controlled variable, C, is also constrained to

be greater than zero (except in the case of temperature).
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2.3.2 On/off controllers

The controlling scheme for on/off controllers is shown in Fig. 4.
As for three-mode controllers, the computer starts by finding the value
of the variable being monitored. This value is compared with two set
points (referred to as upper and lower set points). TIf the monitored
value is higher than the upper set point, the controller turms the con-

trolled variable to the "on'" value. If the monitored value is below

ORNL -DWG 79-20531
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C—- FINAL VALUE FOR THE
CONTROLLED VARIABLE.

Fig. 4. Controlling scheme for an on/off controller.



the lower set point, the controlled variable is turned to the "off" value.
If the monitored value is between the upper and lower set points, the
controlled wvariable is turned to whichever state it was already in.

After determining whether the controlled variable is "on' or "off," the
controller imposes the noise or error band in the same way as with the

three-mode controller.

It should be noted that when the monitored value is between the
upper and lower set points, the computer determines whether the controlled
variable was "on" or "off'" by determining whether the previous value for

C is closer to c'n or This has consequences only when the noise
o

¥
Coff"

or error bands for C;n and c; overlap. In such a case, the controlled
{

ff

variable may switch between "on"

and "off"” when the random number causes
C to be in the overlapping region. This switching is generally an

unimportant consequence, and may be a useful property.

2.3.3 Variables that can be controlled or monitored

To give the user a large amount of flexibility in devising his
system, every feed-stream variable kept by the program may be controlled
independently and simultaneously. The feed~stream variables kept by the

program are concentrations, temperature, and flow rate.

An even more extensive variety of variables can be monitored. A
controller can monitor variables directly or indirectly. The directly
monitored variables include the concentrations, temperature, or flow
rate of any feed stream, and the concentrations, temperature, flow rate,
density, or volume of either phase in any stage in the contactor bank.
The flow rate of a stage in this case is the flow rate out of the stage

(such as Aj) rather than the flow rate to the next stage (Aj -~ Apj).

Certain variables (such as elapsed time or feed-stream density) can
only be monitored indirectly by using careful thought and subterfuge.
For example, monitoring elapsed time is useful in setting timers for
events such as a stream turnoff, or for setting alarms for events such
as unacceptable product concentrations. What is needed is a wvariable

that can be simply related to time. An obvious choice is volume, If a
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feed stream with a small flow rate is directed into a large, empty tank
(a stage used exclusively for this purpose), the accumulated volume in
the tank will be a direct measure of elapsed time. The feed stream and
tank combination are easily specified by proper use of the stage volume

parameters.

Monitoring the density of a feed stream is even easier. A feed
stream (identical to the desired stream) can be run through a stage
used exclusively for this purpose, and the density of the solution in
the stage can be monitored. This will introduce a small time delay in
the measurement, but that is generally unimportant. Ratios of plutonium
to heavy metal, sums of component concentrations, or stage inventories

can be monitored through use of similar, but more complicated, tricks.

These indirect measurements, when so specified, could have been accom-

modated by simple changes in the program. However, it is very difficult

to know what variables would be most desired by the general user. It is
even more difficult to devise a general scheme to specify, for example,
that the required variable is the ratio of plutonium leaving in the

product to the plutonium leaving in the waste. The user has the options

of modifying the program to his special needs, or contriving to get the
same information by indirect methods or clever tricks. Several tricks

with controllers are described more fully in Sect. 7.

2.4 Distribution Coefficients

The CONSEPT program can curyently work with the Purex process or the
Thorex process. For the most part, the correlations used to calculate
distribution coefficients are the same as those used in the SEPHIS-MOD4

program.

For the Thorex process the program calculates distribution coefficients
for uranium, thorium, and nitric acid. The distribution coefficient for
inextractable nitrates is assumed to be zero. The correlations used are
identical to those in the SEPHIS-MOD4 program,and the steady-state results

should also be identical.

For the Purex process the program calculates distribution coeffi-

cients for uranium, plutonium, and nitric acid. The coefficients for
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reduced plutonium, plutonium reductant, and inextractable nitrates are
assumed to be zero. A correction for the plutonium distribution
coefficient as described by Jubin" has been added. Because the correla-
tions in the SEPHIS-MOD4 program are in terms of molal units whereas

those in the CONSEPT program are in molar units, the molar concentrations
are converted before using the correlations, and the resulting distribu-
tion coefficients are converted back to molar units before they are used.
This method of conversion produces small discrepancies between the results

of the CONSEPT program and the SEPHIS~MOD4 program.

2.5 Plutonium Reduction Reactions

The mechanics of plutonium reduction are adapted lawxgely from the
SEPHIS-MOD4 program. The CONSEPT program allows instantaneous reduction,
reduction by uranium(IV), and reduction by hydroxylamine. The results of
the two programs differ moderately, and this difference is thought to be
due to two differences in the program. First, in the SEPHIS-MOD4 program
the reaction rate is determined by molal concentrations, whereas in the
CONSEPT program the rate is determined by molar concentrations. This

should result in small, but noticeable, discrepancies.

The second difference is in the method of factoring the extent of
reaction into the amount of solute initially present. In the SEPHIS-MOD4
program the extent of reaction is defined in terms of some amount of
solute reacted. This amount is then added (or subtracted) to the amount
of that solute in the stage. In the CONSEPT program the extent of reaction
is converted to a rate or generation term in Egq. (24). This rate, multi-~
plied by a weighting factor determined by the mass balance in Eq. (24),
is added (or subtracted) to the concentration in the stage. Ideally,
these two methods should produce the same results, but the different

assumptions and approximations produce discrepancies.

The differences between the two programs should nct be overstated.
They are generally small; and, as often happens in cases like this, it

is difficult to determine which method is truly more correct.
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3. OVERVIEW OF THE CALCULATIONAL ROUTINES

The equations for the mass balances are only the first hurdle toward
completing a model of solvent extraction. These equations must then be
fit into a coherent calculational routine so that every argument in a
particular equation has a previously computed value when that equation
is applied. The calculational routine in the CONSEPT program is primarily
in the STAGES subroutine. The subroutines for input and output are impor-

tant to the program, but they are not complex enough to warrant discussion.

The STAGES subroutine first calculates the aqueous volumes and flow
rates by applying the integrated form of Eq. (11) to calculate the volume
and Eq. (3) to calculate the flow rate. FEquation (11) indicates that
the only information required to compute the volume is the volume param-

eters kaj and V (constants read from the input cards), the feed-stream

g3
flow rate, and tﬂe flow rate from the preceding stage. The feed~stream
flow rate can be either a constant read from input cards or a controlled
variable. 1In the case of a controlled variable, the program uses the
value from the input card as an initial value for the first time increment.
For all subsequent increments, the program uses the previously calculated
value from the controller. The flow rate from the preceding stage was
calculated immediately before this stage was considered. The CONSEPT
program calculates for only one stage at a time, so when the aqueous
volumes are being computed, the program starts with stage one, which has
no preceding stage. After stage one has been evaluated, the program moves

to stage two, whose preceding stage now has a calculated value for the

flow rate.

After all of the aqueous volumes and flow rates have been computed,
the organic volumes and flow rates can be evaluated. The organic values
must be computed after the aqueous values because of the linkage in
Eq. (4). The calculation proceeds in the same manmer as for the aqueous
phase except that the routine starts with the last stage and moves

toward the first stage.
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This completes the fluid-flow problem. The flow rates and volumes
are evaluated first because they do not depend directly on any other
variables in the system as defined in Eqs. (1) through (4). There may
be an indirect dependence when a feed-stream flow rate is being con-
trolled. This indirect dependence is taken into account, but the effect

of the controllers has an implicit and generally insignificant time delay.

The calculation of concentrations and temperatures requires more
work from the computer. From Eq. (12) the concentration in a stage can
depend on the concentrations in both the preceding and succeeding
stages. Consequently, a direct, accurate calculation, as was used with
the volumes, is precluded. One of the variables will always be slightly
in error unless a very complex matrix inversion is used. 1In preferencé
to this method, the CONSEPT program uses a short predictor-corrector

type approach.

The program maintains values for variables for two points in time,
t and t 4+ At. When the concentrations are being evaluated, the program
lacks a value for the succeeding stage for time t + At. To bypass this
deficiency, the program makes a rough initial calculation by assuming
that the values it lacks for time t + At have not changed significantly
from the values at time t. After the rough calculation has been com~
pleted for all the stages, the procedure is repeated. However, for the
second calculation, the program now has a much better approximation for
the values it lacked in the first calculation. Thus the program first
predicts values it lacks, then it corrects its predictions for the

final calculation.

Within this predictor-corrector loop is the actual concentration
calcularion. The calculation is done in three distinct steps. The
first step is an iteration between Egqs. (12) and (15). The iteration
is to find a consistent set of distributioun coefficients and aqueous
concentrations. The second step is the partial application of Egq. (24).
This initial calculation assumes that the generation term is zero.

The result is the concentrations which would be found if there were no

reactions. These concentrations are used to determine the extent of
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reaction in the third step. The extent of reaction gives the final term

in Eq. (24) and the final calculated concentrations.

After the concentrations have been calculated, the program evaluates
the feed-stream controllers. The program scans through all of the feed-
stream variables to find which ones have process controllers. Upon
finding one, the program determines the new value for the controlled
variable depending on the controller scheme used and on the value of the

monitored variable.

At this point the program has values for every variable at times t
and t + At. All of these values are used to check the convergence to
steady state. The rate of change for every variable is checked against
a tolerance. The maximum change for each phase is printed by stage with
the concentration profile, which gives the user an indication of the

magnitude and location of the changes in the system.

This completes the calculation for the new point in time, so time

is incremented and the calculation is repeated.
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4. ACCURACY OF THE MATHEMATICS

Several approximations were made in deriving the wass balance
equations. To check the accuracy of the resulting equations and to show
the influence of the time increment, several trial calculations were
performed. The behavior of the program was compared with ideal behavior

for volume balances, solute balances, and controller behavior.

The examples in this section should give the user an indication of
the mathematical errors to be expected. These examples are comparisons
with mathematical ideality, and should not be misinterpreted as compari-

sons with actual solvent extraction system behavior.

4.1 Accuracy of Volume Balances

The accuracy of the volume balances was tested by comparing the
program results with the analytical solutions. 1In this way, the influence
of the approximations could be ascertained. These comparisons were made
for a few values of Atk to show the influence of the time increment on

the calculation.

The comparisons were done on a system of three consecutive tanks
(Fig. 5). To simplify the problem, the volume proportionality constants
were all equal, and the set-point volume was zero. The analytical solu-
tion for this problem was obtained by directly integrating Eq. (1) for
each stage with the initial conditions that the system is empty and has

a constant feed rate. The analytical solutions are:

A

v, - {—1- [1 - exp(-kt)] , (32)
Aey

V2 = x [1 - (1 4+ kt)exp(-kt)] , (33
A 2.2

v, = - <1 ¥kt + h%)exp(-kt)] . (34)

The ideal situation is compared with the program results in Table 1.
The results of the program are given for three time increment values for

each of the three stages. 1In the first stage the calculated volumes are
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Fig. 5. Three consecutive tanks for testing the mathematical accuracy
of the program.

Table 1. Volume balance errors for k = 1.0

Elapsed
time Ideal At = 0.25 At = 0.5 At = 1.0
Stage 1 volume
1 0.6321 0.6321 0.6321 0.6321
2 0.8647 0.8647 0.8647 0.8647
3 0.9502 0.9502 0.9502 0.9502
4 0.9817 0.9817 0.9817 0.9817
5 0.9933 0.9933 0.9933 0.9933
Stage 2 volume
1 0.2642 0.2623 0.2565 0.2325
2 0.5940 0.5926 0.5883 0.5707
3 0.8008 0.8001 0.7977 0.7880
4 0.9084 0.9080 0.9069 0.9021
5 0.9596 0.9594 0.9589 0.9567
Stage 3 volume
1 0.0803 0.0803 0.0806 0.0856
2 0.3233 0.3219 0.3178 0.3029
3 0.5768 0.5753 0.5706 0.5521
4 0.7619 0.7607 0.7573 0.7432
5 0.8753 0.8746 0.8725 0.8637
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identical to those from Egq. (32). The size of the time increment seems
to have no influence. However, the influence of the time increment is
obvious in the results for the second stage.: An error is introduced in
the second stage because the program assumes that the flow rate out of
the first stage varies linearly over a time increment. This approxima-
tion becomes more exact as the time increment gets shorter and as the

flow rate from the previous stage changes more slowly. Thus the error
is initially large but decreases with time. The same is true for the

third stage.

Table 2 gives the same results for a larger value of the propor-
tionality constant. The larger value makes the volumes reach their
steady-state value much more quickly. In terms of the exponential approach
to steady state, the values at t = 1 in Table 2 are comparable to those

at £t = 4 in Table 1.

Table 2. Volume balance errors for k = 4.0

Flapsed
time Ideal At = 0.25 At = 0.5 At = 1.0
Stage 1 volume
1 0.2454 0.2454 0.2454 0.2454
2 0.2499 0.2499 0.2499 0.2499
3 0.2500 0.2500 0.2500 0.2500
4 0.2500 0.2500 0.2500 0.2500
5 0.2500 0.2500 0.2500 0.2500
Stage 2 volume
1 0.2271 0.2255 0.2201 0.1852
2 0.2492 0.2492 0.2490 0.2477
3 0.2500 0.2500 0.2500 0.2499
4 0.2500 0.2500 0.2500 0.2500
5 0.2500 0.2500 0.2500 0.2500
Stage 3 volume
1 0.1905 0.1858 0.1708 0.1397
2 0.2466 0.2466 0.2446 0.2315
3 0.2499 0.2499 0.2498 0.2491
4 0.2500 0.2500 0.2500 0.2500
5 0.2500 0.2500 0.2500 0.2500




24

Again, the values in the first stage are identical to the ideal
case regardless of the time increment size. Although the second stage
shows errors similar to those in Table 1, the errors are initially more
severe than those found in Table 1 but decrease more rapidly. The
results from the third stage show the same behavior except that the

initial errors are even more severe.

Thus, smaller time increment values result in smaller errors.
Larger values for the proportionality constant result in larger errors

which diminish more quickly.

4.2 Accuracy of Solute Balances

Testing the solute balances is more difficult because the concentra-
tions depend on both the incoming solute and the volume changes. The
concentrations incur errors from the assumptions made in their own equa-
tions and from the errors in the volume balance equatiouns. Tests for
these errors were performed for both constant volume and variable volume

systems. The influence of the size of the time increment was investigated.

The constant volume system is similar to that in Fig. 5 except that
the flow rates and volumes have come to steady state. To simplify the
system, unit volumes and flow rates were used. The system initially
contains only water, and the feed stream is of unit concentration. The
resulting concentration in the three stages was followed over time. An
analytical solution to the problem indicates that the concentrations

should ideally be described by

wAft
X = Xf.} - exp< v s (35)

[~ Aft —Aft '
X, = fo? - (% + v >exp< v > y (36)

At Alc? ~-A t
x, =x.(1 - (1 + f + £ ex £ (37)
3 £ v vz )P\ Ty ‘

and
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These equations are very similar to those for the volumes [Egs. (32)-
(34)] except that the proportionality constant k has been replaced by
Af/V. Thus the effect of decreasing the residence time, V/Af, should

be comparable to increasing the proportionality constant.

The results of this test are given in Table 3. As with the volumes,
the concentrations in the first stage follow the ideal solution exactly.
Concentration errors in the second and third stages show the same
dependence as those for the volumes although' the concentration errors
are larger than the volume errors. The cause of the difference is the

assumption that xmj in Eq. (12) is constant over the time increment.

How changing volumes influe¢nce errovs was tested in a one-stage

system. The feed stream had unit concentration and flow rate. Initially,

Table 3. Solute balance errors for a constant volume system

Elapsed
time Ideal At = 0.25 At = 0.5 At = 1.0
Stage 1 concentration
1 0.6321 0.6321 0.6321 0.6321
2 0.8647 0.8647 0.8647 0.8647
3 0.9502 0.9502 0.9502 0.9502
4 0.9817 0.9817 0.9817 0.9817
5 £.9933 0.9933 0.9933 0.9933
Stage 2 concentration
1 0.2642 0.2604 0.2487 0.1998
2 0.5940 0.5912 0.5826 0.5466
3 0.8008 0.7993 0.7946 0.7747
4 0.9084 0.9077 0.9053 0.8956
5 0.9596 0.9592 0.9582 0.9537
Stage 3 concentration
1 0.0803 0.0784 0.0734 0.0632
2 0.3233 0.3191 0.3066 0.2591
3 0.5768 0.5729 0.5611 0.5129
4 0.7619 0.7592 0.7511 0.7166
5 0.8753 0.8738 0.8689 0.8481
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the stage contained a unit volume with zero concentration. The stage

volume varied according to

A

V=V +-k£ [1 - exp(-kt)] ,

g (38)

where VS = k = 1.0, The analytical solution for the concentration is

“Agkt A e
Xe 1 - exp kVS+A. 1 *-EG; i1 - exp(-kt)] WV aA

(39)
f s f

More stages would have been tested, but the analytical solution to the

mass balance became too complex.

The results of this test are given in Table 4.

followed Eq.

The stage volume
(38) exactly regardless of the size of the time increment.
The stage concentration shows reasonably small errors due to the assump-
tion that the stage volume varies linearly over a time increment. [The

(24).1]

tion becomes more exact as smaller time increments are used.

assumption was made during the evaluation of Eq. The approxima-

Table 4. Solute balance errors for a variable volume system
Elapsed
time Ideal At = 0.25 At = 0.5 At = 1.0
1 0.5252 0.5260 0.5279 0.5352
2 0.7306 0.7311 0.7323 0.7358
3 0.8402 0.8405 0.8413 0.8433
4 0.9039 0.9041 0.9045 0.9057
5 0.9419 0.9420 0.9422 0.9430

of Three-Mode Controller

4.3 Accuracy

The equations defining the
than the volume and solute balances.
of approximations that must be made.
well-defined functions were used as
controller output was compared with

troller equation.

operation of a controller are much simpler

This simple form limits the number
To test controller accuracy, simple,
the input to the controller, and the

the analytical solution of the con-
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When the input to a controller is a constant value, the controller
equation [Eq. (28)] simplifies greatly. The analytical form for the

output of the controller is

K

c =8 +Ke<1+—5~>. (40)
c P Ky

This is a linear ramp in time. The calculation used zero values for
the set points, and unity for the controller constants. The results
are shown in Table 5. As expected, the results match the analytical

form exactly, regardless of the time increment.

Table 5. Controller errors for a constant input

Elapsed
time Ideal At = 0.25 At = 0.5 At = 1.0
1 2.0 2.0 2.0 2.0
2 3.0 3.0 3.0 3.0
3 4.0 1.0 4.0 4.0
4 5.0 .0 5.0 5.0
5 6.0 6.0 6.0 6.0

When the input to the controller is a ramp, the output on the con-

troller is a quadratic equation. Substituting the ramp
e =t (41)

into Eq. (28) produces

2
. t
c SC + Kp(t + TKi + Kd> . 42)

The calculation used zero values for the set point, and unity for the
controller constants. The results are shown in Table 6. Again, the

results match the ideal form exactly for any time increment size.

Using a quadratic equation as the input to the controller should

produce a cubic equation as the output. In this case the input function
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Table 6., Controller errors for a ramp input

Elapsed

time Ideal At = 0.25 At = 0.5 At = 1.0
1 2.5 2.5 2.5 2.5
2 5.0 5.0 5.0 5.0
3 8.5 8.5 8.5 8.5
4 13.0 13.0 13.0 13.0
5 18.5 18.5 18.5 18.5
was
e =1+t + (t2/2) , (43)
and the resulting ideal equation is
_ 1 t2 1 3
c—SC+Kp[l+Kd+t<l+Ki+Kd>+2<1+Ki>+6Ki]. (44)

The calculation used zero values for the set points, and unity for the
controller constants. The discrepancies between the ideal wvalues and
those calculated by the CONSEPT program (Table 7) are due to the approxi-
mations made in evaluating the integral and derivative terms in Eq. (28).
The errvors diminish as the time increment is shortened and the approxima-

tions become more exact.

Table 7. Controller errors for a quadratic input

Elapsed
time Ideal At = 0.25 At = 0.5 At = 1.0
1 6.167 5.922 5.688 6.250
2 13.33 13.09 12.88 12.50
3 24.50 24 .27 24.06 23.75
4 40.67 40.44 40.25 40.00
5 62.83 62.61 62 .44 62.25

Accuracy of controller operation is related to the functionality
of the input error, the size of the time increment, and the controller

constants. For simple input errors where the second devivative is always
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zero, the controller follows the analytical solution to Egq. (28) exactly
regardless of the time increment and the controller constants. When the
error has a non~zero second derivative, the controller follows the
analytical solution, but not exactly. The difference between the analyti-

cal solution and the calculated result is related to the time increment

size.
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5. INPUT CARDS FOR THE CONSEPT PROGRAM

The formats of the input cards, given in Table 8, are generally
comparable to those used for the SEPHIS-MOD4 program. Although the
cards are generally self-explanatory, the user is strongly urged to
refer to the following sections on using the program. Advice on choos-
ing values for the variables and some examples are given to clarify

these cards.

Table 8. 1Input card formats for the CONSEPT program

Card
Card columns Variable description
1 FORMAT (12, 14, 2F8.0, 212) start of the next case
1-2 NTTL = pumber of title cards (up to 10).
3-6 NTOST = number of stages (up to 100).
7-14 CTBP = yolume fraction of TBP in the organic phase.
15-22 TEMPI = initial and default temperature (°C).
24 IRXN = switch for the plutonium reduction reaction,
= 0 for no reduction,
= 1 for instantaneous reduction,
= 2 for reduction by U(IV),
= 3 for reduction by hydroxylamine.
26 IPROCE = switch for the process being used,
= (O for Purex,
= 1 for Thorex.
2 FORMAT (10A8) title cards
1-80 TITLE = up to 10 cards of text describing the
calculation being performed.
3 FORMAT (4F8.0, 512) start of the next time period
1-8 DTHETA = time increment (s).
9-16 DPRINT = time between successive profile printings (s).
17-24 TSTOP = time when the calculations will stop if the
tolerance is not met (s).
25--32 TOL = tolerance on the rate of change to determine

when a steady state has been achieved (%/s).
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Table 8 (countinued)

Card
Card columns Variable description

34 NEWIN = gwitch for reading new feed stream cards,
= (0 if no feed stream cards are to be read,
= 1 is all new feed stream cards are to be read,
= 2 if only revisions to the existing feed

streams are to be read.

36 NEWOUT = switch for reading new product stream cards,
= (0 1f no product stream cards are to be read,
= 1 1if all new product stream cards are to be

read,
= 2 if only revisions to the existing product
gtreamg are to be rvead.

38 IVOL = gwitch for reading new volume constants,
= 0 if no volume constant cards are to be read,
= 1 if all new volume constant cards are to be

read,
= 2 if only revisions to the existing volume
constants are to be read.

40 IPRO = gwitch for reading an initial profile,
= 0 if no profile is to be read,
= 1 if an initial profile is to be read.

42 IPNCH = switch for punching a final profile on cards,
= ( if the final profile is not to be punched,
= 1 if the final profile cards are to be

punched.
4 FORMAT (14, 12, 8F8.0, 212) feed stream cards
1-4 J = gtage number where this feed stream enters.
6 K = phase,
= 1 for aqueous,
= 2 for organic.
7~14 CON(1) = nitric acid concentration (mol/L).

15-22 CON(2) = uranium concentration (g/L).

23-30 CON(3) = plutonium(IV) concentration (g/L).

31-38 CON(4) = plutonium(III) concentration (g/L).

39~-46 CON(5) = reductant concentratiocn (mol/L).

4754 CON(6) = inextractable nitrate concentration (mol/L).

55-62 CON(7) = temperature (°C),

63-70 CON(8) = flow rate (L/s).
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Table 8 (continued)

Card
Card columns Variable description
72 INDEX = switch for more feed stream cards,
= 0 if no cards remain,
= 1 if more feed stream cards follow.
74 ICONTR = switch for controller cards for this feed
stream,
= 0 if no controller cards follow,
= 1 if controller cards follow.
For the Thorex process CON(3) -~ CON(5) change
23~30 CON(3) = thorium concentration (g/L).
31-38 CON(4) = not defined.
39-46 CON(5) = not defined.
5 FORMAT (12, I4, 212, 8F8.0, I2) cootroller cards
2 L = number of the feed stream variable being
controlled: CON(L) on the preceding feed
stream card will be controlled as specified
by this card.
3-6 JM = number of the stage being monitored by this
controller,
> 0 for three-mode control,
< 0 for on/off control.
8 KM = gwitch for phase being monitoered,
= 1 for an aqueous bauk variable,
= 2 for an organic bank variable,
= 3 for an aqueous feed stream variable,
- 4 for an organic feed stream variable.
9-10 1M = number of the variable being monitored,
= 1-8 same as CON(1l) ~ CON(8) on the feed
stream card,
= 9 volume (L) only for bank variables,
= 10 density (kg/L) only for bank variables.
For three-mode controlling
11-18 CON(1) = set point for the monitored variable.
19-26 CON(2) = proportional gain.
27-34 CON(3) = integral time (s).
35-42 CON(4) = derivative time (s).
43~50 CON(5) = set point for the controlled variable.
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Table 8 (continued)

Card
Card columns Variable description

51-58 CON(6) = errvor band on the outgoing value (%).

59-66 CON{7) = maximum value allowed for the controlled
variable (applied before the error band).

67~-74 CON(8) = minimum value allowed for the controlled
variable (applied before the error band).

For on/off controlling

11-18 CON(1l) = upper set point for monitored variable.

19-26 CON(2) = lower set point for monitored variable.

27~34 CON(3) = not defined.

35-42 CON(4) = not defined.

43-50 CON(3) = not defined.

51-58 CON(6) = error band applied to the outgoing value (%).
59-66 CON(7) = outgoing value after the monitored variable
is greater than CON(1l).

67-74 CON(8) = outgoing value after the monitored variable
is less than CON(2).
76 ICONTR = switch for controller cards for this feed
stream,
= 0 1if no more controller cards follow,
= 1 if other controller cards follow.
6 FORMAT (T4, 12, ¥8.0, I2) product stream cards
1-4 J = gtage number from which the product stream
is removed.
6 K = phase,
= 1 for aqueous,
= 2 for organic.
7-14 PFLO = maximum flow rate for the product stream
(L/s).
16 INDEX = switch for product stream cards,
= 0 if no product stream cards follow,
= 1 if more product stream cards follow,
7 FORMAT (14, 4F8.0, 12) volume constant cards
1-4 J = gtage number.
5-~12 VT = total stage volume (L).
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Table 8 (continued)

Card
Card columns Variable description
13-20 VS = aqueous set point volume (L).
21-28 CA = aqueous proportionality constant (s~}!).
29-36 Cco = organic proportionality constant (s~1).
38 INDEX = switch for volume constant cards,
= 0 if no volume constant cards follow,
= 1 if more volume constant cards follow.
8 FORMAT (9F8.0) initial profile cards

An aqueous card followed by an organic card is

required for each stage.
1-8 CON(1) = nitric acid concentration (mol/L).
9-16 CON(2) = uranium concentration {g/L).
17-24 CON(3) = plutoniuwm(IV) concentration (g/L).
25-32 CON(4) = plutonium(III) concentration (g/L).
33-40 CON(5) = reductant concentratioun {(mol/L).
4148 CON(6) = inextractable nitrate concentration (mol/L).
4956 CON(7) = temperature.
57-64 CON(8) = flow rate out of the stage (L/s).
65-72 CON(9) = volume (L).

For the Thorex process CON(3) - CON(5) change
17-24 CON(3) = thorium concentration (g/L).
25-32 CON(4) = not defined.
33-40 CON(5) = not defined.




6. GENERAL USE OF THE CONSEPT PROGRAM

A mere listing of the input card formats cannot indicate the con~-
siderations and contingencies that went into the CONSEPT program. Imple-
mentation of the ideas in the program led to many potentially useful
consequences which are not immediately apparent. Many abilities of the
program will not be utilized until the user considers carefully what he
would like the program to do. The examples in Sect., 8 should help to

broaden the user's understanding of the program's potential.

Before specific examples are given, some advice on choosing values
for the variables will probably be useful. The choices for some of the
variables are linked through their functionality in the integrated mass
balances. Some of the variables need a simple explanation to clarify
the impact of a particular choice, or to show the flexibility built into

the program.

6.1 Choosing a Value for DTHETA

DTHETA is the time increment used for the calculations. 1In general,
the integration becomes more accurate when smaller values of DTHETA are
used. This is a consequence of an implicit approximation that the system
is changing fairly slowly from one point in time to the next. As DTHETA
is decreased, the magnitude of the changes during one time interval is

decreased, making the approximation more exact.

This vague explanation of the effect of DTHETA does little to help
in choosing a value. However, the specific equations involving DTHETA
show its use in the program and its dependence on other variables. In
calculating aqueous volumes and flow rates, the terms used in the equa-
tions are Atka and exp(—Atka). In these equations a better integration
is achieved if the product Atka is small (<n0.5) for each stage. Simi-
larly for the organic phase, it is desirable to keep the product AtkO
small. This means that as larger values for the proportionality con-
stants ka and ko are used, smaller values for DTHETA are desirable. A

more explicit characterization of the accuracy is given in Sect. 4.
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In calculating concentrations the most common form for DTHETA is as
a ratio to the residence time. When there is flow into the stage, the
+
terms are exp[_At(Afj4-Aj_l)/Va] and exp[iAtA(Afj + Aj_l/AVa]. In these
cases, the integration becomes more exact as the exponentials approach
1.0. Again, smaller values for DTHETA are desirable. A more explicit

example of the effect of DTHETA on accuracy is given in Sect. 4.

DTHETA pervades almost every aspect of the program. As should be
expected, a smaller value for DTHETA helps the program more accurately
follow the changes taking place in the system. An important conflicting
consideration is that as DTHETA is decreased, the computing time is
increased. The user must balance these conflicting priorities according

to his requirements.

6.2 Other Variables on Card 3

Although DTHETA is probably the most important variable on card 3,
the other variables control the input/output functions of the program and
require an explanation. DPRINT is the elasped time between profile print-
ings and as such regulates the amount of printed output. When DPRINT is
set equal to DTHETA, every calculated profile is printed. Setting DPRINT
to larger multiples of DTHETA results in less printed output when the
detail of every calculated profile is not necessary. TOL regulates when
the calculations will stop since a steady state has been achieved. A
value of 0.0001 is usually sufficient. A negative value for TOL, such as
~1.0, requires the program to calculate until TSTOP is reached, regardless

of steady state.

The switches on card 3 are generally simple to understand. However,
the difference between revisions and all new values needs an explanation.
When all new values are to be read in, the program reinitializes all the
pertinent variables in preparation for the incoming information. However,
when revisions are made, no reinitialization is done so that all the old
information is still present and will be used unless the values are
overwritten. This can be useful in continued caleculations where only

one feed stream needs to be changed. Initial profiles cannot be revised;
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they can only be replaced. It should also be noted that the entire system

is reinitialized after card 1 is read.

6.3 Controller Cards

To specify a controller, the computer must first, and most obviously,
be told what is being controlled; Fach controller card is associated with
the preceding feed-stream card, so the first variable on the controller
card indicates to which of the eight feed-stream variables this controller

pertains.

As important as which variable is being controlled is which variable
is being monitored by this controller. The system used by the program to
locate the variable being monitored requires (1) the stage number,

(2) whether the variable is in a feed stream or in the contacter bank,
(3) the phase, and (4) the variable, By checking whether the stage
number is positive or negative, the program determines whether the con-

troller is a three-mode or an on/off controller.

The remaining information on the controller card is the constants
defined in Figs. 3 and 4. The constants are generally straightforward
in their meaning with one notable exception. The integral time for the
three-mode controller [Ki in Eq. (28)] cannot be zero since division by
zéro is undefined. However, a zero value for the integral time on the
input card will be changed to 1.0E+40, effectively removing any integral

control.

The mere use of controllers does not imply that the system will be
in control. The controller constants can be set as degired, but poorly
chosen values can produce an unstable response. Like their real counter-
parts, when the controllers in the CONSEPT program are not properly tuned,
their response will show oscillations that increase in size or simply

"peg'" at the maximum or minimum value,
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6.4 Product-Stream Cards

The product-stream cards describe where streams are removed from
the system and the maximum flow rates for those streams. I1f only a sample
product is to be removed, the sample amount should be used for the flow
rate. If the entire stream is to be removed, the stream flow rate or,
preferably, some larger amount should be used for the flow rate. It is
important to understand that although a certain flow rate may be entering
a stage or section of equipment, that does not mean that the exiting or
product-stream flow rate is limited by that amount. In very many cases,
exiting flow rates during transient periods will exceed the flow rate of
the entering stream. This is especially true of the organic phase. At
the other extreme, if nothing is flowing out of a stage where a product
stream has been specified, no product stream will be removed. In this
case the maximum flow rate specified on the product-stream card will
still be retained for the eventuality that at some time a stream will

flow out of that stage.

6.5 Volume Constant Cards

The variables that determine the relationship between flow rates and
volumes in a stage are defined in Egs. (1) through (9). The CONSEPT pro-
gram does not require that both (or either) phase(s) be found in a stage.
One or both phases may be missing; one or both phases may not flow into
the stage; and one or both phases may not flow out of the stage. However,
the volume parameters are still required for each stage. The total or
aqueous set~point volumes may be zero, but the proportionality constants

must be greater than zero.

An aqueous stream will not flow out of the stage until the aqueous
volume exceeds the aqueous set-point volume. Likewise, an organic stream
will not flow out of the stage until the sum of the aqueous and organic
volumes exceeds the total volume. These properties can be used to specify
in-line tanks in the system. TFor an aqueous tank, both the total volume
and the set-point volume are set to high values. For an organic tank,
only the total volume need be set to a high value. Thus, when a phase

flows into the tank, it will take a very long time before any flows out.,
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After all the volume constant cards have been read, the program
checks to be sure that every stage has the required values. If a stage

lacks a value, the value from the previous stage is used.

6.6 Initial Profile Cards

The initial profile cards are used to specify the initial state of
the system. Each stage requires an aqueous card followed by an organic
card. If an initial profile 1s not specified, the previous profile will
by used. On the first calculation, the previous profile is a totally
empty system,

6.7 Ending Calculations

After the last input card for a time period has been read, the pro-
gram starts calculating and printing as specified, When the convergence
tolerance has been met, or when the elapsed time has reached TSTOP, the
calculations stop and another card 3 is read. Here, three choices are
possible. If the card is simply giving new values for the various vari-
ables, the program will continue working as before. If DTHETA = 0.0 and
DPRINT = 1.0, the program starts over again by reading a card 1 and
reinitializing the system. If DTHETA = (0.0 and DPRINT = 0.0, the program

stops,
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7. CREATIVE USE OF THE CONTROLLERS

The variables on the controller cards are defined in Sect. 2.3.
Their use as ordinary three-mode or on/off controllers is self-evident
and will not be discussed in this section. There are many alternative
uses for the controllers which generally disregard the purpose of
"controllers" and merely use the controlling schemes as a convenient

means to achieve the desired end.

7.1 Routing Streams Within a System

With the SEPHIS-MOD4 program, special variables were used to move an
organic stream from one place in the system to another. These variables
are not required by the CONSEPT program because the same function can be
accomplished with the controllers. It is important to keep in mind that
the program does not realize that it is rvouting a stream within the
system. The program just responds to a particular feed stream controlled

in a particular way.

For an example, the organic stream leaving stage 5 is to be routed
to stage 2, We can consider this as an organic feed stream to stage 2
while the stream leaving stage 5 is a product stream, We would like
every aspect of the feed stream to be identical to that of the product
stream. In describing the feed stream to stage 2, the values on the
feed-stream card are only initial values and can be set as desired. In
the subsequent controller cards, the controller for each variable is set
to monitor the corresponding variable in stage 5; that is, the controller
for the acidity of the organic feed stream to stage 2 is set to monitor
the acidity of the organic phase in stage 5 (and hence, the acidity of
the product stream leaving stage 5). Recalling the entire action of a

three-mode controller, the output of the controller is given by

1 L, dm N
Sc + KP [(m - sm> + Kl f (m - Sm> dt + Kd dtJ (1 + 100 r) . (45)

The overall intent of this particular controller is to require that the

(@]
I

acidity of the organic feed to stage 2 be equal to the acidity of the
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organic phase in stage 5, or C = m at all times. The only place where m

appears alone is in the proportional term, so the integral and derivative

control should be removed by setting Ki = Kd = (0,0 on the input card.
Ignoring the error band (N = 0.0) leaves
C=s5_+ Kp(m - 8) . (46)

The obvious solution to the problem is then achieved if SC = Sm = 0.0
and Kp = 1.0. The maximum and minimum values must be set to accommodate
the expected range. This completes the description of the controller for
acidity. The same idea is used for the controllers for each of the other
feed-stream components. The following cards are the solution to this
example and will have the effect of using any organic solution flowing

out of stage 5 as the feed to stage 2.

