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AN UNSTEADY-STATE MATERIAL BALANCE MODEL 

FOR A CONTINUOUS ROTARY DISSOLVER 

8. E. Lewis 

Fuel Recycle Division 

ABSTRACT 

The unsteady-state continuous rotary dissolver material balance code (USSCRD) is a 
useful tool with which tostudy the performance ofthe 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 UO2, PUO2, fission 
products, Pu(N03)4, U02(N03)2, fission product nitrates, HNO3, H2O, 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 ofthe code, its limitations, key operating parameters, 
usage procedures, and the results of the analysis of several sets of operating conditions. 

Of primary importance 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 continuous 
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. 

1-1 
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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 

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 controlled 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 UOj , 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 agreement 
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 ofthe 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 U02(N03)2, Pu(N03)4, fission 
product nitrates [FP(N03)2.36], HNO3, H jO, UO2, PuOj, fission product oxides (FPOng), 
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 ofthe 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 particle having a size (diameter) between 
X and X + Ax is given by 

exp -r in(x)-xJ'/(20M{^^ 
P[x) = Q ^—^ ^ . (1) 

xa 

The parameters Q, x ^ , and a, defined in the Nomenclature (sect. 13), were determined from 
the analysis of particle size data from shearing ORNL Mark I, stainless-steel-clad proto
type fuel assemblies.'' Typical values of the parameters for 2.54-cm shear cut lengths are 
Q = 0.1100, Xfy^ - 5.041, and o = 1.510. When considering only dislodged fuel, excluding 
hull fragments, the value of Q is equivalent to 1 / yiTt. 

A shrinking-spherical-particle model with chemical 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 with the solids, depending on their size. 
Mudding tests in a 0.305-m-diam dissolver have shown that particles 200 to 500 /xm 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 >200 jum in diametertransfer 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 
fjLvn in diameter. An average size was determined for each size group in the distribution based 

2-1 
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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, A^^^, of the particles in the 
mixed stream can be written in terms of particle mass and size as follows: 

2 2 

Am\x 3 ~ 2-1 3 ' ^ ' 
(4/3)7r(r^i^^^) pf j^-i (4/3)n(rM,k)j p^ 

where 

Mk=i: iy^k)j • (3) 
y - 1 

Equation (2) can be simplifed and solved for the average radius of the mixed stream for 

size group k to give 

i^m\K,k - ~z Tr\ • (4) 

y=1 (̂ old,*)y 

The effects of reaction on particle size are discussed in the section on reaction rates (SecL 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 II (EBR-II) ranged from 8 to 83% ofthe total.'''^ 

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 ofthe acid in the fuel pins being less 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: 

U3O8+7.35 HNO3 :^3 U02(N03)2 + NO2 +0.35 NO+ 3.65 H2O , (5) 

PUO2+4HNO3 ^ P u ( N 0 3 ) 4 + 2 H2O , (6) 

and 

FPO1.7 + 3.39 HNO3 ^ FP(N03)3.39+ 1.7 H2O , (7) 

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

As can be seen in Eqs. (5), (6), and (7), water is produced and acid is consumed in each 
reaction. Nitric acid is produced by the reaction of NOj and H2O, as shown in the overall 
reaction 

3 NO2 (g) + H 2 0 ^ 2 HNO3 + N 0 (g) . (8) 

It has been assumed that all the NO2 formed at HNO3 concentrations less than 8 to 10/W 
reacts to form HNO3 according to Eq. (8). At acid strengths greater than 8 to 10 /W, none of 
the NO2 produced reacts to form HNO3. 

The NO2 conversion assumption is based on the following chemical equations for the 
dissolution of UO j : 

UO2+2.7 H N 0 3 ^ U02(N03)2+0.7 NO + 1.3 H jO , (9) 

UO2+4HNO3 ^ U 0 2 ( N 0 3 ) 2 + 2 N O 2 + 2 H 2 O . (10) 

Both reactions occur to some extent; however, Eq. (9) is predominant at low acid concen
trations and Eq. (10) is predominant at HNO3 concentrations greater than ~8 to ^0 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 Eqs. (9) and (10) for 
Eq. (5) and estimation of the following fission product reaction equation for unoxidized 
fuel: 

FPOi.18 +2.36 HNO3 ^FP(N03)2.36 + 1.18 H jO (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; 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: 

dm, J 

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

dm,^^ d(C,^jV,) dV, dC, 

dt dt ^ ' - y ^ ^ ^ ' - ^ • (^3) 

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 dVJdt can be expressed as a 
pseudoconstant. 

dt 
- D, , (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 Eqs. (12), (13), and (14), and rearranging and grouping 
like terms yields 

V, — - - Q „ ^ ^ F , „ + C,_,^iB,_, - C,JD, + F,+B,) . (15) 

To solve for C, j, let 

A=D, + F, + B, , (16) 

and 

G = C,^,^^F,,, + Q_,^^fi,_, . (17) 

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

V. = G-AC,, . (18) 
dt '' 
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Dividing through by 1/,, integrating the resulting linear, first-order differential equation over 
an interval from time t to t + At, and solving for C,-, gives 

C 
I,J 

G_ 

A 
1 — exp 

l-A AA I-A A / \ 
[19) 

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 d 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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particle cluster area per fuel pin available for reaction, /Ipj^,, is assumed to be constant 
while any fuel is present in the pin and is expressed 

/lpin=c/^7r/sin(0) . (20) 

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

R) = a:iA^^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 /, /? /^ , must be expressed in terms 
of a particular particle size group, k: 

/^i,k = (^i^k^pm,k • (22) 

A p2in k '5 the surface area of an idealized spherical particle in size group k expressed as 

Apm,k = ̂ Aro\d,k^y > (23) 

where 5 is the ratio of a pseudoradius of a particle (accounting for increased surface area 
due to porosity) to the actual particle radius. The ratio 5 can also be defined in terms of 
the fractional increase in particle surface area due to porosity, f, as 

S = yfn~^ . (24) 

From Eq. (22), j3ŷ  is the number of particles in size group /? before reaction and is given 
by 

^k=Pl,k ^^//[(4/3)7rpHA-old,y^)'] , (25) 

where Pjf^ is the concentration of particles in size group k 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 particle 
size group radius, corrected for reaction, is given by 

''new,^ / ? i k A r / ( 4 / 3 7rp^/3^)l[ ' . (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 UO2-PUO2 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]: 

k,;uo. = 0.480 fc,HN03y .-°-°^ ' (^^) , (27) 

1</,PuO, - 5.0 

X 

^Q,HN03)' ^ - ° - " (^^>+ 4 X lO^ /c . -HNO, ) ' 

/ Q ^ H F V e-°-"(^^) , (28) 

</,U0-Pu02 - (l^AUOj]^ " l^i,Puo]" k;i in.P„n = k / i i o . V - " ( k , p „ n . r , (29) 

where 

lOOp^ 
7-̂  = ^ . (30) 

11.46 (n) + 8.3 (/7-1) 

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

k/.PuG, ^S.O^qHNOaV e-'-'HT,) . (3I) -'2 

In Eq. (29), as given by Uriarte and Rainey, n is the mole fraction of only PUO2 in the UO2-
PUO2 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 PUO2 in the UO2-PUO2 fission product solid fuel solution. Uriarte and Rainey 
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worked primari ly wi th unirradiated fuels; however, they also stated that irradiated fuel 

(20% PuOj—80% UO2) dissolved about five times faster than unirradiated fuel . Therefore, 

a variable premult ipl ier 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 U O j increased as the second power 

o f 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 o f uranyl nitrate, which provides 

addit ional NO3 for dissolution. More recent work wi th mixed-oxide fuels has not supported 

these findings.^^ Therefore, the NO3" enhancement f rom uranyl nitrate has not been included 

in the code, although its addit ion could be easily accomplished. 

2.7 Liquid Flow 

Flow between stages in the dissolver has been empirically modeled as f low over a 

weir" using 

F/ = 0.9888 (/7J2.830 (32) 

The crest height, h^., over the weir is calculated based on both the volume of l iquid 

and volume o f solids in a stage as shown in Fig. 7. L iquid volumes are determined by adding 

ORNL/DWG. 83-11408 

GEOMETRIC 
STAGE 
VOLUME 

CREST 
HEIGHT 

PURE 
LIQUID 
VOLUME 

TOTAL 
VOLUME 

SOLIDS BED VOLUME 

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 f low rates in and out of 

the stage. Liquid densities for the dissolved fuel solutions are based on the concentrations 

o f U 0 2 ( N 0 3 ) 2 , Pu(N03)4 , and HNO3 (ref. 13). The solution density at any temperature 

p t is determined by f irst calculating the density at 25°C using 

P2\ = 1.00125 + 0.3177 [ U 0 2 ( N 0 3 ) 2 ] + 0.22 [Pu (N03)4 ] 

+ 0.03096 [HNO3 (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 
p j - . (34) 

/0.3177 m/UN +0.22A77/PN + 0.03096/77/HN\ 

The density at any other temperature may now be determined using 

p^ = 1.0125 p/^ + 0.000145 T - 0.0005 Tp^^ ^ 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. 

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 liquid 
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 

Section 

name 
Function Calling order 

BLOCK DATA Initialization and definit ion a 

MAIN Subroutine calls, input/output, and overall b 

balance 

TRANSF Solid/l iquid transfers including backmixing 13 

PARTIC Particle size group manipulation 2 

SUBON U02(N03)2 concentration due to f low 5 

SUBPN Pu(N03)4 concentration due to f low 6 

SUBFN FP(N03)3 39 concentration due to f low 7 

SUBHN HNO3 concentration due to f low 8 

SUBH2 H2O concentration due to f low 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 

PL0T7 General stagewise concentration profi le plots d 

FREQUE Particle birth size distribution a 

PLOTD Stagewise particle size distribution plots d 

PL0T3 Stagewise 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 

DIGPLT Digester tank history plots d 

.Called once at beginning of execution 
Main supervisory program 
Called with each component balance routine 
Called once at end ot execution 
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Table 2. Input data summary definitions 

Variable 
name 

Definition 

AAANG 
AAANS 
ACDF 

ACIDEF 

AFIAT 

AFRAT 

AKSTOP 

ALIMO 

AMINFR 

ANGLE 

BAKMIX(I) 

BASECT 

BATTIM 

CDEN8 

CH20M8 

CHNOM8 

CONREL 

CT1 

DEN1, DEN9, 
DEN10 

DENSST 

DEPTH(I) 

DFP 

DIA 

DP 

DPU02 

DREVS 

DU308 

FCSTG1, 

FCSTG9 

FEANG 

FFINES 

FLAPTM 

FRMOFP 

FRMOPU 

FRM0U3 

HC 

H2OM10 

HNOMIO 

Total number of particle size groups 

Total number of stages 

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 

Maximum HNO3 concentration for acid deficiency (g/L) 

Anticipation time for increased flow of acid feed to stage 8 (mm) 

Anticipation time for reduction o f flow of acid feed to stage 8 (mm) 

Upper limit for number of times concentration subroutines are called 

Upper limit for number of iterations each time step for each subroutine 

Multiplication factor to calculate the minimum time step 

Drum angle (deg) 

Mass of solution backmixed due to carry over on hulls from stage I (gram of solution 

per gram of hulls), hulls = hulls + shroud + wires + other 

Basic forward rotation time, not considering the lag time between forward and 

reverse (min) 

Batch cycle time for shear to cut one fuel element and prepare for another (mm) 

Density in external feed stream 8 at normal flow rate (g/L) 

Water flow rate to stage 8 in acid feed stream at normal feed rate (kg/h) 

HNO3 flow rate to stage 8 in acid feed stream at normal feed rate (kg/h) 

Constant maximum total particle release rate for each stage (g/min) 

Cycle time for hull transfer from stage 1 (mm) 

Density of external feed streams to stages 1, 9, and 10, respectively (g/L), stage 10 

IS the same as 9 

Metal density of stainless steel hulls, shrouds, and wires (g/L) 

Maximum liquid depth in stage I (cm) 

Average density of fission products (g/cm^) 

Drum diameter (cm) 

Average particle diameter (cm) 

Density of PuOj (g/cm^) 

Number of revolutions required to empty stage NS (solids exit stage) 

Density of UOj (g/cm^) 

Fraction of condensate entering stages 1 and 9 

Exposure angle for fuel in ends of fuel pin (deg) 

Fraction of input feed that is fines 

Cycle time for lower flapper valve in dissolver feed pipe (mm) 

Mole fraction of fission products in homogeneous fuel 

Mole fraction of plutonium in homogeneous fuel 

Mole fraction of uranium in homogeneous fuel 

Maximum time increment for calculations (mm) 

Mass flow of water in external feed streams to stage 9 (kg/h) 

Mass flow of nitric acid in external feed stream to stage 9 (kg/h) 
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Table 2 (continued) 

Variable 
name 

Definition 

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 pm 

PCPU02 Weight fraction of PuOj 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 pm (cm) 

POW Exponent for weir flow equation 

flow (L/min) = TK* [crest height (cm)] **POW 

PRDIST Print time increment for particle size distribution (mm) 

PRINC Base plotting time increment (mm) 

PRTTIM Total run time between printouts (min) 

REACT 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 (jLim) 

RMIN Minimum particle size radius (ixm) 

RPM Dissolver rotational speed (rpm) 

RUN Total run time (min) 

RWASTE Minimum particle size radius transferring with hulls (fim) 

SDEN8 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 (mm) 

SHN0M8 HNO3 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+^), 
where f \s 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 (mm) 

TEMP Average dissolver temperature (°C) 

TFILL Input time for filling digester tank (mm) 

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

THN03C Total mass flow of HNO3 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) 
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Table 2 (continued) 

Variable 
name 

Definition 

TMRSST Mass feed rate of stainless steel (kg/h) 

TOL Tolerance between iterations in material balances 

TRCT Total reverse cycle time (mm) 

TTRAN Transfer time for digester tank liquor (mm) 

VO(l) Initial liquid volume in stage I (L) 

ZN0PT3 Concentration history plot flag 
0 0 — no plots 
1 0 - plots 

ZN0PT7 Concentration profile plot flag 
0 0 — no plots 
1 0 - plots 

ZNOPTA Total plot flags 
0 0 — no plots 

1 0 - plots 

ZNOPTD Digester plot flag 
0 0 — no plots 
1 0 - 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 
No 

Concentration 
equation 

Pseudoconstants 

C9J - J 1 — exp 
(-A Ar\l ' l-A At\ 

(-p-j.C,,exp(-^j 
Clo,y'^|o + Cg y 6g 

C , . / = - r 

'-'-J 

1 — exp 

1 — exp 

/-A At\\ < l-A At\ 

/-A A A I , /-A At\ 

D,+F,+B, C,,,jF,,^+C,_^jB,_, 

D, +F , +fi. ^2,1^2 

employing iterative techniques to solve for concentrations. The iteration technique used in 

the code assumes that the unknown concentrations for the f irst pass through the system of 

equations in Table 3 are the same as in the last t ime step. These values are substituted into 

the set o f equations in Table 3 repeatedly unt i l the solution converges. This entire process is 

repeated for each t ime step. For a suff iciently small t ime 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 4issolver. 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 
AAANS 
ACDF 
ACIDEF 
AFIAT 
AFRAT 
AKSTOP 
ALIMO 
AMINFR 
ANGLE 
BAKMIX(I) 
BASECT 
BATTIM 
CDEN8 
CH20M8 
CHN0M8 
CONREL 
CTl 
DENl 
DEN9 
DENIO 
DENSST 
DEPTH(I) 
DFP 
DIA 
DP 
DPU02 
DREVS 
DU308 
FCSTG1 
FCSTG9 
FEANG 
FFINES 
FLAPTM 
FRMOFP 
FRMOPU 
FRM0U3 
HC 
H2oivno 
HNOMIO 
PAROOO 
PCFP 
PCPU02 
PCU308 
PIN 
PINOOO 
PINLEN 
POW 
PRDIST 

20 0 
9 0 
1 0 

31 50 
0 0 
0 0 

500000 0 
20 0 

1 0 
50 
0 07 

30 0 
180 00 

1300 0 
47 45 
40 08 

100 0 
0 001 

951 0 
951 0 

10100 
8010 0 

8 7376 @ 1 = 1 11 4808 
12 10 
76 20 
0 0010 

11 46 
20 0 

83 
0 667 
0 333 

45 0 
0 2 
0 0 
0 0990 
0 1999 
0 2011 
0 02 

35 03 
1 140 
1 0 
0 0520 
02110 
0 7370 
0 4903 
1 0 
2 54 
2 830 

399 99 
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Table 4. (continued) 

Variable 
name 

Operating condition input 

PRINC 
PRTTIM 
REACT 
RHOAVE 
RMAX 
RMIN 
RPM 
RUN 
RWASTE 
SDEN8 
SH20M8 
SHETIM 
SHN0M8 
SIZE 
SLOTLM 
SPAREA 
STGLEN 
TDIG 
TEMP 
TFILL 
TH20C 
THN03C 
TK 
TMRFED 
TMRSST 
TOL 
TRCT 
TTRAN 
VO(l) 
ZN0PT3 
ZN0PT7 
ZNOPTA 
ZNOPTD 
ZNOPTP 

4 8 @ l 

2 25 
0 9999 
5 000 
9 903 

1000 0 
0 0 
3 0 

400 0 
200 0 

1300 0 
47 45 

180 0 
40 08 

05 
3810 

1 0 
25 4 

350 0 
108 0 
360 0 

4 00 
00 
0 9888 

37 67 
12 05 
0 001 
20 

100 
1, 8 00 @ I = 2 



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 
name 

BAKMIX(I) 

CONREL 

DP 

FFINES 

POW 

RMAX 

RWASTE 

SPAREA 

TK 

Low 
value 

0 0 

0 0 

1 X 1 0 " " 

0 0 

1 0 

500 0 

100 0 

1 0 

01 

Standard 
condition 

0 07 

100 0 

1 X 10"^ 

0 06 

2 83 

1000 0 

200 0 

1 0 

0 9888 

High 
value 

0 50 

500 0 

1 X 10-3 

1 0 

37 

2000 0 

500 0 

100 

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. 

