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AN UNSTEADY-STATE MATERIAL BALANCE MODEL
FOR A CONTINUOUS ROTARY DISSOLVER

B. E. Lewis
Fuel Recycle Division

ABSTRACT

The unsteady-state continuous rotary dissolver material balance code (USSCRD) is a
useful tool with which to study the performance of the rotary dissolver under a wide variety
of operating conditions. The code does stepwise continuous material balance calculations
around each dissolver stage and the digester tanks. Output from the code consists of plots
and tabular information on the stagewise concentration profiles of UO,, PuO,, fission
products, Pu(NO;)s, UO,{NO;),, fission product nitrates, HNO3, H, O, stainless steel,
total particulate, and total fuel in pins. Other information about material transfers,
stagewise liquid volume, material inventory, and dissolution performance is also provided.
This report describes the development of the code, its limitations, key operating parameters,
usage procedures, and the results of the analysis of several sets of operating conditions.

Of primary irmportance in this work was the estimation of the steady-state heavy
metal inventory in a 0.5-t/d dissolver drum. Values ranging from ~12 to >150 kg
of U+Pu were obtained for a variety of operating conditions. Realistically, inventories
are expected to be near the lower end of this range. Study of the variation of operating
parameters showed significant effects on dissolver product composition from intermittent
solids feed. Other observations indicated that the cycle times for the digesters and shear
feed should be closely coupled in order to avoid potential problems with off-specification
product.

1. INTRODUCTION

Dissolution.is a key step in reprocessing spent fuels from nuclear reactors. A continuqus
rotary dissolver for the dissolution of breeder reactor fuels is now under development at
the Oak Ridge National Laboratory (ORNL). The continuous rotary dissolver provides
increased agitation, more efficient rinsing, and a more uniform off-gas flow than the batch
equipment used in the past. Before any equipment can be approved for use in a reprocessing
plant, it must undergo extensive testing to ensure its reliability and safety. Criticality safety
must also be ensured by calculations based on reasonable predictions of the stagewise
concentrations of material in the dissolver and on criticality benchmark data. Analysis of
the unsteady-state performance of the dissolver gives operators information on the time
required to attain substantially steady-state operation and on the quality of the product
produced during transient periods. The unsteady-state model can be used as a tool to
evaluate alternative equipment designs and operating procedures by forecasting the conse-
quences of various system perturbations. .

Study of the unsteady-state operation of the dissolver is useful in determining sensitive
operating and design parameters and specifying control systems and requirements for later
processing steps. Using sensitivity analysis, it is possible to determine the probable effects
of fluctuation of various parameters on product quality and system control, >
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1.1 Equipment Description

Continuous rotary dissolvers will be used in advanced reprocessing facilities for recovery
of uranium and plutonium from spent breeder reactor fuels. The continuous dissolver, shown
in Fig. 1, is a 0.5-t/d, compartmented, ~0.75-m-diam drum enclosed in a rectangular shroud
(not shown). The drum is ~2.4 m long and has nine separate stages, or compartments. Liquid
moves through the dissolver by gravity flow through the slots in the walls (shown in the
cutaway in Fig. 1) separating each stage. A schematic diagram showing the flows through
the dissolver is presented in Fig. 2. The liquid overflow from stage / becomes the feed to
stage / — 1. Sheared materials flow countercurrent to the liquid and are fed to the dissolver
semicontinuously through two isolation valves. Sheared solids flow batchwise between
dissolving stages and semicontinuously to the feed stage and from the rinse stage. Steam
condensate enters stages 1 and 9 of the dissolver through the steam purge gaps between the
stationary housing and rotating drum, and concentrated acid enters stage 8 through internal
piping built into the drum walls.

The first eight stages are used for dissolution and contain concentrated nitric acid. The
last stage contains dilute acid and is used as a rinse stage to further remove any dissolved fuel,
concentrated acid, and particulates from the hulls before they are sent to waste disposal.

Each dissolving and rinse stage is ~25.4 cm long and can hold a liquid volume of ~8 L.
Each dissolving stage contains a single baffle to provide agitation and a conical transfer
duct for transfer of solids as the drum is rotated. The feed stage normally maintains a liquid

ORNL/DWG. 79-18915
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Fig. 1. Cutaway view of the 0.5-t/d compartmented rotary dissolver drum.
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volume of ~4.8 L and contains several small baffles, as does the rinse stage for rapid transfer
of the fuel. Residence time of the sheared material in each dissolving stage is controiled by
the time of forward rotation. To advance the sheared fuel to the next stage, reverse rotations
are used.

1.2 Previous Dissolver Modeling

Some of the initial dissolver modeling work was based on experimental data related to
the continuous spiral pellet dissolver shown in Fig. 3 (ref. 1). Data were taken on the nitric
acid dissolution of UO,, using beakers to simulate the countercurrent flow of the continuous
spiral dissolver. A relatively simple continuous stirred tanks-in-series mathematical model
was developed that predicted concentration profiles which were in reasonably good agreerhent
with the experimental data.

The continuous stirred tanks model has also been used to describe the liquid flow
characteristics in a 5-t/d scale, single-dissolving-stage, compartmented rotary dissolver shown
in Fig. 4 (ref. 2). Tracer response data were used to evaluate the performance of the model.

The liquid flow through the 0.5-t/d dissolver shown in Fig. 1 was modeled similar to
that in the 5-t/d dissolver, using the continuous stirred tanks-in-series approximation,
modified to allow variations in stage volumes and flow between stages.?> The predicted
outlet response to step changes in acid and water flow rates to the 0.5-t/d dissolver was in
good agreement with the experimental data. The internal design of the solids transfer
mechanism of the 0.5-t/d dissolver is similar to that in the 5-t/d unit with the exception of
liquid transfer. Liquid transfer in the 0.5-t/d dissolver occurs by gravity flow through
slotted holes in the bulkheads between stages. In the 5-t/d unit, liquid flows by means of
waterwheel-type scoops built into bulkheads. :

1.3 The Unsteady-State Continuous Rotary Dissolver
Material Balance Model (USSCRD)

This work has been concerned with the development of a mathematical model,
incorporating what has been learned from past modeling efforts with what can be anticipated
in actual operations with solids present. Past modeling efforts pertaining to the compart-
mented rotary dissolvers were primarily concerned with describing the liquid flow character-
istics in the absence of solids transfers.

The unsteady-state-continuous rotary dissolver material balance model (USSCRD) has
been designed to provide detailed concentration profile data on stagewise solid- and liquid-
phase inventories. The code predicts the concentrations of UO, (NO,),, Pu(NO;),, fission
product nitrates | FP(NO3),4¢ ], HNO;, H, 0O, UO,; PuO,, fission product oxides (FPO, ,g),
and suspended-particulate size distributions, as well as the maximum concentration of each
component and the time of occurence. The stage number and time required for completion
of dissolution of fuel both in the sheared rods and in particulates are also determined. The
code has been so structured that additional components may be included with a minimum
of difficulty.
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2. MATHEMATICAL DEVELOPMENT

The continuous rotary dissolver process is shown schematically in Fig. 2 as a series of
mixing tanks, which is consistent with both past and current thinking. The diagram of a
single-dissolving-stage process shown in Fig. 5 illustrates some of the details included in the
model: liquid backmixing, particle release, mixing, and reaction,

2.1 Liquid Backmixing

As a result of the batchwise transfer of solids between stages, a small amount of
backmixing (or carry-over) of solution, countercurrent to the normal fluid flow, is inherent
in the operation of the dissolver. While other means of liquid backmixing have been considered
improbable, the capability for a continuous backmixing stream has been included in the
model as an option.

2.2 Particles

Particles are assumed to be released from the fuel pins as spheres with a lognormal
distribution of sizes. The probability of a fuel partlcle having a size (diameter) between
x and x + Ax is given by

| 2 |
expa —[In{x) = x,,| /(207 ) X
Pix)=Q l: - ] g - (1)

X0

The parameters 5, Xm,and o, defined in the Nomenclature (sect. 13), were determined from
the analysis of particle size data from shearing ORNL Mark |, stainless-steel-clad proto-
type fuel assemblies. * Typical vaIues of the parameters for 2.54-cm shear cut lengths are
Q = 0.1100, x,, = 5.041, and ¢ = 1.510. When cons:dermg only dislodged fuel, excludmg
hull fragments, the value of Q is equivalent to 1/

A shrinking-spherical-particle model with chemlcal reaction control has been used to
describe the reaction of particles.®> Once particles have been released from the fuel, they
can either flow with the liquid or be transported witn the solids, depending on their size.
Mudding tests in a 0.305-m-diam dissolver have shown that particles 200 to 500 um in
diameter have a tendency to accumulate until a certain inventory is established, at which
point the particles transfer with the hulls.® Smaller particles (~20 um diam) were removed
with the normal liquid flows. For the purposes of the model, it has normally been assumed
that particles 2200 um in diameter transfer with the hulls and particles <200 um in diameter
flow with the liquid.

To account for the effects on particle size of the transfer between stages and the
shrinkage from reaction, the size distribution range was divided into 20 discrete size groups.
Individual material balances on each size group were performed to determine whether the
quantity of particles in each size group had increased or decreased as a result of stagewise
transfers and interstage group transfers. Particle sizes were assumed to range from 0 to 2000
um in diameter. An average size was determined for each size group in the distribution based
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on a weighted average of the results from the stagewise particle balances and the effects of
chemical reaction. The average particle size from the mixing of several streams of particles
of dissimilar sizes (hereafter referred to as “mixed streams’’) is calculated based on conser-
vation of total mass and surface area. The total surface area, Ay, of the particles in the
mixed stream can be written in terms of particle mass and size as follows:

(ue); - (3)

Equation (2) can be simplifed and solved for the average radius of the mixed stream for
size group k to give

Mk
mix,k = "2 1. 3. (4)

=1 (f old & )/

The effects of reaction on particle size are discussed in the section on reaction rates (Sect. 2.6).

Particles were assumed to enter the dissolver environment either by release from the
fuel pins as a result of agitation and reaction (see Fig. 5) or as a part of the solid feed stream.
The fraction of fines in the feed is a function of several variables, including the fuel makeup,
irradiation history, and conditions in the preceding equipment. Goode and Stacy showed
that the fraction of fines comminuted from various types of fuels irradiated in the Experi-
mental Breeder Reactor Il (EBR-II) ranged from 8 to 83% of the total.”»8

2.3 Mixing

Complete mixing of solids and liquids has been assumed to result from the continuous
rotation of the drum and the agitation effects of its internals. Under this assumption, the
acid concentration in the fuel pins is the same as that in the bulk liquid. However, if the
complete mixing assumption is relaxed and we allow stagnant regions to exist in the fuel
pins, then, as reaction proceeds, the probability of the acid in the fuel pins beingless concen-
trated than the acid in the bulk increases. This feature has been designed into the model by
allowing different reaction rates for particle and pin reactions.
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2.4 Chemical Equations

The initial development of the material balance model was based on a continuous
supply of oxidized fuel. The following chemical equations were used to describe the reactions
of the oxidized fuel in nitric acid:

U304 +7.35 HNO, 33 UO0,(NO;), + NO, +0.35 NO +3.65 H,0 |, (5)

PuO, +4 HNO; = Pu(NO3)4 +2 H,0 (6)
and

FPO, ,+3.39 HNO; = FP(NO;);3.30 + 1.7 H,O , (7)

where FPO stands for fission product oxide and FP stands for fission product.

As can be seen in Egs. (5), (6), and (7), water is produced and acid is consumed in each
reaction. Nitric acid is produced by the reaction of NO, and H, O, as shown in the overall
reaction

3 NO, (g) + H,0 = 2 HNO, + NO (g) . (8)

[t has been assumed that all the NO, formed at HNO3 concentrations less than 8 to 10 M
reacts to form HNO; according to Eq. (8). At acid strengths greater than 8 to 10 M, none of
the NO, produced reacts to form HNO;. :

The NO, conversion assumption is based on the following chemical equations for the
dissolution of UO,:

UO, + 2.7 HNO; 3 UO,(NO,), +0.7NO + 1.3 H,0 , (9)

UO, +4 HNO; - UO,(NO3 ), + 2 NO, + 2 H,O . (10)

Both reactions occur to some extent; however, Eq. (9) is predominant at low acid concen-
trations and Eq. (10) is predominant at HNO; concentrations greater than ~8 to 10 M
(refs. 9, 10). .

" As a result of changes in program emphasis, the fuel oxidation step was eliminated
from the process. This change required the substitution of chemical Egs. (9) and (10) for
Eqg. (5) and estimation of the following fission product reaction equation for unoxidized
fuel:

FPO, ;5 +2.36 HNO; = FP(NO; ), 56 + 1.18 H,O | (11)

as a substitute for Eq. (7).
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2.5 Material Balance Equations

The differential rate of change in mass of component j in the liquid phase of stage /
due only to flow between stages may be written in terms of concentration C, primary flow

F, and backmixing flow B as follows: -
dr - C/’+1,/F/+1 —C/',/'F/' + C/'—l,jB/—l - C/',jB/ : (12)

Mass rate of change can’'also be expressed in terms of concentration and volume as

dm/')/' d(C,)/V/) dV/ O'C/’/

) =C Vi

dt dt L dr (13)

Neglecting the change in volume with time due to reaction and mixing, and concentrating
on gross volume changes due to solid/liquid transfers, the term d'V/;/dt can be expressed as a

pseudoconstant,
dv;
— =D,
dt o (14)

which varies externally to the solution of Eq. (13). The value of D, varies according to the
difference between the liquid flow in and out of a stage resulting from solids transfers and
changes in feed rate. Combining Egs. (12), (13), and (14), and rearranging and grouping
like terms yields

dc,
— Cin,jFin * Ciy jBiy — Ci;(D;+ F;+8B)) . (15)

V.

/

To solve for C,;/-, let
A=Dj+F+8; (16)
and

G = CiyyjFin * Ciy jBiy - (17)

-1,/

Treating A and G as pseudo-steady-state constants, Eq. (15) may be written

5V G ac (18)
. C '
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Dividing through by V; integrating the resulting linear, first-order differential equation over
an interval from time ¢ to t + At, and solving for C,;/- gives

G —A At } —A At : )
=— |1 —exp |— +Cexpl—) . (19)

f i

Cij

The general form of Eq. (19) is used to solve for the concentration of each compound,
including particles in each stage of the dissolver. Only the definitions of the pseudoconstants
A and G change as different compounds and stages are considered. The change in definition
is primarily a result of the addition of various external feed streams (such as the acid feed to
stage 8, rinse stream to stage 9, and condensate inleakage to stages 1 and 9) and particle flow
considerations.

Once all the stagewise concentrations have been adjusted for the effects of liquid flow
through the dissolver, it is necessary to correct the concentrations for dissolution of the fuel.
Fuel dissolution occurs basically at two reaction sites — the fuel pin ends and particles in
the bulk liquid. The primary difference in the two reaction sites is the amount of exposed
surface area available for reaction,

For the dissolution of fuel from the pins, it is assumed that the pins have been sheared
at an angle 6 arbitrarily set at 45°, It is further assumed that there are hemispherical pro-
trusions of fuel particle clusters on each end of a fuel pin, as shown in Fig. 6. The exposed

ORNL/DWG. 83-11407R
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Fig. 6. ldealized representation of exposed spherical clusters of fuel particles in a fuel pin.
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particle cluster area per fuel pin available for reaction, Apin: is assumed to be constant
while any fuel is present in the pin and is expressed ‘

Apin = d* a/sin(8) . | - (20)

The overall rate of dissolution of fuel from the fuel pins in stage / due to reaction R',' is
given by '

R/:a;Apin Ni -, . , » (21)

where N; is the number of fuel pins in a stage and varies with time in stages 1, 2, and"9,
but is constant in stages 3 through 8. Using Eq. (21), the mass of fuel dissolved from the
pin can be calculated and deducted from the fuel inventory in the pins in stage /. :

When fuel is dissolved from particles suspended in the bulk liquid in a stage, the
overall rate of dissolution of fuel in the particles in stage /, R,;k, must be expressed in terms
of a particular particle size group, k:

Rik = o Br Apart,k - (22)

Apart, k is the surface area of an idealized spherical particle in size group & expressed as

Apart, k = 4”(rold,k UL (23)

where S is the ratio of a pseudoradius of a particle (accounting for increased surface area
due to porosity) to the actual particle radius. The ratio S can’also be defined in terms of
the fractional increase in particle surface area due to porosity, f, as

S=yF+1 . (24)

From Eq. (22), B, is the number of particles in size group k before reaction and is given
by ' \

Br=Pig Vil L (4/3) mpf (rold,k)al , (25)

where P,k is the concentration of particles in size group & in stage / calculated using Eq.
(19). Once the concentration of particles in each size group has been adjusted for the mass
of material reacted during a time step, the new radius of each size group must be determined.
Based on the amount of material disappearing during a time step of length At, the partlcle
size group radius, corrected for reaction, is given by

%

Tnew,k = 3(rold,k)3 - [Ri,k At/ (4/3 ”pfﬁk):“ . ‘ : | (26)
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The particle size for each group varies between preset bounds, which are determined by the
number of size groups and the specified maximum and minimum allowable particle sizes.
Once the particle size group radii have been adjusted for reaction using Eq. (26), it must be
determined whether or not the new radius is within the allowable range of sizes for the group.
If the new radius lies outside the allowable range, the mass of particles remaining must be
transferred from the old size group to the new group containing the adjusted radius. When
all the group transfers have been accomplished, a new particle size distribution for each
stage can be determined.

2.6 Reaction Rates

Basic reaction rate data for the UO,-PuQO, system in nitric acid at the boiling point
is based on empirical rate equations developed by Uriarte and Rainey.!! The empirical
equations are functions of the acid concentration, theoretical fuel density, and fuel
composition, and are used as follows [see Nomenclature (sect. 13) for definition of terms] :

2
k/',UOZ = 0.480 (CI,HNO3) e~ 0091 (Tg) , (27)

k; Puo, = 5-06/,HNO3)4 e027{Tg) + 4 x 10° (C/,HNO3>4

X (C,-,HF)M e Ta) (28)
k; Uo-PuO, = (k/,uoz)l"" (k/,Pu02>n : (29)
where
100 p
Ty = ! . (30)

11.46 (n) + 8.3 (n—1)

In the absence of hydrofluoric acid, Eq. (28) may be simply stated as follows:

k/',PuOZ = S-O(C/',HN03>4 e027(Tq) | (31)

In Eq. (29), as given by Uriarte and Rainey, n is the mole fraction of only PuO, in the UO,-
PuQ, solid solution. However, because of the presence of fission products in the irradiated
fuel, n has been assumed to be the sum of the mole fractions of both fission products
and PuO, in the UO,-PuQO, fission product solid fuel solution. Uriarte and Rainey
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worked primarily with unirradiated fuels; however, they also stated that irradiated fuel
(20% PuO,—80% UO,) dissolved about five times faster than unirradiated fuel. Therefore,
a variable premultiplier has been included in the dissolution rate model to adjust the
dissolution rates.

Uriarte and Rainey also reported on the effects of dissolved heavy metals on fuel
dissolution. They found that the dissolution rate for UO, increased as the second power
of the sum of the nitric acid and uranyl nitrate concentrations rather than nitric acid alone.
This effect is believed to be due to the disassociation of uranyl nitrate, which provides
additional NOj for dissolution. More recent work with mixed-oxide fuels has not supported
these findings.!? Therefore, the NO5 enhancement from uranyl nitrate has not been included
in the code, although its addition could be easily accomplished.

2.7 Liquid Flow

Flow between stages in the dissolver has been empirically modeled as flow over a
weir3 using

F;=0.9888 (h,)*-83¢ | (32)

The crest height, A, over the weir is calculated based on both the volume of liquid
and volume of solids in a stage as shown in Fig. 7. Liquid volumes are determined by adding

ORNL/DWG. 83-11408
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Fig. 7. Physical components of liquid flow model.

together the masses of all the liquid-phase components, dividing by the solution density,
and making any necessary adjustments for differences between the flow rates in and out of
the stage. Liquid densities for the dissolved fuel solutions are based on the concentrations
of UO,(NO;3),, Pu(NO;3),, and HNO; (ref. 13). The solution density at any temperature
p% is determined by first calculating the density at 25°C using

pt = 1.00125+0.3177 [UO,(NO3),] + 0.22 [Pu(NO;)s]

+ 0.03096 [HNO, | (33)
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where the brackets indicate molarity of the enclosed compound. Expressing molarity in
terms of mass and density, Eq. (33) may be rewritten

1.00125
Py = \ . (34)
(0.3177 m, uN +0.22 m; py + 0.03096 m,-HN)
‘I.O _ H ’ E

Tim

The density at any other-temperature may now be determined using

p% = 1.0125p% + 0.000145 T — 0.0005 7 p ¢ ~ 0.0036 . (35)

Solid volume calculations are based on the mass of material in a stage and the specific
material densities. All solids in a stage consist of either stainless steel from the cladding, spent
fuel in the pins, or loose particles. 4 :

Liquid flow through the 0.5-t/d Hot Experimental Facility (HEF) dissolver actually
occurs as flow through slots in the bulkheads between stages (Fig. 1). At high liquid flows,
the crest height in the weir flow equation becomes greater than the width of the overflow
slot in the bulkhead. At this point, the overflow slot is flooded, and liquid flow begins to
approximate flow through an orifice. No attempt has been made to model this phenomenon,
since the higher flows are very transitory in nature. Instead, the weir flow equation is used
exclusively. However, in order to avoid computational stability problems at the high liquid
flows, an upper limit for the crest height term, approximately equivalent to the width of
the slot, is utilized. The aforementioned stability problems occur when the flow rate is
unbounded and the liquid volume in a stage is sufficiently low to lead to complete liguid
depletion from the stage.



3. CODE DESCRIPTION
AND OPERATION

The unsteady-state continuous rotary dissolver material balance code (USSCRD) is
written in the FORTRAN programming language. There are over 4000 lines of code organized
into 19 subroutines, a block data initialization routine, and a main supervisory program. The
block data routine zeros most of the variables in the code and has a comprehensive table of
nomenclature. All data are input -through the supervisory program from an appropriate
data file. Output from the code is also funneled through the supervisory program. The 19
subroutines perform the bulk of the calculations required for the unsteady-state material
balance. Table 1 is a listing of the various sections of the code and their primary functions.
The calling order column in Table 1 gives the order in which each of the program sections is
executed during the unsteady-state analysis.

3.1 Data Input

The code requires ~83 different types of input data, much of which is needed to define
the geometry of the dissolver, mode of operation, fuel characteristics, and feed streams. A
summary of the input data is given in Table 2.

3.2 Output Summary

Output of data from the code is in four forms: hard copy from the line printer, micro-
fiche, magnetic tape, and plots. The quantity of line printer output can be varied by changing
PRDIST and PRTTIM. The output going to the line printer consists of a summary of the
input data, material balance monitoring, particle size distribution monitoring, and total
mass balance data at the end of the run. The microfiche data include all the line printer
output plus component concentration monitoring and plot data. Everything written onto
microfiche is also stored permanently on magnetic tape. Plot output consists of stagewise
concentration profiles and particle size distributions for the dissolver and concentration
histories .for both digester tanks. Stagewise concentration history plots for stainless steel,
fuel in pins, and fuel as particles are also provided. These plots are useful in monitoring
the transfer of hulls through the dissolver and the completion of dissolution. A copy of the
code input data files and typical output for various cases are given in the Appendixes.

3.3 Solution Procedure

The system of equations describing the stagewise continuous rotary dissolver process
is solved stepwise in time. The order of the solution with respect to stages is not critical,
since the presence of a backmixing term in each equation requires that iterative procedures
be used to solve the equations. The family of equations and their respective pseudoconstants
for a nine-stage dissolver are shown in Table 3. In the absence of the backmixing term in
the definition of G, as presented in Eq. (17) and Table 3, the solution to the system of
material balance equations is fully explicit when solved from stages 9 to 1. Including the
continuous backmixing terms as well as considering the periodic external backmixing
process during transfer of hulls necessitates the use of a fully implicit solution procedure
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Table 1. Primary functions of each section of USSCRD

3-2 -

Section Function Calling order
name

BLOCK DATA Initialization and definition a
MAIN Subroutine calls, input/output, and overall b

balance
TRANSF Solid/liquid transfers including backmixing 13
PARTIC Particle size group manipufation 2
SUBON U0, (NO;), concentration due to flow 5
SUBPN Pu(NO; )4 concentration due to flow 6
SUBFN FP(NO;); 3¢ concentration due to flow 7
SUBHN HNO; concentration due to flow 8
SUBH?2 H, O concentration due to flow 9
CHECK Iteration convergence check c
WEIGHT Adjusts fuel mass and concentration due to

reaction 12
RELEAS Particle release rate from fuel pins 3
RATECK Reaction rates 4
PLOT7 General stagewise concentration profile plots d
FREQUE Particle birth size distribution a
PLOTD Stagewise particle size distribution plots d
PLOT3 Stagevgise concentration profiles for fuel,

particles, and stainless steel d
TSTEP Time step length adjustment 1
RXEQU Uranium reaction equation determination 10
DIGEST Digester tank model 11

Digester tank history plots d

DIGPLT

>-Q

Called once at beginning of execution.

Main supervisory program.

Qnﬁ

alled with each component balance routine.

Called once at end of execution.



Table 2. Input data summary definitions

Variable Definition
name '
AAANG Total number of particle size groups
AAANS Total number of stages
ACDF Fraction difference between bulk acid concentration and acid concentration in a
fuel pin; can allow for reaction rate reduction while fuel is out of liquid
ACIDEF Maximum HNO; concentration for acid deficiency (g/L)
AFIAT Anticipation time for increased flow of acid feed to stage 8 {min)
AFRAT Anticipation time for reduction offlow of acid feed to stage 8 (min)
AKSTOP Upper limit for number of times concentration subroutines are called
ALIMO Upper limit for number of iterations each time step for each subroutine
AMINFR Multiplication factor to calculate the minimum time step
ANGLE Drum angle (deg)
BAKMIX(l) Mass of solution backmixed due to carry-over on hulls from stage | (gram of solution
per gram of hulls); hulls = hulls + shroud + wires + other
BASECT Basic forward rotation time, not considering the lag time between forward and
reverse (min)
BATTIM Batch cycle time for shear to cut one fuel element and prepare for another (min)
CDENS Density in external feed stream 8 at normal flow rate (g/L)
CH20M8 Water flow rate to stage 8 in acid feed stream at normal feed rate (kg/h)
CHNOMS HNO; flow rate to stage 8 in acid feed stream at normal feed rate (kg/h) -
CONREL Constant maximum total particle release rate for each stage (g/min)
CT1 Cycle time for hull transfer from stage 1 (min)
DEN1, DEN9,
DENT0 Density of external feed streams to stages 1, 9, and 10, respectively (g/L); stage 10
is the same as 9 )
DENSST Metal density of stainless steel hulls, shrouds, and wires (g/L)
DEPTH(I) Maximum liquid depth in stage | (cm)
DFP Average density of fission products (g/fcm?3)
DIA Drum diameter (cm)
DP Average particle.diameter {cm)
DPUO2 Density of PuO, (g/cm?)
DREVS Number of revolutions required to empty stage NS (solids exit stage)
DU308 Density of UO, (g/cm?)
FCSTG1,
FCSTGY Fraction of condensate entering stages 1 and 9
FEANG Exposure angle for fuel in ends of fuel pin (deg)
FFINES Fraction of input feed that is fines
FLAPTM Cycle time for lower flapper valve in dissolver feed pipe {min)
FRMOFP Mole fraction of fission products in homogeneous fuel
FRMOPU Mole fraction of plutonium in homogeneous fuel
FRMOU3 Mole fraction of uranium in homogeneous fuel
HC Maximum time increment for calculations {min)
H20M10 Mass flow of water in external feed streams to stage 9 (kg/h)
HNOM10 . Mass flow of nitric acid in external feed stream to stage 9 (kg/h)
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Table 2 {continued)

Variable

Definition
name

PAROOO Particle reaction rate on/off flag:

0.0 — no particle reactions
1.0 — normal particle reactions

PCFP Weight fraction of fission products in fuel pin

PCPUO2 Weight fraction of PuO, in fuel pin

PCU308 Weight fraction of UO, in fuel pin

PIN Inside diameter of fuel pin {cm)

PINOOO Pin reaction rate on/off flag:

0.0 — no pin reactions
1.0 — normal pin reactions
PINLEN Length of fuel pin (cm)
POW Exponent for weir flow equation:
flow (L/min) = TK* [crest height {cm)]**POW

PRDIST Print time increment for particle size distribution {min)

PRINC Base plotting time increment {min)

PRTTIM Total run time between printouts (min)

RFACT Correction factor for rate equations (A factor of 5.0 has been quoted by Uriarte
and Rainey!! for irradiated fuels.)

RHOAVE Average density of solid fuel (g/cm?)

RMAX Maximum particle size radius {(um)

RMIN Minimum particle size radius (um)

RPM Dissolver rotational speed (rpm)

RUN Total run time (min)

RWASTE Minimum particle size radius transferring with hulls (um)

SDENS Acid feed stream density at reduced flow (g/L.)

SH20M8 Water flow in reduced acid feed stream flow to stage 8 (kg/h)

SHETIM Time required to shear one fuel assembly into 2.54-cm lengths {min)

SHNOMS8 HNOj flow in reduced acid feed stream flow to stage 8 (kg/h)

SIZE Plant capacity (t/d)

SLOTLM Radial width of overflow slot (cm)

SPAREA Ratio of pseudoradius of fuel particles to geometric radius; multiplication factor to
account for particle area in excess of sphere area [SPAREA = DSQRT (f+1),
where f is the fractional percent increase in surface area due to porous particles.
SPAREA can be thought of as an area enhancement factor. |

STGLEN Length of stage {cm)

TDIG . Time for digestion cycle in digester tank {min)

TEMP Average dissolver temperature (°C)

TFILL Input time for filling digester tank (min)

TH20C Total mass flow of H, O in condensate returned to stages 1 and 9 (kg/h)

THNO3C Total mass flow of HNO; in condensate returned to stages 1 and 9 (kg/h)

TK Term in weir flow equation (gives flow in L/h)

TMRFED Mass feed rate of spent fuel, including stainless steel (kg/h)



Table 2 (continued).

Variable Definition
name
TMRSST Mass feed rate of stainless steel {kg/h)
TOL Tolerance between iterations in material balances
TRCT Total reverse cycle time {min)
TTRAN Transfer time for digester tank liquor {min)
Vvo(l) Initial liquid volume in stage I {L)
ZNOPT3 Concentration history plot flag:
0.0 — no plots
1.0 — plots ‘
ZNOPT7 Concentration profile plot flag:
0.0 — no plots
1.0 — plots
ZNOPTA Total piot flags:
0.0 — no plots
1.0 — plots
ZNOPTD Digester plot fiag:
"~ 0.0 — no plots
.10~ plots‘
ZNOPTP Particle size distribution plot flag:
0.0 — no plots

1.0 — plots
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Table 3. A system of stagewise material balance equations
for compound / in a nine-stage continuous rotary dissolver

Stage Concentration Pseudoconstants
No. equation A G

G —A At : —A At
9 Cy,j = X[] —-exp< % >L oy exp( v ) Dg+Fg+By Cig,jF10+CsjBs

9 9

) G —A At g —A At
/ Cij= 7[1 —eXP< v >+ Cij eXP( v ) Di+Fi+8B; Cini,jFiuy +Cry j By,

i i

—A At ' —-A At
1 —exp % +Cl'/~ exp ” D, +F, +8B, CZ,/FZ

1 1

1 C1/=

»

b N o)

employing iterative techniques to solve for concentrations. The iteration technique used in
the code assumes that the unknown concentrations for the first pass through the system of
equations in Table 3 are the same as in the last time step. These values are substituted into
the set of equations in Table 3 repeated!y until the solution converges. This entire process is
repeated for each time step. For a sufficiently small time step, this is a reasonable procedure,
leading quickly to convergence.



4. STANDARD CONDITIONS

A set of standard operating conditions was established so that the effects of variation
of one or more of the variables in the model could be studied relative to a standard set of
conditions. The effects being studied primarily relate to stagewise heavy metal and acid
concentrations,

All solids and liquid flows, equipment designs, and operating conditions were based
on the conceptual design requirements and specifications of the Consolidated Fuel Repro-
cessing Program (CFRP) Hot Experimental Facility (HEF). Fuel characteristics were based
on Fast Flux Test Facility (FFTF) type 3.1 fuel, with the composition being the same as
that given in the HEF design report. The reaction rate equations, liquid flow correlations,
particle size distribution data, and density correlations were obtained from various studies
on fuel chemistry and the dissolution of irradiated and unirradiated fuels described previously. .
Other parameters, such as specific surface area of the fuel and the minimum particle size
transferring with the hulls, were estimated based on hot-cell experience.

The fraction of fines in the incoming fuel is highly variable, depending on the fuel
history and treatment prior to dissolution. Hot-cell studies have indicated that when higher-
burnup fuel is used, more fuel is released from the pins during shearing.® Amounts ranging
from ~8 to 21% of the total were dislodged from the fuel pins as a result of shearing.
Oxidation of the fuel prior to dissolution increased the amounts dislodged to ~60 to 83%
of the total.

One adjustable parameter for which little information is available is the particle release
rate. The particle release rate is the rate at which particles are released from the sheared
fuel pins in the dissolver. Particles released from the pins have a much higher surface area
exposed to the nitric acid than the fuel remaining in the sheared pins. The increased surface
area has the effect of decreasing the time required for dissolution, which can produce a
variety of results for stagewise inventories and concentration profiles. Some very early work
with low-burnup EBR-II fuel reported the cumulative effects of reaction and particle release
in terms of the incremental percentage of the total fuel loose in a basket dissolver as 24, 13,
and 8% after 30, 60, and 90 min, respectively.!* While these data are of limited usefulness
here, they can be used as a guide in qualitatively choosing a reasonable particle release rate for
the model. Additional data have recently been obtained from the dissolution of low-burnup
(~0.2%) FFTF fuel, indicating essentially complete release of the fuel from the pins after
~30 min (ref. 15). Experiments are also being run using higher-burnup FFTF fuel; however,
the results from this work are not yet available for use.

The input data for standard operating conditions are given in Table 4.
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Table 4. Standard conditions for input variables

Variable Operating condition input
name
AAANG 20.0
AAANS 9.0
ACDF 1.0
ACIDEF 31.50
AFIAT 0.0
AFRAT 0.0
-AKSTOP 500000.0
ALIMO 20.0
AMINFR 1.0
ANGLE 5.0
BAKMIX(I) 0.07
BASECT 30.0
BATTIM 180.00
CDENS 1300.0
CH20M8 47.45
CHNOMS 40.08
CONREL 100.0
CT1 0.001
DEN1 951.0
DEN9 951.0
DEN10 1010.0
DENSST 8010.0
DEPTH(l) 87376 @1=1,114808@1=2..9
DFP 12.10
DIA 76.20
DP 0.0010
DPUO2 11.46
DREVS 20.0
DU308 8.3
FCSTG1 0.667
FCSTGY9 0.333
FEANG 45.0
FFINES 0.2
FLAPTM 0.0
FRMOFP 0.0990
FRMOPU 0.1999
FRMOU3 0.2011
HC 0.02
H20M10 35.03
HNOM10 1.140
PARO0OO 1.0
PCFP 0.0520
PCPUO?2 0.2110
PCU308 0.7370
PIN 0.4903
PINOOO 1.0
PINLEN 2.54
POW 2.830
PRDIST 399.99
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Table 4. (continued)

Variable Operating condition input
name

PRINC 2.25
PRTTIM 0.9999
RFACT 5.000
RHOAVE 9.903
RMAX 1000.0
RMIN 0.0
RPM 3.0
RUN 400.0
RWASTE 200.0
SDENS 1300.0
SH20M8 47.45
SHETIM 180.0
SHNOMS8 40.08
SIZE 0.5
SLOTLM 3.810
SPAREA 1.0
STGLEN 25.4
TDIG 350.0
TEMP 108.0
TFILL 360.0
TH20C 4.00
THNO3C: 0.0
TK 0.9888
TMRFED 37.67
TMRSST 12.05
TOL 0.001
TRCT 2.0
TTRAN 10.0
Vvo(l) 48@1=1;800@0P=2..9
ZNOPT3 1
ZNOPT7 1
ZNOPTA ]
ZNOPTD 1

1

ZNOPTP







5. CRITICAL VARIABLES

Of the 83 different variables input to the code, only 12 were considered to be signifi-
cantly questionable as to their assigned values. Nine of the 12 variables in question were
chosen for more detailed analysis, using fractional factorial design techniques.!® The three
variables not included in-the analysis either were considered to have little or no effect on
the results of the model or were encompassed by the other variables. The nine variables
chosen for more detailed analysis and their value ranges are listed in Table 5. A 12-run

Table 5. Fractional factorial design variables

Variable Low Standard High
name value condition value
BAKMIX(I} 0.0 0.07 0.50
CONREL 0.0 100.0 500.0
DP 1X10°® 1Xx 107 1 x107
FFINES 0.0 0.06 1.0
POW 1.0 2.83 3.7
RMAX 500.0 1000.0 2000.0
RWASTE 100.0 - 200.0 500.0
SPAREA 1.0 1.0 10.0
TK 0.1 0.9888 2.0

screening design was chosen for the analysis. The values for each of the nine variables in
each run of the screening design are indicated by a plus sign for a high value and a minus
sign for a low value in Table 6. ‘

Tabkle 6. Variable assignment schedule for
12-run screening design®?

Run X, X, Xs  Xe Xs  Xe X7 Xg Xo Xy Xy

1 + — + — — — + —
2 + — + — — — + —

3 + + — — — + — +
4 + + + — — — + - + —
5 + + — — — + — + — +
6 + — — — + — + — + +
7 — — — + + + — + + +
8 - - + — - + + + —
9 — + - — + + + —- —
10 + — — + + — — —
1 — +. + — + + + — — — +

9%, = CONREL; X, = TK; X5 = DP; X, = SPAREA; X5 = BAKMIX(1); Xs = RWASTE; .
X7 =POW,; Xy = FFINES; X3 = RMAX; X4 = Dummy; X, = Dummy. '

bA plus sign indicates a high value; a minus sign indicates a low value.
- s
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The range of the variables in the screening design was set primarily on the basis of
maximum and minimum expected values for those variables where information was available.
The high and low values for TK and POW were set based on operational stability of the code.

The unsteady-state model was initially developed to be used with voloxidized fuel,
which involves the dissolution of U;O04 instead of UO,. The 12-run screening design was
done using the U3 O4 dissolution model. The difference between the two dissolution models
is not believed to have a significant impact on the results from the screening design.

The response variable for the screening design was the total amount of uranium and
plutonium in the dissolver plus any amount leaving with the hulls. The results from the
screening design are given in Table 7. The amount of material leaving the dissolver undissolved
on the hulls is indicated in the comments section along with the percent material balance
closure for the run.

Using dummy variables X, and X, an estimate of the total error in the response
variable s due to random errors and interaction effects can be obtained from

(36)

The response error estimate is used to determine the confidence-interval width Q for the
main effect estimates by

Q= itvs/‘/ E/4 . (37)

Selected values for r,, are given in Appendix D. Since the data used in this analysis are
actually generated by a computer program, it is prudent to expect no random errors in
replicate runs. Therefore, the response error estimate s includes only interaction effects.

For a 95% confidence level with 11 degrees of freedom, the estimated confidence
interval width Q is 35,281. The confidence intervals for the factors in the screening design
are given in Table 8. Refer to Table 2 for the definitions of the factors used hereafter.

Since all the factors in Table 8 except CONREL and FFINES include zero in the
confidence interval, it can be stated that the remaining factors have no significant effect
on the response variable at the 95% confidence level. This is also true for the 90% confidence
level. Both CONREL and FFINES are related to the appearance of fuel particles in the
dissolver solution. Of those factors deemed to be insignificant, the one most nearly signifi-
cant, according to this analysis, SPAREA, is related to particle surface area.

This analysis has shown that increasing the particle release rate (CONREL) and the
fraction of fines in the feed (FFINES) decreases heavy metal inventories and loss from the
- dissolver. It may also be stated that the heavy metal inventory may be decreased by increasing
the effective particle surface area, although the analysis does not necessarily support this
conclusion. Generally, these results indicate that, over the range studied, the factors having
to do with fuel particles have the most significant effects on heavy metal inventory.



Table 7. Results from 12-run screening design®

Percent
'L“" Response?  CONREL TK DP SPAREA  BAKMIX(l) RWASTE POW FFINES RMAX Xio X1t material balance
0- closure/comments
1 7,301 + - + + — - - + — 103.3/no loss
2 18,518 + - + + — - - + - 103.5/no loss
3 1,876 — + + - - — + + 100.1/no loss
4 23,114 + + + - - — + + — 96.0/1288 g loss
5 6,924 + + - - - + - + — + 98.9/571 g loss
6 7,453 + — - — + — + - + + 96.9/no loss
7 115,780 - - - + + — + + + 99.9/49377 g loss
.8 13,634 — — + + - + + + - 102.3/445 g loss
9 2,540 - + — + - + + + -~ - 104.8/no loss
10 1,214 + - - + + — —~ — 100.3/no loss
M 114,623 — + - + + — - - + 100.8/48922 g loss
12 115,780 - - - — - — — — — — — 99.9/49377 g loss
Total: 428,757
Average Response: 35,730
64,524 156,378 172,979 147,229 164,069 259,475 264,724 33,641 180,510 16,158 265,274
364,233 272,379 255,778 281,528 264,288 169,282 164,033 395,116 248,247 259,599 163,583
Difference —299,709 -116,001 —82,799 —134,299 100,619 90,193 100,691  -361,475 —67,736 —90,440 101,591
Main effect —49,951 —19,333 -13,800 —22,383 —-16,770 15,032 16,782 —60,246 —11,289 —15,073 16,932

9 A plus sign indicates a high value: a minus sign indicates a low value. Z+ = sum of plus responses; - = sum of minus responses.
bTotal amount of uranium and plutonium in the dissolver plus any amount leaving with the hulls.

€S
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Table 8. Confidence intervals for factors
in the screening design

Factor 95% confidence interval
CONREL 49,952 + 35,281
TK ~19,333 + 35,281
DP ~13,800 * 35,281
SPAREA —22,384 + 35,281
BAKMIX (1) ~16,770 * 35,281
RWASTE 15,032 + 35,281
POW 16,782 % 35281
FFINES 60,246 + 35,281
RMAX —11,289 * 35,281
X1o 15,073 + 35,281

X1 16,932 + 35,281




6. HEAVY METAL INVENTORY

The dissolution performance of a fuel depends on several factors and is not necessarily
easy to predict. However, for a relatively homogeneous, irradiated, mixed-oxide fuel with
PuO, composition less than ~35% under normal dissolver operating conditions, essentially
complete dissolution can be expected in much less than the 4-h residence time the hulls
experience in the rotary dissolver.!7>® Variation of the appropriate parameters in the model
can produce a wide variety of operating scenarios. _

Several cases were outlined for study using the unsteady-state model. The primary goal
of the study was to determine the maximum heavy metal holdup for both normal and
abnormal operating conditions. Normal operating conditions are defined as those at which
complete dissolution or removal of the fuel from the pins in the dissolver occurs. Under
abnormal operating conditions, undissolved fuel is assumed to exit the dissolver with the
hulls and/or accumulate in the drum in an eventually detectable manner.

6.1 Normal Operating Conditions

Definition of the terms for normal operating conditions was initially taken to be the
same as given in Table 4. A summary of the output data from the code at these conditions
is given in Appendix B. Please refer to Table 2 for definitions of all parameter names.
The predicted U+Pu inventory at normal, or standard, operating conditions was ~12.1 kg.
The parameters in Table 9 were varied individually over the indicated range to determine,

Table 9. Parameter variation effects on U+Pu inventory
relative to standard operating conditions

Parameter MaxirT]um normal Parameter
Range predicted U+Pu value at
name holdup (kg) maximum holdup
FFINES 0-1.0 18.8 0
CONREL 0-600 21.0 0 g/min
SPAREA 0.3-10.0 13.7 0.3
TEMP 85-110 121 110 °C
BAKMIX(I) 0.0-0.5 12.1 0and 0.5
g(solution)/
g(hulls)
TH20C 1.0-16.0 12.35 16 kg/h
RWASTE 1.0—-800 12.9 <50 um
TK 0.05-2.0 13.6 0.05
RPM 0.1-10 12.1 10 rpm
SHETIM 10-180 '46.6 40 min
RFACT 0.5-50 21.5 0.5
BASECT 15-180 17.3 130.0 min
FLAPTM 0-17 14.0 10 min
SLOTLM 1.25-7.0 12.0 <7 cm
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more precisely, their effect on the model’s predicted U+Pu holdup relative to standard
conditions. Parameter values were not varied to the extent of violating the assumption of
complete dissolution or release of the fuel from the pins in the dissolver with no fuel leaving
undissolved on the hulls. The effects of varying these parameters are further described in
the text and figures that follow. A maximum normal heavy metal inventory of ~46.6 kg
was predicted by variation of SHETIM. Other parameters indicating a potential for signifi-
cant quantities of heavy metal holdup were CONREL, FFINES, FLAPTM, BASECT,
RFACT, TK, and SPAREA. Plots of the values of each of these parameters vs predicted
U+Pu inventory are given in Figs. 8 through 15.

The effect of SHETIM on inventory is related to the maximum number of complete
shearing periods attainable in the specified run time and frequency. With a frequency of
one assembly every 180 min and a run time of 400 min, a maximum of three complete
40-min shearing periods is attainabrlr;fonger shearing periods would not allow the com-
pletion of the third fuel assembly in 400 min.

Decreasing the values of both CONREL and FFINES increases the heavy metal inventory
in the dissolver. The reason for this is that fewer particles are available to flow from the
dissolver to the digester tanks. Varying the particle size ratio, SPAREA, has the effect of
changing the available area for particle dissolution. For small values of SPAREA, particle
dissolution decreases to a relatively low level, rapidly increasing heavy metal inventories
due to the accumulation of slowly dissolving particulates in the drum. At values of SPAREA
<0.3, fuel exits the drum undissolved with the hulls.

The effect of FLAPTM on inventory is similar to that of SHETIM in that it is related
to the number of complete flapper valve transfer cycles attainable in a specified run time.
It also appears to be influenced by the quantity of material transferred each cycle. The
larger the amount of fuel in a transfer, the less that will be dissolved due to depletion of
the acid in the stage.

The effect of BASECT on inventory appears to be a direct function of the quantity
of material present in a stage and transferring between stages during a specified run time.
As BASECT increases, more material accumulates in the dissolver due to fewer solid transfers
out of the dissolver over a set period of time. This effect reaches a maximum at ~130 min,
probably due to interrelated effects from reaction rates, backmixing, and particle release
in stages nearer the product outlet.

The effect of RFACT on inventory is relatively straightforward. As RFACT decreases
and less material reacts, then less material is available to flow from the dissolver in the product
stream, which implies that more material remains in the dissolver either in the pins or as
loose powder.

Decreasing the value of flow equation parameter TK has the effect of stowing the flow
of liquid through the dissolver. Lower rates of liquid flow lead to less material being removed
from the dissolver and therefore higher heavy metal inventories.

The conditions producing the estimated maximum U+Pu inventory for each significant
parameter from Table 9 were combined (Table 10) in an effort to determine the maximum
normal heavy metal inventory resulting from synergistic effects. Based on the parameter
values in Table 10, an estimated maximum normal U+Pu inventory of 145.7 kg was predicted.
If the terms relating to physical operation of the dissolver and shear (BASECT, TK, SHETIM,
and FLAPTM) are reset to their standard values, the predicted U+Pu inventory is 65.5 kg.
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Table 10. Parameter values in exception to standard
conditions yielding the estimated maximum
normal U+Pu inventory

Pa;ag}eeter Value
TK 0.05
RFACT 0.5
BASECT ' ) 130 min
CONREL 0 g/min
FFINES 0
FLAPTM 10 min
SHETIM 40 min
SPAREA 0.3

These run conditions allow fuel to exit the dissolver with the hulls and therefore violate
the assumptions of normal operation. However, this level of inventory represents the maxi-
mum inventory attributable to uncertainty in the parameters in the dissolver for which few
data exist. If we include the effects of SHETIM on inventory, the predicted heavy metal
inventory is 98.8 kg.