2 2 0.0 0.0 0.0 0.0 9.0 0.0 40.0 0.0 11 FEED STREAM CARD
1 5210.0 1.0 0.0 0.0 0.0 0.0 10.0 2.0 1
2 522 0.0 1.0 0.0 0.0 0.0 0.0 300.0 a.0 1
3 523 0.0 1.0 0.0 0.0 0.0 0.0 100.0 0.0 1
L) 524 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 1 CONTROLL®ER CARDS
5 525 0.0 1.0 0.0 0.0 0,0 0.0 1.0 0.0 1
6 526 0.0 1.0 0.0 0.0 0.0 0.0 1.0 0.9 1
? 527 0.0 1.0 0.0 0.0 0.0 0.0 70.0 20.0 1
q 528 0.0 1.0 0,0 0.0 0.0 0.0 100.0 0.0 0

Minor variations on this idea are numerous. Heaters or coolers on
the stream are specified by adjusting the temperature controller. Elimi-
nating the temperature controller will keep the feed~stream temperature
constant at its initial value (40°C in this case). Evaporators merely
require different values for the proportional gain in Eq. (46). TFor
example, 2.0 for concentrations and 0.5 for the flow rate will double the

concentrations as if half of the solution had been boiled away.

7.2 1Inserting Errors in "Uncontrolled" Feed Streams

It is sometimes instructive to know how a particular system will
react when the feed streams are not accurately known. This can be tested
with the use of controllers because many types of errors can be produced
by them. Strictly random errors are generated by using the noise on the
controller. Systematic errors (square waves or sine waves) can be pro-

duced by properly manipulating the on/off and three-mode controlling
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schemes. A random walk error results from manipulating the three-mode
controlling scheme in yet another manner. Ingenuity will undoubtedly

lead to other error forms.

7.2.1 Random errors

Suppose we want to impose a random error on the feed-~stream flow
rate (2.5 L/s * 5%) while leaving the concentrations constant. Using
the three-mode operation from Eq. (45), it is immediately apparent that
only a small part of the operation is necessary to achieve the simple

error. Setting the proportional gain (Kp) to zero leaves only

_ N
C = Sc(l + 100 r) . 47

Thus the set point for the controlled variable is equal to the nominal
flow rate (SC = 2.5), and the noise is set to the proper level (N = 5.0).
The other variables on the controller card do not affect the result, but
they should still be set to reasonable values. 1In this case the control-
ler is set to monitor itself, and the other constants are set to zero.
The maximum and minimum are set appropriately. The cards to do this

are reproduced here.

.0 300.0 3.0 0.0 0.0 0.0 60.0 2.5 11 FRED STREAM CARD
8 0.0 3.0 0.0 0.0 2.5 5.0 2.63 2.37 0 CONTROLLPR CAPD

On/off controllers can be used in a similar manner to give random

variations about ¢' and c¢'...
on off

7.2.2 Systematic errors

When random errors are used as in Sect. 7.2.1, the error changes each
time increment so that within a few stages, the impact of the error will
be severely moderated. A systematic error or an error that varies in a
more predictable manner will affect the system in a different way. System-
atic errors can be produced with many different methods. The two examples

described here are only illustrations of rhe more general techniques.
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The first method will produce a square wave using an on/off controller;

the second method will produce a sine wave using a three-mode controller.

A square wave is a simple consequence of an on/off controller.
Recalling the general scheme from Fig. 4, the values for Cén and cgff
can be used as high and low conditions for the square wave. The only
question remaining is how to switch between the "on'" and "off" conditions
or how to set SU and SL' In the case of the stage 7 feed-stream flow
rate (2.5 L/s + 5%), the switching mechanism can be set by realizing that
when the feed rate changes from 2.5 + 5% to 2.5 ~ 5%, the flow rate
leaving that stage will also begin to change. Thus if the feed flow
rate controller is set to monitor the flow rate leaving stage 7, SU and
SL can be set near to the expected maximum and minimum flow rates., The

cards for this case are shown here.

3.0 300.0 3.0 0.0 0.0 2.0 60.0 2.5 11 FFPED STREAY CARD
18 3.60 3.40 0.0 .0 0.0 0.0 2.275 2.625 0 CONTROLLER TAPD

a3
When the flow rate leaving stage 7 exceeds 3.60 L/s, the feed-stream
flow rate to stage 7 is changed from 2.625 to 2.375 L/s. Decreasing the
feed flow rate will eventually decrease the flow rate leaving the stage.
The time required for the flow rate to diminish depends on the volume
proportionality constants. When the flow rate leaving stage 7 falls
below 3.40 L/s, the feed-stream flow rate is changed back to 2.625 L/s,

thus completing the cycle that forms the wave.

In this case the square wave is very regular and symmetric, spending
as much time "on" as "off." More irregular waves can be formed by adjust-
ing the values for SU and SL closer to or further from the absolute extreme
flow rates expected for stage 7 (in this case 3.625 and 3.375 L/s since
there is a 1.0-L/s stream coming from the previous stage). The controller
can be made to change at random intervals by monitoring another feed
stream which has a noise band and setting SU and SL in relation to that
noise band,

Sinusoidal errors or errors with other shapes can be achieved in a

more indirect manner. In this method a variable elsewhere in the system
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which is changing in some desired fashion is adjusted and added to the
nominal value of the feed-stream flow rate. Again in this case the
aqueous feed flow rate to stage 7 is to be 2.5 L/s * 5%. 1In this calcu-
lation, the temperature in stage 15 is somehow varied sinusoidally between
30 and 60°C. The solution starts with Eq. (46), which is a three-mode
controller with Ki = Kd = N = 0.0. The value for the monitored variable
(m) is varying between 30 and 60; but since we would like a variation
about zero, Sm is set to 45. Thus, m - Sm will vary from -~15 to 15,

The proportional gain (Kp) is used to scale the %15 to the desired *5%

of 2.5 L/s, so Kp = 0.008. The set point for the controlled variable

(Sc) is the nominal flow rate. The final equation is
C= 2.5+ 0.008(m - 45) . (48)

When the value of the monitored variable varies from 30 to 60°C, the
value of the controlled variable (the flow rate) will vary between 2.38

and 2.62 L/s. The cards to do this are shown here.

3.0 300.0 3.0 0.0 0.0 9.0 60.0 2.5 L PRED STREAY CARD
17

1
A 15 45.0 0.008 0.0 0.0 2.5 9.0 2.62 2.37 0 CONTROLLER CARD

7.2.3 PRandom walk errors

Random walk errors are entirely different from the random errors
discussed in Sect. 7.2.1. With a random walk the controlled variable
wanders within an interval rather than constantly jumping within the
interval. The walk uses a mechanism whereby the new value for the con-
trolled variable is only slightly changed from its previous value. This
is accomplished by having the controller monitor itself so that the value
of the monitored variable (m) is also the previous wvalue of the controlled
variable (C). Starting with Eq. (45) and again setting Ki =K, = 0.0 on

d
the input card, but allowing for noise, results in

- N
C = l:SC + Kp(m - sm)]<1 + mr) ] (49)

The expression in brackets is simplified by setting K_p = 1.0 and SC =

Sm = 0.0 to give

C = m<1 + %61') ) (50)
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Thus the new value of the controlled variable will be changed only slightly
from its previous value if the noise is reasonably small., For the example
of the flow rate, the error interval is from 2.37 to 2.63 L/s. To make

the flow rate wander rather than jump around within the interval, the

noise band (N) is set to a small fraction of the interval width. 1In this
case the largest flow rate change from one time increment to the next is
0.021 L/s or 8% of the width of the interval (N = 0.84%). The cards

used for this example are presented here.

300.0 3.0 0.0 0.0 0.0 50.0 2.5 1 FEED STRRAM CAPD
0.0 1.0 0.0 0.0 0.0 0.84 2.62 2.37 0 CONTROLLER CTA®D

The random walk is limited by the maximum and minimum values specified
(with some allowance for the noise band since the noise is imposed after
the maximum/minimum test). This method has a slight bias toward the
minimum value because the size of a step is smaller in that region. This
would be especially noticeable if the minimum were zero. If the value
of the controlled variable ever became zero, Eq. (50) would then produce
only zero. These biases can be limited or changed by manipulating Sé

and Sm or by including some amount of derivative control.

7.2.4 Results from the example errors

The differences between these types of errors are shown in Fig. 6.
With random errors, the flow rate jumps around within the specified
range. With square~wave errors, a periodic shift between the "on'" and
"off" values is produced. The sinusoidal variation in temperature was
converted to a sinusoidal error in the flow rate in the third example.
Finally, the flow rate with the random walk errors wanders within the
given interval without jumping around too much. The CONSEPT program can
produce other forms of similar errors by properly setting the constants

for the controllers.

7.3 General Mathematics Using Controllers

At times 1t will be useful to have the program perform mathematical

operations automatically to obtain a result that is subsequently used for
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Fig. 6. Results from the errors used as examples.

controlling the process. Examples of this are plutonium reoxidation
(adding), estimating uranium concentrations (subtracting), measuring
inventories (multiplication), and calculating plutonium contents (divi-
sion). These operations are all examples of indirect monitoring or
controlling in which pseudo-stages are created exclusively to do the
given operation. A large degree of careful consideration is required

to construct the solutions to these problems.
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7.3.1 Addition

Using the program to add two or more variables is relatively easy.
In this example the problem is to reoxidize any plutonium(III) leaving
stage 14. This involves only the addition of the plutonium(IIL) concen~
tration to the plutonium(IV) concentration. The final result will be

used as the plutonium(IV) concentration in the feed to stage 15.

One easy way to perform addition is with flow rates as shown in

Fig. 7. 1f, for example, the flow rate of the aqueous feed stream to

ORNL OWG B0O-236

Pu (IX) Pu (III)
A¢oo = CONCENTRATION A¢, = CONCENTRATION
l IN STAGE 14 l IN STAGE {4
TOTAL Pu
20 -t 24 —-—->A2,= CONCENTRATION
IN STAGE 14

Fig. 7. An example using flow rates to add concentrations.

stage 20 (A ) is set equal to the plutonium(IV) concentration and the
£20

flow rate to stage 21 (A.,.) is set equal to the plutonium(III) concen-

£21
tration, then the flow rate out of stage 21 (A21) will be the sum of
the two concentrations with some amount of time delay. Equating the
feed flow rates to the concentrations is done in exactly the same manner
as is discussed in Sect. 7.1 where the feed acidity was set equal to the
acid concentration in another stage. The cards required to perform this

addition and to transfer the resulting solution to stage 15 are repro-

duced here.

0.0 0.0 0.0 2.0 0.0 0.0 0.0 11 FPRED STREAM CARD

15 1 0.0

1 16 11 0.0 1.0 0.0 0.0 0.0 0.0 5.0 0.0 1

2 % 12 0.0 1.0 0.0 0.0 9.0 0.0 200.0 0.0 1

3 2118 0.0 1.0 0.0 0.0 0.0 0.0 100.0 2.0 1 CONTROLLER CARDS
7 117 0.0 1.0 0.0 0.0 0.0 0.0 79.0 20.0 1

3 14 t8 0.0 1.0 0.0 0.0 0.0 0.0 13.0 0.0 ]

20 1 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 L FEED STREAM CARD
9 1113 0.0 1.0 0.0 0.0 0.0 0.0 100.0 0.0 0 CONTROLLER CARD
21 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 01 FEED STIEAYN CACD
8 14 14 0.0 1.0 0.0 0.0 0.0 0.0 100.0 3.0 0 CONTROLLER CARD
14 1 1000.0 O SRODUCT ST2EAM CARD

This idea can be extended to weighting the variables by changing the

proportional gain. Averaging two numbers uses 0.5 as the proportionality.
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7.3.2 Subtraction

Although subtraction is merely addition of a negative number, the
program will not allow the same solution as for addition. The program
will not allow a negative concentration or flow rate; however, the pro-
gram will allow negative temperatures, and these can be used for subtrac-
tion. Considering only one phase, the temperature resulting from the
addition of two streams would be a flow rate weighted average. The

averaging must be considered when determining the proportional gains.

For this example we would like to estimate the aqueous uranium
concentration in stage 4 by using the density and temperature in the

stage. The equation used for the estimate is

U = 1000(p - 0.9 - 0.0013T) .~ (51)
We can reorganize this to

U = 1000(p ~ 0.9) - 1.3T . (52)

Employing Eq. (46) for two separate temperature controllers, the 0.9
becomes the set point for the monitored density (Sm). The 1000 and ~1.3
are the proportional gains (Kp), but because we are employing temperature
as the mechanism for the subtraction, we must consider the impact of
Eq. (16) for calculating temperatures. For this example Eq. (16) can be

reduced to

S 1 B 1 (53)
A+ A,
Using equivalent flow rates,
T = 0.5(T) +1,) . (54)

Thus, to obtain the proper sum (or difference, in this example), the

proportional gain is doubled as shown in the final solution in Fig. 8.

This equation is not based on data and is given only for the sake
of example.
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Tysq = 2000(p4e-0.9) Tiag = ~2.6T,
A= 20
34 ol 35 |—» 35
T35 = 1000(p4 -0.9-0.0013T,)

Fig. 8. An example using temperatures in subtraction.

The controllers are specified by the following cards. The estimate of

uranium concentration is the resulting temperature in stage 35.

34 1 0.0 0.0 0.0 0.0 0.9 0.0 0.0 1.0 11 FEED STREAM CARD
7 4 110 0.° 2000.0 0.0 0.0 0.0 0.0 500.0 3.0 0 CONTROLLER CARD
35 1 0.0 0.0 9.0 0.0 0.0 0.0 0.0 1.0 01 FEED STREAM CAPD
7 417 0.0 -2.6 0.0 0.0 0.0 0.0 4.0 ~-500.0 0 CONTROLLER CARD

This method can also be used for addition. In fact, each concentration
in stage 35 could have been used for a separate addition problem (keep-
ing in mind that plutonium and the reductant will react if both are
present in the stage). These methods will result in terrible answers
for the phase density, or for the distribution coefficients if both
phéses are present in the stage. However, since these pseudo stages
are being used exclusively for ulterior motives, a second phase should

not be present and the density should be ignored.

7.3.3 Multiplication and division

Multiplication and division in the CONSEPT program exploit the com-
ponents with distribution coefficients equal to zero: plutonium{III),
reductant, and inextractable nitrates. To multiply or divide, an organic
feed stream containing one of these components is contacted with an
aqueous stream. All of the solute must transfer to the aqueous phase,

so the steady~state mass balance being exploited is
x = Oy/A . (53)

For multiplication, the aqueous flow rate can be unity. For division,

the organic flow rate or concentration can be unity. An important added
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consideration is that extreme flow ratios will not work as described

[see Eqgs. (17) and (18)].

An example of multiplication is the inventory in a stage. The
volume is multiplied by the concentration. The following cards will
calculate the aqueous uranium inventory in stage 7 according to the
scheme shown in Fig. 9. The product of the multiplication is the aqueous

reductant concentration in stage 23,

23 1 0.0 0.0 0.0 0.0 0.0 0.0 40.0 1.0 10 FEED STRFAY CARD
23 2 0.0 0.0 0.0 0.0 0.0 2.0 40.0 0.0 Q1 FFPED STR®AY CARD
S 712 0.0 1.0 0.0 0.0 0.0 0.0 300.0 0.0 1 CONTROLLER CARD
8 7 19 0.0 1.0 0.0 0.0 0.0 3.0 100.0 9.0 0 COKTROLLER CARD
ORNL DWG 80 -238
Ofp3 = STAGE 7 AQUEOUS VOLUME
Yio3 = STAGE 7 AQUEQOUS URANIUM CONCENTRATION
A = 1.0
0234---— 23 —» 23
Xo3 *© STAGE 7 AQUEOQUS URANIUM
T INVENTORY

Fig. 9. An example using the reductant concentration to multiply.

For an example of division, we will determine the plutonium as a
percent of heavy metal leaving the system at stage 18. The solution to

this problem is shown in Fig. 10. The flow rate for the aqueous feed

ORNL. DWG B0O-239

O3z = [Pulyg
¥r3z = 100

l

032
Oz¢*—1 31 [* 32 Azp = (Ul + [Pulyq
T
A
34 [
T t X35 = {00 [ u]w
- ! [u]m + [Pu]'e
131 =[U]yg Agsp = [Pu]ig

Fig. 10. An example using the reductant concentration to divide.
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stream to stage 31 is the uranium concentration in stage 18. The flow
rate for the aqueous and organic feed streams to stage 32 is the
plutonium(IV) concentration in stage 18. A reductant concentration of
100 is used to obtain the percentage as opposed to the fraction. The

cards for this example are shown here,

31 t 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 11 FEZD STREAM CARD
3 1R 12 0.0 1.0 0.0 0.0 0.0 0.0 200.0 0.0 0 CO¥TROLLER CARD
32 1 0.0 0.0 0.0 0.0 0.0 0.0 45,0 0.0 11 FEED STREAY CARD
8 18 113 0.0 1.0 0.0 0.0 0.0 0.0 100.0 0.0 0 COSRTROLLER CAPD
32 2 0.0 0.0 0.0 0.0 100.0 0.0 40.0 0.0 01 PFED STRRAM CARD
9 18 12 0.0 1.0 0.0 0.0 0.0 0.0 10,0 0.0 0 CONTROLLER CAPD

7.4 Batch Operations

The equations in the CONSEPT program are written for continuous
operations, but semicontinuous or batch operations can be performed with
careful use of the controllers. Batch processing, in this context, is
the filling and draining of tanks with intermediate solutions. An example
of this type of operation is the semicontinuous concentrator shown in

Fig. 11. The entering stream is continuous, but the product stream is

ORNL DWG 80-2

STEAM
0.13 mol/8 HNOx
6.4 /0 U ~100 g/74 U
: s CONCENTRATOR e ~1.21 kg/0
0.4 &/s '

Fig. 11. A semicontinuous concentrator.

removed oniy when the density of the solution is within a prescribed
range. Because of the low concentration of the entering stream and the
concentration factor desired, the product cannot be drained continuously
at the required flow rate. Thus, a method must be found to open a valve
on the product stream only when the proper density is achieved. To
maintain proper mass balances in the system, the solutions must accumu-
late when the product is not being removed, and drain when the product

is being removed.
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A solution to this problem is shown inm Fig. 12. Stage 28 merely

provides the entrance for the feed stream and is not necessary if the
ORNL DWG 80-3
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Fig. 12. A solution to the semicontinuous concentrator problem.

feed to the concentrator ordinarily flows from the previous stage. The

feed stream to stage 29 is the recirculated product from stage 30. This
provides the tank action since any solution flowing out of the bottom of
the tank (stage 30) is simply put back into the top (stage 29). In this
example, the recirculation stream also provides the concentrating action

due to the specification of the proportional gains.

Given the tank action described above, the product stream leaving

stage 29 is the only way that solutes can leave the concentrator. This
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product stream, in conjunction with the feed stream to stage 30, provides
the valve action that makes this a semicontinuous process. The product
stream is constantly draining the concentrator at its given flow rate
(0.1 L/s), but the feed stream to stage 30 acts to counter the draining.
The concentrations of the feed stream to stage 30 are controlled to be
equal to the concentrations of the product stream. The flow rate of the
feed stream is controlled by an on/off controller. When this feed stream
is turned on, the effect is simply to reinsert the product stream that
was removed from stage 29. Conversely, when this feed stream is turned
off, the product stream is not reinserted and the concentrator drains.

The following cards describe this solution.

28 1 0.13 6.4 0.4 0.0 0.0 0.0 40,0 0.4 10 PERD STR®AM CARD
29 1 4,03 190.4 15.1 0.0 0.9 0.0 £17.0 0.371 11 FPEED STRFAM CAPO
1 30 v1 0.0 2.0 0.0 0.0 0.0 0.0 6.0 0.0 1
2 30 12 0.9 2,0 0.0 0.0 0.0 0.0 300.0 0.0 1 CONTROLLER CAEDS
3 2013 0.0 2.0 a.0 0.0 - 90.0 0.0 200.0 3.0 1
4 3018 0.0 0.5 0.0 0.0 0.0 0.0 1000.0 0.0 g
30 1 2.02 95.8 7.61 0.0 0.0 2.0 35,9 0.1 01 FEED STREAM CARD
1 29 %1 0.0 1.0 0.0 3.0 2.0 0.0 6,0 0.0 1
2 22 12 0.0 1.0 0.0 0.9 0.0 0.0 230.0 0.0 1
2 2% 13 0.0 1.0 0.0 0.0 0.0 g.0 200.0 3.0 1 CONTRALLRER CRROS
T 29 17 0.0 1.0 9.0 0.0 0.0 0.0 €0.0 10.0 1
R ~-29 110 1,22 1.20 0.0 0.0 0.0 0.0 0.0 2.1 0

A consequence of recirculation of the solutes is that errors in the
calculations are also recirculated. This accumulation of errors may lead
to significant overall deviations from ideal mass balances if special care

is not given to the selection of a suitably small value for DTHETA.
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8. SAMPLE CALCULATIONS USING THE CONSEPT PROGRAM

The following examples demonstrate how the CONSEPT program can be
applied to specific problems. 1In each case the input cards for the pro-
gram are given with the resulting computer output. The examples illu-
strate several uses of the program and contain several solutions from

Sect. 7.

8.1 Sample Calculation for a Simple Flowsheet

In this example, nothing complicated is being done, no controllers
are being used, and no tricks are required. The user will merely be

introduced to the program by following the progress of a calculation.

The system being modeled, a uranium stripping column (Fig. 13), is
the same example as was used to demonstrate SEPHIS-MOD4.! The volume
parameters are set arbitrarily so that each stage has a l-min residence
time. Due to the use of SI-metric units, the flow rates in the figure
have been converted to those found in the output (Table 9). The cards

used to produce this output are reproduced here.

2 6 0.3 35.0 00 START A NEW CASE
SPFCTION 3.1 AN FYAMPLE CALCTLATION FNR A SIVPLE FLOWSHEET TITL® CARD
THIS CXAMPLE IS A URANITM STRIFPING COLUMN. TITLE CARD
12.5 170.0 u02.0 0.0001 101920 START A TT4E PERIOD
11 0.15 0.0 0.0 0.0 0.0 2.0 25.0 2.25 10 PEED STREAY CACPD
6 2 0.25 50.9 0.0 .0 0.0 3.0 55.0 0.1667 00 PFED STREAM CARD
1 20.90 5.0 0.02% 0.0333 0 VOLUME CONSTANT CARD
12.5 10000.0 10000.0 0.0001 20390 START A TIME PEZRIJD
0.0 0.0 PNC OF THIS CAS®

Notice in the output that at the start of the calculations (elapsed
time = 0.0 s), only the feed streams are printed in the profile. This
occurs because the program will not list a stage with zero volume, and
at the start of this calculation, the system is empty. The volume
gradually builds with the progression of time and more stages are listed
in the profile. 1In the final, steady-state profile, the changes in con-
centrations, temperatures, flow rates, and volumes have fallen below the

convergence tolerance.
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ORNL DWG 78-49I]

AQUEOUS | DEPLETED
STRIP ORGANIC
15 4/min
0.15 M HNO4
25 °C |
2
3
4
5
6
AQUEOUS ORGANIC
PRODUCT | FEED
10 &/min
50 g/ 4 U
0.25 M HNO,
55 °C
30% TBP

Fig. 13. A six-stage uranium stripping column.



Table 9. Sample calculation for a simple flowsheet

CONSE?PT CONTROLLER-RUN SOLVEINT EXTRACTION PROCESS TESTING PROGRAM DECEMBFR 1979 VYERSION
PUFEX PROCESS USING 30.0 % TBP

SECTION A, 1 AN EXAMPLE CRLCULATION FOR B SIMPLE FLOWSHEET
THIS EXAMPLE IS A URANIUM STRIPPING COLUMN,

DTEETA = 1.250B+01 S, DPRINT = 1.00F¢02 s, TSTOP = 4L_.00E+02 S, CONVERGENCE TOLERANCE = 1.00E-04 % / S
NERIN = 1 NEW FFED STREAMS ®ILL BE SPECIFIED

NEWOUT = 0 IHE PRESENT PRCDUCT STRTAMS WILL 3E USED

IVCL = 1 NFW VOLUME CONSTANTS WILL BF SPECIFIED

IP%0 = O THE PRESENT BANK PROFILY WILL BRE CONTINUED

IP¥CH = 0 THE FINAL PROFILFE WILL WNOT BE PUNCHED

IRXN = 0 %0 BEDUCTION OF PLWIQONIUY

FFED STREAM DATA

STAGE { HITRIC ACID | URARNIUM { PO{IVY | DU (IIT) ] REDUCTANT | NITRATE ION { TEMPERATURY { FLOW RATR
NC. | {8¥0L/L) ] {(G/1) § {G/L) H {G/L} { {MOL /L) i {(M01/1% i {(DERREFS C) | {L/S)
1 i i { { { { i
1 { 1.500F-23% ¢t 0.0 i 0.0 b 0.0 1 0.0 | 0.0 { 2.500F0% ! 2.500¥7-01
5 § 2.500E-01 ¢ S.00CFR+0? | 0.0 { 0.0 i 0.0 { 0.0 | 5.500%+01 ] 1.6ATE-D1

PRCCFSS COMTPOILER INFORMATION
ZFED STREAM VARTABLF {VARIABLF BEING USED |COMTROL{SET POINT{PROP GAIN| INTEGRAL

§
BEING COHTROLLED {AS COMTEOLLER INPUT } TYPE JOR UPPER JOR LOWFR } TIME | TINE { FOR CNTRL} BAND i OR
STGY YARTAELE {STGY VARIABLE { {SET POINTY|SET POINT| i {YARTIABLE | jON VALUF
§ i § i { i i i | { §

JOYUME CONSTANTS STAGE TCTAL VOLUKF AQ SET POINT AQ CONSTANT OR CONSTANT

1 2.000%+01 5.000E+00 2.500E-02 3.230E-02

2 2.0002+401 5.000E+400 2.500E-02 3.330E-02

3 2.0007+01 5.000E400 2.500%8-02 3.330E-02

4 2.000E+01 5.000E+00 2.500r-02 3.330Fr-02

5 2.000E+01 5.000E+00 2.5030E-02 3.330E-02

6 2.000F¢0 1 5.000E+0G0 2.500E-02 3.330E-02
TLEPSED TIME = G.0 s SECTION 8.3 AN EXAMPLE CALCULATION FOR A STIMPLE FLOWSHEET

ACUFOUS PHASF

{

AQU EOUS
ORGANIC

DERIVATVE| SET POINTYH FRROR {MAX VALUE{MIN VALZF

av

{OFF VALU®

H

{

STAGE {NITRIC ACIDY URANI UM t PG (IV) { PO {(IT]) | REDUCTANT {NITRATZ ICN§JTEMPERATGRE{ FLOW RATE |
NC. t {¥OL/L) § {5/1) } {G/L) { {(G/L) i (MOL /L) { {MOL/L} § {DEGREES C) § {L/S) { (LITERS) | {K6 /1Y
1 i { | { { | t i
1 4 1.%00B-0% 3§ 0.0 1 0.0 t 0.0 § 0.0 1 0.0 { 2.500¥+01%1 | 2.500%-01% § PEFD STREAM

VOLUME §DENSITYJMAX CHHGF

(% 7 s)

9¢



Table 9 (continued)

CRGANIC PHASE

STAGE (NITRIC ACID{ URANIUM ( PU (IV) | PU (III) | REDUCTANT {NITRATE ICN|TEYPERATURE} FLOW RATR | VOLUME  |DERSITY{#AX CHNGF
NC. §  (MOL/Ly | {G/L} f {G/L) § {G/L} | (MOL/L) | (MOL/L) | (DREGRFWES C}{ {L/S} f (LITERS) { {¥G/Lyi (% /7 3S)
1 ] ] | ! { ] { t f ]
6 | 2.500¥-01 | 5.000E+01 § 0.0 [ 0.0 { G.0 { 0.6 ! 5.500E+01 { 1.667E-01 | FEED STREAN
EULAPSED TIME = 100.0 S SECTION 8.1 AN EXAMPLE CALCULATION POR A SINPLE FLOWSHEET
ACUECHS PHESE
STAGE {NITEIC ACID{ URANIUM | PU (IV) | ®7 (III) { REDUCTANT [NITRATE ION|TEMPERATORE| FLOW RATE | VOLUME  (DENSITY[%AX CHNCE
®C. § {MOL/L) | {G/L} i {G/1) { {G/L}) | (¥OL/L) 't (MOL/L) | {DEGREES C}{ (L/S) | (LITERSY | ({RG/L} i (% / S}
{ § { 1 | i 1 t i i i
1 { 1.500E-01 ( 0.0 { 0.0 | 0.0 | 0.0 | 0.0 { 2.500FE+01 { 2.S500E-01 | FEED STREAN
T § 1.500E-01 { 0.0 { 0.0 { 0.0 £ 0.0 | 0.0 { 2.500F401 { 2.158E-01 { 1.363E401 | 1.0019; 4.658-C1
2 | 1.500E-01 § 0.0 | 0.0 { 0.0 p 0.9 { 0.0 | 2.500F+01 | 1.091E-01 § 9.366B+00 { 1.00193 2.71E+C0
2 | 1.500B-01 | 0.0 1 0.0 § 0.0 t 0.0 ] 0.0 { 2.S00Ee0% | 0.0 § 1.923E400 § 1.0019} 4,71F«CO
CRGANIC PHASE . ; ; , ,
STAGE {NITEIC ACID{ URANIUM { DU (IV) { P8 (IIX) | REDUCTANT (NITRATE TON|{TEMPERATURE| FLOW RATE | VOLUME  |DENSITY{MAX CHNGE
¥C. | (MOLSL}  § (G/L) ] (G/L) t  {6/L)  { (MOL/L) } {MOL/L) | (DEGRF¥ES C}{ (L/SY | (LITERS) | (KG/L}{ (% / S}
t 1 1 i i ! i t t t t
6 { 2.S00E-01 | S5.000E+01 { 0.0 { 0.0 { 0.0 { 0.0 { 5.500F401 ¢ 0.0 { 1.667TE+01 § 0.8742} 1.03Ee00
€  2.500B-0% { 5.000E+01 { 0.0 f 0.9 { 0.0 1 0.0 { 5.S500E+01 | 1.6678-01 | FEED STREAN
EIAPSED TIKE = 200.0 S SECTTON 8.1 AN EXANPLE CALCULATION POR A SIKPLE FLOWSHEET
AQUEODS DHASE
STAGE [NITHIC ACIDY UBANIUN § ©PU (IV) | PO (III) | REDUCTANT {NITRATE ION{TEAPERATURE{ FLOW RATE § YVOLUME  {DEESTTY|MAX CHNCE
NC. { {MOL,L) {  (G/L} | (G/L} § {(G/L) § (MOL/L) | (MOL/L) {{DEGRFES C){ (L/Sy { (LITERS} { (RG/LY| (% / 5
L} } } i ] ] H { § {
1 { 1.500E-01 § 0.0 { 0.0 | 0.0 { 0.0 { 0.0 { 2.500F401 | 2.500®-01 { FEED STREAM
1 | 1.500E-01 § 0.0 { 0.0 { 0.0 | 6.0 | 0.0 { 2.500E+01 § 2.472E-0% | 1.489E+01 | 1.00391 3.33E-¢2
2 4 1.5008-01 § 0.0 { 0.0 i 0.0 f 0.0 1 0.0 { 2.500F¢01 § 2.318E-01 | 1.425E+01 | 1.0019} 1.95B-0C
3 | 1.S00E-01 { 0.0 P 0.0 { 0.0 t 0.0 { 0.0 § 2.500F+01 § 1.8272-01 { 1.231E+01 § 1.0019} 7.298-C1
& { 1.S00E-0% | 0.0 { 0.0 { 0.0 §f 0.0 | 9.0 § 2.500E+01 { 6.614E-02 { 7.646E¢00 | 1.0019] 4.8ZE4LD
5 | 8,332E-01 | 2.112E+01 | 0.0 f 0.0 i 0.0 1 0.0 i 4.5T9E+01 { 0.0 f 7.422E-01 § 1.0655] 6.23E400
CRGANIC PHASE
STAGE (NITRIC ACID{ ORANIUN | PU (IV} | Pv (ITI} | REDUCTANT |NITRATE ION{TEMPERATURE| FLO¥ RATE | VOLUME  |DENSITY{NAX CHNGE
NC. § (MOL/LY | G/Ly {671 f (G/L}) { (MOL/L} { {MOL/L} | (DBGREES C}{ (L/S} { (LITERS) } (KG/L}{ (% / $)
§ i § i ] { i i { i t
S § 1.930E-01 | 4.817E+401 } 0.0 1 6.0 { 8.0 { 0.0 { 4.579E+01 { 0.0 { B.632E+00 } 0.B7S5{ 1.76E+C0
6 | 2.500E-01 | 5.000E+01 § 0.0 | 0.0 | 6.0 | 0.0 { 5.500E+01 | 1.589E-01 | 2.4658401 | 0.8742( 3.158-01
6§ | 2.500E-01 { 5.000E+01 { 0.0 | 8.0 { 0.0 { 0.0 § S.5008+01 | 1.667E-01 | PEED STREAN

LS



Table 9 {continued)

ELAPSED TINE = 300.0 s

ACOROUS PHRASE
STAGE {NITRIC ACID
¥C. { {MOL/L)

. S00E-01
. S00E-01
1. S00E-01
1. S05E-01
1.924F-01
4.013E-01
7. 169E-01

N £ WA -t w2
- mm o A —

ORGANIC PHASE
STAG® {NITRIC ACID}
¥C. | {mOL/Ly

f

§
1.3188-02
2.1188-02 4
B.368E-02 {
1.946E-01 }
2.500E-01

AU
A e e

ELAPSED TIMNE = 490.0

AQTEDUS PHASE
STAGE {NITRIC ACIDY
HC. ¢ {B0L/1)
i

}

{
1. S00E-01 4
. S02F-01 |
1.5198-01 4
1.€59E-01 j§
1.949E-01 3
3.273E-01 j
5.40EE-01 |

AU R

ORGANIC PHASE
STAGE }NITRIC ACID
NC. § {MOL/L)

|

]

i
1.0028-02
1. 16 1E~02 |
1.389E-02 |
1.904E-02 §
4. Y7T€E-02 |
1.080E-01 |
2.%00E-01 |

[= AT T, B - VYR Ry
wn wn s o ks umm

SECTION 8.1

[ S S
QOO0
D

QOO OoOQ

CovoooQ
.
CooDoOoC
[>XeNoNoNe ol
DO OD

DLOoOOORO
D)
SO O
QOO0
[=Re Rl oo NeoNal

{¥O0L/L}

f
{
i
§
i
i
t

[=NeNeoNeNa]
QOO0
[=R=RoReNol
oo Coo

i
i
i
1
f
1
i
i

REDUCTANT |[NITRATE ION{TEMPERATURE]

i

{  (MOL/L) | (MOL/L) {{DEGREES c}
1 i {

| 0.0 § 0.0 { 2.500F¢01
i 0.0 § 0.0 | 2.500E+01
i 0.0 § 0.0 i 2.500F+01
{ 0.0 { 0.0 { 2.505F+01
1 0.0 1 0.0 { 2.685E401
{ 0.0 i 0.0 i 3.278E+01
{ 0.0 i 0.0 | 4.3625+01

REDICTAYY (NITRATE ION{TEMPERATOREj
{MOL/L} { (DEGREES ()

2.505E+01
2.6855+01
3.278¥%+01
4.362F+01
5.5005+31

REDUCTANT {¥ITRATE ION{TEMPERATURE|

j

i {MOL/L) { (MOL/L) {{(DEGREIS C)
4 ] i

{ €.0 { 0.0 | 2.500E+01

] 0.0 { 0.0 | 2.501E401

i 0.0 | 0.0 i 2.512F401

P 0.0 { 0.0 f 2.562¥F401

i 0.0 i 6.0 | 2.698%F+01

i 0.0 { 0.0 { 2.9875+01

1 0.0 { 0.0 { 3.599F+01

! REDUCTANT |NITRATE ION|JTEMPERATURE]
{ {MOL/L) | {MOL/L) { (DEGREES C)
| : {

i 0.6 { 0.0 { 2.5015¢019

1 0.0 i 0.0 1 2.512E401

i 0.0 { 0.0 | 2.562E+31

§ 0.0 | 0.0 f 2.698E+01

b 0.0 1 8.0 f 2.9875601
;0.0 i 0.0 i 3.599F¢01

} 0.0 1 0.0 { 5.500E+01

AN EXAMPLE CALCGLATION FOR A SIXPLE FLOWSREET

FLOW RATE
(L/5)

2.500E-01
2.4982-01
2.4792-01
2.3992-01
2.156E-01
1. 5432-01
1.0158-02

PLOW RATE
{L/3}

0.0

1.078E-01
2.686E-01
2.6158-01
1.6678-01

AN EXAMPLE CALCULATION POR A SIMPLE FLORWSHEET

PLOW RATE
(L/S)

2. 500E-01
2.500E-01
2.4588-01
2.4872-01
2.445%2-01
2.320F-01
1.9928-01%

FLOW RATE
{L/3)

0.0

1. 5762-01%
2.5938-01
2.814E-01
2.613E-01
2.204%2-01
1.6672-01

VOLUME IDENSITY{MAX CHNWGE
{LITERS) P (KG/sLy | (%, S)
f

{
PEED STREAM
1.499E+01 § 1.001Sy 2.70E-C2
1.492B+01 § 1.0019] 2.18E-02
1.460E+07 |{ 1.00306) 8.00E+00
i
i
t

1. 362E+01 1.01751 1.398+(0
1. 1178401 1.03871 1.09E+(D
5. 408E+00 1.0486] S.00E+CO
YCOLUKE DENSITY{MAX CHNGE
{LITERS) (KG/L1¢ {% 7 5)
!
8.871E-01 0.8238y 1.81E+01

1.689E+01 0.86647 8.40F-01
2. 245E+01 0.87€4} §.988-01

t
{
§
H
9.614E+00 | 0.841%4y 65.73IE+QO
f
i
FEED STREANM

VOLUHE {DENSITY{NAX CHECF
(LITERS) { (KG/L}| (% / )

{ {
FEED STREAM

1.500E4¢01 { 1.0025] 4.58F+C0
1. 4998401 ¢ 1.00707 1.66F+00
1. 4958401 § 1.0970] 7.04E-01
1.478E+09 ¢ 1,0306) 2.92E-01
1.428E+40% | 1.0427§ 3.08F-01
1.297E+407% { 1.0493¢ 4.52F-01
YOLUME {DEHSITY{MAX CHNG?
{LITERS) i {Ke/D11 (% 7 S)Y
i {
2.869E400 1 0.8%171] 4.63F+00
9.743R4+00 t 0.8212¢ 2.51F+(0
1. 284E+01 | 0.8325{ 8.71E-C1
1.367E+01 § 0.68496) 1.82F-03
1.356E401 | 0.8670( 6.31E-01
1. 365E+01 { 0.8778y 6.87Fr-C1
o!