Table 6. Variable assignment schedule for 
12-run screening design'̂  

Run X j X2 ^3 ^A ^5 ^6 ^1 '^S ^^9 -^10 ' ^ U 

1 + + - + + + - - - + -

2 + -

3 - + 

4 + + 

5 + + 
6 + -
7 - -
8 - -
9 - + 

10 + -

11 - + 
12 _ _ _ _ _ _ _ _ _ _ _ 

"A-, = CONREL,^2 =TK,A-3 =DP,X4 = SPAREA, X , = BAKMIX(I), X^ = RWASTE, 
X^ = POW.A'g = FFINES,X, = RMAX,A",o = Dummy,X,, = Dummy 

A plus sign indicates a high value, a minus sign indicates a low value 

+ 

+ 

+ 

-
-
-
+ 

-
+ 

+ 

+ 
+ 

-
-
-
+ 

-
+ 

+ 
_ 

+ 

-
— 
-
+ 

-
+ 

+ 

-
+ 

-
-
-
+ 

-
+ 

+ 

^ 
+ 
+ 

-
-
+ 

~ 
+ 
+ 

-
+ 

+ 
+ 

-
+ 

-
+ 

+ 

-
+ 

+ 

+ 
_ 

+ 

-
+ 
+ 

-
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-
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-
+ 

+ 

-
+ 

+ 

+ 

-
~ 
_ 

+ 
+ 

-
+ 

+ 
+ 

-
-
-
+ 
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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 UjOg instead of UOj. The 12-run screening design was 
done using the U3O8 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^Q and X^, an estimate of the total error in the response 
variables due to random errors and interaction effects can be obtained from 

V E i i A / ) / 4 6 . (36) 

/-I 

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

Q = ±t^s/y/Ej4 . (37) 

Selected values for fj, 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 5 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'' 

Run 
No. 

Response* CONREL TK DP SPAREA BAKMIX(I) RWASTE POW FFINES RMAX X ^ Xn 

Percent 
material balance 

closure/comments 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

7,301 
18,518 
1,876 

23,114 
6,924 
7,453 

115,780 
13,634 
2,540 
1,214 

114,623 
115,780 

Total 428,757 

Average Response 35,730 

Difference 

Mam effect 

64,524 

364,233 

-299,709 

-49,951 

156,378 

272,379 

-116,001 

-^19,333 

172,979 

255,778 

-82,799 

-13,800 

147,229 

281,528 

-134,299 

-22,383 

164,069 

264,288 

-100,619 

-16,770 

259,475 

169,282 

90,193 

15,032 

264,724 

164,033 

100,691 

16,782 

33,641 

395,116 

-361,475 

-60,246 

180,510 

248,247 

-67,736 

-11,289 

16,158 

259,599 

-90,440 

-15,073 

265,274 

163,583 

101,591 

16,932 

103 3/no loss 

103.5/no loss 

100.1/no loss 

96 0/1288 gloss 

98.9/571 g loss 

96.9/no loss 

99 9/49377 gloss 

102 3/445 gloss 

104.8/no loss 

100 3/no loss 

100 8/48922 gloss 

99.9/49377 gloss 

I 

A plus sign mdicates a high value a mmus sign indicates a low value 2+ = sum of plus responses, S - = sum ot minus responses 
^Total amount ot uranium and plutonium in the dissolver plus any amount leaving with the hulls 
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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(I) -16,770 ±35,281 

RWASTE 15,032 ±35,281 

POW 16,782 ±35,281 

FFINES -60,246 ± 35,281 

RMAX -11,289 ±35,281 

A'lo -15,073 ±35,281 

A-,, 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 
PuOa 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.'"''^* 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-i-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 

Maximum normal Parameter 
Range predicted U-i-Pu value at 

holdup (kg) maximum holdup 

FFINES 

CONREL 

SPAREA 

TEMP 

BAKMIX(l) 

TH20C 

RWASTE 

TK 

RPM 

SHETIM 

RFACT 

BASECT 

FLAPTM 

SLOTLM 

0-1.0 

0-600 

0.3-10.0 

85-110 

0.0-0.5 

1.0-16.0 

1.0-800 

0.05-2.0 

0.1-10 

10-180 

0.5-50 

15-180 

0-17 

1.25-7.0 

18.8 

21.0 

13.7 

12.1 

12.1 

12.35 

12.9 

13.6 

12.1 

46.6 

21.5 

17.3 

14.0 

12.0 

0 

0 g/min 

0.3 

110°C 

Oand 0,5 
g(solution)/ 
g(hulls) 

16kg/h 

<50Mni 

0.05 

10 rpm 

40 mm 

0.5 

130.0 mm 

10 mm 

<7cm 
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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 attainable. Longer 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 slowing 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-i-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 

Parameter ,, , 
Value 

name 

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 

CONREL 

FFINES 

FLAPTM 

SHETIM 

SPAREA 

RFACT 

BASECT 

TK 

Value 

0 g/min 

0 

10 min 

40 min 

0.3 

0.0 

55.0 min 

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 UOj 
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 beh'evable. 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 HNO3 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) feedmgs (mm) 

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 
name 

FFINES 

CONREL 

SPAREA 

TEMP 

BAKMIX(I) 

TH20C 

RWASTE 

TK 

RPM 

SHETIM 

REACT 

BASECT 

FLAPTM 

SLOTLM 

Range of 
variation 

0-1.0 

0-600 

0.3-10.0 

85-110 

0.0-0.5 

1.0-16.0 

1 -800 

0.05-2.0 

0.1-10 

10-180 

0.5-50 

15-180 

0-17 

1.25-7.0 

Maximum fuel 
to digesters 

(kg) 

13.5535 

5.325 

18.685 

3.3156 

3.3787 

4.089 

13.382 

3.4474 

4.5839 

13.612 

17.4 

3.79 

5.2367 

3.3108 

Parameter 
value at 

maximum fuel 
to digester 

1.0 

600 g/min 

0.3 

110°C 

0.5 
g(solution)/ 
g(hulls) 

16.0 kg/h 

800 Aim 

2.0 

0.1 rpm 

10 min 

0.5 

180 min 

17.0min 

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 . . . , r . with standard 

with delayed feed 
, ,, , conditions 

^ (g/L) 

U02(NO,)2 128 203 

Pu(N03)4 45 72 

HNO3 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 UO2 at various temperatures and HNO3 
concentrations are well known.'^ Little or no data exist for the dissolution of PuOj 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(N03)3. Since Gd(N03)3 
is a relatively inert species, it would simply flow through the system as a diluent. However, 
its inclusion would provide valuable information on Gd(N03)3 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 U02(N03)2, Pu(N03)4, and HNO3. The density correlation already ignores 
the existence of fission products and insolubles; therefore, the addition of another major 
component such as Gd(N03)3 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 NO2 and makes no attempt to keep track of I2, Kr, Xe, or 
evaporation. Tracking off-gases such as I2 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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1 1 . 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-i-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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1 3 . NOMENCLATURE 

A,G Pseudoconstants in material balance equat ions; defined in Eqs. (16) and (1 7) 

/I rnjx Total surface area of the particles in the streams to be mixed (nm^) 

'^part k Surface area of a spherical particle in size group /? (cm^) 
/4p|n Reactive area per fuel pin (cm^) 
B/ Liquid backmixing flow rate from stage / (L/min) 

Cj: Concentra t ion of c o m p o u n d / in stage / at t ime t + At (g/L) 
C'j J Concentrat ion of c o m p o u n d ; in stage / at a time t (g/L) 
D- dV,/dt 
Dp Average particle cluster diameter (cm) 
d Fuel pellet diameter (cm) 
E Number of runs in screening design 
F/ Liquid flow rate from stage / (L/min) 
f Fractional increase in particle surface area due to porous particles 
hg- Crest height above weir in liquid flow equation (cm) 
k / ; Rate constant for the formation of c o m p o u n d / in stage / [g/(cm^ -min)] 
Mf^ Total mass of particles in size group k in all streams to be mixed together (g) 
m/j Mass of component/ in stage/' (g) 
m,- /yyy Mass of HNO3 in stage / (g) 
m/ /jyy Mass of Pu(N03 )4 in stage / (g) 
m,- u/y Mass of UOj (NO3 )2 in stage / (g) 
Nf Number of fuel pins in stage / 
n Mole fraction of PuOj and fission products in the U3O8-PUO2 solid solution 
Pjf^ Concentrat ion of particles in stage /' in size group k (g/L) 
P(x) Probability that a particle will have a size between x and x + Ax 
Q l/t/^TT if only dislodged fuel is measured, or (l/Y/27r) X (fraction of fuel dislodged) 

X (weight of fuel)/(weight of fuel + hardware) 
Q 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) 

R//^ Overall rate of disappearance of fuel in particles of size group k (g/min) 
''mix k Average radius of particles in size group k after combining streams (jum) 
''new k Particle radius for size group k after reaction for a time period At (jum) 

''old k Particle radius for size group k before reaction (jum) 
5 Ratio of a pseudo particle radius tha t would account for increased particle surface 

area due to porosi ty over actual particle radius 
5 Response-variable total error estimate 
7"^ Percent theoretical density of a fuel pellet 
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Ti ^ Total mass of solution in stage / (g) 

t Time (min) 

T Temperature (°C) 

tv Student 's t statistic w i th v degrees o f f reedom at the stated conf idence leve 

Vi L iqu id volume in stage / (L) 

Wi Mass o f fuel transferr ing f r om stage / (g) 

X Particle size (^m) 

Xfyi Estimated median of the natural logarithms of particle sizes 

z Total number of streams to be mixed 

Greek symbols 

a'l Overall fuel pin reaction rate per un i t area in stage / [ g / ( m i n ' c m ^ ) ] 

Oil Overall fuel particle reaction rate per unit area in stage/ [g/(min"cm^)] 

/3y^ Number of particles in size group k defined by Eq. (25) 

Q Shear cut angle (deg) 

Pf Average fuel density (g/cm^) 

TT 3.141592654 

a Estimated standard deviation of the natural logarithms of particle sizes 

A, Main effect of the/th dummy factor 

At Length of a time step (min) 

Ax Small change in particle size (jum) 

(MI^); Mass of particles in size group k in streamy (g) 

p^ Solution density at temperature T (g/cm^) 

5 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. l 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. 

A-1 



A-2 

C PROGRAM : USSCRD 
C THIS PROGRAM DOES A STAGE-WISE MATERIAL BALANCE FOR A CONTINUOUS 
C ROTARY DISSOLVER. THE COMPONENTS OF INTEREST ARE U 0 2 ( N 0 3 » 2 , 
C U 0 2 , P U ( N 0 3 K t PU02, HN03f H20t F ISSION PRODUCTS! FPI , AND 
C F P ( N 0 3 » 3 . 3 9 . THE REACTION EQUATIONS ARE: 
C U 0 2 * ( 8 / 3 > H N 0 3 = U 0 2 { N 0 3 » 2 « - ( 2 / 3 » N O * - ( A / 3 ) H 2 0 
C FOR HN03<10M 
C U 0 2 * ^ ( H N 0 3 I = U 0 2 ( N 0 3 » 2 + 2 ( N 0 2 > * 2 ( H 2 0 » 
C FOR HN03>=10M 
C P U 0 2 + 4 < H N 0 3 » = P U ( N 0 3 ) * + 2 ( H 2 0 ) 
C F P O l . 1 7 7 6 + 2 . 3 5 5 2 ( H N 0 3 » = F P J N 0 3 » 2 . 3 5 5 2 * 1 . 1 7 7 6 ( H 2 0 J 
C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *« • * *«#«**«* * * * * * * *#* * * • • * *«* * 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c * * * * * * * * 
C * * * * D E F I N I T I O N OF TERMS * * * * 
C * * * * * * * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ********il:i**^i************ 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