It is apparent that combination and variation of some of the parameters in Table 10
would create very unlikely situations and extremely high inventories for longer run times.
For example, if fuel in pins (FFINES = 0) is continuously fed to the dissolver and is not
allowed to transfer (large BASECT), react (RFACT = 0), or be released (CONREL = 0), then
the heavy metal inventory will also continually increase. It is assumed here that such a
situation would be detected within the 400-min run time of each case and has therefore
not been explored with regard to inventory buildup for run times >400 min. However, for
the 400-min run described, U+Pu inventories as high as 192.7 kg have been predicted for
the assumed worst-case conditions.

6.2 Abnormal Operating Conditions

Abnormal operating conditions can result from a variety of scenarios. All abnormal
operating conditions are eventually detectable and can be recovered from, assuming that
reliable instrumentation and controls are provided. Abnormal heavy metal inventories in

the dissolver basically arise due to problems in solids flow, liquid flow, or dissolution of"

the fuel. If it is assumed that no fuel dissolves or is released from the fuel pins and if all
other conditions are normal, then the maximum inventory of U+Pu for a 0.5-t/d dissolver is
~83.3 kg, based solely on continuous solids flow and throughput. If >4 h of holdup or
intermittent solids feed are allowed, the inventory increases proportionately with holdup
time and number of complete solids feed cycles.

The maximum inventory of U+Pu in the drum for abnormal operating conditions,
with the parameter values in Table 11 in exception to the standard conditions in Table 4,
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Table 11. Parameter values in exception to standard
conditions yielding the estimated maximum
abnormal U+Pu inventory

Parameter

name Value
CONREL 0 g/min
FFINES 0
FLAPTM 10 min
SHETIM 40 min
SPAREA 0.3
RFACT 0.0
BASECT 55.0 min
TK 0.05

is 182.9 kg. It is very difficult to believe that the conditions described in Table 11 could
ever occur due to the level of agitation in the rotary dissolver and the reactivity of UO,
in nitric acid. If the fuel is released from the pins as a result of agitation or reaction, less
inventory can be expected in the drum due to flow of material from the dissolver in the
product stream. '

6.3 Incredible Conditions

Several scenarios can be imagined in which catastrophic equipment failures could
potentially lead to excessive U+Pu inventories in the dissolver; however, the probability
of occurrence and nondetection of such failures is very low. One such failure has to do
with limiting the liquid flow through the dissolver. If it is assumed that all conditions
except liquid outflow are normal, very large heavy metal inventories, as indicated in Fig. 16,
can be achieved. In all of the high-inventory points in Fig. 16, the volume of the acid feed
stage was unrealistically large. If it is further assumed that the liquid flow to the feed stage
can leak into the housing through a breach in the drum wall, then the inventories in Fig. 16
become slightly more believable. However, it is still unrealistic to assume that the cessation
of liquid flow from the drum would go undetected.
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7. INTERMITTENT FEED

Solids feed to the dissolver is affected by two levels of discontinuity: (1) a primary
effect from changing of fuel elements in the shear, and (2) a secondary effect due to the
cyclic operation of the isolation valves between the shear and dissolver. Both of these
effects have a significant impact on heavy metal inventory, as was shown in Sect. 6. Inter-
mittent feed also has a significant effect on the concentration profiles of material in the
dissolver. Concentration profiles for a case in which the only difference from standard
conditions was intermittent feed of solids for 40 min out of every 180 min are given in
Appendix C. Comparison of the stagewise profiles in Appendix B, at standard conditions,
with those in Appendix C shows the large fluctuations in stagewise concentrations experi-
enced during intermittent feeding. However, in both cases, any concentration fluctuations
are smoothed out in the digester tanks. Fluctuations of the stagewise concentrations of
heavy metals in the dissolver appear to be important only in choosing the proper concen-
tration of excess soluble poison. Other considerations pertinent to intermittent solids feed
are related to stagewise acid requirements. A sufficient quantity of HNO; must be available
in each dissolver stage to support fuel dissolution and avoid plutonium polymerization.
Acid deficiency does not appear to be a problem over the range of intermittent solids feed
times studied (Table 12).

Table 12. Intermittent solids feed times
studied for a 180-min total cycle time

Feed time Time between
(min) feedings (min)
10 170
20 160
40 140
80 100
160 20

180 0
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8. PARTICLE SIZE DISTRIBUTION

The particle*size distributions given for the runs in Appendixes B and C are fairly
typical. The maximum particle size in stage 1 is indicative of a split in the particle size
distribution, where the larger particles transfer with the hulls and the smaller particles
flow with the liquid. The size distributions for the remaining stages reflect the disappearance
of various sizes of particles. The disappearance of certain size groups is a net result of reaction
and particle size group transfers. The shape of the size distributions continually changes as
the chemical reactions proceed and particles of various sizes transfer into and out of a stage.
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9. DIGESTER TANKS

The digester tanks receive liquid product and suspended particulates from the dissolver.
The quantity of particulate entering the digester tanks is influenced by the same parameters
that influence the inventory in the dissolver. A summary of the effect of variation of various
parameters in the model on the quantity of fuel particles flowing to both digester tanks is
shown in Table 13. All parameter names are defined in Table 2.

Table 13. Parameter variation effects on the quantity of fuel
flowing to the digester tanks relative to standard
conditions for ~400 min of operation

. Parameter
Maximum fuel
Parameter Range of . value at
L to digesters .
name variation maximum fuel
(ke) to di
gester
FFINES 0—1.0 13.5535 1.0
CONREL 0—600 5.325 600 g/min
SPAREA 0.3-10.0 18.685 0.3
TEMP 85—-110 3.3156 110 °C
BAKMIX(I) 0.0-0.5 3.3787 0.5
g(solution)/
g(hulls)
TH20C 1.0-16.0 4.089 16.0 kg/h
RWASTE 1800 13.382 800 um
TK 0.05-2.0 3.4474 2.0
RPM 0.1-10 4.5839 0.1 rpm
SHETIM 10-180 13.612 10 min
RFACT 0.5-50 17.4 0.5
BASECT 15-180 3.79 180 min
FLAPTM 0-17 5.2367 17.0 min
SLOTLM 1.25-7.0 3.3108 1.50 cm

Because of the large liquid holdup in each digester tank, concentration fluctuations in
the dissolver product stream do not generally adversely affect tank concentrations. However,
conditions can be described in which the heavy metal concentration in the digester tanks is
abnormally low. These conditions involve delaying solids feed to the dissolver, resulting in
the accumulation of only acid and water in the digester. Such conditions can occur when
using intermittent solids feed if the beginning of the digester fill cycle does not correspond
with the beginning of the shear feed cycle. A case was run in which solids feed to the
dissolver was delayed 140 min, using an intermittent solid feed cycle of 40 min on, 140
min off. Digester tank concentrations at these conditions as well as standard conditions
are listed in Table 14. This type of operation should be avoided, since it would require the
handling of off-specification material.
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Table 14. Digester tank concentrations due to
delayed solids feed to the dissolver

Digester tank

Digester tank .
concentration

concentration

Component with delayed feed with st.ar\dard
(e/L) conditions
(/L)
U0, (NO; ), 128 203
Pu(NO; ), 45 72
HNO; 260 209

U+Pu 117 158




10. DEVELOPMENT CONCERNS
AND LIMITATIONS

The dissolution of homogeneous spent fuels occurs fairly uniformly and can be described
reasonably well using this model. However, the same spent fuels are likely to contain pockets
of plutonium-rich materials, which do not readily dissolve. Such fuels would exhibit
preferential dissolution of uranium, leaving a relatively insoluble plutonium-rich residue.
The model in its present form does not have the capability for describing preferential
dissolution.

Variation of the operating temperature in the code has no effect on the dissolution
rate equations. Changing the operating temperature in the model affects only the solution
densities and volumes. The dissolution rates of UO, at various temperatures and HNO,
concentrations are well known.!? Little or no data exist for the dissolution of PuO, and
mixed oxides at temperatures other than boiling. Incorporation of temperature dependency
rate data would give the code another dimension of flexibility.

The code has not yet been verified by any deliberate experimental dissolution of
mixed-oxide fuels in a stagewise continuous manner. Hot-cell experimental data on batch-
wise dissolutions that tend to support some of the results presented in this report do exist.
However, experimental verification using a continuous rotary dissolver is desirable.

The present particle balance model has very limited provisions for the long-term
holdup of specific ranges of particle sizes. Particle holdup in a stage is limited to the cycle
time for the stage, since particles either transfer with the hulls or flow with the liquid.
Therefore, the particle balance should be modified to allow for indefinite holdup of a
specified range of particle sizes, as indicated by Holland et al.®

The code has been written for flexibility so that various components may be included
for study. One such component not presently in the code is Gd(NOj);. Since Gd(NO; );
is a relatively inert species, it would simply flow through the system as a diluent. However,
its inclusion would provide valuable information on Gd(NO;); losses on the scrap hulls
and soluble poison requirements. Inclusion of other components in the model also intro-
duces certain problems. The density correlation used to calculate solution volumes is a
function of UO,(NO;),, Pu(NO;)s, and HNO;. The density correlation already ignores
the existence of fission products and insolubles; therefore, the addition of another major
component such as Gd(NO;); would further serve to increase the uncertainty in calculated
density values. ' _

To more accurately describe the dissolution process, improvements in handling off-gases
and evaporation must be included. The model presently employs some very broad assump-
tions in handling NO and NO, and makes no attempt to keep track of I,, Kr, Xe, or
evaporation. Tracking off-gases such as I, is important in order to ensure adequate removal
from liquid streams. Monitoring evaporation is needed to allow for sufficient stage volume
and flows to make up for losses.

The code is currently written to start execution from a set of initial conditions, many
of which are internally set. This tends to limit the code’s flexibility, since each run must
start with the same set of internal conditions. From the standpoint of data output, plots,
and run length, it would be desirable to modify the code to run from externally input
initial conditions. This would enable extended runs to be studied and allow for the input

of more diverse operating conditions.
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11. CONCLUSIONS

The USSCRD model is a useful tool with which to study rotary dissolver performance
under a variety of conditions, The model has not yet been verified by prototypic experi-
mental dissolutions and therefore should not be used for obtaining absolute answers to
stagewise concentration questions. However, the model can be used to determine the most
likely ranges of concentrations and inventories.

From the many different cases run with the model, it can be concluded that the U+Pu
inventory in the dissolver, for conditions in which no fuel exits the dissolver with the hulls,
ranges from ~12 to 145 kg. Realistically, inventories are expected to be near the lower end
of this range. For conditions in which fuel is allowed to leave the dissolver with the hulls,
an estimated maximum U+Pu inventory of 183 kg was predicted. For unrealistic conditions
in which no fuel dissolves and liquid flow is severely decreased, heavy metal inventories
>150 kg were predicted.

Intermittent solids feed to the dissolver generally results in relatively large variations
in stagewise concentrations, but the digester tanks tend to smooth out any fluctuations
in the outlet concentrations from the dissolver. The cycle times for the digesters and shear
feed should be closely coupled in order to avoid problems with off-specification fuel. The
quantity of fines flowing to the digesters was found to be dependent on parameters similar
to those that influence the heavy metal inventory in the dissolver.
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13. NOMENCLATURE

Pseudoconstants in material balance equations; defined in Egs. (16) and (17)
Total surface area of the particles in the streams to be mixed (um?)
Surface area of a spherical particle in size group k (cm?)

Reactive area per fuel pin (cm?)

Liquid backmixing flow rate from stage / (L./min)

Concentration of compound j in stage / at time ¢ + A¢ (g/L)
Concentration of compound j in stage / at a time ¢ (g/L)

dV,/dt

Average particle cluster diameter (cm)

Fuel pellet diameter (cm)

Number of runs in screening design

Liquid flow rate from stage / (L/min)

Fractional increase in particle surface area due to porous particles

Crest height above weir in liquid flow equation (cm)
Rate constant for the formation of compound j in stage / [g/(cm? +min)]

Total mass of particles in size group k in all streams to be mixed together (g)

Mass of component j in stage / (g)

Mass of HNOj in stage / (g)

Mass of Pu(NO; ), in stage / (g)

Mass of UO, (NO; ), in stage i (g)

Number of fuel pins in stage /

Mole fraction of PuO, and fission products in the U; Og-PuO, solid solution

Concentration of particles in stage / in size group & (g/L)

Probability that a particle will have a size between x .and x + Ax

1/‘/5; if only dislodged fuel is measured, or {1/ \/i;r) X (fraction of fuel dislodged)
X (weight of fuel)/(weight of fuel + hardware)

Confidence-interval width

Rate of disappearance of fuel from pins in stage / due to reaction (g/min)

Release rate of particles from fuel pins in stage / (g/min)

Overall rate of disappearance of fuel in particles of size group & (g/min)
Average radius of particles in size group & after combining streams (um)
Particle radius for size group k after reaction for a time period At (um)
Particle radius for size group k before reaction (um)

Ratio of a pseudo particle radius that would account for increased particle surface
area due to porosity over actual particle radius

Response-variable total error estimate
Percent theoretical density of a fuel pellet
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Total mass of solution in stage / (g)

Time (min)

Temperature (°C)

Student’s ¢ statistic with v degrees of freedom at the stated confidence level
Liquid volume in stage / (L)

Mass of fuel transferring from stage / (g)

Particle size (um)

Estimated median of the natural logarithms of particle sizes

Total number of streams to be mixed

Greek symbols

Overall fuel pin reaction rate per unit area in stage / [g/(min-cm?)]
Overall fuel particle reaction rate per unit area in stage / [g/{min-cm?)]
Number of particles in size group & defined by Eq. (25)

Shear cut angle (deg)

Average fuel density (g/cm?)

3.141592654

Estimated standard deviation of the natural logarithms of particle sizes
Main effect of the /th dummy factor

Length of a time step {min)

Small change in particle size (um)

Mass of particles in size group & in stream ; (g)

Solution density at temperature 7 (g/cm?)

Number of dummy factors
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APPENDIX A

Program Listing

The computer printout, pages A-2 through A-75, is a listing of the unsteady-state
continuous rotary dissolver material balance code, USSCRD. The code contains several
comment statements that generally explain its operation. Table A.1 is an example input
data file with the associated variable names. Table A.2 presents the job control language
file used to execute the code.
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A-2

PROGRAM : USSCRD :
THIS PROGRAM DOES A STAGE-WISE MATERTAL BALANCE FOR A CONTINUOUS
ROTARY DISSOLVER. THE COMPONENTS OF INTEREST ARE UN2(NO3) 2,
uo2, PU(NO3)4, PUG2, HNDO3, H20, FISSION PRODUCTS(FP), AND
FP{NO313.39. THE REACTION EQUATIONS ARE:
UD2+(8/3)YHND3=UD2{NO3)2+(2/3IND+{4/3)H20
FOR HNQO3<10M
U02+4 (HNO31=U02({N0O3)2+2(N0D2) +2(H20)
FOR HNO3>=10M
PUN2+4(HNO3)=PU(NQ3)4+2(H20)
FPO1.1776+2.3552(HNO3)=FP{ND3)2.3552+41.1776(H20)
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¥k ekt
Fokdok DEFINITION OF TERMS %Ak
e ek ek
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‘AAANG———ENTERED NUMBER OF PARTICLE S1ZE GROUPS.
AAANS--—-ENTERED NUMBER OF STAGES.
ACCPU-—-PLUTONIUM HOLD~-UP. G
ACCU---URANIUM HOLD-UP. 6
ACDF-—-FRACTION DIFFERENCE BETWEEN BULK ACID CONC AND
ACID CONC IN A FUEL PIN. CAN ALLOW FOR REACTION
RATE REDUCTIGN WHILE FUEL IS OUT OF LIQUID...
ACID-~--INITIAL HNC3 CONC IN STAGE 1 (MOLE/L)Y
ACIDEF——-—-MAXIMUM HNO3 CONCENTRATION FOR ACID DEFICIENCY
DETECTION. (G/L)
ACTLEN--—ACTUAL LIQUID SURFACE LENGTH. CM
ACTPA---ACTUAL PU ACCUMULATED IN DISSOLVER AT END OF RUN.(G)
ACTUA-~--ACTUAL U ACCUMULATED IN DISSOLVER AT END OF RUN. (G}

~AFTAT--—ACID FEED TO STAGE 8 FLOW INCREASE ANTICIPATION TIME. (MIN)

AFDAN--—-TIME OF LOW ACID FEED RATE DURING NDO SHEAR FEED. (MIN?
AFDAS———TIME OF NORMAL ACID FEED RATE DURING SHEARING.{MIN)
AFRAT---ACID FEED TO STAGE 8 FLOW REDUCTION ANTICIPATION TIME. (MIN)
AKSTOP-——UPPER LIMIT FCR NUMBER OF TIMES CONCENTRATION
SUBROUTINES ARE CALLEC.
ALIMO——--UPPER LIMIT FOR NUMBER OF ITERATIONS EACH TIME STEP FOR
EACH SUBROUTINE.
AMINFR-—-MULTIFICATION FACTOR TO CALCULATE THE MINIMUM TIME STEP,
ANEG——~-SOLUTION TC QUADRAT IC EQUATION.
AN-——DRUM ANGLE. (RAD) '
ANFTIM-——LENGTH OF TIME OF NO FUEL FEED. (MIN)
ANGLE—-—-DRUM ANGLE. (DEG)
ANOVOX———-CCNVERSION FACTGOR TGO CONVERT CONTINUDUS FEED
RATES TO INSTANTANEOUS BATCH FEED RATES FROM
SHEAR TO DISSOLVER (SHEARING ONLY).
APOS——-SOLUTION TO QUADRATIC EQUATION.
AS———PROJECTED HORTZONTIAL STAGE LIQUID SURFACE AREA,
CM*%2
ATP(J)———-GEOMETRIC SURFACE AREA OF A SINGLE PARTICLE IN
SIZE GROUP J. (CM**2)
AVEMOL~~-AVERAGE MOLECULAR WEIGHT OF FUEL. (G/MOLE)
B{I)———-BACKMIX FLOW OF FLUID . (L/MINY
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BAKMIX(1)---MASS OF SOLUTICON BACKMIXED DUE TO CARRY QOVER CON
HULLS. (GRAM OF SDLUTICN/GRAM COF HULLS?
HULLS=HULLS+SHROUD+WIRES +0THER,

BAKV{(T)}---VOLUME OF SOLUTICN BACKMIXED DUE TO CARRY OVER ON
HULLS. (LITERY

BASECT-—--BASIC FORWARD POTATION TIME, NOT CONSIDER ING
THE LAG TIME BETWEEN FCRWARD AND REVERSE, (MIN)

BATTIM-——-BATCH CYCLE TIME FOR SHEAR TO CUT GNE
FUEL ELEMENT AND PREPARE FOR ANOTHER.(MIN)

CDEN8---DENSITY IN EXTERNAL FEED STREAM 8 AT NORMAL FLOW RATE.(G/L)

CFINES——--CONSTANT,..INPUT MASS FEED R2ATE OF FINES YO STAGE 1
DURING SHEARING. (G/MIN) )

CFUEL--—MASS OF FUEL FED DURING A TIME STEP H. (GRAMS)

ZERO WHEN NO FEED FROM SHEAR...
CH20OM8—-WATER FLOW RATE TO STG 8 IN ACID FEED STREAM AT
NORMAL FEED RATE. (KG/HR)
CHNOM8---HNQO3 FLOW RATE TO STG 8 IN ACID FEED STREAM AT
NORMAL FEED RATE.(KG/HR}
CO(I}--—IDEAL LIQUID DENSITY IN STAGE 1. G/L
CON—~-TOTAL FUEL SURFACE EXPOSURE "AREA IN A FUEL PIN. (CM*x%2)
ASSUMES CUT ANGLE OF THETA RADIANS.
CONREL-—-CONSTANT MAXIMUM TOTAL PARTICLE RELEASE -RATE FOR EACH
STAGE. (G/MIN)
COXXXN——-CONSTANTS IN THE HNO3 MATERIAL BALANCE EQUATIONS.
WHERE XXX INDICATES THE COMPONENT THE CONSTANT
RELATES T0. -

COXXXW——-CONSTANTS IN THE H20 MATERIAL BALANCE EQUATIONS.
WHERE XXX INDICATES THE COMPONENT THE CONSTANT
RELATES TYaQ.

CREL(I1-——CONSTANT VALUE INPUT FOR PARTICLE RELEASE RATE
PER PIN FOR STAGE I. (G/MIN/PIN)

CT-——CYCLE TIME FOR HULL TRANSFER, INCLUDES LAG TIME
BETWEEN FORWARD AND REVERSE ROTATION. (MIN)

CT1—-CYCLE TIME FOR HULL TRANSFER FROM STAGE 1. MIN

D25-——-DENSITY OF DISSOLVED FUEL SOLUTION AT 25 DEG C. (G/CC}

025C1,025C2,025C3,025C4-—-COEFFICIENTS OF 25 DEG C DENSITY CORRELATION

DEN1,DEN8,DEN9,DEN1O-—-DENSITY OF EXTERNAL FEED STREAMS TO STAGES
1,8,9,AND 10 RESPECTIVELY. (G/L}

DENSST—-DENSITY OF STAINLESS STEEL HULLS, SHRCUDS, AND WIRES. (G/L)

DEPTH(T ¥ ———MAXIMUM LIQUID DEPTH IN STAGE. I CM

DFP-——AVERAGE DENSITY FISSION PRCDUCTS. (GRAM/CCH

DIA——-DRUM DIAMETER, CM

DIFIAD——-TIME BETWEEN QUTPUT OF ACID DEFICIENCY PRINT CGUTS.(MIN)

DIGPAR-—-TOTAL MASS OF PARTICULATE FLOWING FROM DISSOLVER
STAGE 1 TO DIGESTER TANKS OVER TOTAL RUN TIME. (G}

DILUT1,DILUT9--=TOTAL FLOW OF STEAM CONDENSATE INTD DISSOLVER

STAGES 1 AND 9. (L/MINY

DISTM--——-TIME ACCUMULATOR FOR PARTICLE SIZE DISTRIBUTION
PRINT OUT.(MIN)

DP——AVERAGE PARTICLE CIAMETER, (CM).

DPUQ2---DENSITY PUQ2. (GRAM/CCH

DREVS——-NUMBER OF REVOLUTIONS REQUIRED TO EMPTY STAGE NS.

DTFLG1 OR 2-——=TIME ACCUMULATQOR FOR SOLTDS TRANSFER FROM
STAGE NS. (MIN)

DTRACT—-—-CNE DIVIDED BY TOTAL TIME FOR SOLIDS
TRANSFER FROM STAGE NS. (MIN*%-1)
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DU308--—-DENSITY U02. (GRAM/CC?

DUMPT-—-TIME REQUIRED TO EMPTY STAGE NS. (MIN}

DV(I}———ARRAY HOLDING LIQUID VOLUME CHANGES PER TIME STEP.(L/MIN?Y

ETOTUF——-TOTAL URANIUM FED TO FLAPPER VALVE OVER TOTAL RUN TIME. G

ETOTPF——-TCTAL PLUTCNIUM FED TC FLAPPER VALVE GVER TATAL RUN TIME, G

ETSUM———TOTAL U PLUS PU FED TO THE FLAPPER VALVES. (G

FCSTG1,FCSTG9--~FRACTICN OF CONDENSATE ENTER INGC STAGE 1 AND 9.

FEANG——-—-EXPOSURE ANGLE FOR FUEL IN ENDS OF FUEL PIN. (DEGREE)

FEDRAT-—-FEED RATE OF SHEARED FUEL TO DISSOLVER. (GRAM/MIN}

EXCLUDES HULLS....RATE DURING SHEARING ONLY...

FEDONE--~-ACCUMULATOR FCR FUEL IN PINS IN FLAPPER VALVE FEED TO

STAGE 1. (G)

FFTIME-——FRACTION OF TIME FUEL IS BEING SHEAREC AND FED.

FFINES———FRACTION OF INPUT FEEC RATE THAT IS FINES.

FINES-—-—-INPUYT FEED RATE'OF FINES. (GRAM/MIN)

FINESF-——ACCUMULATCR FCR FINES IN FLAPPER VALVE FEED TO STAGE 1.(G)

FINESH-——MASS OF FINES FED TO FLAPPER VALVE IN A TIME STEP. (G

FL(T)———LTIQUID FLOW FROM DISSOLVER STAGE T. (L/MIN)

INCLUDES RINSE STAGE FEED...

FLAPTM——~-CYCLE TIME FOR LOWER FLAPPER VALVE IN DISSOLVER FEED PIPE.(MI

FLEXT(I)~-—-VOLUMETRIC FLOW DF EXTERNAL FEED STREAM TO STAGE I.{(L/MIN)

FLPHLU-——-HOLD UP OF U IN FLAPPER VALVES AT END OF RUN.(G)

FLTOS1---TOTAL FUEL FED FROM FLAPPER VALVE TO STAGE. (G)

FNMAX(T)-——-MAX CONC. OF FISSTON PRODUCT NITRATES IN STAGE I. (G/L)

FP(1)1---CONC. GF FISSICN PRODUCTS IN STAGE 1. (GRAM/L)

FPB(IV1———-CONC. OF FISSION PRODUCTS IN STAGE 1 BEFORE TIME 7T,

(GRAM/L) AVERAGE.

FPK1{1)-~—RATE CONSTANT FOR THE FORMATION OF FISSION PRODUCT
NITRATES FROM SUSPENDED PARTICLES STAGE T. (GRAM/CM®%x2 MIN)
AVERAGED.ve .

FPK2(11—-—RATE CONSTANT FOR THE FORMATION OF FISSION PRODUCT
NITIATES FROM FUEL PINS STAGE I. (GRAM/CMk*Z MIN) AVERAGED...
DIFFERENT FROM FPK1 DUE TO DIFFERENT HNO3 CONC IN PIN,

FPN(I)-———CCNC. FP(ND313.39 IN STAGE I. (GRAM/L)} .

FPNB(I)-—-CONC. FP(NO313.39 IN STAGE I BEFORE TIME T. (GRAM/L)

FREQ(I)——-ARRAY CONTAINING THE FREQUENCY OF OCCURRANCE OF

PARTICLES IN SIZE GROUP Y. BASED ON TEHE
LOG NORMAL DISTRIBUTION OF WEIGHTS.

FRMOFP———MOLE FRACTION FISSION PRODUCTS IN HOMOGENEOUS FUEL.

FRMOPU---MCLE FRACTION PLUTONIUM IN HOMODGENEOUS FUEL.

FRMOU3-—-MOLE FRACTION URANIUM IN HOMOGENEOUS FUEL.

FUEL-—-WEIGHT OF FUEL ACCUMULATED IN FIRST STAGE IN FUEL

PINS AFTER ONE MIN. G
FUELWT———MAXIMUM TOTAL FUEL WEIGHT IN STAGE 1 AT END OF CYCLE TIME.
(GRAM)
FUPIN--—NUMBER OF FUEL PINS ADDED YO FLAPPER VALVE EACH
TIME STEP.

FO(I)———INITIAL DISSOLVER LIQUID FLOW RATES. (L/MIN)

INCLUDES RINSE STAGE FEED ,ACID FEED AND STEAM COND.

HC-——MAX TIME INCREMENT FOR CALCULATIONS. (MIN)

H-—~VARIABLE LENGTH TIME INCREMENT. DEPENDS ON

MINIMUM TIME TO COMPLETE DISSCLUTION.(MIN)

H2MAX{ I)———-MAX CONC. H20 IN STAGE 1. (G/L)

H20(1)1-—-CONC, OF H20 IN STAGE 1. (GRAM/L)}

H20B{1)--~-CONC. OF H20 IN STAGE 1 BEFORE TIME T.{(GRAM/L)

H20F( 11--—CONC. OF H20 IN EXTERNAL FEED TO STAGE I.(GRAM/L)}
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H20M1,H2CM8,H2CMI,H20M10-—-MASS FLOW OF WATER IN EXTERNAL FEED
STREAMS TO STAGES 1,8,9,AND 10. (KG/HR)
HNMAX{I)—-——MAX CCNC. OF HNO3 IN STAGE I. (G/L)
HNO3(1)---CONC. OF HNGO3 IN STAGE 1. (GRAM/L}
HNO3B{I)——-CONC. OF HNO3 IN STAGE 1 BEFORE TIME T.{(GRAM/L)
HNO3F(T1)-——CONC. OF HNO3 IN EXTERNAL FEED TO STAGE I.(GRAM/L)
HNO3M1 ,HNO3 M8, HNO3 M9, HNOM10———MASS FLOW OF NITRIC ACID IN EXTERMAL
FEED STREAM TO STAGES 1,8,9,AND 10.(KG/HR)
IAD-—-# OF ACID DEFICIENT CONDITIONS.
ION-——1 OR O. USED YO TURN ON AND OFF THE
SOLIDS TRANSFER FROM STAGE NSM1 TO STAGE NS.
ITSAC---COUNTER FCR TIME STEP REDUCTIONS.
LIMO~—-~-ITERATION LIMITER,
MUM-——NUMBER OF POINTS PLOTTED.
NS—--—-NUMBER OF STAGES.
NSM1-—=-NS-1
ONED---1.0D0-DTRACT. USED AS THE FRACTION OF FUEL OR SOLUTION
NOT TRANSFERED OUT OF STAGE NS,
PIHC——-MINTMUM TIME STEP. {(MIN)
P(I,J)———-FREE PARTICLE CONCENTRATION IN STAGE I OF PARTICLES IN SIZE
GROUP J. (G/L)
PARQO0O---PARTICLE REACTION RATE ON/OFF FLAG.
0.0 —— NO PARTICLE REACTIONS
1.0 —— NORMAL PARTICLE REACTIONS
PART(I)--—FREE PARTICLE CONCENTRATION IN STAGE I, . (G/L}
PARTP (1) ———MASS OF PARTICLES DISSOLVED IN STAGE 1. (G)
PB(I,J)--—FREE PARTICLE CONCENTRATION IN STAGE I OF PARTICLES IN SIZE
GRCUP J AT TIME T-H. (G/L)
PCFLTF--—-PERCENT OF YOTAL U FEED HELD UP IN FLAPPER VALVES.(%)
PCFP———WEIGHT FRACTION FISSION PRODUCTS IN FUEL PIN
PCONT—---TOTAL NUMBER OF TIMES ALL PARTICLE SIZE GROUPS WERE ZERNED
DUE TO GRCUP TRANSFERS.
PCPUD2-—-WEIGHT FRACTICN PUO2 IN FUEL PIN.
PCU308~--WEIGHT FRACTION U0O2 IN FUEL PIN.
PDIFP——PER CENT DIFFERENCE BETWEEN MASS OF PU ACTUALLY FED
AND THAT ACTUALLY REMOVED AND ACCUMULATED IN THE DISSOLVER.(%)
PINQOO——-PIN REACTION RATE ON/CFF FLAG.
0.0 -- NO PIN REACTIONS
1.0 —— NORMAL PIN REACTIONS
PIN-—-0.D. OF FUEL PELLET, (CM).
PINFED---ACCUMULATOR FCR NUMBER OF FUEL PINS FED 70
FLAPPER VALVE.
PINLEN---LENGTH OF FUEL PIN. (CM)
PINMAS---MASS OF FUEL IN ONE PIN. G
PINOD-——OUTSIDE DIAMETER OF FUEL PIN. (CM)
PINVOL-——-VOLUMN OF FUEL PIN. (CMkx*3})
PLINC———COUNTER FOR PLOT DATA STORAGE. (MIN)
PLV{I)——-PURE LIQUID VOLUME IN STAGE I CORRECTED FOR
NON-IDEALITY OF MIXING. (L)
PLVBT(1)—---PURE LIQUID VOLUME IN STAGE I BEFORE BACKMIX
CORRECTION. (L)

PLVM(T)—-MINIMUM VOLUME OF LIQUID IN A STAGE, EQUIVALENT
TC AMOUNT BACKMIXED ON HULLS. (L}
PM{J)———MASS OF A SINGLE PARTICLE IN SIZE GROUP J. (G}

PN(I)—---CONC. OF PU(NO3)4 IN STAGE I. (GRAM/L)
PNB(I1)}-—-~CONC. OF PU(NO3)4 IN STAGE 1 BEFORE TIME T.(GRAM/L)
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PNKL(I)———RATE CONSTANT FOR THE FORMATATION OF PU{ND314 FRQOM

SUSPENDED PARTICLES STAGE I. (GRAM/CM%x%2 MIN)
PNK2(T1)—-——RATE CONSTANT FOR THE FORMATION OF PUINO334 FROM FUEL

PINS STAGE 1. {GRAM/CM%x¥x2 MIN)

DIFFERENT FROM PNK1 DUE TO DIFFERENT HNO3 CONC 1IN PIN.
PNMAX{(T)——MAX CONC. OF PU(NO3)4 IN STAGE I. (G/L)
POUTT~~-RUNNING TOTAL CF PU QUT OF STAGES 1 AND NS

PLUS INVENTORIED IN DRUM. (G?
POW———EXPONENT FOR WEIR FLOW EQUATION.

FLOW(L/MIN)=TK*(CREST HEIGHT(CM) )**POW .
POWF———PU TRANSFERRED CUT OF STAGE NS UNDISSOLVED IN PINS

DURING A TIME STEP. (GRAMS)
PPERPU-—-—CCNSTANT IN TCTAL PU UNDISSOLVED CALC.
PPSTG(I1———NUMBER QOF PINS IN EACH STAGE.
PRDIST———PRINT TIME INCREMENT FOR PARTICLE STIZE DISTRIBUTION.(MIN)
PRINC~——BASE PLOTTING TIME INCREMENT. (MIN}
PRT-—-PRINT OUY TIME ACCUMULATCR. (MIN)
PRTTIM-—-TOTAL RUN TIME BETWEEN PRINT OUTS. (MIN?
PTFTFV———PERCENT TRANSFER OF U PLUS PU THRU F{ APPER VALVE. %
PUACC———TOTAL PU IN DISSOLVER. (G}
PUALL---TOTAL PU OUY PLUS HOLDUP. (G)
PUALLA-——ACTUAL MASS OF PU REMQVED FROM DISSOLVER OVER TOTAL RUN

PLUS HOLD-UP. (&)

FUDLIQ-—-TOTAL PU INVENTORY IN DRUM.(G)

PUITN-——PLUTONIUM FEED. (G/MIN)}

PUG2( T )--—CONC. OF PUO2 IN STAGE T. (GRAM/L}Y
PUO2B(I¥-—--CONC. OF PUO2 IN STAGE 1 BEFORE TIME T.(GRAM/L}
PYOUTF———PLUTONIUM FLOW OUT WITH FUEL, UNDISSOLVED. (G/MIN)
PUCUTO——-TOTAL PLUTONIUM FLOW CUT. (G/MIN)
PUOUT1-———-PLUTONIUM FLOW OUT STAGE 1. (G/MIN}

PUPART-—-TOTAL PU IN PARTICLES UNOISSOLVED IN THE DISSOLVER

AT END OF RUN TIME. (G)

FUPINS—-TCTAL PU UNDISSOLVED IN FUEL PINS AT END OF RUN (G).
QA,QB———CORD LENGTHS FOR STAGE AREA CALC.

QD——DIFFERENCE IN MIN AND MAX STAGE LIQUID HEIGHTS.
R(I}——-RADIUS OF PARTICLES IN SIZE GROUP 1 FOR LOG NORMAL

DISTRIBUTION. (MICRON?®
RATMF ———RFACT*RCON
RATEL(1)-——--COMBINED REACTION RATE FOR SUSPENDED U02-PUC2 PARTICLES

STAGE T.(URTARTE AND RAINEY).. (G/CM#*%2 MIN)
RATEZ2(I)---COMBINED REACTICN RATE FOR U02-PUO2 TN FUEL PINS.

STAGE 1. {URIARTE AND RAINEY) (G/CM*%% 2 MIN)
RCON———REACTION RATE CONSTANT. (GRAM/ (CMexx2xMINX(MOL/L)**(Z2#2%XPUII)
REL{1) ——-PARTICLE RELEASE RATE FROM FUEL PINS DUE TO AGITATION

OF ALL PINS IN STAGE I (GRAM/MINY.

REM~-—-1.0-XPU
RFACT--—CORRECTION FACTOR FOR RATE EQUATIONS. A FACTOR OF 5.0 HAS BEF

QUOTED IN THE URTARTE/RAINEY REPORT FOR IRRIADIATED FUELS..
RHOAVE-——-AVERAGE DENSITY OF SOLID FUEL. (GRAM/CC)

RHOC1 ,RHCC2,RHCC3,RHOC4———COEFFICIENTS -OF AVERAGE LTQUID DENSITY
CORRELATION.

RHOLIQUIV———AVERAGE DENSITY OF LIQUIO IN STAGE 1. (GRAM/L)

RMAX——=-MAXIMUM PARTICLE SIZE RADIUS. (MICRON)

RMIN-——-MINIMUM PARTICLE SIZE RADIUS. (MICRON)

RMMAX (T)¥———MAX, RADIUS FOR SIZE GROUP I.{(MICRONY

RMMINC(TI ) -—-MIN., RADIUS FOR SIZE GROUP I.(MICRON)
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RMS(T 4 J)———WEIGHTED MEAN PARTICLE RADIUS IN SIZE GROUP J IN
STAGE !. (MICRON)
RPM———-DISSCLVER ROTATIONAL SPEED.(REV/MIN)
RPOW-——EXPONENT ON ACIC CONC IN REACTION RATE EQUATION
RUN-—-TOTAL RUN TIME. (MIND
RWASTE-——MINIMUM PARTICLE SIZE RADIUS TRANSFERRING WITH HULLS. (MICRON
SALL-——LIQUID DEPTH AT SHALLOW END. CM
SDEN8-——ACID FEED STREAM DENSITY AT REDUCED FLCW. (G/L)
SHETIM-—-TIME REQUIRED TO SHEAR ONE FUEL ELEMENT INTO ONE
INCH LENGTHS. (MINY
SH20M8-——-WATER FLOW IN REDUCED AC!D FEED STREAM FLOW TO STG 84 (KG/HR)
SHNOM8-—-HNO3 FLOW IN REDUCED ACID FEED STEAM FLOW TO STG 8.{KG/HR}
SIZE-——~—-PLANT CAPACITY. (TONNE-A-DAY)
SLOTL M———MAXTMUM HEIGHTY FOR FLOW OVER WETR (SLOT STZEy. (CM)
SMPUF1-—-TQTAL U IN PINS FED TC STAGE 1 FROM FLAPPER VALVES.(G)
SMFUF1-—-TCTAL U FINES FED 7O STAGE 1 FROM FLAPPER VALVES.(G?
SPAREA-—-RATIO OF PSEUDO RADIUS OF FUEL PARTICLES
TO GEOMETRIC RADIUS. MULTIPLICATION FACTYOR TO ACCOUNT FOR
PARTICLE AREA IN EXCESS OF SPHERE AREA. SPAREA=DSQRY(F+1)
WHERE F IS THE FRACTIONAL PERCENT INCREASE IN SURFACE
AREA DUE TC POROUS PARTICLES. SPAREA CAN BE THOUGHT OF
AS AN AREA ENHANCEMENT FACTOR.
SSSCT—-——VOLUME OF STAINLESS STEEL ADDED PER MINUTE OF SHEAR TIME, (L/MI
SSSCTH—-VOLUME OF STAINLESS STEEL FED TO FLAPPER VALVE IN A
TIME STEP. (G)
SSTE(I»-—-VOLUME OF STAINLESS STEEL CLADDING, WIRES, AND SHROUD IN
IN STAGE T (L)
SSTF——-ACCUMULATOR FOR STAINLESS STEEL IN FLAPPER VALVE FEED TO
STAGE 1.(L)
SSTMSS(I¥-—-MASS OF STAINLESS STEEL IN STAGE . (G)
SSTVOL-—-MAXIMUM VOLUME OF STAINLESS STEEL IN A STAGE. (L)
STGLEN-——DISSOLVER STAGE WIDTH. (CM)
SUBROUTINES :
BLOCK DATA-—INITTALIZATION AND DEFINTTION.
MAIN-—-SUBROUT INE CALLS, INPUT/OQUTPUT ,AND OVERALL BALANCE.
TRANSF———SOLID/LIQUID TRANSFERS INCLUDING BACKMIXING.
PARTIC-——PARTICLE SIZE GROUP MANTIPULATICN. )
SUBUN-——-UO2{(NO3)2 CONC. DUE TO FLOW.
SUBPN———-PU(NO3)4 CONC. DUE TC FLOW.
SUBFN-—-—-FP(NO313.39 CONC. DUE TO FLOW.
SUBHN—--HNC3 CONC. DUE TO FLOW.
SUBH2——-H20 CONC. DUE TO FLOW.
CHECK---ITERATION CHECKER.
WEIGHT-——FUEL MASS AND CONC. ADJUSTER ODOUE REACTION.
RELEAS—-——PARTICLE RELEASE RATE FROM FUEL PINS.
RATECK—-——REACTION RATES.
PLOTT—-—STAGEWISE CONC. PROFILE PLOTER.
FREQUE—-——PARTICLE BIRTH SIZE DISTRIBUTION.,
PLOTD———STAGEWISE PARTICLE SIZE DISTRIBUTION PLOTTER.
PLOT3—-~STAGEWISE CONC. PROFILES FOR FUELQPART!CLE51AND SST.
TSTEP———TIME STEP LENGTH ADJUSTER.
RXEQU—-—-U REACTION EQUATION CHOOSER.
DIGEST———-DIGESTER TANK ACCUMULATCR MODEL.
DIGPLT———DIGESTER TANK HISTORY PLOTTER,
SUMFIN-—--SUM OF FUEL FED YO STAGE 9. (G)
SUMFLF—~-TOTAL FUEL FED AS FINES TO FLAPPER VALVES.(G)
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SUMFLP-——-TOTAL FUEL FED IN PINS TO FLAPPER VALVES. (G)
SUMFOU-—-—-SUM OF FUEL TRANSFERED OUT STAGE 9. (C)
SUMHNO---SUM OF HNO3 DEPLETIONS FOR ENTIRE RUN (G).
SUMNEG—~--NEGATIVE SUM QF OVER DISSOLUTION OF FUEL IN PINS. (G)
SUMNEP -—-NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES
FROM TOTAL PARTICLE CALC IN WEIGHT. (G
SUMOD--—TOTAL NEGATIVE SUM OF QVER DISSOLUTION CF FUEL..{(G)
SUMPIN-——-SUM OF PINS FED TO STAGE 9.
SUMPLV-—-SUM OF LIQUID VOLUME DEPLETIONS OUE TO CROWDING FROM
HULLS. (L)
SUMPOU--~-SUM OF PINS TRANSFERED CUT STAGE 9. [C)}
T-—--CYCLE TIME ACCUMULATOR, STAGES 2-9. {(MIN)
T1-—CYCLE TIME ACCUMULATOR, STAGE 1. (MIN).
T2-——CYCLE TIME ACCUMULATOR, STAGE 1. ACCOUNTS FOR
TIME OF NG FEEO TO DISSOLVER., (MIN}
T01,702---DIGEST CYCLE TIME ACCUMULATOR FOR DICESTER
TANKS 1 AND 2. (MIN)
TD--—-PER CENT THEORITICAL DENSITY OF FUEL .
TDIG---TIME FOR DIGESTION CYCLE IN DYGESTER TANK.{(MIN}
TEMP———AVERAGE DISSOLVER TEMPERATURE. DEGREE CENTIGRADE.
TF1+sTF8,TF9,TF10-—~-TOT AL MASS FLOW OF WATER AND ACID IN EXTERNAL FEED
STREAMS TO STAGES 1,8,9,AND 10. (KG/HR)
TFDL, TFD2—-—-FILL TIME ACCUMULATOR FOR DIGESTER TANKS 1 AND 2.(MINI
TFILL-——INPUT TIME FOR FILLING DIGESTER TANK. (MIN}
TEMAX({T)-—-TIME OF MAX F.P.(NO313.39 CONC FOR STAGE I. (MIN)
TH2MX(1)---TIME OF MAX H20 CONC. FOR STAGE T. (MIN)
TH20C---TOTAL MASS FLOW OF H20 IN CONDENSATE RETURNED TO STAGES
1 AND 9. (KG/HR)Y
THNMX(1)-——-TIME OF MAX HNO3 CONC. FCR STAGE 1. (MIN)
THNO3C—~TOTAL MASS FLOW OF HNO3 IN CONDENSATE RETURNEC TO STAGES
1 AND 9. (KG/HR)
THETA---EXPOSURE ANGLE FOR FUEL IN ENDS OF FUEL PINS.(RADIANS)
TIME---TOTAL RUN TIME ACCUMULATOR. (MIN}
TIMMIN-——MINIMUM CF CT OR SHETIM. (MIN)
TK-——WIER EQUATION CONSTANT, GIVES FLOW IN L/HR,
TM1,TM2-—MASS ACCUMULATORS FOR DIGESTER TANKS 1 AND 2. (MIN)
TMOLD-~--RUN TIME AT LAST ACIO DEFICIENCY PRINT 0OUT. (MIN)
TMRFED---MASS FEED RATE OF SPENT FUEL ,INCLUDING STAINLESS STEEL.
(KG/HR)
TMRSST—-—-MASS FEED RATE OF STAINLESS STEEL. (KG/HR)
TNP-——NUMBER OF FUEL PINS IN A STAGE.
TJOCON1{(1), TICON--~TOTAL NITRATE DISSAPPERING FROM PARTICLES.
(G-HNDO3/G-UD2)
TOCONZ2(1),T2CON--—TOTAL NITRATE CISSAPPERING FRCOM PINS.
(G-HNQC3/6G-UD2)
TOCOW1 (1), TLCOW———TOTAL H2C FORMED FOR PARTICLE REACTIONS.
(G-H20/6-U032) ‘
TOCOW2 (1), T2COW—=--TOTAL H20 FORMED FROM PIN REACTIONS.
(G-H20/G-U02}
TOL-——-TOLERANCE BETWEEN ITERATIONS IN MATERTAL BALANCES,
TOPUD—--TOTAL PLUTCNIUM OUT OVER TOTAL RUN TIME,. G
TOPUCF-——~TOTAL PLUTONTUM (DISSCLVED AND UNDISSOLVED)
CUT OF RINSE STAGE.(G)
TOPUD1---TCTAL PLUTONIUM OUT OF STAGE 1. G
TJOTPUI-—-TOTAL PLUTONIUM FED IN TO STAGE 1 OVER TOTAL RUN TIME. G
TOTSST——~TOTAL STAINLESS STEEL COLLECTED IN A STAGE OVER A
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TIME PERICOD LESS THAN OR EQUAL TO MIN. (G
TOTUI---TOTAL URANIUM FED IN TC STAGE 1 OVER TOTAL RUN TIME.G
TOTUD---TOTAL URANIUM €UT OVER TOTAL RUN TIME. G
TOTUQF——-TOTAL URANIUM (DISSOLVED ANC UNDISSOL VED)

OUT OF RINSE STAGE.(G)

TOTUO1-—--TOTAL URANIUM QUT OF STAGE 1. G

TPMAX(I1——-TIME QF MAX PU(NO3)4 CONC. FOR STAGE I. {(MIN)
TUMAX(I)-—-TIME OF MAX UG2(NO03)2 CONC. FOR STACE I. (MIN)
TUPUS1---TOTAL U PLUS PU FED TC STAGE 1 FROM FLAPPER VALVES.(G?
TRCT-—--TOTAL REVERSE CYCLE TIME. (MIN)

TTD1,TTD2--—-TRANSFER TIME ACCUMULATOR FOR DIGESTER

TANKS 1 AND 2, (MIN)

TTRAN-——TRANSFEKR TIME FOR DIGESTER TANK LIQUOR. (MIN)
UACC——-TOTAL U IN DISSCLVER. (G)

UVALL--=TOTAL U CUT PLUS HOLDUP. (G} \
UALLA---ACTUAL U REMOVED FROM DISSOLVER OVER TOTAL RUN PLUS

HOLD-UP. (G)

UDIFP———PER CENT DIFFERENCE BETWEEN MASS OF U ACTUALLY FED AND

THAT ACTUALLY REMOVED AND ACCUMULATED IN THE DISSOLVER.(%)

UDLTQ--- TCTAL U INVENTORY IN BRUM.(G)

UIN—-URANIUM FEED.(G/MIN)

UN(I)———CONC. CF UO2(NGC312 IN STAGE I. (GRAM/L)
UNB(1)---CONC. OF UD2{ND3)2 IN STAGE I BEFORE TIME T.{GRAM/L)
UNK1{IV1-——RATE CONSTANT FOR THE FORMATION OF UC2(NO312 FROM

PARTICLES IN SUSPENSION STAGE 1. (GRAM/CM*%x2 MIN)
UNK2(1)—-——RATE CONSTANT FOR THE FORMATION OF UC2(N0O3)2 FROM FUEL
PINS, STAGE I. (GRAM/CM*%2 MIN}
DIFFERENT FROM UNK1 DUE TO CIFFERENT HNO32 CONC IN PIN.
UNMAX (1)--—MAX CONC. UC2{(NC312 IN STAGE 1. (G/L)
UOUTF--—URANIUM FLOW OUT WITH FUEL, UNDISSOLVED. (G/MIN)
UCUTT———RUNNING TOTAL U QUT OF STAGES 1 AND NS
PLUS INVENTORTED TN DRUM. (G)
UOUTO---TOTAL URANTUM FLOW OUT. (G/MIN)
UNUT1-—-~URANIUM FLOW OUT STAGE 1. (G/MINY
UOWF—-——U TRANSFERRED OF OF STAGE NS UNDISSOLVED IN PINS
DURING A TIME STEP. (GRAMS)
UPART--—TOTAL U IN PARTICLES UNDISSOLVED IN DRUM AT END OF RUN.(G)
UPERU3-——CONSTANTY IN TCTAL URANIUM UNDISSOLVED CALC.
MOLE WEIGHT U/VNOLE WEIGHT UD2 TIMES ONE.