FEBD STKEA

8¢



Table 9 (continued)

DTRETA = 1.2%50E+01 S, DPRINT = 1,00FE+G4 S, TSTOP = 1.00R%+04 S, CONVERGENCE TOLERANCE = 1.00E-04 % / S

ELAPSED TIME = 5987.5 S SECTION 8.1 AN EXAMPLE CALCULATION FOR A STMPLE FLOWSHEET
ACUEQUS PHASF

STAGE INTTRIC ACID{ ORANIOM } PU (I¥) | PU (ITII} | REDUCTANT |NITRATE ION|TEMNPERATUREj FLOW RATE | VOLUHME {DRNSITY|{YAY CTHNGE
¥C. § (MOL/L) 1t {G/L) 1 {G/L} { {G/L} { {(4OL/L) { (MOL/L) {{DBGREES C)|{ {L/3) t {LITERS)  (KG/Y}i (% 7 S}
{ ! { { i ! ot {

t § 1.%00E-01 § 0.0 } 0.0 { 0.0 t 0.0 { 0.0 { 2.500E¢01 § 2.500%~01 } PEED STREAM
1§ 1.%10F-01 | 2.0B6E4+30 | 0.0 t 0.0 1 0.0 { 0.0 { 2.500E+01 { 2.500E-01 { 1.500E+01 { 1.0048) S.%1E-(5S
2 4 1.519E-01 ¢ 6.410E+00 { 0.0 i 0.0 0.0 | 0.0 { 2.502E+01 | 2.500E~0Y | 1.500E+01 § 1.0107}) 6.67E-05
3§ 1.S24BE-01 § 1.268E+0t | 0.0 i 0.0 {f 0.0 { 0.0 { 2.508E+01 § 2.500B-01 | 1.500E401 | 1.0191] 4.03E-05
4§ 1,%31E-0% | 2.007E+01 { 0.0 i 0.0 { 0.0 { 0.0 { 2.536E+#01 § 2.500E-01 | t.500E401 § 1.0291| 2.43E-05
S 1.633E-01 | 2.814E+0Y § 0.0 { 0.0 t 0.0 | 0.0 { 2.658F+01 § 2.500B-01 | 1.500E+01 { 1.0400( 1.30E-0S
6 | 3.097E-01 } 2.265E4+01 { 0.0 { 0.0 { 0.0 i 0.0 { 3.189E¢01 | 2.5008-01 | 1.SO00E+01 | 1.0462¢ 7.48F-06

CRGANIC PHASE

STAGE {NITFIC ACID{ URANIUM ¢ 28 (IV) | P (III} | REDUCTANT {NITRATE ION|TEMPERATUREJ FLOW RATE { VOLUHE {DENSITY{MAX CHNCE

¥C. §  (MOL/LY | {G/L} { {G/L) { (G/L) i (WoL/L}y | (MOL/L} | {DRGREES C){ (L/S) {f {LITERS) ¢ ({XG/L}t (% / S}
i f ! 1 i { { ] § !

1§ 1.083B-02 ( 1.042E+00 | 0.0 { 6.0 {f 0.0 { 0.0 {f 2.500F+01 | 1.6678-01 | 1.001E+0% | 0.8178( 9.52E-05
2 1 1.18BE-02 §y 4.170E400 | 0.0 { 0.0 1 9.0 { 0.0 { 2.502E+01 § 1.667E-01 { 1.001E+01 | 0.B222% 8.96E-0F
3} 1.3248-02 § 1.065E+01 { 0.0 i 0.0 } 0.0 | 0.0 { 2.508E+01 | 1.667E-01 | 1.001E+01 | 0.8311| 6.66E-GS
4 } 1,600E-02 § 2.006E+0% t 0.0 i 0.0 § 0.0 1 0.0 } 2.536EF+01 { 1.6672-01 | 1.001E+01 { 0.8439§ 3.65F-05
£ { 1.f0%E-02 | 3.113E+01 | 0.0 | 0.0 1 0.0 1 38.0C | 2.658E+03% | 1.6678-01 | 1.001E+01 | D.8584f 1.57F-05
6 | 3.037B-02 | 4.325E+01 | 0.0 { 0.0 { 0.0 1 0.0 { 3.1898+01 | 1.667E-01 | 1.001E+01 { 0.B722f{ S5.86SE=-06
6 { 2.500E-01 { 5.000E#01 § 0.0 | 0.0 1 0.0 | 0.0 | 5.500E8+01 | 1.6867E-01 | FEED STREAN
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8.2 Sample Calculation for Flowsheet Design

This example is a partial partitioning column using hydroxylamine
nitrate as the reductant. The system being wmodeled is shown in Fig. 14.
The flow rate of the organic backscrub is to be controlled based on the
uranium concentration in the aqueous product. The controller is set to

achieve a 30-g/L concentration in the aqueous product. The constants in

ORNL-0OWG 79-20528
ORGANIC FEED

30% TBP ORGANIC
0.2 mol/g HNO3 BACKSCRUB
80.0 g/ U 30% TBP
CRGANIC 0.8 g/8 Pu 0.00f mol/4 HNO,
URANIUM 40° C 40° C
PRODUCT 0.0 /s ? 8/s
Pr— |
- 1121345678210
v
AQUEQUS STRIP AQUEOUS
0.3 mol/8 HNQO3 PRODUCT
0.1 mol/4 HAN 30.0 g/4 U
40°C 4.0 g/8 Py
0002 4/s 0.002 4/s

Fig. 14. A ten-stage partial partitioning column.

the three-mode controller equation were chosen by considering how a
change in the flow rate would affect the concentration and how long the
system would require to change the concentration. The initial profile
was previously calculated by the program. Because the goal of this com-
putation is flowsheet design rather than transient simulation, the volume
constants are set arbitrarily to give a residence time of 100 s for each

stage.

The results indicate that the flow rate of the organic backscrub
required to achieve a 30-g/L uranium concentration in the product stream
is 0.4 ml/s for the given system. Figure 15 shows how the uranium con-

centration and the backscrub flow rate changed with time. The input
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ORNL DWG 80-2t

URANIUM CONCENTRATION IN THE AQUEOUS PRODUCT STREAM ORGANIC BACKSCRUB FLOWRATE (mi/s)
{g/4)

0 | ] | |
0 05 10 1.5 2.0

TIME (ks)

Fig. 15. The uranium concentration and backscrub flow rate response
in the partial partitioning column.
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cards that were used to produce these results are presented here. The

output is shown in Table 10,

4 10 0.3 40.0 30 START A NEW CASE
S®CTION 8.2 AN EYAMPLF CALCNWLATION ¥FOR FLOWSHRET DESIGN
THIS FXAMPLY IS A PAPTIAL PARTITIONING COLUMN. THE TRANTIUM TITLE CAPDS

CONCENTRATION IN STAGF 10 IS USED TO CONWTROL THE FLOWRAIE
NF THT OPGANIC BACKSCRUB ®NTEPING STAGE 10.

25.0 10000.9 10000.0 0.0001 10110 START A TIME PERIOD
11 0.3 0.0 0.0 0.0 0.1 9.1 40.0 0.002 10
7 20.2 80.9 0.9 0.0 0.0 0.0 0.0 0.01 10 :) FEED STIEAM CARDS
10 2 0.001 0.0 0.0 0.9 0.0 0.0 40.0 0.001 01

R 19 12 30.0 0.00002 125.0 0.0 0, 001 0.0 0.002 0.0 0 CONTROLLER CARD
19.22 0.0 0.01 0.0 0 VOLUNE CONSTANTS

2.%917-016. 39E 010.9 1.918-071.70E-011. 00E=-014,00F 012.00%-022,00E-01 -

2.23E-027.18F 010.0 0.0 0.0 0.0 4,00% 011.10E-021. 12E 00

2.79E~018, 36E 019,31E-0€1.03E~051.00E-011.00E-014,00% 012.00E-022.00E-01

1.A82-028, 358 013.48E-040.0 0.0 0.0 4,008 011.10E-021.12E 00

2.908-019.05% 015,29P-065.€3E-041,002-011,00E~014.00% 012.00E-032.00F-01

1.85F-028.70% §11.38E-060.0 0.0 0.0 4,00% 011.10E~-021,12E 00

3,27E-019, 13F 012.RfE-0U3.06E-029,998~029,09F-020.008 012.00"-022.00E-01

2.05E-028.83F 011,03E-040.0 0.2 0.0 u,00% 011.102-021.12E 00

4.377-018,61F 011, 44E-028.60E~-019,F4E-N29,64F=-02u,00% 012,00E-032.00E-01

2.729-028.848 D15.628-030.0 0.9 9.0 u,09% 011.10%-021.12E 00 INITTIAL PROFILE

7,14%=017, 09F 012,20B~013.05F N0R.72E-0283.72E-024.09% 012.008-022,00E-01

4.59E-02R.75F 011,.5°E-010.0 0.9 0.0 u,00% 011.10%~021,12F 00

1.26E 004.U4SF N17.16E-013,61E 008, UOE-028,4%E-D2uU,00E N12.008~N22.00E-01

9.297-02B.47% 016.12E-010.0 0.0 0.9 4,00E 011.,107~021.12E 00

1.29% 003.56% 016,46E-013.72% 0D08.uU4"-029.U4E~0204.00F 012.002-032.00E-01

1.36%7-017,932 J16.46E~-010.9 0.0 0.0 4,007 011,00E-021.222-01

1.31F 001.82E D14.6U%-013.7R2 008.427-028,422-020,00F 012.008-022.003E-01

1. 48E-016. 1U4E 017.23E-010.0 0.9 0.0 4.00F N11.00F-021.20E-01

1.21F 004. 898 001,92%-013,8%E 00B.UTE-028.U41E-024,00% 012.00F-032.03E-01

2. 10F-012.66F 014.91E-010.0 0.0 0.0 4.00% N11,.00E-031. 20E~-01 -~

9.9 0.0 END OF THIS CASPE

8.3 Sample Simulation of Plant Operations

This example illustrates many of the controller operations explained
in Sect. 7. The system being simulated, shown in Fig. 16, is intended to
provide a coprocessed product (1AP) without the use of a plutonium
reductant. Plutonium is stripped from the organic phase in the 1B column,
decontaminating the excess uranium that leaves in the 1BP organic product

5 The results of

stream. The flowsheet was originally devised by Tedder.
this calculation show how an actual plant might operate (although all the
parameters were chosen hypothetically and the errors were contrived for
the sake of example). The initial profile was produced by a previous

calculation.

The HA column is the extraction column. The aqueous feed (HAF)
enters in stage 3. The concentration errors in this feed are primarily
of the square-wave form and show the influence of different dissolver
solutions from a batch dissolver system. One of the solutions has a

higher heavy metal concentration and a lower acidity. The flow rate



Table 10. Sample calculation for flowsheet design

CONSEPT CORTROLLER~RUR SOLVENT EXTRACTION PROCESS TESTING PROGRAX
PUFEX PROCESS USING 30.0 % TB?

DECEMBER 1979 VYERSION

SECTTON 8.2 AN EXANPLE CALCULATION FOR FIOWSHREFT DESIGN
THIS EXAMPLE IS A PARTIAL PARTITIORING COLUMN. THF URANIUNM
CONCENTRATION IN STAGE 10 IS USED T0 CONTROL THE PLOWRATE

CF THE ORGANIC EACKSCRUB ENTERING STAGE 10.

DTEETA = 2.500E+01 S, DPRINT = 1.00E+Q4 S5, TSTOP = 1.D0E404 S, CONVERGENCE TOLERANCE = 1.00E-04 X / S
REWIN = 1 NEW FEED STREARS WILL BE SPECIFIED

WEROUT = 0 TIRAE PRESERT PRODUCT STREANS WILL BE USED

IVCL = 1 NEW VOLUME CONSTANTS WILL BE SPECIFIED

TEBO = 1 A NEW BANK PROFILE WILL BR SPECIFIED

IFNCH = 0 TAE FIKAL PROFILE ®ILL NOT BE PUNCHED

IRXN = 3 RFETCUCTICON OF PLUTONIUM BY HYDROXYLAMINE

PEED STREAR® LATA

STAGE  § NITRIC RCID { URANION | PU (IV) | P {ITI) | REDUCTANT | NITRATE IO¥ { TEMPERATUR

RC. f {MOL /L) { (G/1) i (6L} t {G/L} i {MOL /L) { (®OL/L) { (DEGREES C
{ { t | | f i

1 | 2.000®-0%1 y 0.0 I 0.0 1 0.0 I 1.060E=-01 { 1.000E~01 | 4.000E«D}

7 { 2.000E-81 | B.000FE+01 | 8.0008B-01 | 0.0 { 0.0 { 0.0 | 4.000E+01

19 { 1.000E-03 t 0.0 { 0.0 { 0.0 { 0.0 P 0.0 I 4.000E+01

PRCCESS CONTROILER IRFPORMATICN

PEED STREAM VABIABLEY {VARIABLE BEING USED {CONTROL{SET POINT)PROP GAIN|INTEGRAL |DRRIVATVE{SET POINT|
BEING CCNTROLLED RS CONTFOLLER INPUT { TYPE {OR UPPER {CR LOWER { TIME { TInE { FOR CNTRL}
SIGH VARIABLE | STGY VARIABLE ] §SET POINT|SET POINTY | { VARIABLE |
t f | t t ! { f t {
10}0RG PRED FLOWRATEY 10} AQUEQUS ORANIUN }3-MODE } 3.00%+0%{ 2.00E-05{ 1.25E+02¢ 0.0 t1.008-031 O
YOLUKE CONSTANTS STAGE TOTAL VOLURME RQ SET POINT AQ CONSTANT OB CONSTANT
1 2.200E-01 3.0 1.000E-02 1.000E~02
2 2.200E-01 0.0 1.000E-02 1.000E-02
3 2.2008-01 3.0 1.000E-02 1.000E-02
L) 2.200E-01 0.0 1.0030E-02 1.000E-02
5 2.200E-01 0.0 1.000E-02 1.000E-02
[ 2.200E-01 0.0 1.000E-02 1.000E-02
7 2.2008-01 2.0 1.000E-02 1.000E-02
8 2.200%-01 3.0 1.0008-02 1.00068-02
9 2.200E-01 0.9 t.000E~02 1.000E-02
10 2.200E-01 0.0 $.000E-02 1.000E-02

E { FLOW RATE
ot (L/5} o
t w
| 2.000E-03 AQUEOUS
! 1.000E-02 ORGANIC
i 1.000E-03 ORGANIC
ERROR {MAX VALUE{MIN VALOE
BANEC t oR t oK
}O8 VALUE JOFF VALUE
| i
.0 { 3.00B=-03¢ 3.0



Table 10 (continued)

LPPSED TINE = 0.0 s SECTION 8.2 AY¥ EXAMPLE CALCULATION POR FLOWSHEET DESIGY

ACUECUS PHASE

STAGE |NXITRIC ACIDt URANIDR i PT {I¥y i P00 {IXX) { REDUCTANT |NITRATE ION{TEMPERATURE{ FLOW RATE { VOLUXE |DERSITY{MAX CHXMCGE

WC. {HOL/L) i {G/Lj i (G/L}) i {G/L} i {ROL /L) i {(%OL/L) { (DEGREES C) {L/3) § {LITERS) { {KG/Ly ) (% / 35)

i 1 i i i i { | ! § I

1 § 3.000E-0% ¢ 0.0 1 0.0 1 0.0 § 1.000E-0% { 1.000B~01 § 4.000E+01 } 2.000E-03 | PEED STREAH
1 2.R10E-01 1 6.390E+0%1 | 0.0 § 1.9108-07 | 1.000E-01 { 1.000B-0%1 { 4.000E+C1 { 2.000E-03 { 2.000E-01 ¢y 1.1061} 2.00FE+D2
2 { 2.7908-01 { 6.360E+D1%1 | 9.310E-08 § 1.0302-0S5 | 1.0008-01 § 1.000B-01 1 4.000E+0Y { 2.0002-03 | 2.0002-01 4 1.1327: 2.00F+02
3 4y 2.900f-01 § 9.050E+01 | 5.290E-06 | S5.6308-04 { 1.0008~01 § 1.000B-071 § 4.000E+01 1 2.0002-03 { 2.0008-0% 4§ 1.10624¢ 2.00E+02
4 f 3.270F-0%1 4 9.130E+01 { 2.B80E-04 ; 3.060E-02 | 9.990E-02 | 9.990E-02 | 4.000%F¢0%1 { 2.0008-03 § 2.000E-01 4 1.7647; 2.00F+02
S { 4.370E-017 { B.610E+0% 1 9.4408~02 { 8.600E-07 { 9.640E-02 | 9.6408-02 | 4.00C€+C1 | 2.000E-03 j 2.000E-01 § 3.%418 2.00E+02
& ¢ 7.140E-01 § 7.090F+01 { 3.2008-0% ¢ 3.050E+00 j§ 8.720E-02 | B.7208-02 { %.000E+01 { 2.000E-03 { 2.0008-01 { 3.13231 2.00F¢+02
7 4 1.260F+D0 § B.4SOE+01 } T.160E-01 | 3.610E«00 | B.390E-02 | B.4902-02 ¢ 4.000E+01 y 2.0GO0E-03 ¢ 2.000£-01 | t.319S31 2.00E+02
3§ 1.280E+400 § 3.5602+407 } 6.3608-01 | 3.720E+00 | 8.4GLOE-02 | 8.460B-02 § 4.000E+D% | 2.000E-03 | 2.000E-0% | 1.703%t 2.00F+02
9§ 1.310E+D0 | 1.820E401 ¢ 5.640E-01 | 3.78JE+CGO § S.420E-02 } ®.820E-02 [ 4.000%+01 | 2.0008-03 | 2.000B-01 ¢ 1.08%1y 2.00E+02
10 1.210E+00 { 4.890E+00 { $1.920F-0%1 { 3.810E«00 § 8.4108-02 | B.410E-02 § 4.000E+01 | 2.0002-03 | 2.000E-01 § 1.0594) 2.00E+02

OFCGANIC PHASY¥

STAGE |NITRIC RCID{ URANIUH { PO (IT) t PO {IX1I) { REDUCTANT |RITRATEZ IONJTEMPERATURE| FLOW RATE { YOLUME {DENSITY{MAX CHHNGE
HC. i {80L/L) ! {G/Ly 1 {G/Ly i {6/L3 { {M3L/L) { (BOL/L} i {DEGREES O) { {L/S) { (LITERS) | (KG/1y1 (% 7/ S)
§ ! i ] 1 H { § i 1 {
1 § 2.230E-02 ¢ 7.18B0E#071 § 0.0 { 0.0 1 9.0 ;} 0.0 t 4.000F+01 ¢ 1.7100P-02 { 1.120E+00 { 0.9062; 2.00F+02
2 i 1.880%-02 { B.350840% | 3.4808-08 | 0.0 1 4.0 j 0.0 t 46,000F+07 4 1.3100E-02 | 1.12{B4¢00 § 0.9222§ 2.00E+(2
3 4 1.850¥-02 3 8.700E+3% ¢ 1.8BOE-05 | 0.0 § 0.0 { 0.0 } B.000F407 { 1.300E~02 | Y.1208+00 { 0.9270§ 2.90E+02
4 4 2.050%-02 | 8.830E+07% ¢ 1.020E-0% | 0.0 { 0.0 { 0.0 { 4.0008+0% § 1.100E-02 | 1.120F+00 | 0.9283y 2.00r+02
5 } 2.720E-02 ( 8.840E¢01 § 5.620B-03 { 0.0 } 0.0 i 0.0 § 4.000E+d7% § 1.300B-02 j 1.120B+¢00 | 0.9292| 2.00E#02
6 | 4.5908-02 { B.750E+01 { 1.590E-01 ¢ 0.0 } 0.0 i 0.0 ] 4,000F+01 § 1.9002-02 } 1.120E«00 § 0.9288] 2.00¥+02
7 i 9.290E-02 § 8.870E+0% § 6.%208-01 § 0.0 t 0.0 i 0.0 | 4.000F+01 § 1.300B-02 } 1.120B«00 ¢ 0.92721 2.00E+C2
7 ¢ 2.000%-01 { B.000E+09Y | B.000E-071 { 0.0 { 0.0 1 0.0 |y 4,000E+401 | 1.0002-02 | FFED STREAX
8 f 1.0608-071 § 7.930E+071 ¢ £.460B-0Y { 0.0 1 0.0 j 0.0 { 4.000E+01 1 1.0002-03 1 1.200B-01% | 0.9202§ 2.00E+02
9 { 1.480E-01 | 6.140E+01 { 7.2308-01 | 0.0 { 0.0 { 0.0 { 4.000F+01 | 1.000B-03 4 1.200E-0% § 0.897%1] 2.00E+(C2
10 4 2.700B-0% | 2.660B+3%1 § 4.910E-01 § 0.0 ] 0.0 y 0.9 i 4.000%+21% | Y.000E-03 { 1.200E-01 | 0.8508f 2.006¥v+02
10 § 1.000E-03 1 0.0 | 9.0 { 0.¢C i 0.0 { 0.0 { 4.000%+01 3 1.000B-03 §{ PEED STREARN

%9



Table 10 (continued)

BLMPSED TIRE =

AQUEQUS PHASE
STAGE {RITRIC ACIDY

NC

-

CHEANIC
STEGE {RITRIL ACID

19

gy
SO ODL I IFEUE W a

[=JAVolu= RS e R W, B¥ S R e

§

e . AR

(BOL/1)

3. 000E-01
2.805E-01
2.770F~-01
2.842E-01
3.133E-061%
4, 060E-01
6.6658-01
1. 22SE+00
1. 220400
1. 235E+00
1. 2138400

PHASE
{MOL/L)

2. 2508-02
1.87€8~-02
1. 807E-02
1.347E-02
. S04F-02
4. 197E-02
8. 86 1E-02
2.0G0E-01
8.9078-02
3. 1808-02
1. 1168-01
1. 000E-03

B

10000.0 s

GRANION
{G/L}

3.0

6.298BE+01
8.339E401
9. 120E+01
9.302E+01
8,.3800E+01
F.49284+01
4,705R+01
4.632E+01
4. 4582401
3.000E+01

URANION
(G/L}

7 117E 401
8.329E+81%
8.721E+01
8.871E+01
B.QOEE*0 1
B8.829E+01
8.558E+01%
8.000E+01
8.573R+0 1
9,463E+01
7.333E+01
9.0

SECTION 9.2

20 (IV)
{(G/Ly

¢.0

0.0

4.5242-08
2.6428-06
1.490E~04
7.858E-63
2.413E-01
7.0458~01
5.994E-01
5.2562-01
3.915E-01

U (IV)
(G/L}

0.0

1.6912-08
9.327E-07
5., 245E-05
2.9528-03
1.128E-01
S.714E-01
8.000E~01
4. ETUE-G
4. 292E-01
4,1298-01
0.0

!
|
|
i
!
f
{
i
|
i
t
|
I
i

- v -~ s T

PU {III)
(6/1)

0.0

8.788E-08
4.803E-06
2.700E-04
1.520E-02
5.7BEFE-D1
2.729E+00
3.3888+400
3.4R6E+00
3.558E+00
3.60€E400

B (IIY)
(G/L})

)

QAVOODOACQCOO
OO OQCOOOOUC

REDUCTANT
(M0OL/L)

1.000E-0 1
1.000E~0 1
1.0008-01
1.000E-01
9.998E~02
9,758E-02
8.858E-02
8.5828-02
B.541E=02
8.511E-02
B.490E-02

REDUCTANT
{®OL/L}

s 8 4 & % oA s
QOO0 ITODPOTT O

DD OOOCTIDVOOIVOC

AN EXAMPLE CALCULATION POR PLOWSHEET DESIGN

HITRATE IOR{TEMPERATORE|
{ {CEGREES C} 1

{NOL/L}

]

!

i

{ 1.0008-01
| 1.000E-01
| 1.000B-01
i 1.0008-01
i 9.994E-02
{ 9.758E-02
! 8.8588-02
{ B.582E-02
| 8.541E-02
f 8.5118-02
| 8.490R-02

{M0L/L}

.
DOODLOCIT OO

[« Rw No R Ro o R No RoNo ool

.

{
{
i
i
!
H
i
f
f
f
i
i
!
1
i

f
i
{
]
f
|
f
I
|
t
{

!

!
{
i
i
|
i
|
f
f
{
f
i
{

4.000E+01
4,.000E+01
4.000F+01
4.000E+01
4.000F+01
R.Q00E+0Y
4.000F+01
4,000E+01%
4.000F+D1
4.0D0E+0 1
4.000F+01

t
{
t
|
i
{
{
I
t
i
|
!

NITRATE ION}TEMPERATURE(

{DEGREES C} ¢

4.000 k0
4.000E+01
4.000EF+01
4.0Q0E+01%
4.000F¢0
4,000E+01
4. 000F+01
4,000E+01
4.000E¢D
4.000E+01
4.0008401
4.000E401

{
I
{
!
{
i
[
{
{
{
i
!

PLOW RATE
(L/5)

2.8G0E-03
2.000E-03
2.000E-03
2.000E-03
2.000E-03
2.000E-03
¢.000E-03
2.000E-03
2.0008-02
2.0002-02
2.0002-03

FLOW RATE
{L/S}

1.0408-02
1.0408-02
1.0408-02
1.040E-02
1. 0ugE-02
1.0408-02
1. QUOE-02
1.0008-02
3.9752-04
3.375E-04
3.9758-04
3. 9758-00

VOLOME
(LITERS)

§DENSITY|MAX CHRCE

{

§
FYEED STKERH

2.000E-01
2.000E-01
2.000E-01
2.0008-01
2.000E-01
2.000E-01
2.000E-0 1
2.0008-01
2.000E-01
2.000E-01

VOLUNE
{LITERS)

1.0608+00
1.06CE+0D
1.060E+00
1. 060E+0D
1. 060E+00
1.060E+00
1.06CE+00

!
i
{
|
!
i
f
f
i

FEED STREAM

5.975E-02
5.375E-02
5.975E-02

PEED STREAN

(KG/L) |
f

1.1048}
1.1323¢
T ERT!
1.1465¢
1. 1485
1. 13539
1.1176}
1. 11721
1. 11434
1.0927¢

(RG/L} ¢§

§
0.9053¢
0.9219)
9.92723
0.%2941
0.9$3001
0.9257¢(
0.92824

0.92834
0. 92€8
0.9118¢

(% 7 5

0.0

7.57E-C7
2.208-0%
0.0

2.08E-05%
0.0

3.38F-06
T.Eup-(3
1.46F-04
9.74E-06

DENSITY{®HAX CHNGE

(% 7 5}

WDINQ OGO

0
&}
0.
3.
1.51E-CS
a.

3.

4g-C6

1.43¥-03
1.0ZE-04
6,25F-06

9

%]
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ORNL.-DWG 79-20530

1BS T1BP

19

1AU BT

Y
N
-

18X

HAS

HAF = - 1AP

29 {BR
{B CONCENTRATOR

Fig. 16. A coprocessing flowsheet,

varies randomly about two points, providing a positive bias on the error.
The recycle stream (HAR) enters at stage 6. This stream comes from the
concentrator go the concentrations are controlled accordingly. The flow
rate provides the batch operation since this stream is turned on only
when the density in the concentrator is in the proper range. The scrub
stream (HAS) enters stage 1 and randomly varies about its nominal flow
rate. The organic extractant (HAX) enters stage 12. The flow rate and

acidity vary randomly.

The 1A column is a partial partitioning column. The organic product

from the HA column is the feed to the 1A column and enters at stage 15.
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The transfer 1s performed as described in Sect. 7.1. The aqueous strip
(1A8) enters at stage 13. The organic backscrub (1AX) enters stage 18.
Its flow rate is regulated‘by a three-mode controller used as a control-
ler. The controller is trying to produce a coprocessed product with

20% plutonium.

The 1B column provides uranium purification. The organic stream
leaving the 1A column is transferred to stage 27 (near the bottom of the
1B column). The aqueous strip stream (1BS) is intended to remove the
plutonium from the organic phase while leaving a large fraction of the
uranium. The 1BS flow rate uses a random walk error. The organic
backscrub (1BX) enters at stage 28 and is constant. The aqueous product
leaving the column after stage 28 is concentrated in stages 29 and 30

and recycled to the HA column.

Several pseudo-stages (some not shown in Fig. 16) were used for
specific purposes. Stages 29 and 30, which make up a semicontinuous
concentrator as described in Sect. 7.4, concentrate the 1BR stream to
the concentration level required in the HAR recycle stream. Stages 31
and 32 are used to calculate the ratio Pu/(U+Pu) for the coprocessed
product (1AP) as described in Sect. 7.3.3. Stage 33 is an aqueous tank
collecting the coprocessed product stream leaving the 1A column at
stage 18. Similarly, stage 34 is an organic tank catching the uranium

product stream leaving the 1B column at stage 19.

The Pu/(U + Pu) ratio produced in stages 31 and 32 is used to control
the flow rates in the 1A column. The 1AS flow rate is controlled by an
on/off controller. If the ratio in stage 32 (reflecting the ratio in the
aqueous product leaving stage 18) becomes too high, the 1AS flow rate will
be switched to its high value, thus stripping more uranium into the
coprocessed product. The 1AX flow rate uses a three-mode controller,

which monitors the ratio and adjusts the backscrub flow rate accordingly.