c 
C AAANG ENTERED NUMBER OF PARTICLE SIZE GROUPS. 
C AAANS ENTERED NUMBER OF STAGES. 
C ACCPU PLUTONIUM HOLD-UP. G 
C ACCU URANIUM HOLD-UP. G 
C ACOF FRACTION DIFFERENCE BETWEEN BULK ACID CONC AND 
C ACID CONC IN A FUEL PIN. CAN ALLOW FOR REACTION 
C RATE REDUCTION WHILE FUEL IS OUT OF LIQUID... 
C ACID I N I T I A L HNC3 CONC I N STAGE 1 (MOLE/L I 
C ACIDEF MAXIMUM HN03 CONCENTRATION FOR ACID DEFICIENCY 
C DETECTION. ( G / L I 
C ACTLEN ACTUAL L IQUID SURFACE LENGTH. CM 
C ACTPA ACTUAL PU ACCUMULATED IN DISSOLVER AT END OF RUN.<G» 
C ACTUA ACTUAL U ACCUMULATED I N DISSOLVER AT END OF RUN. ( G l 
C AFIAT ACID FEED TO STAGE 8 FLOW INCREASE ANTIC IPATION T I M E . ( M I N I 
C AFDAN TIME OF LOW ACID FEED RATE DURING ND SHEAR FEED. ( M I N I 
C AFDAS TIME OF NORMAL ACID FEED RATE DURING SHEARING.(MIN I 
C AFRAT ACID FEED TO STAGE 8 FLOW REDUCTION ANTICIPATION T I M E . ( M I N I 
C AKSTOP UPPER L I M I T FCR NUMBER OF TIMES CONCENTRATION 
C SUBROUTINES ARE CALLED. 
C ALIMO UPPER L I M I T FOR NUMBER OF ITERATIONS EACH TIME STEP FOR 
C EACH SUBROUTINE. 
C AMINFR MULTIFICATION FACTOR TO CALCULATE THE MINIMUM TIME STEP. 
C ANEG SOLUTION TO QUADRATIC EQUATION. 
C AN DRUM ANGLE. (RADI 
C ANFTIM LENGTH OF TIME OF NO FUEL FEED. (MIN) 
C ANGLE DRUM ANGLE. (OEGI 
C ANOVOX CCNVERSION FACTOR TO CONVERT CONTINUOUS FEED 
C RATES TO INSTANTANEOUS BATCH FEED RATES FROM 
C SHEAR TO DISSOLVER (SHEARING ONLYI. 
C APOS SOLUTION TO QUADRATIC EQUATION. 
C AS PROJECTED HORIZONTIAL STAGE LIQUID SURFACE AREA. 
C CM**2 
C ATP(J I GEOMETRIC SURFACE AREA OF A SINGLE PARTICLE IN 
C SIZE GROUP J . ( C M * * 2 I 
C AVEMOL AVERAGE MOLECULAR WEIGHT OF FUEL. (G/MOLEI 
C B ( I I BACKMIX FLOW OF FLUID . ( L / M I N I 
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C BAKMIXCII MASS OF SOLUTION BACKMIXED DUE TO CARRY OVER ON 
C HULLS. (GRAM OF SOLUTICN/GRAM PF HULLS I 
C HULLS=HULLS«-SHROUD*WIRES*OTHER. 
C B A K V d ) VOLUME OF SOLUTION BACKMIXED DUE TO CARRY OVER ON 
C HULLS. ( L I T E R I 
C BASECT BASIC FORWARD POTATION T I M E , NOT CONSIDERING 
C THE LAG TIME BETWEEN FORWARD AND REVERSE. ( M I N I 
C BATTIM BATCH CYCLE TIME FOR SHEAR TO CUT ONE 
C FUEL ELEMENT AND PREPARE FOR ANOTHER.(MINI 
C CDEN8 DENSITY IN EXTERNAL FEED STREAM 8 AT NORMAL FLOW R A T E . ( G / L » 
C CFINES CONSTANT. . . INPUT MASS FEED RATE OF FINES TO STAGE 1 
C DURING SHEARING. ( G / M I N I 
C CFUEL MASS OF FUEL FED DURING A TIME STEP H. (GRAMS) 
C ZERO WHEN NO FEED FROM S H E A R . . . 
C CH20M8 WATER FLOW RATE TO STG 8 IN ACID FEED STREAM AT 
C NORMAL FEED RATE. (KG/HRI 
C CHN0M8 HN03 FLOW RATE TO STG 8 IN ACID FEED STREAM AT 
C NORMAL FEED RATE. (KG/HR) 
C CO(I) IDEAL LIQUID DENSITY IN STAGE I. G/L 
C CON TOTAL FUEL SURFACE EXPOSURE AREA IN A FUEL PIN. (CM**2I 
C ASSUMES CUT ANGLE OF THETA RADIANS. 
C CONREL CONSTANT MAXIMUM TOTAL PARTICLE RELEASE RATE FOR EACH 
C STAGE. (G/MIN) 
C COXXXN CONSTANTS I N THE HN03 MATERIAL BALANCE EQUATIONS. 
C WHERE XXX INDICATES THE COMPONENT THE CONSTANT 
C RELATES TO. 
C COXXXW CONSTANTS I N THE H20 MATERIAL BALANCE EQUATIONS. 
C WHERE XXX INDICATES THE COMPONENT THE CONSTANT 
C RELATES TO. 
C C R E L d I CONSTANT VALUE INPUT FOR PARTICLE RELEASE RATE 
C PER P I N FOR STAGE I . ( G / M I N / P I N I 
C CT CYCLE TIME FOR HULL TRANSFER, INCLUDES LAG TIME 
C BETWEEN FORWARD AND REVERSE ROTATION. (M IN) 
C CTl CYCLE TIME FOR HULL TRANSFER FROM STAGE 1 . MIN 
C D25 DENSITY OF DISSOLVED FUEL SOLUTION AT 25 DEG C. (G /CCI 
C D25C1 ,D25C2 ,D25C3 ,D25CA COEFFICIENTS OF 25 OEG C DENSITY CORRELATION 
C DEN1,0EN8,DEN9,DEN10 DENSITY OF EXTERNAL FEED STREAMS TO STAGES 
C 1 , 8 , 9 , A N D 10 RESPECTIVELY. ( G / L ) 
C DENSST DENSITY OF STAINLESS STEEL HULLS, SHRCUDS, AND W I R E S . ( G / L I 
C D E P T H ( I ) MAXIMUM L IQUID DEPTH IN STAGE. I CM 
C OFP AVERAGE DENSITY F ISSION PRODUCTS. (GRAM/CC) 
C DIA DRUM DIAMETER. CM 
C D I F I A D TIME BETWEEN OUTPUT OF ACID DEFICIENCY PRINT O U T S . ( M I N ) 
C DIGPAR TOTAL MASS OF PARTICULATE FLOWING FROM DISSOLVER 
C STAGE 1 TO DIGESTER TANKS OVER TOTAL RUN T I M E . (G l 
C D I L U T 1 , D I L U T 9 TOTAL FLOW OF STEAM CONDENSATE INTO DISSOLVER 
C STAGES 1 AND 9. (L/MINI 
C DISTM TIME ACCUMULATOR FOR PARTICLE SIZE DISTRIBUTION 
C PRINT OUT.(MIN) 
C DP AVERAGE PARTICLE DIAMETER, ( C M ) . 
C DPU02 DENSITY PU02. (GRAM/CCI 
C DREVS NUMBER OF REVOLUTIONS REQUIRED TO EMPTY STAGE N S . 
C DTFLGl OR 2 TIME ACCUMULATOR FOR SOLIDS TRANSFER FROM 
C STAGE NS. ( M I N ) 
C DTRACT ONE DIVIDED BY TQTAL TIME FOR SOLIDS 
C TRANSFER FROM STAGE NS. (MIN**-1I 
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C DU308 DENSITY U 0 2 . (GRAM/CCI 
C DUMPT TIME REQUIRED TO EMPTY STAGE NS. ( M I N I 
C D V ( I ) ARRAY HOLDING L IQUID VOLUME CHANGES PER TIME S T E P . ( L / M I N I 
C ETOTUF TOTAL URANIUM FED TO FLAPPER VALVE OVER TOTAL RUN T I M E . G 
C ETOTPF TOTAL PLUTONIUM FED TO FLAPPER VALVE OVER TOTAL RUN T I M E . G 
C ETSUM TOTAL U PLUS PU FED TO THE FLAPPER V A L V E S . ( G l 
C FCSTG1,FCSTG9 FRACTICN OF CONDENSATE ENTERING STAGE I AND 9 . 
C FEANG EXPOSURE ANGLE FOR FUEL IN ENDS OF FUEL P I N . (DEGREE) 
C FEORAT FEED RATE OF SHEARED FUEL TO DISSOLVER. (GRAM/MINI 
C EXCLUDES H U L L S . . . . R A T E DUPING SHEARING O N L Y . . . 
C FEDONE ACCUMULATOR FOR FUEL IN PINS IN FLAPPER VALVE FEED TO 
C STAGE 1 . (G) 
C FFTIME FRACTION OF TIME FUEL I S BEING SHEARED AND FED. 
C FFINES FRACTION OF INPUT FEED RATE THAT IS F I N E S . 
C FINES INPUT FEED RATE'OF F I N E S . (GRAM/MINI 
C FINESF ACCUMULATCR FCR FINES I N FLAPPER VALVE FEED TO STAGE l . ( G I 
C FINESH MASS OF FINES FED TO FLAPPER VALVE IN A TIME STEP. (G) 
C F L ( I ) L IQUID FLOW FROM DISSOLVER STAGE I . ( L / M I N ) 
C INCLUDES RINSE STAGE F E E D . . . 
C FLAPTM CYCLE TIME FOR LOWER FLAPPER VALVE IN DISSOLVER FEED P I P E . ( M I 
C F L E X T d l VOLUMETRIC FLOW OF EXTERNAL FEED STREAM TO STAGE I . ( L / M I N I 
C FLPHLU HOLD UP OF U IN FLAPPER VALVES AT END OF RUN. (G) 
C FLTOSl TOTAL FUEL FED FROM FLAPPER VALVE TO STAGE. (G) 
C F N M A X d l MAX CONC. OF F I S S I O N PRODUCT NITRATES IN STAGE I . ( G / L ) 
C F P d l CONC. OF F I S S I C N PRODUCES IN STAGE I . (GRAM/LI 
C F P B d l CONC. OF F ISSION PRODUCTS IN STAGE I BEFORE TIME T . 
C (GRAM/L) AVERAGE. 
C F P K K I ) RATE CONSTANT FOR THE FORMATION OF F ISSION PRODUCT 
C NITRATES FROM SUSPENDED PARTICLES STAGE I. (GRAM/CM**2 MIN) 
C AVERAGED 
C F P K 2 d ) RATE CONSTANT FOR THE FORMATION OF F ISSION PRODUCT 
C N IT IATES FROM FUEL PINS STAGE I . (GRAM/CM**2 MIN) AVERAGED. . . 
C DIFFERENT FROM FPKl DUE TO DIFFERENT HN03 CONC IN P I N . 
C F P N ( I ) CONC. F P ( N 0 3 I 3 . 3 9 I N STAGE I . ( G R A M / L I 
C F P N B d I CONC. F P ( N 0 3 I 3 . 3 9 IN STAGE I BEFORE T I M E T . ( G R A M / L ) 
C F R E Q d I ARRAY CONTAINING THE FREQUENCY OF OCCURRANCE OF 
C PARTICLES IN SIZE GROUP I . BASED ON THE 
C LOG NORMAL DISTRIBUTION OF WEIGHTS. 
C FRMOFP MOLE FRACTION F I S S I O N PRODUCTS IN HOMOGENEOUS FUEL. 
C FPMOPU MCLE FRACTION PLUTONIUM I N HOMOGENEOUS FUEL. 
C FPM0U3 MOLE FRACTION URANIUM I N HOMOGENEOUS FUEL. 
C FUEL WEIGHT OF FUEL ACCUMULATED IN FIRST STAGE I N FUEL 
C PINS AFTER ONE M I N . G 
C FUELWT MAXIMUM TOTAL FUEL WEIGHT I N STAGE 1 AT END OF CYCLE T I M E . 
C (GRAM) 
C FUPIN NUMBER OF FUEL PINS ADDED TQ FLAPPER VALVE EACH 
C TIME STEP. 
C F O d ) I N I T I A L DISSOLVER L IQUID FLOW RATES. ( L / M I N ) 
C INCLUDES RINSE STAGE FEED , A C I D FEED AND STEAM COND. 
C HC MAX TIf«E INCREMENT FOR CALCULATIONS. ( M I N I 
C H VARIABLE LENGTH TIME INCREMENT. DEPENDS ON 
C MINIMUM TIME TO COMPLETE DIS SOLUTION. (MIN) 
C H2MAX( I ) MAX CONC. H20 I N STAGE I . ( G / L ) 
C H 2 0 ( I I CONC. OF H20 IN STAGE I . (GRAM/LI 
C H 2 0 B d I CONC. OF H20 I N STAGE I BEFORE TIME T . ( G R A M / L I 
C H 2 0 F ( I I CONC. OF H20 IN EXTERNAL FEED TO STAGE I . ( G R A M / L I 
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C H20M1,H2CM8,H2CM9,H20M10 MASS FLOW OF WATER IN EXTERNAL FEED 
C STREAMS TO STAGES 1 , 8 , 9 , A N D 1 0 . (KG/HR) 
C H N M A X d l MAX CONC. OF HN03 I N STAGE I . ( G / L ) 
C H N 0 3 ( I I CONC. OF HN03 I N STAGE I . (GPAM/LI 
C H N 0 3 B ( I I CONC. OF HN03 I N STAGE I BEFORE T IME T . ( G R A M / L ) 
C H N 0 3 F ( I ) CONC. OF HN03 I N EXTERNAL FEED TO STAGE I . ( G R A M / L ) 
C HN03Ml ,HN03M8,HN03M9,HNnM10 MASS FLOW OF N I T R I C ACID I N EXTERNAL 
C FEED STREAM TO STAGES 1 , 8 , 9 , A N D 1 0 . ( K G / H R I 
C IAD # OF ACID DEFICIENT CONDITIONS. 
C ION 1 OR 0 . USED TO TURN ON AND OFF THE 
C SOLIDS TRANSFER FROM STAGE NSMl TO STAGE NS. 
C ITSAC COUNTER FOR TIME STEP REDUCTIONS. 
C LIMO ITERATION L I M I T E R . 
C MUM NUMBER OF POINTS PLOTTED. 
C NS NUMBER OF STAGES. 
C NSMl N S - 1 
C ONED l.OOO-DTRACT. USED AS THE FRACTION OF FUEL OP SOLUTION 
C NOT TRANSFERED OUT OF STAGE NS. 
C PIHC MINIMUM TIME STEP. (MIN) 
C Pd,J) FREE PARTICLE CONCENTRATION IN STAGE I OF PARTICLES IN SIZE 
C GROUP J. (G/L) 
C PAROOO PARTICLE REACTION RATE ON/OFF FLAG. 
C 0 . 0 — NO PARTICLE REACTIONS 
C 1 .0 — NORMAL PARTICLE REACTIONS 
C P A R T { I ) FREE PARTICLE CONCENTRATION IN STAGE I , ( G / L ) 
C P A R T P d ) MASS OF PARTICLES DISSOLVED I N STAGE I . ( G ) 
C P B d . J I FREE PARTICLE CONCENTRATION IN STAGE I OF PARTICLES IN SIZE 
C GRCUP J AT TIME T - H . ( G / L ) 
C PCFLTF PERCENT OF TOTAL U FEED HELD UP IN FLAPPER VALVES.(?l 
C PCFP WEIGHT FRACTION FISSION PRODUCTS IN FUEL PIN. 
C PCONT TOTAL NUMBER OF TIMES ALL PARTICLE SIZE GROUPS WERE ZEROED 
C DUE TO GROUP TRANSFERS. 
C PCPU02 WEIGHT FRACTION PU02 IN FUEL PIN. 
C PCU308 WEIGHT FRACTION U02 IN FUEL PIN. 
C PDIFP PER CENT DIFFERENCE BETWEEN MASS OF PU ACTUALLY FED 
C AND THAT ACTUALLY REMOVED AND ACCUMULATED IN THE DISSOLVER.(?) 
C PINOOO PIN REACTION RATE ON/CFF FLAG. 
C 0.0 — NO PIN REACTIONS 
C 1 .0 — NORMAL PIN REACTIONS 
C PIN O . D . OF FUEL PELLET, ( C M ) . 
C PINFED ACCUMULATOR FCR NUMBER OF FUEL PINS FED TO 
C FLAPPER VALVE. 
C PINLEN LENGTH OF FUEL P I N . (CM) 
C PINMAS MASS OF FUEL IN ONE P I N . G 
C PINOD OUTSIDE DIAMETER OF FUEL P I N . (CM) 
C PINVOL VOLUMN OF FUEL P I N . ( C M * * 3 ) 
C PLINC COUNTER FOR PLOT DATA STORAGE.(MINI 
C P L V d l PURE L IQUID VOLUME IN STAGE I CORRECTED FOR 
C NON- IDEALITY OF M I X I N G . ( L I 
C P L V B T d l PURE L IQUID VOLUME IN STAGE I BEFORE BACKMIX 
C CORRECTION. ( L ) 
C PLVMd ) MINIMUM VOLUME OF L I Q U I D I N A STAGE, EQUIVALENT 
C TO AMOUNT BACKMIXED ON HULLS. ( L I 
C PM(J) fASS OF A SINGLE PARTICLE IN S I Z E GROUP J . ( G I 
C P N d ) CONC. OF P U ( N 0 3 ) 4 IN STAGE I . (GRAM/L) 
C P N B ( I ) CONC. OF P U ( N 0 3 ) 4 I N STAGE I BEFORE TIME T . ( G R A M / L ) 
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C P N K l d ) RATE CONSTANT FOR THE FORMATATION OF PU(N03 IA FROM 
C SUSPENDED PARTICLES STAGE I . (GRAM/CM**2 M I N I 
C P N K 2 ( I I RATE CONSTANT FOR THE FORMATION OF P U ( N 0 3 I 4 FROM FUEL 
C PINS STAGE I . (GRAM/CM**2 MIN) 
C DIFFERENT FROM PNKl DUE TO DIFFERENT HN03 CONC IN P I N . 
C PNMAXd) MAX CONC. OF P U ( N 0 3 ) ^ I N STAGE I . ( G / L I 
C POUTT RUNNING TOTAL CF PU OUT OF STAGES 1 AND NS 
C PLUS INVENTORIED I N DRUM. ( G l 
C POW EXPONENT FOR WEIR FLOW EQUATION. 
C FLOW(L /MIN)=TK* (CREST HEIGHT(CM) )**POW . 
C POWF PU TRANSFERRED OUT OF STAGE NS UNDISSOLVED IN PINS 
C DURING A TIME STEP. (GRAMS) 
C PPERPU CONSTANT IN TCTAL PU UNDISSOLVED CALC. 
C PPSTGd) NUMBER OF PINS IN EACH STAGE. 
C PRDIST PRINT TIME INCREMENT FOR PARTICLE SIZE DISTRIBUTION.(MINI 
C PRINC BASE PLOTTING TIME INCREMENT. (MINI 
C PRT PRINT OUT TIME ACCUMULATOR. (MINI 
C PRTTIM TOTAL RUN TIME BETWEEN PRINT OUTS. (MINI 
C PTFTFV PERCENT TRANSFER OF U PLUS PU THRU FLAPPER VALVE. ? 
C PUACC TOTAL PU IN DISSOLVER. (Gl 
C PUALL TOTAL PU OUT PLUS HOLDUP. (Gl 
C PUALLA ACTUAL MASS OF PU REMOVED FROM DISSOLVER OVER TOTAL RUN 
C PLUS HOLD-UP.(G) 
C FUDLIQ TOTAL PU INVENTORY I N DRUM.(G) 
C PUIN PLUTONIUM FEED. ( G / M I N ) 
C P U 0 2 ( I ) CONC. OF PU02 I N STAGE I . (GRAM/LI 
C P U 0 2 B ( I ) CONC. OF PU02 I N STAGE I BEFORE T IME T . ( G R A M / L ) 
C PUOUTF PLUTONIUM FLOW OUT WITH FUEL, UNDISSOLVED. ( G / M I N ) 
C PUOUTQ TOTAL PLUTONIUM FLOW CUT. ( G / M I N ) 
C PUOUTl PLUTONIUM FLOW OUT STAGE 1 . ( G / M I N I 
C PUPART TOTAL PU I N PARTICLES UNDISSOLVED I N THE DISSOLVER 
C AT END OF RUN T I M E . (G) 
C FUPINS TOTAL PU UNDISSOLVED IN FUEL PINS AT END OF RUN ( G ) . 
C QA,QB CORD LENGTHS FOR STAGE AREA CALC. 
C OD DIFFERENCE I N MIN AND MAX STAGE L I Q U I D HEIGHTS. 
C R d l RADIUS OF PARTICLES I N SIZE GROUP I FOR LOG NORMAL 
C D I S T R I B U T I O N . (MICRONI 
C RATMF RFACT*RCON 
C R A T E K I ) COMBINED REACTION RATE FOR SUSPENDED U02-PU02 PARTICLES 
C STAGE I . ( U R I A R T E AND R A I N E Y ) . . ( G / C M * * 2 M I N I 
C R A T E 2 ( I ) COMBINED REACTION RATE FOR U02-PU02 IN FUEL P I N S . 
C STAGE I . ( U R I A R T E AND RAINEYI ( G / C M * * 2 M I N I 
C RCON REACTION RATE CONSTANT. ( G R A M / ( C M * * 2 * M I N * ( M O L / L ) * * ( 2 * 2 * X P U I I I 
C R E L ( I ) PARTICLE RELEASE RATE FROM FUEL PINS DUE TO AGITATION 
C OF ALL PINS I N STAGE I ( G R A M / M I N I . 
C REM 1 .0 -XPU 
C REACT CORRECTION FACTOR FOR RATE EQUATIONS. A FACTOR OF 5 . 0 HAS BEE 
C QUOTED I N THE URIARTE/RAINEY REPORT FOR IRRIADIATED F U E L S . . 
C RHOAVE AVERAGE DENSITY OF SOLID FUEL. (GRAM/CC) 
C RHOCl,RHCC2,RHOC3,RHOC'^ COEFFICIENTS OF AVERAGE L I Q U I D DENSITY 
C CORRELATION. 
C R H O L I Q d l AVERAGE DENSITY OF L I Q U I D IN STAGE I . (GRAM/L I 
C RMAX MAXIMUM PARTICLE SIZE RADIUS. (MICRON) 
C RMIN MINIMUM PARTICLE SIZE RADIUS. (MICRON) 
C RMMAXd) MAX. RADIUS FOR S I Z E GROUP I . (MICRON) 
C R M M I N d ) M I N . RADIUS FOR S I Z E GROUP I . (MICRON) 
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C RMS(I,JI WEIGHTED MEAN PARTICLE RADIUS IN SIZE GROUP J IN 
C STAGE I. (MICRON) 
C RPM DISSOLVER ROTATIONAL SPEED.(REV/MIN) 
C RPOW EXPONENT ON ACIC CONC IN REACTION RATE EQUATION 
C RUN TOTAL RUN TIME. (MINI 
C RWASTE MINIMUM PARTICLE SIZE RADIUS TRANSFERRING WITH HULLS. (MICRON 
C SALL LIQUID DEPTH AT SHALLOW END. CM 
C SDEN8 ACID FEED STREAM DENSITY AT REDUCED FLCW. (G/L) 
C SHETIM TIME REQUIRED TO SHEAR ONE FUEL ELEMENT INTO ONE 
C INCH LENGTHS. (MINI 
C SH20M8 WATER FLCW I N REDUCED ACID FEED STREAM FLOW TO STG 8 . ( K G / H R ) 
C SHN0M8 HN03 FLOW I N REDUCED ACID FEED STEAM FLOW TO STG 8 . ( K G / H R ) 
C SIZE PLANT CAPACITY. (TONNE-A-DAY) 
C SLOTLM MAXIMUM HEIGHT FOR FLOW OVER WEIR (SLOT S IZE I . (CMI 
C SMPUFl TOTAL U IN PINS FED TC STAGE 1 FROM FLAPPER VALVES. (G) 
C SMFUFl TOTAL U FINES FFD TO STAGE 1 FROM FLAPPER VALVES. (Gl 
C SPAREA RATIO OF PSEUDO RADIUS OF FUEL PARTICLES 
C TO GEOMETRIC RADIUS. MULTIPLICATION FACTOR TO ACCOUNT FOR 
C PARTICLE AREA IN EXCESS OF SPHERE AREA. SPARE A=DSQRT( F * n 
C WHERE F IS THE FRACTIONAL PERCENT INCREASE I N SURFACE 
C AREA DUE TC POROUS PARTICLES. SPAREA CAN BE THOUGHT OF 
C AS AN AREA ENHANCEMENT FACTOR. 
C SSSCT VOLUME OF STAINLESS STEEL ADDED PER MINUTE OF SHEAR T I M E . ( L / M I 
C SSSCTH VOLUME OF STAINLESS STEEL FED TO FLAPPER VALVE IN A 
C TIME STEP. (Gl 
C S S T d l VOLUME OF STAINLESS STEEL CLADDING, WIRES, AND SHROUD I N 
C I N STAGE I ( L ) 
C SSTF ACCUMULATOR FOR STAINLESS STEEL IN FLAPPER VALVE FEED TO 
C STAGE l.(L) 
C SSTMSSdl MASS OF STAINLESS STEEL IN STAGE I . ( G l 
C SSTVOL MAXIMUM VOLUME OF STAINLESS STEEL I N A STAGE. ( L I 
C STGLEN DISSOLVER STAGE WIDTH. (CM) 
C SUBROUTINES : 
C BLOCK DATA I N I T I A L I Z A T I O N AND D E F I N I T I O N . 
C MAIN SUBROUTINE CALLS, INPUT/OUTPUT,AND OVERALL BALANCE. 
C TRANSF S O L I D / L I Q U I D TRANSFERS INCLUDING BACKMIXING. 
C PARTIC PARTICLE SIZE GROUP MANIPULATION. 
C SUBUN U 0 2 ( N 0 3 I 2 CONC. DUE TO FLOW. 
C SUBPN PU(N03)<f CONC. DUE TO FLOW. 
C SUBFN F P ( N 0 3 I 3 . 3 9 CONC. DUE TO FLOW. 
C SUBHN HNC3 CONC. DUE TO FLOW. 
C SUBH2 H20 CONC. DUE TO FLOW. 
C CHECK ITERATION CHECKER. 
C WEIGHT FUEL MASS AND CONC. ADJUSTER DUE REACTION. 
C RELEAS PARTICLE RELEASE RATE FROM FUEL P I N S . 
C RATECK REACTION RATES. 
C PL0T7 STAGEWISE CONC. PROFILE OLOTER. 
C FREQUE PARTICLE BIRTH SIZE D I S T R I B U T I O N . 
C PLOTD-—STAGEWISE PARTICLE S I Z E DISTRIBUTION PLOTTER. 
C PL0T3 STAGEWISE CONC. PROFILES FOR FUEL,PARTICLES,AND SST. 
C TSTEP TIME STEP LENGTH ADJUSTER. 
C RXEQU U REACTION EQUATION CHOOSER. 
C DIGEST DIGESTER TANK ACCUMULATOR MODEL. 
C OIGPLT DIGESTER TANK HISTORY PLOTTER. 
C SUMFIN SUM OF FUEL FED TO STAGE 9 . (G l 