UPERUN-~—MOLE WEIGHT U/MOLE WT UOD2(N0O3)2 TIME ONE.

UPINS———TOTAL U UNDISSCLVED IN FUEL PINS AT END 2F RUN (G}

U308(11---CONC. OF UO2 IN STAGE I. (GRAM/L)

U308B(I1-—-CONC OF UO2 IN STAGE I BEFORE TIME T.(GRAM/L)

V(1)-——TOTAL STAGE VOLUME. (L)

vD1,VD2——-VCLUME ACCUMULATORS FOR DIGESTER TANKS 1 AND 2., (L)

VFULL——TINPUT DYGESTER TANK CAPACITY. BASED ON FILL TIME(TFILL)
AND DISSOLVER PRODUCT FLOW(FL{13). (L)

VIB(I)——-PURE LIQUID VCLUME IN STAGE I AT TIME T-H. L

VOLFLO-——VOLUME CORRECTION FACTOR BASED ON OIFFERENCES IN INLET AND
OQUTLET FLOW RATES BETWEEN STAGES. (L)

VO(IY——TINITIAL OR GECMETRIC VCLUME OF LIQUID IN STAGE I. (L}

WMOLFP—-——AVERAGE MOLECULAR WEIGHT FISSION PRODUCT OXIDES.

WMOLPU—-—-MOLECULAR WEIGHT PUG2. (GRAM/G-MOLE)

WMOLU3-——MOLECULAR WEIGHT UOZ. (GRAM/G-MOLE)

WMOLXX——-MCOLECULAR WEIGHT OF CCMPOUND XX. (G/G-MOLE)
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WORKSP{I3——-SCPATCH ARRAY USED IN PARTICLE CISTRIBUTION CALC.
WTFP(I)———-WEIGHT QOF F.P. REMAINING IN FUEL PINS IN STAGE T.(GRAMS])
WTFUEL(I)——-TOTAL WEIGHT OF FUEL REMAINING IN PINS IN STAGE I. (GRAMS)
WTIPUC2(T)———HWEIGHT 0OF PUOZ REMAINING IN FUEL PINS IN STAGE Y.{(GRAMS)
WTU3C8(I)———WEIGHT OF UD2 REMAINING IN FUEL PINS IN STAGE T.(GRAMS)
XPU-——COMBINED MOLE FRACTIONS OF PUDZ2 AND FP.
ZF--—MOLECULAR WEIGHT RATIO OF FISSION PRODUCT NITRATE

TO FISSION PRODUCT OXIDE.
ZFCON———ZF*CON
INOPTA-——TCOTAL PLCT FLAG.

0.0 —— NO PLOTS

1.0 —— PLCTS
INGPTO--—-DIGESTER PLOT FLAG.

0.0 —— NG PLOTS

1.0 —— PLOTS
INOPTP~——PARTICLE SIZE DISTRIBUTION PLOT FLAG.

0.0 —— NO PLOTS ‘

1e0 ~— PLGTS
INOPT3-——CONCENTRATION HISTORY PLOT FLAG.

0.0 —— NO PLOTS.

1.0 —— PLCTYS
INGPT7———-CONCENTRATION PROFILE PLOT FLAG.

0.0 —— NO PLOTS

1.0 —— PLCTS
IP——MOLECULAR WEIGHT RATIO OF PUINO3)4 TO PUO2.
ZPCON———ZP*CON
ZAT(I ¥ ———ARRAY CONTAINING: DEXP(H*(-DENOM{I) ¥/PLVI(I)),
ZU——MOLECULAR WEIGHT RATIO OF U02(NC3)2 TD UG2.
ZUCON---ZU*CON.
Z1MQT(I)-——ARRAY CGNTAINING 1.£0-ZQT(1).

BLOCK DATA

IMPLICIT REAL%8 (A-H,0-7)

COMMON/XX/7 UN(20),PN120),HNO3(20),H20(20),UNB(20},0LD{20}"
$,PNB(209+HNG3B(20)1,H20B(208 4, WTU30B(200+WTPUC2(20),WTFP(20)
Ly WTIFUEL(20),FPN(202),+FPNB(20),DENOM (200 ,REL (203 ,CREL(20)3,LIMO

COMMON /XXX/TOUL4T4CT,V(20),V0{200,CT1yT14HyPLVI2001,HCy
€72 ,SUMNEG, SUMHNO, SUMNEP, ICP, ICPO, ITSAC

COMMON/XXXX/B(20),U308(20),U3C8B(20)+PART(203,RATEL(20),
$PARTB(20V,RATE2({201),PUC2(203,PUD2B(20),FP(20), FPB(201,
SUNKL1(20) ,PNK1(20),FPK1(203,FLE20),UNK2(200),PNK2( 200,
¢FPK2(20)+P(10+500,PB(10,5004NS

COMMON/ XXXXX/RMSC(2,50),TIME, PINVOL, RHOAVE, T D, XPU, REM, TNP,
¢RPCW,RCON, ACDF,PINOOO,PARDOO

COMMON/PAR/FREQ(S01,R{( 501, RMMIN(50 1, RMMAX(50),PP(10,50),
¢PMS(10,500,PARTP(209,PM(50), ATP(50),DR,PI,RMIN,RMAX, PCONT,
¢FTPIRO,FOURPIING
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COMMON/DIG/DPLUN(2,2000,DPLPN(2, 2000

-,PD(Z 50),ATPD(2,501,PPD(2,50)
,DPLHZOl2c200)'DPLHNU(2'200.vDPLFPN(Z'ZOOi'DpLPAR(Z,ZOOiv

¢DPLTIM(200),DIGVOL(2,200),RUN, TFILL,VFULL, TTRAN, TCIG
$4+PLINC,VD1l,vD2,TM1,TM2,TFD1,TFD2,TDPLOT,TTD1,TTD2,TD1,TD2,
$D1UN,02UN,D1PN,D2PN,D1H2C,D02H20, C1HNO3,D2HNO3,
$C1PART,D2PART,D1FPN,D2FPN,SUMD1, SUMD2, IPD, MUPIP

COMMON /TRANZT/BAKMIX(20),SST(20),RHOLTIQ(20),PLVBT{(20)
$+BAKV(20),5STMSS(209,DTFLGYyDTFLG2,0TRACT, DUMPT, DENSST
¢ 3CFUEL,CFINES,SSSCT,FUPIN,OFFTIM,P1HC, TF,FLAPTM,
$ SSSCTH,FINESH,SSTF,FEDONE,FINESF,PINFED, NSM1

COMMON/PERCNT/PCU308,PCPUD2, PCFP,SPAREA, DU308
¢,DPUOZ2+DFP,CCN,PINMAS,PPSTG(201,CV{20),RATMF,FEDRAT, ARATIO
$+PCUPER,PCPPER,UOWF,POWF ,PPERPN, UPERUN

DAYTA UN,U308,PN,PUO2,HNO3, FP,H20,B,U3088B,PUD2B,FPB,UNB,PNB,
$HNC3B ,H20B,WTPUD2,WTFP,WTU308,0LE,FL,V,VO, WTFUEL,
$PART,FPN,FFNB,PLYV,P,PB,FREQyRyRMS, PARTB, DPLUN, DPLPN, DPLH20,
$DPLHNO,DPLFPN,OPLPAR,DPLTIM,DIGVCL,RATE1,RATE2,UNK1
€ +UNK2,PNK1 ,PNK2,FPK1,FPK2,REL, CREL,BAKMIX,SST, RHOL1Q,
¢PLVBT,BAKV,DENCM,DV,PPSTG,SSTMSS, PARTP,PM, ATP, PP
$+PD,ATPD,PPD/6460%0.0D0/

END

IMPLICYT REAL*8 (A-H,0-2)
DIMENSION DEPTH(10),RASS(10),AS(201,PLVM{10}
¢,F0(10Y,VIB(20),C0(20),UNMAX{10),PNMAX(10)
$,FNMAX(10) 4HNMAX (10 ,H2MAX (10} ,TUMAX[10),TPMAX(10)
S+ TEMAX(LO) » THNMX(10) ,TH2VMX{10,UPA(10),PUPA(10)
¢,C02(101,CO3(1OH .
REAL*4 PLTIME(200)
COMMON/DISSPL/PLU3D8(10,2008,PLUN(10,20008,PLPUN2(10,2000,

.SPLPN(IO’ZOO)1PLFP([01200'1PLH20(IOQZOO)QPLHNO3(10'200,

¢ PLFPN(10,200),PLPART(10,200),PLWTT(10,2009,PLSST(10,200)
COMMON/XX/ UN(20),PN(201,HND3(200,H20(20),UNB(2019,0LD(20}
$,PNB(20) ,HNO3B(20),H208(20),WTU308(20V,WTPUD2(201,WTFP (201}
¢ JWIFUEL(20),FPN(20),FPNB(20),DENOM{20),REL(20),CREL(20},LIMO
COMMON /XXX/TOL,T,CT,V{20),V0(20),CT1,T1,H,PLV(20},HC,
€12 ,SUMNEG, SUMHNO, SUMNEP, ICP, ICPO,ITSAC
COMMON/XXXX/B8(20),U308(20) ,U308B(20),PART(209,RATEL(20),
$SPARTB(20),RATE2(2013,PU02(20),PUC2B(20),FP{ 200, FPB(201,
SUNKL1 (200 ,PNK1(203,FPK1(20),FLI203,UNK2(20),PNK2(20),
$FPK2{(20),P{10,50),PB(10,50),NS
COMMON/ XXXXX/RMSD(2,504,TIME,PINVOL, RHOAVE, TD, XPUY,REM, TNP,
¢<RPOW,RCON,ACCF,PINO0O,PAROOO
COMMON/PERCNY/PCU3C8,PCPUC2, PCFP,SPAREA,DU3CS8
$,0PU02,DFP,CCN,PINMAS,PPSTG(201,CV(201,RATMF, FEDRAT,ARATID
$+PCUPER, PCPPER,UQWF,POWF ,PPERPN, UPERUN
COMMON/EXTFED/HNO3F(10),H20F(1C),FLEXT(10},ACICEF, IAD
COMMON/CCNSTN/COUNIN,CCPNLN, COFP 1INy, COUN2N, COPN 2N,COFP2N,
$COUN1 W, COPNIW,COFPL1W,CAOUNZW,COPNZW,COFP2W ’
COMMCN/WTMCLE/WMOLU3 4 WN¥DOLPU,y WMCLFP , WMOLUN, WMOL PN, WMOL FN,
SWMOLH2 y WMOLHN,AVEMOL y JUPART , MMUN ,NNPN, NNFP 4 MMHN, T TH2
COMMON /PAR/FREQ(50),R{50) s RMMIN(S0),RMMAX(S0), PP{(10,50),
¢RMS{10,508 ,PARTP(20),PM(50), ATP(501},DR,PI,RMIN,RMAX, PCONT,
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SFTPIRO,FOURPILNG

CCMMON /SOLIDS/FINES,RWASTE ,HDR,CUBE, NRWy NRWM 14 NGPNRW,NGM 1
S JNRWM2

COMMON/ 2CONST/ZU+ ZUCON,ZP, ZPCON, ZF,ZFCON,ZQT (10,2 IMQT(100
¢4PCU3ZU, PCPUZP,PCFPZF,CUINU3,CPINPU, CFINFP,CULlWU3,
$CPIWPU,CFIWFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3 '
% 4CP2WPULCF2WFP,T1ICCN,T1COW, T2CON+T2COW. BW, BWCy BN, BNC
¢4E03,F03,TOCCN1(10),TOCOWL(10Y,TCCON2(101, TOCOW2(10)

COMMON/DIG/DPLUNI2,200),DPLPNI(2,200)
$.,PD(2+501,ATPD(2,501,PPD(2,50)
¢,0PLH20( 2,200} ,DPLHNGC(2,200),DPLFPN(2,200),DPLPAR(2,200),
¢DPLTIM({200) 40IGVOL(2420004RUN, TFILL,VFULL, TTRAN, TCIG .
$,.PLINC, VD1 ,VD2,TM1,TM2,TFD1l,TFD2,TDPLOT,TTD1,TTD2,7TD1,7TD2,
¢D1UN,D2UN,D1PN,D2PN,D1H2C,D2+H20,4 C1HNO3,D2HNO3,
$D1PART,D2PART,D1FPN,D2FPN,SUMD1,SUMD2, IPD, MUPIP

COMMON /TRANZT/BAKMIX(20),SST(20),RHOLIQ(20),PLVBT(20)
¢ 4BAKV(201,SSTMSS (20),0TFLGL,OTFLG2,DTRACT, DUMPT, DENSST
¢ yCFUEL,CFINES,SSSCT,FUPIN,OFFTIM,P1IHC,TF,FLAPTM,
$SSSCTHWFINESH,SSTF,FEDCNE,FINESF,PINFED,NSM1

COMMON /SUMS/ SUMFLP ,SUMFLF, SUMFIN, SUMPIN, SUMFOU, SUMPOU

HALF TONNE-A-DAY DISSOLVER

FUEL CHARATERISTICS ANC CONSTANTS...

FFTF TYPE 3.1 FUEL IS ASSUMED... !
RWASTE TAKEN FROM NUCLEAR FUEL DISSOLUTION AND RINSING USING A
CONTINUQOUS ROTARY OISSCLVER, HOLLAND,RISER,HEIMDAL,AND
GRCENIER, DORNL/TM-5566.

OO

READ(5413301SIZE+PIN,PINLEN, RHCAVE,SPAREA,RWASTE
FORMAT(6(D10.4,1X))

PI1=4.DO*DATAN(1.0D0O)
PINVOL=PT#PIN%*PIN%PINLEN/4.DO
PINMAS=RHOAVE*PINVOL

—
V)
W)
o

FRACTICONAL FUEL CCMPOSITION:
WEIGHT FRACTIONS
MOLE FRACTIONS

OO0 O

READ(S5, 1330)PCU308,PCPUD2,PCFP,FRMCU3, FRMOPU , FRMOFP

COMPONENT DENSITIES ANC

FLOW EQUATICON CONSTANTS...

FROM CRNL/TM-7490, A MATHEMATICAL MOQOEL FOR LIQUID FLOW TRANSIENTS IN
A ROTARY DISSOLVER. LEWIS AND WEBER

OO0

READ(5, 1330} DU308,DPUC2,DFP,DENSST, TK,POW
REPOW=1.D0/P0OW



PER CENT THEORITICAL FUEL DENSITY

COMBINED FISSION PROD MOLE FRACTION WITH PUD2...
XPU=FRMOPU*FRMCFP
REM=1.D0-XPU
TD=(RHCAVE*100.D0} /(XPU*DPUC2+REM*DU308)

[aNaNal

ZERGC MAXIMUM DETECTORS,ETC.

e NeNaNal

DO 280 K=1,10
TOCONL {K}=0.0D0
TOCOW1 (K1=0.000
TOCON2(K)=0.0D0
TOCCW2({K)1=0.0D0
UNMAX(K)=0.0D0
PNMAX(K)=0.0D0
FNMAX({K1=0.0D0
HNMAX{K1=0.0D0
H2MAX (K)=0.0D0
TUMAX(K)=0.0D0
TPMAX{K)=0.0D0
TEMAX(K)=0.0DO
THNMX (K)=0.0D0
TH2MX(K)=0.0D0
280 CONTINUE

C ZERQ COUNTERS AND ACCUMULATORS...

FF1I=0.0D0
TOTYO1=0.0D0
TOTUOF=0.00D0
TOPUO1=0.0D0
TOPUCF=0.000
YO0TUI=0,0D0
T0TPUI=0.000
ETCTUF=0.0D0
ETOTPF=0.0D0
PRT=0,0D0
IDX=0

1AD=0
PLTM=0.0D0
T=0.0D00
T1=0.000
72=0.000
TIME=0.000
BISTM=0.000
DIGPAR=0,0D0
DTFLG1=0.00D0
1CP=0

ICPC=0
FEDTIM=0.0D0
OFFTIM=0.000
SUMNEG=0.0D0
SUMHNC=0.00D0
SUMFLP=0.0D0
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SUMFLF=0.0D0
SUMPLV=0.0D0
SUMNEP=0.0D0
SUMFIN=0.0D0
SUMPIN=0.0D0
SUMFOU=0.,0D0
SUMPOU=0.0D0
SUMD1=0.00D0
SUMD2=0.0D0
TMCLD=0.000
TF=0.000
SSTF=0.0D0
FEDONE=0.0D0
FINESF=0.000
PINFED=0.0LCO
D1UN=0.0DO
D2UN=0.0D0
D1PN=0.0DO
D2PN=0.0DO
D1H20=0.000
D2H20=0.000
D1HNO3=0.0D0
D2HNG3=0.0D0
D1PART=0.00D0
D2PART=0.0D0
D1FPN=0.0D0
D2FPN=0.0D0
PCONT=0,0D0
ITSAC=0
JJPART=0
MMUN=0
NNPN=0
NNFP=0
MMHN=0
11H2=0

MOLECULAR WEIGHTS

WMCLU3=270.05D0
WMOLU=238.04D0

WMOLP=239.172D0
WMOLPU=271.17D0
WMCLFP=135.34D0
WMCLUN=394.0200
WMCLPN=487.21D0
WMOLFN=328.22D0
WMOLHZ2=18.0200

WMCLHN=63.02D0

AVEMOL=PCU308*WMOLU3+PCPUD2*WMOLPU+P CFPXWMOLFP

ACID CONC CORRECTION FACTOR (ACODF)
ACID CONC IN FUEL PINS AND BULK.
PRINT QUT AND RUN TIME CONSTANTS.

DUE TO DIFFERENCES IN



READ(S5,1330VACDF,PRTTIM,HC ,RUN,PRINC,PRDIST
READ(5,1370) ALIMO,AKSTOP, AMINFR,CT]

LIMO=ALIMC

KSTOP=AKSTOP

PIHC=AMINFR*HC

H=HC

MUM=RUN/PRINC

PLINC=PRINC-1.0D-4

DISSOLVER CHARATERISTICS

s NeleNal

READ(5,1370) TEMP,RPM,CREVS,FLAPTM
1350 FORMAT(3(D10.4,1X)}
DUMPT=DREVS/RPM
DTRACT=1.D0/DUMPT
READ(5,13600(V0(1),1=1,5)
1360 FORMAT(5(D10.4,1X))
READ(5,1360)(V0O(I),1=6,10)
READ(5,13600(VO(I),I=11,15)
READ(5,13600(VO{1),1=16,201
Do 35 1=1,20
BAKMIX(I1=0.0D0
AS(I¥=0.0D0

25 CONTINUE
c
c NO INTERUPTIONS IN LIQUID FLOW ARE EXPERTIENCED DURING REVERSE
C ROTATION. THE ACTUAL. REVERSE IS ASSUMED TO BE INSTANTANIOUS.
C

READ(5,1365) TRCT,BASECT,DTIA,STGLEN, AAANS
1365 FORMAT(5(D10.4,1X))

NS=AAANS ’

NSM1=NS-1

CT=BASECT+TRCT

MAXTMUM LIQUID DEPTHS.

[aNeNe]

READ(5,1360)(DEPTH(IY,1=1,5)
READ(5,1360) (DEPTH(I), I=6,101)
READ(5,1375) - ANGLE

1375 FORMAT{D10.4)
AN=ANGLE*P1/1.8D2
QD=STGLEN*CSIN(AN) /DCOS(AN)
ACTLEN=STGLEN/DCOS (AN}
DC 210 K=1,4NS
OA=DSQRT {4 .DO*DEPTHIKI *{DTA-DEPTH{(K) 1}
SALL=DEPTH(K)-QD
QB=DSQRT(4.DO*SALL*(DIA-SALL))
AS(K)I=.5D0*(QA+QBY*ACTLEN

210 CONTINUE

Ak ke ZERO ARRAYS Hdk K

OO
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DO 16 Jl=1,10
PLVM(J1)=0.0D0
7QT7(J11=0.00D0
Z1MQT(J1)=0.00D0
FO(J11=0.000
FLEXT(J11=0.0D0
H20F{J11=0.0D0
HNO3F( J11=0.0D0

DO 16 J2=1,200
PLTIME(J21=0.0
PLU308(J1,J2)=0.0D0
PLUN(J1,J21=0.0D0
PLPUD2(J1.,421=0.000
PLPN( J1,J2)=0.000
PLFP(J1,421=0.000
PLHNG3(J1,42)=0.0D0
PLH20(J1,42)=0.0D0
PLFPN(J1,421=0.0D0
PLPART(J1,J2)=0.0D0
PLWTT{J1,521=0.000
PLSST(J1,J2)=0.000

6 CONTINUE

EXTERNAL FEED STREAM FLOWS..

FROM BECTAL FLOW SHEETS FOR HEF 4/18/80, DRAWING # 52-B-203
(FLOWSHEET DENSITIES HAVE BEEN USED BUT GADOLINUM NITRATE
HAS BEEN EXCLUDED FROM MASS FLCW RATES.)

OO O

READ{5,137T0)DENL1,CDEN8,DEN9, DENLO

1370 FORMAT(4(D10.4,1X))
DEN8=CDENS8
READ(5,1370) TH20C,THNC3C,FCSTGL,FCSTGY
HZ0M1=TH20C*FCSTG1
HNO3M1=THNG3C*FCSTGL
H20M9=TH20C*FCSTGY
HNO3M9=THNO3C*FCSTG9
TF1=H20M1+HNO3M]1
TF9=H 20MG+HND3MS
READ(5,1370) CH20M8,CHNOMS8 ,H20M10, HNOM10
H20M8=CH20M8
HNO3MB8=CHNCMS8
TF8=H20OM8+HNO3M8
TF10=H20M10+4NOMI10
THOVSX=1000.D0760.D0
DILUT1=TF1*THOVSX/DEN1
DILUTO9=TF9*THOVSX/DEN9
FLEXT(81=TF8*THOVSX/DENS
FLEXT(1)=DILUTI]
FLEXT(91=DILUTS
F10=TF10*THOVSX/DEN1O
FO=F10+FLEXT(S)
F2=F9+FLEXT(8)
Fl=F2+FLEXT(1}
DO 185 K=2,NSM1

185 FO(KI=F2
FO(l)=F1
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FO(S)=F9
FO(10)=F10
C
C INTTTALIZATION OF BACKMIXING CARRYOVER ON HULLS.
c
READ(5,+13601 (BAKMIX (1) ,I=1,5)
READ(5,1360)(BAKMIX(]),1=6,10}
READ(5,1360) {BAKMIX(1),I=11,15)
READ(54136C)(BAKMIX(T1),1=16,20)
DG 20 J=1,20
20 FL{J)I=F2
FL(1)=F]
FL(9)=F9
FL(10)=F10
C
C
C INITIAL STAGE CONCENTRATIONS .ses
C
C

H20F( 8Y=DEN8*H20M8/TF8
HNO3F ( 8)=DEN8*HNO3M8/TF8
IF(TF1.LE.0.000) GOTO 4000
H20F(1)=DEN1%H20M1/TF1
HNO3F (11=DEN1*HNO3M1/TF1l
GCTO 4010

4000 H20F{11=0.00D0
HNO3F {1)=0.0D0

4010 IF{TF9.LE.0.0DO) GOTO 4050
H20F({94=DEN9*H2OM9/TF9
HNO3F (91 =DEN9%*HNO3MI/TF9
GOTQ 4060

4050 H20F(9)=0.0D0
HNO3F(S8)=0.0D00

4060 IF(TF10.LE.0.0D0) GOTO 4030
HNO3(10)=0EN10O*HNCM10/TF10
H20(10)=DEN1O*H2CM10/TF10

GOTO 4040 )
4030 H20(10)=0.0D0
HNO3(101=0.000
4040 HNO38( 101=HNO3 (10}

H20B(10)=H20(10)
HNO3(9)=(HNO3(10)*FL{10)+HNO3F(9)I*FLEXT(S9) I/ FL(9)
HNO3B (9} =HNO3(9} '
H20{(9¥ =(H20( 10V *FL(10) +H20F (9 *FLEXT (91} /FL( 9}
H20B(91=H20(9)
HNQO3(81=(HNO3(9)xFL(91) +HNO3F (BI*FLEXT(8)1/FL (8
HNC3B(8)=HNO3(8)

H20(8)=(H20(9)*FL{9)+H20F(8) *FLEXT(8))/FL(8)
H20B8( 81=H2C(81}

00 10 K=2,7

HNO3({ K1=HNC3( 8}

H2O (K1 =H20(8}

10 CONTINUE
HNO3(19={HNO3(2)*FL{21 +HNO3F (L IXFLEXT( LI I/FL (1)
HNO3B (1) =HNO3 (114
H20(1) =(H2CF (L d*FLEXT{ 1) ¢H20(2¥*FL(2)V /FL( D)
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H20B8(11=H2C{1)}

REDUCED ACID FLOW PARAMATERS.
READ(5,13701SDEN8B,SH20OM8,y SHNOM8, SLOTLM
DIGESTER TANK VARIABLES :

1PD=0
vD1=0.000
vD2=0.000
TM1=0.0D0
TM2=0,000
TFD1=0.000
READ(5,1350% TFILL,TTRAN,TODIG
VEULL=TFILL*FL{1)
TFD2=0.0D0
TOPLOT=0.0D0
TD1=0.0D0
TD2=0.0D0
TTD1=0.000
T7D2=0.0D0

INITT AL REACTION RATES
REACTION RATE FOR U308 AS FUNCTION OF HNDO3 CONC AND TD
BASED ON UCZ REACTION RATE.eeaa??2??? 20 ceccsne

REACTION RATE FOR PUGZ AS FUNCTION OF HNO3 CONC AND TD
ASSUMES NO FLUGCRINE IN DISSOLVER.
FROM A REPCRT BY RAINEY AND URTARTE PUBLISHED IN 196S.

READ(5,41370) ACIDEF,.RFACT,AFIAT, AFRAT
ACTID=HNO3(11/WMOLHN
RPOW=2.00+2.D0%*XPU

RCON=( (5.D3*%DEXP((—-.27D0}*TD) ) *%xXPU) %*

¢ ((4.8D2*DEXP{(~.091)%TD) 1**REM)

RATMF=RFACT*RCON

DO 220 K=1,NS
RATEZ(K)=RATMF*x( ACID*ACDF) *%RPOW
RATEL(K)=RATMF*ACID**RPOW
UNKI(K)=PCU308%*RATEL(K)
PNK1(KV=PCPUC2*RATEL (K}
FPK1{(KI=PCFP*RATEL(K)
UNK2{K)=PCU308*RATEZ(K)
PNK2(K)=PCPUO2Z2*RATE2(K)
FPK2(K1=PCFP*RATE2(K)

CONTINUE
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SOLID FLOWS AND QUANTITIES
HULLS, SHROUDS, AND WIRES VOLUMES...

OO0

READ(5,1370) TMRFED,TMRSST,BATTIM,SHETIM

ANOVOX=BATTIM/SHETIM

FFTIME=SHETIM/BATTIM

ANFTIM=BATTIM—SHETTM

AFDAS=SHETIM-AFRAT

AFDAN=ANFTIM-AFIAT

FEDRAT={ TMRFED-TMRSST) *THOVS X* ANOVOX

TIMMIN=SHETIM

JIF{SHETIM,GT.CTITIMMIN=CT

IF(SHETINM,LT.CT) GOTO 1740

GOTO 1750

1740 ANTFS=CT/BATTIM

INIFS=ANIFS

BEEDI F=ANTFS-INIFS

TMLEFT=BEEDIF*BATTIM

TIMMIN=SHETIM*INIFS+TMLEFT

IF{SHETIM { T TMLEFT) TIMMIN=SHET IMX INIFS+SHET IM

1750 CONTINUE

FUELWT=TIMMINX*FEDRAT

TNP=FUELWT/PINMAS

TOTSST=TMPSST*THOVSX*T IMMI Nk ANCV CX

SSTVOL=TOTSST/DENSST

READ(5,1330) FFINES,RMIN,RMAX,DP,TOL,AAANG

NG=AA ANG

CFINES=FFINES*FEDRAT

FINES=CFINES

FUEL=(1.D0-FFINES)*FEDRAT

READ(5,1370) CONREL,FEANG,PINOCO,PAROOO

READ(5+1360) ZNOPTA,ZNOPTD, ZNOPTP,+ ZNCPT3, ZNOPT?Y
DO 195 J=1,NS

REL(J)=CCNREL

CREL(JI=CCNREL/TNP

195 CONTINUE
C
c PARTICLE SIZE DISTRIBUTION INITIALYIZATION.
c
CALL FREQUE

C
C
C INITIAL AVERAGE PARTICLE DIAMETER(DP), USED IN CONSTANTS HEREAFTER,
C FRCOM FFTF FUEL SPECS AND PHOTO OF RESIDUES..
C .
C
C
C CONSTANTS
C
c

IF(RWASTE.GT.RMAX) GOTC 2200

GOTO 2300
2200 WRITE(12,2400)

WRITE(13,2400)
WRITE(642400)
2400 FORMAT(//* DEFAULT RWASTE EQUAL TO RMAX...'/
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¢' DATA FILE ENTRY OUT OF RANGE..'/' RWASTE = RMAX')

2300 NRW=(RWASTE-RMIN}/DR
NRWML=NRW-1
NRWMZ=NRW-2
NGPNRW=NG#+NRW
NGM1=NG-1
CUBE=1.00/3.D0
UPERU3=1.DO*WMCLU/WMOLU3
PPERPU=WMOLP/ WMOLPU
LPERUN=WMOLU/WMOLUN
PPERPN=WMOLP/WMOLPN
THETA=FEANG*P1/180.D0
CON=PIN*PINXPTI/(DSIN(THETA})
ZU=1.D0%WNCLUN/WMCLU3
ZUCON=ZU*CCN
ZP=WMOLPN/WMOLPU
ZPCON=ZP*CCN
ZF=WMOLFN/WNMOLFP
ZFCON=ZF*CCN
BW=WMOLH2/WMOLU3
BWC=CON*BW
BN=WMOLHN/WMOLU3
BNC=CON*BN
EGC3=8.00/3.D0
F03=4,.00/3.00
COPNIN=4.D0%¥WMOLHN/WMDLPY
COFPIN=2.3552D0%WMOLHN/WMOLFP
COPN2N=4 ,D0*CONXWMOLHN/WMOLPU
COFP2N=2.3552D0%CCN*WMCLHN/WMOLFP
COPNIW=2.D0%WMOLH2/WMOLPU
COFPIW=1.1776D0%WMOLH2 /WMOLFP
COPN2W=2 .DO*CON*WMOLH2/WMOLPU
COFP2W=1.1776D0%CCN*WMCLH2/WMOLFP
PCU3ZU=PCU308*ZU
PCPUZP=PCPUC2*ZP
PCFPZF=PCFPxZF
CPINPU=COPNIN*PCPUQO2
CFINFP=COFPIN*PCFP
CP1WPU=CCPNLWxPCPUO2
CF1WFP=COFPLW*PCFP
CP2NPU=CCOPN2N*%PCPUO2
CF2NFP=CCOFP2N*PCFP
CP2WPU=CCPAN2W*xPCPUC2
CF2WFP=CCFP2W*PCFP
TICON=CPINPU+CFINFP
TICOW=CP1WPU+CFLWFP
T2CON=CP2NPU+CF2NFP
T2COW=CP2WPU+*CF2WFP
00 300 J4J=1,10
TOCON1 {JJ1=T1CON
TOCON2( JJ)=T2CON
TOCOW1{(JJ)=T1COW
TOCOW2(JJS)=T2C0W

300 CONTINUE
PCUPER=PCU308*UPERU3
PCPPER=PCPUQ2%PPERPU
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ARATIQ=SPAREA*1.[-4
D0 190 K=1,NS
RASS(KI=1.D3/AS(K)

190 CONTINUE
ROATT=RHOAVE#*1.D3
SSSCT=SSTVGL/TIMMIN
D25C1=1.0012D0
£25C2=0,3177D0/WMOLUN
D25C3=0.22D00/WMOLPN
D25C4=0.03096D0/WMOLHN
RHOC1=1.0125D0%*1.D3
RHOC2=1. 450-4*TEMP*1.D3
RHOC3=5,0~4%TEMP*1,D3
RHOC4=3,6D-3%1.D3
UFEEDC=FEDRAT*PCUPER
PFEEDC=FEDRAT*PCPPER
FOURPI=4.D0%*P]
FTPIRO=FOURPI*RHOAVE/3 .DO

DENSITY INITIALIZATIGN

OO

DO 45 I=1,4NS
VIB(I)=VO(T)+AS(I)=((FL{I})/TK)**REPCW)/1.D3
CO{TI=UN{ID+PN{TVCFPN(II+H20(TI+HNO3 (1)
COMA=CC(I¥*VIB(I113/1.0D3
. D25=COMA-(D25C2*UN(T) +D25C3*PN(I)¢D25C4*HNC3 (1 1I*VIB( 1)
D25=COMA%D25C1/D25
RHOLIQ(T)=RHOCL1*D25+RHCC2—-RHOC3*D25-RHOC4
PLVITI=COCIIXxVIB(TII/RHCLIQ(I
VIB(I1=PLVII)
VIII=PLV(I)
5 CONTINUE

4
c
o BACKMI X VOLUME INITIALIZATION.
C

DO 225 J=1,NS
BMCON=BAKMIX(J)*TCTSST
225 BAKV( J)=BMCCN/RHOLIQ(})

c INITIAL CALC FOR RELEASE RATE CUTPUT.

T1=H

WTFUEL (1)=FUELWT
CALL RELEAS
T1=0.000
WTFUEL(11=0.0D0

OATA QUTPUT

[aNeNeNeNeal

WRITE(12,1000) PCU308,DU308, WMCLU3,PCPUO2,DPUDZ2,WMCOLPU,PCFP,
$DF Py WMOLFP

WRITE(13,1000) PCU308,DU308, WMCLU3,PCPUOZ,DPUD2yWMOLPU,PCFP,
SOF P, WMOLFP :

WRITE(6,1000) PCU308,DU308,WMALU3,PCPUO2,DPUN2,.WMOLPU,PCFP,
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SDF Py WMOLFP
FORMAT(* *,21X,*SPENT FUEL DATA'/* COMPONENT?', SX,*WEIGHT FRAC*,
SITION'y5 X,y "DENSTITY*,5X, * MOLE WETIGHT' /35X s* (G/CCI 'y TXy*'(G/G-MOLE) */
E3X, 002 *310X3Fl0.44TXsF10.6+4X2F1l0.473X,"PUC2"Y, 10Xy F10.4, 7X,
EFLl0.694XyFlO.4/3X s 'FaPe? 310X sFl0.4+7X3F1l0.694X,F1C.4)
WRITE(12,1020) RHOAVE,CP,TNP,PIN,PINLEN,SPAREA,FFINES,CONREL
WRITE(13,1020) RHOAVE,CP,TNP,PIN,PINLEN, SPAREA,FFINES,CONREL
WRITE(6,1020) RHOAVE,DP,TNP,PIN,PINLEN,SPAREA, FFINES,CONREL
FORMAT (/' AVERAGE FUEL DENSITY =4 2X,F10.692X,
$¢G/CC'/"Y AVERAGE DIAMETER OF PARTICULATE=',2Xy F10.6,
€2X,'CM*/ Y TOTAL # FUEL PINS=',2X,F10.2/' DIAMETER OF FUEL®,
$* PELLET=%,2XsF1l0.4,2X,*CM*/* LENGTH OF FUEL PIN=%,2X,
$F10.442X,'CMYY/
¢t RATIO OF ACTUAL SURFACE AREA TC GEOMETRIC AREA=',2X,
$1PD14,.5/* FRACTION OF FUEL AS FINES=*,
$2X4+1PD12.3/Y FULL STAGE PARTICLE RELEASE RATE=?Y,
$2X91PD14.5,2X,*"G/MIN®)
WRITE(12,1010) TMRSST,SIZE,FEDRAT.FL {139, HNO3(1),H20(1¢,RHOLTQ( 1}
S, TKyPOW, SLOTLM
WRITE(13,1010} TMRSST,SIZE,FEDRAT,FL(1 ), HNO3(1),H20(1¥,RHOLIQ(11)
$ 4, TKyPOW,SLCTLM
WRITE(6,1010) TMRSSY,SIZE,FEDRAT,FL(19,HNO3(1),H20{1),RHOL IQ(1)
€ TKyPOW,SLCTLM .
FORMAT(" TOTAL MASS FEED RATE CFfF STAINLESS STEEL="
2 32XeF12.242X s ' KG/HRY//1X 4F10ab92Xs" TCNNE-A-DAY THROUGHPUT*/
$¢ FUEL FEED RATE='342X4F10.442X'G/MINY//" LIQUID *
tL'FLOW STG 1=%32X,F10.4,42X, 'L/MIN'/* LIQUID FEED COMP. STG 1 :'/
513)(' ‘HNOB' ,QX, '—-——',4X.F8.2,2X,'GRAM/L'/13X,'H20',5X,'———' '4X1
EFB8.2¢2Xy "GRAM/L '/ INITTAL DENSITY OF DISSOLVER LIQUYD STG 1=¢,
$2X 4 F12.442Xy*G/L"/* COEFFICIENT OF WEIR FLOW EQUATTON=', 2X,
¢ 1PDl4.4/" EXPCNENT COF WEIR FLOW EQUATION=',2X, 1P014,.4/
5% LIMITING HEIGHT OVER WEIR (SLOT SIZEY=',2X,1PD15.4,
E§2X,'CMY)
WRITE(12,10300 V(1) ,NSML,V(21,NS,V(9),NS,H
WRITE(13,1030) V{10 4NSML,V(2143NSyV(9¥I,NSHH
WRITE(6,10300 V(1) ,NSML1,V{2)4NS,VI9),NSyH
FORMATY (77 STAGE®',
¢t 1 INITIAL VOLUME="',2X,F1l0.242X,'L* /"' STAGES 2-',12,
¢t INTTIAL VOLUME=',2%X,F10.2+2X, 'L/ STAGE®*,12,
¢' INITIAL VOLUME=*42XsF10s2,2X,"'L"/
$¢ NUMBER OF STAGES="',2X,12/7% MAXIMUM TIME INCREMENT=?
$92X9F1l0s 692X *MIN®Y
WRITE(12,1040) UNKLI(L),UNK2(1),PNKI(L1),PNK2(1) ,FPKI{ 1), ,FPK2{ 1)
WRITE(13,1040) UNKLC(L),UNK2(1),PNK1(1),PNK2(1}),FPK1(1),FPK2(1)
WRITE(6410400 UNKL{1),UNK2(1),PNKL(1},PNK2{1),FPKLI{L1Y,FPK2(1)
FORMAT(//14X+" INITIAL REACTION RATE CONSTANTS'/' COMPONENT®*,5X,
$' PARTICULATE RATE*,5X,* PIN RATE®/"* FORMED® 411X,
Y {G/MIN-CM*%%2) ' 35X, *(G/MIN-CMx%2)¢//* UYO2{NO3)2*,10X,
¢1PD12.545X,1PD12.5/* PU(ND314',10X,1PC12.5,5X,1PD12.5/
$¢* FoPo. NIT,.*,10X+1PD12.5,5X,1PD12.5}
NP]TE(12,1060’RCCN!RPOM,TD'TEMP'RWASTE,RMIN'RMAX.NG,FLAPTM‘
WRITE(13,1060)RCCNyRPCIyTD 4 TEMP,RWASTE 4RMIN, RMAX NG, FLAPTM
WRITE(641060VRCCN, RPOWLTO, TEMP ,RWASTE, RMIN,RMAX,NGyFLAPTM
FORMAT(/* REACTION RATE CONSTANT=*,2X,1PD12.5, 2X»
CV(GRAM/{ CME%2EMINX(MOL/L ¥kk (2425 XPUVI* /Y REACTTICN RATE EXPONENT=?,
$2X4,1PD12.5/7% PERCENT THECRITICAL DENSITY=',2X,
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$2PD12.4/* INITIAL TEMPERATURE=',2X,3PD12.3,2X,'DEG C*/

$' MINIMUM PARTICLE DIAMETER TRANSFERING WITH FUEL PINS=?*,

$2X91PD14.4+42Xs "MICRON'/

$' MINIMUM PARTICLE SIZE IN DISTRIBUTION=*

£42Xe1PD14.4,2Xs *MICRON'/

$* MAXIMUM PARTICLE SIZE IN DISTRIBUTION="

€ 32Xy 1PD1444,2X, "MICRON'/* TOTAL # OF PARTICLE SIZE GROUPS=!

$92Xe 14/ FLAPPER VALVE CYCLE TIME=',2X,1PD10e%492Xy*MIN"
WRITE(12,1050)RUN4CT14NS4CT, TRCT4RPM,SHETIM, ANFTIM
WRITE(13,10503RUNsCTL4NSyCTyTRCTRPM,SHETIM, ANFTIM
WRITE(641050VRUNCT14NS4CT+TRCT,RPM, SHET IM,ANFTIM
FORMAT(//*' TOTAL RUN TIME=%,2XF10.242Xy *MIN*/

¢! CYCLE TIME STG 1=%42X,F10.242Xy*MIN*/' STAGES 2-%,712,

€' CYCLE TIME=',2X4F10.242X,*MIN'/' REVERSE CVCLE TIME",

$2X+F10. 242Xy "MIN'/* RATE OF ROTATION=',

$2X9F10e2¢2Xy *RPM'/* FEED TIME FROM SHEAR=',

€2X91PD15.4,2Xy "MIN'/' ZERO FEED YIME="',

$2X+1PD15.44 42X "MIN®Y
WRITE(12,1410) ACIDEF,RFACT, AFIAT, AFRAT, SDEN8, SH20M8, SHNDOM 8
WRITE(13,1410) ACIDEF,RFACT,AFIAT,AFRAT, SDEN8, SH20M8, SHNOMS
WRITE(6,1410) ACIDEF,RFACT,AFIAT,AFRAT,SDEN8,SH20M8, SHNOMS
FORMAT(//* ACID DEFICTENT CONCENTRATION FLAG=',2X,

$1PD15.442Xs *G-HNO3/L*/* REACTION RATE MULTIPLICATYION FACTOR=',

$2X+1PD1544/7' ACID FEED RATE INCREASE ANTICIPATION TIME=',

$2X+1PDL5. 442Xy *MINT/

¢% ACID FEED RATE REDUCTICN ANTICIPATION TIME=*,

$2X 41PD154442Xy *"MIN'/* RECUCED ACID FEEC RATE DENSITY=',

$2X+1PD15.4,42X,'G/L '/ RECUCED ACID FEED H20 FLOW=',2X,

$1PD15.4+2X4*KG/HR*/* REDUCED ACIC FEED HNO3 FLOW='42X,

$1PD15.442X*KG/HR )
WRITE(12,2020)YHNO3M8,HNC3F(8),H20M8, H2OF (81, DEN8yTF8,HNO3M 1,

¢HNO3F(1),H20M1,H20F(1),DENL1,TF1,y FNO3MY,HNO3F(Q), H20MG, H20F (9,

$DEN9, TF9,HNOV10,HNO3F(10),H20M10,H20(10),DEN1O,TF10
WRITE(13,2020)HNO3M8,HNC3F(8),H20M8,H20F (83, DEN8B,TF8,HNO3M1,

$¢HNO3F(13Y,H20M1,H20F(1) ,DEN1,TF1, KNC3M9,HNO3F(9), H20M9, H20F (9,

$CENS, TF9,HNOV10,HNO3F(10),H20M10,H20C10),DEN10,TF10
WRITE(6,2020)HNO3M8,HNC3F (8) ,H20M8,H20F(8),DEN8, TF8, HNO3M1,

$HNO3F(1),H20M1,H20F(1),0DEN1,TF1, HNO3M9,HNO3F (91, H20OM9, H20F (9,

$CEN9, TF9,HNOV10,HNO3F(10),H2GM10,H20(10)+DEN10O,TF10
FORMAT(//1X,20X," EXTERNAL FEED STREAMS MASS FLOW RATES!

$//1X,10X, '"COMPONENT ' 414X *DENS ITY (G/LV',7Xy *FLOW (KG/HR)?!