The following cards produced the computer output that is given in
Table 11. The number of cards could have been reduced by rearranging
the stages. Many of the cards serve only to transfer streams within the

system; rearranging the stages can reduce the number of transfers.
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10 34 0.3 30.0 00
SECTIOW B.3 TESTING AR EXAMPLE OF PLANT OPERATION
THIS BXAMPLIE IS OF A REPROCESSING PLANT PRODUCING R COPROCESSED
PRODUCT. THE EXANPLE ILLUSTRATES MANY OF THE IDEAS IN SECTICN 7.
SEVERAL STREAMS ARE NOVED FROM PLACE TO PLACE IN CRDER TO GIVE
THE RECYCLE STREANS AND THE INTER-COLUMN STREANS. THE CONCENTRATOR
IN THIS CALCULATION I5 A SENI-BATCH OPERATION IN STAGES 23 AND 30.
SEVERAL TYPES CF ERRORS ARE APPLIED TO THE FPEED STRFAMS. THESE
ARE OF THE TYPE DESCRIBED IN SECTION 7, BUT THERE ARE ALSO SOME
BEPROFS IMPOSED IN MANNERS NOT DESCRIBED. THE GENERAL MATH IS OSED
IN CONTROLLING A PLOWRATE ACCORDING TO THE PU/(U¢PU) RATIO.
10.0 2500.0 5000.0 0.0001 11110
1t 13.0 0.0 0.0 0.0 Q.0 0.0 35.0 0.035 Tt
A 1t 38 0.035 0.0 0.0 0.0 0.035 5.0 0.04 0.03 0
3 1 3.4 315.0 2.95 0.0 0.0 0.0 35.0 0.054 11
1 -3 31 3.7365 3.3686% 0.0 0.0 0.0 1.0 2. 80 3.70 1
2 -331 3.6 3.5 0.0 0.0 0.0 1.0 275.0 315.0 1
3 ~-331 3.6 3.5 0.0 0.0 0.0 1.0 - 59 2.950 1
8 -3 319 0.055 0.048 0.0 0.0 0.0 5.0 0.0u9 0.052 0
6 1 5.2 95.8 76.1 0.0 0.0 0.0 35.9 0.0 11
2 29 12 0.¢C 1.0 0.0 0.0 0.0 0.0 300.0 0.0 1
1 29 13 0.0 1.0 0.0 0.0 0.0 0.0 300.0 0.0 1
7 2% 17 0.0 1.0 0.0 0.0 0.0 0.0 60.0 10.0 1
8 -29 110 1.22 1.2 0.0 0.0 0.0 0.0 0.1 0.0 0
12 2 0.18 0.0 0.0 0.0 0.0 0.0 35.0 0.3 11
T 12 4 1 C.18 0.0 0.0 0.0 0.18 20.90 0.3 0.0 1
8 12 48 0.2 0.0 0.0 0.0 .3 3 0.5 0.0 0
13 1 0.8 0.0 0.0 0.0 0.0 0.0 20.0 0.255 11
8 -32 14 0.23 0.17 0.0 0.0 0.0 1.0 0.25¢% 0.245 0
15 2 0.399 SB.D 0.549 0.0 0.0 0.0 35.0 0.284 11
1 1210.0 1.0 0.0 0.0 0.0 0.0 1.0 0.0 1
2 1220.0 1.0 0.0 0.0 0.0 0.0 200.0 0.0 1
3 1230.0 1.0 0.0 0.0 0.0 0.0 20.0 g.0 1
? 127 0.0 1.0 0.0 0.0 0.0 0.0 50.0 30.0 1
8 1280.0 1.0 0.0 0.0 0.0 0.0 0.5 0.0 0
18 2 0.01 0.0 0.0 0.0 0.0 0.0 20.0 0.0825 11
8 32 14 0.20 -0.05 150.0 0.0 0.0825 0.0 0.0925 0.0825 0
19 1 0.05 0.0 0.0 0.0 0.0 0.0 10.0 0.375 11
89 19 380.0 1.0 0.0 6.5 0.0 0.3 0.43 0.37 0
27 2 0.092 47.1 0.u445 0.0 0.0 0.0 20.8 0.354 11
1 13 21 0.0 1.0 0.0 0.0 0.0 0.0 1.0 0.0 1
2 13220.0 1.0 0.0 0.0 0.0 0.0 200.0 0.0 1
3 13 23 0.0 1.0 0.0 0.0 0.0 0.0 20.0 0.0 1
7T 327 0.C 1.0 0.0 0.0 0.0 0.0 40.0 10.0 1
3 13 280.C 1.0 0.0 0.0 0.0 0.0 0.5 0.0 0
28 2 0.0 0.0 0. 0.0 0.0 0.0 10.0 0.8 10
29 1 4.03 190.4 1.1 0.0 0.0 0.0 60.0 0.391 11
1 30 11 0.0 2.0 0.0 0.0 0.0 0.0 6.0 0.0 1
2 3012 0.0 2.0 0.0 0.0 0.0 0.0 300.0 0.0 1
3 20 13 0.0 2.0 0.0 0.0 0.0 0.0 200.0 0.0 1
B 30 ¥8 0.0 0.5 0.0 0.0 0.0 0.0 1000.0 0.0 0
30 1 2.02 9.8 7.61 0.0 0.0 0.0 35.9 0.1 11
1 29 11 0.0 1.0 0.0 0.0 0.0 0.0 €.0 0.0 1
2 29 12 0.¢C 1.0 0.0 0.0 0.0 0.0 300.0 0.0 1
3 29 13 0.0 1.0 0.0 0.0 0.0 0.0 300.0 0.0 1
7 29 17 0.0 1.0 0.0 0.0 0.0 0.0 60.0 10.0 1
3 -6 38 0.09 0.01 0.0 0.0 0.0 0.0 0.0 0.1 0
31 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.77 11
B 18 1 2 0.0 1.0 0.0 0.0 0.0 0.0 200.0 0.0 0
32 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.772 11
8 18 1 3 0.0 1.0 0.0 0.0 0.0 0.0 20.0 0.0 0
32 2 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.772 11
8 18 13 0.0 1.0 0.0 0.0 0.0 0.0 20.0 0.0 0
33 1 1.05 3.77 0.772 0.0 9.0 0.0 0.0 0.255 11
1 18 1 1 0.0 1.0 0.0 0.0 0.0 0.0 10.0 0.0 1
2 1812 40.0 1.0 0.0 0.0 0.0 0.0 10.0 0.0 1
3 18 13 0.0 1.0 0.0 0.0 0.0 0.0 10.0 0.0 1
8 18 18 0.C 1.0 0.0 0.0 0.0 0.0 10.0 0.0 0
34 2 0.004 4.2 0.009 0.0 0.0 0.0 0.0 .14 0
1 19 21 0.0 1.0 0.0 0.0 0.0 0.0 200.0 0.0 1
2 19 22 0.0 1.0 0.9 0.0 0.0 0.0 200.0 0.0 1
3 19 23 0.0 1.0 0.0 0.0 0.0 0.0 200.0 0.0 1
8 19 28 0.0 1.0 0.¢ 0.0 0.0 0.0 200.0 0.0 0
12 1.1000.0 1
13 2 1000.0 1
18 1 1€00.¢ 1
19 2 1000.0 1
29 1 0.1 1
30 v 1C00.0 1
31 2 1000.0 1
32 1 1000.0 1
33 1 .1000.0 1
34 2 1000.0 O

-~

START A NEW CASE

TITLE CARDS

START A TIME PERIOD

FEED STREAN ({HAS)
CCHTROLLER CARD
PEED STREAN (HAF)

CONTROLLER CARDS

PEED STREANM (HAR)

CCNTRCLLER CARDS

FEED STREAM (HAX)
CONTRCLLER CARD
COHTROLLER CARD
FEED STREAM (1AS)
CONTROLLER CARD
FEED STREAM (HAP)

CONTROLLER CARDS

FEED STREANM (1AX)
COETRCLLER CARD
FYED STREAY (1BS)
CCNTROLLER CARD
FEED STREAN (1AU}

CONTROLLER CARDS
FEED STREANM (1BX)
FPEED STREAM CARD
CCNTROLLER CARDS

PEED STREAM CARD

CONTROLLFPR CARDS

PEED STREAM (1AP 0)

CONTROLLER CARD

FEED STREAM (1AP PU

COWTROLLER CARD

FEED STREAM (1AP PU)

CCHTROLLER CARD
FEED STREAM (1AP)

CCNTROLLER CARDS

FEED STREAM (1B9)

CONTRCLLER CARDS

PRCDUCT
PRODUCT
PEQDUCT
PRODUCT

STREAM
STREAM
STRE AN
STREAN

PRODOCT STREANM

(HAW)
(1AD)
(182)
(1BP)

CARDS
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1 8.0 0.0 0.02 0.0u 1 YOLUME CONSTANTS (HA)
13 1%5.0 0.0 0.0z 0.02 1 YOLUME CONSTARTS (11)
19 15.0 .0 0.0¢ 0.035 1 JOLUME CONSTANTS (1B)
29 1000.0¢ 0.0 0.01 0.01 1
31 10.0 0.0 0.1 D, 1 1 :] YOLUME CONSTANT CARDS
33 10000.0 %¥000.0 0.01 0.01 0

3.30F 006.03% 001.038-010.0
3.99E-015.80F 015.49X~010.0
3.80% 005.53¢ 008.699~020.0
4.86B-015. 7S5 015.478~010.0
H.93F 005. 498 006.82%-020.0
5. 16E-015.66% 015.3158~010.0
4.96F 005.42B-029.04E-0Uu0.0
9.288-011.682 002.10#~020.0
4,95F 005.46E~041.322~050.0
9.39¢~011. 71E-022.968~-040.0
4.95F 00B.E0E-065.39E~070.0
9.39F~011.93F~046.44E~0€0.0
4.95F 004.66¥~075.83¥~0€0.0
9.39#-016. 17TE-065.66E~070.0
4.95F 003.19¥-085.178~0S0.0
9. 39%~014. 52E~075.89E~0£0.0
4.91F 001.728-093.398-1C0.0
9.35¢-012. 79E-084.427~090.0

3.50% 013.46%-021.738 00 -
3.50F D12.BuB-011.34E 01
3.50% D13.48E8-021. 748 00
3.50% 092.878~011.342 0
3.50% 018, 59%-024, 308 00
3.50E 012.89E~011.098 09
3.50E 018.58E~024.298 00
3.50% 012.918-011. 108 01
3.50E 01B.60R~020,30% (O
3.50E 012.92¥-011. 108 01
3.50% D18.62%-0204.31E 00
3.50F 012.948-011.10E M1
3.50E 018.63%-024,32E 00
3.50F 012.952-011. 118 01
3.508 018.64%-024. 328 QO
3.50F 012.96E~011. 11E 01
3.50E 018.64F-024,32E 00
3.50% 012.988-011.11F 01

DOV OROOTCoOOT ORI ROOLOODIOOCILTOOIOCOOTODOOORIOLRDTOORROVOOROODSOOD

4.68% 000.0 0.0 0.0 3.502 018.65%8~-024, 32E 00
9. 15E-011. 28E~092. 34 8- 100. 0 3.50® 012.998~011. 112 01
3.95¢ 000.0 0.0 6.0 3.50% 018.67E-024.33F 00
8.29%~-010,0 0.0 Q.0 3.500 013.09E~CG11.12E 014
2.62F 000.0 0.0 0.0 3.50% 018.718~024. 36% 00
$.9082-010.0 6.0 0.0 3.50F 013.C0B-011.11E O

7.B8F~011.55E 018.428-010.0
9.22%-024. 718 014.45E-010.0
8.28¥-012. 18E 017.998~010.0
B.S1F~025.77F 017.078-010.0
1. 12F 001.93% 017.58E-010.9
1. 17E-016. 11F 018.68¥-010.0
1. 118 001.62E8 011.06E 000.0
1.23F~015.61E 011.37E 0¢0.0
1. 11F 001.00% 011.15¢ 000.0
1. 46E-014. 298 011.8B7E 000.0
1.05E 003.77¢ 007.718-010.0
1.76F-C12.0BE 011.61E 000.0
S.06€-021.758 014.118~020.0
3.64¥-031.42F 018.85¢-0130.0
5.089-022. 148 019.198-020.9
3.84 F~031.9BE 012.26%-020.0
5.08E~022. 228 011.57€-010.0
3.89¥-032.08% 013.92E-020.0
S.10F~022.23F 012.42E~010.0
3.905~032.08% 016.0B8-020.0
5.13¥~022.238 013.502-010.0
3.94E-072.06% 018.84E~0370.0
5.24€-022. 218 014.84E-010.0
4.04E~0322.03F 011,239-010.0
S.65E-022. 178 016.35r-010.0
B.80¥~032.01E D11.64E-010.0
7.32F~022.06E 017.65E-010.0
5.85E-031.98F 012.102-010.0
1.358=-011. 718 017.37£~010.0
1.188~021.9328 012.44%-010.0
1.18E-016. 98E 005.318-01%0.0
B.TOE~-Q3E5. 238 001.18F-010.0
2.02¥% 009.58E 017.61E 0C0.0

2.08E 012.55%~011,272 01
2.08F 013.54F-012.00F 01
2.24% 012.55E-011.278 01
2.24% 013.588~012.01E 01
2.53% 012.558-011.27¢ 01
2.58% 013.628-012. 04E 01
2.58E 012.55E~011.28E 01
2.58E 018.32E-026.41E 00
2.57F 012.S5E-011, 288 01
2.57% 018.302-026,39¢% 00 INITIAL PROFPILE
2.51% 012.558~011. 288 01
2.51F 018,278-026.38E 00
1.06E 013.74%-017.48E 00
1.06E 011,148 004,028 0%
1.128 013.708-017. 898 00
1.122 011.18% 004, D1E 01
1.188 013.78¥F-017.552 00
1.18% 011, 148 004, 01%E 21
1.23% 073.848F-017.68F 00
1.23% 01t.14% 004,008 01
1.28% 013.928-017.85E 00
1.28% 011.15% 003.%9% 01
1.33E 014.C18-018,02E 00
1.33% 011,158 003,99E 01
1.38E Ot4.C8E~018.178 00
1.38% 011.15% 002,988 01
1.43E 016.13%-01B.27E 00
1.438 0t1.16E 003.97E 01
1.48% 0T4.16E~018. 328 00
1.48% 311,168 003,972 01
1.298 014, 168~018, 328 00
1.29E 018.(3%-D12.96E 01
3.598 017.928-017.92E 01

A 6 % x 6 2 % 4k B s € 8 8 3 4 » € 2% 8V & 3 & A b w0 ¥ Lt s oa ok &g

)

BRI

N

D00 OOROORCOOCLROOORRROOLITVDRORIDOOVDOOODOOCONTIC OOV DOOTOOQ
COTDOCOO00ORODLOCOOOOUO0DOUCODTOOULORITOCOOCCROOTIIOTTRODODOVLOOLPOLOOCODOLDOOCOO

A h s h 4 e s B 4 5 B 8 2% € % b K 4 8 8 s & 4 8 b 8 2 a4 X ¥ 8 s e 8 5 o2 % L a5 % o3 a2t s B 3 S ¥ 3B 5 0 % & 3z & b o4 s s & > s &

 COoOOCOOOUOOTALOCOOOITOUDOOICOCDTODALOUOOVDIOCIIOTTLLORROT VOO OODIIOTD

0.0 0.0 0.0 0.0 - 3.598 010.0 0.0

2.02F 009.52% 017.56% 000.0 . 3.61F 017.828-017.828 01

0.0 - 0.0 0.0 - 3.61% 010.0 0.0

0.0 0.0 0.0 0.0 - 3.00E 013.77€ 009.50E 00

9.0 0.0 0.0 a0 . 3.00% 018.12%~018,.62F 00

0.0 0.0 0.0 1.718~010. 3.00% 014.56E 009.508 €0

0.0 0.9 4.0 0.0 - 3.008 017.972-01B, 478 00

0.0 0.0 0.0 0.0 - 2.00% 010.0 2.0

0.0 Q.0 0.0 0.0 . 3.00E 010.0 0.0

0.0 0.0 0.0 0.0 - 3.65€ 010.0 0.0

0.0 0.0 9.0 0.0 - 3.65% 010.0 0.0 -~
0.0 0.¢ END OF THIS CASE

Because this example combines many of the ideas discussed in Sect. 7,
it should be instructive to inspect the responses of the various portions
of the system. Several streams were transferred within the system as
described in Sect. 7.1. The calculated results indicate that the transfers

were completed as desired.



Table 11. Sample simulation of plant operations

CONSEDPT CONTROLLER-RUN SOLVENT EXTRACTIOH PROCESS TESTING PROGRAR DECEKBER 1979 YERSIOHW
PUEEX PROCESS USING 30.0 % 18P

SECTION 8.3 TIESTING AN EXAMPIE OF PLANT OPERATION

THIS EXAMPLE IS (P R RFPROCESSING PLANT PRODUCING A COPROCESSED
PRODUCT. TEE BXAKPLF ILLUSTRATES MANY OF THE IDEAS IN SECTION 7.
SEVERAL STREAMS ARE POVED FROM PLACR TC PILACE IN CRDER T0 GIVE
THE RECYCLE STREABS AND THE INTER-COLUMN STREAMS. THE CONCENTRATOR
IN THIS CRLCULATICN IS A SEMI-BATCH OPERRATION IN STAGES 29 AND 230.
SEVERAL TYPES OF ERRCRS ARP APPLIED TO THF PEED STRTAMS. THESE
ARE OF THP? TYPE DESCFIBED IN SECTION 7, BUT THERE ARE AISC SOME
ZRRORS IMPCSED IN MANNERS ¥O0T DESCRIBED. THE GENERAL MATH IS USED
IN CONTROLLING A FLOWRATE ACCORDING TO THE PU/{U¢PU) RATIO.

DTHETA = 1.000E+07 S, DPRINT = 2.50E+¢03 S, TSTOP = 5.00E¢03 S, <CONVERGENCE TOLBRAKCE = 1.002-04 4 / S
MERIN = % MNEW FEED STREAXS ¥9ILL BE SPECIFIED

NEWOUT = % NE¥ PROTOUCT STREA¥S WILL BE SPECIFIFD
IVCL = 1 WEW VCLUKP? CONSTANTS HILL BY SPECIPIED
I§F0 = 1 A NEW BANKX PROPILE WILL BE SPECIFIED

TENCH = 0O °THF FIWNARL PROPILE WILL NOT BE PUNCHED
IRI¥ = 0 MO HEEDUCTION OF PLUTONIUN

PFED STREAM CATA

STASE { NITRIC ACID { OURRNIUN i PU {IN { P9 {III) { REDGCTANT | NITRATE TON § TEXPERATURE | FLOW RATE
§C. | {BOL/1) 1 {671y i (G/L} § {s/Ly § {HOL/L) i {BOL/L} { (DEGREES C) | {L/5}
{ § t § i i f 1

1 i 3.000%+00 § 0.0 1 0.0 p 0.0 i 0.0 t 0.0 i 3.500FB+0t t 3.S00E-02 LQUZOUS
2 Y 3.400%+00 § 3.1508+02 § 2.950E¢00 j§ 0.0 f 0.0 § 0.0 t 3.500E¢01 § 5.800E-02 RQUECUS
6 { S.200E+00 | 9.58CE+01 § 7.610E+01 § 0.0 { 0.0 { 0.0 { 3.590E40% ¢ 0.0 AQUECUS
12 i 1.800B-0% t 0.0 1 0.0 { 0.0 { 0.0 i 0.0 § 3.500B+01 ¢ 3.000E-0% CRGANIC
13 { 8.000E-01 1 0.0 § 0.0 i 0.0 1 0.0 1 0.0 { 2.0008+0% { 2.550E-01 AQUEOUS
1€ { 3.9¢0E-0%1 { 5.80CE+07 | S.u%0B-01 § 0.0 i 0.0 1 0.0 1t 3.500E+01 | 2.840E-01 ORGANIC
18 {1 1.0002-02 ¢ 0.0 i 0.0 i 0.0 § 0.0 1 0.0 § 2.000®R+01 | B8.250F-02 ORGANIC
19 { S5.0008-02 3 0.0 i 0.0 i 0.0 i 0.0 { 0.0 { 1.000F+07 | 3.7SUE-01 AQUEOUS
7 { 9.200E-G2 { $.710E+¢01 § %.450E-03% 4§ 0.0 { 0.0 { 0.0 i 2.080F+01 [ 3.540E-01 CRGANIC
<8 1 0.0 { 0.0 { 0.0 1 0.0 { 0.0 0.0 i 1.000F+01 ¢ 8.000E-01 ORGANIC
z9 { #.030FE+00 §  1.908Ee02 §  1.S510E+01 3 0.0 { 0.0 { 0.0 { 6.000E+01 ¢ 3.910E-01 RQUEOUS
30 y 2.020E+400 | 9.530E+01 § 7T.610E+00 | 0.0 { 0.9 { 0.0 i 3.590B201 | 1.000E-01 KQUECUS
i 1 0.0 { 0.0 } 0.0 i 0.0 it 0.0 P 0.0 } 3.000E«0t } 3.770E+00 AQUEBOCS
32 0.0 t 0.0 { 0.0 1 0.0 { 0.0 i 0.0 { 3.000Ee¢D1 |} 7.720E-01 BQUEQUS
22 1t 0.0 { 0.0 i 0.0 { 1.000%+00 | 0.0 { 0.0 { 3.000£¢0% ¢ 7.720E-01 ORGANIC
23 i 1.050F+00 | 3.77CE+00 4 7.720B-01 4 0.0 i 0.0 | 0.0 { 3.000F«01 | 2.550E-01 AQUEOUS
34 i 4.000E-03 | 1.620E+0%1 § 9.000E-33 § 0.0 ] 0.0 i 0.0 { 3.000F+01 § 1.140E+00 ORGANIC

0L



Table 11 {(continued)

PRCDOCT STREMNS ARF REMOVED AT STAGE PHASE RATE

1 ORGANIC 1.000E+20
12 AQUEODS 1.000E+03
13 ORGANIC 1.000E¢03
18 ACOEDUS 1.0002+03
19 ORSANIC 1.000E2+03
29 AQUEOUS 1.0002-01
30 ACOENUS 1.000E+03
31 ORGANIC 1.000E+03
32 AQUEQUS 1.0002403
33 AQUROGS 1. 000E+902
34 AQUEODS 1.000E+20
34 ORGANIC 1.0002+03
VOIUME CONSTARTS STAGE TOTAL YOLUME AQ SET POINT AQ CORSTANT OR CONSTART
1 8.000E+00 0.0 2.0008-02 4.000E-02
2 8.0007+00 . 3.0 2.000E~02 _4.0008B-02
3 8.0008+00 0.0 2.000B~02 4.0008-02
N B.000E+00 0.0 2.0008-02 4.000E-02
5 8.0008+00 0.0 2.000E-02 4.000B-02
6 8.000%+00 3.0 2.0008~02 4.000F~02
7 2.0002+00 9.0 2.000R~02 4.000E-02
8 8.000F+00 2.0 2.000E~02 4.000E-02
g 8.0002400 0.0 2.0002~02 4.000E-02
10 8.000%+00 9.0 2.000E-02 4.000E-02
1" 8.000F+00 ] 2.000%-02 4.000P-02
12 8.000E400 3.0 2.000E<02 4.000E-02
13 1.500E40 1 3.0 2.0008~02 2.000E-02
14 1.500E+01 2.0 2.0008-02 2.000E-02
15 1.5002+01 5.0 2.000E-02 2.0008-02
16 1.500E401 0.0 2.000E~02 2.000E-02
17 1.500E+01 9.0 2.000E-02 2.0008-02
18 1.500E+31 0.9 2.0008~02 2.000E-02
19 1.500%+01 2.0 5.0008-02 3.5002-02
20 1.500F+0 1 5.0 5.000F~02 2.500B-02
21 1.500B40 1 8.9 5.00CE~02 3.500E-02
22 1.5007+01 2.0 5.0008~02 3.500E-02
23 1.500E+21 0.9 5,.000E~02 3.500E-02
24 1.5060E401 3.0 5.00CE~02 2.500E-02
25 1. 5008401 0.0 5.00C0E=02 3.5008-02
26 1.500%¢01 0.0 5.0008-02 3.500E-02
7 1.5008401 0.0 5.0008~02 3.500E-02
28 1.500E+0% 0.0 5.0008-02 3.500E-02
29 1.000F+03 3.0 1.000E~02 1.000E~02
30 1.000F+02 0.9 1.0008-02 1.000F~02
29 1.000F 01 0.0 1. 000R~01 1.000E-01
32 1.000%401 6.0 1.000E~01 1.000E~-01
33 1.000E+04 3.000E+03 1.000B~02 1.000E=02
3y 1.000F04 9.000F+02 1.0008~02 1.000E-02

T/



Table 11 {continued)

PRCCESS CONTRCILER INFORMATICHN

PEEL STREAM VABIABLY {VARIABLE BBING USED

BEING CONTFOLLED {AS COMTEFOLLER INPUT { TYPE
STEY YARIMELE 1515 VARIABLE {
{ 1 i
1t AQ FEFD FLOWRATE} AQ FEED FLOWRATE{ 3-MODE
3} 4Q FEED HHOZ { AQ FEED HWNO3 {OR/OFF
3y AQ TEED URANION | RO FEED HNO3 {ON/OFF
3t AQ FEED PU ({IV) 1} A0 FEZED HNO3 | ON/GFF
3¢ AQ PEED FLOWRATEY AQ FPEED FLOWRATE|ON/OFF
6§ AQ FEED UGRANTIUH ¢ AQUEDUS URANIUM {3-MODE
61 AQ FE¥D PO {IY) 1 AQUEOUS PU {IV) {3-BGDE
64 AQ FEED TEMP | AQUEOUS TEMP { 3-MODE
€1 AQ PEED FLOWRATEY AQUEDUS DENSITY jON/CFP

1210RG FEED HNO3 i
1Z10RG FEZED FLOWRATE]
131 AQ PPED FLOWRATE:
1S{ORG PEFD HHO3 §
151ORG PEED ORANION ¢
1S{ORG PEED PU (IVy 1
1€{ORG ¥EED TE4P ¢
1S10RG FE¥D PLOWRATE{
1R{ORG FEED FLOWRATE]
191 AQ PEZED FPLOWRATE]
27108G FEED HNO3 ]
271086 FEED URANIUHX |
27{0RG FEED 20 {IV)

27(0RG PEED TEKP i
27}0RG PEED FLOWRATE{
29} aQ FEED HNO3 }
291 AQ PEED URANIOA }
29{ AQ FEED PU (IV) |{
291 AQ PRED FLOWRRTE]
301 AQ PEED HEO3 :
301 AQ PEED UTRANIUN |
301 AQ PEED PO {IV) |
jC{ AQ FEED TEMP 1
30f AQ PEED FLOWRATE]
31f AQ FEFD FLOWRATE|
324 KRQ PEED FLOWRATE|
32{0RG PEFD FLOWRATEY
337 8Q FEED H¥O3 i
331 AQ PRED URANIUN |
33{ AQ FRED PO (IVYy ¢
33y AQ FPEED FLOWRATE]
JUJORS FEED HNO3 {
34I0RG PEED URANIUH |
34{O0RG FEED PU (IV) |{
J4{ORG PEED FLOWRATE]

Lad dnd b ek d D
Cr S L) i L W

(%)
<

ST NN N
DPDRN 0 00O

12;ORG PEED
12i ORG FEED

AQUEOUS
ORGANIC
ORGANIC
ORGANTIC
ORGANIC
ORGANIC
RQUEQYS
AQ PEED
OHGANIC
ORGANIC
ORGANIC
ORGANIC
ORGANIC
ROQTEDUS
AQUEQUS
AQTEDUS
AQUEQUS
AQUE0TS
AQUEQUS
AQUEOUS
4QUEOUS
AQ FEED
AQUEOUS
AQCRBOUS
AQUEDUS
AQTUEQTS
4QTEOUS
4QUROUS
AQUZCUS
ORGANIC
ORGANIC
ORGANIC
ORGANIC

HNO3 { 3-MODE
FLOWRATE] 3- HODE
U {IIT} |ON/OFF
YN0 3 {3-¥0DE
URANIUH ]3-%ODE
PU {IV) }3-MODE
TEMP £3-M00E
FLOWRATE{ 3- MODE
PU (III){3-MODE
FLOWRATE{ 3- HODE
H¥o3 {3-KODE
URANIUH i3-HODE
29 ¢IV) |3-MODE

TEMP {3-MODE
FLOWRATE{3-MODE
HNO0 32 | 3-M0DE
URANTUM |3-MODE

PU {IV) {3-ECDE
FLOWRATE; 3-MODE
HNO3 ;13- MODE
ORANIOUM {3-MODE
PYU {TVY {3-MODE
TEMP { 3-MODE
FLOWRATE{ON/OFF
DRANIUK |3-3ODE
PY {IY¥) {3-HCDE
PU (IY) {3=-MODE
HNO3 {3-MODE
URANIUN | 3-KODE
DU (IV¥) §3-MODE
FLOWRATES 3-KODE
HY03 1 3-%0DE
URANIUK §3-KODE
Y {IV) |3-MODE
FLOWRATE| 3-MODE
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3.74E+00 |
3.603+G0 |
3. 602400
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1.
1.
5.
1.
1.
1.
1.
1.
Y
2.
2.
2.
5.
1.
1.
1.
1.

JCONTROL{ SET POINT|PROP GAIN{INTEGRAL
{CR LOWER 1{
|SET POINTiSET POINTY{

i
0 1
37E+00]
SO0E+00¢
S50E+00¢
80B~-02y
00E+00 ¢
00E+001
00E+001
20F+001
0 i
6 f
TO0E-0 1}
O0E+00
00E+JG |
00E+0G
00E+00C}
QOE+001
00E-021
GGE+07)
00E+00]
00E+00{
00E+D04
J0E+00)
00E+Q0
00E+00 {
Q0E+00}
00E+00
QGE-014
GOE+0D]
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Q0E+CD{
0024001

1.00E-021

1.
1.
1.
1.
1.
1.
3.
1.
1.
1.
1.

00E+00
Q0E+00 ¢
O00E+00
0OE+00}
00E+Q0}
COZel0 !
GOE+00¢
O0E+001
008«00}
0NE+00
D0E+00]

TIMP !

H

{
1.008+40¢
1.00E+4C}
1. 00R+ U0
1.00E+40}
1. 00E+60¢
1. 0CE+4 0y
1.00E+40}
1.00B+40¢§
1. 0024404
.00+ 404
1. 00E+ LGt
1.00B+40y
1.00F+ 404
1.00E44 0}
1. 00B+4 0§
1. 00E+40}
1.00E+UQY
1. E0E+ 02}
1.002+40|
1.00E+40]
1. 00E+ 40
1. 008« L0}
1. 00240}
1.00E+40¢
1. 00E+u0}
1.00E440]
1. 00E+060Y
1. 00F+u 04
1. 00B¢ 401
1.00E+404
1.002+40¢
1. 00E€4 0}
1. 002+40}
1.00E+4L0}
1. 00E+u40¢
1. 00E+u0y
1. 00E+40
1.00B+4904
1. 00FE+404
1. 00E+401
1.00E+40{
1. 0CE+ 40y
1. 00E+ 40y
1.00=+4 04
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5.00CE«00¢
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1.00E400¢
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CE+014
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!
4.00F-024
3.40F+00¢
2.75E+02]
2.59E+0G0}
%.90E-02y
3.00E+Q02}§
3.00E+02}
6.00E+01)
1.00E-014
3.002-011
5.008-01)
2.55E-01}
1.00E+00¢
2.00FE402¢
2.00E+013
5.00E+01}
5.00E-014
G.25E-021
4.20E-014

D0F+ 00y

2.00E+021
2.00E+01}§
4.00E«01y
5.00E-01}
6.00F+00}

O0E+02}

3.00E+02§
t.00E*G3]
6.00E+00]

AQ0F+02;

3.00E+02}
5.00E+01%}
0.0

2.00E+02y
2.00E+01}
2.00E+0191
1. 00E+014
.00E+01¢
1.00E+014
1.00E401}
2.00R+024
2.00E+02}4
2.00E+02y
2.00E+024
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Table 11 (continued)

BPLAPSED TIME = 6.0 35 SECTION 8.3 <TESTING AW EXABPLE OF PLANT CPERATIONX
AQUECUS PHASE
STAGE {NITHIC ACID] URANIUR { PU ({IV) { PO (IIX} { REDUCTANT {NITRATE ION{TEMPERATURE| FLO¥ RATE { VOLOUME {DENSTITY{MAX CHRGE
RC. |} (MOL/L} t {G/L) § {G/L) i {G/L} { {MOL/L) I (¥OL/L} | {DEGREES O} | {L/S) { (LITERS} t (RG/L) ¢ (% 7/ 5)
{ t | i ! t { t t I |

1} 3.0008400 ¢ 0.0 P 0.0 t 0.0 ] 0.9 | 3.0 f 3.5008+31 { 3.500®”-02 | FEED STREAX

T | 3.30GCE+00 § 6.030E+00 ¢ 1.030E-01 | 0.0 £ 0.0 1 8.0 f 3.500EF+01 | 3.4608-02 § 1.730F+00 § 1.108% 2.00E+Q2
2 | 3.BOOE+Q0 } 5.530E+00 { 8.690F-02 { 0.0 { 0.0 { 0.0 f 3.S00E+01 | 3.480E-02  1.740E+00 | 1.12u441 2,.030E02
3 §.3.400F+00  3.150E¢02 | 2.950F¢00 { 0.0 f 0.0 { 0.0 t 3.500E+0%Y } 5.400E~02 ¢ FEED STREARN

3 8.93CE+00 | S.490FE+00 | 6.820E-02 { 0.0 1 0.0 { 0.0 ! 3.5008+01 | B8.590E8-02 { #.300FE+00 { Y.16081 2.00E+02
4 { 4.960E400 { 5.820E-02 §{ 9.040E-08 § 0.0 1 0.9 1 6.0 t 3.500F¢31 { B.5B0%-02 | 4.290E+00 | 1.1543} 2.00F+02
S | 4.95CF+003 { S.460B-04 ¢ 1.3208-05 | 0.0 f 0.0 i 0.0 { 3.500FE+01 | B.6008-02 | 4.300E+008 { 1.153%f 2.00R+02
€ t 5.200E+00 § 9.580E+01 { 7.6108+01 { 0.0 | 0.0 } 0.0 { 3.590E+0t { Q.0 | FEELD STREAHM

6 | 4.950F+00 ¢ B8.600E-06 § 5,390®-07 { 0.0 1 0.0 { 0.0 t 3.500F+01 ¢ B.520E-02 | 4.310E+00 { 1.1539f 2.00E+(2
7 | 4%.9%50F+00 } 4.660E-07 | 5.830E-08 | 0.0 {1 0.0 i 0.0 i 3.500E+01 § B.630E-02 | 4.320E«00 { 1.1539f 2.00F+02
8 | 4.950F+00 | 3.130E-08 | 3.170r-09 { 0.0 t 0.0 t 6.0 | 3.500F¢01 | B.640FE-02 | 4.320E+00 } 1.1%53%¢ 2.00F«02
9 f 4.910E400 ( 1.720E-09 § 3.390E-10 | 0.0 | 6.0 | 8.0 t 2.500F+01 } B.6UOE-02 | 4.3208+00 ¢ 1.1526| 2.00E+02
10 | 8.€BQ3E+00 ) 0.0 t ¢.0 t 6.0 i 0.0 { 0.0 { 3.500E+01 { B.650®~02 { 4.3Z0E+00 { 1.184%52| 2.00E202
11§ 3.950F400 t 0.0 1 0.0 t 0.0 { 0.0 { 0.0 f 3.500FE+0%1 { B.670E-02 | 4.330E+00 ¢ 1.1216¢ 2.00E*Q2
12§ 2.6208+400 { 0.0 1 3.0 1 0.0 { 0.0 0.0 §-3:5008+01 {-B.T10E-02 § 4.360E+00 § 1.07871 2.00E+02
12 | 2.620E+00 § 0.0 ! 0.0 1 0.0 } 6.0 { 0.0 {f 3.500E+01 | 8.710E-02 | AQUEQUS SRODUCT

13t 8.000E-01 3} 0.0 i 0.9 1 0.0 { 0.0 { 0.0 | 2.000¥+01 ¢t 2.550E~G%1 { FEED STREAN

13 ¢ 7.8BQ0F-01 } 1.550F+0% 1 4.4208-0% § 0.0 { 6.0 { ¢.0 { 2.0BOE#QY { 2.550"=01 { 1.2708+01 § 1.0u51) 2.00E+02
14 ¢ 8.2B0E-0%Y | Z.180E+01 { T.990%-0%1 { 0.0 { 0.0 } 0.0 | 2.240F«0% { 2.550F-01 { 1.270B+01 § 1.0551) 2.00E+02
15 1. 1202400 | 1.930B+01 ¢ 7.380B-01 4 0.0 9.0 t 0.8 | 2.580FE+¢3%1 | 2.550F~C71 § 1.270E+01 | 1.06021 2.00E+02
16} 1. V10FE+00 | 1.620E+01 ¢ 1.0608+400 | 0.0 { 0.0 { 0.0 | 2.5B0FE43Y | 2.550®-01 | 1.280E+0Y { 1.05€21 Z.00E+02
17§ 1. 11CE«00 | 1.000E+0t § 1.7150E+400 § 8.0 1 G.0 f 0.0 t 2.570FE+01 { 2.5508-01 § 1.280E+01 | 1.0u7%¢ 2.030F¢02
18 { 1.050F400 1 3.770E+00 { 7.710E-01 § 0.0 f 6.0 | .0 | 2.510FE+01 { 2.550E-07% { 1.280E+0%  1.0372¢ 2.0CE4+C2
18 ¢ 1.0%0F«00 | 3.770F+00 { T.710B-031 § 0.0 | 0.8 } 0.0 { 2.510€+0% { 2.5508-01 | AQUECUS PRODUCT

19t 5.000F-02 ¢ 0.0 1 9.0 { 0.0 } G.0 1 0.0 } 1.000E+31 | 3.750E-01 } PEED STREANR

19 { 5.060B-02 ¢ 1.750E¢Q% | 4.1102-02 } 0.9 { 0.0 i 0.0 { 1.060EF+01 ; 3.7u0E-01 { 7.4B80E+00 ¢ 1.0255( 2.00£+02
20 | 5.080F=02 | Z.140E+01 { 9.190%-02 | 0.0 § 6.0 t 0.0 j 1.120E+01 { 3.7402~01 { 7.49CE+00 { 1.0308¢ 2.0CF+02
2%t 5.CBQE-02 | 2.220R+01 { 1.570®-01 § 0.0 } 0.0 t 0.0 [ 1. Y8080t § 3.780E-0% { 7.550E+00 { 1.03131 2.00F+02
22 4 5. 100F-32 § 2.230B+401 { Z.820E-2%1 | 2.0 { 0.8 1 .o §f 1.23CE«¢D1 | 3.840E-01 | 7.680F200 | 1.0221} 2.0TER+02
23§ 5.13C¥-02 § 2.230E+01 § 3.5002-01 4 0.0 i 0.0 { 0.0 | 1.280%+01 } 3.920°P-01 | 7.850E+00 § 1.0321¢ 2.00E»02
2%} S.260E-02 § 2.210E+071 { 4.840E-01 § 0.0 {f 0.0 f 0.0 f 1.330E+01  4.Q10E-0GT y B.C20E+00 | 1.0320¢ 2.00E+02
25 3 5.6508-02 [ 2.1702401 § B.350%-01 ¢ 0.0 | 6.0 i 0.0 | 1.380F401 } 4.,080F~-01 } B.170E«00 § 1.0317) 2.00F+C2
26} 7.3208-02 } 2.060F401 | F.660F-01 ¢ 0.0 i 0.0 | 0.0 f 1.430F+01 § 4.130E-01 ( 8,270E+00 § 1.0309] 2.00F+02
27§ t.350F=-01 f 1.TI0E+40Y § T.370E-01 § 0.0 } C.0 } 0.0 { 1.4B0F¥+01 { H4.1607%-01 | B.3208400 | 1.0280} 2.00FsC2
Z8 § 1.1B0F-0t { 5.980F+00 { 5.310E-01 | 6.0 i 0.0 i 0.0 f t1.290F+0Y § 8.160E-31 § B.320E+00 y 1.0138) 2.00F202
39§ %.03CE+00 ¢ 1.93048+402 § 1.5108¢01 | 0.0 t 0.0 § 0.0 | €.000E+0% ¢ 3.910E~-O0t ¢ FEED STRERH

29§ 2.020Fs00 { 9.580E+01 { T.610%+00 § 0.0 { 6.0 t 0.0 b 3.590E¢0% { 7.920FE~-0% § T.Q20E40% ¢ 1.2002¢1 2.00E%Q2
79t 2.020Rs00 | 9.580Es01 } 7.6107+00 § 0.0 § 9.0 { 0.0 f 3.5%0E+0% | 1,000E-0% { AQUECUS PRODUCT

33 f{ 2.020Fr+400 |} 9.580FE+0% { 7.6102+00 { 0.0 1 .0 t C.0 f 3.590FE¢D7 { 1.0008-01 | FEED STREAN

30§ 2.D20E400 | 9.520B4071  T.560840C | 0.0 } 0.0 t 0.0 §f 3.6%08¢0% | V.8208-01 ¢ 7.8520B+01 § $.19S2) 2.00p+02
20 { 2.0208400 | 9.520E+01 ;3 7.S5608+00 { 0.0 { 0.0 } 0.0 { 2.610E+3% § 7.B20E-0% § AQUECUS PRODUCT

€L



Table 11 {continued)
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1. 0S0E+00

ORGANIC PHASE

STAGE

HC.