SUMFLF TOTAL FUEL FED AS FINES TO FLAPPER V A L V E S . ( G l 
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C SUMFLP TOTAL FUEL FED IN PINS TO FLAPPER VALVES.(G) 
C SUMFOU SUM OF FUEL TRANSFERED OUT STAGE 9. (G) 
C SUMHNO SUM OF HN03 DEPLETIONS FOR ENTIRE RUN (G). 
C SUMNEG NEGATIVE SUM OF OVER DISSOLUTION OF FUEL IN PINS. (G) 
C SUMNEP NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES 
C FROM TOTAL PARTICLE CALC IN WEIGHT. (Gl 
C SUMOD TOTAL NEGATIVE SUM QF OVER DISSOLUTION OF FUEL.(G) 
C SUMPIN SUM OF PINS FED TO STAGE 9. 
C SUMPLV SUM OF LIQUID VOLUME DEPLETIONS DUE TO CROWDING FROM 
C HULLS. (LI 
C SUMPOU SUM OF PINS TRANSFERED CUT STAGE 9. (Gl 
C T CYCLE TIME ACCUMULATOR, STAGES 2-9. (MIN) 
C Tl CYCLE TIME ACCUMULATOR, STAGE 1. (MIN). 
C T2 CYCLE TIME ACCUMULATOR, STAGE 1. ACCOUNTS FOR 
C TIME OF NO FEED TO DISSOLVER. (MINI 
C T 0 1 , T D 2 DIGEST CYCLE T J M E ACCUMULATOR FOR DIGESTER 
C TANKS 1 AND 2 . (MIN) 
C TD PER CENT THEORITICAL DENSITY OF FUEL . 
C TDIG TIME FOR DIGESTION CYCLE IN DIGESTER T A N K . ( M I N I 
C TEMP AVERAGE DISSOLVER TEMPERATURE. DEGREE CENTIGRADE. 
C T F l , T F 8 , T F 9 , T F 1 0 TOTAL MASS FLOW OF WATER AND ACID IN EXTERNAL FEED 
C STREAMS TO STAGES 1,8,9,AND 10. (KG/HR) 
C TFD1,TFD2 F I L L TIME ACCUMULATOR FOR DIGESTER TANKS 1 AND 2 . ( M I N I 
C T F I L L INPUT TIME FOR F I L L I N G DIGESTER TANK. ( M I N I 
C T F M A X d l TIME OF MAX F . P . ( N03 I 3 . 39 CONC FOR STAGE I . ( M I N I 
C TH2MX(I) TIME OF MAX H20 CONC. FOR STAGE I. (MINI 
C TH20C TOTAL MASS FLOW OF H20 I N CONDENSATE RETURNED TO STAGES 
C 1 AND 9 . (KG/HRI 
C THNMXd) TIME OF MAX HN03 CONC. FCR STAGE I. (MIN) 
C THN03C TOTAL MASS FLOW OF HN03 IN CONDENSATE RETURNED TO STAGES 
C 1 AND 9. (KG/HRI 
C THETA EXPOSURE ANGLE FOR FUEL IN ENDS OF FUEL PINS.(RADIANS) 
C TIME TOTAL RUN TIME ACCUMULATOR. (MINI 
C TIMMIN MINIMUM OF CT OR SHETIM. (MIN) 
C TK HIER EQUATION CONSTANT. GIVES FLOW IN L/HR. 
C TM1,TM2 MASS ACCUMULATORS FOR DIGESTER TANKS 1 AND 2 . ( M I N I 
C TMOLD RUN TIME AT LAST ACID DEFICIENCY PRINT OUT. ( M I N ) 
C TMRFED MASS FEED PATE OF SPENT FUEL . INCLUDING STAINLESS STEEL. 
C (KG/HR) 
C TMRSST MASS FEED RATE OF STAINLESS STEEL. (KG/HR) 
C TNP NUMBER OF FUEL PINS IN A STAGE. 
C T O C O N l d I ,T1C0N TOTAL NITRATE DISSAPPERING FROM PARTICLES. 
C ( G - H N 0 3 / G - U 0 2 ) 
C T 0 C 0 N 2 ( I ) , T 2 C 0 N TOTAL NITRATE CISSAPPERING FROM P I N S . 
C ( G - H N 0 3 / G - U 0 2 ) 
C TOCOWKI I ,T1C0W TOTAL H2C FORMED FOR PARTICLE REACTIONS. 
C ( G - H 2 0 / G - U 0 2 ) 
C T 0 C 0 W 2 ( I I , T 2 C 0 W TOTAL H20 FORMED FROM PIN REACTIONS. 
C ( G - H 2 0 / G - U 0 2 ) 
C TOL TOLERANCE BETWEEN ITERATIONS IN MATERIAL BALANCES. 
C TOPUO TOTAL PLUTONIUM OUT OVER TOTAL RUN TIME. G 
C TOPUOF TOTAL PLUTONIUM (DISSOLVED AND UNDISSOLVED) 
C CUT OF RINSE STAGE.(G) 
C TOPUOl TOTAL PLUTONIUM OUT OF STAGE 1. G 
C TOTPUI TOTAL PLUTONIUM FED IN TO STAGE 1 OVER TOTAL RUN TIME. G 
C TOTSST TOTAL STAINLESS STEEL COLLECTED IN A STAGE OVER A 
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C TIME PERIOD LESS THAN OR EQUAL T Q M I N . ( G l 
C TOTUI TOTAL URANIUM FED IN T C STAGE 1 OVER TOTAL RUN TIME.G 
C TOTUO TOTAL URANIUM CUT OVER TOTAL RUN T I M E . G 
C TOTUOF TOTAL URANIUM (DISSOLVED AND UNDISSOLVED) 
C OUT OF RINSE STAGE.(G) 
C TOTUOl TOTAL URANIUM OUT OF STAGE 1 . G 
C T P M A X ( I I TIME OF MAX P U ( M 0 3 ) ^ CONC. FOR STAGE I . ( M I N I 
C T U M A X d ) TIME OF MAX U 0 2 ( N 0 3 ) 2 CONC. FOR STAGE I . ( M I N ) 
C TUPUSl TOTAL U PLUS PU FED T C STAGE 1 FROM FLAPPER V A L V E S . ( G l 
C TRCT TOTAL REVERSE CYCLE T I M E . ( M I N I 
C TT01 ,TTD2 TRANSFER TIME ACCUMULATOR FOR DIGESTER 
C TANKS 1 AND 2 . ( M I N I 
C TTRAN TRANSFER TIME FOR DIGESTER TANK LIQUOR. (M IN ) 
C UACC TOTAL U I N DISSOLVER. (G) 
C UALL TOTAL U CUT PLUS HOLDUP. (G l 
C UALLA ACTUAL U REMOVED FROM DISSOLVER OVER TOTAL RUN PLUS 
C H O L D - U P . ( G l 
C UDIFP PER CENT DIFFERENCE BETWEEN MASS OF U ACTUALLY FED AND 
C THAT ACTUALLY REMOVED AND ACCUMULATED IN THE DISSOLVER.( 
C UDLIQ TCTAL U INVENTORY I N DRUM.(G) 
C UIN URANIUM F E E D . ( G / M I N ) 
C U N d ) CONC. CF U 0 2 ( N 0 3 I 2 I N STAGE I . ( G R A M / L I 
C U N B ( I ) CONC. OF U 0 2 ( N 0 3 I 2 I N STAGE I BEFORE TIME T . ( G R A M / L ) 
C U N K K I I RATE CONSTANT FOR THE FORMATION OF U C 2 ( N 0 3 I 2 FROM 
C PARTICLES IN SUSPENSION STAGE I . (GRAM/CM**2 MIN) 
C U N K 2 ( I ) RATE CONSTANT FOR THE FORMATION OF U C 2 ( N 0 3 ) 2 FROM FUEL 
C P I N S , STAGE I . (GRAM/CM**2 MIN) 
C DIFFERENT FROM UNKl DUE T Q DIFFERENT HN03 CONC IN P I N . 
C U N M A X d l MAX CONC. U C 2 ( N C 3 I 2 I N STAGE I . ( G / L ) 
C UOUTF URANIUM FLOW OUT WITH FUEL, UNDISSOLVED. ( G / M I N ) 
C UOUTT RUNNING TOTAL U OUT OF STAGES 1 AND NS 
C PLUS INVENTORIED I N DRUM. (G l 
C UOUTO TOTAL URANIUM FLOW OUT. ( G / M I N I 
C UQUTl URANIUM FLOW OUT STAGE 1 . ( G / M I N I 
C UOWF U TRANSFERRED OF OF STAGE NS UNDISSOLVED IN P INS 
C DUPING A TIME STEP. (GRAMS) 
C UPART TOTAL U IN PARTICLES UNDISSOLVED IN DRUM AT END OF RUN.( 
C UPERU3 CONSTANT IN TCTAL URANIUM UNDISSOLVED CALC. 
C MOLE WEIGHT U/NOLE WEIGHT U02 TIMES ONE. 

C UPERUN MOLE WEIGHT U/MOLE WT U 0 2 ( N 0 3 ) 2 T IME ONE. 
C UPINS TOTAL U UNDISSCLVED IN FUEL PINS AT END OF RUN . ( G l 
C U 3 0 8 ( I I CONC. OF U02 I N STAGE I . (GRAM/L I 
C U 3 0 8 B ( I I CONC OF U02 IN STAGE I BEFORE TIME T . ( G R A M / L I 
C V d ) TOTAL STAGE VOLUME. ( L ) 
C VD1,VD2 VCLUME ACCUMULATORS FOR DIGESTER TANKS 1 AND 2 . ( L ) 
C VFULL INPUT DIGESTER TANK CAPACITY. BASED ON F I L L T I M E ( T F I L L ) 
C AND DISSOLVER PRODUCT F L 0 W ( F L ( 1 I ) . ( L I 
C V I B ( I ) PURE L I Q U I D VCLUME I N STAGE I AT TIME T - H . L 
C VOLFLO VOLUME CORRECTION FACTOR BASED ON DIFFERENCES IN INLET 
C OUTLET FLOW RATES BETWEEN STAGES. ( L ) 
C V O d I I N I T I A L OR GEOMETRIC VCLUME OF L I Q U I D IN STAGE I . ( L ) 
C WMOLFP AVERAGE MOLECULAR WEIGHT F ISS ION PRODUCT OXIDES. 
C WMOLPU MOLECULAR WEIGHT P U 0 2 . (GRAM/G-MOLEI 
C WM0LU3 MOLECULAR WEIGHT U 0 2 . (GRAM/G-MOLEI 

WMOLXX MOLECULAR WEIGHT OF CCMPOUND XX. (G/G-MOLE) 
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C WDRKSPdl SCRATCH ARRAY USED IN PARTICLE D ISTRIBUTION CALC. 
C WTFPd I WEIGHT OF F . P . REMAINING I N FUEL P INS IN STAGE I . (GRAMS) 
C h T F U E L d I TOTAL WEIGHT OF FUEL REMAINING I N PINS IN STAGE I . (GRAMS) 
C WTPU02( I ) WEIGHT OF PU02 REMAINING IN FUEL PINS IN STAGE I . (GRAMS) 
C W T U 3 0 8 ( I ) WEIGHT OF U02 REMAINING IN FUEL PINS I N STAGE I . (GRAMSI 
C XPU COMBINED MOLE FRACTIONS OF PU02 AND FP. 
C ZF MOLECULAR WEIGHT RATIO OF F ISSION PRODUCT NITRATE 
C TO F ISS ION PRODUCT O X I D E . 
C ZFCON ZF*CON 
C ZNOPTA TOTAL PLOT FLAG. 
C 0.0 — NO PLOTS 
C 1.0 — PLOTS 
C ZNOPTD DIGESTER PLOT FLAG. 
C 0.0 — NO PLOTS 
C l.O — PLOTS 
C ZNOPTP PARTICLE SIZE D ISTRIBUTION PLOT FLAG. 
C 0 . 0 — NO PLOTS 
C 1 .0 — PLCTS 
C ZN0PT3 CONCENTRATION HISTORY PLOT FLAG. 
C 0 . 0 — NO PLOTS. 
C 1 .0 — PLCTS 
C ZN0PT7 CONCENTRATION PROFILE PLOT FLAG. 
C 0 . 0 — NO PLOTS 
C 1 .0 — PLCTS 
C ZP MOLECULAR WEIGHT RATIO OF P U ( N 0 3 ) 4 TO P U 0 2 . 
C ZPCON ZP*CON 
C Z Q T d l ARRAY CONTAINING: DEXP(H* ( -DENOMd I 1/PLV( I I I . 
C ZU MOLECLLAR WEIGHT RATIO OF U 0 2 ( N 0 3 I 2 TO U 0 2 . 
C ZUCON ZU*CON. 
C Z l M Q T d l ARRAY CONTAINING l . C O - Z Q T d l . 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 

BLOCK DATA 
I M P L I C I T PEAL*8 ( A - H , 0 - Z ) 
COMMON/XX/ U N ( 2 0 1 , P N { 2 0 1 , H N 0 3 ( 2 0 ) , H 2 0 ( 2 0 I ,UN6( 2 0 l , O L D ( 2 0 l 

S , P N B ( 2 0 I , H N 0 3 B ( 2 0 I , H 2 0 B ( 2 0 I , W T U 3 0 8 ( 2 0 I , W T P U 0 2 ( 2 0 I , W T F P ( 2 0 I 
* , W T F U E L ( 2 0 I , F P N ( 2 0 I , F P N B ( 2 0 I , D E N 0 M ( 2 0 I , P E L ( 2 0 I , C R E L ( 20 I , L I M O 

COMMON / X X X / T 0 L , T , C T , V ( 2 0 I , V 0 ( 2 0 I , C T l , T l , H , P L V ( 2 0 1 , H C , 
fT2 ,SUMNEG,SUfHNO,SUMNEP, ICP , ICPO, ITS AC 

C O M M 0 N / X X X X / B ( 2 0 l , U 3 O 8 ( 2 0 ) , U 3 C 8 B ( 2 0 ) , P A R T ( 2 0 l , R A T E l ( 2 O I , 
« P A R T B ( 2 0 I , R A T E 2 ( 2 0 I , P U 0 2 ( 2 0 I , P U 0 2 B ( 2 0 I , F P ( 2 0 1 , F P B ( 2 0 I , 
$ U N K 1 ( 2 0 ) , P N K 1 ( 2 0 I , F P K 1 ( 2 0 I , F L ( 2 0 I , U N K 2 ( 2 0 I , P N K 2 ( 2 0 1 , 
* F P K 2 ( 2 0 l , P ( 1 0 , 5 0 l , P B ( 1 0 , 5 0 l , N S 