€ 44X, "CONCENTRATION (G/L)*/* FEED HNO3 TO STAGE 8',31X,F10.2,8X

$4F10.2/" FEED H20O 7O STAGE 8'432X+F10.2+8X4F10.2/

¢t TOTAL FEED TO STAGE 8'411XsF1l0.299Xs4F10.27/

$* CONDENSATE HNO3 TO STAGE 1'+25X4F10.248XyF10.2/

&' CONDENSATE H20 TO .STAGE 1'426X,sF10.2+8X,F10.2/

¢* TOTAL CONDENSATE TO STAGE 1'45XsF10.249X4F10.27/

€' CONDENSATE HNO3 TC STAGE 9's25XsF10.248X,F10.2/

$* CONDENSATE H20 TO STAGE 9'426X+F10.2+98X, F10.2/

$* TOTAL CONDENSATE TO STAGE 9'+5XyF1l0.2+9XyF10.27/

¢ ' RINSE HNO3 TO STAGE 9',30X,F10.2+8X,F10.2/

¢* RINSE H20 TO STAGE 9',31X,F10.2,8X,F10.2/

$* TOTAL RINSE LIQUID TO STAGE 9',3X,F10.2,9X,F10.2)
WRITE(12,2030) (1,BAKMIX(I1,B(1),BAKV(T),PLV(I),I=1,NS)
WRITE(12,2030) (1,BAKMIX(I1,B(I),BAKV(I},PLV(I),I=14NS)
WRITE(6,42030) (I,BAKMIX{(I),B(T3,BAKV(I¥,PLV(T),I=1,NS)
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2030 FORMAT(//1X426X s " *%% BACKMIXING DATA #¥xt//
$* STAGE*,10X,*PERICCIC"*, 10X, 'CONTINUQUS® ,10X, " MAXIMUM?®
£,10Xs *INTTIALY/
s #%911Xy *BACKMIXING®,9X, ' BACKMIXING', 10X, '"QUANTITY?®
$,10Xy *STAGE'"/1X,14Xs "WITH HULLS',
$10Xy "(L/MIN)*,11X,s"BACKMIXED"y 10Xy *VOLUME"' 71X, 15X, ' TRANSFER?
431Xy (L) "H15X,{LI'/1X,11X, (G SOLN 7 G HULLS)Y'/
$C(14,7X91PD15.443X,1PD15.,4+3%X,1PC15.4,3X,1PD1S.47}//
S1X 95X, " ®%%x  PLOTS REQUESTED *%%xt/)
IF(INOPTA.EQ.0.0D0) GOTO 2040
IF({ZNOPTD.EQ. 1.000) GOTO 2045

2063 IF(ZNOPTP.EQ.1.0D0) GOTO 2050

2065 IF{(ZNOPT3.EQ.1.0D00) GOTO 2055

2073 IF{ZNOPT7.EQ. 1.0D0) GOTO 2085
GROTC 2095

2040 WRITE(6,2042)

WRITE(12,2042)
WRITE(13,2042)

2C42 FORMAT(* NO PLOTS REQUESTEC'/)
GOTO 2095
2045 WRITE(6,+2047)

WRITE(12.+2047)
WRITE(13,2047)

2047 FORMAT(* DIGESTER CONCENTRATION PROFILES®)
GOTO 2063
2050 WRITE(6,2052)

WRTITE(12.2052})
WPITE(13,2052)

2052 FORMAT(* PARTICLE SIZE DISRTIBUTIONS')
GOTO 2065
2055 WPITE(E,2057)

WRITE(12,2057)
WRITE(13,2057)

2057 FORMAT (' CONCENTRATION HISTNRIES')
GOTO 2073
2085 WRITE(6,2088)

WRITE(12,2088)
WRITE(13,2088)

2C88 FORMAT(* CONCENTRATICN PROFILES'H
2095 CONTINUE
C
C
C
c BEGIN OF STEPWISE MATERIAL BALANCE.
C IN ALL CALCULATIONS IT IS ASSUMED THAT SOLIDS ENTER
C THE DISSCLVER AT STAGE 1 AND EXIT AT STAGE NS. IT IS
C ALSO ASSUMED THAT LIQUID ENTERS AT STAGE NS AND EXITS AT
C STAGE 1, FLOWING CCUNTERCURRENT TO THE SOLIDS.
C INITIALLY THERE ARE NO SOLIDS IN THE DISSOLVER AND THE
C ACTOD CONCENTRATION AND FLOWS ARE AT STEAQY STATE. i
c
c -
C
GO TO 800
€50 CONTINUE
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SET OFFTIM = H TO START WITH NC SOLIDS FEED TO DISSOLVER.
ALSO MUST SET CFUEL = 0.0D0 <.

OFF TIM=H
CFUEL=0.0D0
DO 900 INC=1,KSTOP

TIME STEP LENGTH ADJUSTMENT 70O AVOID OVER DISSCLUTION.

CALL TSTEP
IF{Hs LToP1+C) H=P1lHC

INCREMENT COUNTERS

TIME=TIME+H
PLTM=PLTM*H
T=T+H

T1=TL+H
DISTM=DISTM+H

ACID FEED CONTRGL
ASSUMES INITIAL SOLIDS FEED OF NON ZERO VALUE

IF(FEDTIM.GE.AFDAS) GOTO 3200
IFICFFTIM.GE.AFDAN) GOTG 3400
IF(OFFTIM.GE.P1HCY GOTC 3200
IF(TIME, LE.H.AND.OFFTIM.GE.P1HC) GOTO 3200
DEN8=CDENS

HNO3M8=CHNCMS

H20M8=CH20M8

GOTO0 3300

DEN8=SDENS8

HNO3M8=SHNCMS

H20M8=SH20M8

SHEAR FEED CCNTROL

IF (OFFTIM.LT.PLHC) GOTO 500
GFFTIM=0FFTIM+H

IF (CFFTIM.GT.ANFTIM) GO TQ 520
GOTD 510

OFFTIM=0.000

FEDTIM=H

TCFUEL=FUEL

GOTO 510

FEDTIM=FEDTIM¢H

IF (FEDTIM.GT.SHETIM) GOTO 450
TCFUEL=FUEL

GOYO 510

FEDTIM=0.0DO
IF(BATTIM,EQ.SHETIMIGOTO 510
OFF TIM=H

TCFUEL=0.0DO
CTF8=(HNO3M8+H20M81/DENS
H20F(81=H2CM8/CTF8

HNO3F {81 =HNO3MB8/CTF8
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FLEXT(8)=CTF8%THOVSX
CFUEL=TCFUEL*H
SSSCTH=SSSCT*H
FINESH=FINES*H
FUPIN=(CFUEL*FINESH)}/PINMAS

DC 2000 KD=1,NS
U308(KD)=PART(KD)I*PCU3C8
PUO2(KDI)=PART (KDI*PCPUC2
FPIKD)=PART(KD)*PCFP
COUKDI=UN(KDI+PN(KD}+FPN(KDI +H20 (KD ¢HNO 3(KD
PLVM(KD) =BAKV(KD) -

C
c USE OLD VOLUME AND NEW CONC TO ESTIMATE NEW VOLUME...
c ALSO USES OLD FLOWS TO DETERMINE VOLUME CORRECTION«..
c
KDP1=KD+1
VOLFLO=(FLEXT(KD)+FL{KDPL)-FL(KD})*H
PLVIKDI=CO(KD)*VIB(KD) /RHOLTQ(KDI+VOLFLO
C
C PURE LIQUIC VOLUME MUST NOT BE LESS THAN PLVM(TIt,..
c
C WRITE(6+511)PLV(KD)
Cc511 FORMAT(SX, 'PLV(KDY=*,F15.7}

TF(PLV{KD)LE.PLVM(KD)} GOTO 2100

TEST=PLV(KD)+SST(KDI +{PART (KDI*PLV(KD) +WTFUEL(KD))
¢ /ROATT-VO(KD)

IF(TEST.LE.Q.0DOY GO TC 2010

CKOUT=TEST*RASS(KD)

IF(CKOUT.GE.SLOTLMICKOUT=SLOTLM

FL(KD)=TK*(CKOUT) **POW

GO TO 2060

c
c ASSUMES NO INTERUPTION IN FLOW DUE SOL IDS TRANSFER,.
c
2

100 FL{KD)=0.,0D0
TF(PLV(KD)JLE.O.ODO)SUMPLY=SUMPLV+PLV(KD)
PLV(KD)=PLVM{KD)
TEST=PLVIKDI+SST(KD) + (PART (KDI*PLV(KD) *WTFUEL( KD}

¢ /ROATT-VO(KD)

GOTO 2060

2010 FLIKD}1=0.000
TEST=0.0D0

2060 VIKD)=VO(KD)+TESY

DVIKD) ={PLVIKDI-VIBI(KDI)/H

2000 CONTINUE
DO 770 K=1,NS
VIB(K)I=PLV(K)

170 CONTINUE
DO 200 KD=1,NS
DENOM(KDI=DVI(KD)+FLIKOD)+B(KD)
ZQT(KDI=DEXP(H*(-CENCOM(KD)I/PLVIKDI)
Z1MQT(KD)I=1.D0-2QT (KD}

c WRITE(6+512)DV(KD) 4FL{KD) 4 B{KD), DENOM(KD},PLV(KD), ZT(KD)
cs12 FORMAT(' '46(5X,F15.7)}
c WRITE(6+513)TIME

Ccs513 FORMAT(5X,F1E.7)
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CONTINUE

MATERT AL BALANCES CALC IN SUBRCUTINES WITH VALUES TRANSFERED
THROUGH CCMMONS.

CALL PARTIC
CALL SUBUN
CALL SUBPN
CALL SUBFN
CALL SUBHN
CALL SuBH2

CHOOSE PROPER UO2 REACTION EQUATION BASED ON HNO3 CONC,

CALL RXEQU

CALL DIGEST

CHECK WEIGHY OF U02,PUC2+,AND FP REMAINING IN FUEL

DETERMINE MAXIMUM CONCENTRATIONS AND ADJUST DENSITY

AND WEIGHT OF FUEL IN PINS. ALSO CHECK FOR ACID DEFICIENCY.
ADJUST MASS OF PARTICLES REMAINING AFTER REACT ION,

I1A=0
CALL WEIGHT

* SOLID/LIGQUID TRANSFERS INCLUCING BACKMIXING.

CALL TRANSF
DC 15 I=14NS
IFCUNMAX(T).GE.UN(I3) GO 7O 230

.- UNMAX(I)=UN(1)

TUMAX(I)=TIME
TF(PNMAX(T)1.GE.PN(TI) GO TO 240
PNMAX(TI)=PN(])

TPMAX(IV=TIME
IF(FNMAX(T).GE.FPN{I)) GO TO 260
FNMAX(I)=FPN{I])

TEMAX(TI=TIME
TF(HNMAX{T).GE.HNC3{(I}) GO YO 270
HNMAX(T)=HNO3 (1)

THNMX(I)=TIME
IF(H2MAX(T).GE.H20(TI)) GO TO 20
H2MAX(T1=H20(I}

TH2MX (1) =TIME

CONTINUE
WTU3C8(I)=WTFUEL({I1)*PCU308
WTPUO2 (T }=WTFUEL(T)*PCPUD2
WIFP(II=WTFUEL(I)*PCFP
U308{11=PCU308*PARTI(I
PUC2(T)=PCPUD2*PARTI(I)
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FP{I}=PCFP%PART(I)
COMA=(UN(TY+PN(ID+FPN(I)+H2O(T)+HNO3(T))*PLV(1)/1.003
D25=COMA—(D25C2%UN(T) +D25C3*PN(T1+¢D2SC4*HNO3 (T 1 I*PLV(T}
£25=COMA%D25C1/D25
RHOLIQ(I)=RHOC1*025+RHCC2-RHOC3*025-RHOC4

CONTINUE

ACID DEFICIENCY CCOUNTER...

DD 1760 I=1,NSM1
IF(HNO3(T).LT.ACIDEF) IA=TA#1
CONTINUE

TF(TA.GE.1) GOTO 1670

GOTO 1660

IAD=1AD*1

DIFIAD=TIME-TMOLD
IF(DIFIAD.GT.1.D0) GOTC 1680

GOTO 1660

TMOLD=TIME
WRITE(12,1710) TIME, (HNC3(1),1=1,NS)
WRITE(13,1710) TIME, (HNC3(1),T=1,NS)
WRITE(641710) TIME, (HNO3(I),1=1,NS)
FORMAT (/" TIME OF ACID DEFICIENCY=',2X,1PD15.4,2X, *"MIN'
ACID CONC :',2X,9(1PD10.3,1X))
TA=0

PRT=PRT+H

&/

PERIODIC DATA QUTPUT

RUNMI =RUN-HC

I (TIME.GE.RUNM1) GOTC 838

IF(PRT.GE.PRTTIMI GG TC 800

GC TO 910

PRT=0.0D00

GOTO 839

WRITE(13,840)TIME

WRITE(13,820}

WRITE (13,8300 (L UN(T)oT=14NSH,{(PN(I?,I=1,NS), (FPN({I},I=1,NS),
S(HNO3(I ¥ o I=1yNSHs(H20(I)+T=1,NS),(U308(I1,1=1,NSI,

S(PUD2(I ) yI=14NSIo(FP(I)yI=14NS), (PART(I)4I=1,NS))

WRITE(13,250((WTUBCB(T)yI=14NSIy (WTPUD2(T),+I=1,NS},

SIWTFP(I N 9I=1 NSH (WTFUEL(T)I=14NSI, (V{I),I=1,NS Y,
SPLVIIN yT=1yNSYH(SSTLI),I=1,NSH, (RHOLIQ(I),TI=1,NSH,
S(FL(TIY,I=1,NS))

WRITE(12,840) TIME

WRITE(6,8400 TIME

FORMAT(///7% TIME INTO RUN : *,F10.4,2X, "MIN")

WPITE(12,820)

WRITE(6,820)

FORMAT (/46X "%%% STAGEWISE PROFILES #%k%kt /¢ ¢,12X,106(*-"1¥/15X,
$ISTG L' 9 TX 9 'STG 247X, *'STG 3%y 7X4'STG 4" 37Xy *STG 5%y 7X4 'STG 64,
EIXW'STG T4 TXs'STG 8'y7X4'STG 9/ ',12X,106('-")/
¢¢ COMPONENT',23X, 'CONCENTRATION CF COMPONENTS DI SSOLVED',
$Y IN LIQUID (G/L)*/" '49('=")422X,55("'-"1/)

WRITE(12,8303C(UNCT),I=14NSI,(PN(T },I=14NSH, {FPN(T},T=1,NS),
S(HND3(I ) s 1=1¢NSI4{H20(T),I1=1,NS),(U308(1)yI=1,NS),
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S(PUG2(I b}y T1=14NSH,(FP{I),I=14NS), (PART(IV,I=1,NS})
WRITE(6,+830)((UN(IVsI=1,NSHIs(PN{T),I=1 NSI,{FPN(I),T=1,NS),
S{HND3 (1) 41=14NS) 4 (H20L1},I=1,NS),(U308(10y1I=14NS),
S(PUC2(T 1 s T=14yNSY(FPCIDyI=14NS)y (PART(ID4I=14NSI)

$3i
$S(

FORMAT (* UC2(N0O312',2X,9(1PD10.3,2X)3/"*
1PD10.3,2X)/* FP(NO313.39',9(1PE10.3,2X
1PE10.34,2X0/* H20'48X,9(1PD10.3,2X1¥/"* !

PUIND314*,3X,
1/ HNO2',7X,
11180 '-"1/41X,

$ 'CONCENTRATICN OF SUSPENDED FINES (G/L1'/*' *,39X,40(*-"3¥/"' UQ2 *,
$IX+9(1PD10.3,42X)/* PUD2' ,TXsS(1PD10.3,2X?

s/t

TOTAL',6X+9(1PD10.3,2X1/" *,118(*-* 1}
WRITE(12,25) ((WTU308(T1Y,I=1,NS}), (WTPUD2

/' FuaP.'y7X+9(1PD10.3,2X)

(11,71=1,NSY,

S(WTFP(ID s E=14NS) 4 (WTFUEL(I 1 4T=14NS)o(V(I),yI=1,NS),
S(PLV(TI)sT=14NSYo(SSTUI),I=14NS), (RHOLIQUIN,I=1,NSH,
$(FLLI),I=1,NS)) ’

WRITE(6,25) ((WTU3GB(IN,I=1,NS},(WTPUD2(

1),1=14 NS,

SIWTFP(I Vo I=14yNSH o IWTFUEL(IN yI=14NSIo(V(I,1I=1,NS),
SPLVIT) oI=14NSH,(SST(I),1=14NS), (RHOLIQ(I?),T=1,NS}),
SFLLLY, I=1,NS))

FORMAT(' *,40X,*QUANTITY UNDISSOLVED IN

$39X,39( =)/ UD2 *,TX49(1PD10.3,2X1/* PU

%
&

$S¢(

FaPoty7Xs9(1PD10.342XH/" TOTAL'»6X,9(1P

FUEL PINS (G /* v,
02%'+7X,5(1PD10.342X ¥/
D10.342X¥/" ',118('-*)/

'953X, "VOLUME (L3*'/7® *,52X%,12('—*}/" TOTAL STAGE®
$49(1PD10.3,2X) /" LIQUID CNLY'*,9(1PD10.3,2

1PD10.3,2X3/" *4,118(*—*¥/"' ' ,52X+*DENST

$15¢('=*1/* LIQUID'"+5X,911PD10.3,2X)/" *',11
$STFLOW RATES (L/MINI'/* 1,48X,20('-*¥/' LI
$5X+9(1PD104342X¥/" *4118('-*)/)

CONTINUE
IF(TIME.LT.P1HC) . GO TO 911
IF(PLTM.GELPLINC) GO TC 911
GO TO 912
PLTM=0.0D0
IDX=10X¢1l
PLTIME(IDX)=TIME
DO 912 IKE=1,NS
PLU3OB(IKE,TDX¥=U3CB(IKE}
PLUN(IKE,IDX¥=UN(IKE}
PLPUO2 {IKE,IDXV=PUC2 (IKEY
PLPN(IKE,ICX)=PN{IKE}
PLFP{IKE,IDX)=FP(1KE)}
PLHNO3 ( TKE, IDX)1=HNO3 (I1KE)
PLH20( TKE, IDX¥=H2C(IKE
PLFPN( IKE, IDX)=FPN(IKE?Y
PLPART(IKE,.IDX)=PART(IKE})
PLWTT( IKE, IDX)=WTFUEL( IKE)
PLSST(IKE,IDX)=SSTMSS( IKE)
CONTINUE
IF(TIME.LT.P1HCIGOTO 850

TOTAL U AND PU FED TO STAGE 1.

I0ON=1

IF(OFFTIM.GT4P1HC)ION=0

ETOTUF=ETOTUF+ (FINESH+CFUEL) *ICN*PCUPER
ETOTPF=ETOTPF+(FINESH+CFUEL)*ICN*PCPPER

X)/% STAINLESS',2X
TY (G/7L' /Y 451X,
8{'—=' ¥/ ',49X,
QuID',
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TOTAL URANIUM AND PLUTCNIUM QUT OF STAGE 1..

FUELOT=C.0DO0

DO 600 KNS=1,NRWM1

FUELDT=FUELOT+P(1,KNS?
TOTUGL=TOTUOL ¢+ (FUELOT*PCUPER+UN{1IRUPERUNI=FL{ 1¥%*H
TOPUOL=TOPUOL* (FUELOT*PCPPERPN{ 11 *PPERPNIXFL( 11%H
DIGPAR=DIGPAR+FUELQTXFL{])*H

TOTAL U AND PU OUT OF STAGE NS...
TOTUOF =TCTUDF +UQWF
TOPUOF =TCPUOF+ POWF

STAGE HOLDUPS

UACC=0.000

PUACC=0.000

DO 2090 J=1,NS .
UACC=(U3C8LJI%PLV{JI+WTU3OB(JYI*UPERU3+

SUN(J) *UPERUN*PLV(J) +UACC

PUACC=(PUC2(JI*PLV (I +WTPUC2 (J) I *PPERPU+

SPN(JI*PPERPN%PLV(J) +PUACC

CONTINUE

FFI=FFI&¢H

IF(FFI.GE.1.0D0)GQ TO 2070
GO TO 2080

FFI=0.0D0
UCUTT=TOTUOL+TOTUCOF+UACC
POUTT=TQPUCL¢TOPUOF*+PUACC

IF (FEDTIM.LE.PIHC) GOTO 400
UFEED=UFEEDC*TIME
PFEED=PFEEDC*TIME

GOTO 420

UFEED=0.000

PFEED=0.0D0
UDIFF=UOUTT-UFEED
PDIFF=POUTT-PFEED
WRITE(13,3100)

FORMAT (/46X *TIME' 22X, U(CUT) *,11X,*PU(DUTY *, 93X,

STU(FED) * 410X "PU(FEDY " 46X, *U{DUTI-U(FEDI 'y 2Xy ' PU{CUTI-PU(FEDI "

¢t
¢

WRITE(13,3000) TIME,UOUTT,PQUTT ,UFEED,PFEED,UDIFF,PDIFF
FORMAT(1X,7(1X,1PD15.5)

CONTINUE

RUNM1 =RUN-HC

IF(TIME.GE.RUNM1)GOTO 1140
IF(DISTM.LT.PRDISTY GO TO 1120
WRITE(6,41080)TIME

WRITE(12,1080)TIME

FORMAT(//* TIME ='42X,1PD10.3,2X,*MIN*/
1932X,y VRE% PARTICLE SIZE DISTRIBUTION',
PROFILE DATA kR0 0, 115( -1/ ',14X,

$¢STG 1',17X,*STG 2'417X4*'STG 3, 17X, "'STG 4, 17X, 'STG 5/

L3

GROUP*,2X, *RADTUS?
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$ 46Xy *CONC' ,6Xy *RADIUS' 946Xy *CONC! 56Xy
S 'RADTUS ' 46Xy '"CONC* 46X, *RADIUS® 46Xy *CONC* 36Xy *RADTUS* ,6X, *CONC?
LY #093X9 " (MICROND * 45X {G/L)"* 44X, * {MICRON)' 4 S5X*'(G/L ", 4X,
EO(MICRON) " 45Xy " (G/LY " 44X " (MICRONI "y 5X, ' (G/LH* 44X, (MICRON)?
$EX T IG/LY Y/
&0 ,115(-"1/)
JF(TIME.GE.RUNM1Y GOTO 1078
GOTO 1078 :
1078 WRITE(13,1080)TIME
1079 D0 1090 M=1,NG
WRITE(12,1100) My (RMS{T,M)4P(I,M)y1=1,5)
WRITE(6,11003M, (RMS(T, M) ,P(T,M),1=1,5)
IF (TIME.GE.RUNM1?) GOTC 1101
GOTO 1090
1101 WRITE(13,1100IM, (RVNS(T ,M},P(T,M},I=1,5)
1100 FORMAT(1Xs14,10{1X,1PD10.3}}
1090 CONTINUE
DO 1170 M=6,NS
IF(PART(M).GT.0.000) GC YO 1190
1170 CONTINUE
GO TO 1180
1190 WRITE(64+1110)
WRITE(12,1110)
IF {(TIME.GE.RUNM1Y GOTC 1210
GOTO 1220
1210 WRITE(13,1110)
1220 CONTINUE
1110 FORMAT(///7"% 432X, th%% PARTICLE SIZE DISTRIBUTION®,
$* PROFILE DATA &R O/V 1,115( -1/ ',14X,
$'STG 6%y 17Xy 'STG 7*317X,'STG 8, 17X, 'STG 9/
$' GROUP',2X,*RADIUSH
96Xy *CONC* 46X, *RADIUS* y6X,'CONC' 46X,
$ 'RADIUS*,6X, "CONC*,6X,*RADIUS',6X, *CONC!
$/° H#HY 33X "IMICRONY "45X,* (G/L) " 44X,y * (MICRON}® ,5X*(G/L I, 4X,
SY{MICRONDI ' 45X Y (G/LY ' 44X, {MICRON) ¥y SX, ' {G/LV'/
¢t YL115(*-") /)
DD 1160 M=1,NG
WRITE(12411300My (RMSCT M), ,P(T4M)oI=6,NS)
WRITE(691130IM, (RMS(T,M),P(T4M¥,T=6,NSH
IF (TIME.GE.RUNM1) GOTC 1230

GOTO 1240
1230 WRITE(13,11300M, (RMS(I MI,P(T,M),T1=6,NS)
1240 CONTINUE
1130 FORMAT(1X»14,8(1X,1PD10.3)

1160 CONTINUE
1180 DISTM=0.0D0
1120 CONTINUE
IFCTIME.GE.RUN) GO TO 1150

500 CONTINUE
IF{TIME.GE.RUN) GC T3 1140
1150 TOTUO=TOTUCL+TOTUCF

TOPUO=TOPUQL+TOPUCF
UIN=FEDRAT*PCUPER*FFTIME
PUIN=FEDRAT*PCPPER*FFT IME
UOUTI=TOTUC1/TIME
PUQUT1=TOPUCL1/TIME
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UOUTF=TOTUOF/TIME
PUBUTF=TCPUCF/TIME
UouTOo=U0UT1+yoOUTF
PUOUTO=PUCUTI] + PUBUTF
FLTOS1=SUMFLP+SUMFLF
TOTUT=FLYOS1%PCUPER
TOTPUI=FLTCS1*PCPPER
TUPUSL=TCTUI+TOTPUI

% TRANSFER THRU FLAPPER VALVE,

ETSUM=ETOTUF+ETOTPF
PTFTFV=TUPUS1*100.000/ETSUM

USE TOTAL TIME MATL. BAL. TO GET PROJECTED ACCUMULATION,

ACCU=TOTUTI-TOTUO
ACCPU=TOTPUI-TOPUO
UALL=TOTUO+#ACCU
PUALL=TOPUC+ACCPU
UPART=0.000
UPINS=0.000
PUPART=0.000
PUPINS=0.000
UDLI0=0.0D0
PUDLTIQ=0.000
PINUMM=0.0D0

UNDISSOLVED HEAVY METALS IN PARTICLES OR- PINS,

DO 1075 L=1,NS
UPINS=UPINS+(WTU308(L)*UPERU3)
PUPINS=PUPINS+ (WTPUO2 (L) *PPERPU}
UPART=UPART+ (U308 (LI*PLV(LI*UPERU3)
PUPART=PUPART#(PUC2(LY*PLV(LI*PPERPU)}
UDLTIQ=UDLIQ+PLV(L)*UN(L)*UPERUN
PUDLIQ=PUDLIQ+PLV(LI%*PN(LI*PPERPN
PINUMM=PINUMM+PPSTG(L)

CONTINUE

U FEED T0 STG 1 FROM FLAPPER VALVES.

SMPUF1=SUMFLP=PCUPER
SMFUF 1=SUMFLF%PCUPER

ACTUAL ACCUMULATICN AT END OF RUN.

ACTUA=UPINS+UPART+UDLIQ
ACTPA=PUPINS+PUPART+PUDLIQ

ACTUAL MASS OUT QVER TCTAL RUN PLUS HOLD-UP.

CALLA=TOTUC+ACTUA
PUALLA=TCPUC+ACTPA

DIFFERENCE BETWEEN ACTUAL FEED AND ACZTUAL MASS CUT PLUS

HOLD-UP
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c
UDIFP=DABS{TOTUI-UALLAI*100.D0/T0OTUI
PDIFP=DABS{TOTPUI-PUALLAI*100.00/TQTPUI
PCUBAL=UALLA*100.00/T0OTYI
PCPBAL=PUALLA*100.D0O/TCTPUT

C

c TOTAL U HOLD-UP IN FLAPPER VALVE AND % OF TOTAL FEED

c

FLPHLU=(FEDONE+FINESFI1*PCUPER
PCFLTF=FLPHLU%*1.02/7T0TUI
SUMOD=SUMNEG+SUMNEP
C WRITE(6,93)TOTUTI,UALLA,TOTUO,ACTUA,UCIFP,PCUBAL
c 93 FORMAT(///77,6(F20.100,//77/)
WRITE(12,90) UIN,PUIN,UQUT], PUCUTlvUOUTFyPUOUTF UouTOo,PUOUTO
WRITE(13,90) UIN,PUIN,UOUTL,PUCUT],UCUTF,PUOUTF,U0UTO,PUDUTO
WRITE(6,450) UIN,PUIN,UCUTL1,PUOUT]1,U0UTF, PUDUTF,UDOUTO,PUOUTO
S0 FORMAT(/ /715X, APPROXIMATE FLOWS'//
€' APPROXIMATE U FEED QATE' v 2Xy
$1PD15.4,2X4*G/MIN'/
t' APPROXIMATE PU FEED RATE=',2X,1PD15.4, 2X, "G/ MIN*/
$* TOTAL U FLOW OUT LIQUIC PHASE='92Xs1PD15.442Xy *G/MIN'/
$* TOTAL PU FLOW CUT LIQUID PHASE='42Xy1PD15.49 2X'G/MIN'/
$' TOTAL U FLOW UNDISSOLVED IN FUEL PINS='32X,1PD15.44+2X, 'G/MIN*/
$' TOTAL PU FLOW UNDISSOLVED IN FUEL PINS=',2X, 1PD15.4y2Xy*G/MIN®
$/' TOTAL U FLOW OUT=',2X,1PD15.4,42X, *G/MIN'/* TOTAL PU FLOW OUT=
$2X11PD15.442Xy*G/MIN®)
WRITE(12,95)TQTUTL, TOTPUL,TOTUCL, TOPUCL1,TOTUOF, TOPUOF, UPINS,
$PUPINS, UPART,PUPART,DIGPAR,TOTUO,TOPUC
WRITE(13,95)TCTUL,TOTPUI,TOTUOL1,TOPUCY,TOTUDOF, TOPUOF,UP INS,
$PUPINS,UPARY,PUPART,DIGP AR, TOTUC,TOPUO
WRITE(6,65)TO0TUI,TOTPUTL,TOTUOL,TCOPUC], TOTUOF,TCPUOF,UPINS,
SPUPINS, UPART+PUPART,,DIGP AR, TOTUQ,TOPUD
S5 FORMAT(///15X,*TOTAL MASS BALANCE'//* TOTAL U FEED="',2X,
$1PD15,4 42X+ "G*/* TCTAL PU FEED="',42X,1PD15.4+2X4'G"/
$* TOTAL U QUT STAGE 1=',2X+1PD15.4,2X,'G*/" TOTAL PU OUT STAGE 1="
$492X91PD15.442X4'GY/
£ TOTAL URANIUM FRCM RINSE STAGE=*
$92X91PD15.442Xy*'G*/
$¢* TOTAL PLUTCNIUM FRCM RINSE STAGE=*
$42X+1PD15.442X,'GY/" TOTAL U UNDISSOLVED IN FUEL PINS=', 2X,
€1PD1S.4,2X,*G*/* TCTAL PU UNDISSCLVED IN FUEL PINS=*',2X,
51PDY15.442X, G/ TOTAL U IN PARTICLES UNDISSOLVED=', 2X,
$1PD15.4,2X,'G*/" TOTAL PU IN PARTICLES UNDISSOLVED="'42Xy
$1PD15.4,+2X,°G*'/* TOTAL SUSPENDED PARTICULATE TO DIGESTERS=
$2X91PD15.4+42X,'G/
¢' TOTAL U CUT OVER TOTAL RUN=',2X,1PD15.442X+'G'/
$¢ TOTAL PU QUT OVER TOTAL RUN=',2X41PD15,442X,'G*) -
WRITE(12,15003UDLYQ,PUDLTIQ,SUMPLV,SMPUF1,SMFUF 1, PTNUMM
S'PCONTy { PARTP(I’vI=11NS'
WRITE(13,15003UDLIQ,PUDLIQ,SUMPLY,SMPUF]1,SMFUF1,PINUMM
¢ 4PCONT, (PARTP(1),1=1,NS)
WRITE(6,1500)UDLIC,PUDLIQ,SUMPLY,SMPUF1, SMFUF1,PINUMM
¢ PCONT, { PARTP(I),I=14NS)
1500 FORMAT(//* TOTAL U DISSOLVED IN LIQUID TNVENTORY IN DISSOLVER—'
$2X91PD15.4+42X, 4 (GY*/
$% TOTAL PU DISSOLVED IN LIQUID INVENTORY IN DISSOLVER=!
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$92Xs1PD15. 442X, (G) /" CCRRECTED SUM OF LIQUID VOLUMES=?,
$2X91PD15.442X, (L) Y/ TOTAL U IN PINS FED TO STAGE 1 FROM FLP=?
$42Xe1PD154442X,*(GV /" TCTAL U FINES FED TO STAGE 1 FROM FLP=',
€2X 41PD15.4+2Xy*(G) Y/ :
$' TOTAL NUMBER OF PINS REMAINING IN DISSOLVER=?
$42X,1PD15.4/
$¢' TOTAL NUMBER OF PARTICLE STIZE CGROUP DEPLETION TRANSFERS=*
$,2X,1PD14,2//
$36Xy Yx%x*x MASS OF PARTICLES DISSOLVED IN EACH STACE (G) %%t/
$Y 1,12X,106('="1/15X4*STG 137Xy 'STG 2%, TX4*STG 3',7X,'STG 4
$9TXe*STG SY4TX4'STG 6% TX,*STG 7' TXs*STG B 97Xy *STG 9%/
&Y 1,12X,106(*-*1/* ',10X,9(2X,1PD10.3))
WRITE(12,85) ACCU,ACCPU,UALL PUALL,SUMNEG,SUMNEP,SUMOD,SUMHNO
$ ySUMFIN, SUMFOU,WTFUEL{9) 4SUMPIN, SUMPOU,PPSTG(9)
WRITE(13,85) ACCU,ACCPU,UALL,PUALL,SUMNEG, SUMNEP,SUMOD, SUMHND
$ 9 SUMFIN, SUMFQU,WTFUEL (9 ySUMPIN, SUMPOU,PPSTG{9)
WRITE(6485) ACCU,ACCPU,LUALLyPUALL, SUMNEG, SUMNEP, SUMDD, SUMHNO
% o SUMF IN, SUMFCUWTFUEL (91 +SUMPIN, SUMPOU,PPSTG (9
FORMAT (/' FROJECTED URANIUM HOLD-UP IN DISSOLVER=1,2X,
$1PD15.442X,'G'/* PRCJECTED PLUTONIUM HOLD-UP IN DISSOLVER="'
€ 42X91PB15.442X,*G*/Y PROJECTED TCTAL U OUT PLUS HOLD-UP="*
$42X91PD15e442X,G*/
¢¢ PROJECTED TOTAL PU OUT PLUS HOLD-UP=1',2X,1PD15.4+2X+*G*//
¢¢ CORRECTEC NEGATIVE SUM OF OVER DISSOLUTION FROM PINS=*,2X
$91PD15.442X%X,'G/
&' CORRECTED NEGATIVE SUM OF OVER DISSOLUTICON OF PARTICULATE=?,
$2X31PD15.4,2X,'G*'/* TOTAL CORRECTED OVER DISSOLUTION="',2X,
$1P0154442X4,*G*/' SUM OF HNO3 DEPLETIONS=', 2X,1PD15.4%,
$9G*'/* TOTAL FUEL IN PINS FED TO STAGE 9=',2X,
21PD15.4,2X,'G*'/* TOTAL FUEL IN PINS OUT OF STAGE 9=*,2X,
$1PD15.4,42X,'G*'/* TOTAL FUEL IN PINS IN STAGE 9=',2X
$41PD15,44+2X,'G*'/" TOTAL # PINS FED TO STAGE 9="', 2X,
41PD15.4/7" TOTAL # PINS CUT QOF STAGE 9=',2X,1PD15.4/
4¢ TOTAL # PINS IN STAGE 9=',2X,1PD15.4}
WRITE(12,1420) ACTUA,ACTPA UALLA,PUALLA, FLPHLU,UDIFP,PDIFP
$,PCUBAL,PCPBAL,PCFLTF
WRITE(13,1420) ACTUA,ACTPALUALLA,PUALLA, FLPHLU,UDIFP,PDIFP
£,PCUBAL ,PCPBAL,PCFLTF
WRITE(6,1420) ACTUA,ACTPA,UALLA,PUALLA,FLPHLU, UDIFP,PDIFP
$,PCUBAL,PCPBAL,PCFLTF
FORMAT(//' ACTUAL U HOLD-UP IN DISSCLVER=',2X, 1PD15.4,42X,'G"'/
$* ACUTAL PU HOLD-UP IN DISSOLVER=',2X, 1PD15.4,2X,'G*/
¢ ACTUAL U CUT PLUS DISSCLVER HOLD-UP=*,2X,1PD15.442X%X,*G*/
$¢' ACTUAL PU CUT PLUS DISSOLVER HOLD-UP=*,2X,1PD15.4,2X,'G"*/
¢' ACTUAL U HOLD-UP IN FLAPPER VALVES=',2Xs1PD15.442X,'G"/
&' T DIFF BETWEEN ACTUAL U FED AND U OUT PLUS HOLC-UP='
$92Xy1PD15.492Xy "2/
¢* % DIFF BETWEEN ACTUAL PU FED AND PU CQUT PLUS HOLD-UP="
$ 42X 1PD15. 442X % ///
$¢' U OUT OVER U FED PLUS HOLD-UP=1'42X,1PD15.4,2X, %'/
$' .PU OQUT OVER PU FED PLUS HOLD-UP=1,2X,1PD15.442X,*Z"/
$* 2 OF TOTAL U FEED IN FLAPPER VALVE HOLD-UP=',2X,
$1PD15.4,2X,* 2 /)
WRITE(6,1800)ETCTUFLETCTPF,ETSUM,TUPUS1, PTFTFV
WRITE(12,1800)ETCTUF,ETOTPF, ETSUM, TUPUSL,PTFTFYV
WRITE(13,1800)ETCOTUF,ETOTPF,ETSUM, TUPUS] ,PTFTFY
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1800 FORMAT(//* TOTAL U FED TO FLAPPER VALVES=',2X
£,1PD15.4,2X,'G*'/Y TCTAL PU FED TC FLAPPER VALVES=',2X,
$1PD15.442X,'G*/

&Y TOTAL U PLUS PU FED TQO FLAPPER VALVES="', 2X,
$19015.442X4'G*/

¢ TOTAL U PLUS PU FED TO STAGE 1 FROM FLAPPER VALVES=!
£ 42X91PD15.442Xy'G*/

&' PER CENT TRANSFER THRU FLAPPER VALVES=?*,
$2X41PD15.4,'%)

WRITE(12,1070)IAD, (UNMAX(TI),1=1,NS),(TUMAX(T}, I=1,NS),
S(PNMAX(T)I=1,NS) (TPMAX(I) 4T=14NS), (FNMAX(I), I=1,NS)
So(TEMAX (T o I=1 4NSHJ(HNMAXET § 3T=14NSHy (THNMX( I ,T=1,NS)
Ey(H2ZMAXLI T 5 I=1 yNSI 4 (TH2MX(T) ,I=1,NS)

WRITE(13,1070)TAD, (UNMAX(T3¥,1=1,NS ), (TUMAX(T), T=1,NSH,
E(PNMAX(TI )4 T=2oNS)IL(TPMAX(T¥,1=1,NS), (FNMAX{IY, I=1,NS
Sy (TEFMAX(TI ) yI=14NSH, (HNMAX(T)4T=1,NS)y (THNMX(TI) ,I=1,NS)
¢ (H2ZMAX{T )3 I=14NS)(TH2MX(1),1=1,NS}

WRITE(6,10700TAD, (UNMAX(I ) ,1=1,NS), (TUMAX(I),I=1,NS}H,
S(PNMAX{ IV o I=1gNSYL,{TPMAX (T, T=14NS ¥y (FNMAX(I¥, 1=1,NS)

SS9l TEFMAXCI ) yT1=1,NSHIHNMAX(T) 4T1=1,NS), (THNMX{I),1=1,NS)
S o (H2ZMAX(T) 4 I=14NS) L (TH2MX{I) 4,I=1,NS)

1070 FORMAT(//* NUMBER OF TIME STEPS WITH ACID DEFICIENT COND.="',
E2X 4157737 X,y t %%k MAXIMUM FREDICTEC CONCENTRATIONS (G/L)Y #*%kxt/
Y 1,12X4206("-") /715X 'STE 1" ,7X4*'STG 2',7X'STG 3'37X,*'STG 4°*
E9TXe"STG S5'9TX*'STG 6% 9TXy"'STG 7'y TX4*STG 8',7X, 'STG 9%/
€0 1,12X,106(°-1)/* COMPONENT/TIME (MINY'/* t,19(*-%)/
€' UD2(NO3)2'42X+9(2X41PD10.3¥/* TIME',7X,9(2X, 1PD10.3¥/
$Y ,44X4,30(*-*)1/" PU(NO3I4",3X,9(2Xy 1PD10.31/' TIME',TX,
$C(2Xy 1PDLO0L3Y/Y ' ,44X,30('-*)/"* FP(NDO311,18',9(2X,1PD10.3)/
$¢ TIME® 37X 99(2X31PD10.30/7" ' ,44X430(*=*¥/* HNQO3',7X,
S$C{2Xy1PD10.31/" TIME' 37X 49(2Xs1PD10.3)/" *,44X,30(*=-"1/
€t H20',8X49(2X,1P0D10.3V/" TIME®,TX,9(2X,1PD10.307/" ¢,
$44X430(=2 )71/

WRITE(12,1200) ITSAC, JJPART,MMUN,NNPN,NMNFP,MMHN, TTH2
$,SUMD1, SUMD2

WRITE(13,1200) ITSAC, JIPART,MMUNJNNPNyNNFP ,MMHN, ITH2
¢,SUMD1, SUMD2

WRITE(64,1200) ITSAC, JIPART ¢MMUN, NNPN,NNFP,MMHN, T1IH?2
$,SUMD1, SUMD2

1200 FORMAT(//* NUMBER OF TIME STEP REDUCTIONS=*,2X,16//

$¢ MAXIMUM # TTERATIONS IN PARTIC=*,2X,16/
$* MAXIMUM # ITERATIONS IN SUBUN=',3X,16/
s MAXIMUM # TTERATIONS IN SUBPN=',3X,16/
$t MAXIMUM # ITERATIONS IN SUBFP=',3X,16/
$* MAXIMUM # TTERATICONS TN SUBHN=',3X,76/
$¢ MAXIMUM # TTERATIONS IN SUBH2=*,3X,16/

$//*' NEGATIVE SUM OF OVER DISSOLUTICN OF PARTICLES',

$* IN DIGESTER # 1 ='42X,1PD15.442X,"'G*/* NEGATIVE SUM DOF"*,
$' OVER DISSOLUTION OF PARTICLES IN DIGESTER # 2 =1, )
$2X41PD15.4492X9'G") :

C REUSING OLD ARRAYS TQO STORE STAGEWISE INVENTORIES...
DO 3500 K=1,NS

UNMAX (K} =UN(K)*PLV (K}
PNMAX (K¥=PN(KI*PLV (K}
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FNMAXIKI=FPN(KI%*PLV(K)

THNMX (K)=U308(K) *PLV(K)

TH2MX(K)I=PUD2 (K} %PLV(K)

TEMAX(KI=FP{KI=PLV(K)

HNMAX (K3 =HNO3 (K)*PLV (K}

HZMAX({K)=H20{ K} *PLV({K)

TUMAX (K) =( UNMAX (K} *UPERUN+THNMX(K) *UPERU3) +
SWTFUEL(K)*PCU308*UPERU3

TPMAX (K) =( PNMAX{K)*PPERPN+THZMX{KI*PPERPU) +
SWTFUEL(K 1 %PCPUO2%*PPERPY

COCKY=TUNMAX(K) +TPMAX (K}

UPA(K)I=(THNMX(KIXUPERU3V/PLV K]

PUPA(KI={THZMX(K)*PPERPUI/PLV(K)

DEPTH{K)=UNMAX(K)*UPERUN/PLV (K)

RASS(KI=PNMAX (KI%PPERPN/PLV{K}

AS{K)=DEPTH(K)+RASS(K)}

PLVM{KY={WTFUEL(K1*PCU308*UPERU3)/PLVIKI

VIBIK)I=WTFUEL{K)*PCPUD2*PPERPU/PLV (K]

CO2(K)=UYPA(K) +PUPA(K)

CO3(KI=PLVM(K) +VIBIK)

FOUKI=HNC3(KI /WMOLHN

CONTINUE

CUTPUT STAGEWISE MASS INVENTORIES...

WRITE(643600VTIME
WRITE(12,3€6001TIME
WRITE(13,3600)TIME
FORMAT(///37TXy"%%% STAGEWISE MASS INVENTORY (G) AFTER *,F8.2
$4' MINUTES %x2%xv/
$0 T, 12X,106( -1 /15XSTG 1" 47Xy *STG 2"y 7TXy*STG 3',7X,'STG &°
€ e T7Xs'STG 5"y 7X+*'STG 6"y TXy'STG 7'y 7X4'STG 847Xy 'STG 9/
&t ',12X.106("-") /" COMPONENT /' *,10('-")/)
WRITE(643700) (TUMAX{T 1 4I=1,NSH,, (TPMAX(I}, I=1,NS)H,
S{COCT 1, T=1,NSHs CUNMAX(TY,I=1,NS),(PNMAX(I¥,I=1,NS}),
S{FNMAX({T 19 T=14NS) o (HNMAX(TID,T=1,NS), (HZMAX (1}, I=1,NSH,
C(THNMXCT ) yI=1gNS) o (TH2MX (1) 4, I=14 NS, (TFMAX (I, I=1,NS)
WRITE(6,+3650)(DEPTHLTI ) ,1=1,NSH,(UPA(TI)  I=1,NS),(PLVM(TI), I=1,NS)
Sy {RASS(TI 1 ,I=1,NSY, (PUPA(TY,T=1,NSY,(VIB(I),I=1,MS)
$2(AS(I),I=14NSY,(CO2(1),T=1,NS},(CO3(1),I=1,NS),
S(FO(IY,I=1,NS)
WRITE(12+3700)(TUMAX(TI },I=1,NSH, (TPMAX(I),I=1,NSH,
S{COCTIN o I=1oNSH,y {UNMAX(T 4T=1,NS),(PNMAX(IV,I=1,NS},
S(FNMAX(T ¥}y I=14NSI oy (HNMAX(T) s I=14NS)y (H2ZMAX{T), I=1,NSH,
S(THNMX(I Y 4I=14NS) o {TH2MX(T )4 TI=14NSH, (TFMAX(I), I=1,NS)
WRITE(12+3650)(DEPTH(T ),T=1,NSH, (UPA(T1),I=1,NSH,(PLVM(I},I=1,NS)
Sy (RASS(T1,4I=1,NSYI4{PUPA(I),T=14NSU,(VIB({TI),I=1,NS} '
SelASLIN1=1,NS) L (CO20T ), 1=1,NS¥,{CO3(1)y1=1,NS),
E(FCLIN,I=1,NS)
WRITE(L13,3700)(TUMAX(I),1=14NSHy (TPMAX(I),TI=1,NS),
S(COCT 1, T=1 NSH, (UNMAX(T) oTI=14NSH,(PNMAX(TI,T1=1,NSYH,
C(FNMAX{T 3 ,I=14NSI o (HNMAX(I) 4 I=14NS),y (HZMAX (I}, I=1,NS}),
S{THNMX(T) 4I1=1,NS), (TH2MX(T) 4 T1=1,NSH, (TFMAX(I), I=1,NS)
WRITE(1343650)(DEPTH(TI 1yI=1,NSY, (UPA(IN,I=1y, NS, (PLVM(TI),I=1,NS)
LS4 (RASS{T I 4 I=1,NSH,(PUPA(I},I=1,NSI,{(VIB{(IV,1=1,NS}
G UAS(I) g I=14NS) L (CO20(TH 4 I=14yNSI,(CO3(I11,1I=1,NS ),
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S{FOLTI1,I=1,NSH

2700 FORMAT(® URANIUM®,4X,912X,1PD10.3) /% PLUTONIUM*,2X,
$G(2X41PD10.3)/* U+PU',TX,9(2X,1PD10.3)/"' ' ,44X,30('-")/
$¢ UD2(NO312*,2X,9(2X,1PD10.31¥/"' PU(NO314°*,3X,9[2X,1PD10.31/
$Y FPINO3)2.3€'",9(2X,1PD10.3V/" *,44X,3C(*=" )/

$¢ HNO3',7X,9(2X,1PD10.3) /% H20',8X49(2X, 1PD10.3) /" *,44X,30('-*)/

$¢ UD2',8X,9(2X,1PD10.3)/"' PUD2',7X+9(2X, 1PD10.3)/
S FPIOY1.,1T77€'49(2X,1PD1C.30/" ',44X,3C('-*)/
S 1,44X,30('-"))

3650 FORMAT(/ /37X, '**% ADDITIONAL CCNCENTRATIQON DATA *%x*¢/
$Y UIG/LILQ"93X+9(2X41PD1C3) /" UIG/LIPT',3X,9(2X,1PD10.3)
$/' U(G/LIPN'+3X,9(2X,1PD10.3)/" PU(G/LILQ"*+2X,9(2X,1PD10.3)
¢/' PUIG/LIPT'42X49(2X,1PD10.3) /" PU(G/LIPN®y2X,9(2X, 1PD10.3)
£/' U+PULG/LILG,9(2X,1PD10.3)/"' ULPU(G/LIPT',9(2X,1PD10.3)/
$¢ UtPU(G/LIPN'49(2X,1PD10.3)/* HNO3(MOL/L)*,9(2X,1PD10.3)/
$Y ,44X,30('-") /71

C :
IF (ZNOPTA.EQ.0.0) GOTC 5000
CALL CALCMP
IF {ZNOPT7.EQ.0.0) GOTC 5100
CALL PLOT7{PLTIME,MUM,NS)
5100 IF (ZNOPTP.EQ.0.0) GOTC 5200
CALL PLOTD{(NS,FREQ,RMS,P,PART,RMIN,RMAX, NG)
5200 IF (ZNOPT3.EQ.0.0) GOTC 5300
_ CALL PLOT3{(PLTIME,MUM,NS)
5300 IF (ZNOPTD.EQ.0.0) GOTC 5400
CALL DIGPLY
€400 CALL DONEPL
c
€000 sTap
END
c
c
C

SUBROUTINE TRANSF

IMPLICIT REAL*8 (A-H,0-2)

COMMON/XX/ UN(20),PN(20),HNO3(20),H20(20),UNB(20),0LD(20}
¢4PNB(20) ,HNO3B(20),H208( 203 ,WTU3C8(20),WTPUD2( 20}, WTFP (20}
$+WTFUEL(20),FPN(20),FPNB(201),DENCM{20),REL (203 ,CREL(201,LIMC

COMMON /XXX/TOLT4CT,V(20)4V0(200,CT1,T14H,PLV(20),HC,
$72 ySUMNEG, SUMHNO, SUMNEP, ICP, ICPO,ITSAC

COMMCN /X XXX/8(20) ,U3081(201),U308B(20}),PART {20, RATEL(20),
$PARTB{(201,RATE2(201,PUC2{20),PUD2B(20},FP(20), FPR(20),
$UNKL{20) ,PNK1{20),FPKL(20),FL{20)4UNK2(20)PNK2(201},
$FPK2(20),P(10,501,PB(10,50),NS

COMMON/PERCNT/PCU308,P(CPUC2,PCFP,SPAREA,DU308
¢ 4DPUB2+DFP4CCNy PINMAS,PPSTG(20Y,CV{20},RATMF,FEDRAT, ARATIO
$ +PCUPERyPCPPERyUOWF 4 PCWF 4PPERPN, UPERUN

COMMON/PAR/FREQ(S50)1,R(50) 4 RMMIN(50) 4y RMMAX (501, PP{10,501,
$RMS(104+50) 4 PARTP{204,PM(500), ATP(5014DR,yPI4RMIN,RMAX, PCONT,
$FTPIRO,FOURPI,4NG

COMMON/SCLIDS/FINESsRWASTE yHDRyCUBEs NRWy NRWM 1y NGPNRW,NGM 1
$ +NRWM2

COMMON /TRANZT/BAKMIX(20),SST(20}),RHOLIQ(20),PLVBT (201
¢ ,BAKV{201),SSTMSS{204,DTFLG1,DTFLG2,DTRACT, DUMPT, DENSST
$4CFUEL,CFINES,SSSCT,FUPIN,OFFTIM,P1HC,TF,FLAPTM,
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$SSSCTH,FINESH,SSTF,FEDONE,FINESF,PINFED, NSM1
COMMON/SUMS/SUMFLP ,SUMFLF, SUMFIN,SUMPIN, SUMFQOU,SUMPQU

2 3 e ok 2 e e A ok e s ofe ofe ok ok ofe ek e 3 e ek o e ool sk ke ok oo ol ok ook ok ek Sadealoa el ol e sk e ok e o ok sk dfe e dfe gk ook sk Ak ek ok
Sk S 3k ok e e e ok o e e e ok o ke ok o ok ek ok Ak ool ol ok ook ek Aol ol X kol ok ok ok e ke Aol o e ok o ke ok ok okl ke
Fok ko ok %k
Eopkk PARTICLES, HULLS, FUEL, AND SOLUTION BACKMIX TRANSFERS stk dek
%k dkk : %k Xk
Feok e o4 3 die ok o e ok oo o e e ok o e ol o sk e sfesfe oie o steste ok o dleade Sk ok sl ek ek deok el e ol ek e dix ok ok deade ook ol ol Sl ok ek ok e ok ok

3 % e Ak 3 e o A ok % ok 3o e o e e o ok e ok ok e ok Xk ook Wk ok e ad R ok sk ok ke ek Aok el o Ak el e o e e ok e ol e ke ok ke afe ke feak ok

CT STAGE TRANSFERS MAVE PRIORITY OVER CT1 TRANSFERS
CT1l TRANSFERS HAVE PRICRITY OVER SOLIDS FEED...