-
QO E NN E W =

-
8RO =

13
13
%
1%
15
16
17
18
18

19
19
20

2
23
4
25
6
27
27
28
28

{NITRIC ACID{

{A0L/Ly

3.99%90E-01
3.990%F-01
L HGETE-01
5. 160E-01
9.280¥-01
9.3290¥F-01
9. 290E-01
9.3908-01
9. 390E-01
9. 350¥-01
9. 150E-0"
8.290E-01
5. 9CCE-0
1.80CE-0%

9.2208-02
9.2202-02
8.510E-02
1. 1708-01
3.990E-01
1.2302-01
1. 460E-01
1.760E-01
1. 000F-02

3.6408-013
3.640E-03
3.840F-03
3.88CF~-03
3.9008-03
3.9407-03
4.0402-03
4. %008-023
5.85CP-03
1. 1838-02
9. 200E-C2
8. T00E-03
0.0

3.770E+00

URANI UM
{5/1)

5.800E+01
5.800E+01
5.750E+01
5.660E+01
1.680E+00
1.7108-02
1.9302-04
6. 170E-06
4.520E-07
2.790E-08
1.280E-09
0.0

0.9

-9

(=)

4.710E+01
4.710E+01
S.770B+01
6.1102+401
5.800E+01%
5.6 10E+01
4.290E401
2.080E+01
0.0

1.820F+01
1.4208+01
1. 9808401
2.080E+01
2.080E+03%
2.060E+01
2.030%+01
2.010E+01
1.980E+01
1.930E+0Y
4, 710E+01
5.2302+00
0.0

PO (1Y)
{G/L)

5.490E-01
5.490%-01
5.470E-C1
5.350E-01
2. 100E~-Q2
2.960E-0U
6.UL0F-06
5.6608-07
5.890E-08
4.420E-09
2.340E8-170

[a= e R )

-0
.0
.38

4.450E-01
4.850E-01
7.070E~01
3.6302-01%
5.4902-09
1.370E+00
1.8705+00
1.5107+30
0.2

8.8508-03
8.850%-03
2.2408-02
3.920E-02
€.080E-02
8.8408-02
1.2302-01
%.640%-01
2.1008-01
2.440E-01
4.450E~01
1. 180E-01
3.0

CooCcCoO
)
[=Ne R Ne N

REDUCTAMNT

N IR
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[eleela o NaNo e No le No Jw et i)

OO0 OOOC OO0
OO OO LROODO
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GO0 ODO0 O
PP
OO0 D
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RN
D OOCODLVOLCC2CO
NI

DOV OQCOOUO OO0

PP
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DO QUCLOLOOLOO
DO OO oTO

{ 0.0 { 3.000%+01
i 0.0 | 3.000%401
i 0.0 ] 3.000%E+01
i 0.0 1 3.000E+01
{ 0.0 { 3.000F«3+%
0.0 1 0.0 f 3.000E+01

i i

{1 0.0 | 3.500E+01
i 0.0 | 3.500FE+01
} 0.0 { 3.500F401
1 0.0 { 3.500E+01
t 0.0 { 3.500E¢01
t 0.0 { 3.500F¢01
§ 0.0 { 3.500¢%+01%
§y 0.9 i 3.500%401
{ 0.0 { 3.500E+01
{1 0.0 i 3.500:+01%
{1 0.0 { 3.500%e01
{ 0.0 § 3.500E¢01
{ 0.0 i 3.500%5401
{ 0.9 1 3.S00%+03
1 0.0 | 2.080E¢01
{ 0.0 { 2.080F¢01
{ 0.0 i 2.260E¢01
i 0.0 i 2.580%+401
i 0.0 7 3.500%¢01
i 0.9 ; 2.583F401
1 0.0 { 2.570E+01
1 0.0 § 2.510F20%
1 0.0 ] 2.000F¢0%
i 0.0 | 1.060F+01
i 0.0 ] 1.060E+01
;1 0.0 | 1.120E+01
{ 0.0 ] 1.180%+901
i 9.0 i 1.2308+01
{ 0.0 1 1.28CE+01
§ 5.9 § 1.330%+01
3 0.0 i 1.3B0F+00
] 0.0 { 1.830%+01%
{ 0.0 1 1.480E+01
] 0.0 | 2.080E+01
) 0.0 | 1.290F¢01
] 0.0 { 1.000F+01

{NITRATE ION§TEMPERATURE(
{8¥0L/L) i {MOL/1) t {DBEGREES Cj

3.770E+00
3.770CE+0D
7.72¢E~-01
4.56CR+00
4.560E+00

2.550E-01

FLOW RATE
(L/sy

2.840E-01
2.84082-01
2.870E-01
2.890E-01
2.910E-01
2.9208~01
2.9U40E-01
2.950B-01
2.960E-01
2.980E-01
2.9908-01
3.0008-01
3.0008-01
2.000E-01

3.540E-01
3.540E-01
3.580E-01%
3.6202-01
2.8408-01
8.320%-02
8.300B-C2
8.270E-02
8§.25082-02

1. 140E+00
i. TU0E+00
1. 1402400
1.1602+00
1.140B+00
1. 150E+00
3.150E+00
3.37508+400
1. 1608400
1.160E+00
3.540E-01
8.030E-01
E.000%~-01

FEED STREAM

9.5002+00 | 0.9957¢ 2.00E+02
PEED STREAN

9.500E+00 | 0.99359; 2.00F¢02
AQUECUS PRODTCT

FEED STREAM

YOLUME {DENSITY|{MAX CHNGE
{LITERS) i {KG/1Yy (% /7 9)
! !

ORGANIC PRODUCT

1.12084073
1. 110E+07
FEEY STREA

0.83€3] 2.00E+02
0.8286f 2.00E+02

1.340E401 § 0.9023f 2.00F¢C2
1.340E¢01 { 0.9041f 2.00E+C2
1.090E407 { 0.9051f 2.00E+02
7.100E¢01 { 0.8418f 2.00E+02
1.100E+01 } 0.83591 2,00E+02
1.100E+01 { 0.82€8; 2.00F+02
1.710E+01 { 0.83S8; 2.00F+02
1. 110E401 | 0.8398; 2.00F+02
1.110840% { 0.8397{ 2.00E402
1.1108407 | 0.82S%{ 2.00F002

i

i

=

ORGANIC PYRODUCT

2.0002401 § 0.88731 2.00E+02
2.010E+407 § 0.90701 2.00E+C2
2.040E+)1 § 0.99u8} 2.00E+02
FSED STREAH

6.410R+00 | 0.89¢0} 2.00F+02
6.3902+400 § 0.8824f 2.00E+02
5.380E+400 | 0.8529¢ 2.00E+02
FEFD STREAH

ORGAMIC PRODUCT

5.020E+01 | O.8US0) 2.00E+02
4.010E+07 § 0.8523] 2.00P¢02
4.010E+01 § 0.85348} 2.002+02
4.000FE+07 ¢t 0.8537) 2.00F+02
3.990E+401 § 0.85251 2.00F+02
3.990E+401 § 0.85181 2.00r+02
3.9B0E+0% | 0.B513f{ 2.00E+C2
3.970E+01 § 0.85C07¢{ 2.00E+0Q2
3.970E+401 § 0.BLI9%Y 2.00E+C2
FEED STREAH

2.9608+01 | 0.83151 2.00F+C2
PEED STREAM

7l



Table 11 (continued)

3.000E+01

31 1 0.0 1 0.9 { 0.0 1 0.0 1 0.0 1 0.0 1 { 8.1202-01 { ORGANIC PRODNCT
31 4 0.0 { 0.0 1 0.0 1 0.0 } 0.0 § 0.0 { 3.000E¢01 | B.120E-01 { 8.620E+00 { 0.8129] 2.00%+02
2 4 0.0 1 0.0 | 0.0 | 0.0 | 0.0 i 0.0 { 3.000F¢01 | 7.970E-01 | B.G70E+00 § 0.812%] 2.00£402
32 1 0.C i 0.0 { 0.0 { 1.000E+D0 | 0.0 { 0.0 { 3.000E+01 { 7.7208-01 | FEED STREAM
2% | 4.000E-03 | 1.820P+0% { 9.000E-03 | 0.0 { 0.0 1 0.0 | 3.000801 { 1.180E+00 { FEED STREAM

ELAPSED TINE = 2500.0 S SECTION 8.3 TESTING AN ESXAMPLE OF PLANT OPRRATION

LQUECUS PHASE

STAGE {NITERIC ACIDY{ ORANIGM { DPU [IV) { P? (III) | REDUCTANT {NITRATE IONJTEMPERATURE{ FLOW RATE VOLUME {DENSITY|MAX CHNGE

RC. ¢ (Wol/L) | {G/L} t (G/L) | {G/L) I {(mOL/1y | {(MOL/L) }(DEGREIS ()t (L/5) { (LITERS} { (KG/Ly} (% / S)
t } { o 1 ] ! { t | i

1 { 3.000F«00 | 0.0 1 0.9 t 0.9 | 0.9 [ f 3.500%8+01 § 3.452E~02 | FEED STREAN

T ) 3.UT9E+00 § 3.781E+00 ¢ 6.2988-02 ¢ 0.0 P 0.0 1 0.0 } 3.500F¢01 | 3.508E~G2 { 1.7S5GE+400 | 1.109%7} 1.7%e-C1

2 | 3.95%E+00 { 3.618E+Q00 | 5.5%11E~-02 ( 0.0 f 0.0 f 0.0 { 3.S500F+01 t 3.525E~-02 | 1.762E+00 | 1.12€9} 1.8B3E-C2

3§ 3.720E+00 { 2.768T+02 { 2.5872+00 { 0.0 { 0.0 f 0.0 t 3.500F¢01 | 5.119E-02 | FEED STREAN

3§ 5.029%8+00 | 3.69%57+0G { 4.51Bg-02 { 0.0 t 0.0 { 6.0 § 3.500E+01 { B.7268-02 | 4.363E#00 { 1.1615) 1.48¥-01

4 3} S.0SSE+00 § 3.408E-02 | 5.u4278-0% | 0.9 i 0.0 } 0.0 { 3.500F+01 | B.7H0B-02 | 4.370E+00 | 1.71574§ 1.65E-02

S § 5.054¥400 t 3J.O4T7E~-04 | 6.323E-06 } 0.0 10,0 } 0.0 §-3.5005401 { 8.723P-02 { 4.361E+00 | 1.1573f 1.788-02

6 t 5.Z00E+00 { 1.042E+02 { 8.406E+00 { 0.0 {1 0.0 i 0.0 f 3.6468+40% ¢ 0.0 t PEED STREAN

6 { S.050F+00 { 2.695E-06 { 7.302®-08 { 0.0 | 0.0 i 0.0 t 3.5008¢0% | B.637E-02 } u.3UBE+D0 | 1.157%¢ 3.29E-Q2

7§ S.03fE«00 { 2.374E-08 t R,8268-10 | 0.0 t 3.0 § 0.0 | 3.500F01 § B.873E-02 § 4,.336%+00 ( 1.1567} 5.38€-03

8 | 4.%9B8E+00 | 2.065:-10 | 3.0 { 0.0 { 0.0 | 0.0 | 3.500F+401 | 8.651E~-02 | 4.326E+00 { 1.1555} 4.SEF-C(3

3 | 4.€63F+00 § 0.O i 3.0 { 0.0 | 0.0 { 0.0 | 3.500f¢0% | B8.632E-02 | 4.316F«0D | 1.1511f 4.51E-C2
10 | 4.86(E400 t 0.0 { 0.0 { 0.0 t 0.0 { 0.0 { 3.5005401 | 8.637TE-02 ¢ G.30BE+00 | 1.1381) 3.32E-03
11t 3.E05E+00 ¢ 0.0 t 0.0 1 0.0 p 0.0 } 0.0 t 3.500E401 § 8.610F-02 } 14.305E¢00 } 1.%1105¢ 2.99E-03
12§ 2.35EE+00 | 0.0 { 0.0 f 0.0 } 0.0 { 0.0 { 3.500F8+01% | 8.612E-02 { 4,.306%400 t 1.07062¢ 1.04E-C2
12§ 2.358F+00 | 0.0 t 0.0 | 9.0 { 0.0 f 0.0 { 3.500¥%+01 { 6.6122-02 { RQUECUS PRODUCT

13 { B8.00CE-01 | 0.0 i 9.0 1 0.0 P 0.0 1 0.9 t 2.000E¢3% ¢ 2.468BE-01 | FEED STREAHM

13} B.09%0E~01 § 1.083B+31 | 2.889g-01 | 0.0 1 0.0 {f 0.0 { 2.106E¢31 { Z2.459E-01 ¢ 1.229E401 | 1.0382} 9.78E-02
14 § 9.013E-01 | 1.28BE+01 § %.3338-01 § 6.0 y 0.0 | 9.0 § 2.300F+01 | 2.45BE-~01%1 |} 1.229E+071 | 1.0447¢ 2.468-02
1S} 1.2B2F400 { 9.865E+00 | 3.201B-0%1 4 0.0 { 3.0 | 0.0 t 2.655E+01 | 2.4578-01 | 1.228E+0% { 1.0513} 1,8%g-C2
16 § 1.Z9%E+00 | 4.3331%+00 ¢ 3.185E~-01 | C.0 f 0.0 | 0.0 | 2.656E4071 | 2.4552-01 | 1.22R8E+0% { 1.0447} 6.84E-02
17 1. 293E+00 | 1.527E¢00 { 2.237E-01 § 0.0 { 0.0 { 0.0 | 2.645F¢0% { 2.45GE-0% § 1.227E401  1.0628) 1.16E-01
18§ 1. 204F400 | 8.183E-0YV | V.122E-01 | 0.0 t 0.0 { 0.0 { 2.573E40% | 2.u453B-01% | 1.227E«0t { 11,0364 t.41E-01
18§ 1. 204F€00 | #.143F-01 § 1.1228-01 | 0.0 } 0.0 t 6.0 f 2.573%+01 ¢ 2.453B-01 { AQUECUS PRODUCT

19 1 5.00CE-02 § 0.0 { 6.0 | 6.0 ] 9.0 i 0.0 § 1.000F#d1 | 3.69352-01 | FEED STREAM

19} S.075E-02 { 1.580E+01 | 3.890E-02 } 0.0 § 0.0 1 .0 { 1.0T8F&0% § 3.7Y5E-0% { T.43CE+00 § 1.02322¢ 3.1CE-02
20 f S5S.092F=02 { 1.94%1E+01 § B.S50E-02 § 0.0 § 0.0 { 0.0 t 1.122F¢01 { 3.729P-01% | T.45BE4D0 ¢ 1.0281} 3.S58BE-(2
Zt f 5.103R-02 | 2.025%+071 } 1.428E~0% § 0.0 i 0.9 i 0.0 t 1.206¥40Y | 3.702E-01 | 7.485E4D0 § 1.0292f 3.60F-C2
22 f 5.120E-02 § 2.088FE+07% { 2.13€p-0% § 0.0 t 0.0 | 0.0 §f 1.26584871 ¢ 3.7558-01 | 7.510P+00 } 1.0295] 2.8CE-0Z
73 f 5.1718-02 | 2.054FE+C1 ¢ 3.014E-01 { 0.0 f 0.0 f 8.0 § 1.3225401 ¢ 3.T76TE-01 { T.53URe00 | 1.02%61 2.85E-C2
4} 5.357E-02 | 2.047E+01 § $.074E-0G1 ¢ 0.0 [ 1 0.0 § 1.37€%8+01  3.TT8E-0t | 7.S55TE+DO | 1.0297} 2.37E-02
i5 | 6.069F-02 | 2.004E+01 § 5.2668¥-0%1 | 0.0 f 0.0 } 0.0 I 1.427TE€0T1 { 3.789E-01 | TF.ST7BE400 § 1.0234¢ 1.8€r-C2
6 } 8.69%¥-0Z 1 1.B42r+01 | 6.167E-CY { 0.0 § 0.0 } 0.0 t 1.476F¥+401 § 3.798E-03Y | 7.597E400 { 1.02811 1.64¢-02
27 {f 1.703E-01 | 1.394F+01 | 5.8B28-01 { 0.0 § 0.0 { 0.0 f 1.522%40%1  3.806E-01 | 7.633E+00 { 1.0285) 1.9%78-02
Z8  § 1.460E-G1 { 5, 1158400 1§ 3.650E-01 | 0.0 p 0.0 i 0.0 f 1.3025401 § 3.8132-01 ¢ 7.6278+00 § 1.0118} 2.6%E-02
29 f 8. 41SEX00 | 2.062E+02 § 1.665E+L1 § 0.0 ; 0.0 { 0.0 {f 6.000E+01 ¢ 3.810E-01 ¢ FEFD STREANM

29 | 2.2UGF+00 | 1.082E+02 t B3.406E+00 § C.0 f G.0 t 6.0 § 3.64BELCGY { T.629B-01 | T.HIGE+01 ¢ 1.21981 1.61E-02
39 § 2.280F€D0 | 1.082R+02 ¢ 8.405B+03 | 0.0 | 0.0 } 0.0 { 3.6468401 § 1.0008-0% | AQUEQUS PRODUCT
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Table 11 {continued)

20 4 2.2u0E+00
2. 2082400
30§ 2.208E00

ta
(=)

31 ¢ 0.0
21 ¢ 0.0
22 4 0.0
32 1 0.¢C
32 1 0.9
33 9 %.20L4%+00

23 4 1.1%28400

QRCANIC PHASTE

{ 1.042E4+02
i 1.031E+02
| 1.031E+02

§ 4.193E-0%
{ 2.216E+0D

STAGE {NITPIC ACID| URANIUA

HC. {  {¥0L/L)
i
1 4 8.7358-01
T ] 4.7%5E-01
2t 5.201E-0t%
3 f 5.853E-01
4} 9.390F-0%
S § 9.46SE-01
6 | 9.467E-G1
7§ 9.460F-01
8 { 9.433E-01
9 4§ 9.3288-01
10 1 8.¢528-01
11§ 7.RI1E-D
12t 5.359E-901%
92 | 1.%9€E-01
13 | 1.062E-01
13 1 1.063E-04
W1 1. 126F-03
1T 4 1.717E-01
1 4 4.7158-01
1€ | 2.1298-01
17 4 2.E03E-07
19§ 2.S%1F-01
18 | 1.000E-02

{ (G/Ly

P U.TT2R40%
§ G.T7T2E+01
1 4.820E+01
i 4.T94E+01
{ 1.026E+00
| 9.895g-02
} 8.758F-05
i 7.720E-07
{ £.728%-09
v

i 0.
i

i

Do o0
oo

| 3.80BL+01
{ 3.608E+01
P kL L6TR4D ]
| L.S59E+01
i 4.7T2F403
{ 2.8352401
{ 1.266R401%
§ 3.5BBE400
| 9.0

8.406E+00
8. 326E+00
8.3262+00

1. 122E-01
5.3388-01%

PO [IV)
{G/1)

4. 486E-01
4.4862-01
4.564E=01
4.532E-01
1.328E-02
1. 5T €E-04
i.819E-06
2.094E-08
2.385E-130

DO LW
Do O0o

3.389E-01
3.389E-01
5.167P-01
5.908F-01
4.486E~07
7.9%1E-01
7.013E-G1
3.6038-01%
0.9

I I
COVCOCCLITLOOTICCO

DOLOCLITIOCOOOIO
——— s e GRS G v s o S

D)

.

DOV OODOOQ
CDOVDOoCCC DI

0.0 1 0.0 { 3.646F+01
0.0 i 0.9 | 3.6U2E+01
0.0 i 0.0 ] 3.642F+01
0.0 { 0.0 { 3.000E+01
0.0 { 0.0 { 3.000%+01
0.0 1 0.0 { 3.0001¢01
0.0 ] 0.0 { 3.000F+01
0.0 1 0.0 i 3.000%¢01
0.0 i 0.0 { 3.000E+01
0.0 i 0.0 i 3.000%F¢01

RECUYCTANT |NITRATE ICNjTEMPER?TURE]

{MOL/L) { {MOL/L) {{DESREES {}i
i {
0.0 i 0.0 { 3.500%F¢0%
2.0 § 0.0 { 3.500E+01
3.0 y 0.0 i Z.500E(+01
0.0 i 0.0 { 3.800F+09
0.0 | 0.0 { 3.500EF+¢01
0.0 1 0.0 ! 3.500EF¢01
0.0 | 0.0 i 3.500%+01
0.0 ] 0.0 i 2.500F401
0.0 { 0.0 { 3.500%+01
0.0 i 0.0 i 3.500:+01
0.0 i 0.0 { 3.500F¢0%
3.0 i 0.0 { 3.500¢F01
0.0 ¢ 0.C i 3.500EF0%
0.0 0.0 I 3.5008+0%
0.0 { 0.0 { 2.106FE+09
0.0 | 0.0 { 2.108E+01
0.0 } 0.0 § 2.300E+01
0.0 1 0.0 { 2.655%401
0.0 | 0.0 { 3.5008+0%
0.0 | 0.0 P 2.654:¢03
0.0 i 0.0 { 2.6U4C5%e0"
0.0 t 0.0 i 2.573£+0%
0.0 i 0.0 j 2.000F+0%

1.000E-01
7.62%E-01
7.6212-01

4.143E-01
4. 2652-01
1.122R-01
5.4802-01
5.48%3E-01

2.453E-01
0.0

FLOW RATE
(L/5S}

3.0008-01
2.000E-01
2.9998-01
2.9967-01
2.9992-01
3.000%-01
2.099E-01
2.9987-01%
2.995E-01
2.994E-01
2.9952-01
2.993%-01
2.975®-01
2.945E-01

3.894=-01
3.894E-0"
3.897E-01%
3.898%-01
3.0002-01
.9438-02
8.923iE-02
3.891E-02
%.8G48E-02

FEED STREAM
7.6218401% | 1.2171] 1.67E-02
AQUECUS FRODIUCT

FEED STREARM

4.265B+09 { 0.9957¢ 1.52E-C?
PEED STREAN

5.4803E+03 | 0.9960§ 1.u492-01
AQUECUS PRODUCT

PEEL STREANM
6.2362402 { 1.03537 1.41E-01

VYOLUME  |{DFNSITY{MAY CHNGT
{LITERS) | (KG/i)y (% / 5)
§ f

ORGANIC PRODIYCT
1.375%401 3 0.89134 7.23
0.8935¢ 1.04F-02

1.118£+01
1. 113E+01
FEED STFEA

0.A348) 1.57F-02
0.£2€¢] 6.80F-01

1. 373E401 |
$.113E401 | 0.8953 2.09F-02
1.113E+401 | 0.84144 2.59E-02
1.114F+01 | 0.84011 1.40F-02
1.11%8407 | 0.8401) 3.37F-C2
7.116E401 { 0.9801] 1.95F-07
1.116E401 | D.8600] 1.6Q9r-02
1.117840% | 0.839 | 3.57E-C2
1.113E+01 | 0.83847 2,09F-03

i

|

Iyl

ORGANIC PRODUCT

2.2178+40% | 0.87%0) 1.20f-C2
2.220E401 | 0.8A832% 1.61E-02
2.221F+01 | 0.88B43} 1.6GE-02
FEED STPEAM

7.1928+00 § 0.8622} 5.20F-02
7.188€+00 ¢t 0.841%7; 1.08F-01
7.17G6E+00  N.R2924 1.49F-C1
FEED STREAH

9/



Table 11 {(continued)

1.074F+01

19 | 3.%3€E-03 | 1.180E+01 | 7.8778-03 { 0.0 1 0.0 1 0.0 { { 1.180E+0D | ORGARIC PRODICT
19 | 3.S3FF-03 | 1.190E+01 { 7.8778-03 | 0.0 p 0.0 { 0.0 f 1.0708401  1.1B0E+00 § 4. 129E+07 | 9.Pu16| 3.54F-02
20t 3.771P-03 ) 1.€69P+01 } 1.987R-02 § 0.0 f 0.0 1 0.0 i T.182F401 | 1.1812+00 | 4. 12SE+401 | 0.8879F 4.22P-(2
2V 3.825E~03 { 1.773E401 ( 3.404E-02 | 0.0 { 0.0 | 0.0 | 1.206F401 § 1.1827400 | 4. 1298401 | 0.RUCOY U, 25F-(2
22 1] 3.857E-03 | 1.78BE401 | S.128E-02 { 0.0 { 0.0 t 0.0 f 1.2655401 ¢ 1.183%+00 ¢ 4. 130E+40Y } 0.B49R%y 3_01E-(2
23 f 3.S11E-03 { 1.785F+01 § 7.2538-02 { 0.0 { 0.0 1 0.0 f 1.322E¢01 { 1.184%+00 | 4.130E+0% | 0.RUBU| 3.61F-02
Z4 | B.07EP-03 { 1.7778e01 § 9.880F-02 | 0.0 1 0.0 1 0.0  1.376E%01 | 1.185%+00 | u4.130B8401 | N,BuE0} 2.55F-02
25 | 4,677E-03 § 1.76TE+01 § 1.3098-0%1 | 0.0 ] 0.0 } 0.0 { 1.427Ee01 § 1.186%#00 | U4.131E¢01 | 0.8676} 2.26¥-0(2
<€ § 6,983F-03 ¢ 1,745E¢01. ¢ 1.671E-01 } C.0O { 0.0 { 0.0 § 1 4T6F¢0Y | 1 IBTESQ0 | H.132E401 { 0. P47} 1.65E-02
27 f 1.%S50E~02 { 1.685E+01 t 1.983E-0Y } 0.0 t 0.0 { 0.0 { 1.522E401 { 1.18BE+00 | 4. 133F+01 | 0.808€3} 1,°5F-C2
27t 1.063F-01 { 3.808P+01 } 3I.383E-01 { C.O { 0.0 { 3.0 f 2.10B6E+31 | 3.894R-01 | FTED STREAS
B 1 1. 128E-02 ( 4.2u5E+00 | R.8557-02 | 0.0 § 0.0 1 0.0 f 1.303E:01 ¢ 7,994%-0Q1 | 3.0Z21E+01 | O0.B30Yf 1.83Fr-02
28 t 0.0 f 0.9 { 6.0 { 0.0 1 0.0 | 9.0 {t 1.0008+01 ( €.000E-0G1 | FEED STREAX
2t (0.0 0.0 { 0.0 { 0.0 { 0.0 { 0.0 { 3.000E+0% { 1.009F-01t { ORGANIC PRODUCT
21§ 0.0 b 0.9 ] 0.0 | 0.0 { 3.0 §f 0.0 § 3.000E+01 ¢ 1.009B-0% | 6.744E+00 | 0.R129y B.SHFE~C2
22 1 0.0 t 0.0 } 0.6 } 0.0 I 0.0 § 0.0 § 3.0008¢01 § 1.D65E-01 § S.SESE+00 | 0.812%)] 1.28F-51
32 4 0.C ¥ 2.0 { 0.0 { 1.000®+00 } 0.0 0.0 { 2.000F+0% t 1.122E-071 | FPED STREAR
34y 1L 60€E-03 § V.3Z78201 | 9.798%-03 { 0.0 1 0.0 | 0.0 f 3.000E+01 { 0.0 §f 2.9U4E+G3 } 0.83131 4.01F-(2
24§ 3.52ER-03 { 1.180FeQV | 7F.8772-02 | 0.0 { 0.0 | 0.0 t 3.000%+01 { Y. 180B*00 { FFED STREAM
ELAPSED TIKE = 5000.0 S SECTION 8.3 TESTING AN EXANPLE CF PLANT OPERATICN
ACCEIUS PHARSE
STAGE {HITFIC ACIDY ORANIU® ¢ PO (I¥) { P9 {III) { REDUCTANT {NITRATE TON|TEMPERATURE| PLOW RAT® { 9YOLUME §DENSITY | MAX CHBNCE
NC.  f {EOL/Ly H {G/%3 { (5/L3 i {G/L} ¢ (%3L/L: §  {MOL/L}  § (DRGRPES CY g (L/S) f {LYTERS)  § {KG/LVi (% / )
t { f 1 { i i { i i §
Ty 3.0008400 9.0 3.0 | 8.0 1 0.0 } 0.0 § 3.500F+01% { 3.3432-02 | FEED STREAH
1 3.3RCF¥+0C § 5.491E+400 § 1.458E-01 | 8.0 § 0.0 } 2.0 f 3.505F¢01 | 3.5227-02 { 1.761E+00 { 1.3110¢ 1.04F+0D
2 § 3.9C2E+00C f 5.997E+00 { 1.9858-01 | 0.0 t 0.0 i 0.0 { 3.509F¢0% { 3.526E-02 | 1.763F¢00 § 1.1285) 1.24%+00
3001 3.40TFE400 § 3.171F+02 | 2.971¢+00 { 0.0 1 0.0 { 3.0 { 3.5008¢01% | S5.348E-02 { PEED STREAR
3} 4.9°5P+00 § 7.570F+ND § 2.5%560FE-01 ¢ 3.0 y 3.0 i 3.0 § 3.515E+031 ¢ 8.7838-0G2 ¢ 4.391E+00 t 3.16591 1,.284F¢00
4 S.051ER+00 § 1.029E+400 § 1.0279-01 ¢ 0.0 1 9.0 1 0.0 P 3.528Fe01 ¢ B.TE4W-02 | 4,3B2F+00 ¢ 1.15€6) B.S4F-01
E ¢ 5.107F¢00 t 1.266F#00 } 1.324F-0% ¢ 9.0 i 0.9 $ 3.0 { 3.582F+071 | B.TISE-02 | 4.368E+00 § 1.160°) 8.156€6-01
& § S.200F400 § 1.014F€0G2 ¢ B_330F400 ¢ 0.0 f 0.9 1 0.0 { 3.547F+0% § 1.0008~01 | FFED STREAR
€ | S5.5E7F+00 1 Y SYUFE+00 ¢ 1.503F-0% ¢t 0.0 1 0.0 Y 2.0 f 3.551E+0% | 1. 63I9E-01 { T.600E+00 { 1.17€1f 2.86F+(0
7§ S.UBEF+D0 § 2.545F-02 § 2.821F-03 § 3.0 P 0.0 1 0.0 §f 3.543Fe01 ¢ 1.922R-0% § T.600F400 ¢ 1.1712y 5.93F-01
8§ 5.388F200 { 3.5R80E-04 § 4_.92RE-0S { 0.0 ] 0.9 t 0.0 I 2.521E401 | Z.157%-01 § 7.6008+00 § 3.16€51 2.62F+00
3 S.1MEEL00 | 3.6ROE-06 § 6,269E-07 | 0.0 } 0.9 0.0 § 3.519F+01 { 1.316F=01 § 6.5818400 } 1.1592f 2.62E+00
10 f 4, €17E+00 | 1.B09FE-08 1t 4.420E-09 ¢ 6.0 t 0.0 { 6.0 { 3.SO0RE4Q1T t 1.03%%-01 | S.193E¢00 } 11,1421 4.R3E-21
1% 3.EE80¥400 § 0.0 t 0.0 } 0.0 { 0.0 1 0.0 { 3.503F+071 | 9.226E-02 | 4.6132400 § 1.1129¢1 2.23%-0¢%
12 2.38EEe4D0 § 0.0 1 8.0 i 0.0 f 3.0 } 0.0 f 3.501F+07% § B.754%-02 § u4,377E+00 § 1.07%21 9.81F-02
12 1 2,3IRCF+00 ( 0.0 y 2.0 f 0.0 P 0.0 1 0.0 f 2.501F371 § 9.758%~02 |{ AQUECUS PREODUCT

LL



Table 11 (continued)

8.00CE-0% § 0.0 | 0.0 i 0.0 i 0.0 1 0.0 t 2.000E+0% § 2.556F-0% | FWED STREAM

A.037F-01 | 1.156FE¢01 | 2.637E-01 { 0.0 1 0.0 t 0.0 | 2.097E+01 | 2.550E-01 § 1.275E8«0% j 1.0u400f 1.23F-0
R, E0CE-01 § 1.491R+01% § 4.379F-01 { 0.0 i 0.0 { 0.0 { 2.286F+01 | 2.550®-07 | 1.275E+07 { 1.06€R¢ 1.14F-01
1.237F«00 ¢t 1.227E+401 | 4.106E-0% | 0.0 {1 0.0 } 0.0 | 2.651F¢01 | 2.549%=-01 { 1.275E+01 | 1.0€:iP| 2.12E-C1
1.Z4CE+00 ¢ S.847E+G0 | 3.46S£-01 } 0.0 | G.0 1 0.0 [ 2.6U2F+01 | 2.550E~01 { 1.275E+0Y | 1.08E4y 1.712F-01
1. 254R+00 ¢ 2.05RFE+00 | 2.332E-01 | 0.0 { 0.0 { 0.0 §f 2.630F¥*01 § 2.5502-0% §y 1.275E401 | 1.040?) °.232F-0N2
1. 182E+00 § 5.538E-01 § 1.31628-01 1 0.9 { 0.9 i 0.0 { 2.56LF+21 § 2.551E-01 § 1.27SE+01 § 31.0359) 1.01F-31
1. 182F+00 1 S.S3BE-01 | 1.9627-01 § 0.0 4 0.0 t 0.0 { 2.56u4F+03 § 2.55%F-01 | AQUECODS PRODNCT

S.000FE-02 § 0.0 i 0.0 ; 0.0 i 0.0 i 6.0 | 1.000F«0%Y | 4.%13P-01 | FEED STPVAHM

5.080E-02 | 1.847E«D1 ¢ 1.971FE-02 ¢ 0.0 1 0.0 {1 0.0 § $.057FE40% ¢ L4.127E-01 | B.254E«00 | 1,024 S_10E-C2
5.099F-N2 | 1.828FE¢01%1 { 4.6228-02 § 0.0 { 0.0 | ¢.0 | t1.14Fs01 | 4.126E-01 | B.252E+400 | 1.0265¢§ T7.70F-CZ
S.109F~02 { 1.931£+01%1 { 8.206F-02 | 0.0 {1 0.0 i 0.0 f 1.171E401 § 4.1232-0% | B8.246E400 | 1.02794 T7.17F-02
5. 122E-02 | 1.9A9F+31 § 1.305%-0% | 0.0 } 0.0 {1 0.0 { 1.22RF¥+37 § W4,.1182-01 | 9.23€E000 | 1.0294y A.60F-C2
S.162E-02 { 1,990E+01 § 1.951E-01 | 0.0 i 0.0 | 0.0 § 1.204F«01 § 4.1Y18-017 § B.222EeQ0 § 1.02R7y 6,.03F-02
5.312E-02 ¢ 2,002T+0%1 | 2.798E-01 { 0.0 ;1 0.0 { 0.0 { 1.340%401% § L.10%E-01 ¢ A.20€E+00 | 1.0289) 5.23F-02
5.901F-02 { 1.987F+01 | 3.831F-0% §{ 0.0 i 0.0 {1 0.0 1 1.395F¢0% ¢ 4.0967-01 ¢ B8.991E+00 ¢ 1.02R89) 4.73¢F-(2
A_19up-02 { 1.B66F+01 { 4.775F-01 § 0.0 { 0.0 t 0.0 { 1.450%8+0% ¢ 4.0B9®-01 § 8,17BE+00 § 1.0281y 3.87¢-C2
1. CYRFE-0% | 1.851E407 § 4.562%-0% § 0.0 i 0.0 t 0.0 { 1.505F%401 | ¢.C84%-01 § 8.17168Ee00 § 1.0250} 2.R%5¥-(2
1.393E-07% | S.631E+400 ¢ 3.1382-07 § 0.0 ] 0.0 ;0.0 | 1.301F#01 § ¢.079E-07 | 8.158FE00 § 1.01224 3.22¥-02
4. C7IEL00 | 2.045E+02 { 1.686F+01 | 0.0 {1 0.0 1 0.0 { 6.000E¢07 § 3.589E-0% ) FrED STREAM

2.272E+00 7 1.04E+C2 | H8.330E4030 § 0.0 1 2.0 i 0.0 t 3.547F¢07 §j T.B3BE-0% § T.B3BE401 ( 11,2172 4.8BTE-C2
2.272E+00 § 1.014FX¢02 | B.330%+00 | 0.0 4 0.0 1 0.0 § 3.547%+¢01 | $.000%-0% | AQUECUS PRODNUCT