COMMON/XXXXX/RMSC(2 ,50 l ,T IME,P INVOL,RHOAVE,TO,XPU, REM,TNP, 
«RPOW,RCON,ACOF,PINOOO,PAROOO 

C 0 M M 0 N / P A P / F R E Q ( 5 0 ) , R ( 5 0 1 , R M M I N ( 5 0 I ,RMMAX(50 I , P P ( 1 0 , 5 0 ) , 
« P M S ( 1 0 , 5 0 I , P A P T P ( 2 0 I , P M ( 5 0 I , A T P ( 5 0 I , O R , R I , R M I N , R M A X , P C O N T , 
*FTPIRO,FOURPI ,NG 
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C O M M O N / D I G / D P L U N ( 2 , 2 0 0 l , D P L P N ( 2 , 2 0 0 1 
* , P D ( 2 , 5 0 ) , A T P D ( 2 , 5 0 I , P P 0 ( 2 , 5 0 I 
* , D P L H 2 0 ( 2 , 2 0 0 I , D P L H N 0 ( 2 , 2 0 0 I , D P L F P N ( 2 , 2 0 0 1 , D P L P A R ( 2 , 2 0 0 1 , 
* D P L T I M ( 2 0 0 ) , D I G V 0 L ( 2 , 2 0 0 I , R U N , T F I L L , V F U L L , T T R A N , T C I G 
S . P L I N C , V D 1 , V D 2 , T M 1 , T M 2 , T F D 1 , T F D 2 , T D P L O T , T T D 1 , T T D 2 , T 0 1 , T D 2 , 
<D1UN,D2UN,D1PN,D2PN,D1H2C,D2H20,D1HN03,D2HN03, 
<C1PAPT,D2PART,01FPN,D2FPN,SUMD1,SUMD2, IPD,MUPIP 

COMMON / T R A N Z T / B A K M I X ( 2 0 ) , S S T ( 2 0 I , R H 0 L I Q ( 2 0 I , P L V B T ( 2 0 I 
? ,BAKV(20 I ,SSTMSS(20 I ,DTFLG1 ,DTFLG2 ,DTRACT,DUMPT,DENSST 
* , C F U E L , C F I N E S , S S S C T , F U P I N , O F FT I M , P I H C , T F , F L A P T M , 
SSSSCTH,F INESH,SSTF,FEDONE,F INESF,P INFED,NSMl 

COMMON/PERCNT/PCU308,PCPU0 2,PCFP,SPAREA,DU30 8 
* , D P U 0 2 , D F P , C C N , P I N M A S , P P S T G ( 2 0 I , D V ( 2 0 1 , R A T M F , F E D R A T , A R A T I O 
*,PGUPER,PCPPER,UOWF,POWF,PPERPN,UPEPUN 

DATA U N , U 3 0 8 , P N , P U 0 2 , H N 0 3 , F P , H 2 0 , B , U 3 0 8 B , P U 0 2 B , F P B , U N B , P N B , 
«HN03B,H20B,WTPUO2,WTFP,WTU3O8,OLD,FL ,V ,V0 ,WTFUEL, 
SPART,FPN,FFNB,PLV ,P ,PB ,FREQ,R ,RMS,PARTB,DPLUN,DPLPN,DPLH20 , 
^DPLHN0,DPLFPN,DPLPAR,DPLTIM,D !GVCL,PATE1,RATE2,UNK1 
« , U N K 2 , P N K 1 , P N K 2 , F P K 1 , F P K 2 , R E L , C P E L , B A K M I X , S S T , RHOLIQ, 
*PLVBT,BAKV,DENOM,DV,PPSTG,SSTMSS,PARTP,PM,ATP,PP 
S , P D , A T P D , P P D / 6 ^ 6 0 * 0 . 0 0 0 / 

END 

I M P L I C I T REAL*8 ( A - H , 0 - Z l 
DIMENSION D E P T H ( 1 0 I , R A S S ( 1 0 I , A S ( 2 0 I , R L V M ( 1 0 I 

« , F 0 { 1 0 I , V I B ( 2 0 I , C 0 ( 2 0 ) , U N M A X ( 1 0 ) , P N M A X ( 1 0 ) 
< , F N M A X ( 1 0 ) , H N M A X ( 1 0 ) , H 2 M A X ( 1 0 I , T U M A X ( 1 0 I , T P M A X ( 1 0 ) 
S,TFMAX( 101 ,THNMX(10) ,TH2I 'X( 10 I , UPA ( 1 0 ) ,PUP A( 10 ) 
« , C 0 2 ( 1 0 ) , C 0 3 ( 1 0 I 

REAL*4 P L T I M E ( 2 0 0 I 
C 0 M M 0 N / 0 I S S P L / P L U 3 0 8 ( 1 0 , 2 0 0 1 , P L U N ( 1 0 , 2 0 0 I , P L P U n 2 ( 1 0 , 2 0 0 ) , 

? P L P N ( 1 0 , 2 0 0 ) , P L F P ( 1 0 , 2 0 0 ) , P L H 2 0 ( 1 0 , 2 0 0 ) , P L H N 0 3 ( 1 0 , 2 0 0) 
* , P L F P N ( 1 0 , 2 0 0 ) , P L P A R T ( 1 0 , 2 0 0 I , P L W T T ( 1 0 , 2 0 0 I , P L S S T ( 1 0 , 2 0 0 ) 

COMMON/XX/ U N ( 2 0 1 , P N ( 2 0 1 , H N 0 3 ( 2 0 I , H 2 0 ( 2 0 I ,UNB( 2 0 I , O L D ( 2 0 1 
* , P N B ( 2 0 I , H N 0 3 B ( 2 0 I , H 2 0 B ( 2 0 I , W T U 3 0 8 ( 2 0 I , W T P U 0 2 ( 2 0 I , W T F P ( 2 0 ) 
< , W T F U E L ( 2 0 I , F P N ( 2 0 I , F P N B ( 2 0 I , D E N O M ( 2 0 1 , R E L ( 2 0 1 , C R E L ( 2 0 I , L I MO 

COMMON / X X X / T O L , T , C T , V { 2 0 I , V 0 ( 2 0 I , C T l , T l , H , P L V ( 2 0 I , H C , 
*T2,SUMNEG,SUMHNO,SUMNEP, ICP, ICPO, ITSAC 

C O M M O N / X X X X / B ( 2 0 1 , U 3 O 8 ( 2 0 l , U 3 0 8 B ( 2 0 1 , P A R T ( 2 0 I , R A T E 1 ( 2 0 ) , 
« ; P A R T B ( 2 0 ) , R A T E 2 ( 2 0 ) , P U 0 2 ( 2 0 ) , PU0 2B ( 2 0 I ,FP{ 2 0 ) , F P e ( 2 0 l , 
« L N K 1 ( 2 0 I , P N K 1 ( 2 0 I , F P K 1 ( 2 0 I , F L ( 2 0 I , U N K 2 ( 2 0 I , P N K 2 ( 2 0 1 , 
1 ; F P K 2 ( 2 0 I , P ( 1 0 , 5 0 I , P B ( 1 0 , 5 0 I , N S 

COMMON/XXXXX/RMSD(2,50 I , T I M E , P I N V O L , R H O A V E , T O , X P U , R E M , T N P , 
*RPOW,RCON,ACCF,PINOOO,PAROOO 

COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,0U308 
* , D P U 0 2 , O F P , C C N , P I N M A S , P P S T G ( 2 0 I , D V ( 2 0 I ,RATMF, FEDRAT, ARATIO 
$,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

C O M M O N / E X T F E D / H N 0 3 F ( 1 0 ) , H 2 0 F ( 1 0 ) , F L E X T ( 1 0 ) , A C I C E F , I A D 
C0MM0N/CCNSTN/C0UN1N,CCPN1N,COFP1N,COUN2N,COPN2N,COFP2N, 

$C0UNlW,C0PNlW,C0FOlW,C0UN2W,C0PN2W,C0FP2W 
COMMON/WTMCLE/WM0LU3,WNOLPU,WMOLFP,WMOLUN,WMOLPN,WMOLFN, 

?V.M0LH2,WM0LHN,AVEM0L, JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 
C O M M O N / P A R / F R E Q ( 5 0 ) , R ( 5 0 ) , R M M I N ( 5 0 ) , R M M A X ( 5 0 l , P P ( 1 0 , 5 O I , 

* R M S ( 1 0 , 5 0 1 , P A R T P ( 2 0 I , P M ( 5 0 I , A T P ( 5 0 I , D R , P I , R M I N , R M A X , PCONT, 
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<FTPIPO,FOURPI ,NG 
CCMMON/SOLIOS/FINES,PWASTE,HDR,CUeE,NRW.NRWMl,NGPNRW,NGM1 

$,NRWM2 
COMMON/ZCONST/ZU,ZUCON,ZP,ZPCaN,ZF,ZFCON,ZQT(10»,Z lMQT(10» 

* ,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CPINPU,CF1NFP,CU1WU3, 
SCP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NF0,CU2WU3 
«,CP2WPU,CF2WFP,TlCCN,TlC0W,"r2C0N,T2C0W,BW,BWC, BN , BNC 
« , E 0 3 , F 0 3 , T 0 C G N 1 ( 1 0 ) , T 0 C 0 W 1 ( I 0 > , T 0 C 0 N 2 ( 1 0 I , T 0 C 0 W 2 ( l O t 

C O M M O N / O I G / D P L U N ( 2 , 2 0 0 I , O P L P N ( 2 , 2 0 0 » 
^ , P D ( 2 , 5 0 « , A T P D ( 2 , 5 0 t , P P D ( 2 t 5 0 1 
* , D P L H 2 O ( 2 , 2 0 0 l , D P L H N O ( 2 , 2 0 0 » , D P L F P N ( 2 , 2 0 0 » , 0 P L P A R < 2 , 2 0 0 I , 
* D P L T I M ( 2 0 0 ) , 0 I G V 0 L ( 2 , 2 0 0 I , R U N , T F I L L , V F U L L , TTRAN, TCIG 
5 , P L I N C , V D l , V 0 2 , T M l , T M 2 , T F 0 1 , T P D 2 , T 0 P L 0 T t T T D l , T T 0 2 , T D l , T D 2 , 
«D1UN,02UN,D1PN,D2PN,D1H2C,D2H20,C1HN03,D2HN03, 
$D1PART,D2PART,D1FPN,02FPN,SUMD1,SUM02, IPD, MUPIP 

COMMON / T R A N Z T / B A K M I X ( 2 0 » , S S T ( 2 0 l , R H O L I Q ( 2 0 » , P L V B T ( 2 0 l 
* , B A K V ( 2 0^ ,SST^ 'SS(20»,DTFLG1,DTFLG2,DT9ACT,DUMPT,DENSST 
* , C F U E L , C F I N E S , S S S C T , F U P I N t O F F T I M , P l H C , T F , F L A P T M , 
?SSSCTH,F INESH,SSTF,FEDONEtF INESF,P INFED,NSMl 

COMMON/SUMS/SUMFLP,SUMFLF,SUMFIN,SUMP IN,SUMFOU,SUMPOU 
C 
C 
C HALF TONNE-A-DAY DISSOLVER 
C 
C 
C 
C 
C 
C FUEL CHARATERISTICS ANC CONSTANTS. . . 
C FFTF TYPE 3 . 1 FUEL IS ASSUMED.. . 
C RWASTE TAKEN FROM NUCLEAR FUEL DISSOLUTION AND RINSING USING 
C CONTINUOUS ROTARY OISSGLVER, HOLLAND,RISER,HEIMDAL,AND 
C GRCENIER, O R N L / T M - 5 5 6 6 . 
C 
c 

READ{5 ,1330 IS IZE ,P IN ,P INLEN,RHCAVF,SPAREA,RWASTE 
1330 F 0 R M A T ( 6 { D 1 0 . 4 , l x n 

P I = 4 . D 0 * D A T A N ( l . 0 D 0 ) 
P I N V O L = P I * P I N * P I N * P I N L E N / A . D O 
PINMAS=RHOAVE*PINVOL 

C 
C 
C FRACTIONAL FUEL COMPOSITION: 
C WEIGHT FRACTIONS 
C MOLE FRACTIONS 
C 

R E A 0 ( 5 , B30>PCU308,PCPU02,PCFP,FRMCU3,FRMOPU,FRMOFP 
C 
C COMPONENT DENSITIES ANC 
C FLOW EQUATION CONSTANTS... 
C FROM C R N L / T M - 7 4 9 0 , A MATHEMATICAL MODEL FOR L IQUID FLOW TRANSIENTS I 
C A ROTARY DISSOLVER. LEWIS AND WEBER 
C 

PEA0(5, 1330> DU308,DPUn2,OFP,DENSST,TK,POW 
REP0W=1.00/P0W 
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C 
C PER CENT THEORITICAL FUEL DENSITY 
C COMBINED F ISS ION PROD MOLE FRACTION WITH P U 0 2 . . . 

XPU=FRMOPU»-FRMCFP 
REM=1.D0-XPU 
TD=(RHOAVE*100.D0l / (XPU*DPUO2<-REM*DU3O8) 

C 
C 
C ZERO MAXIMUM DETECTORS ,ETC. 
C 

DO 280 K = i , 1 0 
T0C0N11K»=0 .0D0 
T O C O W l ( K l = 0 . 0 0 0 
T O C O N 2 ( K I = 0 . 0 0 0 
TOCOW2(KI=0 .000 
UNMAX(K»=0.ODO 
PNMAX(KJ=O.ODO 
FNMAXJKI=O.0DO 
HNMAX(K»=O.ODO 
H2MAX(K)=0.ODO 
TUMAX(K»=O.ODO 
TPMAX(K)=O.ODO 
T F M A X ( K » = 0 . 0 0 0 
THNMX(KJ=0.0D0 
T H 2 M X ( K I = 0 . 0 0 0 

280 CONTINUE 
C 
C ZERO COUNTERS AND ACCUMULATORS... 
C 

FFI=O.ODO 
TOTUOl=O.ODO 
TaTUOF=O.ODO 
TOPU01=O.ODO 
T0PU0F=O.0D0 
TOTUI=O.0DO 
TOTPUI=O.ODO 
ETOTUF=O.ODO 
ETOTPF=O.ODO 
PRT=O.ODO 
IDX=0 
IAD=0 
PLfM=0.0D0 
T=0.0D0 
T1=0.0D0 
T2=0.000 
TIME=0.000 
DISTM=0.0D0 
DIGPAR=0.0D0 
DTFLG1=0.0D0 
ICP=0 
ICPO=0 
FEDTIM=O.OD0 
OFFTIM=O.ODO 
SUMNEG=O.ODO 
SUMHNO=O.ODO 
SUMFLP=O.ODO 
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SUMFLF=O.ODO 
SUVPLV=0.000 
SUMNEP=0.0D0 
SUMFIN=0.000 
SUMPIN=O.ODO 
SUMFOU=O.ODO 
SUMPOU=O.ODO 
SUMD1=0.0D0 
SUMD2=0.0D0 
TMCLD=0.000 
TF=O.OD0 
SSTF=0.0D0 
FEDONE=O.0DO 
FINESF=O.ODO 
PINFED=O.OCO 
D1UN=0.0D0 
D2UN=0.0D0 
01PN=0.0D0 
D2PN=0.0D0 
D1H20=0.000 
D2H20=0.0D0 
D1HN03=0.0D0 
02HN03=0.0D0 
D1PART=0.000 
D2PART=0.0D0 
D1FPN=0.0D0 
D2FPN=0.0D0 
PCONT=O.ODO 
ITSAC=0 
JJPART=0 
MMUN=0 
NNPN=0 
NNFP=0 
MMHN=0 
IIH2=0 

C 
C 
C MOLECULAR WEIGHTS 
C 

WMCLU3=270.0500 
WM0LU=238.04D0 
WM0LP=239.17200 
WMOLPU=271.17D0 
WMCLFP=135.34D0 
WMCLUN=394.0200 
WM0LPN=487.21D0 
WM0LFN=328.22D0 
WM0LH2=18.0200 
WMCLHN=63.02D0 
AVEM0L=PCU308*WM0LU3<-PCPU0 2*WM0LPU*-PCFP*WM0LFP 

C 
C 
C ACIO CONC CORRECTION FACTOR (ACDFI DUE TO DIFFERENCES 1 
C ACID CONC IN FUEL PINS AND BULK. 
C PRINT OUT AND RUN TIME CONSTANTS. 
C 
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• 

c 
c 

REA0(5,1330IAC0F,PPTTIM,HC,RUN,PRINC,PRDIST 
READ(5, 1370» ALIMO,AKSTOP,AMINFR,CT1 

LIMO=ALIMC 
KSTOP=AKSTOP 
P1HC=AMINFR#HC 
H=HC 
MUM=RUN/PRINC 
PLINC=PPINC-1.0D-4 

C 

c 
C DISSOLVER CHARATERISTICS 
C 

READ(5,1370) TEMP,RPM,CREVS,FLAPTM 
1350 F0RMAT(3(D10.4,lXn 

DUMPT=DREVS/RPM 
DTRACT=1.00/DUMPT 
R E A D ( 5 , 1 3 6 0 ) ( V 0 ( I ) , I = I , 5 » 

1360 F O R M A T ( 5 ( D 1 0 . 4 , l X n 
REAO( 5 , 1360) ( V O ( n , 1 = 6 , 1 0 » 
READ( 5 , 1 3 6 0 M v o n 1,1 = 1 1 , 1 5 J 
R E A D ( 5 , 1 3 6 0 M V 0 ( I I , I = 1 6 , 2 0 I 
00 35 1 = 1 , 2 0 
BAKMIXd ) = 0.ODO 
A S ( I I = O . O D O 

35 CONTINUE 
C 
C NO INTERUPTIONS IN L IQUID FLOW ARE EXPERIENCED DURING REVERSE 
C ROTATION. THE ACTUAL REVERSE IS ASSUMED TO BE INSTANTANlOUS. 
C 