ASSUME INSTANTANEQOUS MIXING OF BACKMIXED LIQUIC CARRIED OVER
WITH HULLS.

BACKMIX VOLUME VALUE SETTER, ..

JB=NS

JBM1=NSM1

DD 101 K=1,4NS

PLVBT (K} =PLV(K)

SSTMSSIK)I=SST(K)*DENSST

BMCON=BAKMIX{K)*SSTMSS (K}

BAKV{K)I=BMCON/RHOLIQ(K)
CONTINUE

Cccccccceceececeecececcecceceecceccececceeccecceccoccecceccrececccecceccecccerecccccece

C
C
C

C
SOLIDS TRANSFER RATE CCNTRCL FCR STAGE NS.. C

C

cceeeeceeccececececcccecececececececccecccceccceccceccccececceccccceccecccec

€20

€50
€60

IF(T.GT.CT.OR.OTFLGLl.GE.HC) GOTD 620
GOT0 630

CTFLG1=DTYFLG1l#H

IF (DTFLG1.GT.DUMPT) GOTO 640
IF (DTFLG1.GT.H) GOTO 650
WTFUEL(JBI=WTFUEL{JBMLI+WTFUEL (JB)
SST(JIBI=SST(JIBMLI+SST( JB)
PPSTG(JBI=PPSTG(JIBMLI*PPSTG(JIB)
BAKVC=BAKV(JB)

SSTCZ=SST( JB)

PPSTGC=PPSTG(JB)
SUMFIN=SUMFIN+WTFUEL{JB)
SUMPIN=SUMPIN+PPSTGC

T0ON=1

GOTO 660

TON=0

IF(PPSTG(JBI.LE.O0.0DO) GOTO 640
DTRCTH=DTRACT*H
PPSTZI=PPSTGC*DTRCTH
PPFRC=PPSTZ/PPSTG{ JB)
TPPS=PPSTG(JBI-PPSTZ
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IF{TPPS.LE.0.000) GOTO 10
G070 20 '

FRACTIONAL ADJUSTMENT OF DTRCTH

=000

Q DTRCTH=(1.00+TPPS/PPSTZI*DTRCTH

PPSTZ=PPSTGCXDTRCTH

PPFRC=PPSTZ/PPSTG(JB)

TPPS=PPSTG(JB)-PPSTZ
20 PPSTG{ JBI=TPPS
PLV(JBI=PLV(JBI-BAKVC*DCTRCTH ¢+BAKV{ JAM] 3% TON
DGUN=BAKV(JBMLI*UN(JBM1I*ION-BAKVC*DTRCTH*UN {JB)
DGPN=BAKV(JBM1 )% FN(JBM1)*TON-BAKVC*DTRCTHAPN (J B)
DGFN=BAKV( JBM1)*FPN(JBM1)* TON-BAKVCXDTRCTH*FPN (JB)
DGHN=BAKV ( JBM1) *HNO3 (JBM1 Y *TON~-BAKVC*DTRCTH*HNO3(JB 1}
DGH2=BAKV(JBMLI*H20(JBM1 )% ION-BAKVCXDTRC TH*H20 ( JB)
UNCJIBYI = (UN(JIBI*PLYBT(JBI+DGUNI /PLV [JB)
PN(JB) =(PN(JB)*PLVBT(JB)+DGPN) /PLV (JB)
FPN{JB)=(FPN(JB)*PLVBT(JB)+DGFN) /PLV (JB)
HNO3(JBY=(HNO3 (JBI*PLVET{JB) +DCHN) /PLV {JB)
H20(JB1=(H20(JB)*PLVBT (JB) +DGH2)/PLV (JB)
WTFUZ=WTFUEL({JB)*PPFRC
WTFUEL{JB) =WTFUEL (JBI-WTFUZ
SST(JIB)=SST(JB)~SSTCZ*LCTRCTH
PLVRAT=PLVBT{JBM1)/PLV(JIB)
SUMFOU=SLMFOU+WTFUZ
SUMPOU=SUMPCU+PPSTZ

ASSUME JBM1 TRANSFERS FIRST.
PARTICLE TRANSFERS DUE TO BACKMIXING

OO0

SUMWT=0,000 -
DO 670 JJ=1,NRHWM]
WTP JB=P(JB,JJ)*BAKVC*DTRCTH
WTPJBM=P(JBMLl,JJ)*BAKV(JBMLI*TCON
WTPTOT=P{JB,JJI)%PLVBT ( JB)
WTP=WTPJBM+WTPTOT
IF(WTP) 710,710,700
700 RMS{ JB» JJ)=WTP/(WTPTOT/RMS(JB,JJ}+WTPIBM/RMS [JBML, JJ))
GO TO 680
710 RMS(JB,JJII=REII}
€80 CONTINUE
WTSUM=WTPJBM-WTPJB
P(JIBy JJN=(PLIB, JIVXPLVET(JB) +WTSUM)/PLV(JB)
SUMWT=SUMWT+WTSUM
€70 CONTINUE
PLVBO=PLVEBT{JYBY/PLV(JB)
SUMPJ=0.0D0
SUMAD=0.0D0

PARTICLES TRANSFERING WITH HULLS

OO

DO 690 KK=NRW,NG
ADDPAR=P(JBM1, KK} %*PLVRAT*]ION
SUMAD=SUMAD+ ADDPAR
PARFUZ=P{JB,KKI*PPFRC
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SUMPJ=SUNPJ+PARFUZ
REMPAR=P(JB,KK)
PIBTOT=ADDPAR+REMPAR
TF(PJBTOTI370,37C+380
280 RMS(JB ,KKI=PJBTOT/ (ADDPAR/RMS( JBML ,KK) +REMPAR/ RMS{ JB, KK} ?
P(JByKKI=PJBTOT-PARFUZ
IF(P(JB, KK).LE.O.ODO) GOTO 370

GOTO 690
270 RMS(JByKKI=R(KK)
P(JB,KKI=0.00D0
€30 CONTINUE

PART(JB)=(PART(JB)-SUMPJ) *PLVBO+SUMAC+ (SUMWT /PLV(JB))
OUT=WTFUZ+SUMPJ*PLV(JBI+WTPJB
UCWF=0UT*PCUPER+BAKVCXCTRCTHX*UN(JBIXUPERUN
POWF=0UT*PCPPER+BAKVC*NTRCTH*PN(JBI*PPERPN
GOTO €30

€40 CTFLG1=0.000
WTFUEL (4B)=0.0D0
SST(JBI=C. CDO
PPSTG(JBI=0.00D0
UOWF=0.,000
POWF=0.000

€30 TF=TF+H

SOLIDS FEED CONTROL
FLAPPER VALVE SIMULATICNe....

O OO

IF{FLAPTM.LT.HC) GOTO 400
IF(TF.GT.FLAPTM) GOTO 200
I0N=1
IF(OFFTINM.GT. PL1HCY ION=0
SSTF=SSTF+SSSCTH*ICN
FEDONE=FEDCNE+CFUEL*ION
FINESF=FINESF+FINESH*ICN
PINFED=PINFED+FUPINXION
GOTO 440

200 TF=TF-FLAPTM
WTFUEL(1)¥=WTFUEL(1)+FECONE
SST(1)1=SST(1)+SSTF
PPSTG(1)=PPSTG(1)+PINFED
PART{LV=(PART(LIXPLV{1}I+FINESFI/PLV(1}
SUMFLF=SUMFLF+FINESF
SUMFLP=SUMFLP+FEDONE

DO 220 J=1,NG

IWTPR=P {1, J1*PLV(1}
IWTAD=FINESF*FREQ{J}
TZWTAD=ZWTPR+ZWTAD
P(lyJI={ZWTPR+ZWTAD)/PLV(])
IF(TZWTAC.LE.0.0DOY GOTQ 225
RMS(1,J)=TZWTAD/ (ZWTPR/RMS (1, J1+ZWTAD/R(J))
GOTC 220

225 RMS(1,J)=R(J)

220 CONTINUE
TON=1
IF(OFFTIM.GT.P1HC) TON=0
TMFCT=TF/H



A-41

SSTF=SSSCTH*TMFCT*ION
FEDONE=CFUEL*TMFCT*ION
FINESF=FINESH*TMFCT*ION
PINFED=FUPIN*TMFCT*ION
GO TO 440

400 10N=1
IF(OFFTIM,GT.PLHC) I0ON=0
FEDONE=CFUEL*ION
FINESF=FINESH*ION
WTFUEL(1)=WTFUEL (1) +FEDONE
SST(1)=SST(1)+SSSCTH*ICON
PPSTG{L)=PPSTG (1) +FUPIN%ION
PART(LI=(PART(LIXPLV(1)I+FINESFI/PLV(1}
SUMFLF=SUMFLF +FINESF
SUMFLP=SUMFLP+FEDCNE

DO 410 J=1,NG

IWTPR=P (1, J)%*PLV(L)
IWTAD=FINESF*FREQ{J)
TZWTAD=ZWTPR+ZWTAD
P{lsJ)=(ZWTPReZWTADI/PLV(])
IF{TZWTAD.LE.O0.0DO) GOTO 415
RMS(L1, J)=TZWTAD/(ZWTPR/RMS{1,JI+ZWTAD/R(J))

GOTO 410
415 RMS{1,J)=R(N
410 CONTINUE
440 IF(T.GT.CT) GO ¥0O 100

IF{T1.GT.CTl) GO 70O 30

GOTO 40 .
cccecceecececceeerececcececeecceccecccececeeccecccecececcececrecceccceccccecccec
C : c
C SOLIDS TRANSFER FROM STAGES 2 THROUGH NSM1 c
C c

cceececeeecececceccececcececcccecceccccececceccccceccecccecceccecceccecceccecc.
1CO T=T-CT
DO 126 J=3,4NSM]

JB=NSM1-J+3 .
JEM1=J8-1
PLVIJB)I=PLV(JIBI-BAKV{JBI+BAKV (JBM1)
DGUN=BAKV{JBM1)*UN(JBM1)-BAKV{ JB)*UN(JB)
DGPN=BAKV(JBML }%PN(JBM1)-BAKV (JBI*PN{JB)
DGFN=BAKV(JBM1)*FPN{(JBMI)-BAKV (JBI*FPN(JIB)
DGHN=BAKV{ JBM1 } *HNO3 ( JEM1} -BAKV(JB)I*HNO3 (JIB)
DGH2=BAKV{JBM1)*H20(JBVM1)—-BAKV (JBI*H20(JIB)
UN{JBI=(UNLJIBI*PLVBT(JIB)+DGUNI/PLV (JIB)
PN{JBI=(PNIJIBIXPLVBT(JBI+DCPNI/PLV (I8}
FPN{JBY=(FPN(JB}*PLVBT(JB) ¢«DGFN)/PLV (JB)
HNO3( 4B} ={HNO3 (JBI*PLVET(JB) +DCHN)/PLV(JIB)
H20(JB1=(H20(JBY*PLVBT(JB)+DGH2})/PLV (JB)
WTFUEL (JBI=WTFUEL(JBM1)
SST(JBI=SST(JIBMLY
PPSTG(JB)I=PPSTG{JIBMI])
PLVRAT=PLVBT(JBML)/PLV(4B)

ASSUME JBM1 TRANSFERS FIRST.
PARTICLE TRANSFERS DUE TO BACKMIXING

sNeEeXel
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SUMWT=0,000

DO 102 JJ=1,NRwWM1
WTPJB=P( JB,JJI%BAKV(JIB)
WTPJBM=P(JBML,JJI*BAKV (JBM1)
WTIPTOT=P(JB,JJ)*PLVBT{ JB)
WTP=WTPJBM+WTPTOT
IF(WTP1310,310,300

200 RMS(JB s JIV=WTP/(WTPTOT/RMS (JByJI)+WTPIBM/RMS (JBML, JIV)
GO T0O 110

210 RMS(JB4JJ)=R{IN

110 CONTINUE

WTSUM=WTPJBM-WTPJB
PUIB,JI)=(PlIByJII*PLVET(JB) +WTSUMI/PLV(JIB)
SUMWT = SUMW T+ WTSUM

102 CONTINUE
PLVBO=PLVBT(JB)/PLV(JB)
SUMPJ=0.0D0
SUMAD=0.000

PARTICLES TRANSFERING WITH HULLS

OO

‘DO 175 KK=NRW, NG
ADDPAR=P(JBML , KK} *PLVRAT
SUMAD=SUMAD+ADDPAR
SUMPJ=SUMP J+P (JB,KK])

P(JB,KK)=ADDPAR

RMS(JB,KK)=RMS{JBM1,KK)
175 CONTINUE

PART(JB)I=(PART(JBI-SUMPJ) *DPLVBO+SUMACH{SUMWT /PLV(JBI)
126 CONTINUE

IF(T1.GT.CT1}) GO 7O 690
WTFUEL (21=0.000
SST(21=0.00D0
PPSTG(2)=0.0D0
PLV(2Y=PLV(2)-BAKV (2}

cccceeeecceeeececceceeccecececcccccecececcccecceccccececcececc

C C

c NO SOLIDS TRANSFER FROM STAGE 1. : C

C ALL SOLIOS TRANSFERED FROM STAGE 2 c

C c

ccececeeceeccecececceccececcceccecceccecceccecececccecccccc
JB=2

PLVB2=PLVBT(2)/PLV (2}
SUMPB2=0.000

PARTICLES TRANSFERRING DUE TC BACKMIXING.

aNalel

DO 103 JJ=1,NRWM]
POUT2=P(2,JJ)*BAKV(2)
P(2,JJ)=(P(2,JJ)%PLVBT (2)-POUT2) /PLV (2}
SUMPB2=SUMPB2+PQUT2

1¢3 CONTINUE
SUMPT2=0.0D0

PARTICLES TRANSFERRING WITH HULLS

aNalel
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DO 130 KK=NRW,NG
SUNMPT2=SUMPT2¢P(2,KK)
PB{2,KK1=0.0D0
P(2,KK)=0.0D0
RMS(2,KK}=R(KK])

130 CONTINUE
PART(2)=((PART{2)-SUMPT2)%PLVBT(21-SUMPB2)/PLV (2}
GO TO 40

cccceeceecececceccececececcecececcececcececcecccecececceccecccecce

C - C

c SOLIDS TRANSFER FRCM STAGES 1 AND 2. C

C C

cccececeeeceecceeceececcceccecceccecceccceeccececcceccccccecc

60 T1=T1-CT1

PLV(2)=PLV{2)+BAKV{1)-BAKV(2)
PLV(11=PLV(1)-BAKV(1Y

00 NOT NEED TO RECALCULATE SfAGE 1 CONC SINCE
SOUP FRCM SOUP LEAVES SOUP...

laNeNaXal

DGUN=BAKV({13*UN(1)-UN(2)%BAKV (2}
DGPN=BAKVI L) *PN{1)-PN[2)*BAKV (2}
DGFN=BAKV(1)1*FPN(1)-FPN(2)%BAKV(2)
DGHN=BAKV( 1) *HNO3(1)-HNO3(2)*BAKV(Z)
DGH2=BAKV{ 1)} *H20{1)-H2C(2)*BAKV(2)
UN(2)=(UN{2)%PLVBT(2) +DGUN)I/PLV(2)
PN({2)=(PN(2)%PLVBT(2)+DGPNI/PLV(2)
FPN(21=(FPN(21*PLVBT(2)+DGFNI/PLV( 2}
HNO3(2)=(HNO3([2)*PLVBT(2) +DGHN)/PLV(2}
H20(2)=(H20(2)*PLVBT(2)+DGH2)/PLV(2}
WTFUEL(2)=WTFUEL(1}
SST(21=SST(1)
PPSTG(21=PPSTG(1)
WTFUEL(1)=0.000
$ST{1)=0.000
PPSTG(11=0.0D00
PLVRAT=PLVBT(1)/PLV(2)
PLVB2=PLVBT(2)/PLV (2}
PLVBI=PLVBT(1)/PLV(1)

SUMPB1=0.000

SumMPB82=0.000

PARTICLE CONCENTRATION DUE TO BACKMIXING

aNaXe]

DO 105 JJ=1,NRWML
POUTL=P 1 +JJI%=BAKV(L)
POUT2=P (2, JJ)*BAKV(2)
WTP1=P {1,4J)1=PLVBT (1)
WTP2=P (2, JJ)*PLVBT(2)
WTP12=POUTL+WTP2
IF(WTP121320,320,330
RMS(2,JJ)=WTP12/ (POUTL/RMS (1, JJ) +HTP2/RMS(2, JJ))
GO TO 116 ‘
20 RMS (2, JJ)=R(JI)

[W)
W
o

O w

MEAN SIZES FOR STAGE 1 DOES NOT CHANGE.
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116 CONTINUE
WTSUM2=PCUTL-POUT2
P(2,39)=(WTP2+WTSUM2) /PLV(2)
P{1l,JJ)=(WTPL-POUTLI/PLV(1)
SUMPB2=SUMPB2+WTSUM2
SUMPB1=SUMPB1+POUTL

105 CONTINUE
SUMPT1=0.0D0
SUMPT2=0.000
SUMAD=0,0DO

PARTICLE CCNCENTRATION DUE TO HULLS TRANSFER

OO

DC 135 KK=NRW,NG
ADDPAR=P (1 ,KK}*PLVRATY
SUVMAD=SUMAD+ADDPAR
SUMPT2=SUMPT2¢F{2,KK)
P(2,KK)=ADDPAR
BMS(2 4 KKI=RMS(1,KK}
SUMPT1=SUMPT1+P(1,KK)
P(1,KK¥=0.000
PB(1,KK)=0.0D0
RMS(1,KK)=R(KK)
135 CONTINUE
PART(2)={(PART (2)~-SUMPT2)%*PLVBT (21 +SUMPB2) /PLV (2)+SUMAD
PART{L¥=({PART(LI-SUMPTLI*PLVBT{1)-SUMPBLI/PLV (1}
GO T0 40 :
ccceceeceececcecceececeeecceceecccececcceccceececceceeecceccccccececcecccee

C c
c SOLIDS TRANSFER FROM STAGE 1 ONLY C
C NO SOLIDS TRANSFER FROM STAGE 2. c
C c

€CCCCCCCCCCCCCCCCCCCCCeCeecececcCecCceCececcccccecceeccecece
30 Ti=T1-CT1

PLV(2)=PLV(2) +BAKV (1)

PLV(1)=PLV(1)~BAKV (1)}

J8=1 v

CGUN=BAKV ( JB)%UN(JB)

DGPN=BAKV( JB)*PN(JB)

DGEN=BAKV( JBI*FPN{JB)

DGHN=BAKV ( JBY*HNO3 (JB)

DGH2=8 AKV( JB) %H20( J8)

SOUP FRCM SOUP LEAVES SOUP...

e NeNe!

JB=2

UNCJB) =(UN(JBI%=PLVBT(JB)+DGUN) /PLV (JB)

PNCJIBY=(PN(JBI*PLVBT({IB)+DCPN)/PLV(JB)

FPN(JBI=(FPN({JBI*PLVBT (JBI+DCFNI/PLV (IBI

HNO3(JB)I=(HNO3 (JBI*PLVET(JB) +DCHNI/PLV (JB)

H20{(JB¥=(H20(JBI*PLVBT (JB) +DGH2) /PLV(J8B)
SUMPB1=0.000.

PARTICLE CCNCENTRATION DUE TO BACKMIXING

OO
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00 104 JJ=1,NRWM1
POUTI=P(14JJ)*BAKVI])
WTP2=P(2,JJ)*PLVBT(2]

WPTOT2=WTP2+POUT1

IF(WPTQT2)340,34C,350

RMS(2 9 JJV=WPTOT2/(POUT1I/RMS{1,JJ)+WTP2/RMS(2,JJ 1)
GO TO 125

RMS(2, JJ)=R(JI)

CONTINUE

SUMPB1=SUMPB1+POUT1
P{24,JJ)={P(2,JI)%PLVBT (21 ¢POUT1II/PLV2)
P(1,3J)=(P(1,JJ)%PLVBT(1)—-POUT1)/PLV(1)

CONTINUE
HTFUEL(2|’WTFUEL(2)*NTFUEL(1l
SST(2)=SST(2)+SSTI(1)
PPSTG{21=PPSTG(21¢PPSTC(1)
WTFUEL({1}=C.000
SST(1)=0.0D0
PPSTG(11=0.0D0
PLVRAT=PLVBT(1)/PLV(2)
PLVB2=PLVBT(20)/7PLV (2}
PLVB1=PLVBT{1)/PLV(])

SUMAD=0.000

SUMPT1=0.0D0

PARTICLE CCNCENTRATICN DUE TO HULLS TRANSFER

DO 140 KK=NKRW,NG
PS1=P(1,KKI*PLVBT (1)
PS2=P(2,KK)*PLVBT{2)
PSUML12=PS1¢PS2
IF(PSUM12) 145,145, 155 .
RMS(24KK)=PSUM12/(PSL/RMS(1,KK)I+PS2/RMS(2,KK) )}
GO TO 165
RMS{2,KKI=R(KK}

CONTINUE
ADDPAR=P {1 4KK)#PLVRAT
P{2,KK)=P(2,KK)*PLVB2+ADDPAR
SUMAD=SUMAD+ADDPAR
SUMPTLI=SUMPT1+P(1,KK)
P{1,KK)=0.000
RMS(1 ¢ KK)=R(KK)

CONTINUE
PART{2)=((PART{2¥1*PLVBT(2) +SUMPB1)/PLV (21) +SUMAD
PART{LI=((PART (1) -SUMPTLI*PLVBT(1)1-SUMPB1)/PLV(1)}

bINS CONTINUE TO BE REMOVED FROM STAGE 1
EVEN AFTER SOLIDS FEED HAS STOPPED.

CONTINUE
RETURN
END
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SUBROUTINE PARTIC
IMPLICIT REAL*8 (A-H,0-12)

COMMON/XX/ UN(20)4PN{(20V,HNO3(20),H20(20),UNB(20}),0LD(201}
$,PNB(201),HNO3B(20),H20B(202,WTU3C8(20),WTPUD2(20131,WTFP {20}
SyWTFUELL20),FPN(20) ,FPNB(20),DENOM(20) 4REL {20) ,CREL{20),LIMD

COMMON /XXX/TOLsT+CT,V{(20),V0(201,CT1,T1,4H,PLV(201,HC,
$72 ySUMNEG, SUMHNGO, SUMNEP, ICP, ICPO,ITSAC

COMMON/XXXX/B(ZO),U308(203'U3088(20)'PART(ZOO'PATFI(20iv
$PARTB(201,RATE2(20),PUD2(20),PUD2B{20),FP(20),FPB(20),
$UNKL(20) ,PNK1(203,FPKL{20),FLI20),UNK2(20),PNK2(20),
$FPK2(20),P(10,50),PB(10,509,NS

COMMON/ XXXXX/RMSD(2,501,TIME,PINVOL, RHDAVE, T Dy XPU, REM, TNP,
$RPOW,RCON, ACDF,PINOOO,PAROOO

"COMMON/PERCNTY/PCU308,PCPUO2, PCFP,SPAREA, DU30S8 ‘
$,0PUC2,0FP,CON,PINMAS,PPSTG(201),CV{203),RATMF,FEDRAT, ARATIO
$,PCUPER,PCPPER,UOWF,POWF ,PPERPN, UPERUN

COMMON /WTMOLE/ WMOLU3 , WVNOLPU, WMCL FP, WMOLUN, WMOL PNy WMOLFN,
$WMCLH2, WMOLHN,AVEMOL 4 JJP ART y MMUN yNNP Ny NNFP s MMHN, TTIH2

COMMCN/PAR/FREQ(50)4R(50) 4 RMMIN(50),RMMAX (501, PP{10,50),
$RMS(10,50),PARTP(20),PM(50), ATP{50), CR,P I,RMIN,RMAX, PCONT,
$FTPIRO, FOURPI,LNG

COMMON /SCLIDS/FINESRWASTE yHDRyCUBEy NRWy NRWM1y NGPNRW,NGM1

& \NRWM2 C
DIMENSION TEMP (50) yRTEMP(50) 4RREACT( 50 )
c
c PARTICLE BALANCE
c
c DEFINITIONS
c
c PP(1,J1---NUMBER OF PARTICLES IN SIZE GROUP J IN STAGE I IF REACTION.
c IS IGNORED.(G/L)
c P(1,J)---CCNC OF PARTICLES IN SIZE GROUP J IN STAGE I IF
c REACTION IS IGNORED. (G/L)
c
c
c RECALCULATE RELEASE RATE DUE TO ADJUSTMENT OF TIME STEP.
c
CALL RELEAS
DO 22 L=1,NS
CLD(LI=PART (L)
PARTB(L)=PART (L}
c
c WEIGHT OF FUEL IN PINS ADJUSTEC FOR RELEASE
c
WTFUEL (L )=WTFUEL(LI-REL{LY*H
DO 22 M=1,NG
22 PE(L,MI=P{L,M)
c
c REACTION RATES RECALCULATED AFTER RELEASE OF FUEL FROM PINS
c
CALL RATECK
D0 19 JJ=1,LIMC
IF(JJ.GTLJIPARTY JJPART=4J
IFLAG=0
c

C STAGE 1 PARTICLE SIZE GROUPS NRW TC NG.
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1=1
1Pl=1+1
HCP=H/PLV{I)

STAGE 1 PARTICLE SIZE GROUPS NRW TC NG

DC 30 JO=NRW,NG
J=NGPNRW~-JC
A=REL{1)*FREQ(J)
P(I,J)=PB(I,J)+A%HOP

CONTINUE

STAGE 1 PARTICLE SIZE CROUPS 1 TC NRuWM1,

CTP=DEXP((-DENGM(T))*HCP)
CNEQTP=1.D0-QTP
DC &5 JO=1,NRWM1
J=NRW-40
A=FLOTPLII*P(IP1,J)+REL(II*FREQ(J)
IF(DENDOM(I).EQ.0.0Q0) COTO 500
© P(I,J)=0ONEQTP*A/DENOM{ 1) +PB(1, J)*QTP
GOTO 65
P(IJV=PB(I,J)
CONTINUE

RADIUS DUE TO MIXING IN STAGE 1

RELH=REL (1 1*H
FLVOL=H*FL(IP1)

DO 610 J=1,NG
PTCSTG=PB(I+JI*PLV(I}
PTLOGN=RELH*FREQ( 4}
TIF(JeGTo NRWMLY GOTC 55¢
PTSTGB=PB(IP1, JIXFLVOL
GOTO 558
PTSTGB=0.000
PTOTAL=PTLCGN¢PTSTGB+PTCSTG
PDEN={(PTLOGN/R(JI¢+PTSTCB/RMS{IPL1,JI*#PTCSTG/RMS(I+J4 1)
IF{PDENJ.LE.C.ODO) GOTO 247

ADJUSTED RADIUS

RMS({I,Jy=PTOTAL/PDEN
IF(RMS(TI,J).LE.O0.ODD)RMS(I»J)=R(J)
GOTO 610

P(I+J)=0.000

RMS(T, J)=R{J)

CONTINUE

STAGES 2 THROUGH NS PARTICLE SIZE GROUPS NRW TO NG.

. DO 10 1I=2,NS
IPl=1+1
IMI=I-1
HOP=H/PLVI(T]}
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DC 40 JO=NRW,NG
J=NGPNRW-JC
A=REL{T)*FREQ(J)
P(I,J)=PB(I,J)+A%XHCOP
0 CONTINUE

STAGES 2 THROUGH NS PARTICLE SIZE GROUPS 1 THROUGH NRWM1.

OO

QTP=DEXP((-DENOM{Y) )*HOP)
ONEQTP=1.D0-QTP
DC 75 J0=1,NRWM1
J=NRW-J0
A=FL{TPLI%XP(IPL,JI+REL(IIXFREQIIV+BIIMIIXP(IM],J)
" IF(DENCOM(1).EQ.0.0CO) CGOTO 530 -
P{1,J)=0ONECTP*A/DENOM(1)+PB(1,J)%0TP
GOTO 75
0 p(I'J,=PE(11J'
CCNTINUE

RADIUS DUE TO MIXING IN STAGES 2 THRU NS

OO0

RELH=REL(I¥*H
FLVOL=H*FL(IPI)
BLVCOL=H*8(IM1}

DO 630 J=1,NG
PTCSTG=PB(I,41%PLV(])
PTLOGN=RELH*FREQ(J?
IF(J.GT.NRWMLIGO TO 565
PTSTGB=PRB(IP1,J)*FLVOL
PTBAK=PB({IM]l,J)*BLVOL
GOTO 555

565 PTSTGB=0.000
: PTBAK=0.0D0
£55 PTOTAL=PTLCGN+PTSTGB+PTCSTG+PTBAK
POEN=(PTLOGN/R{ JV+PTSTGB/RMS(IP1,J)+PTCSTG/RMS(I,J)
$+PTBAK/RMS(IML,JM)
IF(PDEN.LE.0.0D0) GOTC 140

ADJUSTEC RADIUS

aoO

RMS(T,J)=PTOTAL/PDEN
IF(RMS(I +J1.LE.O.ODOIRMS(TI,J)=R(J)
IF(RMS(TI,J)GT.RMMAX(NGIIGOTO 400
GOTO 630
140 P(1,J1=0.00D0
MSHLT, JI=R(N
GOTO 630
400 WRITE(13,4201TIME.T,J
420 FORMAT (/"' TIME=',2X,1PC1l5.4,2X+13,2X,14)
WRITE(13,410)PTCSTG,PTLOGN,PTSTGB, PTBAK,RELH,FLVOL,BLVOL
$4RMSIT, J) :
410 FORMAT(1X,8(1PD12.3,1XN)
RMS({I,J1=R({J)
€30 CONTINUE
10 CONTINUE
IFLAG=0
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CALL CHECK(IFLAG,PART)
IF{IFLAG.GT.1) GO YO 19
GO TO 41

CCNTINUE
CONTINUE

D0 800 1=1,NS
SUMPAR=0,0D0

DO 810 J=1,NG
PTPLV=P(T,J)*PLV(I)
PM{JY=FTPTRO*(RMS{T,J) %1, D—-41%*x3

ARATIO USEC TO INCREASE SURFACE AREA ONLY...

ATP{J)=FCURPI* (RMS (I, J)*ARAT IO }*%*2
PP(I,J)=PTPLV/PM(I)
SUMPAR=SUMPAR+PTPLYV

PART(I¥1=SUMPAR

RETURN

END

SUBROUTINE SUBUN

IMPLICIT REAL*8 (A-H,C-Z)

COMMON/ XX/ UN(ZO)yPN(ZO),HN03(20)7HZD(20).UNR(20),0LD(203
$4,PNB(20),HNO3B(20),H20B(20),WTU3C8(20),WTPUQ2(20),WTFP {20}
$yWTFUEL(20),FPN(20),FPNB(20),DENCM(20),REL (20),CREL(201,LIMD

COMMON /XXX/TOL+T,CT4V(200,V0(20),CTLsT1,H,PLV(201,HC,
€712 ySUMNEG, SUMHNO, SUMNEP, ICP, ICPO,ITSAC

COMMON/XXXX/B(20},U308(20),U308B(20),PART (201, RATEL(20),
$SPARTB(209Y,RATE2(201,PUC2(20),PU02B(20),FP(20), FPB(20},
SUNKL1(20) 4PNKL(201,FPK1C200,FL(201,UNK2(20)+PNK2( 201,
$FPK21201,P(10,50),PB(10,50),4NS

COMMON/PERCNT/PCU308,PCPUB2,PCFP,SPAREA,DU308
$,0PU02,DFP,CCN,PINMAS,PPSTG(201,CV(204,RATMF,FEDRAT, ARATIO
$ ,PCUPER , PCPPER,UOWF,POWF ,PPERPN,UPERUN

COMMON/WTMCLE/WMOLU3 WNOLPU WMCLFP y WMOLUN, WMOL PNy WMOLFN,
$WMOLH2, WMOLHN, AVEMOL , JUPART s MMUN yNNPNy NNFP 3 MMHN, T TH2

COMMON/ZCONST/2ZU,ZUCON,ZP,ZPCONs ZF4ZFCON,ZQT(10),Z1MQT (10}
¢,PCU32U, PCPUZP,PCFPZF,CUINU3,CPINPU, CFINFP,CULWU3,
tCP1IWPU,CF1WFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3
$,CP2WPU,CF2WFP,T1CCN,T1CCW,T2CON,T2COW,BWs BWC, BN, BNC
$,E03,F03,TOCCN1(10),TOCOW1(10),TCCON2(10), TOCOW2 (10"

UD2(ND3)2 BALANCE

D0 400 K11=1,NS

OLD(K11Y=UN{K11)

UNB(K11)=UN(K11)

DO 420 WM=1,LIMC

IF(M.G T MMUN} MMUN=M
IF{DENOM(1).EQ.0.0D0)} GOTO 440
A=UN(2)1*FL(2)

UNCL)=Z1MQT(L)*=A/DENOM(LY ¢UNBLII*ZQT (1)
GOTO 450

UN({1)=UNB(1)
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DO 410 J=2,NS

IF(DENOM(J).EQ.0.000) GOTOD 460

M1=g-1

JPl=Jel
A=UN(JPL)XFL(JP1)+UN(JMI) *B(JM1)
UNCJI=Z1MQT(I)*A/DENCM(J) +UNBL J) *2QT (J)
GOTO 410

UN( JY=UNB(J)

CONTINUE

IFLAG=0

CALL CHECK(IFLAG,UN)

IF(IFLAG.GT.1) GO TO 420

GO TO 430

CONTINUE

CONTINUE

RETURN

END A

SUBROUTINE SUBPN

IMPLICIT REAL*8 (A-H,0-Z)

COMMON/XX/ UN(20),PN(20)sHNO3(20),H20(20),UNB(20),0LD120)
$,PNB(20),HND3B(20),H20B(20%,WTU3C8(20),WTPUC2(201,WTFP(20)
¢ yWTFUEL (2014, FPN(20),FPNB(209,DENCM(20),REL (209 ,CREL(20),LIMO

COMMON /XXX/TOL+T,CT,VI(20),V0(20),CTL,T1,4H,PLV(20),HC,
$72 ySUMNEG, SUMHNO, SUMNEP, ICP, ICPO,ITSAC

COMMON/XXXX/8(20),U308(20),U308B(20),PART(201), RATEL(20},
$PARTB(201,RATE2(20),PU02(200),PUR2B(20),FP{200,FPB(201},
SUNK1(20) .PNKL1(20),FPKL1(201+FLL20),UNK2(200,PNK2(201,
sFPK2(20),P(10,50),PB(10,50),4NS

COMMON/PERCNT/PCU308,PCPUO2, PCFP,SPAREA, DU3NS
$+DPUO2,DFP CON, PINMAS,PPSTG(201,0V{(201,RATMF,FEDRAT, ARATIO
$ 4PCUPER PCPPER,UCOWF,PCWF ,PPERPN, UPERUN

COMMON/WTMOLE/WMDOLU3 3 WNOLPUy WMCLFPy WMOLUN, WMOL PNy WMOL FN,
SWMOLH2, WMOLHN, AVEMAL o JUPART y MMUN 4 NNPNy NNFP g MMHN, TIH2

COMMON/ZCONST/ZU,ZUCON,2P 4+ ZPCON, ZF 4 ZFCON,ZQT (101,Z1MQT {10}
$,PCU3ZU,PCPUZP,PCFPZF,CUINU3,CPLINPU, CFINFP,CULlWU3,
SCPINPULCFLIWFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3
% ,CP2WPU,CF2WFP 4 T1CON,T1CCW,s T2CON,T2COW,8BW, BWC,s BN, BNC
$,£03,F03,TOCAON1(10),TOCCOW1(10),TCCON2(10), TOCOW2(10)

PUINO314 BALANCE

DO 500 K22=1,NS
OLD(K22¥=PN(K22)
PNB{K22)=PN(K22)

DO 520 NN=1,LIMC
IF(NN.GT.NNPN) NNPN=NN
IF(DENOM(1).EQ.0.0D0) COTO 540
A=PNE2VY®RFL (2
PN{L)=ZIMQT{1)1*A/DENOM(1)+PNB(1I1%ZQT (1)
GOTa 550

PN{1)=PNB(1)

DO 510 K=2,NS
IF(DENOM(K).EQ.0.0TCOY GOTO 560
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KP1=K+1

KMi=K-1
A=FL(KPL1)*PN(KPL1)+B(KM]1)*PN(KM])
PN(K)=ZIMQT{K)*A/DENCM(K) +PNB{K)%ZQT (K)
GOT0 510

PN({K)=PNB(K)

CONTINUE

IFLAG=0

CALL CHECK(IFLAG,PN)
IF(IFLAG.GT. 1) GO TO 520

GO TO 530

CONTINUE

CONTINUE

RETURN

END

SUBROQUTINE SUBFN

IMPLICIT REAL*8 (A-H,0-2)

CCMMON/XX/ UN(20),PN(20),HNO3(20),H20(20),UNB(20),0LD(20)
¢ 4PNB{20) HNO3B(20),H208(20),WTU308(20),WTPUD2(201,WTFP (20}
$ yWTFUEL(20),FPN(20),FPNB (20 ,DENCM(20),REL (20),CREL(20Y,LIMO

COMMON /XXX/TOL,T,CT,V(201,V0(201,CT1,T1,4H,PLY(20),HC,
$ 72 ySUMNEGy SUMHNO, SUMNEP, ICP, ICPTO,ITSAC

COMMON/XXXX/8(20%,U3081(20),U308B(20),PART(20),RATEL(20),
¢PARTBI200,RATE2(20),PUC2(201,PUO2B(20),FP{20),FPB(201,
SUNKL(20) yPNK1(20) ,FPKL{20),FL(201,UNK2(20),PNK2( 201,
¢FPK2(201),P(10,50),PB(10,50%,NS

COMMON/PERCNT/PCU308,PCPUD2, PCFP,SPAREA, DU308
¢ ,DPUC2,DFP,CON,PINMAS,PPSTG(201,CV(201,RATMF,FEDRAT, ARATIC
¢ PCUPER, PCPPER,UCWF,POWF ,PPERPN, UPERUN

COMMON/WTMOLE/WMOLU3 s WNOLPU, WMCLFP, WMOLUN,WMOL PN, WMOLFNy
EWMCLH2 y WMOLHN,AVEMOL y JUPART 3 MMUN yNNPNy NNFP s MMHN, TTH2

COMMON/ZCONST/ZUyZUCCN 2P, ZPCON, ZF 4 ZFCON,ZQT (109,Z1IMQT (10}
¢,PCU3ZU,PCPUZP,PCFPZF,CUINU3,CPINPU, CFINFP,CULWU3,
$CP1IWPU,CFLIWFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3
$4yCP2WPUCF2WFP,T1CCN,T1CCWs T2CON,T2COW, BW, BWC, BN, BNC
$,EC3,F03,TCCCNL1{10),TOCOWL(10),TACCN2(10 ), TOCOW2(10)}

FPIND313.39 BALANCE

DO 550 K22=1,NS
CLD(K22}=FPN(K22)
FPNB(K22)=FPN(K22)

D0 570 NN=1,LIMQ
IF(NN.GTJNNFPINNFP=NN

IF (DENOM(1).EQ.0.0C0) COTO 510
A=FL{2V%FPN(2)
FPN(11=Z1MQT(1)*A/DENCNV(L1)+FPNEB(LI*ZQT (1)}
GOTC 520 '
FPN{1)=FPNB(1)

D0, 560 K=2,NS
IF(DENOM(K?.EQ.0.0CO) COTO 530
kKP1=K+1

KM1=K-1
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A=FL{KFL)I*FPN(KP1)+B(KML)*FPN(KMI)
FPN(K) =ZIMQT(K)I*A/DENOM{K) +FPNB(K)*ZQT (K)
GOTO 560

FPN(KI=FPNB(K)

CONTIMUE

IFLAG=0

CALL CHECK{IFLAG,FPN)
IF(IFLAG.GT.1) GO TO 570

GO 7O 580

CONTINUE

CONTINUE

RE TURN

END

SUBROUTINE SUBHN

IMPLICIT REAL*8 (A-H,0-2)

COMMGON/XX/ UN(20) ,PN(20),HNO3(20),H20(20),UNB(20),0LD(20)
$,PNB(20),HNO3B(20),H20B( 200 ,WTU3C8(20),WTPUN2(201,WTFP (20}
Sy WIFUEL(20Y,FPN{20),FPNB{209,DENCM(203,REL (201 ,CREL{203,LIMO

COMMON /XXX/TOL+T,CT3V(20),V00204,CT1,T1,H,PLV(201,4HC,
¢ T2 ySUMNEGy SUMHNG, SUMNEP, ICP, ICPO, ITSAC

COMMON/XXXX/8(20),U308(201,U308B(20),PART(20), RATEL(20},
SPARTB{203%,RATE2(20},PUD21(20),PU02B(20),FP{20Y,FPB(20),
SUNKL(20) ,PNK1(200,FPKL(200,FLI20),UNK2(20),PNK2(20),
$FPK2(204,P(10,501,PB(10,50),NS )

COMMON/EXTFED/HNO3F(10),H20F(1C),FLEXT(10),ACIDEF, IAD

COMMON/ XXXXX/RMSD(2,500,TIME, P INVOL,RHOAVE,T Dy XPU,REM, TNP,
$RPCW,RCON, ACOF,PINOOO,PAROOO

COMMON/CCNSTN/COUNIN,CCPN1IN, COFP1IN, COUN2M, COPN 2N, COFP 2N,
¢ COUNLW, COPNIWyCOFPLW,COUN2W, COPN2W,COFP2W -

COMMON/PERCNT/PCU308,PCPUO2, PCFP,SPAREA,DU308
$,0PUC2,0FP ,CON,PINMAS,PPSTG(2014,0V{20),RATMF,FEDRAT, ARATIO
$ ,PCUPER, PCPPER,UOWF,PCWF (PPERPN, UPERUN

COMMON/WTMCLE/WMOLU3 4 WNOLPUs WMCLFP s WMOLUNyWMOL PNy WMOLFNy
SWMOLH2, WMOLHN, AVEMOL, JJPART y, MMUN {NNPNy NNFP s MMHN, TTH2

COMMGON/ 2CONST/ZU, ZUCON,2P, ZPCONy ZF+ ZFCON, ZQT (101 Z1MQT(10)}
¢,PCU32U, PCPUZP,PCFPZF,CUINU3,CP1INPU, CFINFP,CULWU3,
$CP1IWPU,CFL1WFP,CU2NU3,CP2NPY, CF2NFP,CU2WU3
$yCP2WPU4CF2WFP,TICCN,T1CCW, T2CON,T2COW,BW, BWC, BN, BNC
$,6C3,F0C3,TCCON1(10%,TOCOWL(10),TCCON2(10), TOCOW2(10}

HNO3 BALANCE

DO 600 K33=1,NS

OLD(K33)=HNQ3(K33)

HNG38B (K33)=HNO3 (K33}

00 620 MM=1,LIMO

IF(MM,.GT.MMHN} MMHN=MM
IF(DENOM{11.EQ.0.0D0} GOTD 540
A=FL{21*HNC3 (2 +HNC3F( 11 *FLEXT(1Y
HNO3(14=Z1MOT (1 )*A/DENCM{ 1 +HNC3B( 1V*ZQT (1
GOTO 660

HNO3( 1)=HNC38(1)
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DO 610 M=2,NS

IF(DENOM(M) . EQ.0.0CO) GOTO 670

FPLl=M¢1

VM1=M-1

A=FL(MPLI*HNO3 (MPL)+B{MML)%*HNO3(MM])
S+HNO3F(MIXFLEXT (M)

HNO3(MI=Z1MQT (MI*A/DENCMIMI+HNC3BIMI*ZQT (M)

GOTO 610

HNO3( M)} =HNO3B (M)

CONTINUE

IFLAG=0

CALL CHECK(IFLAG,HNO3)

IF(IFLAG.GT.1% GO TO 620

GO TO 630

CONTINUE

NEGATIVE ACID CONC CORRECTOR...