2,272F¢00 § 1.014F«02 § B8.3307+00 § 0.0 { 0.0 1 0.0 { 3.547EF+¢01 | 0.0 { FEED STREAM

2.28€F+00 { 1.022E402 | A.632F+00 § 0.0 1 0.0 ] 0.0 1 3.586F+01 § 7.1768%-01 § 7.178E«01 | 1.2188y 4.87E-02
2.28€F+00 § 1.022€¢02 § R. 4327400 § 0.0 ] 0.0 | 0.0 { 3.5B6f¢01 3 7.1788-01 § AQUEOUS PRODUCT

0.¢ { 0.0 { 0.9 { 9.0 { 0.0 ¢ 0.0 | 3.000E+01 §{ S.539E-01 { FEEL STREAM

0.0 {1 0.0 ¢ 0.0 § 0.0 ] 0.0 j 0.0 | 3.000FE+407 | S5.427E~07 | 5.427¥+00 t 0.99%7f 1.0712-01
0.0 | 0.0 § 0.0 { 0.0 { 0.0 ] 0.0 { 3.000E+4031 } 1.362E-071 | FEED STPREAXA

0. ¢ t 0.0 { 0.0 { Y.7638-071 ) 0.0 p 0.0 { 3.000F+071 | 6.522®-0% | 6.522E¢00 § 0.99593 9.17F-02
0.0 { 0.0 { 0.0 { 1.763E-01 { 0.0 ] 0.0 § 3.000¥+01 ¢ 6.522E-01 | AQUECHYS PRODICT

1. 1828400 3 5.5%38E-01 | 1.162E-01 § 0.0 1 0.0 i 0.0 | 3.000%+0% § 2.551E-01 { FEEL STREAH

1. 1325400 § 1.796F+00 | 4.6208-0% § 0.0 {1 0.0 i 0.0 { 3.000€+01 t 0.0 { 1.255E+03 | 1.03%34 1.01€-01

8/



Table 11 {continued)

CRGANIC PHASE

STAGE {BITRIC ACIDY{ URARICX® { PU (IV) | ®U {III) | REDUCTANWT |NITRATE IONJTEMPERATURE{ FLOW RATE § VOLUME {DENSITY{MAX CHHNGFE
Nc.  (mOL/L) | {G/L} H {G/L} t {G/L} f  {ROL/L) {  {MOL/L) | {DPEGREES C) { {L/S) t (LITERS) 1 (KG/I}1 (% / S)
! | ! | 1 ! { { ! t {

T 1 8.1578-01 | 5.625E+01 § 8.592E-01 | 0.0 i 0.0 i 0.0 { 3.505¥+01 | 3.358%-01 } CGRGAKIC PRODUICT
1 f 4.157F-01 | S5.625E+01 § B.5928-01 | 0.0 | 0.0 f 0.0 | 3.5058431 | 3.3582-0%1 § 1,463E+01 { 0.901% 9.178-(1
2§ 4.3723E-01 { S.941E+01 § 1.23€E+00 | 0.0 § 0.0 { 0.0 { 3.509Fe01 { 3,457E-0%1 § 1.48EE+01 § 0.90751 ©.%6F-01
3 f 84,.S4€F-01 { 6.380FE+01 1 1.7608+00 | 0.0 1 0.0 | 0.0 { 3.B818E+01 { 3.537E-0Y ¢ ¥.245E+01 ¢ 0.9149¢ 7.55E-C1
4 f 7,871FE-01 ¢ 2,370FE+01 { 1.855F+00 | 0.0 P 0.0 } 0.0 f 3.528E+01 { 3,580E-01 ¢ 1.257E+401 | 0.6869%} 5.87§-01
S } 7.3608-01 | 2.659E+01 | 2.186F«0C § 0.0 | 0.0 | 0.0 { 3.542F+01 § 3.589F-01 { 1.261E401 { 0.R733( 2.27F-01
& § T.3IB7E-01 § 2.956FE+C1 | 2.354F+0C | 0.0 | 6.0 } 0.0 f 3.551F+01 ¢ 2.581%-01 ( 9,.353E+00 § 0.R7€3) 2.238-902
7t 9.68Z¥-01%  8,05%8E-C01 | 7.610E-02 | 0.0 | 0.0 ] 0.0 t 3.583E¢01 } 3.5798-01 | 9.347E+00 § O0.RU17) 1.36E-C)
8 § 9.668F=01 ¢ 1.197E-02 { 1.334e-03 { 0.9 f 0.0 t 0.0 { 3.531E¢01 ¢ 3.549E-01 )} 9.273E+00 | 0.84063 6. 41F-01
9 ¢ 9.c518:~-0% ¢ 1.218E-0L | 1.658BE-05 } 0.0 f 3.0 f 0.0 } 3.519FE¢01 § 3.88S5E-01 | 1.013B+01 | 0.840%) Z.B3E+CO
10 § 9.120F-01 § 6.4438-07 ¢ 1.1398-07 } 0.0 0.0 1 0.0 f 3.S50BF+01 § 3.1838-0t § 1.076E+01 | 0.8389f 1.72E-C1
11 i 7.9%0E~01 § 2.222®%-09 | 5.070E-10 | 0.0 } 0.0 P 0.0 {f 3.503F+031 § 2.0712-01 | 1.106E+01 | 0.83%2¢ 1.17E-01
12§ S.uutE-0t ¢ 0.0 { 0.0 { 0.0 f 0.0 1 3.0 ] 3.501¥+0Y | 3.056E-01 | 1. 126E+01 } 0.82721 3.0%E-01
12 ¢ t.719E-01 ¢ 0.0 f 0.0 { 0.0 i 0.0 t 0.0 { 3.500E¢01 { 3.069E-01 | FEED STREAN
13 03 1.0G37E-0% ¢ 3.953E+81 | 2.995E~-0%1 | 0.0 } 0.0 ] 0.0 § 2.097F+3%1 | 3.868E-01 § ORGANIC PHODUCT
13 ¢ 1.0378-01 § 3.953E+01 ¢ 2.995E-01 ¢ 0.0 t 0.0 ] 0.0 { 2.097F8+01 § 2.868E-0%1 { 2.159E+01 { 0.R7€8y 2,005-02
t4 ¢ Y.QuU9F-01 ¢ 4.T791r+0%t { 4.805-0% | 0.0 { 0.0 t 0.0 t 2.286E+01 § 3.906E-01 { 2.178B4C% ¢t 0.8875¢ B8,29E-(2
1€ ¢ 3.CS2€E-01 | S.117PRe0Y § 6.363F-01 ¢ 0.0 f 0.0 } 0.0 } 2.651F+01 § 3,986E-01 § 2.2138+401 | O0.B915) 9, 17F~-01
15 § 4.157B=-01 | 5.6258«01%1 { 8.5392-01 | 0.0 i 0.0 § 0.0 { 3.505E8+01 § 3.3588-01 | FEED STREAM
1€ 1 1,C8€PR-01 § 3.275Fs01 § 7.36BE-01 | 0.0 i 0.0 { 0.0 { 2.642F+01 § 8,238E-02 | 6.36SE400 | 0G.8677¢ 5.52%8-(2
17 § 2.371E-01 § 1.491B+0Y § 6.84908~-0%1 | 0.0 } 0.0 { 0.0 f 2.630F¢01 § 8,2408-02 3 5.3658+00 § 0.B44uy 5.86F-C2
18 { 2.851FE-01 | #.287F+00 § 3.421e-01 § 0.0 { 0.0 t 0.0 I 2.564FE¢01 | B.246E-02 | 6, 370F+00 ¢ 0.8300¢ B.18E-CZ
18 f 1.000F-02 ¢ 0.0 { 0.0 1 0.0 { 0.0 { 0.0 f 2.000F+01 { 8.250E-02 | FEED STREAR
19 | 3.438F-03 | 1.011E*01Y § 3.770B~-03 § 0.0 1 0.9 § 0.0 f 1.057E401 | 1.188E+030 | ORSMNIC PRODUCT
19 ¢ 3.43EE-03 | 1.011E401 ¢ 3.770®-03 ¢ 0.0 { 0.0 t 0.0 {f 1.057E¢01 § 1.1088%+00 { 4.070E+01 ¢ D.B3Suf 8.59¥-(2
20 3. THAE-33 § L S11BR#01 § 1.0398-02 | 8.0 } 0.0 } 0.0 1 1. 1148401 | 1.188E+030 | &,.070E+01 § 0.BUST; 7,.G5F-02
2§ 3.7BCE-03 { 1,6482R+01 { 1.906E8-02 ¢ 0.0 § 0.0 P 0.0 P 1-1715401 | 1.1882¢00 | 4.071B+0% § O0.RGT4} 7.268-02
Z2 ! 3.81€8-03 | 1.678E«01 { 3.062E-02 | 0.D {f 0.0 f 0.0 { 1.228E401 ¢ 1.188E¢00 { %.07%E+01 { 0.8875§ H.50F-C2
23 f 3.P67E-D3 § 1.695P401 § B.612E-02 § 0.0 f 0.0 f 0.0 t 1.284E¢01 § 1,188E400 | 4.071E+01 | 0.86741 S.TZE~C2
4 4. 007E-03 | 1.709p+07 | 6.6818-02 | 0.0 § 0.0 1 0.0 I 1.340F+401 § 1,187E*00 | u4.0728+401 { 0.64731 S.06F-C2
25 | B.516E-03 | 1.723E4071 { 8.389E-02 § 0.0 { 6.0 { 0.0 §f 1.395F¢01 § 1.1878400 | 4.072E+01 { O0.R472{ 4.34F-C2
6§ 6.530FE-03 | 1.7ITE40Y § 1.269E-01 { 0.0 { 0.0 | 0.0 ;! 1.450F¢01 | 1.187E+00 | G.072P+0%1 } 0.8870) 3.66E-02
27 1 1.43€R-02 | 1.7T06E401 § 1.566E-01 | 0.0 { 0.0 | 0.0 f 1.505F¢0% | 1.187E+00 | 4.073F¢01 } 0.8467; 2.99F-02
27 0t 1.0375-01 | 3.953B+0%1 { 2.9958-01 § 0.0 j 0.0 § 0.0 { 2.097E¢0%Y | 3,868E-01 § FEED STREANM
28§ 1.06€E-02 | 4.513E00 | T.416E-02 3 0.0 1 0.0 i 0.0 t 1.301E+401 { 8.006BE-01 | 2.972E+0% § 0.8304( 3.12F=02
28 4 0.0 1 0.0 t 0.0 | 0.0 } 3.0 t 0.9 { 1.000¥+01 § B.000E-01 jJ FPEFL STEEAR

6L



Table 11 {continued)

- — ae

0.¢ 1 0.0 { 0.0 { 0.0 { 0.0 { 0.0 { 3.000E¢01 { 1.256E-071 | ORGANIC PRODUCT

0.0 { 0.0 { 0.0 { 0.0 [ 0.0 { 0.0 | 3.000¥+01 § 1.256E-01 { S5.829E+00 { 0.8129¢ 8.07F-02
0.0 { 0.0 { 0.0 t 0.0 { 0.0 { 0.0 | 3.000£¢01 { 1.209B-01 { U.6BIE+D0 | 0.812¢] 1.13F-01
a.¢ { 0.0 { 0.0 { 1.000E+00 | 0.0 { 0.0 { 3.000£+01 { 1.162B-01 | FEED STREAH

3.€71P-03 | 1.255E401 { 8.9038-03 y 0.0 { 0.0 1 0.0 { 3.000FE¢01 ¢ 0.0 { 5.912E+03 { 0.8303f B.59E-C2
3. B3€E-03 | 1.011E+071 | 3.7708-03 | 0.0 { 0.0 ] 0.0 | 3.000%+01 { 1.1BBE00 { FEED STREAH
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variables.

controller for the HAS flow rate imposed a simple random error on it,

HAF URANIUM CONCENTRATION HAS FLOWRATE

{BS FLOWRATE (m&/s} HAF FLOWRATE (ma/s)

Fig. 17.
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Several controllers were used to impose errors iIin the feed-stream

(ma/s)

Ag/8)

Figure 17 shows the responses of four such controllers.
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Responses of various error forms in the sample calculation.
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and the results show such a random variation.

The controllers on the HAF concentrations are used to illustrate the
effect of having two batch-feed concentrations on the extraction system
response. The major changes in the HAF concentrations are the step changes
formed by the on/off controller, with more minor variations due to the
setting of the error band. 1In contrast to the regularly spaced square waves
in Sect. 7.2, these step changes occur as dictated by the probability that

a random number will fall within a given interval.

The controller for the HAF flow rate was set to produce random varia-
tions with a slight positive bias. 1If the variations were totally rvandom,
the average would have been 50.5 mL/s. However, in this case the average

was 51.4 mL/s due to the specification of the controller.

The 1BS flow rate was allowed to wander randomly in the interval 370
to 430 mL/s. In this case, a positive value was given for the derivative
time. Weighting the derivative with this type of error increases the chance
that if the controlled variable is increasing, it will continue to increase.
Its influence can be seen by comparing Fig. 17 with the random walk in

Fig. 6.

The response of the semibatchwise concentrator is shown in Fig. 18. A
product is withdrawn from the concentrator only after the density exceeds
1.22 kg/L. The product is taken until the density falls below 1.20 kg/L.
The top curve shows the rise and fall in the density as the solutes flow
into and out of the concentrator. The flow rate of the product being
removed from the concentrator is shown by the middle curve. The lower
curve shows the liquid volume in the concentrator. As the product is re-
moved, the volume and density decrease as fluid flows out of the concen~
trator, and the remaining solution is diluted by the low-concentration,
entering stream (1BR). After the density falls below 1.20 kg/L, the product

is turned off and the volume and density begin to rise again.

The product streams leaving the system are the 1AP stream, which is
the coprocessed product, and the 1BP stream, which is the uranium product.

The goal of this flowsheet is to produce a 20% plutonium coprocessed
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Fig. 18. Concentrator responses for the sample calculation.

product and a decontaminated uranium product. TFigure 19 shows the pro-
duct stream responses to the other changes in the system. The 1AP
uranium and plutonium concentrations begin to increase shortly after the
HAR recycle stream turns on, and they subsequently decrease when the
recycle is turned off. The Pu/(U + Pu) ratio varies as the controller
attempts to produce the desired 207 product. The efforts of the control-

ler are thwarted when the recycle stream is turned on, and the ratio
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changes more quickly than the controller can handle. The 1BP uranium
concentration also rises and falls with the recycle flow. The 1BP

plutonium concentration is generally below 0.02 g/L.

The responses of the controllers that adjust the 1AP composition
are shown in Fig. 20. The variable being monitored is the Pu/{U + Pu)
ratio, which is calculated by the program in stages 31 and 32 and shown
in the top curve. The second curve is the ratio in the storage tank
where the 1AP is held (stage 33). This ratio is low initially but
gradually builds to the desired level. The third curve 1is the response
of the controller on the 1AX flow rate. Initially, the flow rate is
increasing because the ratio is below 20%. This dincrease gradually
causes the ratio to increase (0.3-0.7 ks). The HAR recycle stream causes
the ratio to increase rapidly, and the controller responds by decreasing
the 1AX flow rate. Decreasing the 1AX flow rate should allow more
uraniﬁm to leave in the 1AP stream, thereby decreasing the ratio. When
the recycle stream turns off, the ratioc declines and the controller
responds by increasing the 1AX flow rate. This control is gradually

effective until the recycle stream turns on again.

The 1AS flow rate, shown by the bottom curve, varies between a high
and low value, When the 1AP ratio exceeds 0.23, the 1AS flow rate switches
to the high value to encourage a higher uranium concentration in the pro-
duct and thereby reduces the ratio. Conversely, when the 1AP ratio
falls below 0.17, the flow rate switches to the low value. The small

variations in the the 1AS flow rate are due to the noise band.

This example shows how information produced by the program can be
instructive in flowsheet evaluation. 1In general, this flowsheet seems
to produce the desired products despite the errors inserted by the con-
trollers. Tt should be noted that although this flowsheet employs a
column (1B) operating at 10 to 15°C, the calculated distribution
coefficients in this region should not be trusted too implicitly due to

a sparsity of data in this region.
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Appendix A. NOMENCLATURE

c,C Output of the controller, Fig. 3

e Error in the monitored variable, Fig. 3

k Volume proportionality constant, Eqs. (3)-(4)

m Value of the wvariable being monitored by a controller, Fig. 3

Random number (-1 < r < 1)

-

Time

ct

»

Aqueous concentration
Organic concentration
Variable of integration, Eq. (25)

Aqueous flow rate

aQ > N

Congtant of integration, Eq. (24), or output of the controller,
Fig. 3

Distribution coefficient, Eq. (15)
Generation term, Eq. (20)

Derivative time, Fig. 3

~ A & J
o

Integral time, Fig. 3

e

Proportional gain, Fig. 3

e

Noise band, Fig. 3
Organic flow rate
Function of time, Eq. (26)
Function of time, Eq. (27)

Set point for the controlled variable, Fig. 3

mowoPUOZ?:

Set point for the monitored variable, Fig. 3

[92)

Upper set point for on/off controllers, Fig. 4

=a 38

Lower set point for on/off controllers, Fig. 4
Temperature

Estimate of uranium concentration, Eq. (45)
Volume

Aqueous volume set point, Fig. 1

Total stage volume, Fig. 1

T < 4 < S 1w
H wn

Density
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Subscripts (excluding those defined above)

Aqueous phase

Feed stream

Stage number

Pertaining to the mixer, see Sect. 2,1
Organic phase

Product stream

Time
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Appendix B. PROGRAM LISTING

ccce

CONSEPT CONTROLLER-RTUY SOLVENT EXTRACTIDON PROCESS TESTING PROGRAM
THIS VARTANT 0P THE SEPHTS PROGRAY ALLOWS FOR TIME DEPENDENT
PLOYRATES, VOLTMPS, AND CONCENTSATIONS. PROCESS CONTROLLERS
CAN AUTOMATICALLY ADJUST ANY DESIRED FFTD STREAY. BY PROPER
OSE OF THE VYNLUMES AND CONTRNOLL®RS, MANY 4OPEZ PINCTIONS OF A
REPROCESSING PLANT CAN BY SIMULATED SIMULTANENISLY.

THE MAJOR YARTABLES USED BY THE PROGRAM ARE FEEN(J,K,L,M) & BANK(J,K,L,2)
FOR FEED J = STAGE NUMEER

K = DHASE K AQUEOUS
0°GANIC
NITRYIC ACID CONCENTRATION (M)
YRANITY CONCRNTRATION (5/L)
PU (IV) CONCENTRATION (G/L)
PU(ITY) COVCENTRATION (G/1L)
o) ESDUCTANT CONCENTPATION (X)
NITRATE CONCENTRATION ([#)
TEMPERRTURE (C)
"LOWRATE (L/5)
PROCESS, L=3 70 S CHANGR T9:
THORINM CONCENTRATION {G/L)
NOT DEFINED
NOT DEFINED
VALU® AT T
VALOE AT T PLUS DELTA T

L = VARIARLE L

E L I I S (R O | B L}

AR THE THOR?

¥ = VALDE M

N JEE WA 2N NE W e -

I TR TR 1]

THE D°FMATNING VALUES DF M DESCRIRE THE CONTROLLERS
M = 3 NUMBER OF STAGE 3EING MOWITORED
> O FOR 3-¥0DE CONWTROL
0 FOE NO CO¥TROL
0 FOR ON/OPEF CONTROL
R OF PHASF BEING MONITORED
1 AQUEQUS BANK
2 ORGANTC BANK
3 2QU®DUS FEED
4 ORGANIC FEED
M = S NTMBER OF VARYABLE BEING MONITORED
1 70 8 SAME AS L' ABOVE
= ¢  VOLMME (LITERS)
10 DENSITY (XG/L)

M = 4 NUMB

BN N Al

n

POR 3~MODE CONTPROL
" SET POYINT FNR MONITNRED VARIABLE
PROPORTTONAL GAIN
INTEGRAL TIM®
NERIVATIVE TIYF
SET POTNT FOR CONTROLLED VARIABLE
¥ ERROR BAND ON JUTGOING VALOE
MAXI®OM VALYZ ALLOWED
MINI®UY VALYE ALLOWED
INTEGRRTED ERPOR

LTI I T I (I I VI

-t e
BN 4O 00 a4 N

POR ON/OFF CONTROL

bl 6 UPPFS SET 20INT POR MONITIRED VAPIABLY
7 LOWFR SET POINT FOR MONITORED VARIABLE
3 NOT DEFINSED
9 NOT DEFINED
0 NOT DEFINED
1 % ERROR BAND ON QUTGOTING VALUE
2 DUTGOING YALDE AFTER #6 VALOE EXCEEDED
3 CUTGOING VALIE AFTER #7 VALUE PASSED
4 NOT DEFINED

[T I T NI TS T I I

s kb =

FOR BANK STAGE NUMBER

= DHASE K

=]
L]

AQUEQUS

ORGAVIL

TO 8 SAME A5 VL' BBOVE
VOLUME (LITERS)

NENSITY (KG/L)

VALUT 37 T

VALUY AT T PLUS DELTA 7T

L = VARIABLE L

[SPFRTINT RN

M = VALUF

-
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FIVE ARRAYS D®SCRIB® *'THE FQIIPMPNT!

YT (J) TOTAL VOLNWME OF THE STAGE (LITERS)
¥s (3 AQUTR0TS VOLUYM® SRT POINT (LITERS)
VKA () AQUEOTS PPOPORTIONALITY CONSTANT {1.0/5)
VKO (3 ORGANIC PROPORTTIONALITY COKSTANT (1.03/95)

TH® AQUENUS PLOWPATE OUT OF STAGE J IS GIVEN BY
YKL (J)® (A0 VOLUMF-VS (J))
SIMTIARLY, THF 7PGAVIC FLOW®ATE IS
VKO (J)* (AQ VOL#OR VOL-VT (J))
PROD (J, K} PRODICT STREAXS
J = STAGE NMMRE®
K = PHAS® K = 1 AQUEDUS
= 2 CRAANIC
THZ VALTE OF PRID IS THEZ AXINUY PLOWRATE OF THE
PRODTICT STREAM 2®MOVED FROM THE STAGE. IF
NC ©PNDTCT STPFAY IS REMOVED, THY VALUE IS 0.0.

OTHFR MISCELLANEQUS VARIABLES.
NSOL7 HIGHEST NUMBEPED SOLUTS FOUND IN THE SYSTEM.
NSNLO IS USPD TO AVOID UNNBC2SSAPY CALCULATIONS
BY BYDPASSING TZALCULATIONS WYEN THERE IS NONE OF
4 PARTICNIAP SOLUTE IN A SYSTEH.

SPH SPECI®IC HEAT OF TH® JRGANIC (APPROX)

Is0L INDICATION CF THE PTESENCE OF NON-ZE®0Q VALUTS IN PEED
TCNTRL INDICATION OF THF DRESINCE OF CONTRCLLERS IN THE STAGE
CINVRA MEASORE OF THEI RBATE OF CHANGE BY STAGE BY PHASE

TITL® DESCRISTIV® TITLE FOR THE CASZ (UP TO 10 CARDS)

OO aNANAaANNaNONNN0

cecee

COMMON/YA®S/ BANK (100,2,10,2) , PIEH(100,2,8, 14)
COMNON/SWITCH/ NTOST,NSOLY,CT=P,SOH, NTWIY,NTWOUT,IVOL,I2P0, TEYPI,
. DTHETA,TSOL(10) ,CONVP5(190,2),I°X%, IPROCE, TCNTRL {100)
CONNMON /SYSTRY/ YT (109),7S (190) , VKA (100), VKO (190}, PEOC (100, 2)
FEAL*8 TITLZ{(10,10)
NDIPEC=

10 CONTINGE

RFADING THF COHONTEBOL CARD FNF THE NIXT CASE
NTTL NUY¥BZP® OF IITLE CA®DS (UP 77 10)
TTINST NOMAED NP STAG®S (7° TN 100)
ctTap VOLUME FRACTTON OF TRP IN THE ORSGANIC PHASE
TEMPT INTTTAL AND DEFAMLT TEMPTURATOHRE
I®xN NUM3 22 OF THE ®2NnJ7TINN REACTION 3EING USED (PUPTX ONLY)
ToXY 0 P0R NN PEDOCTION
1 POP INSTANTRIAEQUS REDUCTION
2 FOP REDICTION 2Y 7T(IV)
3 FOR BEDUCTION BY HYDROXYTLAMINE
I9PROCE= PRNACRSS NWMBER (0=20%2Y, 1=THOREY)

nopon e

wononon

AN AANTTINAADNINNA

©EAD 940 ,YTTL,NTOST,CTBD,TP%DT,IBLN,TPROCT
50 11 I=1,NT7L
READ 1000, (TITLE(I,N),N=1,10)
11 CONTINUE
IP(¥TOST.LZ.0) ¥TOST=100
NSOLU=6
SPY=9.32140,078%C1T8P

INITYALIZING VAPIABLES

s e XaKs!

D2 14 I=1,19
ISoL(I) =)

14 CONTINDY
Do 20 J=1,NTOST
ICNTRL (J) =0

VI (Iy=-1.0

VS (J)=~1.0
YEA (J) =0C.0

VK0 (J) =0.0

50 20 X=1,2
CONVRG (J,K) =200.9
D0 1€ L=1,8

DO 16 %=1, 1t

16 CONTINOE
£809 (J, K) =0.0
nn 18 L=1,10
D0 19 M=1,2
BANE (J,K,L, %) =0,
18 CONTINTE
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BANK (J,K,7,1}=TEHET
BANK (J,K,7,2) =TENEI
BANK (J, 1,10, 1) =0, 502247-0. 0002896 (TEMPI~0.) ~0.000003 75 (TEYET
. 40,y *%2
BANK (J,1,10,2) =BARK{J, 1,10, 1)
BANK (3,2,10,1) = (0.762% (1.-CTBP} * ( (386.~TEMPI) /366.) ¥%0,29
. $0,9949% (1, -0 6E-UXTEMPT+2, 3F-6*TEMD T4k 2) XCTADY * (1.
. ~0,01764%(3.85-0.014U* TEMPT) KCTBD*% 1, 65)
BANK (J,2, 10, 2) =BANK (J, 2, 10, 1)
20 CONTINOE
40 CONTINUE

READING THE CONTROL CARD FOPR THE NWXT TIME PERIOD

DTHETA = TIME INCREMENT (S)

DPRINT = TTME BETWFEN SOCCESSYVE PROFTILE PRINTINGS (5)

TSTOP = TIME WHEN THE CALCULATIONS WILL S7T0P IF THE TOLIRANCE I3 NOT MET
TOL = TOLBRANCE FOR THE STWADY STATE DETERMINATION {(CHANGE IN % / §) :
NEWIN = SWITCH ¥OR R@ADING NEK TEED STEWAYS (0=N0, 1=YBS, 2=0N¥LY REVISED
NEWOQUT = SWITCH FOR READING N®W PREADYCT STREAMS (VALUE SAME AS FOP NEWIN)
TvoL = SWITCH FOR READING N®W TOLUME CONSTANTS (VALUX SAME AS FOR NEVIN)
IPRO = SWITCH YOF RUADING AN IWITIXL PFOFILE (V=YES, 0=NO)

IPNCH = SWITCH FOR POUNCHIVG THE FINAL PROFILE ONTO CARDS (1=YES, 0=N0}

READ 1001,DTHETA, DPRINT,TSTOP,TOL,NPNIN, NEWOUT, TVOL, IPRD,IPNCH
TF (DTHETR.EQ.0.0) G0 TO 40O
IF (NEWIN#NENOUT#TYOL+TPRO.NE.D) GO T0 50
PRTIME=PRTIMT4 DPRINT
PRTNT 1002,DTHETA,DPRINT,TSTOP,TOL
GO TO 140

50 CONTINUE
IF{IPROCE.NE.0) TEROCE=1
TF (NEWIN.UE.O.AND NEHIN.NE. 1) NEWIN=2
IF(NEWOUT.NR. 0. ANC.NEWOUT.NE. 1) NEWODUT=2
IP(IVOL.NF.0.AND. IVOL.NE. 1} IVOL=2
TF (IPRO.NE.0) IPRO=1
TF{IPNCH.NE.0) IPNCH=1
PRINT 1003
IF (IPROCE.FQ.0) PRINT 1021,CT3P
IF(IPROCE.FQ.1) PRINT 1022,CTEP
DO 60 T=1,NTTL
PRINT 1029, (TITL® (I,N),¥=1,10)

60 CONTINUE
PRTNT 1002,DTHETA,DPRINT,TSTAP,TOL
IP(NEWIN.EQ.0) ORINT 100U
IF(NENIN.EQL1) ORINT 190S
[P (NEWIN.FQ.2} PRINT 1105
TP (YEWOOT.EQ.0} PRTNT 1006
IP(NEWOUT.EQ.1) PRINT 1007
IF(NENOOT,B0.2) PEINT 1107
IF{1VOL.20.0) PRIKT 1008
IF(TYOL.EQ.1) PRINT 1000
IF(IVOL.70.2) PRINT 1109
IP(I°80.%0.0) PRINT™ 1019
1P (IPRD.20. 1) PRINT 1011
TF(IPNCH.E0.0) DRINT 1112
TF(IPNCH.®Q.1) PRINT 1113
IF(IRXY.EN.0) PRINT 1115
IF(IRXN.BQ.1) PRINT 1116
IF(IRXN.EQ.2) PRINT 1117
IF(XPXN.20.3) DP2INT 1113

SURROUTIN® STARTS DO¥S ALL THE RTMAINING INDPTT FUNCTIONS FOR THE PROSRAN.
IT IS CALLED ONLY I* THE USTEP HAS INDICAT®D (WITH THE SWITCHFS) THAT
NP4 FEED STPUAYS, ¥TC. A®L TO 2% PUyn OFF ZARDS.

CALL STARTS

TOTINE=D.0
PRTIME=0.0
GO T0 200

140 CONTINUE
TOTIME=TOTIM T +DTHETA

SUBFOOTINE STAGPS PERFORMS THF STAGE-WISE CALCULATIONS OF FLOWRATES,
VOLUMES, CONCENTRATIONS, AND TFMPEPATOURES. S5TAG3S ALSO CHECKS THE
FFPED STRELM CONTROLLZRS. NDIREC JUST SWITCHEES THE ORDER OF CALCULRATION.

CALL STAGRS (NDICRQ)
NDIPEC=~-NDI®EC
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CHECKING CONVERGENCE TO STRANY STATE. CONVRG IS THE MAXINUM CHANGE

FOUND IN THT® BANK CONCENTRATIONS, TEMPERATWRES, OR FLOWRATES, OR

THE FEED STREAN CONCENTRATIONS, TEMPPRATURES, OR PLOWRATES. THE
CHECK TS MADE BY STAGE, 3Y PHASE.

150

200

TH

PR

210

PP

pC 150 J=1,NTOST

DO 150 K=1,2

IF{CONVR5{J,K) .GT.TJL) k0 TO 200
CONTINUE

TSTOP=TOTINZ

CONTINUE®

IS *IF' DETERMINES WHETHER A PROFILE WILL BE PRINTED. THE PROFPILE
1S PRINTED BYERY DOPRINT SECONDS, OR IF THE CONVEAWGENCE TOLERANCE
AAS BEEN NET, OR IF TSTOP HAS EBEEN RFACHED.

TF(TOTIMR.LT.PRTIHE.AND.TOTIMF.LT.TSTOP) S0 TO 140
PRTIME=PRTI ¥Z4DPRINT

INTING THE AQUEOUS PROFILF. THF PROGRAM TRIES TO PRINT THE PROFILE
BY COLUMN, SO A BLANK LINF IS LEFT WHEPE A PRODUCT STREAY IS REMQVED,
AND THE FEED STREANS ARE PRINTED WHERE THEY ENTER THE BANK.

A STAGE WILL NOT BE PRINTED IF IT HAS NO VOLUME.

IF (IPROCE.EQ.0) PRINT 1012,TOTINE, (TITLE(1,I)},I=1,10)

IF (IPROCE.EQ. 1) PRINT 1023,TOTTME, (TITLE(1,I),T=1,10)

DO 210 J=1,NTOST

IF (PROD (J,2) .N¥.0.0) PRINT 1013

IF (FEED(J,1,8,2) .GT-0..0P . TCNTRL(J) .5Q.1.08 . ICNTRL (J) . EQ. 3)
. PRIRT 1014,3, (FEED(J,1,1,2},1I=1,8)
IP(BANK(J,1,9,2).GE.1.8=A) PBINT 1015,J, (BANK(J,1,1,2),I=1,10),
. CONVRG (J, 1)

PPLO=AMINI (BAKK (J,1,8,2}) ,PROD(J, 1))

TF(PFLO.5F. 1.0E-8) DRINT 1016,J, (3ANK(J,1,I,2},T7=1,7),PPLO
CONTINUE

INTING THZ? ORGANIC PPOFILF.

IF(IPROCE.EQ.0) PEINT 1017

TF(IPROCB.EQ.1) PEINT 1024

no 220 J=1,HTOST

SFLO=AMIN1(BANK (J,2,%,2),PROD (J,2})

IF (PPLO.GF. 1.0E-R) P2INT 1018,J, (BANK(J,2,I,2),I=1,7),5°LO
IF(IPROCE.®Q. 1.AND.9ANK(J,2,2,2).3E.232.%(0.0913¢6,47E-2
. *BANK{J,2,7,2)-5.46F-S*PANK (J,2,7,2) #*2-0. IN6*BANK (J,2, 1,2) )
. LAND.PRAD(J,2).N8.0.0) PRINT 1114

IF(BANK(J,2,9,2) .GF.1.E-°) PRINT 1015,J, (BANK(J,2,1,2),1=1,10),
. CONVR3 (J,2)

IF(IPROCE.RQ. 1. AND.BANK {J,2,2,2) .GE.222.6(0.0712¢6.47E-2
. #BANK(J,2,7,2)=5.46F=5%BANK (J,2,7,2) *2-0, 306%BANK(J,2,1,2))
. .AND.BANK(J,2,9,2) .GF.1.0F-8) PRINT 1114

IP (FFED(I,2,8,2).GT.0..0°. ICNTEL(J) .GF.2} PRINT 1014,

. J, (FEED (J,2,1,2),1=1,8

IF(PROD (J, 1) .NE, 0.0} PRINT 1712

CONTTNUE

IF(TOTINE.LT.TSTOP) GN TO 140

IP(IPNCH.Z0.0) GO T0 240

PUNCHING THE FTINAL PEOFILE.

230
240

400

DO 230 J=1,NT0ST

o 230 K=1,2

EQONCH 1019, (BANK (J,K,L,2) ,L=1,%)
CONTINUE

CONTINUE

PRTIME=TOTIMF

GO TO 40

CORTINTDE

IF(DPRINT.EQ.1.0) GO TN 10

sTOP



99¢
1700
1001
1002

1903

1000
1008
190%€
1007
1008
1309
1010
1011
1012

1012
1018
1915
1016
1017

1018
1019
1020
ma
1122
1023

1024

1105
1197
110¢
1112
1112
1114
111%
1116
1117
1119
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PORNAT (12,T4,2F8.0,212)
PORNAT (1048}
FOPMAT (UFB.0,512)
FORMAT {*~DTHETA =°,1PEY0.3,' §, O9PRINT =',1PEO.2,% 5, TSTOP =7,
1P£9.2,' S, CONVERSENCE TOLERANCE =!',1PED.2,¢ % / 5¢)
POPMAT (* ICNYSEPT  CONTPOLL®R-RUN SOLVENT EXTEACTION PROCESS TESTI
NG PROGRAY DECEMBER 1979 YEPSTION?)
FPOPMAT (' NEWIN = 0 TH® DPRFSTNT PUZPD STOUANS WILL BT CONTINUED')
PORMAT (* HEWTN = 1 NEW FEED ST2PAMS WILL BZ SPECIFLED')
FORMAT (¢ NEWOUT = 0 THE PRESENT PPONNCT STPREAMS WILL BE USHDY)
TORYAT (' NEWNUT = 1 NEW DPOONCT STOEAMS WILL 5% SPECIFIED!)
PORMAT (' IVOL = 0 THY DRESENT VOLUMY CONSTANTS WILL BR CONTIWTED?)
POR®AT(® IVAL = 1 NTF VOL"WME COMSTANTS WILL BZ SPECIFI®D')
FORYAT{' IPRD = 0 THE PRESENT BANK PROFTILE WTLL BE CONTINUEDY)
FORTAT (* TPRO = 1 A NEW BANK paorva WILL B SPECIFTED')
FORMAT (*~ELAPSED TIME =°,79.1,* S',10X,10AR,/,
' AQUPOUS DHASE!, /! STAGE JHIZPTC 8CID| UPANINN | 20 (I

V) | ®0 (ITT) | PEDUTTANT {NITPATE TOW|TEMPEPATYRY| FLOW PATE
VOLOME  [DENSITY(MAX CHNGE?!,/,* NO. | (®OL/L} } (5/1) 1

/1) 1 (5/1) { (MOL/LYy { ({MOL/L) | {DEGREES C){ (L/S

) t (LITERS) | (RS/LY) (% / S5) ', /7%, 9 (014, 118, 14,7%, 19

.