READ(5 ,136 5» TRCT,BASECT,DIA,STGLEN,AAANS 
1365 F O R M A T ( 5 ( D 1 0 . 4 , l X n 

NS=AAANS 
NSM1=NS-1 
CT=BASECT*TRCT 

C 
C MAXIMUM L IQUID DEPTHS. 
C 

REAO(5 , 1 3 6 0 1 ( D E P T H ( I J , 1 = 1 , 5 ) 
R E A 0 ( 5 , 1 3 6 0 » ( D E P T H ( I » , 1 = 6 , 1 0 1 
READ(5,1375> ANGLE 

1375 F0RMAT<D10.4« 
AN=ANGLE*P1/1.8D2 
00=STGLEN*DSIN(AN»/DCOS(AN» 
ACTLEN=STGLEN/DCOS{ANI 
DC 210 K=1,NS 
OA=DS0RT(4 .D0*0EPTHCKI * (D IA-DEPTH(K» M 
SALL=DEPTH(K)-QD 
Q B = 0 S Q R T ( 4 . D 0 * S A L L * ( D I A - S A L L ) ) 
AS(K I= .5D0* (QA+QBI *ACTLEN 

210 CONTINUE 
C 
C 
C * * * ZERO ARRAYS * * * 
C 
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DO 16 J l = l , 1 0 
P L V M ( J 1 ) = 0 . 0 0 0 
ZQT(J1)=O.ODO 
Z 1 M Q T ( J 1 ) - 0 . 0 D 0 
F 0 ( J l l = 0 . O D O 
F L E X T ( J 1 ) = 0 . 0 D 0 
H 2 0 F ( J l l = 0 . O D O 
HN03P( j n = 0.OD0 

DO 16 J 2 = 1 , 2 0 0 

P L T I M E ( J 2 » = 0 . 0 
P L U 3 0 8 ( J 1 , J 2 » = 0 . 0 D 0 
P L U N ( J l , J 2 I = 0 . 0 D 0 
P L P U 0 2 ( J 1 , J 2 ) = 0 . 0 D 0 
P L P N ( J l , J 2 J = O . O D 0 
P L F P ( J 1 , J 2 » = 0 . 0 D 0 
P L H N O 3 ( J l , J 2 ) = 0 . 0 D 0 
P L H 2 0 ( J 1 , J 2 ) = 0 . 0 D 0 
P L F P N ( J 1 , J 2 ) = 0 . 0 D 0 
P L P A R T ( J 1 , J 2 ) = 0 . 0 D 0 
P L W T T I J 1 , J 2 ) = 0 . 0 D 0 
P L S S T ( J 1 , J 2 ) = 0 . 0 0 0 

16 CONTINUE 
C 
C EXTERNAL FEED STREAM FLOWS.. 
C FROM BECTAL FLOW SHEETS FOR HEF 4 / 1 8 / 8 0 , DRAWING # 5 2 - B - 2 0 3 
C (FLOWSHEET DENSITIES HAVE BEEN USED BUT GADOLINUM NITRATE 
C HAS BEEN EXCLUDED FROM MASS FLCW RATES.) 
C 

PEAD(5 ,1370»DEN1,CDEN8,DEN9,DEN10 
1370 F 0 R M A T ( 4 ( D 1 0 . 4 , 1 X ) ) 

DEN8=CDEN8 
R E A D ( 5 , 1 3 7 0 ) TH20C,THNC3C,FCSTGl ,FCSTG9 
H20M1=TH20C*FCSTG1 
HN03M1=THNC3C*FCSTG1 
H20M9=TH20C*FCSTG9 
HN03M9=THN03C*FCSTG9 
TF1=H20M1*HN03M1 
TF9=H20M9<-HN03M9 
P E A D ( 5 , 1 3 7 0 ) CH20M8,CHN0M8,H20M10,HN0M10 
H20M8=CH20M8 
HN03M8=CHNCM8 
TF8=H20M8»HN03M8 
TF10=H20M10«-HNOM10 
T H 0 V S X = 1 0 0 0 . 0 0 / 6 0 . 00 
DILUT1=TF1*TH0VSX/DEN1 
DILUT9=TF9*TH0VSX/DEN9 
FLEXT(8 )=TF8*TH0VSX/0EN8 
FLEXT( n = 0 I L U T l 
F L E X T ( 9 ) = D I L U T 9 
F10=TF10*THOVSX/DEN10 
F 9 = F 1 0 * F L E X T ( 9 ) 
F2 = F9«-FLEXT(8) 
F1=F2+FLEXT(1 ) 
DO 185 K=2,NSM1 

185 F 0 { K ) = F 2 
F 0 ( 1 ) = F 1 
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F 0 ( 9 ) = F 9 
F 0 ( 1 0 ) = F 1 0 

c 
C I N I T I A L I Z A T I O N OF BACKMIXING CARRYOVER ON HULLS. 
C 

RE A D ( 5 , 1 3 6 0 ) ( B A K M I X d ) , 1 = 1 , 5 ) 
READ( 5 , 1360) ( B A K M I X d ) , 1 = 6 , 1 0 ) 
READ* 5 , 1360) ( B A K M I X d ) , 1 = 1 1 , 15) 
R E A D ( 5 , 1 3 6 0 1 ( B A K M I X ( I ) , 1 = 1 6 , 2 0 ) 
DO 20 J = l , 2 0 

20 F L ( J ) = F 2 
F L ( l ) = F l 
F L ( 9 ) = F 9 
F L ( 1 0 ) = F 1 0 

C 
c 
C I N I T I A L STAGE CONCENTRATIONS. . . . 
C 
C 

H20F(8)=DEN8*H20M8/TF8 
HN03F(8)=DEN8*HN03M8/TF8 
IF(TFl.LE.O.ODO) GOTO 4000 
H 2 0 F ( 1 ) = D E N 1 * H 2 0 M 1 / T F 1 
HN03F(1 )=DEN1*HN03M1/TF1 
GOTO 4 0 1 0 

4000 H 2 O F ( l » = 0 . 0 D O 
HN03F( 1 ) = C . 0 D 0 

4010 I F ( T F 9 . L E . 0 . 0 D 0 ) GOTO 4050 
H 2 0 F ( 9 ) = D E N 9 * H 2 0 M 9 / T F 9 
HN03F(91=0EN9*HN03M9/TF9 
GOTO 4060 

4050 H2OF(9)=0.0D0 
HNO3F(9)=0.0DO 

4060 TF(TFIO.LE.O.ODO) GOTO 4030 
HN03(10 )=0EN10*HNCM10 /TF10 
H 2 0 ( 1 0 ) = D E M 0 * H 2 C M 1 0 / T F 1 0 
GOTO 4 0 4 0 

4030 H 2 0 ( 1 0 ) = 0 . 0 0 0 
HN03{10)=O.ODO 

4040 H N 0 3 B ( 1 0 ) = H N 0 3 ( 1 0 ) 
H 2 0 B ( 1 0 ) = H 2 0 ( 1 0 ) 
HN03 (9 ) = (HN03( 10) * F L ( 10) «-HN03F (9 ) *FLEXT( 9) ) / F L ( 9 ) 
H N 0 3 B ( 9 ) = H N 0 3 ( 9 ) 
H 2 0 ( 9 ) = ( H 2 0 ( 1 0 ) * F L ( 1 0 ) t H 2 0 F ( 9 ) * F L E X T ( 9 ) ) / F L ( 9) 
H 2 0 B { 9 ) = H 2 0 ( 9 ) 
H N 0 3 ( 8 I = ( H N 0 3 ( 9 ) * F L ( 9 I • H N 0 3 F ( 8 ) * F L E X T { 8 ) l / F L ( 8 ) 
H N 0 3 B ( 8 ) = H N 0 3 ( 8 ) 
H 2 0 ( 8 ) = ( H 2 0 ( 9 ) * F L ( 9 H - H 2 0 F ( 8 ) * F L E X T ( 8 ) ) / F L ( 8 ) 
H 2 0 B ( 8 ) = H 2 C ( 8 ) 
00 10 K = 2 , 7 
H N 0 3 ( K I = H N C 3 ( 8 I 
H 2 0 ( K ) = H 2 Q ( 8 ) 

10 CONTINUE 
H N 0 3 ( 1 I = ( H N 0 3 ( 2 ) * F L ( 2 ) + H N 0 3 F ( 1 ) * F L E X T ( 1 ) ) / F L ( l ) 
H N 0 3 B ( 1 ) = H N 0 3 ( 1 ) 
H 2 0 ( l ) = ( H 2 C F ( 1 » * F L E X T ( 1 ) * H 2 0 ( 2 ) * F L ( 2 ) ) / F L ( 1 I 



A-18 

H 2 0 B ( 1 ) = H 2 C ( 1 ) 
C 
C REDUCED ACID FLOW PARAMATERS. 
C 

R E A 0 ( 5 , 1 3 7OlSDEN8,SH2OM8,SHN0M8,SLOTLM 
C 
C DIGESTER TANK VARIABLES : 
C 

IPD=0 
V 0 1 = 0 . 0 D 0 
VD2=0.0D0 
TM1=0.0D0 
TM2=0 .000 
T F 0 1 = 0 . 0 D 0 

R E A 0 { 5 , 1 3 5 0 1 TF I L L , T T R A N , T D I G 
V F U L L = T F I L L * F L ( 1 » 
TFD2=0.0D0 
TDPLOT=0.000 
TD1=0 .0D0 
TD2=0 .0D0 
TTD1=0.0D0 
T T D 2 = 0 . 0 0 0 

C 
C I N I T I A L REACTION RAlES 
C REACTION RATE FOR U308 AS FUNCTION OF HN03 CONC AND TD 
C BASED ON UC2 REACTION RATE ?????? 
C 
C 
C 
C 
C REACTION RATE FOR PU02 AS FUNCTION OF HN03 CONC AND TD 
C ASSUMES NO FLUORINE I N DISSOLVER. 
C FROM A REPORT BY PAINEY AND URIARTE PUBLISHED IN 1 9 6 5 . 
C 
C 
C 
C 
C 

R E A 0 ( 5 , 1 3 7 0 ) A C I D E F , R F A C T , A F I AT,AFRAT 
ACID=HN03(1) /WM0LHN 
RPOW=2.D0*2.DO*XPU 
R C O N = ( ( 5 . 0 3 * D E X P ( ( - . 2 7 D 0 ) * T D ) ) * * X P U ) * 

• ( ( 4 . 8 D 2 * D E X P ( ( - . 0 9 1 ) * T D ) )**REM) 
RATMF=RFACT*RCON 

DO 220 K=1,NS 
RATE2(K)=RATMF*(ACID*ACDF)**RP0W 
RATE1(K)=RATMF*ACIO**RPOW 
UNK1(K)=PCU308*RATE1(K) 
PNK1(K)=PCPU02*RATE1(K) 
FPK1(K)=PCFP*PATE1(K) 
UNK2(K)=PCU308*RATE2(K) 
PNK2(K)=PCPU02*RATE2(K) 
FPK2(K)=PCFP*RATE2(K) 

220 CONTINUE 
C 
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C SOLID FLOWS AND QUANTITIES 
C HULLS,SHROUDS,AND WIPES VOLUMES. . . 
C 

R E A 0 ( 5 , 1 3 70) TMRFED,TMRSST,BATTIM,SHETIM 
ANOVOX=BATTIM/SHETIM 
FFTIME=SHETIM/BATTIM 
ANFTIM=BATTIM-SHETIM 
AFDAS=SHETIM-AFRAT 
AFDAN=ANFTIM-AFIAT 
FEDRAT=(TMRFED-TMRSST)*THOVSX*AN0V0X 
TIMMIN=SHETIM 
I F ( S H E T I M . G T . C T ) T I M M I N = C T 
I F ( S H E T I M . L T . C T ) GOTO 1740 
GOTO 1750 

1740 ANIFS=CT/BATTIM 
I N I F S = A N I F S 
B E E D I F = A N I F S - I N I F S 
TMLEFT=BEEDIF*BATTIM 
T IMMIN=SHETIM* IN IFS*TMLEFT 
I F { S H E T I M . L T . T M L E F T ) T I M M I N = S H E T I M * I N I F S * S H E T I M 

1750 CONTINUE 
FUELWT=TIMMIN*FEORAT 
TNP=FUELWT/PINMAS 
T0TSST=TMPSST*TH0VSX*T1MMIN*ANCVCX 
SSTVOL=TQTSST/DENSST 
R E A 0 ( 5 , 1 3 3 0 ) FF INES,RMIN,RM^X,DP.TOL,AAANG 
NG=AAANG 
CFINES=FFINES*FEDRAT 
FINES=CFINES 
FUEL=(l.DO-FFINES)*FEDRAT 
READ(5, 1370) CONREL,FEANG,PINOOO,PAROOO 
READC5,1360)ZNOPTA,ZNOPTD,ZNOPTP,ZNOPT3,ZN0PT7 

DO 195 J=1 ,NS 
REL(JI=CCNREL 
CREL(J)=CCNREL/TNP 

195 CONTINUE 
C 
C PARTICLE SIZE DISTRIBUTION I N I T I A L I Z A T I O N . 
C 

CALL FREQUE 
C 
C 
C I N I T I A L AVERAGE PAOJICLE DIAMETER(DP) , USED IN CONSTANTS HEREAFTER. 
C FROM FFTF FUEL SPECS AND PHOTO OF RESIDUES. . 
C 
C 
C 
C CONSTANTS 
C 

c 
IF(RWASTE.GT.RMAX) GOTO 2200 
GOTO 2 3 0 0 

2200 WRITE(12,2400) 
W R I T E ( 1 3 , 2 4 0 0 1 
W R I T E ( 6 , 2 4 0 0 ) 

2400 F O R M A T ( / / « DEFAULT RWASTE EQUAL TO P M A X . . . ' / 
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^ ' DATA F I L E ENTRY OUT OF R A N G E . . • / • 
2300 NRW=(RWASTE-RMIN)/DR 

NRWM1=NRW-1 
NRWM2=NRW-2 
NGPNRW=NG*NRW 
NGM1=NG-1 
C U B E = l . D 0 / 3 . D O 
UPERU3=l.D0*WM0LU/WMOLU3 
PPERPU=WMOLP/WMOLPU 
LPERUN=WMOLU/WMOLUN 
PPERPN=WMOLP/WMOLPN 
THETA=FEANG*PI /180 .DO 
C O N = P I N * P I N * P I / ( D S I N ( T H E T A ) ) 
ZU=1.D0*WV0LUN/WMGLU3 
ZUCON=ZU*CCN 
ZP=WMOLPN/WMOLPU 
ZPCON=ZP*CGN 
ZF=WMOLFN/WfOLFP 
ZFCON=ZF*CCN 
BW=WM0LH2/V»M0LU3 
BWC=CON*BW 
BN=WM0LHN/WM0LU3 
BNC=CON*BN 
E 0 3 = 8 . 0 0 / 3 . D 0 
F O 3 = 4 . D 0 / 3 . D 0 
C0PN1N=4.D0*WM0LHN/WM0LPU 
COFP1N=2.3 552DO*WMOLHN/WMOLFP 
COPN2N=4.D0*C0N*WM0LHN/WMOLPU 
COFP2N=2.3 55200*CCN*WMCLHN/WMOLFP 
COPN1W=2.DO*WMOLH2/WMOLPU 
COFP1W=1.177600*WMGLH2/WMOLFP 
COPN2W=2.D0*CON*WM0LH2/WMOLPU 
COFP2W=1.1776DO*C0N*WMCLH2/WMOLFP 
PCU3ZU=PCU308*ZU 
PCPUZP=PCPUC2*ZP 
PCFPZF=PCFP*ZF 
CP1NPU=COPMN*PCPU02 
CF1NFP=C0FP1N*PCFP 
CP1WPU=CCPMW*PCPU02 
CF1WFP=C0FPIW*PCFP 
CP2NPU=C0PN2N*PCPU02 
CF2NFP=C0FP2N«PCFP 
CP2WPU=CCPN2W*PCPU02 
CF2WFP=CCFP2W*PCFP 
T1CQN=CP1NPU*CF1NFP 
T1C0W=CP1WPU*CF1WFP 
T2C0N=CP2NPU*CF2NFP 
T2C0W=CP2WPU*CF2WFP 
DO 300 J J = 1 , 1 0 
TOCONl (JJ )=T1C0N 
T 0 C 0 N 2 ( J J ) = T 2 C 0 N 
T0C0W1{JJ )=T IC0W 
T0C0W2(JJ)=T2C0W 

300 CONTINUE 
PCUPER=PCU308*UPERU3 
PCPPER=PCPU02*PPERPU 
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APATI0=SPAREA*l.C-4 
DO 190 K=1,NS 
RASS(KI=1.D3/AS(K) 

190 CONTINUE 
R0ATT=RH0AVE*1.D3 
SSSCT=SSTVOL/TIMMIN 
D25C1=1.0012DO 
C2 5C2=0.3177DO/WMGLUN 
D25C3=0.22D0/WMOLPN 
D25C4=0.03096DO/WMOLHN 
RH0C1=1.012500*1.D3 
RH0C2=1.45D-4*TEMP*1.03 
RH0C3=5.D-4*TEMP*1.D3 
RH0C4=3.6D-3*1.D3 
UFEEOC=FEDRAT*PCUPER 
PFEEDC=FEDRAT*PCCPER 
FOURPI=4.D0*PI 
FTPIR0=FQURPI*RH0AVE/3.00 

C 
C DENSITY INITIALIZATION 
C 

00 45 1=1,NS 
V I B d ) = V 0 ( I ) * A S ( I ) * ( ( F L d ) / T K I * * R E P C W ) / l . D 3 
CO(I )=UNd)+PNdl*FPN(I )« -H20{I»*-HN03(I ) 
COMA=CGd)*VI 8 ( 1 1 / 1 . 0 0 3 
D25=C0MA-(D25C2*UN(I) •025C3*PN( I ) ••D25C4*HN03 ( I « »*VIB( II 
D25=C0MA*D25C1/D25 
RHOLIQ(I)=PH0Cl*D25+RHCC2-RH0C3*D2 5-RHOC4 
PLVII )=CG(I )*VIBd) /RHCLIQ(I I 
V I B d )=PLV(I) 
Vd )=PLVd I 