DO 650 K=1,NS

IF(HNDO3(K) 680,680,650
SUMHNO=SUMHNO+HNO3 (KY*PLV (K)
HNO3(K)=0.000

CONTINUE

RETURN

END

SUBROUTINE SUBH2

IMPLICIT REAL%*8 (A-H,0-2)

COMMON/XX/ UN(20) ,PN{20),HNO3{201,H20(20),UNB(201,0LD{ 209
€,PNB{ 201 ,HNC3B{204,H20B(20),WTU3CB (201 WTPUD2( 201, WTFP (20}
$,WTFUEL(20),FPN(20),FPNB (209 ,DENOM{20),REL (2001 yCREL{201,LIMO

COMMON /7XXX/TOL¢T+CT4V(20),VOUZ0)4CT1yT1,H,PLV (2001 ,HC,
$72 ySUMNEG y SUMHNG, SUMNEP, I1CP, 1CPO, ITSAC

COMMON /X XXX/B{20) ,U308(20) ,U308B(20)4PART (201, RATEL(20),
$FARTB (201 ,RATE2(20),PUD2(20),PUD2B (201 ,FP[20), FPB(201,
SUNKL{ 200 ,PNK1(20) FPK1(200,FLI20),UNK2(201,PNK2( 20},
$FPK2(20),P(10,50),PB{10,50),NS

COMMON/EXTFED/HNO3F{L10),H20F(10),FLEXT(10),ACIDEF, IAD

COMMON/ XXXXX/RMSD(2,50),TIME,PINVOL,RHOAVE, T Dy XPU, REM, TNP,
$RPOW,RCON, ACDF , P INOOOG, PAROOO

COMMON/CCNSTN/CQOUNIN,CCPNIN, COFP1IN, COUN2N, COPN 2N,COFP 2N,
$COUN1 Wy COPNI W, COFP1W,COUN2W, COPNZW,COFP2W

COMMCN /PERCNT/PCU308,PCPUO2, PCFP,SPAREA, DU30DS
¢ ,DPUN2,DFP +CCNyPINMAS,PPSTG(201,CV(201,RATMF,FEDRAT, ARAT IO
¢ ,PCUPER,PCPPER,UOWF 4PCWF ,PPERPN, UPERUN

COMMON /WTMCLE/ WMOLU3 s WNOLPU,, WMCLFP  WMOLUN, WMOL PNy WMOLFN,
SWMOLH2 y WMOLHN, AVEMOL 3 JJP ART y MMUN yNNPNy NNFP y MMHN, T TH2

COMMCN/ 2CONST/ 24, 2ZUCON,ZP 4 ZPCON,y ZF s ZFCON, ZQT (101,22 1MQT (100
¢ ,PCU3ZU, PCPUZP,PCFPZF,CUINU3,CPINPU, CFINFP,CUl WU3,
¢CP1IWPU,CF1WFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3
$,CP2WPU,CF2WFP ,TICCN,TICCW, T2CON,T2C W, BW 4 BWCy BN BNC
$,E03,FG3,TOCON1(10) ,TOCOW1(10),TCCON2(10), TOCOW2(10)
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HZ0 BALANCE

DO 700 K44=1,NS

CLD (K441 =H20(K441

H20B{ K44)=H20(K44)

DO 720 11=1,L1IMO

TF(T]4GT ITH2) TIHZ2=T1]

IF(DENOM{11.EQ.0.0D0) GOTO 760

A=FL(2)%F2C{2) +H2CFI LI *FLEXT (1)

H20(1)=Z1MQT(1)*A/DENCM{1)+H208(11%2QT {1}

G0TO 750

H20(11=H20B(1}

CONTINUE

DO 710 LI=2,NS

TF(DENOM(LI).EQ.0.0CO) GDTO 770

LIPI=LT+1

LIM1=t -1

A=FL{LIPLI*H2C(LIPYI #B(LIMLI*H20(LIM]L)
¢ +H20F (LI VXFLEXT(LT)

H20(LII=Z21MQT(LI)*A/DENCM(LII#H20B(LI»*ZQT (LT}

GOTO 710

H20(LTI1=H2CB(LI)

CONTINUE

IFLAG=0

CALL CHECK(IFLAG,H20}

IF(IFLAG.GT. 1% GO TO 720

GO TO 730

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE CHECK(IFLAG,CONC)

IMPLICIT REAL*8 (A—H,0-Z)

COMMON/XX/ UN{20) +PN(20),HNO3{201,H20(20),UNB( 201,0LD(20)
$,PNB (200 ,HNG3B(201,H208(204,WTU308(20),WTPUO2( 20 1,WTFP (204
¢, WTFUEL (201 ,FPN(201,FPNB(209,DENOM(20) ,REL (201 ,CREL{ 201,LIMO

COMMON  /XXX/TOL 4T ,CT,V(20),V00201,CT1,T1,H,PLV (20),HC,
€72 ,SUMNEG » SUMHNO, SUMNEP, ICP, ICPO, TTSAC

COMMON/XXXX/B(20) ,U308 (201 ,U308B(20),PART(20),RATEL( 200,
SPARTB (200 ,RATE2( 200, PUD2 (201 ,PUN2B(20) 4FP(200, FPB(20 1,
SUNKL (200 ,PNKL(201 ,FPKI(200,FL(201,UNK2 (200 4PNK2( 201,
$FPK2(201,P (10,501 ,PB(10,50),NS

DIMENSICN CONC(20)

DO 10 J=1,4NS

ERROR=DABS (OLD(J)-CONC (J))

ABTOL=TOL*CLD(J)

TF(ERROR.GT.ABTOL) GO TO 20

CONTINUE

IFLAG=1

RE TURN
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IFLAG=2

DO 30 1=1,20
CLO(T)1=CCNC(1}
RETURN

END

SUBROUTINE WEIGHT

IMPLICIT REAL*8 (A-H,0-Z)

COMMON/XX/ UN{20),PN{20),HNO3(20),H20(20),UNB(20),0LD(20)}
¢ ,PNB(20) ,HNO3B(201,H208(20),WTU30B{(20),WTPUD2(201,4TFP (20}
$WTIFUEL(20),FPN(20),FPNB(20),DENCM(20},REL(20),CREL(20),LIMD

COMMON /XXX/TOLsT+CT,V(20),V0(200+CT1,T1,H,PLV(20),HC,
$72 ySUMNE Gy SUMHNC, SUMNEP, ICP, ICPO,ITSAC

COMMON/XXXX/B(20),U308(20),U308B(20),PART(201, RATEL(201},
¢PARTB(201,RATE2(201,PUD2{201,PUD2B(20),FP(20, FPR(20)Y,
SUNKL(20) ,PNKL(201,FPKL(20),FL{20),UNK2(20) ,PNK2(20),
$FPK2(20),P(10,50),PB(10,500 NS

COMMON/ XXXXX/RMSO(2,50),TIME, PINVOL,RHOAVE,TD, XPU, REM, TNP,
SRPOW,RCON,ACDF,PINQOQ,PARQOO

COMMON/PERCNT/PCU308,PCPUD2, PCFP,SPAREA, U308
$+DPUD2+DFP4+CCNe PINMAS,PPSTG(204,CV{20),PATMF,FEDRAT, ARATIO
¢ ,PCUPER,PCPPER,UCWF,POWF ,PPERPN, UPERUN

COMMON/ ZCONST/Z2U,ZUCON,ZP,ZPCON,y ZF, ZFCON, 2QT(209,Z21IMQAT(10)
¢,PCU3ZU, PCPUZP,PCFPZF,CUINU3,CPINPU, CFINFP,CULWU3,
SCP1IWPU,CFLWFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3
¢2CP2WPU,CF2WFP4T1CCN,T1CCWy T2CON,T2COW,BW, BWCy BN 4 BNC
$,EC3,F03,TOCCN1(10?),TOCOW1(10),TCCON2(101,TOCOW2(10)

COMMON/CCNSTN/COUNIN,CCPNIN,COFPIN, COUN2N,COPN 2N,COFP-2N,
$COUNIW,COPNIW,COFPL1W,sCOUN2W, COPN2W,COFP2W

CCMMCN/PAR/FREQ(50),R (501 y RMMIN(50 1, RMMAX (501, PP(10,50),
$RMS(10,501,PARTP(2014,PM(504,ATP(50},0R,PI,RMIN,RMAX, PCONT,
SFTPIRO,FOURPILNG

COMMON /SCLIDS/FINES,2WASTE ,HDR,CUBE, NRW, NRWM1, NGPNRW,NGM1
S NRWM2

DIMENSION RTEMP(10,501

QUANTITY REACTED FROM FUEL PINS DURING A TIME STEP
AMOUNT RELEASED IN DEDUCTED IN SUBROUTINE RELEAS...
UPDATE PARTICLE CCNC FCR REACTION...

DO 200 1=1,NS
SUMPAR=0,000

DO 360 J=1,NG
K=NG-J+1
PBBBV=P(1,K)I*PLV(I)
PRCT=RATEL (11%PP (1,K)=ATP(KI*H
PUI,K)=(PBBBV~PRCT)/PLV(I)
PPTIM=PP (1 ,K)
TF(P(1,K).LE.0.0D0} GOTC 150
GCTO 160
SUMNEP=SUMNEP+P (T ,KI%*PLV( T}
PRC T=PBBBV
PIT,K)=0.0C0
PPTIM=0.0D0
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RMS(I,KI=R(K)
CONCENTRATION ADJUSTMENT FOR DISSOLUTION OF PARTICLES.

HXP=PRCT/PLV(I)

PARTP(T1)=PARTP(I)+PRCT

UN{ I =(UN(T}+HXPXPCU3ZUI

PN{I)=(PN(TI)+HXPXPCPUZP)

FPN(TI)=(FPN(T)+HXP%PCFPZF)

HNO2(T)=HNC3(T1)~HXPxTOCONLI(T)
TF(HNO3(I1.LT.0.0DOIHNC3(1)=0.00D0

F20(11=H20( 1) ¢HXP*TOCOWL( T}

IF(P{1,K}).LE.0.000}) GOTO 300,

RMS(I 4KI={ ((RMS{I,K)*]1,D~4)*%3-PRCT/

S(FTPIRO%PP (] ,KI))I%%CUBEY /1. D-4

GOTC 350

RMS(T +K¥=R (KD
P(T1,K)=0,.000
RTEMP(T4K)}=RMS{1,K)
PP(T,K)I=PPTIM
CONTINUE

PARTICLE SIZE GROUP TRANSFERS...

DO 305 K=1,NGM1
KP1=K+1
00 185 J1=KP1,NG
IF(RMS{T,J1) . GE.RMMIN(K).AND.RMS(T,J1).LE. RMMAX(K))GOTD 190
GOTO 185
TOTPAR=P (I K)¢P(T,41}
PCONT=PCONT#+1.DO
IF(TOTPARL.LE.0.ODQIGOTC 195
RTEMP(I,K)=TOTPAR/(P{1,K)/RTEMP(I,K)I+P({1,J1)/RTEMP(1,J1))
P{I4K)=TCTPAR
P(I,J1)=0.000
RTEMP (I,J1)=R(J1)
GOTD 185
P(I,J1)=0.000
RTEMP(I,J1)=R{J1)
°(1,K1=0.000
RTEMP(I,K)I=R(K)
CONTINUE '
CCNTINUE
DO 400 J=1,NG
RMS(T,4J)=RTEMP{T,J)
SUMPAR=SUMPAR+P(I,J)
CONTINUE
PART(I)=SUMPAR

PIN REACTIONS...

RCT=RATE2{ IV *CON*PPSTG (T 1%H
OLDWT=WTFUEL(TI)
WTFUEL{TIY=WTFUEL(I)-RCT
JF(WTFUEL(IY.LE.O0.0DO) GO TO 110
GOTO 120
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SUMNE G=SUMNEG#WTFUEL(T)-

RCT=0LDWT

WTFUEL(1)=0.000

IF(OLDWT.GT.0.0D0. ANDJWTFUEL(TI).LE.0.O0DO?Y GO TO 10
GO 70 20

IF{IFLG10.EQ.10) GO TC 90

GO T0 100

TPERCT=CABS(T-TSTG)

- JF(TPERCT.LE.0.33333D00) GO TO 20

TSTG6=T
ICP=ICP+1

TOTDIS=TIME

IDISP=T

WRITE(13,30) TOTDIS,IDISP,TSTG,ICP

WRITE(6,30) TOTDIS,IDISP,TSTG,ICP

FORMAT (/' TIME INTO RUN=',F12.4,* MIN'/

DISSOLUTION OF FUEL IN PINS COMPLETEC IN STAGE®s1X.13,
AFTER ',F12.4,' MINUTES INTO CYCLE.'/

THIS IS THE *,I4,' FUEL DISSAPPEARANCE CYCLE.'/)

CONCENTRATION ADJUSTMENTS FOR DISSOLUTION FROM FUEL PINS.

HXPIN=RCT/PLV(T}

UNCTI)=UN(T)+HXPIN*PCU3ZU

PNCI)=PN(T)I+HXPIN*PCPYZP

FPN(IV)=FPN(I)+HXPIN*PCFPZF

HNO3( T 4=HNC3(I)-HXPIN®TOCON2(1)
IF(HNO3(I).LT.0.0D0MHNC3(I)=0.000

H20(T1)=H2C0(I ) +HXPINXTOCOW2 (1)

IF(PART(IV.LE.0.0DOY GCTO 130

GOT0 140

PART(I1=0.0D0

IF(PARTB(I).GT.0.000.AND.PART(T1}.LE.O.ODO) GO TC 40

GO 7O 50

IF(IFLG10.EQ.10) GO TO 70

GO TO 80

TPERCT=DABS(T-TPSTG)

IF(TPERCT.LE.0.33333D0) GO TC 50

IPSTG=T

TOPDIS=TIME

IPDISP=1

ICPO=1CPC+1

WRITE(13,60) TOPDIS,IPDISP+TPSTG,ICPO

WRITE(6,60) TOPDIS,IPDISP,TPSTG, ICPC

FORMAT(/* TIME INTD RUN=',F12.49" MIN'/

DISSOLUTION OF LOCSE FUEL PARTICLES COMPLETED IN STAGE!

$41X9T73,"' AFTER®',F12.4,* MINUTES INTO CYCLE.'/

Sl
£0
200

(e NaNe]

THIS IS THE *,14," FUEL DISSAPPEARANCE CYCLE.' /)
IFLG10=10

CONTINUE
RETURN :
END

SUBROUTINE RELEAS
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IMPLICIT REAL*8 (A-H,0-7)

COMMON/XX/ UN(20) ,PN{(20),HNO3(20}),H20(20),UNB(20),0LD(20)
$,PNB(201,HNO3B(201,H20B(20) s WTU30B(201V,WTPUD2(20),WTFP {20}
SIWTFUEL(20),FPN(20),FPNB(20),DENCM(20),REL (200 ,CREL(200,LIMOD

COMMON /XXX/TOL+T,CT,V(200,v0(20),CT1,T1,4H,PLV(20),HC,
$T2 4SUMNEG,, SUMHNG, SUMNEP, ICP, ICPO,1TSAC

COMMON/XXXX/B(20),U308120),U308B(200,PART(20),RATEL(20),
SPARTB(20),RATE2(20),PU02(201)4PUD2B(20),FP(201,FPB(201,
SUNKLE20) 4PNK1(200,FPK1(209,FL{20)4UNK2(20),4PNK2(201),
$FPK2(201,P(10,500,PB(10,509,4NS

COMMON/ XXXXX/RMSD(2,4501,T IME, PINVOL, RHOAVE,T D, XPU, REM, TNP,
$RPOW,RCON, ACDF,PINOCO,PAROOO

COMMON/PERCNT/PCU308,PCPUO2, PCFP,SPAREA,DU308
¢,0PUO2,DFPCON,PINMAS,PPSTG(20),CV{200,RATMF,FEDRAT, ARATIO
$,PCUPER, PCPPER,UCWF,POWF ,PPERPN, UPERUN

DO 70 ISTG=1,NS
STG=DF LOAT(ISTGH
IF(WTFUEL(ISTGY.LE.O.QCO) GO TC 10
TIF{1ISTG.EQ.1) GO TC 40
GO T0 50
TiD=T1
GO TO 30
TID=CT*{STG-2.0D0)¢T+CT1

FACTOR OF 1 IN RELEASE RATE EQUATION TO INCREASE RATE...

CONST=WTFUEL(ISTGY/1.D2
REL(ISTGI=1.D0%(,2795D00/(TID%*,2044D0) )*CONST
PEL(ISTG)I=CREL{ISTGY*PPSTG(ISTG)
RELWTM=WTFUEL(ISTG)/H
IF(REL(IISTG).GT.RELWTM) GOTO 60
GO TO 20

REL({ISTG)=RELWTM

GOTO 20

REL(ISTG¥=0.000

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE RATECK
IMPLICIT REAL*8 (A-H,0-7)
COMMON/XX7 UN(20),PN(20),HND3(20),H20(20),UNB( 20),0LD(20)
¢,PNB(20) ,HNO3B(20) ,H20B(20),WTU3C8(20) WTPUC2(201,WTFP {20}
S WTFUEL(2001,FPN(20),FPNB(20) 4DENCM(20),REL (20} ,CREL{20),LIMD
COMMON /XXX/TOL,T,CT,VI(209,V0C(20),CT1,TL4H,PLV(20),4HC,
£ 72 ySUMNEG, SUMHNO, SUMNEP, ICP, ICPO,ITSAC
COMMON /X XXX/8(201,U308(201,U3088B(209,PART(20,RATEL(20),
¢PARTB(201,RATE2(20),PUD2 (201 ,PUD2B(20Y,FP(20), FPB(20),
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CUNKL(20) ,PNK1(200 4FPK1(20),FLI201,UNK21201,PNK2( 201,
¢FPK2(201,P(10,50),PR(10,50),NS

COMMON/ XXXXX/RMSD(2,500,TIME,PINVOL,RHOAVE, T Dy XPU, REM, TNP,

$RPCW,RCON,ACDF,PINOOO,PAROOO

COMMON/PERCNT/PCU308,PCPUDZ2,PCFP,SPAREA,DU3D8

$,0PU02,DFP,CON,PINMAS,PPSTG(201,0V{(20),RATMF,FEDRAT, ARATIO
$ 4PCUPEP,PCPPER,UOWF,POWF ,PPERPN, UPERUN

REACTION RATE FOR U308 AS FUNCTION OF HNO3 CONC AND 7O
BASED ON UO2 REACTION RATE eeee 2?22?2000 0sss

REACTION RATE FOR PUOZ AS FUNCTION OF HNO3 CONC AND TD
ASSUMES NO FLUORINE IN DISSOLVER,
FROM A REPCRT BY RAINEY AND URIATE PUBLTISHED IN 1965.

DO 70 TIST=1,NS

 A=HNO3(IST)/63.0200

IF(A.LE.0.0D0} GO TO 50
IF(WTFUEL(IST).LE.0.0DO) GO T2 10
IF(PINOOO.LT.1.0D0) GOTO 80

CRATE2(TISTI=RATMF®{ AXACCF)**RPOW

GOTO 20
RATE2(IST¥=0,000
GO 10 20

: - RATE2(IST)=0.0D0

IF{TIME.LE.H) GO TO 60
IF(PART(ISTI.LE.0.0D0) GO TO 30
IF{PARO0O.LT.1.000% GOTO 90
RATELI(IST)=RATMF*A%%RPCHW

- GOTO 40

RATEL(TISTYI=0.00D0

GO TO 40

RATEL1(IST¥=0.0D0

GO TO 40

RATEL(IST)=0.0D0

RATE2(1ST)=0.0D0

UNKI{YSTI=PCU308*RATEL(ISTY

PNKLI(ISTI=PCPUC2*RATEL(IST)

FPKI(ISTI=PCFP*RATELI(IST)

UNK2(TST)=PCU308*RATE2{1ST}

PNK2(TSTI=PCPUO2*RATE2(IST)

FPK2{ I STI=PCFP*RATE2(IST)
CONTINUE

RE TURN

END

SUBROUTINE FREQUE
IMPLICIT REAL*8 (A-H,0-1}
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COMMON/XXXX/B(20) ,U308(20),U308B(20),PART{20),RATEL(20),
¢PARTB(20),RATE2(20%,PUG2(20),PUD2B(20),FP{200), FPBR(20),
SUNKL(201) 4PNK1(20),FPKL(200,FL(201),UNK2(20),PNK2(20},
$FPK2(200),P(10,500,PB(10,50),NS

COMMON/PERCNT/PCU308,P (CPUO2,PCFP,SPAREA, DU3C8
$,0PU02,0FP,CCN,PINMAS,PPSTG(20),0V(20),RATMF,FEDRAT, ARATIO
$,PCUPER 4 PCPPER,UOWF,POWF yPPERPN, UPERUN

COMMON /PAR/FREQ(50) 4R (501, RMMIN(50),RMMAX{501,PP(10+450),
¢ERMS(10,50) +PARTP{20),PM{50), ATP{501,DR,P1,RMIN,RMAX, PCONT,
$FTPIRO,FOURPI,NG

COMMON/SCLIOS/FINESRWASTE yHDR,CUBE, NRWy NRWM1, NGPNRW,NGM 1
$ yNRWM2

COMMON/ XXXXX/RMSD(2,50),YIME,PINVOL,RHOAVE,TD, XPU, REM, TNP,
$RPCW,RCON, ACCF,PINQOO,PARQQO

PARTICLE DISTRIBUTION INITIAULIZATION ROUTINE...

DISTRIBUTICN DATA IS FCR SHEARED ,UNVOLOXIDIZED, UNIRRIDIATED
FUEL. TAKEN FROM SUBCCNTRACT REPORT NUREG/CR-0866,
CRNL/NUREG-~60 BY DAVIS,WEST, AND STACY OCTOBER 1979

DR=(RMAX-RMIN)} /NG
HDR=DR/2.D0
R{11=RMIN+HDR
RMMIN(1LI=R(1)~HDR
RMMAX (1) =R (1) +HDR
SumM=0.0D0
D0 10 I=2,NG
R{I¥1=R(I-1)1+DR
RMMIN(I)=R(I)-HDR
RMMAXTIN=R(I1+HDOR
CM=5.04100
$=1.51000
RS1=1.00/S
RSQPI=1.00/(2.D0%*PI)%*%,5D0
RSQPI=0.1100
RS2=RS1/(2.D0*S)
COMFA=RSQPTI*DR/S
B0 20 I=14NG
QLO0=DLOG(R(I)I-CM
FREQ(I)=COMFA*(DEXP{QLlO*{—-QLOV*RS2))/R{I}
SUM=SUM+FREQ( 1)
CONTINUE
WRTTE(64+30) SUM
FORMAT (//* INTEGRATED FREQUENCY DISTRIBUTION=',2X, 1PD12.5)
SUM1=0.0C0

NORMALTZED FREQUENCY DISTRIBUTION FOR PRESENT PARTICLE
SIZE RANGE

DO 40 J=1,NG
FREQUJI=FREQ(J)/SUM
PMUIY=FTPIRO*{R{JI*1.0~41%%3
ATP({JI=FCURPI*(R{JI*ARATIO)**2
SUM1=SUML+FREQ(J}

NSP1=NS+1
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DO 60 I=1,NSP1

DO 60 J=1,NG

EMS{I,J)=R(J)

CONTINUE

Do 70 I=1,2

0O 70 J=1,NG

RMSD(I,Jd¥=R{N

CONTINUE

WRITE(6,50) SUMIL

FORMAT{* NORMALIZED INTEGRATED FREQUENCY DISTRIBUTION=?,
$2X4,1PD12.57/) '

RETURN

END

TIME STEP ADJUSTER

SUBROUTINE TSTEP

IMPLICIT REAL%8 (A-H,0-2%

COMMON/XX/ UN{20),PN(20},HNO3(20),H20(20),UNB(20),0LD(20}
$4,PNB(20),HNO3B(20) ,H20B(20),WTU3C8(20) +WTPUO2(20)+WTFP(20)
$yWTFUEL(201,FPN(20),FPNB(201DENCM(20),REL(20),CREL(20).LTIMO

COMMON /XXX/TOL+T4CT,V(201+,V0(200,CT1,T1,H,PLV(204,HC,
$72 ySUMNEG, SUMHNO, SUMNEP, ICP, ICPC,ITSAC

COMMON/PERCNT/PCU3C8,PCPUN2, PCFP,SPAREA,DU30S8 )
$,0PUD2,DFP,CON,PINMAS,PPSTG{204,CV{20),RATMF,FEDRAT, ARATIO
$+PCUPER+PCPPERyUCOWF 4 PCWF ,PPERPN, UPERUN ’

COMMON/XXXX/B(20),U308(20),U308B(20)PART(20),RATEL(20),
$PARTB(20),RATE2(201,PU02(201,PUO2ZB(20),FP(20Y,FPB(20),
SUNKL1{20) oPNK1{20)+FPK1(200,FL(20)sUNK2(20),PNK2( 20},
$FPK2(20),P(10,50),PB(10,50),NS

SHORTM=HC

CALL RATECK

CALL RELEAS

DO 10 I=1,NS

1ZE=1

IF(WTFUEL(IZE).LE.O0.0DOY GOTO 10

REACT=(RATE2{TIZEV*CON*PPSTGIIZE) +REL(TZENI*HC

DELWT=WTFUEL(IZE)-REACT

IF(DELWT.LE.0.0DO) GOTC 20

STTM=HC

GCTO 10

STTM=WTFUEL(IZEIXHC/REACT

ITSAC=ITSAC+]

IF(STTM,LT.SHORTM) SHORTM=STTM

CONTINUE

H=SHORTM

RETURN

END

U02 REACTION RATE CHOISE

SUBROUTINE RXEQU '

IMPLICIT REAL%*8 (A-H,0-Z)

COMMON/PERCNT/PCU308,PCPUO2, PCFP,SPAREA, DU308
$,0PUD2,DFP,CON,PINMAS,PPSTG(20),CVI20)+,RATMF,FEDRAT, ARATIO
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¢,PCUPER yPCPPERLUOWF  POWF ,PPERPN, UPERUN

COMMON/CCNSTN/COUNIN,CCPNLIN, COFPIN, COUN2N, COPN 2N, COFP 2N,
$COUNIW, COPNIW,COFP1W,COUN2W, COPN2W,COFP2W

COMMON/XX/ UN(20) +PN(20},HNO3(201,H20(20),UNB(203,0LD(20)
$,PNB(20) ,HNO3B(20},H20B(20),WTU3C8(201,WTPUO2(20),WTFP(20)
SyWTFUEL(200,FPN(20),FPNB(20),DENOM(20),REL (20),CREL( 20V, LIMD

COMMON/WTMOLE/WMOLU3 4 WNOLPU, WMOLFPy WMOLUN, WMOL PN, WMOLFN,
SWMOLH2, WMOLHN, AVEMOL y JJPART y MMUN yNNPNy NNFP ¢ MMHN, TIH2

COMMON/ ZCONST/2ZU,ZUCON,ZP,2PCON, ZF,2FCON,2QT (10),Z1MQT (10}
$,PCU3ZU, PCPUZP,PCFPZF,CULINU3,CPLINPU, CFINFP,CULWU3,
$CPIWPU,CF1WFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3

¢ 4CP2WPU,CF2WFP,T1CCN,T1CCW, T2CAN,T2COW+BW, BWCy BN 4 BNC

s EO3yF03’TGCCN1(10'qTOCONl(10|'TCCONZ(IOU,TOCDNZ(IO‘

DO 500 1=1,10

A=HNO3 (1) /WMOLHN

If (A.GE.10.0D0) GOTO 100

COUN1IN=EG3#*BN

COUNZ2N=EG3*BNC

COUN1W=FQ03*BW

COUNZ2W=FC3*BWC

GOTO 200

COUNLN=4.D0*BN

COUN2N=4.D0%*BNC

COUN1W=2.D0*BW

COUN2W=2.D0*BWC

CU2WU3=CCUN2W*PCU308

CULNU3=COUNIN*PCU308

CU2NU3=CCUNZ2N*PCU308

CULWU3=CCUN1W*PCU308

TOCON1(I9=T1CON¢CULNU3

TOCON2(I)=T2CON+CU2NU3

TOCCWL(1)=T1COW+CULWU3

TOCOW2 (1 1=T2COW+CU2WU3

CONTINUE

RETURN

END

DIGESTER TANK MODEL

SUBROUTINE DIGEST

IMPLICIT REAL*8 (A-H,0-Z)

COMMON/XX/ UN(20) 4PN(20),HNO3(204,H20(20),UNB(207,0LD(20)
$4PNB{20) ,HNO3B(20),H208(20) 4 WTU30B (201 ,WTPUQ2(201+WTFP (20}
S yWTFUEL(201,FPN(20),FPNB(20),DENCM(20),REL (20} ,CREL(20),LTIMD

COMMON /XXX/TOLsT,CT,V(200,V0(20),CT1,T1,H,PLV(20),HC,
€72 ySUMNEG 4 SUMHNO, SUMNEP, ICP, ICPO,ITSAC

COMMON/XXXX/B(20),U308(20),U3088(201),PART(20,RATEL(20),
¢FARTB(20),RATE2(20),PUB2(20),PUD2B(20),FP(20), FPB(201},
SUNKL1(20) PNK1(201FPK1(20),FLE201,UNK2(20)+PNK2(20),
$FPK2(201,P{10,50),PB(10,5014NS

COMMON/ XXXXX/RMSC(2,50),TIME,PINVOL, RHOAVE'TD XPU, REM, TNP,
$RPCW,RCON, ACDF,PINOOO,PAROOQO

COMMON/SCLIOS/FINESRWASTE HDR,CUBE, NRWy NRWMY, NGPNRW,NGM L
$ yNRWM2
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COMMON /PAR/FREQ(SOY4R(S0) yRMMIN{S0 ), RMMAX{50),PP(10,50),
SRMS(10+500 4 PARTP (201 ,PM(501, ATP(501,0R,PI,RMIN,RMAX, PCONT,
$FTPIRO,FOURPILNG

COMMON/PERCNT/PCU308, PCPUOZ'PCFP SPAREA,DU308
¢,0PUD2+DFP,CON,PINMAS,PPSTG(201,CV{20},RATMF,FEDRAT, ARATIO
% yPCUPER 4 PCPPER,UOWF, POWF ,PPERPN, UPERUN

COMMON/DIG/DPLUN(2+200),0PLPN(2, 200}
$4PD(2,501,ATPD(2,+50),PPD(2,50)
$,0PLH20(2,200) ,DPLHNO(2, 2000 ,DPLFPN{2,200),DPLPAR{2,200),
$DPLTIML200},DIGVOL(2,2009,RUN, TFILL,VFULL, TTRAN, TCIG
¢$,PLINC,VD1,VD2,TML,TM2,TFDL,TFD2,TOPLOT,TTDY,TTD2,7D1,TD2,
$C1UN,D2UN,D1PN,D2PN,D1H2C,D2H20,D1HNO3,D2HNO3,
$D1PART,D2PARTD1FPN,D2FPN,SUMD1, SUMD2, IPD, MUPIP

COMMON/ 2CONST/ZU, ZUCON,2P 4 2PCON, ZF o ZFCON,2QT (103, 2 IMQT(10)

$,PCU3ZU,PCPYZP,PCFPZF,CUINU3,CPINPU, CFINFP,CUlWU3,

$CP1IWPUsCF1WFP,CU2NU3,CP2NPU, CF2NFP,CU2WU3

$4CP2WPUSCF2WFP+T1ICCN,T1CCW, T2CON, T2COW, BW, BWC, BN 4 BNC

$,£03,F03,TCCCNL(10),TOCOWL(101,TCCON2( 1014, TOCOW2(10)}
COMMON/WTMOLE/ WMOLU3 ,WMOLPU, WMOLFP, WMOLUN, WMOL PN, WMOLFN,

SWMOLH2y WMOLHN, AVEMOL y JJPART g MMUN yNNPNy NNFP y MMHN, T IH2
CIMENSION RTEMPD(2+509 ,SUMFAR(2}

FILL DIGESTER # 1

FLH=F L {1 )%H
IF(TFD1.GE.TFILL.OR.VD1.GE.VFULL) GOTO 10
IFLGL=0

TFO1=TFD1+H

VD1=VD1+FLH

IF(VD1.LE.0.0D001GOTO 20
DIUN=DIUN+UNT 1) =*FLH

DIPN=D1PN¢PN(1I*FLH
CIFPN=D1FPN+EPN{ 1) *FLH
DIH20=D1H2C+H20( 1) *#FLH
DIHNO3=01HNO3+HNO3 (1) % FLH

00 200 K=1,NRWM].
PMENT=P{1,KI*FLH
DIPART=D1PART+PMENT
PDINL=PD(1,K)*VD1
PTOTL=PDIN1+PMENT
PD(1,K)=PTCT1/VD1
IF{(PTOT1.LE.0.000¥GOTO 300
RMSD(1,K)=PTOT1/( PMENT /RMS (1,K)+PDIN1/RMSD(1,K )
GOTO 200
RMSD(1,K)=R(K)

PO(1,K1=0.000 _

CCNTINUE
TM1=TM1+D1UN D1 PN+O1FPN+DL K20+ C1HNO34D1P ART
CD1UN=D1UN/VD1
CD1PN=D1PN/VD1
CO1FPN=D1FPN/VD1
CO1H20=D1H20/ V01
CD1HND=D IHNO3/VD1
CD1PAR=D1PART/VDL
GOTO 20
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DIGEST CYCLE FOR DIGESTER # 1

IF(IFLGl1.NE. 10V GCTO 25
GOTO 35
TTRAT1=VC1/TTRAN
TRTM1=TM1/TTRAN

VE1=VD1
TF{VDl.LE.0.0DOIGCYO 35
CO1UN=D1UN/VD1
CD1PN=D1PN/VDL
CD1FPN=D1FPN/VD1
CD1H20=D1H20/VD1
CD1HNO=D1HNO3/VD1
CD1PAR=D1PART/VD1
IFLG1i=10

TD1=TD1+H
IF{(TD1.GT.TDIGY GOTO 30
G0Y0 20

EMPTY DIGESTER # 1

TTD1=TTD1¢H
IF(TTD1.GT.TTRAN} GOTO 40
1IF(VD1.LE.0.0D0)GOTO 20
VD1=VD1-TTRAT1*H
TM1=TM1-TRTM] *H

GOTC 20

TD1=0.0D0

TTD1=0.0D0

TFD1=0.0D0

T™M1=0.0D0

VD1=0.0D0

FILL DIGESTER # 2

IF(TIME.LE.TFILLY GGTO 110
IF{TFD2.GETFILL.CR.VDZ.GE.VFULLIGOTO 60

TFD2=TFD2+H

VD2=VD2+FLH

IFLG2=0
IF(VD2.LE.0.0DO¥GCTO 70
D2UN=D2UN+UN(1)%FLH
D2PN=D2PN+PN(1)*FLH
D2FPN=D2FPN+FPN(14*FLH
D2H20=D2H2C+H2C (1 ¥ *FLH
D2HND3 =D 2HAD3 +HNC3 (1 ¥ *FLH

PMENT=P(1,K)*FLH
D2PART=D2PART+PMENT
PDIN2=PD(2,K)*VD2
PTOT2=PDINZ2¢PMENT
PD(24K)=PTCT2/VD2

IF(PTOT2.LE.0.0D0)GOTO 360
RMSD(2,KI=PTOT2/(PMENT/RMS (1 ,KVI¢PDIN2/RMSD(2,K 1)

GOTO 350
RMSD(2 4 K¥=R(K)

A-64

DC 350 K=1,NRWMI]
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PD(2,KI=0.0DO
350 CONTINUE
TM2=TM2+D2UN+D2PN+D2FPN+D2H20+D2HNO3+D 2P ART
CD2UN=D2UN/VD2
CD2PN=D2PN/VD2
CD2FPN=D2FPN/VD2
CD2H20=D2H20/V0D2
CD2HNQO=D2HNO3/VD2
CD2PAR=D2PART/VD2
GOTO 70

C
C DIGESY CYCLE FOR DIGESTER # 2
c
€

0 IF(IFLG2.NE. 10} GCTC 632
GOTO 100

€3 TTRAT2=VD2/TTRAN
TRTM2=TM2/TTRAN
VF2=vD2
IF(VD2.LE.0.0DO¥GOTO 80
CD2UN=D2UN/VD2
CD2PN=D2PN/VD2
CD2FPN=D2FPN/VD2
CD2H20=D2H20/VD?2
CD2HNO=D2HNO3/VD2
CD2PAR=D2PART/VD2
IFLG2=10

100 TD2=TD2+H
IF(TD2.GT.TDIGY GOTO 80
GOT0 70

EMPTY DIGESTER # 2

oA OO0

c TT02=TTD2¢H
IF(TTD2.GT.TTRAN) GOTO 90
IF(VD2.LE.0.0D01GOTO 70
VD2=VD2-TTRAT2%H
TM2=TM2~TRTM2%H

. GOTO 70
S0 T02=0.0D0
TTD2=0.0D0
TFD2=0.0D0
TM2=0.000
vD2=0.0D0
GOTO 70

110 CD2UN=0.0D0

CD2PN=0.0D0

CD2FPN=0.0D0

CD2H20=0.000

CD2HNO=0.0D0

CD2PAR=0.0D0

CONCENTRATION ADJUSTMENT DUE TC REACTION

REACTION RATE DETERMINATION

w-w YOO

0 A1=CD1HNG/63.0200
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A2=CD2HNC/63.02D0
IF(D1PART.LE.0.0D0) GOTO 400
RATEDI=RATMF*A1*%*RPOW
GOTO 410

400 - RATED1=0.0D0

410 IF(D2PART.LE.0.0DO? GOTO 420
RATED2=RATMF*A2%%RPOW
GOTO 430

420 RATED2=0.000

430 CONTINUE

C DISSOLUTICN CORRECTICN

AD1=CD1HNC/WMOLHN
IF(AD1.GE.10.,0D0) GOTO 210
TD1CN1=T1CCN+EO3*8BN
TDICW1=TICCW¢FO3*BW
GOTO 220

210 TD1ICN1=T1CON+4.DO*BN
TD1CW1=T1COW+2.00%8BW

220 AD2=CD2HNC/WMOLHN
IF(AD2.GE.10.0001GATO 230
TDZ2CN1=TICCN+EQ3*%BN
TD2CWL=T1COW+FO3*BW
GOTO 240

230 TD2CN1=T1CCN#+4.0DO*BN
TD2CW1=T1CCW+2.000%BW

240 CONTINUE T

DC 490 J=1,NRWML

JF(VD1.LE.Q0.0DOIGCTO 500
POIMLI=PD(1,J)%VD]
PMD1=F TPIRCX(RMSD(1,J)*1.D-4%*3
ATPD{(1l,J)=FCURPI*(RMSD (1, J)1*ARATIN)%x%x2
PPD(1,J)=PDIM1/PMD1
PRCTD1=RATEDL*PPO(1,J)*ATPD(1,J)*H
PD(1,J)¥=(POIM1-PRCTD1Y/VD1
PPDTIM=PPD(1,J)
IF(PD(1,J).LE.0.0DD)IGOTC 460
GOTD 4170

460 SUMD1=SUMD1+PD(1,J4)
PRCTD1=PDIM] ’
POL1,J1=0.0D0
PPDTIM=0.000
RMSD(1.J)=R(J}

CONCENTRATION ADJUSTMENT FOR DIGESTER # 1

HDOOO

70 HXP1=PRCTD1/VD1L
CD1UN=CDI1UN#HXPL1%*PCU3ZU
D1UN=CD1UN%*VD1
CD1PN=CDIPN+HXP1%PCPUZP
D1PN=CD1PN=*VD1l
CD1FPN=CD1FPNsHXP1*PCFPZF
D1FPN=CDIFPN*VD]
CD1HNGO=CD1HNO-HXPL1*TDLCN1
DIHNO3=CD1HNO*VD1
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CD1H20=CD1H20#HXP1*TD1CW}

D1H20=CD1H20%*VD1

IF(PD(1,J).LE.0.0DO) GCTO 480

RMSD(Ll 4 J)=(((RMSD(1,J}*1.D-4)%%3~-PRCTDL/ (FTP IRC%XPPD(1,J) })
$*%xCUBEY/1.D-4 .

GOTO 550

480 RMSD(L,J=R(JH
PD(1l,4)=0.0D0

580 PPD(1, J)=PPDTIM

€00 JF{(VD2.LE.0.0DO}Y GOTO 450

PDIM2=PD(2,J)*%VD2
PMD2=FTPIRC*(RMSD(2,J)*1.D-40%%3
ATPD(2,J)}=FCURPI*(RMSD(2,J)*ARATIOI*%2
PPD(2, J)=PDIM2/PMD2
PPDTIM=PPD(2,J)
PRCTD2=RATED2*PPD(2,J) *ATPD( 2, J}*H
PD(2, J¥={PDIM2-PRCTD2}/VD2
IF(PD(24J) .LE.0.000) GQTO 510
GOTO 520

€10 SUMD2=SUMD2+PD(2, 4}
PRCTD2=PDIM2
PD(24J¥=0.0D0
PPOTIM=0.000
RMSD(2,J)=R{J)

CONCENTRATINN ADJUSTMENT FQR OIGESTER # 2

MO0

20 HXP2=PRCTD2/VD2
CD2UN=CD2UN+HXP2%PCU3ZU
D2UN=CD2UN*VD2
CD2PN=CD2PN+HXP2%PCPUZP
D2PN=CD2PN*VD2
COZFPN=CD2FPN+HXP2%#PCFPLF
D2FPN=CD2FPN*VD2
CD2HNO=CD2HNO—HXP2%*TD2 (N1
D2HNG3=CD2HNO*VD2
CD2H20=CC2H20¢HXP2%TD2CHW1
DZ2H20=CD2HZ20%*VD2
IF(PD(2,4J).LE.C.ODO) GCTO 530
RMSD(2 4y J1=({{(RMSD(2,J)*1.D—-4)%%3-PRCTD2/ (FTPIRO*PPD(2,J)))

¢*xCUBE)/1.D-4 |
GOTO 560
€30 RMSD{2,J¥=R{J)
PD(2,4)=0.0D0
£60 PPD(2,4 J)=PPDTIM
450 RTEMPD(1,4JI=RMSD(1,J4}
RTEMPD (2, J1=RMSD(2,4)
490 CCNTINUE

C PARTICLE SIZE GROUP TRANSFERS...
DC 610 !=1,2

SUMPAR(11=0.,00D0
. DC 620 K=1,NRWM2
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KP1=K+1
DO 630 J=KP1l,NRWM1
TF(RMSD{ T, J).GE.RMMINCK) . AND.RMSD{T, J) .LE.RMMAX(K) ) GOTO 640
GOTO 630
TOTPAR=PD(1,K)+PD(I,J)
IF{TOTPAR.LE.Q.OCO)} GO TO 650
RTEMPD (T 4KI=YOTPAR/(PD(I,KI/RTEMPD(T,K)I+PD(I,JV/RTEMPD(I,J)}
PO(I,KI=TOTPAR
PD(1,J1=0.000
RTEMPD(I,J)=R(IN
GDTO 630
PD(1,41=0.0D0
RTEMPDI(T,JI=R(J)
PO(1,K1=0.0D0
RTEMPD(I,K)=R{K) -
CONTINUE
CCNTINUE
DC 700 J=1,NRWM]1
RMSD( I , JY=RTEMPD{1,J}
SUMPAR(T)=SUMPAR(IN+PD(I,J)
CCNTINUE
CONTINUE
D1PART=SUMPAR(11%VD1
CD1PAR=SUMPAR{1)
D2PART=SUMPAR(2}%*VDZ
CD2PAR=SUMPAR(2)
TOPLOT=TOPLOT +H
IF(TDPLOT.GT.PLINCY GOTO 1%
GOTO 800
1PD=1PD+1]
DPLUN(1,IPD}=CDI1UN
DPLPN(1,IPDI=CD1PN
DPLFPN(1,1PD}¥=COLFPN
DPLH20(1,IPDI=CD1K20
DPLHNO(1,1PD)=CDIKND
DPLPAR(1,IPD)=CD1PAR
DPLTIM(IPDI=TIME
DIGVOL(1,1PDI=VD1
DPLUN(2,IPD1=CD2UN
DPLPN(2,IPC)=CD2PN
DPLFPN(2,1PD)=CD2FPN
DPLH20(2,TPD¥I=CD2H2C
DPLHNO(2,IPD)=CD2HNC
DPLPAR(2,I1PDI=CD2PAR
DPLTIM(IPD)I=TIME
DIGVOL(2,1PD)=VD2
MUPIP=1PD
TDPLOT=C.0D0
CONTINUE
RETURN
END

SUBROUTINE PLOT7(PLTIME,MUM,NS)

REAL*8 PLU308,PLUN,PLPUD2,PLPN,PLFP, PLH20,PLHNCO3,PLFPN
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$ yDPLUN,DPLPN,SUMD1,SUMD2,PD, ATPD,PPD
$ yDPLH20, DPLHNG,DPLFPN,DPLP AR,
€OPLTIM,DIGVOL,RUN,TFILL,VFULL, TTRAN, TDIG
$,PLINC,VD1,VD2,TM1,TM2,TFD1, TFD2,TDPLOT,TTD1,TTD2,TD1, TD2

DIMENSTON PLTIME(200),PL1(2001,PL2(200),
$PL3(2001 ,PL4 (2001 ,PL5(2001,PL6(200),PLT(2001,ATITLE(101, IPAK(250)
S ATNUM(9),PLB(200)

COMMON /DT SSPL/PLU308(10,200),PLUN(10,2001,PLPUC2(10,2001,
$PLPN(10,2000,PLFP{10,2001,PLH20( 10,200, PLHND3(10,200)
$ PLFPN(10,200) ,PLPART(10,2001,PLWTT(10,200,PLSST(10,200)

COMMON/D1G /DPLUN(2,2001,0PLPN(2, 2001}
$,PD(2,501,ATPD(2+501,PPD(2,50)
$,DPLH2C(2,200) , DPLHNO(2, 2001 4DPLFPN( 2, 200) sDPLPAR(2, 2001
SDPLTIM(200),01GVOL(2,200),RUN, TFILL,VFULL, TTRAN, TCIG
$,PLINC,VD1,VD2,TM1,TM2,TFD1,TFC2,TOPLOT,TTOL,TTD2,TD1,7D2,
$D1UN, D2UN,D1PN,D2PN,D1H2C,D2H20, C1HNO3, D2HNO3,
$DLPART,D2PART,D1FPN,D2FPN,SUMD1,SUMD2, IPD, MUPTP

DATA ATITLE/*CONC',"ENTR','ATIC',*N PR, *OFIL','E FO!,
$'P ST','AGE *,° et ST/LATNUM/T L %, Y 2 v, 3, 4o,
S' SI’l 6.,' 7!'0 8!,' 9!,

XTI=RUN+10.D0

STI=XTI/10.

DO 17 J32=1,200

PL1(J31=0.0

PL2(J31=0.0

PL3(J31=0.0

PL4(J31=0.0

PL5(J31=0.0

PLS5(J3)=0.0

PLE(J3)=0.0

PL7(J31=0.0

PLBIJI31=0.0

CONTINUE

CALL COMPLX

CALL PHYSOR(.625,.75)

DO 1001 IPLY=1,NS

ATITLE({9)=ATNUM(IPLT)

CALL TITLE(ATITLE,-100,*TIME(MINIS®,100,
$'CCNC. UN2, PUO2, AND F.P. (GRAM/L1%',100,8.5, 6.5)

CALL YTICKS(10)

CALL XTICKS(5)

CALL XINTAX

CALL BLNK1(0.0,1.9345,4.3125,6.5,3)

IDUMMY=L INEST(1PAK,250,70)

CALL LINES('UD2 $',IPAK,1)

CALL LINES('PUD2$',IPAK,2)

CALL LINES(TPU(NO314S \1PAK, 4}

CALL LINES(*F.P.$',TPAK,3)

CALL LINES('UC2(NG312%",IPAK,51

CALL LINES('FP{NO312.365%,IPAK,6)

CALL LINES('HND3$',IPAK,7)

CALL LINES('H20%',IPAK,8)

U308MX=0.0

UNMXP=0,0

DO 1002 JAK=1,MUM

PLL{JAKI=PLU3CB(IPLT, JAK)
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PL2(JAKI=PLPUB2(IPLT,JAKI

PL3(JAK) =PLPN{TIPLT,JAK)

PL4(JAK)=PLFP(IPLT,JAK)

PLS(JAK) =PLUN(IPLT,JAK)

PLOCJAKI=PLHNO3(IPLT, JAK)

PLTIJAK)I=PLE20(IPLT,JAKY

PLBIJAKI=PLFPN(IPLT,JAK)
WRITE(691003)PLTIME(JAK) yPLL(JAK) o PL2(JAK),PL3{JAK),PLA(JAK),

$PLSCJAKY , PLE(JAKIZPLTIJAK),PLBLJAKY

FORMAT(2X,9(1PEL12.5,1X )
IF(U308MXe LT PLLI{JAKIIU3OBMX=PLL (JAK)
IF(UNMXP.LT.PLS5( JAK)) UNMXP=PLS(JAK)

CONTINUE

TF(U308MX.LE..OLl) GOTO 100
U308MX=U308MX+10.
1U308=U3C8MX/10.
U308MX=1U308%*10.
U30B8IN=U308MX/10.