FORMAT({' ")
PORMAT (2Y,73,2X,8(*4',1PF10.2,1X),*| FEED STPTAM?)
TORMAT (2X,73,2X,9 (' }*,1PET10.3,1X),*{",0PP . L, |*,1PEO.2)
roa!xt(zx,rz,2x.a('|',1as10.3,1x3,-| ACUZONS PRADUCT? /.0 V)
PORMAT (*ONRGANIC FEMASF!,/,* STAGF {NITRIC ACIDy URANITY | P
V) | PU {(IYI} | BEDVCTANT (NITPATY® JON{TENPERATURE| FLOW PAT
VOLOME |DENSTITY|MAY CHNGE',/, ' M0, | (MOL/L) |} (G/L)
/1) ! (5/1) | (A0L/Ly | (MOL/L} | {DEGREPRS )| {L/S
) | (LITZRS) F(RG/Z7000 (T 75 /.6, 9 (1,110 .Y, )
FORMAT(*N *,I3,2%,8("{",1°%10.3,1%),'{ DRGANIC PRODACTY)
FORMAT (176E9.2,0P%8,2, 10278 2)
FORMAT (1X, 1948)
FORMAT (' PURZX PRCCESS WSIN3 *,2PFF .1 TOTBPY,/. )
FORMAT (' THORFEX PROCESS NSING *,2DF6. 1,' Y oTae, /v Y
FORMAT (*~ELAPSED TIVME =*,P9_1,¢ s',1ox 1080, /,
' AQUEQUS PHAS®',/,' STAGY {(YITPIT ACIDY| WUEANIU® | THO®I
04 | SOLUTE 4 | SALUTZ 5 |¥TTPATT [ON{TBYPERATHPEZ| FLOW PATE |
VOLIKE IDERSTITY|"AY CENGE',/," W2, | (MOL/L) | (G/L) |
(/L) | {MOLyLY ¢ (®OL/L) t (MOL/L)  {(DEGREZS CH{ (L/S
t O (LIT®OSE | (KG/LYL (% / 3) 'L/, 70,20 Y0 ', 7X, ")
POPMAT (1ONRGAMNIC BHASY %% STGNALS TH® PPFSTWNCE NP TEI™) PHASZ (WI
THIN & 1177 THOLECANCE) *,/,!' STAGE |NITRIC ACID| JRANIUM | THORI
g™ | SOLUTZ 4 { SQLUTE S5 Y NIYTPATE ICN|TEKPERATIRT| TLOW PRTE |
JOLO%E IDENSITY|MAX CHNGEY /¢ RO, | (MOL/L) | (5/1) |
{G /L) I {(MOL,L) t {MOL/L) | (®OL/LY} I ({DEGREITS )| (L/S
) I (LITERS) | (KG/7LY 1 (7 / S) o/, 7% 2(" 1,110 .71
FARMAT (' NBYIN = 7 TH® FPFED ST27145 WYILL 87 22VISED?')
FORMAT(* NBYOIT = 2 TET PROSOCT STFEAMS WILL 8% REVISID?)
FOBMAT {* IVHL = 2 THY VOLUYZ CONSTANTS WTLL PE REVISED!)
FORYAT(* IPNCH 9 TH® FINAL PROPILT WILL NOT BT PONCHEDY)
FOIAAT (! wa"y 1 THE FINAL PPOFPILY WYLL 2F ONNCHED 0N CARDS'Y)
FORMAT ('+
TORMAT (* TRYN
FORMAT (¥ TRYN
TORMAT (' I®XY
TNRMAT (v TRXY
END

- 1%

}
7 ND RIDUCTION OF PLUTONIHNY)

1 TNSTANTANEDDS 2TDUCTION OF PLOTONTIINY)

2 REMICTION OF SLITONITY TY O(IV) ")

2 2EDIATIOY OF PLUTHNIUY PY HYDIRIXYLAMINTY)

Hog o *
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SUBROUTIN® STARTS

SUBROUTIN¥ STARTS DO¥S THE INPUT DUTIES FOR THE PROGRAM. VNEW FEED
STREANS, PRODUCT STREANS, VOLUME CONSTANTS, AND INITIAL PROFILES
ARE READ IN AS REQUIRED BY THT USER. BEFORE NEW VALUES ARE READ,
THE OLD VALUES ARE 'ERASED.*

COM®ON,/VARS/ BANK (100,2,10,2),EEEN(100,2,8, 184)

CONMON/SYSTEM/ ¥T (100} ,VS (100) ,VKA (100), VKO (100) , PROL (100, 2)
CONMON/SWYITCH/ WTOST,NSOLU,CTEP,SPH, NEWIN, NEWOUT, IVOL, TPRO, TEYPI,
. DTHFTA,ISOL{10),CONVRG (100,2),IRXN,IPROCE, ICNTRL {100)

REAL®8 LASPHA {4} /' AQUUOOS!',t OPGANICY,% AQ FEED','ORG FEED'/

’

REAL*8 TABCON(2) ,'3-MODE *,'0N/OFF '/

REAL*B LABY (2, 10) /*HNO3 ', VHNOD ’,
. TURANTOM ', 'URANION ¢,
. DU (V) ¢, tTHORTUM Y,
. 'PU (ITI)*,'SOLUTE 4°,
. *REDUCTNT', 'SOLUTE 57,
. YNTTRATE *¢,*NTTRATE °*,
. ' TERD ', 1 TOHD ',
. *FLOWNRATE?!, ' PLOWOATE !,
. 'VOLUME ¢, 'VOLUME °*,
. YDENSTTY ', ¢DENSITY *t/

DIYENSICN CON(9)
IFP(NEWIN.®Q.0) GO TO 40

READING NEW FEED STREAMS.

IN READTNG NFEW INPUT VRLUES, THE PROGRAM ALLOWS TH® USTR TO CITHER
PEAD N¥O NEW VALUES, BEBAD ALL NEW VALU®S, Ok JUST READ REVISIONS TO
THE PRES®NT VALUFS. IT ONLY EVISIONS APE BFING "MADE (N®WIN=2), THE FEED
STPEAY AFRRAY IS NOT RE-INITIALIZZD. IF ALL NEW VALUES ARF BEING READ
(NEWIN=1) THE ARRAY IS RE-INITTALIZED BEFOPE CARDS ARE READ WYICH
WIPES OUT ANY PREVIOUS VALUES., TF NO NEW VALUES ARE BEINS READ
(NEWIN=0), THIS SECTION I5 SKIPPRED,

IF(NEWIN.EQ.2) [0 TO 15
DO 17 J=1,NTOST
po 10 K=1,2
Do 10 L=1,8
DO 10 ®=1,184
F?ED {J,K,L, 91 =0.0
CONTINUF
CONTTINUE
RERD {5,1001) J,K, {COW (I},I=1,8) ,INDEX,ICONTR
IF(3.LF.0) J=100
IF{K.HE. 1) K=2
TF (CON(7).EQ.0.0) CON(T)=TEMPT
FLE0{J,K,7, 1) =CON (7)
FEED (J,K, 7, 2) =CON (7
Do 16 1=1,8
IF (CON (L) .G®.0.0) ¥EED(J,X,L,1)=CON(L)
IF CON(L).GF.0.0) PE=D(J,K,L,2)=CON(L)
TF(CON(L) .NE.0.0) TSOL(L)=1
16 CONTINOE
18 COUTINUE
IF (TCONTP.EQ, 0. ANE, INDEY.FQ.1) 50 TO 15
IF (TCONTR.%Q.0) GG TO 20

-
no

ICNTRL IS SET TO SIGXNAL THE PRESENC
THE STAGE. TCNT®RL

JF PROCESS CONTROLLERS POR

NO CONTFOLLERS

CONTROLLERS ON THE AQUXDUS TEED
CONTROLLEPS ONY THE CRGANIC PEED
CONTPROLLERS ON BOTH FEEDS

N
W = O

IP(ICNTPL(J).EQ.0) ICNTPL{J)
I® (ICNTPL(J).NE.K) TICNTPL(J)

K
2

THZ PEED STREAM HAS CNE OR MORE CONTROLYIIRS ATTACHED TD IT, SO THEIP
CONSTANTS NERD T0O FEE READ TN,

READ (5,1002) L,JM,KN,LM,(CON{I),T=1,R), ICONTR
TSOL (L) =1

FEED {J,K, L, 3) =J%

FEED (J,K,L,4) =K%

FEED (J,K,L,5)=LM

IF {CON (3).%Q.0.0) CON(3}=1.0% 4n
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PO 19 M=6,13

FEED (J,K,L, ) =CON {N-5)
19 CONTINTE

GO TO 18
20 CONTINUE

PRINTING THE PEED STREAM YNFORMATION,

IF (IPROCE.EQ.0) PRINT 1011
IP(TPROCE.®Q. 1) PRINT 1013
DO 25 J=1,HTNST
DO 26 K=1,2
IF(FEED(J,X,8,2) « LE.0. 0. AND.ICNTRL (J) . NE. K. AND. ICNTRL (J) . NE, 2}
. G0 TO 25
PRINT 012,J, {FEEC(J,K,L,2),L=1,8) , LABPHA (X)
2% CONTINUE

PRINTING THS CONTROLILER SPECIPICATIONS.

N=IPROCE+1
PRINT 1014
DO 30 J=1,4T05T
IF (TCNTRL(J) .£Q.0) 6O To 10
Do 30 X=1,2
IF (ICNTRL(J) .NE.K.AND.ICNTPL(J}.NE. 3} GO TO 30
Do 20 L=1,8
IF("BED(J,K,L, 3) .FQ.0.0} 50 TO 20
LA=ABS (FEED (J,K,L,3))
LB=FFED (J,K, L, 4}
LC=FEED(J,K,L, 5)
1D=1
IF (FEED (J,K,1,3) .1T.0.0) LD=2
PRINT 1015, ),LABPHA {K+2) ,LAPV (¥,L) , LA, LABPHA (LB} ,LARYV(N,10),
. LARCOM (LD}, (PEED(J,K,L,LR) ,LE=6,13)
30 CONTINNE
40 CONTTINUE
1F (NENOUT.EQ.0) 5C TO 53

RPADING WHE®E THE PRCDUCT STPEAMS AFR® PENCVED. PROD=0,0 IF THERZ IS
NC PRODUCT STREAX REMOVED ¥ROM THAT STAGE

IF (NENOUT.20.2) GC T0 43
PO 82 J=1,HTOST
DO 42 K=1,2
PROD (I, X) =09
42 CONTINUE
43 CONTINUT
PROD (1,2)=1.0820
PROD (NTOST, 1) = 1. 0F20
45 CONTINU®
READ (5, 1004) J,K, E¥LO, INDEX
IF (K NP 1) K=2
PROD (J, K) =ANAX1(0.0,PFLO)
IF (INDEX.®Q.1) 30 TO 45

PRINTING WHERE PPODUCT STREAMS APE PIMOVED.

PRINT 1005

N9 48 J=1,NTOST

90 48 R=1,2

IF(PROD (J,K} .¥E.0.0) PRINT 1906,J,LABPHA(K),PROD(J,K)
48 CONTINUE :
50 CONTINUE

IF(IVOL.EQ.0) GO 10 £0

RFADTING NEW VOLIME CIHSTANTS. THT CHONSTANTS ARZ APPLIED ONLY T3 ONE
STAGE, MOWEVEP, TF YD CONSTANTS ARF SPECIFYED FOF A STRGE, THE
CCNSTANTS FPROM TH® °9RIVINUS STAG®™ APE USED.  THE DRO2ORTTONALITY
COHONSTANTS (VRY & VKO) M7TST B¥® GRTIATER THAY ZEPO. THE TOTAL VOLUNE
OF TYHE STASE (VT) SHMOULD ALSD EE GRESATER THANW 2ERO, BUT IS KOT
REQUIRED T3 BRE 50.

IF(IVOL.EQ.2}) 57 10 5%
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N0 52 J=1,8TOST
¥ () =-1.0
¥S5(J)=-1.0
YKA () =0.0
VKO (J) =0.0
52 CONTINUE
55 CONTINME
READ (5,1007) J,T,S,7h,C0,INDEX
IF(J.LP.0) J=100
VI () =T
vs(J) =5
IP(CA.GT.0.0) VKA (J)=CA
IF(CO.GT.0.0) VKO {J)=CO
IF (INDEX.ZQ.1) 503 TO 55
60 CONTINUT
TF(VEA(1).L".0.0) VKA(1)=1.0
TP (VKD (1) .LE.0.0) VKO(1)=1.0
DO 65 J=2,NTOST
IF(VT(I) .LT.0.0) YT(JY =97 (J-1)
IP(¥5(J).LT.0. 0} ¥S(J)=VsS(J-1)
IF (VKA (J).LE.0.0) VKA (J)=VKA(J-1)
I® (VKO (J) .LE.D.0) VKO{J) =VKO (J-1)
65 CONTINOT

DRINTING THTY VOLUME CONSTAMTS.

PRYNT 1C0°

Do 70 J=1,NTOST

PRINT 1010,J,VT(J),VS (I VKA (J),VKO(J)
70 CONTINUE

IF(TPRC.EQ.0) 0 10 80

READING THE NZW INITIAL PROFILE.
RFVISIONS ARE NOT ALLINWED WHEN READING INITIARYL PROPILES

950 75 J=1,NTOST
e 72 X=1,2
PEAD (5,1708) (CON(I),I=1,9)
TE(CON(7).FQ.0.0) COYN(7T)=TEMDPT
pg 72 L=1,9
00 72 8=1,2
BANK (J,K,L, %) =CON (L)
IF {CON (L) .%7.0.0) ISOL(L)=1
72 CONTINUE

CALCULATING DRNSITIES ®IB TH®W P2NFIL=,

T=BANK(J,1,7,2)
TP (IPROCE.EQ.1) GC T2 73
BANK (J,1,10,2) =(0.992247-0,0003B06% (T-40.) =0.000003T5% (T=4N, ) **2)
. ®(1.0-1.0200%8ANK(J,1,1,2) ~0.0724%BAYK (J,1,2,2) /228, -0.12
. * (BANK (J,1,3,2) +BANYX (J,1,4,2)) /220.-0.021%3A%9K (J,1,6,2))
. +0.06301%BANK (J,1,1,2) +0.29402%BANK(J,1,2,2)/22%.¢0,40202
. * (BANK (J,1,3,2) +BANK(J,1,4,2)) /239,40, 213*8ANK (J, 1,€, 2)
¥=3, 65145%CT3®
HS=P#* (1.-0.00600% (2.95-0,)144*T) *(CT20*%1,£5)) /(1.0¢0. 0L2*F)
US=238.%P/(2.% (1. +D.0U6*F))
ES=239.%F/ (2.% (1.40.0C#*T))
W= ((3.95-0.0104%T)*CT3P*%1 65) % (1.~0.65*BANY (J, 2, 1,2) /¥S
. -BANK(J,2,2,2) /U5-3A%NFK (J,2,3,2) /PS)
BANK (J,2,10,2) =(0,762% {1.-CTIDY * ({236.=T) /266,) #*0,25¢9,7%u°
. *(1.-2,6T-URT+2, RTU~G&T#42) 4CTIP) ® (1.-0. 042*3IAVK (J,2,1,2)
. ~0.C9T*BANK(JI,2,2,2) /239.-0.129%BANK (J,2,2,2) 7229.-0.0174%¥}
. +0.06301%EANR (7,2, 1,2) +0.23960U%BANK (J,2,2,2)/239.¢0.49202
. *(BANK(J,2,3,2) #+BANK (J,2,4,2)) /239,
Go TO Tu
73 CONTINTE
BANK (J,1,10,2) =1.03486~0,0012196%T+6,4957-f*T*T
. +0. 292/ 1%R ANK (J,1,3,2) /2232.40.029222%84%K(J,1,1,2)
+0.312%8AKK (3, 1,2,2) /221,
BANK (J,2,10,2) =0, #3804=0.0011247%T+3 STE-FwTaT
. +0.2370796%*BUINK(J,2,3,2) /232.43.02R3I2T*#BANK (J, 2, 1,2)
. +0.313%RANK (J,2,2,2) /239,
T4 CONTINUE
®ANK (J, 1,10, 1} =BAKK (I, 1,10,2)
BANK (J,2,10,1) =9ANK(J,2,19,2
TE CONTIKUE
A0 CONTIKUE
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NSOL 1= 1
DO 85 I=1,6
IF (TSOL{I) ,EQ. 1) NSOLU=T
85 CONTINNE
FETH RN
1001 FORMAT (I4,12,8F8.0,272)
1002 FORMAT (12,14,2T2,8F8.0,12)
1004 FORMAT (I4,T2,¥8.0,12)
1075 FORMAT {"-PRODUCT STREAMS ARFT PEVYOVED AT  STAGEY PHASE?, X, 'RATE
1 B
1706 FORMAT (35X,73,3%,48,3X,19210.2
1707 FORMAT (T4,07A.0,12)
1008 FORMAT {9P3.0)
100° FORMAT (*=VOLUYE CCNSTANTS STAGY TOATLYL VOLUME  AQ SET BOINT
. AD CONSTANT CR CONSTANT', /)
1010 FOR®AT (22%,73,4 (5%, 1PE10.3)}}) :
1011 FORMAT (*~FFED STREAM DATA',/,* STAGE | NITRIC ACID | URANTUM

.1 PU (IV) | PO (IIX) { TSEDUCTANT | NITRATE IDY | TEMPERA
.TURE | FLOW PAT®R',/,' NO. | {(1NL/L) 1 G/l 1 (6/L
) { (5/L) | (M0L/L) | (40L /L) | {DEGREES C) |

< (L/3) *,/,9%,8 ("1, 13Y))
1012 FORMAT (2X,73,2X,8¢( | ',1P®10,3),3X,28)
1313 PORMAT ('~FE®D STREAM ODATA',/,' STAGFE | NITRIC ACID | TURANTIZ

. | THOPIUY { SOLOTE & | SOLUTE 5 | NITRATE ION | THIPEPA
.TORE (| FLOW RATE',/,* NO. t (MOL /1) 1 (5/1) { (6/L
) 1 {10L/L) { {("oL/L) { (#OL /1) | (DEGREES C) |
- (L/S) ',/.9%,8(*]7,130))

1014 FORYAT (*-PROTESS CONTPOLLR® INFIRYATION ‘,/,% FEEID STREAM VARIA

.3LE {VARIABLE BEING USED {CONTROL{SYET PIINT|PRO® GAINJINTEGRAL §D
LERIVATVE{SET POYNT{ FRROR (MAY VALUE(MIN VALUSY,/,' BREINS CONTRO

.LLED {AS CONTEOLLFR INPUT | TYPF |OF UPPER {OR LOWER { TIME
. | TIM®  [FOR CNTPL{ BAND | OR { oR ',/.1 STGY

VA®IABLE {STGI VAPIABLE | 1S®T POINT|SEY PATNTY
. { {VAF TARLE | |ON VALUE {OFP VALUE!,/,*

M APRES ¥38 PP 75,0, 7,807, 90) )

1015 FORMAT (1X,T3,7 (%, A8,1X,A8,¢¢¢,13,°¢*,48,1%,A8,%(%,28,1PE9. 2,
. T, 1PED,2) L/, 4,500, Y
END
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SOUBPOUTINE STAGES (NDIPEC)

SUBROUTINE STAGES PEFFORMS THE STASE-WISE CALCULATIONS FOR THE SYSTEM.
VOLUMES AND FLOWS ARE CALCULATED PTIRST. CONCENTRATIONS ARE CONPUTED
NEXT. PINALLY, THE CONTRCOLLERS ARE CHECKED TO MOADIFY ANY FEED STREAM
VARIABL®,
THESE CALCULATIONS ARE BASED ON INTESRATING THE MASS BALANCES FOR
THE VARTQUS QUANTITIES. INITIALLY, THE FLO¥S AND VOLUMES ARE CALCULATED BY
INTEGRATING THE VOLOMR BALANCE FNR EACH PHASE. THESE APE CALCULATED FIRST
SINCE THEY ARE NOT DEPENDENT ON TH® CONCENTRATIONS. THE CONCENIPRATIONS
ARE CALCULRTED NEXT, TAKINS INTO ACCOUNT THE CHANGING FLOWS AND VOLUMES
IN THE INTEGRATION. THE CONTROLLERS ARE CHECKED LAST STNCE THEY REQUIRE
VALUES AT TWO POINTS IN TI¥Y, AND THIS IS THE ONLY PLACE WHEPE T¥O
DOINTS ARE KETT,

COMMON/VARS/ BANK {100,2,10,2),FRED(100,2,R, 14)

COMMON/SYSTRH/ VT (100) ,VS(100),VKA (100),VKN (100}, PROD(100,2)
COYMON/SWITCH/ NTOST,NSNIV,CTRP,SOH, NEWIN,NEWOOGT,IVOL,IPR0,TEYP],
. DTHETR,TSOL (10) ,CONVRG (100,2),IPYN,IPROCE, YCNTRL (100)
COMMON/DYSTRB/ XTGKY (7) ,DTPY{f),TIN

DIMENSION YTRY (7) ,ANUMER (7) ,3NUMER(7)

CONTOL=0.001

CALCYLATING AQMEOUS FLOWS AND VOLOMES.

Vv = AQUECUS PLOW INTO TH® STAGF AT TINE T,
D = AQUFOUS PLOW INTO TH® STAGE AT TIME T+DTHETA.
E = EXPONENTIAL FUNCTION.

DO 30 J=1,NTOST

V=FEED(J,1,8,1)

p=F*ED (J, 1, 9,2)

IP(J.EQ.H %50 TO 1D

F=V+AMAX1 (0.0, BANK{J=1,1,8,1)-PROD (J-1, 1)}

D=D¢AMAX1 (0.0, BANK(J-1,1,8,2) -P20D (J=-1, 1)
10 CONTINTE

E=EXP (~-DTHETA* VKA (J} )

THIS EQODATION TS FOR THE REGULAP OPERATION OF A STAGE. AQUEQUS IS
FLOWING OUT OF THE STAGE AT TIME T ANT T+DTHETA.

BANK (J,1,9,2) =E*BANK(J,1,0,1) +V5 (J) #+D/VKA (I} -E* (V5 (J) +V/VKR (J))
. +(F-1.)%(D-V) / (DTHETA* VKA (J) *%2)
1P (BANK(J,1,9,1) .GB.YS{J)) GO TN 20

THIS EQUATION IS FOR FILLING THF STAGE SINCE NO AQUEOUS IS PLOWING
OUT AT TIM® T OR T+DTHETA.

BANK {J,1,9,2) =BANEK(J,1,9,1)+ (VD) *DTHRTA /2.0
IP{(RANK(J,1,9,2).1P.¥S(J)) 62 TN 20

THIS EQUATION IS FOR TH® ¢ND FLOW' TD *FLOW' TRANSYTION. IT ASSUMES
THAT THE FLOW OUT CF TFE STAGE VARTIES LINERARLY O¥RR THE TIYE INCREMENT,
AND THAT TOTAL VOLCME IS CONSEPVED.,

BANK (J,1,9,2) = (BANK{J,1,Q,1)+ (V¢D+YKA (J) *VS (J) ) *DTHETA/2.0)
/(1.0¢DTHETA® VKA {J) /2. 0)
20 CONTINDE
IP(BANK (J,1,9,2) .18, 1. 5-4) BANK(J,1,9,2)=0.0
BANK (J,1,%,2) =AMAXT (0.0, VEA(J) * (BANK (J,1,0,2)-V5(J)))
IF (BANK(J,1,8,2) . IE. 1. E-6) BANK(J,1,R,2)=0.0
TF(3ANK(J,1,9,2) .LE.0.95%VYT (J)) 30 TO 30
SANK (J, 1,9,21=0.95% VT (J)
BANK (J,1,8,2)=V4D-BANK(J,1,8,1)~2.0% (0.25« VT (J} ~BANK(J,1,S,1})
. /DTHETA
30 CONTINUF

.

CALCOLATING OPGANIC FELOWS AND VOLUMZS,
DORGANIC PLOW INTD THE STAGE AT TIMT T.
ORGANIC PLOW INTO TH® STRAGE AT TIMFE T+DTHETA.

A
D
F EXPONENTIAL FIKCTION.

o

DD €0 JJ=1,NTOST
J=NTOST-JJe1
V=PRED(J,2,%, 1)
D=FTED (J,2,8,2)
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IF(J.EQ.NTOST) GO TO 40
V=VeANAX1(0.0, BANK(J+1,2,8,1) -PROD({J+1,2))
D=D+AMAX1 (0.0, BANK{J¢1,2,8,2)~P0D {J+1,2))
40 CONTINUF
E=EX P (~DTHETA*VKO (7))
TP (RANK(J, 1,9, 1) . LT. VT {J) -BAYK (J,2,9,1)) GO TO &5

THIS EQUATION TS FOR THE REGULAR OPERATION OF THE STAGE. ORGANIC IS
FLOWING OQUT OF THE STAGE 2T TINE T AND T¢DTHETA.

BANK (3,2,9,2) =E¥BANK(J,2,9,1) +VT (J) ~BANK (J, 1, 9, 2} +D/VKO (J)

. ~E® (VT (J)=BANK(J, 1,9, 1) +V/9KO(J)) ¢ (E-1.0} % (D-V=YKO (J) *

. (BANK(J,1,9,2)~BANK (J,1,9,1)}) / (DT HETA®VKO (J) *%2)

IP (RANK (J,1,9,2) ¢BANK(J,2,9,1) ~VT{J) +DTHETA* (VD) /2. 0.G%.0.0)
. GO T 50

THIS FQUATION TS FOR THE °'FLON' TO 'HO FLOW'! TRANSITION. TIT ASSYMES
THAT THE PLOWS VARY LINEARLY OVER THE TINE INCREMENT, AND THAT
TOTAL VOLU®E IS CONSERVED.

PANK (J,2,9,2) =BANK(J,2,9,1) +DTH2TA* (D+¥-BANK(J,2,9,1)) /2.0
G0 TO 50
45 CONTINUE

THIS FQUATION IS FOR FILLING TH® STAGE WITH ORGANIC SINCE NONE I35
FLORING 0UT.

BANK (J,2,9,2) =BANK(J,2,9,1) ¢DTHTTA (D+V) /2.0
IF (3ANK (J, 1,9, 2) ¢BANK(J,2,9,2) .LE. ¥T(J}) GO TO 59

THIS EQUATTON IS5 FOR THE 'NO FLOW® TO *FLOW® TRANSITION SINCE THE
ORGANIC TS NOT PLOWING OUT OF TH® STAGE AT TINE T, BUT IS5 FLOWING
00T AT T+DTHETA. TIHE EQUATION ASSUMES THAT THE PLOWS VARY LINTARLY
OVER TH® TIME INCREMENT, RYD THAT VOLUME XS CONSERVED.

BANK (J,2,9,2) < {BAKK(J, 2,9, V) +DTHETAX (D4V-VKO (J) *{BANK(J, 1,9, 2)
. ~VT {3))) /2.0) /{1.0¢DTHETA* VKO (J) /2.0)
50 CONTTNOUE
IF (RANK (J,2,9,2) - 1E. 1. E~t) BANK(J,2,9,2)=0.0
BANK (J,2,8,2) =AMAX1T (0., VKO {J) * (BANK (J, 2,9, 2) +BANK {J, 1,9, 2)-VT (J}))
IF (BANK(J,2,8,2).LE.1.9-6) BANK(J,2,8,2)=0.0
60 CONTINNE

THE *DO 25C*' LOOP 15 FOR CALCULATING CONCENTRATIONS. THE CONCENTRATIONS
FOR A STAGFE REQUTRE THEY REACHING OF EQUILIBRIUM IN THE 'MIXER,! AND
THE SOUBSEQUENT YIXING DF THE *HIXTR' PRODUCTS WITH THE CONTENTS OF
THE 'SETTLERS,?!

ANUMER = AYOMNT OF S50LOTE ENTHEING IN AQUROUS 5TREAMS.
BNUMER = AMOUNT OF SOLUTE ENTERING IN ORGANIC STREAMS.
ADENOM = AQUEOUS FLOW INTOD THE STASE.

30EROM = ORGAMIC FPLOW TXTO THE STAGT.

TIN = TPMPRPATUFE IN THE *MIX=2.?

XTRY = TRTAL AQUEQUS CONCENTPATYON LEAVING THE *MIXER.!
YTRY = TPTAL ORGANTC CONCENTRATION LEAVIFG THE "HMIXER,’

NCORE IS USED TO SCAY THZ STAGES ®ILTIPLE TINZS ¥DR EACH TIME
INCREMENT. TT WAS TOU¥D THAT SYALL 70T SIGNIFICANT INTRGRATINN
RRRCRS OCCURRTED WREN THE STASES WHRE SCANNED ONLY ONCE.

DC 250 HCORR=1,2
NDIREC=-NDIAEC

D0 250 NSCAN=1,HTOST
J=NSCAN

IF(NDIREC.LT.0) J=NTOST-J1
Jp=J-1

Js=J+1

THIS SECTION IS JUST ACCUNULATING THZ SOLUTI FLOWS INTO THE STARE.

ATENOM=FERD (J, 1,8,2) +TEED(J, 1,8, 1)
BDENON=FEED(J, 2, 8,2) ¢+FEEN(J,2, 8, 1)
Do 100 t=1,7
XTRY (L) =BANK (J,1,1,2)
ANUMER (L) =FEED (J, 1,8,2) *PFED(J, 1,1, 2) +FEID (J, 1,8, 1) *FEIO{I, 1,1, 1)
BNUMER (L) SFEED (J, 2,8, 2) *FRFD(J,2,L,2) +FFED (J,2,8, 1) *FEED (J,2,L, 1)
100 CONTINUE
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IF(J.EQ. 1) 40 TO 110
TERONE=A¥AX1 (0.0, BANK(JIP,1,8,1)~PP0OD (JE, 1))
TERTWO=AMAY1 (0.0, BANK (JP,1,8,2)~PRON{JIP, 1))

ACENOH=ADENOM+ TERONE¢TERTHO
DO 105 L=1,7
ANU¥ER (L) =ANTHEP (1) +TERINF*RANK (JP,1,L, 1) + TERTWOXBANK (JP, 1,1, 2)

105 CCHTINUF

110 CONTINUE
1F (J.EQ.NTOST) GO TO 120
TERONE=AMAX1 (0.0, BANK (JS,2,R, 1) -PROD (JS,2) )

TERTHO=A¥AX1(0.0, BANK(JS,2,8,2)-PROD (JS,2})

EDENOM=BDENON+ TERCNE+TERTWO

DO 115 1=1,7

BHUMER (L) =BNUMER (1) +TFRONF*BANK (JS,2,L, 1) + TEPTHOXBANK (JS,2, L, 2)
115 CONTINOE
120 CONTTHUE

CALCUYLATING TIN, THE MIXFER TF¥PRPATURE, WHICH IS USED AS THE
TEMPEPATORE FOF CALCULATING DISTRIBUTION COEFFICIENTS IN UCOR.

TIN=TEMPI

TF (ADENON+SPH* BDENOM.GE, 1. E-10) TIN= (ANUYER (7) +SPH®BNUHER (7))
N / (ADENON+SPHXBDENO %)

“CK=0

HERF THE PRJIGRAM TESTS THE FLOW PATIO INTG THF STAGE TO DETERMINE
IF THY STREAMS ENTERING THY STAG® CAN 3E MIXED. EXTREM® FLOW RATIOS
CANNOT BE MIXED WITHOUT POTENTIAL PROBLENS APPEARING. THIS PRINARILY
IS A GUARD AGAINST UNPEALISTIC VALUES BEING CRLCULATED DJRING STARTUPD.

IF(ADENOM.LT,.25.0#BDENOM.AND. PDENOM.LT.25.0%ADENON} GO TO 160

THE PHASES ARE NOT TC BE MIXED DUE TO B LACK OF ONE OR BOTH PHASES,
OR AN IMPROPER FLOW RATIO. THE CONCENTRATTONS LEAVINC THE *MIY{ER’
ARE SET TO AN AVERAGE OP THF INPJT STREAMS,

DO 135 1=1,NSOLJ
XTRY (L) =0.0
YTRY (1) =0.0
135 CONTINDE
1P (ADEWOY.LE.0.0) GO TO 145
DO 140 L=1,NSOLT
XTRY (L) =ANUMER (L) /ADENOX
140 CONTINUE
145 CONTINUE
IP (BDENGY.LE.0.0) GO TN 155
D0 150 L=1,NSQLU
YTPY (L) =BNUMEP (L) /BDENOY
150 CONTINUF
155 CONTINUE
GO TO 172

160 CONTINUF

BOTH AQUENUS AND ORGANIC PHASES FWNTFR THF *MIYFR' SO THE SOLUTES MUST

BT P¥-DYSTPIBUTED PETWREN THE PHAS®S. OCOFP! CALCTLAT®S THE APPROPRIATE

DISTRIBUTION COEFFICIENTS (DTRY). THF ITERATION IS5 USED TO ENSORE
THAT A MATCHYNS SBT OF XTRY AND DTRY APE FOUND. A GOOD MATCH IS
DESIRED DTUY T) THE INTERPRPRLATION RETWEFN THEJ.

IF (TPROCE.EQ.0) CALL MCORDU

IF(IPROCE.EQ.1) CALL UCORTH

ICK=0

PO 170 1=1,%SOLU

XSAV=XTRY (L}

XTRY (L) = (A¥T4FER (L) +BNUMER (L)) / (ADENOHM+DTRY (L) *BDENOH)

ITRY {L) =XT2Y (L) *DTRY (L)

I% (XTRY (L) .GT. 1.%-6.AND. A7 S (XTRY (L)} ~XSAV).GT.CONTOL*XTRY (L)) ICK=1
170 CONTINUE

MCK=MCK¢ICK

IF{ICK.¥).1.AND.MCK.L?.20) GO TN 160
172 CONTINTE
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THR PRODUCTS OF THE 'MTXER®* HAVE BEEN DETERMINED,
TENTS CF THE 'SETTLFR.?

130

IN THE CALCULATION FCR THE *SETTLER,'

THE ZERD VALUE OF

TH

150

THIS YALUE OF '®¢

200

WITH THE CON
ARE SINFLY P

TANK.

DAYQL = THE
DOVOL = THE
DAFLO = THE
DOFPLO = 'THE
TAFLO = THE
TOFLO = TRE

AND ARE NOW COMBINED
THE EQUATIONS FOR THE "SETTLER®

ERPECT MIXING FQUATIONS FOR AN AQUEONDS AND AN ORGANIC

CHANGE TN AQUEOUS
CHRNGE 'IN ORBANIC
CHANGE IN AQUFOUS
CHANGE IN ORGANIC
AQUEQUS FLOW INTO
ORGANIC FLOW INTO

VOLUAE DURING THE TIHE INTERVAL.
VOLUME DDRING THE TIME INTERVAL.

FLOWS IHTO THE STAGE.
FLOWS INTO THE STAGE.
THE STAGE AT TINE T.
THE STAGE AT TIME T.

DAVOL=BANK(J,1,9,2) ~BANK(J,1,9,1)
DOVOL=BANK{J,2,9,2) ~BANK (1,2,9,1)

DAFLO=FFED (
DOFLO=FPEED (
TAPLO=FEED (
TOPLO=FEED (
IF{J.EQ. 1)

JI'CBUZ)
J,2,8,28)
J,1,8, 1
J,2,8,1)
G0 10 175

DAPLO=DAPLO+AMAX1 (0.0, BAYK (J®,1,8,2) ~PROD(J®, 1))
TAPLO=TAPLOSAMAXT (0.0, BANK (J?, 1,9, 1} -PROD(J®, 1)}

CONTINUE
IF(J-EQ.NTO

STY GO TO 180

DOFLO=DOFLO+AMAXY (0.0,BANK (IS, 2,8,2)~PROD(JS,2})
TOFLO=TOPLO+ANAY 1 (0.0, BANK (JS, 2,8, 1)~PROD (IS, 2}))

CONTINUE

THE IMPORTANT QUANTITY IS5 THE

VALUE FOR THE EXPON®NTIAL WHICH ORTEPMINES HOW TO WEIGHT THE CORTENTS

QF THE 'SETT
CONTENTS QF
TNCCMING STR

INCOMING STREAM WILL BF THE *SETTLER!