45 CONTINUE 
C 
C BACKMIX VOLUME INITIALIZATION. 
C 

DO 225 J=1,NS 
BMCON=BAKMIX(J)*TCTSST 

225 EAKV(J )=BMCCN/RHOLIQ(J ) 
C 
C I N I T I A L CALC FOR RELEASE RATE OUTPUT. 
C 

T1=H 
WTFUEL(1)=FUELWT 
CALL RELEAS 
Tl = 0.0DO 
V i T F U E L ( l ) = 0 . 0 D 0 

C 
C 
C DATA OUTPUT 
C 
C 

W R I T E ( 1 2 , 1 0 0 0 ) PCU308,DU308, WMCLU3,PCPU0 2 ,0PU0 2,WM0LPU,PCFP, 
$0FP,WMOLFP 

W R I T E ( 1 3 , 1 0 0 0 ) PCU308,DU308, WMCLU3,PCPU0 2,DPU0 2,WM0LPU,PCFP, 
$0FP,WM0LFP 

W R I T E ( 6 , 1 0 0 0 ) PCU3Q8,DU308,WM0LU3,PCPU02,DPU02,WM0LPU,PCFP, 
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5DFP,WM0LFP 
1000 FORMATC ' , 2 1 X , ' S P E N T FUEL D A T A ' / ' COMPONENT', 5 X , ' WEIGHT F R A C , 

S ' T I 0 N ' , 5 X , ' D E N S I T Y ' , 5 X , ' V O L E W E I G H T t / 3 5 X , ' ( G / C C ) • , 7 X , ' ( G / G - M O L E ) • / 
« 3 X , ' U 0 2 ' , 1 0 X , F 1 0 . 4 , 7 X , F 1 0 . 6 , 4 X , F 1 0 . 4 / 3 X , ' P U 0 2 ' , l O X , F 1 0 . 4 , 7 X , 
* F 1 0 . 6 , 4 X , F 1 0 . 4 / 3 X , ' F . P . ' , 1 0 X , F 1 0 . 4 , 7 X , F I O . 6 , 4 X , F 1 C . 4 ) 

W R I T E ( 1 2 , 1 0 2 0 ) RHOAVE,CP,TNP,PIN,P INLEN,SPAREA,FFINES,CONREL 
W R I T E ( 1 3 , 1 0 2 0 ) RHOAVE,DP,TNP,P IN,P INLEN,SPAREA,FFINES,CONPEL 
W R I T E ( 6 , 1 0 2 0 ) RHOAVE,DP,TNP,PIN,P INLEN,SPARE A,FFINES,CONREL 

1020 FORMAT( / ' AVERAGE FUEL DENSITY = ' , 2 X , F 1 0 . 6 , 2 X , 
« ' G / C C ' / ' AVERAGE DIAMETER OF P A R T I C U L A T E = ' , 2 X , F l 0 . 6 , 
* 2 X , ' C M ' / ' TOTAL « FUEL P I N S = • , 2 X , F 1 0 . 2 / ' DIAMETER OF F U E L ' , 
« ' P E L L E T = ' , 2 X , F 1 0 . 4 , 2 X , ' C M ' / ' LENGTH OF FUEL P I N = ' , 2 X , 
S F 1 0 . 4 , 2 X , ' C M ' / 
« • RATIO OF ACTUAL SURFACE AREA TC GEOMETRIC AREA=«,2X , 
$ 1 P D 1 4 . 5 / ' FRACTION OF FUEL AS F I N E S = ' , 
$ 2 X , 1 P 0 1 2 . 3 / ' FULL STAGE PARTICLE RELEASE R A T E = ' , 
S 2 X , 1 P D 1 4 . 5 , 2 X , ' G / M I N ' ) 

W R I T E ( 1 2 , 1 0 1 0 ) T M R S S T , S I Z E , F E D R A T , F L ( 1 ) , H N 0 3 ( 1 ) , H 2 0 ( 1 I , R H 0 L I Q ( 1 ) 
$ ,TK,POW,SL0TLM 

W R I T E ( 1 3 , 1 0 1 0 ) T M R S S T , S I Z E , F E D R A T , F L ( 1 ) , H N 0 3 ( 1 ) , H 2 0 ( 1 ) , R H 0 L I Q ( 1 ) 
$ ,TK,POW,SLCTLM 

W R I T E ( 6 , 1010) TMRSST,S IZE ,FEDRAT,FL( I f , H N 0 3 ( I I , H 2 0 ( 1 ) , R H 0 L I Q ( 1 ) 
* ,TK ,POW,SL0TLM 

ICIO FORMATC TOTAL MASS FEED RATE CF STAINLESS STEEL= ' 
* , 2 X , F 1 2 . 2 , 2 X , ' K G / H R ' / / 1 X , F 1 0 . 4 , 2 X , ' TCNNE-A-DAY THROUGHPUT'/ 
? ' FUEL FEED R A T E = ' , 2 X , F 1 0 . 4 , 2 X , ' G / M I N ' / / ' L I Q U I D ' 
« , 'FLOW STG 1 = ' , 2 X , F 1 0 . 4 , 2 X , ' L / M I N ' / ' L I Q U I D FEED COMP. STG 1 : ' / 
S 1 3 X , ' H N 0 3 ' , 4 X , ' • , 4 X , F 8 . 2 , 2 X , ' G R A M / L ' / 1 3 X , ' H 2 0 ' , 5 X , ' ' , 4 X , 
* F 8 . 2 , 2 X , ' G R A M / L ' / ' I N I T I A L DENSITY OF DISSOLVER L IQUID STG 1 = ' , 
? 2 X , F 1 2 . 4 , 2 X , ' G / L ' / ' COEFFICIENT OF WEIR FLOW E Q U A T I O N = ' , 2 X , 
< 1 P D 1 4 . 4 / ' EXPONENT OF WEIR FLOW E O U A T I O N = ' , 2 X , 1 P D 1 4 . 4 / 
S ' L I M I T I N G HEIGHT ovEP WEIR (SLOT S I Z E ) = ' , 2 X , I P D 1 5 . 4 , 
« 2 X , ' C M ' ) 

W R I T E ( 1 2 , 1 0 3 0 ) V ( 1 ) , N S V 1 , V ( 2 ) , N S , V ( 9 ) , N S , H 
W R I T E ( 1 3 , 1 0 3 0 ) V ( 1 ) , N S M 1 , V ( 2 ) , N S , V ( 9 I , N S , H 
W R I T E ( 6 , 1 0 3 0 I V ( l ) , N S M 1 , V ( 2 ) , N S , V ( 9 ) , N S , H 

1030 F O R M A T ( / / ' S T A G E ' , 
$ ' 1 I N I T I A L V O L U M E = ' , 2 X , F 1 0 . 2 , 2 X , ' L ' / ' STAGES 2 - ' , 1 2 , 
* ' I N I T I A L V O L U M E = ' , 2 X , F 1 0 . 2 , 2 X , ' L ' / ' S T A G E ' , 1 2 , 
< ' I N I T I A L V 0 L U M E = ' , 2 X , F 1 0 . 2 , 2 X , ' L ' / 
$ ' NUMBER OF S T A G E S = ' , 2 X , 1 2 / • MAXIMUM TIME INCREMENT=' 
S , 2 X , F 1 0 . 6 , 2 X , ' M I N ' ) 

WRITE ( 1 2 , 1 0 4 0 ) U N K K l ) ,UNK2( 1) , PNK 1 ( 1 ) , PNK2( 1) , FPK 1( 1) ,FPK2( 1) 
WRITE( 1 3 , 1 0 4 0 ) U N K K l ) ,UNK2( 1) ,PNK1 ( 1 ) , PNK2( I I ,FPK 1( 11 , FPK2( 1) 
W R I T E ( 6 , 1 0 4 0 I U N K 1 ( 1 ) , U N K 2 ( 1 I , P N K 1 ( 1 I , P N K 2 ( 1 ) , F P K l ( 1 1 , F P K 2 ( 1 1 

1040 F 0 R M A T ( / / 1 4 X , ' I N I T I A L REACTION RATE CONSTANTS ' / ' COMPONENT',5X, 
$ ' PARTICULATE R A T E ' . S X , ' P IN R A T E ' / ' F O R M E D ' , I I X , 
* ' ( G / M I N - C M * * 2 I ' , 5 X , ' ( G / M I N - C M * * 2 ) ' / / ' U0 2 ( N 0 3 ) 2 ' , 1 0 X , 
« 1 P D 1 2 . 5 , 5 X , 1 P 0 1 2 . 5 / ' P U ( N 0 3 ) 4 ' , 1 0 X , 1 P C 1 2 . 5 , 5 X , 1 P D 1 2 . 5 / 
S ' F . P . N I T . ' , 1 0 X , 1 P D 1 2 . 5 , 5 X , 1 P D 1 2 . 5 I 

WPITE(12 ,1060)PCCN,RP0W,TD,TEMP,RWASTE,RMIN, RMAX,NG,FLAPTM 
WRITE!13 ,1060)RCCN,RPOW,T0 ,TEMP,PWASTE,RMIN, RMAX,NG,FLAPTM 
WRITE(6 ,1060IRCCN,PP0W,TD,TEMP,RWASTE,RMIN,RMAX,NG,FLAPTM 

1060 F O R M A T ( / ' REACTION RATE C O N S T A N T = ' , 2 X , 1 P 0 1 2 . 5 , 2 X , 
« ' ( G R A M / ( C M * * 2 * M I N * ( M 0 L / L ) * * ( 2 4 - 2 * X P U ) ) • / ' REACTION RATE EXPONENT=' , 
$ 2 X , 1 P 0 1 2 . 5 / ' PERCENT THEORITICAL D E N S I T Y = ' , 2 X , 
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1410 

2 P D 1 2 . 4 / ' I N I T I A L T E M P E R A T U R E = ' , 2 X , 3 P D 1 2 . 3 , 2 X , ' D 
' MINIMUM PARTICLE DIAMETER TRANSFERING WITH FUE 
2 X , 1 P D 1 4 . 4 , 2 X , ' M I C R G N ' / 
• VINIMUM PARTICLE S IZE IN 0 ISTP I B U T I O N = ' 
, 2 X , 1 P D 1 4 . 4 , 2 X , ' M I C R 0 N ' / 
• VAXIMUM PARTICLE S IZE IN DISTR I B U T I O N = ' 
, 2 X , 1 P D 1 4 . 4 , 2 X , ' M I C R O N ' / ' TOTAL # OF PARTICLE SI 
, 2 X , I 4 / ' FLAPPER VALVE CYCLE T I M E = ' , 2 X , 1 P D 1 0 . 4 , 2 

W R I T E ( 1 2 , 1 0 5 0 ) R U N , C T 1 , N S , C T , T R C T , R P M , S H E T I M , AN 
W R I T E ( 1 3 , 1 0 5 0 ) R U N , C T 1 , N S , C T , T R C T , R P M , S H E T I M , AN 
W R I T E ( 6 , 1 0 50 )RUN,CT1 ,NS ,CT ,TRCT,RPM,SHET IM,ANF 

1050 F O R M A T ( / / ' TOTAL RUN T I M E = ' , 2 X , F 1 0 . 2 , 2 X , ' M I N ' / 
' CYCLE TIME STG 1= • , 2 X , F I O . 2 , 2 X , ' M I N ' / ' STAGES 
' CYCLE T I M E = ' , 2 X , F 1 0 . 2 , 2 X , ' M I N ' / ' REVERSE CYCL 
2 X , F 1 0 . 2 , 2 X , ' M I N ' / ' RATE OF R O T A T I O N = ' , 
2 X , F 1 0 . 2 , 2 X , ' R P M ' / ' FEED TIME FROM S H E A R = ' , 
2 X , 1 P D 1 5 . 4 , 2 X , ' M I N ' / ' ZERO FEED T I M E = ' , 
2 X , 1 P 0 1 5 . 4 , 2 X , ' M I N ' I 

W R I T E ( 1 2 , 1 4 1 0 ) AC IOEF ,RFACT,AF IAT ,AFRAT ,SDEN8 , 
W R I T E ( 1 3 , 1 4 1 0 ) A C I D E F , R F A C T , A F I A T , A F R A T , S D E N 8 , 
W R I T E ( 6 , 1 4 1 0 ) A C I D E F , R F A C T , A F I A T , A F R A T , S D E N 8 , S 
F O R M A T ( / / ' ACID DEFICIENT CONCENTRATION FLAG=' 

1 P D 1 5 . 4 , 2 X , ' G - H N 0 3 / L ' / ' REACTION RATE MULTIPLICA 
2 X , 1 P 0 1 5 . 4 / / ' ACIO FEED RATE INCREASE A N T I C I P A T I 
2 X , 1 P D 1 5 . 4 , 2 X , ' M I N ' / 
• ACID FEED RATE REDUCTION ANTIC IPAT ION T I M E = ' , 
2 X , 1 P 0 1 5 . 4 , 2 X , ' M I N ' / ' RECUCEO ACID FEED RATE DEN 
2 X , 1 P 0 1 5 . 4 , 2 X , ' G / L ' / ' RECUCEO ACID FEED H20 FLOW 
1 P 0 1 5 . 4 , 2 X , ' K G / H R ' / ' REDUCED ACIC FEED HN03 FLOW 
1 P D 1 5 . 4 , 2 X , ' K G / H R ' I 

W R I T E ( 1 2 , 2 0 2 0 ) H N 0 3 M 8 , H N 0 3 F ( 8 ) , H 2 0 M 8 , H 2 0 F ( 8 I ,DE 
H N 0 3 F ( 1 ) , H 2 0 M 1 , H 2 0 F ( 1 ) , D E N 1 , T F 1 , H N 0 3 M 9 , H N 0 3 F ( 9 ) , 
D E N 9 , T F 9 , H N O M O , H N Q 3 F ( 1 0 ) , H 2 0 M 1 0 , H 2 0 ( 1 0 ) , 0 E N 1 0 , T 

W R I T E ( 1 3 , 2 0 2 0 ) H N 0 3 M 8 , H N 0 3 F ( 8 I , H 2 0 M 8 , H 2 0 F ( 8 I , DE 
H N 0 3 F ( H , H 2 0 N i , H 2 0 F ( l ) , D E N l , T F l , F N 0 3 M 9 , H N 0 3 F { 9 l , 
C E N 9 , T F 9 , H K 0 V 1 0 , H N 0 3 F d 0 ) , H 2 0 M 1 0 , H 2 0 ( 1 0 ) , D E N 1 0 , T 

W R I T E ( 6 , 2 0 2 0 ) H N 0 3 M 8 , H N C 3 F ( 8 ) , H 2 0 M 8 , H 2 0 F ( 8 1 , DEN 
H N 0 3 F ( 1 ) , H 2 0 V 1 , H 2 0 F ( 1 ) , D E N l , T F 1 , H N 0 3 M 9 , H N 0 3 F ( 9 I , 
C E N 9 , T F 9 , H N O V 1 0 , H N 0 3 F d O ) , H 2 0 M 1 0 , H 2 0 ( 1 0 ) , D E N 1 0 , T 

2020 F 0 R M A T ( / / 1 X , 2 0 X , ' EXTERNAL FEED STREAMS MASS F 
/ / I X , l O X , ' C O M P O N E N T ' , I 4 X , ' D E N S ITY ( G / L • ' , 7 X , ' F L O 

4X, 'CONCENTRATION ( G / L ) ' / ' FEED HN03 TO STAGE 8 
F I O . 2 / ' FEED H20 TO STAGE 8 • , 3 2 X , F I O . 2 , 8 X , F I O . 2 

TOTAL FEED TO STAGE 8 ' , 1 1 X , F I O . 2 , 9 X , F I O . 2 / / 
CONDENSATE HN03 TO STAGE 1 ' , 2 5 X , F I O . 2 , 8 X , F I O . 2 
CONDENSATE H20 TO STAGE 1 ' , 2 6 X , F 1 0 . 2 , 8 X , F I O . 2 / 
TOTAL CONDENSATE TO STAGE 1 ' , 5 X , F I O . 2 , 9 X , F I O . 2 
CONDENSATE HN03 TC STAGE 9 ' , 2 5 X , F I O . 2 , 8 X , F I O . 2 
CONDENSATE H20 TO STAGE 9 « , 2 6 X , F I O . 2 , 8 X , F I O . 2 / 
TOTAL CONDENSATE TO STAGE 9 ' , 5 X , F I O . 2 , 9 X , F I O . 2 
RINSE HN03 T Q STAGE 9 ' , 3 0 X , F 1 0 . 2 , 8 X , F I O . 2 / 
RINSE H20 TO STAGE 9 ' , 3 1 X , F I O . 2 , 8 X , F I O . 2 / 
TOTAL RINSE L I Q U I D TO STAGE 9 ' , 3 X , F I O . 2 , 9 X , F 1 0 
WRITE ( 1 2 , 2 0 3 0 ) ( I , B A K M I X d l , B ( I ) , B A K V ( T) , P L V ( I 
WRITE ( 1 2 , 20301 ( I , B A K M I X d ) , B( I ) , B AKV( 11 , PLV ( I 
WRITE ( 6 , 2 0 3 0 ) ( I , B A K M I X d ) , B d I , BAKV ( I I , PLV( I ) 

EG C ' / 
L P I N S = ' 