GOTO0 200

L308Mx=10.

U308IN=1.0

IF{UNMXP.LE..01) GOTO 300
UNMXP=UNMXP+50.
TUNMXP=UNMXP/50.
UNMXP=TUNMXP%50.
UNMXPTI=UNMXP/10.

6ATA 400

UNMXP=100.

UNMXPI=10.

CALL GRAF(0.0,STT,X71,0.0,U308IN,U308MX}
CALL FRAME

CALL CURVE(PLYIME,PL1,MUM,2)
CALL CURVE(PLTIME,PL2,MUM,2)
CALL CURVE(PLTIME,PL4,MUM, 2)
CALL YGRAXS(0.0,UNMXPI,UNMXP 6.5,

$'CCNC. UC2(ND33)2, PUIND3)2, AND FP{NO312.3552 (GRAM/LIS®
+—100+8.5,0.0)

CALL CURVE(PLTIME,PL3,NMUM, 2}
CALL CURVE(PLTIME,PLS5,MUM, 2)
CALL CURVE(PLTIME,PL8,MUM,2)
CALL YGRAXS(0.,0,100.+1000.+6.5,*CONC. HNQO3 AND H20 (GRAM/L)S',

$-100+9.125,0.00

CALL CURVE(PLTIME,PLG6,MUM, 2}
CALL CURVE(PLTIME,PLT,MUM, 2}
CALL RESET(*BLNKL1*)

CALL LEGEND(IPAK+84.125,4.44)
11PLT=1IPLY

CALL ENDPLA(IIPLT)

CONTINUE

RETURN

END

SUBROUTINE PLOTD(NS,FREQ)RMS,P,PART,RMIN,FMAX, NG)
REAL%*8 FREQ(50),RMS(10,50),P{10,503,PART {200 ,RMIN, RMAX



A-71

DIMENSION FQ(50) +RAD(50)DTITLE(11), ANUM(9)

DATA OTITLE/*PART*,*ICLEY,' SIZ*','E DI*, *STRI','BUTI',*CN F°*,
$'0OR S', "TAGE"',!" ! S9/ANUM/Y 1 ', 2 ', 3 v,
s' 41'0 Sl'l 6"l 7',' 8',' 9!/

IMARK=0

IF(NG.LE.100) IMARK=1

D0 20 1PLT=1,NS

IPRT=10

FQMAX=0.0
IF(PART{IPLT).LE.0.0DOY GO TO 20
DC 30 J=1,NG
FQUJI=P{IPLT,J)/PART(IPLT)
RAD{J)=RNS{IPLT,J)
TF(FQ(J).GT.FQMAX) FQMAX=FQ( J)
IF{IPRT.LT.10) GO TO 50

IPRT=1
WRITE(6,+40}J,RAD(S),FQLI)

4C
50
20

FORMAT(15,5X,1PE13.6+5X,1PEL3.6)
IPRT=IPRT+1
CONTINUE

FOMAX=1.2%FQMAX

IFQMAX=FQMAX*100.

FQMAX=TFQMAX/100.

IF(FQMAX.LE.0.0) FQMAX=0.2

FOINC=FQMAX/10.

DTITLE(10)=ANUM(IPLT)

RMIN4=RMIN

RMAX4=RMAX

RINC=(RMAX&-RMIN4)/10.

CALL COMPLX

CALL TITLE(DTITLE,-100,*PARTICLE RADIUS (MICPRON)%*,100,
¢ 'NCRMALIZED FREQUENCY$',100,8.5,6.5)

CALL YTICKS(10)

CALL XTICKS({101

CALL XINTAX

CALL GRAF(RMIN4,RINC,RMAX4,0.0,FQINC,FQMAX)

CALL FRAME

CALL CURVE(RAD,FQ+NG,IVMARKY

1IPLY=IPLT

CALL ENDPL(IIPLT)

CALL RESET('ALL")

CONTINUE

RETURN

END

SUBROUTINE PLOT3(PLTIME,MUM,NS)

REAL*8 PLU3C8,PLUN,PLPUO2,PLPN,PLFP, PLH20,PLHNO3,PLFPN
€ PLPART, PLWT T, PLSST,DPLUN,DPLPN, SUMD1,SUMD2,PD,ATPD, PPD
$,0PLH20,0PLHNC, DPLFPN,DPLPAR,
SDPLTIM,DIGVOL,RUN,TFILL,VFULL, TTRAN,TDIG
¢, PLINC,VD1,VD2,4TM1,TM2,TFD1,TFD2,TDPLOT,TTD1,TTD2,TD1,TN2

DIMENSION PLTIME(200),PLY1(200),PL2(200),PL3(2001
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S ATITLE(L10), IPAK(2500 ,ATNUM(9}
COMMON/DISSPL/PLU308(10,200),PLUN(10,2001,PLPUO2(10,200),
¢PLPN(10,2001,PLFP(10,200),PLH20(10,2001, PLHNO3(10,2001
€ ,PLFPN(10,200)4PLPART(10,2000,PLWTT(10,2001,PLSST(10,200)
CCMMON/DIG/DPLUN{2,200),DPLPN(2, 200}
$,PD(2,501,ATPD(2,50),PPD(2,501 '
¢ ,DPLH20( 2, 2003 yDPLHNG(2,200) yDPLFPN{2, 2000 ,DPLPAR(2,2001,
$DCPLTIM(2001),DIGVOL{2,2000,RUNy TFILL,VFULL, TTRAN, TDIG
¢ ,PLINC,VDl,VD2,TMY,TM2,TFD1, TFD2,TDPLOT,TTD1,TTD2,TD1,TD2,
£01UM,D2UN,D1PN,D2PN,D1H2C,D2H20, D1 HND3,D2HNO3,
$D1PART,D2PART,D1FPN,D2FPN,SUMD1,SUMD2, IPD, MUPIP
DAYA ATITLE/*CONC®*ENTR®, *ATIC',*N HI*,*STOR,'Y FO¢,
SR STV, VAGE t,° U S/ L,ATNUM/ZY 1 ', r 2 1, 3 v 0 g,
Sl Si'l 6!,! 7|,| el'l 9!/
XTI=RUN#10.D0
STI=XTI/10.
IPLT=0
NSM1=NS-1
DO 17 J32=1,200
PL1(J31=0.0
PL2(J31=0.0
PL3(J31=0.0
17 CONTINUE
CALL compPLX
CALL PHYSOR(.6254.75)
1C05 IPLT=1PLT+}
YSMAX=0.0
YPMAX=0.0
YWMAX=0,0
DO 1002 JAK=1,MUM
PLL{JAKI=PLWTT(IPLT,JAK)
PL2(JAKI=PLPART(IPLT,JAK)
PL3(JAK)=PLSST(IPLT,JAK)
IF(PLLI(JAK).GT.YWMAX) YWMAX=PLL1{JAK)
IF(PL2(JAK).GT.YPMAX) YPMAX=PL2(JAK)
IF(PL3(JAK).CT.YSMAX) YSMAX=PL3( JAK}
WRITE{641003)PLTIMELJAK) 4 PLL{JAKD,PL2(JAKI,PL3{JAK
1003 FORMAT (2X94(1PE12.5,1X))
1002 CONTINUE
YWMAX=YWMAX*20.
IYWMAX=YWMAX/20.
YWMAX=1YWMAX*20.,
YWINC=YWMAX/S5.
YPMAX=YPMAX+20.
IYPMAX=YPMAX/20.
YPMAX=TYPMAX%20.
YPINC=YPMAX/5a
YSMAX=YSMAX+20.
TYSMAX=YSMAX/20.
YSMAX=TYSMAX*20.
YSINC=YSMAX/S.
ATITLE(Q)1=ATNUM(IPLT)
CALL TITLE(ATITLE,-100,*'TIME(MINIS',100,
$'MASS OF UNDISSOLVEC FUEL IN PINS (GRAM)IS' ,100,8.5+6.5)
CALL YTICKS{(5)
CALL XTICKS(S)
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CALL XINTAX

CALL BLNK1(0e03+245954375464543})

IDUMMY=LINEST(IPAK,250,70})

CALL LINES('FUEL IN PINSS*,IPAK, 1)

CALL LINES(*FREE PARTICLESS'»IPAK,2)

CALL LINES(*STAINLESS STEELS*,IPAK,3)

CALL FRAME

CALL GRAF(0a0+STIHXTI,0.0, YWINC,YWMAX)

CALL CURVE(PLTIME,PL1,MUM, 2}

CALL YGRAXS{0.0,YPINC,YPMAX,6.5,
$*CCNC. OF FREE PARTICLES (GRAM/LIS$?®
$,-100+8.5,0.0)

CALL CURVE(PLTIME,PL2,NMUM,2)

CALL YGRAXS(O.O0sYSINC,YSMAXy56.5,
$'MASS OF STAINLESS STEEL (GRAM)Ss!,
$-100,9.125,0.0)

CALL CURVE(PLTIME,.PL3,MUM,2)

CALL RESET('BLNKL1'")

CALL LEGEND{({IPAK,3,4.125,5.525)

100 TIPLT=IPLT
CALL ENDPL(IIPLT)Y

1001 IF{IPLT.GT.NSM1) GOTQO 1010
GOTO 1005

1010 RETURN
END

C

C

c

SUBROUTINE DIGPLT

REAL*8 DPLUN.DPLPN,DPLH20,0PLHNG,DPLFPN
$,0PLPAR,DPLTIM,DIGVOL,RUN,TFTILL, VFULL, TTRAN,TDIG
$,PLINC,VDl,VD2,TM1,TM2,TFDY, TFC2,TDPLOT,TTD1,7TD2,TD1,TD2
¢,D01UN,D2UN,D1PN,D2PN,D1H20,D2H2G,D1HNO3, D2HNO3,
$D1PART,D2PART,D1FPN,D2FPN,SUMD1,SUMD2,PD,ATPD, PPC

DIMENSIGN PLTME(2001,PL1(200),PL2(200),PL3(200)
$4PL4L(200),PLE(2000,ATITLE(B),ATNUM(2), IPAK(250)

COMMON/OIG/OPLUN(2,200),DPLPNL2,200)
¢,D{(2,50),ATPD(2,501,PPD(2,50)
$,DPLH20{2,200),DPLHNC(2,200),DPLFPN(2,200)DPLPAR(2,200},
$OPLTIM(200),DIGVOL(2,200),RUN, TFILL,VFULL, TTRAN, TOIG :
$4PLINC,VD1,VD2,TM1,TM2,TFOL, TFD2,TDPLOY,TTD1,TYD2,TD1,TD2,
$C1UN,D2UN,D1PN,D2PN,D1H2C,D2+20, C1HNO3,D2HNO3,
$C1PART,D2PART,D1FPN,D2FPN,SUMD1,SUMD2, IPDy MUPIP

DATA ATITLE/'DIGE',*STER'y* TAN', 'K # ', 'y
&t HIS'y*TORY ', ST/ ATNUM/Z* 1 'yt 2 Y/

XTI=RUN+10.D0

STI=XTI1/10.

ALV=0.0

AMP=0.0

HMM=0.0

00 17 J42=1,200

PL1(J31=0.0

PL2(J3)=0.0

PL3(J3)=0.0

PL4(J3)=0.0

PL5{J3)=0.0
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CONTINUE

CALL COMPLX

CALL PHYSOR(.625,4.75)

DO 1001 IPLT=1,2
IF(TFILL.GT.RUN.AND.IPLT.EQ. 20 GOTO 1001
ATITLE(S5)=ATNUM(IPLT)

CALL TITLE(ATITLE,-100,'TIME(MINIS®*,100,
VOLUME (1) ¢*

$+410048.5+6.5)

CALL YTICKS(10)

CALL XTICKS(5)

CALL XINTAX

CALL BLNK1(0.0+1.75,4.9375+6.5+3)}
TOUMMY=LINEST(IPAK,250,70}

CALL LINES(*VOLUMES',IPAK, 1)
CALL LINES('UD2(NO312%',1PAK,2)
CALL LINES('PU(NO3)4¢*,IPAK,3)
CALL LINES('HNO3$',IPAK,4)

CALL LINES('PARTICLESS',IPAK,5)
CALL FRAME

DO 1002 JAK=1,MUPIP
PL1(JAKI=DPLUN(IPLT,JAK)
PL2(JAKI=DPLPN(IPLT, JAK)
PL3(JAKYI=DPLHNO(IPLT,JAK)
PL4(JAK)=DIGVOL(IPLT,JAK)

PLTME( JAK) =DPLTIM(JAK) -
PLS{JAK)=DFLPAR(IPLTY, JAK)
IF(ALV.LT.PL4ACJAK) Y ALV=PL4&(JAK)
TIF{AMP.LT.PLS(JAK)Y AMP=PL5(JAK)}
IF(HMM LT, PLY {JAK)) HMM=PL1{JAK)
TF{HMM. LT. PL3{ JAK}) HMM=PL3(JAK)
WRITE(6410031PLTME(JIAK)»PLYCJSAK)»PL2(JAK Y, PL3( JAKY,PL4(JAK?

$,PLS(JAK)

L)

FORMAT(2X,6(1PE12.5,1X)}

CONTINUE

ALV=ALV+20.

TALV=ALV/20.

ALV=20.*TALV

ALINC=ALV/10.

AMP=AMP+20.

TAMP=AMP /20.

AMP=20.%1AMP

AMINC=AMP/10.

HMM=HMM+ 20,

IHMM=HMM /20,

HMM=IHMM*2 0.

HMMINC=HMM/10.

CALL GRAF(0.0+STI4XTI40.09ALINC,yALV)
CALL CURVE{(PLTME,PL4,MUPIP,2}

CALL YGRAXS(0«0,HMMINC 4HMM,6.5,
CONC. UQZ2(NO3)2, PU(NG3)4, AND HNO3 (G/LIS'

$4-100+8.5,0.C)

CALL CURVE(PLTME,PLY1,MUPIP,2}
CALL CURVE(PLTME,PL2,MUPIP,2)
CALL CURVE(PLTME,PL3,MUPIP,?2)
CALL YGRAXS{0.0,AMINC,AMP,+6.5,
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$'PARTICLE CONCENTRATION (G/LY¥%*,-100,9.125,0.0}
CALL CURVE(PLTME,PL5,MUPIP,2)}
CALL RESET('BLNKL"),
CALL LEGEND(IPAK+5,.125,5.125)
TIPLY=IPLY
CALL ENDPLATIPLT)H
1001 CONTINUE
RETURN
END



Table A.1. Data file for standard conditions with variable names

Data file Variable names
0.5000 0.4903 2.54 9.903 SIZE, PIN, PINLEN, RHOAVE, SPAREA, RWASTE
0.7370 0.2110 0.0520 0.7011 PCU308, PCPUO2, PCFP, FRMOU3, FRMOPU, FRMOFP
8.300 11.460 12.100 8010.00 DU308, DPUO2, DFP, DENSST, TK, POW
1.000 0.9999 0.0200 400.00 ACDF, PRTTIM, HC, RUN, PRINC, PRDIST
20.0 500000.0 0.1 0.001 ALIMO, AKSTOP, AMINFR, CT1
108.0 3.00 20.0 00.000 TEMP, RPM, DREVS, FLAPTIM
4.800 8.000 8.000 8.000 VO(1), VO(2), VO(3), VO(4), VO(5)
8.000 8.000 8.000 8.000 VO(1), VO(6), VO(7), VO(8), VO(9), VO(10)
0.0 0.0 0.0 0.0 VO(1), VO(11), VO(12), VO(13}, VO(14), VO(15)
0.0 0.0 0.0 0.0 VO(1), VO(16), VO(17), VO(18), VO(19), VO(20)
2.0 30.00 76.20 25.40 TRCT, BASECT, DIA, STGLEN, AAANS
8.7376 11.4808 11.4808 11.4808 DEPTH(1), DEPTH(2), DEPTH(3), DEPTH(4), DEPTH(S)
11.4808 11.4808 11.4808 11.4808 DEPTH(1), DEPTH(6), DEPTH(7), DEPTH(8), DEPTH(9), DEPTH(10)
5.000 ANGLE
951.00 1300.00 951.00 1010.00 DEN1, CDENS, DEN9, DEN10
4.000 0.0 0.667 0.333 TH20C, THNO3C, FCSTG1, FCSTGY
47.45 40.08 35.03 1.140 CH20M8, CHNOMS8, H20M10
0.0700 0.0700 0.0700 0.0700 BAKMIX(1), BAKMIiX(2), BAKMIX(3), BAKMIX(4), BAKMIX(5)
0.0700 0.0700 0.0700 0.0700 BAKMIX(1), BAKMIX(6), BAKMIX(7), BAKMIX(8), BAKMIX(9), BAKMIX(10)
0.0700 0.0700 0.0700 0.0700 BAKMIX(1), BAKMIX(11), BAKMIX(12), BAKMIX(13), BAKMIX(14), BAKMIX(15)
0.0700 0.0700 0.0700 0.0700 BAKMIX(1), BAKMIX(16), BAKMIX(17), BAKMIX(18), BAKMIX(19), BAKMI X{20)
1300.00 47.45 40.08 3.810 SDENS, SH20Mg, SHNOMS, SLOTLM
360.00 10.00 350.00 TFILL, TTRAN, TDIG
31.50 5.000 00.00 00.00 ACIDEF, RFACT, AFIAT, AFRAT
37.67 12.05 180.00 180.0 TMRFED, TMRSST, BATTIM, SHETIM
0.20 0.0 1000.0 0.001000 FFINES, RMIN, RMAX, DP, TOL, AAANG
100.0 45.0 1.0 1.0 CONREL, FEANG, PINOOO, PAROCOO
1.00 1.00 1.00 1.00 ZNOPTA, ZNOPTD, ZNOPTP, ZNOPT3, ZNOPT7

9LV
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Table A.2. Job control language required for various code options,
where xxx = identifier, +++++ = charge number, and 00000 = tape number

Job control language

Purpose

[[xxxUS244 |OB (+++++ TAPE,17), ‘B. E. LEWIS, 7601", TIME=(20,30) [:

/*)JOBPARM LINES=80_
//*NOTES THIS IS JOB 1 OF 1

[/*PLOT TYPE=CAL925,INK=(BLACK/L),NUMBER=29,PAPER=600

/*ROUTE XEQ STANDBY
/*ROUTE PRINT LOCAL

//EXEC FORTHCLG,PLOT=DISS,PARM.FORT="XREF’,REGION.FORT=600K,
//PARM.GO='EU=—1,DUMP=1" REGION.GO=600K

//FORT SYSPRINT DD DUMMY
//FORT SYSIN DD *

=USSCRD

/*

//LKED.SYSIN DD *

/¥

//GO.FTO6F001 DD SYSOUT=Q
//GO.FT13F001 DD SYSOUT=A

/IGO.FT12F001 DD UNIT=TAPE62,VOL=SER=X00000,
//DISP=(NEW,KEEP),LABEL=(21,SL,,),DSN=USSCRD.DATA
//DCB=(RECFM=FB,LRECL=120,BLKSIZE=4080,DEN=4)
//GO.FT54F001 DD DDNAME=PLOTTAPE
//GO.PLOTTAPE DD UNIT=TAPE16,DSN=xxx.DISS,
J/LABEL=(,SL),DISP=(NEW,KEEP),
//DCB=(DEN=3,RECFM=VS,LRECL=364,BLKSIZE=368)

//GO.FTO5F001 DD*
=USS.DAT

/*

1

ENDINPUT

VT

L 11

Job setup

Note to operator

Set up plotter

Run on standby system

Job setup continued,
with link to display and cross
reference listing

Suppress printout of source code

Link to code

Output unit 6 to microfiche
Output unit 13 to printer

Output unit 12 to tape

Link to data file

End







APPENDIX B

-~ Code Output for Standard Operating Conditions

The following output is for the list of standard conditions given in Table 4 of the body
of this report. The initial output summarizes all input data. The quantity of output following
the initial input summary data is controlled by changing the specified frequency in the
input data. The final run summary gives code performance factors, maximum concentra-
tions, and inventory data. Other output includes stagewise concentration profiles, concen-
tration histories, particle size distribution,-and digester concentration profiles. An index
of the tables and figures containing this output is given in Table B.1.

Table B.1. Index of tables and figures contained in this appendix

Location Type of output
Table-B.2. Summary of input data
Table B.3. Uranium/plutonium material balance closure
Table B.4. Stagewise data for concentrations, volume,
density, and flow rates
Table B.5. Stagewise particle size distribution data
Table B.6. Run summary data
Figs. B.1-B.9 Stagewise concentration profiles
Figs. B.10—B.13 Stagewise particle size distribution
Figs. B.14—B.22 Concentration histories
Figs..B.23—B.24 Digester tank concentration profiles
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Table B.2. Summary of input data

SPENT FUEL DATA
COMPGNENT WEIGHT FRACTION DENSITY MOLE WE IGHT
(GrCCH (G/G-MOLE}
uo2 0.7370 8.300000 270.0500
PUD2 0.2110 11.460000 271.1700
FePa 0.0520 12.100000 135. 3400

AVERAGE FUEL DENSITY =

9.903000 G/CC

AVERAGE DIAMETER OF PARTICULATE= 0.001000 CM
TOTAL # FUEL PINS= 2877.16

DIAMETER OF FUEL PELLET= 0.4903 CM

LENGTH OF FUEL PIN= 2.5400 CM

RATID OF ACTUAL SURFACE AREA TO GEGMETRIC AREA=
FRACTION OF FUEL AS FINES= 2.000D-01

FULL STAGE PARTICLE RELEASE RATE= 1.00000D0 02
TOTAL MASS FEED RATE OF STAINLESS STEEL=

1.000000 00O

G/MIN
12.05 KG/HR
TONNE-A-DAY THROUGHPUT
427.0000 G/MIN

0.5000
FUEL FEED RATE=

LIQUID FLOW STG 1=
LIQUID FEED COMP. STG 1
HNO3 ~—- 383.38 GRAM/L
H20 ~-—- 805.60 GRAM/L
INITIAL DENSITY OF DISSOLVER LIQUID STG 1= 1152.5684 G/L
COEFFICIENY OF WEIR FLOW EQUATION= $.88800-01
EXPONENT OF WEIR FLOW EQUATION= 2.8300D 00
LIMITING HEIGHT OVER WEIR {(SLOT SIZE¥= 3.81000 00 CH

1.78%91 L/MIN

STAGE 1 INITIAL VOLUME= 6.43 L
STAGES 2- 8 INITIAL VOLUME= 9.95 L
STAGE 9 INITIAL VOLUME= 9.33 L

NUMBER OF STAGES= 9

MAXTMUM T IME TINCREMENT= 0.020000 MIN

INITIAL REACTION RATE CONSTANTS

COMPONENT PARTICULATE RATE PIN RATE
FORMED (G/MIN-CM*%2) (G/MIN-CM*%2)
UD2(NO3 )2 7.37934D-02 7.37934D-02
PU(NO3)4 2.112680-02 2.11268D-02
5.206590-03 5.206590-03

F.P. NIT,
1.83123D-04 (GRAM/ (CM&*2%xM IN®(MIL/L )%« (2¢2%XPUI)
2.59780D 00
10.7123D0 01

REACTION RATE CONSTANT=
REACTION RATE EXPONENT=
PERCENT THEQORITICAL DENSITY=

INITIAL TEMPERATURE= 108.0000 00 DEG C

MINIMUM PARTICLE OIAMETER TRANSFERING WITH FUEL PINS= 2.0000D 02 MICRON
MINTMUM PARTICLE SIZE IN DISTRIBUTION= 0.0 MICRON
MAXTMUM PARTICLE SIZE IN DISTRIBUTION= 1.0000D 03 MICRON
TOTAL # OF PARTICLE SIZE GROUPS= 20

FLAPPER VALVE CYCLE TIME= 0.0 MIN

TOTAL RUN TIME= 400,00 MIN

CYCLE TIME STG 1= 0.00 MIN

STAGES 2- 9 CYCLE TIME= 32.00 MIN

REVERSE CYCLE TIME 2.00 MIN

RATE OF ROTATION= 3.00 RPM

FEED TIME FROM SHEAR= 1.80000 02 MIN

IERD FEED TIME= 0.0 MIN

ACID DEFICIENT CONCENTRATION FLAG= 3.1500D 01 G-HNO3/L
REACTION RATE MULTIPLICATION FACTOR= 5.00000 Q)

ACID FEED RATE INCREASE ANTICIPATION TIME= 0.0 MIN
ACID FEED RATE REDUCTION ANTICIPATION TIME= 0.0 MIN
REDUCED ACID FEED RATE DENSITY= 1.3000D0 03 G/L

REDUCED ACID FEED H20 FLOW= 4.7450D0 01 KG/HR

RECUCED ACID FEED HND3 FLOW= 4.0080D0 01 KG/HR



B-3

Table B.2 (continued)

EXTERNAL FEED STREAMS MASS FLOW RATES

COMPONENT DENS ITY (G/L} FLOW (KG/HR) CINCENTRATION (5/L)
FEED HND3 7O STAGE 8 40.08 595,27
FFED H20 TO STAGE 8 47.45 T7064.73
TOTAL FEED TO STAGE 8 1300.00 87.53
CONDENSATE HNO3 1O STAGE 1 ‘ 0.0 0.0
CONDENSATE H20 TO STAGE 1 2.67 551.00
TOTAL CONDENSATE TO STAGE 1 951.00 2.67
CONDENSATE HNN3 TO STAGE 9 0.0 0.0
CONDENSATE H20 TO STAGE 9 1.33 951.00
TOTAL CONDENSATE TO STAGE 9 951.00 1.33
RINSE HNC3 YO STAGE 9 l.1s 0.0
RINSE H20 7O STAGE 9 35.03 978.17
TOTAL RINSE LIQUID YO STAGE 9 1010.00 36,17

*¥x%k BACKMIXIMG DATA **«

STAGE PERTODIC CONT INUOUS MA X TMUM INITIAL

# BACKMIXING BACKMIXING QUANTITY STAGE

WITH HULLS (L/MIN) BACKMIXED . VDLUME

TRANSFER Ly L)
(G SOLN / G HULLSY

1 7.00000-02 3.0 3.90320-01 6.43340 QO
2 7.0000D-02 3.0 3. 8876D0-01 9,94730 00
3 7.00000-02 2.0 3.8876D-01 9.94730 00
4 7.00000-02 2.0 3, 8876D-01 9.9473D 00
5 7.00000-02 2.0 3.8876D-01 9.9473D 00
[ 7.00000-02 0.0 3.8876D-01 9.9473D 00
7 7.00000-02 J.0 3.88760-01 9.9473D 00
8 7.0000D-02 0.0 3.8870D-01 9.94730 00
9 7.00000-02 2.0 4.5613D-01 9.3269D 00

*%%  PLOTS REQUESTED %%

DIGESTER CONCENTRATION PROFILES
PARTICLE SIZE DISRTIBUTIONS
CONCENTRATION HISTORIES
CONCENTRATION PROFILES



TIME
24 56964D

TI ME
2. 57984D

TIME
2. 590040

TIME
2. 600240

TIME
THIS 1S THE
TIME
2. 610420

TIME
2.62062D

TIME
2. 630820

TIME
2. 641020

TIME
2651220

TIME
2.€6162D

TIME
2.671620

TIME
2. 681820

TIME
2. 692020

TIME
2.70222D

TIME
2.712420

INTO RUN=
DISSOLUTION OF FUEL IN PINS COMPLETED IN STAGE

02

02

02

02

uioum
7.13202D

utoum
7.160320

u(oum)
7.18841D

vioum
T7.21654D

04

04

04

04

260.2421 MIN

Table B.3. Uranium/plutonium material balance closure

PULOUT)
2.043100

PUOUTH
2.05121D

PUCOUT)
2.05926D

PU(OUT)
2.067320

6 FUEL DISSAPPEARANCE CYCLE.

02

02

02

02

02

Q2

Q2

02

02

02

02

u{nuT)
7.24465D

u{auT)
7.27285D

utouTy
7.301070

uouT)
7.32930D

uinuTy
7.35754D

u(ouTy
7.38578D

utouT)
7.414000

ulgouT)
7.44220D0

uilouT)
7.47039D

uloum
T.498590

u(ouT)
7.52677D

04

04

04

04

04

04

04

04

04

04

04

- PULOUT)
2.07537D

PU{OUT)
2. 083450

PULOUT)
2.09153D

PU(OUT)
2.09962D

PUCCUTY
2.107710

PU(OUT)
2.115800

PU(OUT)
2.123880

PUCOUTY
2131960

PULOUT)
2. 140040

PUCOUTY
2+ 148110

PULOUTY
2.15619D

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

ULFED)
7.128100

ULFED?
7. 156400

U(FED)
7.184690

U(FED)
T. 212990

4 AFTER

U(FED)
7.241220

U(FED)
7.269510

UCFED)
7.29731D

U(FED)
7.32610D

UCFED)
7.35440D0

U(FED})
7.382690

U(FED)
7.41099D

U(FED)
7.439280D

ULFED)
T.46758D

U(FED?Y
T.49587D

U{FED)
7.524160

PUCFED}
04 2.04198D
PULFED)
04 2.050090
PULFEDY
04 2.058190
PU(FED)
04 2. 066300

4.26421 MINUTES

PU(FED)
04 2.07439D
PU(CFED!
04 2.08249D
PULFEDI
04 2. 090600
PU(CFED)
064 2.098700
PU(FED?
04 2.106810
PU(FED)
04 2.114910
PULFED)
04 2.123020
PUCFED)
04 2.131120
PU({FEDY
04 2.139230
PU(FED)
04 2.14734D
PULFED)
04 2. 155440

04

04

04

04

INTO

04

04

04

04

04

04

04

04

04

04

04

ULOUTI-U(FED)
3.915150 01

UNUTI-U(FED)
3.918960 01

UlOUTI-UILFED)
3.717800 01

UL OUTI=U(FEDY
3.55355D 01

CYCLE.

U{OUT)-U(FED}
3.42895D0 21

U(OUTY-ULFED)
3.33946D 01

ULOUTI-U(FED)
3.26364D 01

ULOUTI-ULFED)
3.19550D0 01

U{OUTY~-U(FED)}
3.14451D 01

ULOUT)-U(FED)
3.08714D 01

U(QUTI-U(FED)
3.009690 01

UloUT)I-U(FED)
2.91901D 21

U{RUTI-U(FED)
2.81923D 21

ULCUT) -U(FEDI
2.71531D 01

U(OUTY-U(FED)
2.60741D0 21

PULOUTI -PU(FED)
1. 121570 J1

PULOUTI-PULFEDY
1.12266D 21

PUCBUTY-PU(FEDY
1.05504D0 21

PU(OJTI-PU(FED)
1.018010 01

PU(OJT)-PULFED)
9.82288D 20

PUCCJTI -PUCFED)
9. 5665320 20

PU(OUT) -PU(FED)
9.349320 00

PU(OUTI-PU{FED)
9.154120 J0

PU{QJTY-PU(FED)
9.00833D0 20

PUIDJT)-PULFED)
8.84370D0 20

PUCQJTI-PUILFED)
8.62183D 230

PULDUT)-PU(FED)
8.36205D J0

PUCOUTY~PULFED)
8.07622D 20

PULOUTY-PU(FED)
7.778520 20

PU(TUYT) -PU(FED)
7.469420 )0
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TIME INTO RUN=

272.0821 MIN

DISSOLUTION OF LOOSE FUEL PARTICLES COMPLETED

THIS IS THE 6 FUEL DISSAPPEARANCE CYCLE.
TIME uouT PULOUT)
2. 722620 02 7.55496D 04 2.16426D
TIME uoum PUIOUT)
2. 732820 02 7.58314D 04 2.172330
TIME u{ouT) PULOUT)
2. 743020 02 7.61131D 04 2.180410

IN

04

04

04

Table B.3 (continued)

STAGE 4 AFTER

U(FED)
7.55246D 04

ULFED)
7.58075D 04

U(FED)
7.609050 04

16.0821 MINUTZS INTO CYCLE,

PUCFED)
2+ 163550

PU(FED)
2.171650

PUCFED)
2.17976D

04

04

04

Ut OUTI-U(FED)
2.49656D0 01

ULOUTI-U(FED)
2.38324D 01

UDUTI-UY(FEDY
2.265760 01

PUCBUTI-PU(FED)
7.15188D0 00

PU(DUT) -PU(FED)
6.82725D 20

PU{OUTI-PU(FED)
6.430690 20
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Table B.4. Stagewise data for concentrations, volume, density, and flow rates

COMPONENT CONCENTRATION OF COMPONENTS DISSOLVED IN LIQUID (G/L}

UO2(NO3132 2.285D 02 2.115D 02 1.4880 02 1.0890 01 7.1070-04 4.648D0-08 3.062D0~12 1.395D0-15% 1.043D-19
PU(NO3Y 4 8.056D 01 7.45€6D0 01 5.246D 01 3.838D 00 2+5060~04 1.6390-08 1.0800-12 7.034D-17 3.678D~20
FP(NO313.39 2.6800 01 2.480D0 01 1.7450 01 1.2770 00 8.3350-05 5.4510-09 3.5910-13 2.3400-17 1.22640-20
HNO3 1L.956D 02 2.171D0 02 2.6540 02 3.739D0 02 3.8350 02 3.856D 02 3.8700 02 3.857D0 02 3.5140 0Ol
H20 7.5410 02 7.518D 02 7.591D 02 7.740D0 02 7.7460 02 T.7360 02 T7.7290 02 1.7360 02 9.537D 02

uo2 3.310D 00 1.880D 01 1.150D0 01 9.202D-08 0.0 0.0 0.0 0.0 0.2
PUD2 9.4770-01 5.382D0 00 3.2940 00 2.6350-08 0.0 0.0 0.0 0.0 0.0
F.P. 2.3360D-01 1.32¢D 00 8.117D0-01 6.493D-09 0.0 0.0 0.0 2.0 0.0
TOTAL 444920 00 2.551D0 01 1.5610 01 1.2490-07 0.0 0.0 0.0 2.0 0.0
QUANTITY UNDISSOLVED IN FUEL PINS (G}
uoz 0.0 3.5220 03 3.656D 03 2.0 0.0 0.0 0.0 2. 0.0
PUO2 0.0 1.0080 03 1.0470 03 0.0 0.0 0.0 0.0 3.0 0.0
F.P. 0.0 2.485D0 02 2.5800 02 0.0 0.0 0.0 0.0 3.2 0.0
TOTAL 0.0 4.779D0 03 4.961D0 03 0.0 0.0 0.0 0.9 3.0 0.0
VOLUME (L}

TOTAL STAGE 6.2870 00 G.683D0 00 9.6560 00 9.6440 00 9.6440 00 9.644D 00 9.6440 00 9.543D0 0) 9.1350 02
LIQUID ONLY 6.284D Q0 8.777D0 00 8.339D0 00 8.8410 00 8.8410 00 8.8410 00 8.8410 00 8.8410 0) 9.1350 00
STAINLESS 0.0 4.0150-01 8.0280-01 8.0230-01 8.0240-01 8.023D0-01 8.024D-01 8.024D-01 0.0

FLOW RATES (L/MIN}

LIQUID 1.984D 00 1.925D 00 1.8410 00 1.8010 00 .1.8010 00 1.8010 00 1.8010 00 1.83010 O) 6.3370-01
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Table B.5. Stagewise particle size distribution data

TIME = 4.0000 02 MIN
* kK PARTICLE SIZE DISTRIBUTION PROFILE DATA b
STG 1 STG 2 ST6 3 STG 4 ST6 5
GROUP" RADIUS CONC RADIUS CONC RADIUS CONC RADIUS CONC RADIUS CONC

# ( MI CRON) (G7L) (MICRON) (GrL) {MICRON) (G7L) (MICRON} (G/7L) (MICRONY L G/LY
1 1.8470.01 1.215D 00 1.580D0 01 1.181D0-01 1.588D 01 1.825D-01 1.034D OF 1.2490-07 2.500D 01 0.0
2 6.974D 01 1,308D 00 7.655D0D 01 1.574D 00 5.081D 01 7.648D-01 7.500D 01 0.0 7.5000 01 0.0
3 1.0250 02 1.968D 00 1.434D 02 2.628D0 00 1.283D 02 1.930D0 00 1.2500 02 0.0 1.250D 02 0.0
4 1.750D 02 0.0 L.9550 02 2.659D 00 1.687D 02 2.6450-01 1.7500 02 0.0 1.750D 02 0.0
5 2.2500 02 0.0 2.485D0 02 2.359D0 00 2.047D0 02 1.680D 00 2.250D0 02 0.0 2.2530 02 0.0
6 2.7500 02 0.0 2.747D0 02 2.447D-02 2.€85D 02 1.6090 00 2.7500 02 0.0 2.750D0 02 0.0 -
T 3.2500 02 0.0 3.0050 02 2.103D 00 3.284D 02 1.423D 00 3.2500.02 0.0 3,250D 02 0.0
8 3.750D 02 0.0 3.513D 02 1.915D 00 3.8620 02 1.2810 00 3.7500 02 0.0 3.7520 02 0.0
9 4.250D 02 0.0 4.0170 02 1.7470 00 4.4390 02 1.2120 00 4.,250D 02 0.0 4,250D 02 0.0
10 4.7500 02 0.0 4.521D 02 1.594D 00 4.727D 02 2.7250-02 4.750D0 02 0.0 4.750D0 02 0.0
11 5.2500 02 0.0 5.024D 02 1.455D 00 65,0560 02 1.085D 00 £.250D 02 0.0 5.250D 02 0.0
12 5.7500 02 0.0 55270 02 1.338D 00 5.654D 02 9.6090-01 5.750D 02 0.0 5.7500 02 0.0
13 6.2500 02 0.0 6.0750 02 1.426D 00 6.295D0 02 9.7830-01 6.2500 02 0.0 6.2530 02 0.0
14 6.750D0 02 0.0 6.6850 02 1.355D 00 6.952D 02 7.982D-01 6.7500 02 0.0 6.750D 02 0.0
15 7.2500 02 0.0 7.3220 02 1.1490 00 7.238D0 02 5.6320-03 7.2500 02 0.0 7.2500 02 0.0
16 7.750D 02 0.0 7.935D 02 8.6890-01 7.608D 02 5.548D-01 7.750D 02 0.0 7.7500 02 0.0
17 8.2500 02 0.0 8.2330 02 2.209D-02 8.184D 02 3.8830-01 8.250D0 02 0.0 8.2500 02 0.0
18 8.7500 02 0.0 8.5110 02 5.8100-01 8.8570 02 3.8770-01 8.7500 02 0,0 8.7500 02 0.0
19 9.2500 02 0.0 9.0210 02 3.9170-01 9.2030 02 2.0110-02 9.250D0 02 0.0 9.250D0 02 0.0
20 9.750D0 02 0.0 9.516D0 02 1.991D-01 9.610D0 02 5.6620-02 9.7500 02 0.0 9.7500 02 0.0
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Table B.6. Run summary data

APPROX IMATE FLOWS

APPROXIMATE U FEED PATE= 2.7740D 02 G/MIN

APPROXIMATE PU FEED RATE= 7.9466D 01 G/MIN

TJOTAL U FLOW OUT LIQUID PHASE= 2.5408D 02 G/MIN

TOTAL PU FLOW OUT LIQUID PHASE= 7.2785D 01 G/MIN

TOTAL U FLOW UNDISSOLVED IN FUEL PINS= 0.0 G/MIN
TOTAL PU FLOW UNDISSOLVED IN FUEL PINS= 0.0 G/MIN
TOTAL U FLOW QUT= 2454080 02 G/MIN

TOTAL PU FLOW DUT= 7.2785D0 01 G/MIN

TOTAL MASS BALANCE

TOTAL U FEED= 1.1096D 05 G

TOTAL PU FEED= 3.1787D 04 G

TAOTAL U OUT STAGE 1= 1.01€30 05 G
TOTAL PU OUT STAGE 1= 2.9115D0 04 G
TOTAL URANIUM FROM RINSE STAGE= 0.0
TOTAL PLUTONIUM FROM RIMSE STAGE= 0.0 5

TOTAL U UNDISSOLVED IN FUEL PINS= 6.3273D0 03 6

TOTAL PU UNDISSOLVED IN FUEL PINS= 1.8126D0 03 G
TOTAL U IN PARTICLES UNDISSOLVED= 2448340 02 6

TOTAL PU IN PARTICLES UNDISSOLVED= 7.11430 01 G
TOTAL SUSPENDED PARTICULATE T0O DIGESTERS= 3.1913D0 03 6
TOTAL U OUT OVER TOTAL RUN= 1.0163D 05 G

TOTAL PU CUT OVER TOTAL RUN= 2.91150 0¢ G

G

TOTAL U DISSOLVED IN LIQUID INVENTORY TM DISSOLVER= 2.79670 03 (G
TOTAL PU DISSOLVED IN LIQUID INVENTNRY N DISSOLVER= 8.0116D 02 (G}
CORRECTED SUM GF LIQUID VOLUMES= 0.0 (W)

‘TOTAL U IN PINS FED TO STAGE 1 FROM FLP= 8, 87690 0& (G

TOTAL U FINES FED TO STAGE 1 FROM FLP= 2.21920 04 (G)

TOTAL NUMBER OF PINS REMAINING IN DISSOLVER= 1.8704D 04

TOTAL NUMBER DJF PARTICLE STZE GROJP DEPLETION TRANSFERS= 1.15D0 04

*4E% MASS OF PARPTICLES DISSOLVED IN EACH STAGE (G) *xx

STG 1 ST6 2 STG 3 STG 4 STG 5 STG ¢ STG 7 STG 8

1.833D 04 2.992D 04 3.6860 04 4.393D 03 0.0 0.0 0.0 0.0 0.0

PROJECTED URANIUM HOLD-UP IN DISSOLVER= 9.3285D0 03 G
PROJECTED PLUTONIUM HOLD-UP IN DISSOLVER= 2.6723D 03 G
PROJECTED TOTAL U OUT PLUS HOLD-UP= 1.1096D 05 G
PROJECTED TOTAL PU CUT PLUS HOLD-UP= 3.1787D 04 G

CORRECTED NEGATIVE SUM OF OVER DISSOLUTION FROM P INS= -3.06150 00 G
CORRECTED NEGATIVE SUM OF OVER DISSOLUTION OF PARTICJLATE= -5,3778D 00 G
TOTAL CORRECYED OVER DISSOLUTION= -8.4393D 00 G
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SUM OF HNGO3 DEPLETIONS=

0.0

TOTAL FUEL IN PINS FED TO STAGE 9=
TOTAL FUEL IN PINS QUT OF STAGE 9=
TATAL FUEL IN PINS IN STAGE 9=
TOTAL # PINS FED TD STAGE 9=
TOTAL # PINS OUT OF STAGE 9=

TOTAL # PINS IN STAGE 9=

0.0

ACTUAL U HOLD-UP IN DISSOLVER=
ACUTAL PU HOLD-UP IN DISSOLVER=

ACTUAL U OUT PLUS DISSOLVER HOLD-UP=
ACTUAL PY OUT PLUS DISSOLVER HOLD-UP=

ACTUAL U HOLD-UP IN FLAPPER VALVES=
% DIFF BETWEEN ACTUAL U FED AND U 0OUT PLUS HOLD-UP=
¥ DIFF BETWEEN ACTUAL PU FED AND PU JUT PLUS HOLD-UP=

U CUT NOVER U FED PLUS HOLD-UP=
PU OUT OVER PU FED PLUS HOLD-UP=

% OF TOTAL U FEED IN FLAPPER VALVE HOLD-UP=

TOUTAL U FED TO FLAPPER VALVES=
TOTAL PUY FED TO FLAPPER VALVES=

TOYAL U PLUS PU FED TO FLAPPER VALVES=

Table B.6 {continued)

G
0.0 G
0.0 G
g.0 G
1.7261D 04
1. 72390 04

9.3723D0 03 6
2.6849D 03 G

3.1800D0 04 G
5.54790 00 G
3.9463D0-02 %
3.9463D-02
1.00040 02 %
1.0004D 02 7
4,39990-03 %
1.1096D 05 G
3.1787D0 04 G
1.42750 05 G

TOTAL U PLUS PU FED TO STAGE 1 FR0OM FLAPPER VALVES=

PER CENT TRANSFER THRU FLAPPER VALVES=

1.00000 02%

NUMBER CF TIME STEPS WITH ACID DEFICIENT COND.= o]

®xx MAXTMUM PREDICTED CONCENTRATIONS (G/t)

1.1101D 05 G

1.42750 05 5

Bk &

COMPONENT/TIME (MIN)

UO02(NQB312 2.4210 02
TIME 3.845D 02
PU(NG3Y 4 8.5330 01!
TIME 3.8450 02
FP{NO3)1.18 2.839D 01
TIME ' 3.845D 02
HNO3 3.7330 02
TIME : 2.0000-02
H20 7.8300 02
TIME 2.0000-02

242750 02
2.8800 02

8.0210C 31}
2.880D 02

2.6680 01
2.8800 02

3.8160 02
2.0000-02

7.8330 02
3.2040 01

1.844D 02 1.0350
2.944D 02 2.9220

6.5000 01 2.6480D
2.944D 02 2.922D

2.162D0 01 1.2140
2.9440 02 249220

3.8160 02 3.8460
2.000D0-02 3.8400

7.824D 02 7.8140D
3.206D 01 9.6 040

02
02

01

1.8890-02
2.880D 02

6.6590-03
2.880D 02

2.2150-03
2.8800 02

3.854D 02
3.7660 02

7.8220 02
1.2800 02

1.2270-

3.2000

443260~

3.2000

1.4390-

3.2000

3.860D
3.7110

7.822D
1.6000

06
02

[\}4
02

o7
02

02
02

02
02

7.5840-11
3.520D 02

2.815D-11
3.5200 02

9.363D-12
3.5200 02

3.874D 02
3.651D0 0¢

7.822D 02
1.9200 02

5.1750-

3.8420

1.82%D-~

3.8430

$.070D-

3,840

3.934D
3.5940

7.8540D
2.2490

15
02

15
02

16
02

02
02

02
02

3.2350-1¢%
3.8400 32

1.141D0-19
3.840D 02

3.794D-20
3.8400 02

445000 01
3.5200 02

9.5650 02
4,300D0-02

6-d



NUMBER OF

MAXTMUM
MAX TMUM
MAXTIMUM
MAXIMUM
MAXTMUM
MAXTMUM

NEGATIVE SUM .OF OVER

R W R W

TIME STEP REDUCTIONS=

ITERATIONS IN

ITERATIONS IN
ITERATIONS IN
ITERATIONS IN
ITERATIONS 1IN
ITERATIONS IN

NEGATIVE SUM OF QOVER

PARTIC=
SUBUN=
SUBPN=
SUBFP=
SUBHN=
SUBH2=

18

NN N -

x%x% STAGEWISE MASS INVENTORY (G) AFTER

Table B.6 {continued)

DISSCLUTION OF PARTICLES IN DIGESTER # 1
DISSOLUTION OF PARTICLES IN DIGESTER # 2

~6.09850-08
0.0

([}

G
G

STG 1

COMPONENT

URANT UM 8.858D 02
PLUTONIUM 2.538D0 02
usPU 1.1400 03
U02({N0312 1.436D 03
PUIND 3 4 5,062D 02
FPINO31 2, 3¢ 1.684D 02
HNO3 1.2290 03
H20 4.,7380 03
unz 2.0800 01
PUO2 5.955D 00
FP{O}1.1776 1.468D 00
ulG/s7LILq 1.3800 02
uiGs7LaPT 2.9180 00
U(G/LIPN 0.0
PUG/LILQ 3,9550 01
PU(G/ L) PT 8.3550-01
PULG/ LI PN 0.0
UePULG/ LI LR 1.776D 02
UsPU(G/ L) PT 3.7540 00
U+PU(G/LIPN 0.0
HNO3(MOL/ L) 3.1030 00

4.371D
1.2520
5.6230

1.8560
645440
2.1770

1.9050
6.5980

1.6500
4.7240
L.164D

1.27380
1.6570
3.5370
3.6600
4.7470
1.0130
l.644D
241320
4.5500
3.4450

03

03

03
02
Q2

03
03

02
01
0ol

02
01
02
ol
00
02
02
01
02
00

4,057D
1.1620
5.2190

1.2410
443740
1.4550

2.2130
6.3300

9.5940
Z2.7470
6.769D

5.8150 01
1.6660 01
7.4800 01

3.3060 03
6.8430 03

8.1360-07
24329D-07
5.7400-08

sxx ADDIT IONAL CONCENTRATION DATA *x=

8.989D
1.0140
3.865D
2.5750
2.9050
1.1070
1.156D
1.3050
4.972D
4.212D

01
01
02
a1
00
02
02
01
02
00

6.5770 00
8.1120-08
0.0

1.8840 00
2.3240-08
0.0

8.461D 00
1.044D-07
0.0

5.933D 00

400.01 MINUTES =x%%
STG 5 STG ¢ ST1G 7
3.719¢D0-03 2.483D-07 lL.6360~-11
1.0870-03 7.1120-08 4.685D-12
4.8840-03 3.194D0-07 2.106D-11
6.284D0-03 4.1100-07 2.7070-11
2.215D-03 1.4490-07 9.5440-12
7.3690-04 4.8190-08 3,1750-12
3.3910 03 3.64100 03 3.4210 03
6.8450 G3 6.839D0 03 6.833D 03
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
4.2940-04 Z.8080~03 1.8530-1¢
0.0 0.0 0.0
0.0 0.0 0.0
1.2300-04 8.044D~09 $.299D0-13
0.0 0.0 0.0
0.0 0.0 0.0
5.524D-04 3.6130-08 2.380D-12
0.0 0.0 0.0
0.0 0.0 7.0
6.0860 03 6.,1190 02 641400 02

1.0660-15
3.053D-16
1.3710-15

1.764D-15
5.2190-16
2.0630-16

3.410D 03
5.84)D 03

“ o0
e .
[eRoNe)

5.7580-1%
1.6500-19
7.4080-19

2.5320-19
3.300D0-19
1.1180-19

3.2110 02
£.713D 02

(SRS
" s .
=D

olL-4
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Fig. B.10. Particle size distribution for stage 1
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Fig. B.16. Concentration history for stage 3
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Fig. B.17. Concentration history for stage 4
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Fig. B.20. Concentration history for stage 7

164

41




ORNL/DWG. 84-12988

007%9
[

B-31

(WVYD) TIALS SSATINIVIS A0 SSVH
0'2¢1¢ oéw_nn o.o\‘m_ o.mm_mﬂ

L o

002

(T/NVYH) SATOLIYVd AAYd A0 ONOD
o.m_ﬁ o ,o;m_ﬁ , o._m o o.w

LEGEND
FUEL IN PINS
| © =FREE PARTICLES
s = STAINLESS STEEL

10

002

oot ozt o8 o
(WVYD) SNId NI TInd dAATOSSIANN J0 SSVI

410

369

123 164 205 . 246 287
TIME(MIN)
Fig. B.21. Concentration history for stage 8

82

41



ORNL/DWG. 84-12989

B-32

(WVYD) TAALS SSATINIVIS J0 SSVA

00929 0'800S 0'9GLE o¥0G2 [))Aerdt 00
L N L | L N 1 o | ) \ L N { N " L ' | . N n L
(T/MVYD) SATOILYVd dAAYL A0 "ONOD
002 091 02t (0)°] (134 00
i N N | A | R X | L N . | m
<
A |
o]
©O
N M
M-u o H 7
g 2
< .
-
a VS
< Z
—
g =,
N ]
=
—
H &
¥«
&)
smm ;
—

[ .
DPMS B3
%IPw
ST =
A EE -

o e <
N
i
aoc«
S e e ——— e el O
002 091 02t 08 oy 00

(WVY¥D) SNId NI TdnJd QIATOSSIANA J0 SSVH

Fig. B.22. Concentration history for stage 9



ORNL/DWG. 84-12990

002 oer 09t 0¥l

02t

[T FETETUEETE SUT TR RNl FE T TV T VS FUTOT

aasaaa Loy

B-33

0ot

o8

09

("1/9) NOILVIINAONOD ITOILYVd

oy

TN SUVETTU TN ST TR U P UU

02

00

008¢€ ovo€e

oeve
ol

TP FPTwt

0992 0822 0061 0291
T FUT T TWE PUwwE S PUSuTOwTw |

0Pt 0'9L
i I

UT ITTTTTeY|

(T/9) €ONH ANV ‘#(eoN)nd ‘2(EON)20Nn ONOD

o8t
[l

00

PU I T WL Y WO B WG T U A W A O O |

03)4

5

LEGEND

0 = VOLUME
o = U02(N03)2

N
3
x = PARTICLES

s =PU
+=HN

........ | RAARARS

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA‘,A
A

pooccoe:
369 410

205
TIME(MIN)

Fig. B.23. Digester tank no. 1 history

..M
*«-

r———r—rr "
029% 096t 00€E

T
0v92

(T) ANNTOA

T
086 02el

rrrr—————y—- O

099



ORNL/DWG. 84-12991

B34

(7/9) NOILVIINAONOD ATOILYVJ
oov 0'9¢c (44 0ge (0)8 24 002 09t o2t 08 ov 00
[T NN ETTITTES JUSTIOTITE ST T TR SUTTTUTETS FUUTITURTE NS UTC RN FETTSUNITE SN VO TUTEY SUTUNENTNS |
(7/9) €ONH ANV ‘#(eoN)nd ‘2(EON)200n ONOD
0'00¥% o.om 002¢ o.omm o.owm o.owm o.o_wH o.o_mﬁ o.ﬂm ooy 00

NPT

bbb ieiedednd.