LER* AS OPPOSED TD

THE INCOMING STREMM,

1F THE PREVIOUS

THE 'SETTLER' ARE R SMALL FRACTION OF WHAT IS IV THE
BAM, THE EXPONENTIAL IS5 ZERQ (THT CONCENTRATION OF THE

CONCENTRATION FOR TINE T+DTHETA).

ANOTHER EXPONENTIAL IS TSED IF THE YDLUME REMAINS CONSTAWNT (DAVOL=0),
TF THZ VOLUME AT TIME T AND THF VOLUNE CHANGE ARE BOTH

AND ANOTHER
SIGNIFICAYT.

'Et IS FOR WHEN THERE IS KO AQUENUS PRESENT, AND POR

WHEN THE AQUROUS AT TIME T+DTHETA IS5 ALMOST ENTIRELY DUT T0 THE STREANM

ENTERING THF

=0, 0
DAFLO=DAFLO
DOFLO=DOFLO
GENWT=0.0
FIN=TAFLO+0

'SETTIRR.L!

~TAFLO
~TOFLO

.5*DAFPLO

IF (BANK({J,1,9,2).F0.0.0) GO T0 200
TF (BANK(J,1,9,1) . LE.0.00 1% BANK (J, 1,9,2)) 50 TO 200

TF (ABS (DAVD

IS VALBE OF
AT TIME T AR

L) . LE.O.00T*BANK (J

*E' IS THE GENERAL
B SIGNIFICANT.

¢ 1,9,2)) GO TD 190

CAS®.. DAVOL ARD THE

AQUEDUS VOLOME

= (TAFLO-BANK(J, 1,9, 1) *DAFLG/DAVOL) *ALOG (BANK(J,1,9,2)

. /BASK (3

1,9, 1))

E=EXP (~DTHETA# (E+DAFLO) /DAVOL)
GENWT=AT0G {BANK(J,1,9,2) /BARK(J, 1,9, 1) ) *DTWETA/DAVOL

IP(FIN.LE.1

.0E-6) GO TO 200

GENWT= { (BANK({J,1,9,2) /BANK {J, 1,9,1)) %% (FIN®DTHETA/DAVOL) -1.0) /FIN

GO Tto 200
CONTTINUE

IS FOR CONSTANT VOLUME (DAVOL=0).

E=EX® (~-DTHETA®*ADEKOM/ (2. 0% BANK (J,1,9,2}))

GENWT=DTHET
IF(FIN.GT. Y
CONTINUF

A/BANK (J,1,9,2)

LOE-6) GENHT= (EXP(FIN*DTHETA/BAFK(J, 1, 2,2))~-1.0) /71N

CALCULATING FOR THF AQUEDUS PHASE.

205

po 205 L=1,

NSOLU

IF (BANK(J,1,9,2).%Q0.0.0) XTRY(L)=0.0
BANK (J, ¥,L,2) sXTRY (L)~ (XTRY (L) ~BAYK (J, 1,L, 1)} *E

TP (BANK (J, 1
CONTINDE
GENWTA=F*GE

ele2}JLELT1,OR-10)

NWT

BANK(J,1,L,2)=0.0
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SIFTLAR CALCULATIONS FOR THE ORSANIC PHASE.

B=0. 0
GENHT=0.0
PIN=TOPLO+0D. 5% DOFLO
1P {BANK (J,2,9,2} .E0.7.0) GO TO 220
TP (BANK(J,2,9,1).1B.0.001%BANK(J,2,9,2)} 50 TO 220
TP {ABS (DOVOL) . LE. 0. 00 1#BANK (3, 2,9,2)) GO TO 210
2= {TOPLO-BANK{J, 2,9, 1) *DOPLO/DOVOL) *ALOG (BANK {J,2,9,2)
. /BANK(J,2,9,1))
E=EXP (-DTHETA® (DOFLO+Ej /DOVOL)
GENWT=ALOR (BANK(J,2,9,2) /BANK (J,2,9,1) ) *DTHETA/D3VOL
IP( IN.L®.1.08-6} GO T0O 220
GTZNET= ((BANK(J,2,9,2) /8ANK (J,2,9,1)) %% (PIN®DTHETA/DOVOL) ~1.0} /FIN
60 70 220
210 COXTIHNNE
E=2TP (-DTHETA%BDENON,/ (BANK (J,2,9,2) +3ARK (3, 2,9, 1))
GENWT=DTHETA/BANK (J,2,9, 2j
IF(FTN,GT.1.0E~6) GENWT= (EXP(FIN®DTHETA/BANK(J,2,9,2))-1.0)/PIN
220 CONTINGE
DO 230 L=1,NSOLD
IP (BANK(J,2,9,2).¥0.0.0) YT®Y(L)=0.0
BANK (J,2,L,2) =¥TRY (L)~ (YTRY (L) =9ANK (J,2,L,1)) *®
IF (SANK(J,2,1,2) .1E.1.08~10) PANK(J,2,L,2)=0.0
230 CONTINUE
GRNY TO=ESGENWT

SIMILAR CALCULATION FOR TH® TEMPEPATNRE,

£0.0
IP(BANK(J,1,9,2).%Q.0. 0, AND.BANK (J,2,9,2).EQ.0.0) GO TO 240
1P (BANK (J, 1,9, 1) +SPH*BANK (J,2,9,1) .12, 0.001% (DAVOL+ SPH*DOVOL) )
. a0 TO 240
1F (ABS (DAVOL+SPH®LOVOL) .LE.0.00 1% (BANK (J,1,9,2) +SPH*EANK (J,2,7,2))
. )y 6C TO 235
E= (SANK (J, 1,9, 1) #SPH*BANK (J,2,9, 1)) * (DAFLO+«SPH*DOPLO)
B= (TAFLO¢SPH*TOFLC-2/{DAVOL+SPH%DOVOL) )
E=E%ALOG ((BANK (J, 1,9, 2) ¢SPH*BANK (J,2,°,2)) / (FANK(J,1,9,1)0
. SPH*BANK(J,2,9, 1))}
F2EXP (-DTHETA* {DAFLO*SPH*DOPLO+T) / (DAVOL+SPHDIVIL) )
GC TO 240
235 CONTINOP
B=2XP (-DTHETA* (ADENOM+SPH*BDENOM) / (BANK(J, 1,9,2) +BANK (J, 1,9, 1)
. +SPH® (BANK (J,2,9,2) «BANK(J,2,9, 1)) })
240 CONTINOF
T=TIN- (TIN-BANK {J,1,7,1))*¢E
BANK (J,1,7,2) =T
BANK (J,2,7,2)=T

RXNDEN CALCULATES REACTION PPODTCTS iND SOLUTION DINSITIES FOR THE PROGRAY.
THE REACTION PRODOUCTS ARE FACTORED INTO THE CONCENTRATIONS AS SENERATION
TERMS USING GUNWTA RWD GENWTO AS THE INTEGLATED WBIGHTING FACTORS

CALL RXNDEN(J,GENSTA, ENHTO}

DO 250 K=1,2
1Y (3ANK(J,K,9,1) .GT.0.0) GO TO 259
RANK (J,K,10,1) =BASK (J,K, 10,2)
Do 250 1=1,7
BANK (J,K,L, 1) =BAYK(J,K,L,2)
250 CONTINOE

THE ?DO 300' LOOP IS FOR EVALUATINS THE CCNTFOLL®RS

B9 300 J=1,NTOST

I¥(ICNTEL(J).2Q.0) GO 77 200

D3 300 Kk=1,2
I¥(ICNTFL(J).NE.K.AND.ICNTPL(J).N%.3) GO TO 370
DO 295 L=1,%

TP (FEED (J,K,L,3) . EQ.0.0) GO TO 295

POSAVE=FEED (J,K,1,2)
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EVALUATING THE CONTRCLL®PRS.

JM = MONITORED STAGR.
KM = MONITOR®D PHASE (MAY RF ®ITHER FOR THZI FEED OR THE BANK).
L8 = MONITORED VARIABLFE.

J®=ABS (FEED (J,K,1,3))
KM=1

IF (FRED(J,K,L, 4).EQ.2.0,0R. FFED(J,K,L,4) .5Q.4.0) KM=2

LY=PFED (J,X,L,5)
IF (FEED (J,K,L,3).1T.0.0) GO TO 275

3~MCDE CCNTROLLING.
EONE = FTRROR AT TIME T.
PTWO = ERROR AT TIME T¢DTHFTA.

IF(FFFD (J, X, L, 8) .GT.2.5) GO TO 255

CONTROLLED BY A BANK VACIABLF.

EONR=BANK(JM,KH4,LM, 1) -FRED(J,K,L,6)
ETWO=BANK (JX,K%,L¥,2)-FEED (J,K,L,5)
GO TD 260

255 CONTINUY

CONTROLLED BY A FEED STREAY VARIMBLE.
EONE=FEED (JM,KM¥,L¥, 1) -FEFD (J,X,L,5)

ETWO=FEED (JIM,KH4,L¥,2) ~FEFD (J,K,L,6)
260 CONTINOF

XFEPING THE INTEGRATED ERROP,

FEED (J,K,L, V4) =FEED(J,K,L, 14) +DTHPTA* (ETWO+FONE) /2.0

COMPUOTING THT NEW VALUE FOR THE CCNTROLLER OUTPUT.

FEED {J,K,L1,2)=FERL(J,K,L,10)+FESD(J,K,L, TV * (ETHWO

. +FeED (J,K, L, 14) /FEED (J,¥,L,R) +FFID (J,K, L, 2} ¥ (ETHC~RONE)

. /DTRETA)

TMPOSING MINTMOM AND MAXTMUM VALUES TO LIMIT THW CONTROLL®=R.

FFEN (J, K, L, 2) =AMINY {FFED(J,K,L,2),¥FFE0(J,K,L, 12))
FEED {J,K,L,2) =AMAX1("EED (J,K,L,2),F¥20 (J,K,L,12))

"0 TN 290
275 CONTINUE

ON/CFY CONTROLLING.

TF(FEED {J,K,L,4) .6T.2.5) 30 TO 280

CONTROLLED BY A PANK VARIABLE,

THESE ¢IF' STATIMENTS DPETEFNMINE IF THE UPPIR OR LOWER SET POINTS FOR

THE CONTFROLLFP HAVE ETEN EXCEEDED.

I® (BANK (J%,KM,1LM,2) .5T.FEED(J,X,L,6)) G2 IO
IF (BANK {JIM, K4, LM, 2) . LT.FEED(J,K,L,7)} GO TQ
GO TH 283

280 CONTINOE

CONTROLLED BY A FEED STREAM VARTABLE,
TF(FEED (JM, K4, LM, 2) .5T.FFED {J,K,L,6)}) GO TO
)

IF (FEED (I, K4, LM,2) .LT.¥EFD (J,K,L,7}) GO TO
283 CONTINUE

285
288

2RS
2838
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NEITHE® LTIMTT WAS EXCEEDED SO THE PROGPAM MUST DETERMINE WHAT THE
PREVIDUS SETTING WAS {ON OR QOFF).

TF(A8S(FDSAVE-FEEL (J,K,L,12)) .GT.ABS (PDSAVE-FEED(J,K,L,12)))
. GO TO 288
295 CONTINUF

SWITCHING TO THZ 'ON' VALTE.

FEED (J,K,L,2) =FEEL(J,K,L,12)
GO TO 290
288 CONTINOE

SWITCHING TO THE 'OFF' VALOF,

FFED (J,K,L,2) =FEED (J,K, L, 13)
290 CONTINUE
FFED (J,K,L, 1) =FPDSAVF

IMPASING THE RRRNR QN THE NOTGOING VALUE ®ITH THE CONDITYION THAT NO
NPGATIV® VALU®S ARE ALLOWEND (WITH THE EXCFEPTION NOF TINPERATHRE).

FEED (J,K,L,2) =FEEL(J,K,L,2) *(1.04FEED(J,K, L, 11) *{RANF(0.)~.5) /50.)
IF(L.N?.7) F2ED{J,K,L,2)=AMAX1(0.0,FCED(J,¥K,L,2))
IF (ABS (FFED (J,K,L,2)).L=.1.02-9) FTEN(J,K,1,2)=0.0
295 CONTTNUE
IF(FEED (J,K,R, 1} .GT.0.0) GO TO 300
DO 200 L=1,7
PEED (J,K,L, 1) =FPED (J,K, L, 2)
300 CONTINUF
PO 350 J=1,N7TOST
no 350 K=1,2
CONVRG (J,%) =9.0

CHECKING THE CONVERSENCE OF THE FEZD STREAMS.

1P (ICNTEL(J) .NE.K.AND, ICNTRL(J).NE.3) GO TO 310
Do 305 1=1,3
IF (FEED (J,K,L, 2) . GT.1.0E~6) CONVR3 (J,K) =AMAX1 (CONVRG (J,K),
. 100.*ABS(FEED (J,K,L,2)~FEED (J,K,L, 1)}/ (DTHETA*FEED (J,K,L, 2) )}
305 CONTINUE
310 <ONTYNUE

CHECKING THE CONVERGENCE OF THFE BaUK,

IF (BANK(J,K,9,2) . 1E.1.0%~8) G0 Tn 320
pc 315 1=1,9
IF (BANK(J,K,L,2) .GT.1,0%-6) CONVRS (J,K)=\MAL1(CINVEG (J,K),
. 100. %485 (BANK (J,K, L,2) ~BANK (J,X, L, 1)) /(DTEETAXEANK (J,K, L, 2))}
315 CONTINUE
320 CONTINUF

INCFEMPNTING TIW® IN THZ BANK,

DO 325 L=1,10

RANK (J,K,L, V) =S2WK(J,¥,L,2)
326 CONTINGE
350 CONTINUE

TETURY

END
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SUBROUTINE UCORPU

SUBROUTINE UCORPU CAICDLMATES DTSTRYIBUTION CORFFICI®NTS FOR THE PUBEX
PROCESS. THE MQDEOUS CONCENTRATYONS ARE FIPST CONVERTED TD MOLAR
ONITS. THE MOLAR (UANTITI®S APFP CONVERTYD TO MOLAL UNITS. THE
HOLAL QUANTITIES ARF PUT INTO THR COPRIFLATIONS TN GET A MOLAL
DISTRYBUTION COEFPICIEBNT AND ORGAWIC CONCENTPATION. THY ORGANIC
MOLAL CORCENTRATION YS CONVEBRTED TO MOLAR UNWITS. THE FYNAL
DISTRIBUOTION COEFFICIENT IS THFN THT® PATIO OF TH® ORGANIC MOLAR
CONCENTRATION TO THE AQUENUS MOLAP CONCEWTRATION.

COMMON/DIST®3/ XTRY (T),DTPY (6) ,TFHP
COMYOY/SWITCH/ NTOST,NSOLU,CTRP, SPH,NEWIN,N¥HOUT,IVOL,IPP0, "E1PT,
. DTHETA, ISOL(10) ,CONVEG (100,2) , IPXN, IPROCE, ISHTRL (100)
DIMENSTON XMOLAR{6) ,{MOLAL (£), YMOLAL (6)
Bo 5 I=1,6
CAOLAR (T) =A¥AX 1 (0.0, XTRY {T})
S CONTTNUE
YMOLAR (2) =X4"LAR(Z) /238,
TAOLAR(3) =XNLAR(7) s239.
XAOLAR (4) =XMOLAR{4) /239.
CORYA=1.0/AMAX1(0.1,1.0-0.0309%XMOLAR(1) ~0. 07 24%XNOLAR (2)
. ~0.13*XMALAR({I) -0. 03 1XXNOLAR (6} )
DO 10 I=1,6
XMOLAL (T) =Y4OLAR(T) *CONVA
10 CONTINUE
TNM=XHOLAL (1) ¢ 2. *XMOLAL {2) #2.%XMOLAL {3) #4, * X4YOLAL (4) +XYOLAL (6)
IF(THM.LT.1.0F~10) TH%=1,0F~10
DRT=1000./ (TEMP+273. 16) -3. 3529
UK= (3. THTNMRE] 5T+ 1, URTRMEXI 04 01 15THNexT, 3)
. *(4.0%CTRD** (-0, 17} =2.0)
PUK=DK*® (0, 2040, 55%CTAP**1,25¢0, 00 Tu*TNM**2)
HX1= (0. 13S%THm*#0) 8240, DOS2%TN k&I UU) & (1.0~N.SU*ZYD (= 15.0%CT3P))
HR 1= 4K %80 (3. 3U*LPT) ~
UK=UX*B D (2.5%DRT)
PUK=PUKXEXD (~0, 2% TPT)
HE2=HK1
P=2. % (TKEXMOLAL {2) + PIK®XFOLAL (2) +HK2*X MOLAL (1))
A=1. 044 K1=XMOLAL (1)
C==3.65145%CTB P
Te=-C/8
TP(A.GE.1.%~6) TF=(~BeSORT (Rk%2~U, *AKC}) /(2. %A)
DTRY (1) =HKV*TF ¢ HK 2% TF*% 2
TTRY (2) =UK*TPR%)

THIS IS THE CORRECTICN SUGGFSTED BY °,.T.JUBIV

DTRY (3) =POK4TF #%2
. Z{1.0-0.04322340.013113%TE%P+0.TU3I58%XMDLAL (2)
. ~0. 175820%XNATRL {1} *X1OLAL (2)}
DTRY (4} =0.0
DTRY (5) =0.0
DTRY {6) =0.0
o 20 T=1,6
THOLAL (I) =¥ HOLAL (I) ®*DTRY (I)
20 CONTINDE
WOz (0.2-0.015KTEME) * (CTRPAK 1, €9) % (2, 651454CTHP=2, D& YFOLAL (2)
. -2.0%YMOLAL (3)-0.F*¥YMOLAL (1)) /(3.651454CTnD)
CONVO=1.040.00T*Y40LAL (2) +0. 139X THOLAL (3} +0. 043« YOLAL (1) #.0 174*%0
o 30 I=1,5
DTRY (T) =DTRY (I) *CCNVA/CONVD
IF (TMOLAR(T) .NE.0.0) DTPY{T)=YMILAL(T) / (X*OLAR{T) *CONYD)
30 CONTINUE
RETIRN
END
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SUBRQUTINE UCORTH

UCOR RETURNS \ YALUE OF THE DISTRIBUTION COEFFICIENTS= DTRY (I)

7 - TOTAL IONIT STRENGTH

TEMP -~ TEMPERATURE IN DEGREES CENTIGRADE

XTRY - AQUEOUS PHASE COXPOSITION

KO, KTH, KH — MASS ACTION EQUILIBOIUM CONSTANTS=A+DB*%2¢CEL*T4D*Z%T57

POR KO(Y) - A,8,C,D ARE COBF(1,I), COEF(2,I), COBF(3,I), AND COEFP(4,I)

FOR KTH (T} - A,B,C,D ARE COEF(5,I), COEF(6,I), COBF(7,I), AND COEF(R,I)

POR KH{I) - A,B,C,D ARE CO®WF({(Q,I), COBF(10,I), CO®RP(11,I), AND COEF(12,7)
POR I=1 U ACCURACY

2 TH ACCURACY

3

1=
I= B ACCOPACY

s Xe e Ea Nz EaEsKe s e Ne ReNal

COMMON/DISTRB/ XTHY (7} ,DTRY (6) ,TEMP
COMMON/SWITCH/ NTCST,NSOLU,CTEP,S"H, NEWIN, NEWOUT, IVOL, TPRO, TEYPI,
. DTRETA, ISOL (10),CONVEG (100,2), IRXN,IPROCE, ICNTRL (100)
DIMZNSICN XYOLAR(E),XMOLAL(6), Y4OLAL (6)
REAL#G COEF(12,3) KU (3),KH () ,KTH(2),A (4),TB® (3)
DATA COEF/S5.16764,12.7385,-6.10939,0,82566%,
0.895314,-0.250242,0.0628635,0.00145494,
0.48097%,~0,222462,0.0320684,-0.000857349,
4.98513,13.7875,-7.02178, , 883582,
1.52821,-.527579,.0324897, .004 167 38,
.538601,-.207956,.02043A4,~,0011R 140,
2.55963,-7.66961,2.03295,1.50978,
1.31060,-0.6475194,0.,0370571,0.00577315,
0.39810€,-0.15R715,0.0212264,-0.00164366/
Do 5 1=1,6
XMOLAR (I) =XT®Y (I)
5 CONTINUER
XMOLAR(2) =XMOLAR (Z) /238.
XBOLAR (3) =XHOLAR (2) /232.
no 10 I=1,6
XMOLAL (I)=X4OLAR(I)
10 CONTINUE
Z=ASIN1 (XMOLAL (1} +3.0%XMOLAL (2) +10.0%XHOLAL (3) , 10.0)
TNM=XMOLAL (1) ¢2.0*XYOLAL (2) +4. 0*Y10LAL (2)

CALCULATE MASS ACTION EQUILIBRIUM CONSTANTS

aannon

D0 30 I=1,3

KO (1) =COBP(1,T) +CCEF (2, I) % Z+COFF (3, I) * Z¥*24COEF (4, T) *T%%3

KU (I)=AMAY1{0.0,KU(T))

KTH(T) =COTF (5, 1) +CORF(6,T) #Z4CORF (7, 1) #T4*24COBF (R, T) #7423
KH (T)=COEF (9,T)#CCIP (10,T) $Z+COTF(11,1)*#2%% 2¢COEF (12, T) #7*%3

SOLVE CUBIC EQUATION ¥0OP TBP

anna

A (1) =-3.65145%CTBP
A(2) =1.0¢KH (T) *XHCLAL (1) *TNM
A(3) =2.0%KU (T) *XMOLAL [2) *T NH%*%2
A (8) =3.0%KTH (T} *XMOLAL (3) TN %y
T=AMINT (=B(1),=A (1) /A (2)
IF(Y.LT.0.) Y==A(Y)
Do 20 J=1,20
C=h(2) #2.0%X(3)*Y 43, 0%A (4) k¥¥*2
D=A(1) +R (2) %Y+ A (3)FT**2 4R (4) 2 YR%2
DELTY=D/C
Y=Y-DELTY
IF (ABS (DELTY) .LT. 1.F=5,AND.ABS (D) . LT. 1.%-5) GO TO 25
20 CONTINU®
25 CONTINOE
TBP(T) =Y
10 CONTINUE
DTRY (1) =KH (3) * TNM*TBP (3)
DTRY {2} =KJ (1) *THM#*2%TED (1) #%2
DTRY {3) =KTH(2) *TNA*%U+Tap (2) %% 3
DTRY (4) =0.
DTRY {5} =0.
DTRY (6) =0.

TEMPERATURE ADJUSTN®NT

naoan

PRT=1,/(273.4TENP)~1./298,

DTRY (1) =DTRY (1) #EXP (-B19.902%DRT)

DTRY (2) =DTRY (2) *EXP (2500 .*DPT)

DTRY (3) =DTPY (3) *EXD { (R91.66u+ 279 _FRA*XMOLAL (2)
. ~1474,38%XNOLAL (3) *%2} #DPT)

PETHRY

END
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SUBROUTINE RANDENW (I, PUHWTA,GENNTD)

RXNDEN HANDLFES REACTIONS AND DFNSTITY CALCULATIONS IN THE SYSTFEH. PRESENTLY,
INSTANTANEQOUS REDUCTION OF PLUTONINM, ¥EDUCTINN BY U(IV), AND BRDUCTION
BY HYDROXYLAMYNT ARY AVAYLABRLE &S RFRACTIONS. THF SUJPOUTIN® CAY EASILY
BE ACAPTED TO CONSIDER ANY INTRGEATED RATE EQUATION, WITH ANY DESIRED
STOTCHIOMETRY.
THE SUBROOTINE ASSUMES THE RPACTION TS TNTALLY IN THE AQUTOUS PHASE, BUT
THAT THR PO(IV) IN TE® ORGANTC PHAS® ALSO ATDS IN YAINTAINING THY
AQUEJDS CORCENTRATION. THE INTEGRATED RATE FQUATYION DETERMINES THE
EXTENT OF REACTION. THIS EXTENT IS CONVYERTED IHTO A CONSTANT REACTION
RATE FOR THE TIME INCREMENT. THE TREACTION RATFE IS THE GENERATION TERM IN THE
MASS BALANCE, S0 IT I5 WRYIGHTED {ACCARNING T0 GENWTA AND GENWTO) AND
ADDED TO THE CONCENTRATIONS.
TRXN INDICATES WHICH REACTYNON RATE 1S TO BE USED.
SOLAMT IS5 THE TOTAL AMOUNT OF SOLUTE IN THE RAQUEODS
RY I5 THE AQUEONS COMPOSITION USED TO DETERMIN® TH® RFACTION RATE
RXNAMT IS THF AMOUNT OF R¥ACTED SOLUTE USING SOME COMPONEMT AS R BASIS
RK IS A REACTION RATE CONSTANT
EXTENT = THE EXTENT OF ®FRACTION, BASED ON THE FRACTION OF
SOME COMPONENT CONSUMEZD 8Y THE RFACTION.

COMMON/VARS, BANK {100,2,10,2),FEED (100,2,8, 14}
CON®ON/SWITCH/ WTOST, NSOLU,CTR®,SPH, NEWIN,NTWOU™,IVN1,IPRO, TEYPI,
. DTHETA, ISOL (10) ,CONVEG {100,2) , TRXN, IPROCE, YCNTEL (100)
DINENSTON RX(6),SCLAMY (6) ,GENANMT (2, %)

REAL STOIC {6,3),0.0,0.0,~1.0,1.%,-1.0,0.0,

. 2.0,0.5,~1.0,1.0,-0.5,0.0,

. 2.0,0.0,-1.0,1,0,-1.0,~-1.0/
DUMFUN (A) =0.5% (A+2)

1¥ (IPROCE.NE.0.0OR.IRXN.®Q.0.05 . GENWTA, EQ.0.0) GI TO 120

0 10 L=1,6

RX (L) =BANK(J,1,L,2)

SOLANT (L) =BANK (J, 1,L,2) *BANK(J, 1,93, 2)

10 CONTINUE
IF(TX{2).LB.0..OR.2X{5) .LF. 0. .02, IANK{I,1,%,2) -LE. V. T-%) GO 19 120
SOLAMT (3) =50LANT {3) #9AYK (J, 2, 3,2) *3ANK {J,2,9,2)
AQVOL=BANK(J,1,9,2)

PUVOL=SOLANT (3) /R X (3)

RX (2) =RYX (2} /238,

RY(3) =RX(3) /239.

2 (4) =RX (4) /239,

SOLANT (2) =SOLANT (2) /238,

SOLANT (3) =SOLA T (3} £239.

SOLAMT (4) =SOLANT (4} /239,

GO TO (90,80,70,60,50,40,30,20),T2X%

20 CONTINUER

30 CONTINUE

40 CONTINUE

50 CONTINUE

60 CORTINUE
GO TO 90

70 CONTINUE

TRYN = 3 PEACTYON BETWEEN PU{IV) ANWD HYDROXYLAMINE
FOR = RATIO OF 2P0 (IV) TO SEDUCTANT
RK = PATE CONSTAWNI
EXTMAX = MAXTMOM EXTENT OF PEACTION (RASED ON °U (IV))
EXTINC = TNCREMENT IX® STARCH FOR EXTENT
AMTINT = THR INTEGRATED CHANGF IN SXTENT (FQUAL TJ RK)

IF(RX(1).LT.1.07=10.0R.RX (3} LT. 1. 0F~10.0P, RX (5) .LT. 1. 0E-10)
. 60 T0 90

FOR=SOLAMT (3) /SOLAAT (5)

TOTNIT=RT (1) ¢2. %RX(2) #4.%PX {3) 42 %RX(4) ¢2X (6} +0.3

RK=. 029%E2XP (21000, /1.987% (1.0/302.16-1.0/(272.16¢BAYK(J,1,7,2)}))
RK=RKA2X (3) *DTHETA* (RX {5) / (FX {1} *RX (1) *TOTHIT) ) **2.0
EXTMAX=ANTN1{1.0, 1.0/FOR)

THIS IS A SINARY STARCH TOB THF TORPECT EYTENT OF REACTION

FXTINC=0.25%EXTHA X
FXTENT=0.5*EXTAAY

R=S0LAMT {3} /AQVOL

A=RX (4) +B

AR=A%R

BR=A*B
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112

cc=n%8

DO 78 I=1,10
A=1.0/(1.0-SXTENT)

IF (FOR.GT.N.01) GO TO 72

THIS INTESRATED FCRM ASSUMES R LARG® EXCESS OF THE REDUCTANT

AMTINT=AA®A*EXTENT~2,0%3B%ALOG (A) ¢CCXEXTENT
GO TO 76

CONTINUE

IF(ABS (1.0-%0R}.LT.0.05) GO TO 74

THIS INTEGPATED RATE EQUATION IS THY GEWZRAL CASE

FOR=DUMEUN (FOR})

B=1, 0~FOR*EXTENT

C=1. 0/ (1.0-FNFR)

AMTINT= ("0°~A% EXTENT-FOR/B +2, 0*XC*FPOAPKALOG (A%3) ) ¥AAXC*C
AMTINT=AMTINT~2,0#BR*C* (FORSEYTENT/S~C#ALCG (A%B)) ~CC*BEXTTNT/3
AMTIRT=~A4TTNT

GO TG 76

THIS INTESRATED FPCRM ASSUES A STOICHICMZTTRIC AMOUNT OF REDUCTANT

CONTINUE

AMTINT=AA* (A*A*A-1.0) /3. 0-BB* (AXA-1.0) 4CC* (A~1.0)
CONTINOF

IF(AMTINT.GT.RK) EXTENT=EXTENT-EXTINC
IF(AMTINT.LT.FK) EXTENT=EXTENT¢EXTINC
EXTINC=EXTINC/2.0

CONTINUE

RXNAMT=EXTENT# SOLANT (3)

60 TO 100

CONTINUF

TRIN = 2 FPEACTION BETWREN PN (IV) AND O (IV)

a0

RK = PATE CONSTANT
RCU = RATIO NF 2P0 (IVYy TO PEDUCTANT

FXTMAX = ¥AXTMUM EXTENT BASTD ON PO (IV) AND A TEN SECOND HALF TIVE

IF{®X(3).LT.1.0FE~10.0%.2%(5).LT. 1.07=10) GO TO 30
EXTAAX=ANINT{1.0, 1.0~0,5%*% (DTHETA/10.) ,2.0% SALAMT (5) /SOLAYT (3))
RK=170.0/€0.2

RK=RK*DTHETA*R X (5)

RCU=SOLAXT (3) / (2. 0*SOLAYT (S))

FHO=RX (1) *3X (1)

FEXP=1,0840

TF (3K* {1.0-8CU) . LT.100.N*RHO) RESXP=EXD (RK* (1.0~RCU) /RHO)
EXTENT=RK/ (RK+RHO)

IF (ABS (1.0-8C0) .GT.0.05) FXTTNT= (1.0-PEXP) / (RCT-REXP)
EXTENT=AYIN 1 (EXTENT, SXT¥AX)

RXNAMT=SOLAMT (3) *EXTENT

50 TO 100

CONTINUE

IPYN = 1 INSTATANEOUS REDUCTION OF PU (IV)

190

195

THIS YECHANISM IS US®D BY ALL °SDIUCTION REACTIONS WHEN THE
CONCFENTEATIONS FALL BFRLOY¥ A THRTSHHOLD L=VFL

INSTANTAYEQUS REDCUCTION WORKS MOFE TO JUST TLIMINATE THE DPU(IV)
AND PEDUCTANT CONCENTFATIONS THAN TO CALCULATZ A GENERATION TERH.

®*GENWTA/ (RENWTO*239.)

TF (3ENWTO.GT.1.F-€) R¥(3)=RX(2)+BANK(J,2,2,2)
1 /STOTC (5, TRXN} |

RXNAMT=AMINT (-RX {2} /ST2TC(2,TFAN},-RX(5
AXNAMT=RENAMT® DTHETA/GENWTA

CONTINU®

DO 105 1=1,6

GENAMT (1,L) =RYNAMT*STOIC {(L,I=XN) /DTHETA
GENAYT (2,11 =0.0

CONTINUE

GENAMT (1,2) =GENAMT (1,2) *238.

GPNAMT (1,3) =GENAMT(1,3) %229,

GENAMT (1,4) =3ENAMT (1,4) *239,
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PU(IV) GENERATION YIS SPLIT BETWEEN THF PHASFS

A=GENWTA*BANK(J,2,3,2) +GEHWTI*BANK (J,1,3,2)
IP(A.NE.0.0) GENAWT (2,3} =GENAMT(1,3) *GENWTA*BANK(JI,2,3,2) /A
GENAMT (1,3) =GENAAT (1, 2) ~GENAT (2, 7)

THE WEIGHTED SENERATION ¥S ADDED TD THE CONTENTRATIONS, THERTBY CONMPLETING
THE MASS BALANCE PCR THE TTIME TNCREMENT.

DO 115 L=1,6
BANK (J, V,L,2) =BANK(J,1,L,2) $GPNANT (1,L} *GEFKTA
BANK (J,2,L,2) =BANK{J,2,L,2) $CFNANT (2,1} *GENWTO

THESE CONDITIONALS ARE JUST CLEANING 0P INSIGNIPICANT CONCERTRATIONS AND
REACTIONS THAT HAVE SGONE TO COMPLETION.

TF (BARK(J, 1,1, 2) .1E.1.0E~10) 2BANK{(J,1,1,2)=0.0
IF (BANK {J,2,%,2) . [E.1.05=10) PANK(J,2,L,2)=0.0
IF(V.EU%BANK(J,1,1,2).LT.=GENAMT (1, L) *GENWTA) BANK(J,1,L,2)=0.
IF (1. EU%BANK(J,2,1,2) .LT.~GENANT(2,L) *GENNTO) BANK(J,2,L,2)=0.
IF {8ANK (J,1,L, 2) . KF. 2. 0.0R.RANK(J,2,L,2) -9E.D.0) ISOL(L)=1
IF (ISOL (L} .2Q. 1. AND.NSOLU.LT.L) NSOLU=L

115 CONTINTE

120 CONTINTE

CALCULATING DENSITIES,

T=BANK (J,1,7,2)

IF (IPROCE.EQ.1) GC TO 130

BANK (J,1,10,2) = (0.092287-0.0003906% (T-40.}-0.00000375% (T~40,} *x*2)
*(1.0-0.9200%EANK{T, 1,1,2)-0.9720%BANY (J,1,2,2) /238.-0.12
*{BANK(J,1,3,2) +30NK (J,1,4,2)) /229.-0.021%34NK(J,1,6,2))
¢0.06301%PANK (J,1,1,2) +0. 2940U*BANK (J,1,2,2)/239.40.40202
*(BANK(J,1,3,2) +BARK (J,1,8,2)) /239,40, 213%BANK(J,1,6,2)

w=3, 65145%CTRY

HS=F* (1.-0,00600% (3,950, 014U%T) * (TTBO*%1,65)) /{1.0¢0. 143%F}

US=228. P/ {2.% (1.40.046%7))

DS=239.%F/(2.% (1. +0.007))

W= ((3.95-0.0180G%T)xCTBD**1,65) % (1.-0.65%BANK(JI, 2, 1,2) /HS

. ~BANK (J, 2, 2,2)/U5-BANK (J,2,3,2) /P5)

PANK (J,2,10,2) ={0.762% (1.-CTAO)* ({I06.~T) /266.) %% _,2040, 0040
. ®(1,-9, SE~UKT+2, OF-GRTHRD) ®TTI0) & (1, -0, O4I*3ANK (J,2,1,2)
. -0.097T*BANK(J,2,2,2) /238. -0, 120%BANK (J,2,3,2) /230, ~0.01704y)

+0,06201%RANK (J,2,1,2)+0. I940u*BANK(JI,2,2,2)/233.40,649202
* (3ANK(J,2,3,2) #+BANK (J,2,4,2)) /230,
GO TO 1590
130 CONTINUE
BANK (J,1,10,2) =1, C34R6-D,0012196%T+£  BASR-E%xT*T

. +0.29281%3ANK (J,1,3,2) /222.+0.029322%82%% (J,1,1,2)
. +0. 318%BANK (I, 1,2,2) /229,
PANK (J,2,10,2) =0. £389u~-0.0011207#T+32,575-A&T*7
. +0,3707T96*BANK(I,2,3,2) /232.40.028327%BAYK (J,2,1,2)
. +0.319%8ANK(J, 2,2, 2} /238.

150 CONTINUE

300 RETURN

END
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