[7p]
-
DWO@ O
Z =20
HRSZEIE
GLz/\ o
HOoODZ<«
LVUPHP
I |
00 <q + X

,.. _;.... _._j:
9 (V44" 09 080 00¥%¢ 02L2 0v02 09€T o.w_m 00
(1) INNTOA

Q
oi
A

0089

246 287 328 369 410

205

TIME(MIN)

Fig. B.24. Digester tank no. 2 history

164

123

11



APPENDIX C

Code Output for Intermittent Solids Feed

The following types of output are the same asthose given in Appendix B; however, the
intermittent solids feed option was employed. A solids feed cycle of 40 min on and 140 min
off was used in this run. All other conditions were at their standard values. An index of the
tables and figures containing the intermittent solids feed data output is given in Table C.1.

Table C.1. Index of tables and figures contained in this appendix

Location Type of output
Table C.2. Summary of input data
Table C.3. Uranium/plutonium material balance closure
Table C.4. Stagewise data for concentrations, volume,
density, and flow rates
Table C.5. Stagewise particle size distribution data
Table C.6. Run summary data
Figs. C.1-C.9 Stagewise concentration profiles
Figs. C.10-C.12 Stagewise particle size distribution
Figs. C.13—C.21 Concentration histories
Figs. C.22—-C.23 Digester tank concentration profiles

C-1



C-2

Table C.2. Summary of input data

SPENT FUEL DATA
COMPONENT WEIGHT FRACTION DENSITY MOLE WE IGHT
(G/CC) (G/G-MOLE)
uo2 0.7370 8.300000 270.0500
pPUO2 0.2110 11.460000 271.1700
F.P, 0.0520 12.100000 135. 3400

AVERAGE FUEL DENSITY = 9.903000 G/CC

AVERAGE DIAMETER NF PARTICULATE= 0.001000 CM

TOTAL # FUEL PINS= 12947.21

DIAMETER 0OF FUEL PELLET= 0.4903 CM

LENGTH OF FUEL PIN= 2.5400 CM

RATIO OF ACTUAL SURFACE AREA TO GEOQMETRIC AREA= 1.00000D 00
FRACTION OF FUEL AS FINES= 2.0000~01

FULL STAGE PARTICLE RELEASE RATE= 1.000000 02 G/MIN

TOTAL MASS FEED RATE OF STAINLESS STEEL= 12.05 KG/HR

0.5000 TONNE-A-DAY THROUGHPUT
FUEL FEED RATE= 1921.5000 G/MIN

LIQUID FLOW STG 1= 1.7891 L/MIN
LIQUID FEED COMP. STG 1 ¢
HNO3 -—— 383.98 GRAM/L
H20 -—- 805.60 GRAM/L
INITIAL OENSITY OF DISSOLVER LIQUID ST6G 1= 1152.5684 G/L
COEFFICIENT OF WEIR FLOW EQUATION= 9.88800-01
EXPONENT OF WEIR FLOW EQUATION= 2.8300D0 00
LIMITING HEIGHT OVER WEIR (SLOT SIZE)= 3.81000 00 CM

STAGE 1 INITIAL VOLUME= 6.43 L
STAGES 2- 8 INITIAL VOLUME= 5.95 L
STAGE 9 INITIAL VOLUME= 9.33 L
NUMBER OF STAGES= 9

MAXTMUM T IME TNCREMENT= 0.020000 MIN

INITIAL REACTION RATE CONSTANTS

COMPONENT PARTICULATE RATE PIN RATE
FORMEOQ (G/MIN-CM&%24 (G/MIN-CM%%2)
U02(NO03)2 7.37934D-02 7.37934D-02
© PUIND3)4 2.11268D-02 2.11268D-02
F.P. NIT, 5.206590-03 5.,20659D0-03
REACTION RATE CONSTANT= 1.831230-04 (GRAM/ (CM%%2%MW INX(MOL/L)*%(Z#2%XPUI}
REACTION RATE EXPONENT= 2.597800 00
PERCENT THEORITICAL DENSITY= 10,.7123D0 01
INITIAL TEMPERATURE= 108.000D0 00 DEG C
MINIMUM PARTICLE DIAMETER TRANSFERING WITH FUEL PINS= 2.0000D 02 MICRON
MINIMUM PARTICLE SIZE IN DISTRIBUTION= J.0 MICRON
MAXIMUM PARTICLE SIZE IN DISTRIBUTION= 1.0000D0 03 MICRON
TOTAL # OF PARTICLE SIZE GROUPS= 20
FLAPPER VALVE CYCLE TIME= 0.0 MIN
TOTAL RUN TIME= 400.00 MIN
CYCLE TIME STG 1= 0.00 MIN
STAGES 2- 9 CYCLE TIME= 32.00 MIN
REVERSE CYCLE TIME 2.00 MIN
RATE OF RCTATION= 3.00 RPM
FEED TIME FROM SHEAR= 4.0000D0 01 MIN
LERO FEED TIME= 1.4000D 02 MIN
ACID DEFICIENT CONCENTRATION FLAG= 3.1500D0 01 G-HNO3/L
REACTION RATE MULTIPLICATION FACTOR= 5.00000 00
ACID FEED RATE INCREASE ANTICIPATION TIME= 0.0 MIN
ACID FEED RATE REDUCTION ANTICIPATION TIME= 0.0 MIN
REDUC ED ACID FEED RATE DENSITY= 1.30000 03 G/L
RECUCED ACID FEED H20 FLOW= 4. 74500 01 KG/HR

REQUC ED ACID FEED HNO3 FLOW= 4.00800 01 KG/HR
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Table C.2 (continued)

EXTERNAL FEED STREAMS MASS FLOW RATES

COMPONENT DENS ITY (G/L1} FLOW (KG/HR) CONCENTRATION (G/L)
FEED HNO3 YO STAGE 8 40,08 595.27
FEED H2C TO STAGE 8 47445 706.73
TOTAL FEED TO STAGE 8 - 1300.00 87.53
CONDENSATE HNO3 TO STAGE 1 0.0 0.0
CONDENSATE H20 TO STAGE 1 2. 67 951.00
TOTAL CONDENSATE TO STAGE 1 951.00 2.67
CONDENSATE HNO3 T0 STAGE 9 0.0 0.0
CONDENSATE H20 TO STAGE 9 1.33 951.00
TOTAL CCNDENSATE TO STAGE 9 $51.00 1.33
RINSE HNO3 TO STAGE 9 1. 14 0.0
RINSE H20 TO STAGE 9 35.03 978,17
TOTAL RINSE LIQUID TO STAGE ¢ 1010.00 36.17

*x% BACKMIXING DATA **x%

STAGE PERICDIC CONT INUOUS MA X IMUM INITIAL

# BACKMIXING BACKMIXING QUANTITY STAGE

WITH HULLS (L/MIN) BACKMIXED VOLUME

TRANSFER : (4] (S ]
(G SOLN /7 G HULLS)

1 7.0000D0-02 0.0 1. 75640 00 6.4334D 00
2 7.00000-02 0.0 1. 74940 00 9.94730 00
3 7.0000D0-02 0.0 1. 7494D 00 9.94730 00
4 7.00000-02 0.0 1. 74940 00 9.94730 00
5 7.00000-02 0.0 1. 76940 00 9.94730 00
[ 7.00000-02 0.0 1. 74940 00 9.9473D 00
7 7.0000D-02 2.0 1. 74940 00 9.9473D 00
8 7.00000-02 0.0 1. 74940 00 9.9473D 00
9 7.0000D0-02 0.0 2. 05260 00 3.3269D0 00

#%x%  PLOTS REQUESTED #%%

DIGESTER CONCENTRATION PROFILES
PARTICLE SIZE DISRTIBUTIONS
CONCENTPATION HISTNRIES
CONCENTRATION PROFILES



TIME

3.477830 02

TIME INTO RUN=

Table C.3. Uranium/plutonium material balance closure

uouTy
9.9€1920 04

PULOUT)
2.85378D

348.0032 MIN

DISSOLUTION OF LOOSE FUEL PARTICLES COMPLETED
6 FUEL DISSAPPEARANCE CYCLE.

THIS IS THE

TIME

3.488030 02

TIME INTO RUN=
DISSOLUTION OF
THIS IS THE

TIME INTC RUN=
DISSOLUTION OF
THIS IS THE

TIME INTO RUN=
DISSOLUTION OFfF
THIS IS THE

TIME
3.498230D

TIME
3.50843D

TIME
3.518630

TIM:
3,528830

TIME
3.539030D

TIME
34549230

TIME
3.55943D

TIME
3.56 963D

TI ME
3.579830

uioum
9.96188D 04

PULOUT)
2.85377D

348.8232 MIN

LOOSE FUEL PARTICLES COMPLETED
7 FUEL DISSAPPEARANCE CYCLE.

349,2432 MIN

LOOSE FUEL PARTICLES COMPLETED
8 FUEL DISSAPPEARANCE CYCLE.

349.5832 MIN

LOOSE FUEL PARTICLES COMPLETED
9 FUEL DISSAPPEARANCE CYCLE.

02

02

02

02

02

02

02

02

Q2

ueouT PULOUTS
9.9¢184D 04 2. 853760
u{ouT) pPULOUT)
9.96180D 04 2. 853750
u{ouTy PULOUT)
9.961770 04 2.85374D
u(ouTy PU(CUTY
9.96193D 04 2. 853790
utouT) PULOUT)
9.96189D0 04 2.85378D
ueouTy PULOUTY
9.9618¢D0 04 2.85376D
uouTy PUCOUT)
9.96182D 04 2.85375D
u{ouTy PULOUTY
9.96179D 04 2.85375D
uioum PU(CUT)Y

3.961760 04 2.85374D

ULFED)

04 0.0

IN STAGE
UIFED)

04 0.0

IN STAGE

IN STAGE

IN STAGE
U(FED)

06 0.0
U(FED)

06 0.0
ULFED

04 0.0
ULFED)

04 0.0
U(FED)

04 0.0
U(FED)

04 0.0

, U(FED)

04 0.0
U(FEDY

04 0.0
U(FED)

04 0.0

S AFTER

3 AFTER

2 AFTER

1 AFTER

PU(FED) U(OUT) -U(FED)
0.0 3.961920 J4

28,0032 MINUTES INTD CYCLE.

PUL{FEDY VIDUTI-ULFED)

0.0 9.961880 04

28.8232 MINUTES INTO CYCLE.

29.2432 MINUTES INTO CYCLE.

29.5832 MINUTES INTO CYCLE.

PUCFED) ULOUT)-U(FED)
0.0 9.96184D 04
PU(FED? ULOQUTI-U(FED)
0.0 9.96180D 04
PU(FED} ULOUTI-U(FED)
0.0 9.56177D0 04
PU(FED) Ul QUTI-U(FED}
0.0 9.90193D 04
PULFED) UloOUTI-ULFED?Y
0.0 9.96189D0 04
PU(FED} UIOUT)Y-U(FED)
0.0 9.961860 04
PU(FED} U(OUTY-U(FED)
0.0 9.96182D 04
PULFED) Ul OUTI-U(FED)
0.0 9.96179D 04
PUCFED) U{OUT)~ULFED)
0.0 9.96176D 04

PULDJITI-PULFED)
2.85378D 04

PULOUTY ~PU{FED)}
2.85377D 04

PUCQUTY -PULFED)
2.85376D 04

PULOUTY -PULFEDY
2.85375D 04

PU{OUTY-PU(FED)
2.85374D 04

PULOUT)-PULFED)
2.853790 J4

SYLOUTI-PUCFED)
2.85378D 04

PULDUT) -PULFED)
2.853760 04

PULDUTI-PU(FEMD
2.85375D D¢

PU(OJTI-PU(FED)
2.85375D 04

PUIDUT)~PULFED)
2.85374D 04



TIME
3.590030

TIME
3. €0023D

TIME
3.610430

TIME
3.620630D

TIME
3.630830

TIME
3.641030

TIME
3. 651230

TIME
3. 661430

TIME
3.67163D

TI ME
3.€81830

TIME
3.69203D

TIME
3. 702230

TIME
3. 712430

TIME
3.722630

TIME
3. 732830

TIME
3. 743030

TIME
3. 753230

TIME
3. 763430

02

02

02

02

02

02

92

02

02

02

02

02

02

02

02

02

02

02

uilouT)
9.96173D

u{oum
9.966700

ulouT)
1.009400

utouTy
1.022110

u(ouTy
1.034800

uiouT)
1.047500

uiouT)
1.060180

u(ouT)
1.07285D

UouTy
1.08552D

u(ouTy
1.098190

ueouT)
1.11084D

utouT
1.123490

ueouT)
1.136120

uioum
1.148750

utouT)
1.161370

utout)
1.173980

utouTy
1.186580

u(ouT)
1.199170

04

04

a5

05

05

a5

05

05

05

05

95

05

05

05

05

05

95

05

PULOUTIH
2.85373D

PULOUTY
2.85515D

PU(OUTI
2.89161D

PULOUT)H
2.928020

PUCOUTY
2.96440D

PU(OUT)
3.000750

PU(CUT)
3.03708D

PULOUT)
3.07340D

PUCOUT)
3.109690

PU{OUT)
3.14596D

PULOUT)
3.18221D

PULCUTY
3.21844D

PUCOUTY
3.25464D

PU(OUTY
3.290820

PULDOUT)
3.326970

PULOUTY
3.36309D

PULOUTY
3.399180

PULOUT)
3.435250

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

Table C.3 (continued)

U(FED}
0.0

U(FED)
4,494129

ULFED)
4.50685D

U(FEDY
4. 519580

U(FED)
4.53231D

Y(FED)
4. 545050

U(FED)
44 557780

U(FED)
4.57051D

ULFED)
4.583240

U(FED)
4,59598D

UCFED)
4. 608710

U(CFED})
4. 621440

U(FED)
4, 634170

U(FED}
4. 646910

ULFED)
4. 659640

ULFED)
4. 672370

UCFED)
4, £85100

U(FED)
4., 697840

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

PU(FED)
0.0

PULFED)
1.28743D

PUCFED)
1.29107D

PUCFED)
1.294720

PIFED)
1.29837

PULFED)
1.302020

PU(FED)
1.30566D

PU(FED)
1.30931D

PU(FED)
1.312960

PU(FED)
1.316610

PUCFED)
1.320250

PU(FED)
1. 323900

PU(FEDS
1.327550

PUCFED)
1.331200

PUCFED)
1.33484D

PULFED)
1.33849D

PULFED)
14342140

PULFED)
1.34578D

05

05

05

05

a5

05

05

0s

05

05

05

05

05

05

05

a5

05

UILOUTY-ULFED)
9.96173D 04

Ul auTI-UCFED)
-3.497440 )5

ULOUTY-U(FED)
~-3.497450 05

U(OUTI-U(FED)
-3.49747D 05

U{OUTI-U(FEN)
-3.49751D0 0S5

UICUTI-U(FED)
-3.497550 G5

U(QUTY-ULFED)
-3.49760D 05

ULOUTI-U(FEDY
-3.49766D 25

U(OUTY-U(FED)
-3.49772) 0%

U(DUTI-U(FED)
-3.49779D 05

UCOUTY-U(FED)
-3.497870 05

U(CUT)-U(FED)
-3.49795D0 05

UCOUTI~U(FEDY
-3.49805D 05

U(QUTI=U(FED)
-3.,49815D 05

U(OUT)-U(FED)
-3.498270 25

ULOQUTI-ULFED)
-3.49839D 05

U(DUTI-U(FED}
-3.49852D0 05

UOUTI-U(FED)
-3.49857D 25

PU(CUTY-PU(FED)
2.85373D 24

PULOUT) -PU(FED])
-1.0)191D 25

PY(0OUTI-PULFED)
-1.0)1910 25

PULQUTI-PULFED)
-1.031920 05

PULNUTY -PUIFED)
-1.00193D 05

PUICUT) -PULFED)
-1. 021940 35

PU(OUT) -PU(FED)
-1.0)1950 05

PULDUTY -PU{FED}
-1.03197D 05

PU(DUTI-PU(FED)
-1.001990 2%

PU(CUT) ~PU(FED)
-1.00201D 05

PUCDUT) -PULFED)
-1.002030 25

PUIDUT) -PU(FED)
-1.00206D 05

PULOUTI -PULFEDY
-1.03208D 25

PULOUT) -PU(FED)
-1.00211D 35

PUCOJT) -PU(FED)
-1.002150 25

PU(OUT) -PULFED)
-1.0)218D 35

PU(QUT) -PU(FE=D)
-1.022220 25

PU{OUTI-PU(FED)
-1.0)226N0 25

0



TIME
3.77363D

TIME
3. 783830

TIME
3. 794030

TIME
3.80423D

TIME
3. 81443D

TIME
3. 824630

TIME
3.834830

TIME
3.845030

TIME
3. 855230

TIME
3.86543D

TIME
3. 87563D

TIME .
3. 885830

TIME
3. 89603D

TIME
3. 906230

TIME
3. 91643D

T1ME
3.926630

TIME
3.93683D

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

uoum
1.21174D

utouT)
1.22431D

uioum
1.23685D

UouT
1.24939D

u(ouT)
1.261910

utouTs
L. 27441D

ulouTy
1.286890

u(ouT)
1.29926D

utouT)
1.311840

utouT)
1.32456D

u(ouT
1.337230

u(ouT)
1.349880D

u(ouT}
1.36253D

utoum
1.37516D

u{ouT)
1.38778D

U(ouT
1.400390

uouTy
1.412990

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

0s

PUCOUT)
3.471270

PULOUT)
3.50727D

PULCOUT)
3.54321D

PULOUT)
3.57913D

PULOUTY
3.61498D

PU{OUTH
3.65080D

PUCOUTH
3.686550

PULOUT)
3.721980

PU{OUTY
3.758000

PUCOUT)
3.79446D

PUCOUT)
3.830760

PULOUTY
3.86700D

PU(OUT)

3.903220.

PULOUTY
3.93942D

PU(OUT)
3.975560

PULOUTY
4.011690

PU(OUTY
4.04779D

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

Table C.3 (continued)

U{FED)
4.710570

U(FED)
4. 723300

ULFED)
4.73603D

U(FED)
4. 748770

U(FED)

4.761500

ULFED)
4. 774230

U(FED})
4, 78696D

U(FED)
4, 799700

ULFED)
4.81243D

U(FED)
4, 825160

UCFEDY
4. 837890

ULFED)
4. 850630

ULFED)
4. 863360

ULFED)
4. 8760690

U{FED)
4.88882D0

U(FED)
4.90156D

U{FED)
44914290

05

05

05

0%

05

05

05

05

05

05

05

05

a5

05

05

0s

0%

PULFED)
1.349430

PULFED)
1.353080

PU{FEDY
1. 356730

PU(CFED)
1.36037D

PU(CFED?
1.364020

PU(FED)
1.367670

PULFED)
1.37132D0

PULFED)
1. 374960

PULFED)
1.378610

PUCFED) .

1.382260

PU(FED)
1.385910

PUCFED)
1.38955D

PUCFED)
1.393200

PU(FED)
1.39685D

PU{FEDY
1.40050C

PULFED)
l. 404140

PUIFED)
1.40779

05

05

05

05

05

05

05

05

05

05

05

Q05

05

05

0s

05

U(OUTI-U(FED)}
-3.49883D 05

U{0UT)-U(FED)
-3.4983990 25

ULOUTI-U(FED)
-3.,499180 05

U(OUT)-U(FED)
-3.49937D 05

U(QUTI-U(FED)
-3.499590 05

U(OUTI-U(FED)
-3.49982D0 05

U(oUT)-U(FED)
-3.50007D 035

UCOUTI-U(FED)
-3.50044D 05

U(OUT}-U(FED)
-3.500590 05

U(OUT-U(FED)
-3.50060D 05

U(OUTI-U(FED)
-3.50066D 05

U(oUT)-U(FED)
-3.500740 05

Ut QUTI-U(FED}
-3.500830 05

U(OUT)~-U(FEDI}
-3.50093D 05

U(QUTY~U(FEDY
-3.50104D 05

U(OUTI-U(FED)
-3.50116D 05

U(ouT) -U(FED)
-3.501290 05

PU(OUTI~-PU(FED)
-1.00231D 2%

PUCQUT) -PU(FED)
-1.03235D 05

PULNUTI -PU(FED?
-1.0)2410 35

PUCOUT)-PU(FED)
~-1. 032460 05

PU(OUTI-PU(FED)
-1.0)2520 35

PU(NUTI-PU(FED)
-1.0)259D0 05

PULDOUT) -PU(FED)
-1.03266D 35

PU{OUT) -PU(FED)
-1. 002770 05

PUCNUTI-PU{FED)
-1.002810 05

PULOUTI-PU(LFED)
-1.002810 05

PU(OUTI-PU{FED)
-1.00283D 05

PU{OUTI -PU(FED)
-1.00285D 05

PULOUT) -PU(CFED)
-1.032880 05

PU(DUT) -PU(FED)
-1.00291D 25

PU{OUTI-PU(FED)
-1.0)294D 25

PU(DUTI-PU(FED)
-1.00298D 25

PULOUTY —PU(FED)
-1.003010 05
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TIME
3.94703D

TIME
3.95723D

TIME
3.96743D

TIME
3.977630

TIME
3.987830

TIME
3.998030

02

02

02

02

02

02

utoum)
1. 42557D

ueouTY
1.438110

u{ouT)
1. 450640

u(ouTs
1.463140

uioum
1.475610

utouTy
1.488060

PU(DOUT)
05 4.083810
PULOUTY
05 4.119730
PUCOUT)
05 4.15562D
PULOUT)
05 4.19145D
PULOUT)
05 4.227180D
PU(OUT)
05 4.262830

04

04

04

04

04

04

Table C.3 (continued)

U(FED)
4.927020

U{FED)
4,939750

U{FED)
4.952490

U(FEDI
4.96522D

U{FED)
4,977950D

U(FED)
4.99068D

05

05

05

05

05

05

PULFED)
1.411440

PUCFED}
1.41509D

PU(FED}
1.418730D

PU(FED)
1.42238D0

PULFED)
1.42603D

PULFED)
1. 429680

05

05

(3

05

05

05

ULOUTI-U(FED)
-3.50145D 25

U(OUT)I-U(FED)
-3,501652 25

ULOUTI-U(FED?
-3.501850 05

U{OUTI-U(FED)
-3.502080 0%

U{OUTI-U(FED)
-3.50234D 05

UCOUT)-U(CFED)
-3.50262% 05

PULOUTI -PULFED)
-1.0)30¢D 05

PUCOUT) -PU(FED)
-1.02311D 05

PUCOUTY -PU(FEDY
-1.00317C 25

PUCDUTI-PU(FED)
-1.03324D 25

PU{OUT) -PULFED)
~-1.033310 25

PUICUT)I-PULFED)
-1.,0)339D 35
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Table C.4. Stagewise data for concentrations, volume, density, and flow rates

TIME INTO RUN = 400.0032 MIN
*k% STAGEWISE PROFILES **x
STG 1 STG 2 STG 3 STG 4 STG 5 STG 6 STG 7 STG 8 S5 9

COMPONENT CONCENTRATION GOF COMPONENTS DISSOLVED IN LIQUID (G/L}

UO2(NO312 3.2700 02 2.8310 02 1.908D0 02 5.1610-02 6.1920-03 3.288D-04 2.367D-06 8.831D-08 7.9740-16
PUINO31 4 1.153D 02 9.9800 01 6.7270 01 1.8200-02 2.1830-03 1.159D0-04 8.3450-07 3.113D0-08 2.8110-16
FP(NG3)3.39 3.835D 01 3.3200 01 2.238D0 01 6.0530-03 7.2620-04 3.856D-05 2.7760-07 1.0360-08 9.3510-17
HNG3 1.1510 02 L.5570 02 2.2750 02 3.8010 02 3.829D 02 3.877D0 02 3.9050 02 3.8720 02 3.7440 01
H20 7.450D0 02 7.4680 02 7.573D 02 7.764D 02 T.750D 02 7.7250 02 7.711D0 02 T.729D0 02 9.5250 02

CONCENTRATION OF SUSPENDED FINES (G/L}

uoz2 3.177D O1 1.345D 02 2.4420 01 0.0 0.0 0.0 0.0 0.0 0.0

PuQ2z 9. 0960 00 3.8500 01 6.9920 00 0.0 0.0 0.0 0.0 0.0 0.0

F.P. 2.242D 00 9.4880 00 1.723D 00 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 443110 01 1.825D 02 3.314D O1 0.0 0.0 0.0 0.0 2.0 0.0

QUANTITY UNDISSOLVED IN FUEL PINS (G)

uc2 0.0 1.7250 04 1.9710 04 0.0 0.0 0.0 0.0 2.0 0.0

PUO2 0.0 4.9370 03 5.642D 03 0.0 0.0 0.0 0.0 2.0 0.0

F.P. 0.0 1.2170 03 1.390D 03 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 0.0 2.340D0 04 2.674D 04 0.0 0.0 0.0 0.0 0.0 0.0

VOLUME (L)
TOTAL STAGE 6.357D 00 9.7570 00 9.6630 00 9.6440 00 9.6440 00 9.644D0 00 9.644D 00 9.5430 0) 9.1350 00
LIQUID ONLY 6.3290 00 5.4880 00 442400 00 9.6440 00 2.644D0 00 9.6440 00 9.6440 00 5.4840 Q) 9.1360 Q2
STAINLESS 0.0 1.8050 00 2.708D 00 0.0 0.0 0.0 0.0 3.159D0 00 0.0
DENSITY (G/L)
LIQUID 1.341D 03 1.3180 03 1.265D 03 1.157D 03 1.1580 03 1.160D 03 1.162D 03 1.160D 03 9.899D 02
FLOW RATES (L/MIN)
LIQUID 2.261D 00 2.177D 00 1.860D0 00 1.801D 00 1.8010 00 1.8010 00 1.8010 00 I.BOfD 0l €.3370-01
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Table C.5. Stagewise particle size distribution data

TIME = 4.000D0 02 MIN
LEd PARTICLE SIZE DISTRIBUTION PROFILE DATA >k
STG L, STG 2 STG 3 STG 4 STG 5
GROUP  RADIUS CONC RADIUS CONC RADIUS CONU RADTUS CONC RADT US CONC

# ( MICRON) (G/L) (MICRON) (G/L) (MICRON) (G/L) (MICPCONY (G/L) (MICRON) (G/L)
1 1.837D 01 9.788D 00 1.667D 01 6.647D-01 1.570D O1 3.367D-01" 2.500D 01 0.0 2.500D 01 0.0
2 6.225D 01 145720 01 5.538D 01 1.3700 00 7.5150 01 2.563D 00 7.5000 01 0.0 7.500D 01 0.0
3 1.1200 02 1.760D 01 1.061D0 02 3.974D 00 1.438D 02 3.968D 00 1.2500 02 0.0 1.250D0 02 0.0
4 1.750D0 02 0.0 1.570D 02 2.346D 01 1.745D 02 '2.8820-02 1.7500 02 0.0 1.7500 02 0.0
5 2,250D0 02 0.0 2.0900 02 2.082D 01 2.134D 02 3.671D 00 2.250D 02 0.0 2.2500 02 0.0
6 2,7500 02 0.0 2.,601D 02 1.822D 01 2.7720 02 3.593D 00 2.750D 02 0.0 2.,750D 02 0.0
T 3.250D0 02 0.0 3.109D0 02 1.592D 01 3.4050 02 3.2520 00 3.250D0 02 0.0 3.253D 02 0.0
8 3.750D 02 0.0 3.613D0 02 1.404D 01 3.7190 02 1.2300-01 3.750D 02 0.0 3.750D0 02 0.0
9 4.2500 02 0.0 4.118D0 02 1.2450 01 4.035D 02 2.589D0 00 4.250D0 02 0.0 4.250D0 02 0.0
10 4.,7500 02 0.0 4.6220 02 1.103D 01 4.631D 02 2.594D 00 4.750D 02 0.0 4.7500 02 0.0
11 £.2500 02 0.0 5.124D 02 9.867D 00 5.253D0 02 2.394D0 00 5.2500 02 0.0 5.2500 02 0.0
12 5.,7500 02 0.0 56260 02 8.874D 00 5.9120 02 2.208D 00 5.7500 02 0.0 5.750D0 02 0.0
13 6.2500 02 0.0 6.1290 02 8.048D 00 6.219D 02 5.7750-02 6.2500 02 0.0 6.2500 02 0.0
14 6.750D 02 0.0 6.6330 02 7.275D 00 6.579D 02 1.6690 00 6.750D 02 0.0 6.750D 02 0.0
15 7.2500 02 0.0 7.137D 02 6.550D 00 7.1610 02 1.2970 00 7.250D0 02 0.0 7.2500 02 9.0
16 7.7500 02 0.0 7.644D 02 5.892D0 00 7.793D 02 1.340D0 00 7.750D0 02 0.0 7.750D 02 0.0
17 .8.2500 02 0.0 8+158D 02 5.2220 00 8.457D 02 8.9290-01 8.2500 02 0.0 8.2500 02 0.0
18 8.7500 02 0.0 8.677D0 02 4.4180 00 8.750D 02 0.0 8.750D0 02 0.0 8.750D 02 0.0
19 9.250D 02 0.0 9.190D 02 3.167D 00 9.106D 02 4.1710-0F 9.250D0 02 0.0 9.2500 02 0.0
20 9.7500 02 0.0 9.6290 02 1.218D 00 9.592D0 02 1.4050-01 9.7500 02 0.0 9.7500 02 0.0
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Table C.6. Run summary data

APPROXIMATE FLOWS

APPROXIMATE U FEED RATE= 2. 77400 02 G/MIN

APPROXIMATE PU FEED RATE= 7.9466D0 01 G/MIN

TOTAL U FLOW OUT LIQUID PHASE= 2.8214D 02 G/MIN

TOTAL PU FLOW OUT LIQUID PHASE= 8.0824D 01 G/MIN

TOTAL U FLOW UNDISSOLVED IN FUEL PINS= 0.0 G/MIN
TOTAL PU FLOW UNDISSOLVED IN FUEL PINS= 0.0 G/MIN
TOTAL U FLOW OUT= 2.8214D 02 G/MIN

TOTAL PU FLOW 0OUT= 8.0824D 01 G/MIN

TOTAL MASS BALANCE

TOTAL U FEED= 1.4979D0 05 &6

TOTAL PU FEED= 4.2911D 04 G

TOTAL U OUT STAGE 1= 1.1286D 05 G

TOTAL PU OUT STAGE 1= 3.23300 04 G

TOTAL URANIUM FROM RINSE STAGE= 0.0 G
TOTAL PLUTONIUM FROM RINSE STAGE= 0.0 G
TOTAL U UNDISSQOLVED IN FUEL PINS= 3.2572D 04 G
TOTAL PU UNDISSOLVED IN FUEL PINS= 9.33080 03 G
TOTAL U INMN PARTICLES UNDISSOLVED= 9.1900D0 02 6
TOTAL PU IN PARTICLES UNDISSOLVED= 2.6327D 02 G
TOTAL SUSPENDED PARTICULATE T0O DIGESTERS= 6.4025D 03 G
TOTAL U OUT OVEPR TOTAL RUN= 1.1286D0 05 G

TOTAL PU OUT OVER TOTAL RUN= 3.23300 04 G

012

TOTAL U DISSOLVED IN LIQUID INVENTORY IN DISSOLVER= 2.0780D 03 (G}
TOTAL PU DISSOLVED IN LIQUID INVENTORY IN DISSOLVER= 7.6715D0 02 (5)
CORRECTED SUM OF LIQUID VOLUMES= 0.0 (L

TOTAL U IN PINS FED ¥0D STAGE 1 FROM FLP= 1.1984D0 05 (G}

TOYAL U FINES FED 7O STAGE 1| FROM FLP= 2.9959D 04 (G)

TOTAL NUMBER OF PINS REMAINING IN DISSOLVER= 2.7513D 04

TOTAL NUMBER OF PARTICLE SIZE GRCOUP DEPLETION TRANSFERS= 8.35D 03

*%% MASS OF PARTICLES DISSOLVED IN EACH STAGE (G) *x%x*

2.1700 04 1.887D 04 9.3370 03 7.6990 03 6.334D 03 1.879D0 03 0.0 0.0 0.0

PROJECTED URANIUM HOLD-UP IN DISSOLVER= 3.69380 04 G
PROJECTED PLUTONIUM HOLD-UP IN DISSOLVER= 1.0582D 04 G
PROJECTED TOTAL U OUT PLUS HOLD-UP= 1.49790 05 G
PROJECTED TCOTAL PU QUT PLUS HOLD-UP= 4.29110 04 G

CORRECTED NEGATIVE SUM OF OVER DISSOLUTION FROM PINS= -2.07020 00 G
CORRECTED MEGATIVE SUM OF OVER DISSOLUTION OF PARTICJLATE= -7.41390 00 G
TOTAL CORRECTED OVER DISSOLUTION= -9.4841D 00 G

SUM GF HNO3 DEPLETIONS= 0.0 G



TOTAL FUEL IN PINS FED TO STAGE 9=
TOYAL FUEL IN PINS OUT OF STAGE 9=

TOTAL FUEL IN PINS IN STAGE 9= 0
TOTAL # PINS FED TO STAGE 9= 2.1
TOTAL # PINS OUT OF STAGE 9= 2.1
TOTAL # PINS IN STAGE 9= 0.9 )
ACTUAL U HOLD-UP IN DISSOLVER= 3

ACUTAL PU HOLD-UP IN DISSOLVER=
ACTUAL U QUT PLUS DISSOLVER HOLD-UP=
ACTUAL PU OUT PLUS DISSOLVER HOLD-UP=
ACTUAL U HOLD-UP IN FLAPPER VALVES=

¥ OIFF BETWEEN ACTUAL U FED AND U OUT PLUS HOLD-UP=
¥ DIFF BETWEEN ACTUAL PU FED AND PU QUT PLUS HOLD-UP=

Table C.6 (continued)

0.0 ’ G
0.0. G
-0 G
039D 04
014D 04

.61690 04 G
1.03¢1D0 04 G
1.4902D 05 G
4.2691D 04 G
0.0 G
5.137710-01 %
5.1377-01 2

U CUT OVER U FED PLUS HOLD-UP= 9.9486D 01 ¥

PU OUT OVER PU FED PLUS HOLD-UP= 9.94860 01 %

2 CF YOTAL U FEED IN FLAPPER VALVE HOLD-UP= 0.0 z
TOTAL U FED TO FLAPPER VALVES= 1.49790 05 G

TOTAL PU FED TO FLAPPER VALVES=

TOTAL U PLUS PU FED TO FLAPPER VALVES=
TOTAL U PLUS PU FED TO STAGE 1 FROM FL
PER CENT TRANSFER THRU FLAPPER VALVES=

NUMBER OF TIME STEPS WITH ACID DEFICIE

*k *

4429110 04 G
1.9271D0 05 G

APPER VALVES=
1.00000 02%

1.9271D0 05 G

NT COND.= 0

* MAXIMUM PREDICYED CONCENTRATIONS (

G/LY *xx

UO2(ND3)2 3,292D 02
TIME 2.205D 02
PUINO314 . 1.1600 02
TIME 2.2050 02
FP(NO311.18 3.8600 Ol
TIME 2.2050 02
HNO3 3.7330 02
TIME 2.0000-02
H20 7.830D 02
TIME 2.0000-02

3.201D0 02
2.2400 02

1.129D 02
242400 02

3.754D 01
242400 02

3.816D 02
2.0000-02

1.0910 03
3.204D 01

. 3.1000 02 2.5570 02 242300 02

2.5600 02 1.2810 02 1.280D0 02
1.093D 02 9.0160 0} 7.863D 01
2.560D 02 1.2810 02 1.2800 02
3.6360 01 2.9990 01 2.615D 01
2.5600 02 1.2810 02 1.2800 02
3.891D 02 3.8190 02 3.9370 02
1.9210 02 2.241D 02 2.515D 02
9.5110 02 8.9230 02 8.6030 02
6.404D 01 9.6040 01 1.2800 02

2.089D
1.3280

7.364D
1.3280

2.450D
1.3280

442410
1.6000

8.774D
1.6000

02
02

01
02

0oL
02

02
02

02
02

3.6860-

3.5200

1.299D-

3.5200

4.3220-

3.5200

4.3200
1.9200

8.784D
1.9200

01
02

01
02

02
02

02
02

02
02

7.2820-06

3.8400

2.567D-

3.8400

8.540D-

3.8400

443290
2.3180

8.809D
2.2400

02

0é
02

o7
02

02
02

02
02

7.0580-

245600

12
02

2.488D-12

2.5600D

8.277D-

2.560D

9.2450
2.2410

9.934D
2.2410

02

13
02

01
02

02
02

LL-D



NUMBER OF

MAXIMUM #
MAXIMUM #
MAXIMUM #
MAXTMUM #
MAXIMUM #
MAXIMUM #

NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES IN DIGESTER # 1
NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES IN DIGESTER # 2

TIME STEP REDUCTIONS=

ITERATIONS IN PARTIC=
ITERATIONS IN SUBUN=
ITERATIONS IN SUBPN=
ITERATIONS IN SUBFP=
ITERATIONS IN SUBHN=
ITERATIONS IN SUBH2=

Table C.6 (continued)

WP W W

*%%x STAGEWISE MASS INVENTORY (G) AFTER

-1.96480-08
0.0

[T

G
G

400400 MINUTES #*%x

STG 1 STG 2
URANT UM 1.428D 03 1.679D
PLUTONI UM 4.0900 02 4.810D
u+pPU 1.837D0 03 2.1600
UD2(ND3)2 2.070D 03 1.553D
PUING31 4 7.2970 02 5.477D
FP(NO31 2. 36 2.4270 02 1.8220
HNO3 7.286D 02 8.5420
H20 4.715D 03 4.098D
uo2 2.0110 02 7.3800
PUD2Z 5.757D 01 2.113D
FP(OI1.1776 1.419D 01 5.2070
ULG/LILQ 1.976D 02 1.710D
UG/LIPT 2.801D 01 1.185D
ULG/LIPN 0.0 2.7700
PULG/LILQ 5.6600 01 4.8990
PU(G/ LY PT 8.023D 00 3.396D
PUIG/LI PN 0.0 7.9360
UePULG/LILQ 2.5420 02 2.,2000
UsPU(G/ LI PT 3.6030D0 01 1.525D
U+PU(G/ L) PN 0.0 3.5640
HNC3{MOL/L) 1.827D 00 2+4700

04

04

03
02
22

02
03

02
0e
o1

STG 3 STG 4
1.795D 04 3.007D0-01
5.1420 03 8.614D-02
2.309D 04 3.8680-01
8.0900 02 4.9770-01
2.852D0 02 1.7550-01
9.488D 01 5.8370-02
9.647D 02 3.665D 03
3.211D 03 7.487D 03
1.0350 02 0.0
2.9640 01 0.0
7.305D 00 0.0

1.153D 02 «118D-02
2.1530 01
4.0970 03
3.3020 01
6.167D 00
1.174D 03
1.4830 02
2.7690 01
5.2700 03
3.6100 00

33D-03

110-02

OCOHFPO0OOX®POOW
¢ 8 5 o 0 o 8 s

COQODOWOO

6.0310 00

k%% ADDIT IONAL CONCENTRATION DATA #xx%

STG 5 STG 6
3.608D-02 1.9160-03
1.0330-02 5.488D-0%
4.6410-02 2.465D-03
5.9710-02 3.1710-03
2.105D-02 1.1180-03
7.0030-03 3.7190-04
3.6930 03 3.7390 03
7.4730 03 7.449D 03
0.0 0.0
0.0 0.0
0.0 0.0
3.741D-03 1.987D~-04%
0.0 0.0
0.0 0.0
1.0720-03 5.691D0-05
0.0 0.0
0.0 0.0
4.8130-03 2.556D-04
0.0 0.0
0.0 0.0
6.076D 00 6.1520 00

1.379D0-05
3.9500-06
1.774D-05

Z2.283D-05
8.047D-06
2.677D-06

3.765D0 03
T.4360 03

(>N oNe]
e s .
[oNelo)

1.430D-05
0.0
0.0
4.096D-07

3.4590-07
9.910D-08
4.4500-07

5.7260-07
2.019D-07
6.715D-08

2.5110 03
5.0120 03

o OUo
« s
[N =N

4.4010-~15
1.261D~15
5.6620-15

7.2850~15
2.568D~15
8.544D~16

3.4200 02
8.702D 03

(ol &)
. .
o 0O

[AN0)
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APPENDIX D

Selected Values for the Student’s ¢ Statistic, t,

Table D.1 is a collection of commonly used values for the two-sided Student’s ¢ statistic.
Additional data may be found in any of a number of standard statistical analysis textbooks.

Table D.1. Two-sided Student’s ¢ statistic, tv

v

Degrees Confidence level
of 90% 95% 99%
freedom )

1 6.314 12.706 63.657
2 2.920 4.303 9.925
3 2.353 3.181 5.841
4 2.132 2.776 4.604
5 2.015 2.571 4.032
6 1.943 2.447 3.707
7 1.895 2.365 3.499
8 1.860 2.306 3.355
9 1.833 2.262 3.250
10 1.812 2.228 3.169
11 1,796 2.201 3.106
12 1.782 2.179 3.055
13 1.771 2.160 3.012
14 1.761 2.145 2.977
15 1.753 2.131 2.947
16 1.746 2.120 2.921
17 1.740 2.110 2.898
18 1.734 2.101 2.878
19 1.729 2.093 2.861
20 1.725 2.083 2.845
21 1.721 2.080 2.831
22 1.717 2.074 2.819
23 1.714 2.069 2.807
24 1.711 2.064 2.797
25 1.708 2.060 2.787
26 1,706 2.056 2.779
27 1.703 2.052 2.771
28 1.701 2.048 2.763
29 1.699 2.045 2.756
30 1.697 2.042 2.750
40 1.684 2.021 2.704
60 1.671 2.000 2.660
100 1.658 1.980 2617
oo 1.645 1.960 2.576

D-1
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