ZE GROUPS=' 
X , ' M I N ' I 
FTIM 
FTIM 
TIM 

2 - ' , 1 2 , 
E T I M E ' , 

SH20M8,SHN0M8 
SH20M8,SHN0M8 
H20M8,SHN0M8 
, 2 X , 
TION FACTOR=' , 
ON T I M E = ' , 

S I T Y = ' , 
= ' , 2 X , 
= ' , 2 X , 

N 8 , T F 8 , H N 0 3M1 , 
H 2 0 M 9 , H 2 n F ( 9 ) , 
FIO 
N 8 , T F 8 , H N 0 3M1 , 
H 2 0 M 9 , H 2 0 F ( 9 ) , 
FIO 
8 , T F 8 , H N 0 3 M 1 , 
H 2 0 M 9 , H 2 0 F ( 9 ) , 
FIO 
LOW PATES' 
W ( K G / H R ) ' 
' , 3 1 X , F 1 0 . 2 , 8 X 
/ 

/ / 
/ 

/ / 

. 2 ) 
) , I = 1 , N S ) 
) , I = 1 , N S ) 
, I = 1 , N S I 
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2030 F 0 R M A T ( / / I X , 2 6 X , ' * * * BACKMIXING DATA * * * • / / 
4 ' S T A G E ' , 1 0 X , ' P E R I O D I C ' , 1 0 X , ' C O N T I N U O U S ' , 1 OX,•MAXIMUM' 
* , 1 0 X , ' I N I T I A L ' / 
S ' # ' , 1 1 X , ' B A C K M I X I N G ' , 9 X , ' B A C K M I X I N G ' , l O X , ' Q U A N T I T Y ' 
$ , 1 0 X , ' S T A G E • / I X , 1 4 X , ' W I T H H U L L S ' , 
5 1 0 X , ' ( L / M I N ) ' , 1 1 X , ' B A C K M I X E D ' , 1 0 X , ' V O L U M E ' / I X , 1 5 X , ' T R A N S F E R ' 
« , 3 1 X , ' ( L ) ' , 1 5 X , ' ( L ) ' / 1 X , 1 1 X , ' ( G SOLN / G H U L L S ) ' / 
^ < : ( I 4 , 7 X , I P 0 1 5 . 4 , 3 X , 1 P D 1 5 . 4 , 3 X , 1 P C 1 5 . 4 , 3 X , 1 P D 1 5 . 4 / ) / / 
S 1 X , 5 X , ' * * * PLOTS REQUESTED * * * • / ) 

IF (ZNOPTA.EO.O.ODO) GOTO 2040 
I F ( Z N 0 P T D . E 0 . l . O D O ) GOTO 2045 

2063 I F ( Z N O P T P . E Q . 1 . 0 0 0 ) GOTO 2050 
2065 I F ( Z N 0 P T 3 . E Q . l . O D O ) GOTO 2 0 5 5 
2073 I F ( Z N 0 P T 7 . E Q . 1 . 0 0 0 ) GOTO 2085 

GOTO 2 095 
2040 W P I T E ( 6 , 2 0 4 2 ) 

W R I T E ( 1 2 , 2 0 4 2 ) 
W R I T E ( 1 3 , 2 0 4 2 ) 

2C42 FORMATC NO PLOTS REQUESTED' / ) 
GOTO 2 0 9 5 

2045 W P I T E ( 6 , 2 0 4 7 l 
W R I T E ( 1 2 , 2 0 4 7 ) 
WRITE(13,2 047) 

2047 FORMAT!' DIGESTER CONCENTRATION PROFILES') 
GOTO 2063 

2050 WRITE(6,2052) 
WPITE(12,2052) 
WRITE(13,20521 

2052 FORMATC PARTICLE SIZE DISRT I BUT IONS • I 
GOTO 2065 

2055 WPITE(6,20571 
WRITE(12,2057) 
WRITE(13,2057) 

2057 FORMATC CONCENTRATION HI STGR I ES ' ) 
GOTO 2073 

2085 WRITE(6,2088) 
WRITE(12,2088) 
WRITE(13,2088) 

2C88 FORMATC CONCENTRATION PROFILES') 
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 ANC EXITS AT 
C STAGE 1, FLOWING CCUNTERCURRENT TO THE SOLIDS. 
C INITIALLY THERE ARE NO SOLIDS IN THE DISSOLVER AND THE 
C ACID CONCENTRATION AND FLOWS Aî E AT STEADY STATE. 
C 
C 
C 

GO TO 800 
850 CONTINUE 
C 
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C SET OFFTIM = H TO START WITH NC SOLIDS FEED TO DISSOLVER. 
C ALSO MUST SET CFUEL = O.ODO . . . . 
C 
C OFFTIM=H 
C CFUEL=O.ODO 

DO 900 INC=1,KST0P 
C 
C TIME STEP LENGTH ADJUSTMENT TO AVOID OVER DISSOLUTION. 
C 

CALL TSTEP 
I F ( H . L T . P 1 ( - C ) H=P1HC 

C 
C INCREMENT COUNTERS 
C 

T IME=TIME*H 
PLTM=PLTM»-H 
T=T<-H 
T1=T1*-H 
DISTM=DISTM+H 

C 
C ACIO FEED CONTROL 
C ASSUMES I N I T I A L SOLIDS FEED OF NON ZERO VALUE 
C 

I F ( F E D T I M . G E . A F D A S ) GOTO 3200 
IF (OFFT IM .GE .AFDAN) GOTO 3400 
I F ( O F F T I M . G E . P I H C ) GOTC 3200 
I F ( T I M E . L E . H . A N D . O F F T I M . G E . P I H C ) GOTO 3200 

3400 DEN8=CDEN8 
HN03M8=CHNCM8 
H20M8=CH20M8 
GOTO 3 3 0 0 

3200 DEN8=SDEN8 
HN03M8=SHNCM8 
H20M8=SH2OM8 

C 
C SHEAR FEED CONTROL 
C 
3300 IF ( O F F T I M . L T . P I H C ) GOTO 500 

OFFTIM = OFFTIMi-H 
IF ( O F F T I M . G T . A N F T I M ) GO TO 520 
GOTO 510 

520 0FFTIM = 0.ODO 
FEDTIM=H 
TCFUEL=FUEL 
GOTO 510 

500 FFDTIM = FEDTIM»-H 
IF (FEDT IM .GT .SHET IM) GOTO 4 5 0 
TCFUEL=FUEL 
GOTO 510 

450 FEDTIM=0.0D0 
IF (BATT IM.EO.SHETIMIGOTO 510 
GFFTIM=H 
TCFUEL=0.ODO 

510 CTF8=(HN03M8*H20M8)/DEN8 
H20F(8)=H20M8/CTF8 
HN03F(8)=HN03M8/CTF8 



A-26 

FLEXT(8)=CTF8*TH0VSX 
CFUEL=TCFUEL*H 
SSSCTH=SSSCT*H 
FINESH=FINES*H 
FUPIN=(CFUEL«-FINESH)/PINMAS 

DC 2 0 0 0 KD=1,NS 
U30 8(KD)=PART(KD)*PCU3C8 
PU02(KD)=PART(KD)*PCPUC2 
FP(KD)=PART(KO)*PCFP 
CO(KD)=UN(KO)*PN(KDI«-FPN(KDI ••H2O(K0) ••HN03(K0» 
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=K0«-1 
V 0 L F L 0 = ( F L E X T ( K D ) * F L ( K D P 1 ) - F L ( K D ) ) * H 
PLV(KD)=CO(KD)*V IB(KD) /RHOLIQ(KOH-VOLFLO 

C 
C PURE LIOLilC VOLUME MUST NOT EE LESS THAN P L V M ( I ) . . . 
C 
C W R I T E ( 6 , 5 1 1 ) P L V ( K D ) 
C511 F 0 R M A T ( 5 X , • P L V ( K D ) = ' , F 1 5 . 7 ) 

I F ( P L V ( K D ) . L E . P L V M ( K D ) ) GOTO 2100 
TEST=PLV(KOI *SST(KDIKPART (KOI *PLV(KDI <-WTFUEL( KDI) 

« /ROATT-VO(KD) 
I F ( T E S T . L E . O . O D O I GO TC 2010 
CKOUT=TEST*PASS(KD) 
IF(CKOUT.GE.SLOTLM)CKOUT=SLOTLM 
FL(KD)=TK*(CKOUT)**POW 
GO TO 2 0 6 0 

C 
C ASSUMES NO INTERUPTION I N FLOW DUE SOLIDS TRANSFER. 
C 
2100 F L ( K D ) = 0 . 0 D 0 

TF(PLV(KD) .LE.0 .0D0)SUMPLV=SUMPLV4-PLV(KD) 
PLV(KD)=PLVM(KD) 
T E S T = P L V ( K D I » S S T ( K D ) * ( P A R T ( K D ) * P L V ( K D ) ••WTFUEL( KO I ) 

<;/RCATT-VO(KD) 
GOTO 2 0 6 0 

2010 F L ( K D ) = 0 . 0 D 0 
TEST=0.0D0 

2060 V(KD)=VO(KD)+TEST 
D V ( K D ) = ( P L V ( K D ) - V I B ( K D ) I / H 

2000 CONTINUE 
DO 770 K=1,NS 
V I B ( K ) = P L V ( K ) 

770 CONTINUE 
DO 200 KD=1,NS 
DENOM(KD)=OV(KDI*FL(KD)*B(KO) 
Z O T ( K O ) = D E X P ( H * ( - C E N O M ( K D ) ) / P L V ( K D ) ) 
Z1MQT(KDI=1 .D0-ZQT(KD) 

C W R I T E ( 6 , 5 1 2 ) D V ( K 0 ) , F L ( K D ) , B ( K O ) , D E N O M ( K D ) , P L V ( K D ) , Z O T ( K O ) 
C512 FORMATC ' , 6 ( 5 X , F 1 5 . 7 ) ) 
C V«RITE(6 ,513 )T IME 
C513 F O R M A T ( 5 X , F 1 5 . 7 ) 
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200 CONTINUE 
C 
C 
C 
C MATERIAL BALANCES CALC IN SUBROUTINES WITH VALUES TRANSFERED 
C THROUGH CCVMONS. 
C 
C 

CALL PARTIC 
CALL SUBUN 
CALL SUBPN 
CALL SUBFN 
CALL SUBHN 
CALL SU8H2 

C 
C CHOOSE PROPER U02 REACTION EQUATION BASED ON HN03 CONC. 
C 

CALL RXEQU 
C 

CALL DIGEST 
C 
C CHECK WEIGHT OF U02,PUC2,AND Fp REMAINING IN FUEL 
C DETERMINE MAXIMUM CONCENTRATIONS AND ADJUST DENSITY 
C AND WEIGHT OF FUEL IN P I N S . ALSO CHECK FOR ACID DEFICIENCY. 
C ADJUST MASS OF PARTICLES REMAINING AF"fER REACTION. 
C 

IA=0 
CALL WEIGHT 

C 
C 
C S O L I D / L I C U I D TRANSFERS INCLUDING BACKMIXING. 
C 
c 

CALL TRANSF 
DO 15 1 = 1 , N S 
I F ( U N M A X ( I ) . G E . U N ( I ) ) GO TO 230 
U N M A X ( I ) = U N ( I ) 
T U M A X ( I I = T I M E 

230 I F ( P N M A X ( n . G E . P N ( I ) » GO TO 240 
P N M A X d ) = P N d ) 
TPMAX( I )=T IME 

240 I F ( F N M A X ( I ) . G E . F P N d ) » GO TO 260 
F N M A X ( I ) = F P N ( I ) 
T F M A X ( I I = T I M E 

260 I F ( H N M A X m . G E . H N C 3 ( H ) GO ^0 270 
H N M A X ( I ) = H N 0 3 ( I I 
THNMX( I )=T IME 

270 I F ( H 2 M A X d ) . G E - H 2 0 d ) ) GO TO 290 
H 2 M A X ( I ) = H 2 0 ( I ) 
T H 2 M X ( I ) = T I M E 

290 CONTINUE 
W T U 3 0 8 ( I ) = W T F U E L ( I ) * P C U 3 0 8 
W T P U 0 2 ( I ) = W T F U E L ( I ) * P C P U 0 2 
WTFPd ) = WTFUEL( I I *PCFP 
U 3 0 8 ( I l = P C U 3 0 8 * P A R T ( H 
PU02( I ) = P C F U 0 2 * P A R T d ) 
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F P ( I ) = P C F P * P A R T ( I ) 
COMA=(UNd ) + P N ( I ) * - F P N ( I ) 4 - H 2 0 ( I ) + H N 0 3 d ) ) * P L V ( I ) / 1 . 0 D 3 
D2 5 = C 0 M A - ( D 2 5 C 2 * U N d ) * D 2 5 C 3 * P N d ) t 0 2 5 C 4 * H N 0 3 ( I ) ) * P L V ( I I 
D25=COMA*D25Cl /D25 
RHOLIOd l=RH0C l *D25»RHCC2-RHOC3*D2 5-RHOC4 

15 CONTINUE 
C 
C ACID DEFICIENCY COUNTER. . . 
C 

DO 1760 I = 1 , N S M 1 
I F ( H N 0 3 ( I ) . L T . A C I D E F ) I A = I A * 1 

1760 CONTINUE 
I F ( I A . G E . l ) GOTO 1670 
GOTO 1660 

1670 IAD = IAD«-1 
DIFIAO=TIME-TMOLD 
I F ( D I F I A D . G T . l . D O ) GOTO 1680 
GOTO 1660 

1680 TM0L0=TIME 
W R I T E ( 1 2 , 1 7 1 0 ) T I M E , ( H N C 3 ( I ) , I = 1,NS) 
WRITE! 1 3 , 1 7 1 0 ) T I M E , ( H N C 3 d ) , I = 1,NS) 
WPITE(6,1710)TIME,(HN03(I),I=1,NS) 

1710 FORMAT(/' TIME OF ACID DEFICIENCY=•,2X,1PD15.4,2X,'MIN' 
4/' ACID CONC :',2X,9(1PD10.3,1X) ) 

1660 IA=0 
PRT=PRT^H 

C 
C PERIODIC DATA OUTPUT 
C 

RUNM1=RUN-HC 
IF ( T I M E . G E . R U N M l ) GOTC 838 
I F ( P R T . G E . P R T T I M I GO TC 800 
GO TO 910 

800 PRT=0.0D0 
GOTO 839 

838 W R I T E ! 1 3 , 8 4 0 ) T I M E 
W R I T E ( 1 3 , 8 2 0 ) 
W R I T E ( 1 3 , 8 3 0 I ( ( U N ( I I , I = 1 , N S I , ( P N ( I I , I = 1 , N S I , ( F P N ( I I , I = 1 , N S I , 

« ( H N 0 3 ( I I , I = 1 , N S ) , ( H 2 0 ( I I , I = l , N S I , ( U 3 0 8 ( I I , I = l , N S l , 
* ( P U 0 2 ( I ) , I = 1 , N S ) , ( F P ( I ) , I = 1 , N S ) , ( P A P T ( I ) , I = 1,NS) ) 

WRITE( 1 3 , 2 5 ) ( ( W T U 3 0 8 ( I ) , I = 1 , N S ) , ( W T P U 0 2 d I , I = 1 ,NS) , 
« (WTFP( I ) , I = 1 , N S I , (WTFUELd ) 11 = 1 , NS ) , (V d ) , 1= 1 , NS I , 
* ( P L V ( I ) , I = 1 , N S ) , ( S S T ( I ) , I = 1 , N S ) , ( R H 0 L I Q ( I ) , I = 1 , N S ) , 
$ ( F L ( I ) , I = 1 , N S ) ) 

839 W R I T E ( 1 2 , 8 4 0 1 T I M E 
W R I T E ( 6 , 8 4 0 I TIME 

840 F O R M A T ( / / / ' TIME INTO RUN : ' , F 1 0 . 4 , 2 X , 'M I N • ) 
W P I T E ( 1 2 , 8 2 0 ) 
W R I T E ( 6 , 8 2 0 ) 

820 F 0 R M A T ( / 4 6 X , ' * * * STAGEWISE PROFILES * * * • / ' ' , 1 2 X , 1 0 6 ( ' - • ) / 1 5 X , 
5 'STG l ' , 7 X , ' S T G 2 ' , 7 X , ' S T G 3 ' , ? X , ' S T G 4 ' , 7 X , ' S T G 5 ' , 7 X , ' S T G 6 ' , 
* ? X , ' S T G 7 ' , 7 X , « S T G 8 ' , 7 X , ' S T G 9 ' / ' ' , 1 2 X , 1 0 6 ( ' - ' ) / 
* • COMPONENT",23X, 'CONCENTRATION OF COMPONENTS D I S S O L V E D ' , 
$ ' IN L I Q U I D ( G / L ) ' / ' • , 9 ( ' - ' ) , 2 2 X , 5 5 ( ' - ' ) / ) 

W P I T E ! 1 2 , 8 3 0 ) ( ! U N ( I ) , I = 1,NS) , ( P N d ) , 1= 1 , NS I , ( F P N d ) , 1= 1,NS ) , 
« ( H N 0 3 ( I ) , I = l , N S I , ( H 2 0 d ) ,1 = 1 ,NS ) , ( U 3 0 8 d ) , I = 1 , N S I , 
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« ( P U 0 2 ( I ) , I = 1 , N S ) , ( F P d 1 ,1 = 1 , N S ) , ( P A R T d ) , I = l , N S l I 
W R I T E ( 6 , 8 3 0 I ( ( U N d 1,1 = 1,NS ) , ( P N d ) , I = 1 , N S ) , ( F P N d ) , I = 1 , N S ) , 

4 ( H N 0 3 ( I I , I = l , N S ) , ( H 2 0 d ) , 1 = 1 ,NS I , (U308 ( I I , I = l , N S l , 
S ( P U 0 2 ( I I , I = l , N S ) , ( F P d ) , I = l , N S ) , ( P A R T ( I ) , I = 1 , N S ) ) 

830 FORMATC UG2(N03) 2 ' , 2X , 9 ( I P D l O . 3 , 2X ) / ' PU(N0 3 ) 4 ' , 3 X , 
$ S ( 1 P D 1 0 . 3 , 2 X ) / ' F P ( N 0 3 I 3 . 3 9 ' , 9 ( 1 P E 1 0 . 3 , 2 X I / ' H N 0 3 ' , 7 X , 
«9( 1 P E 1 0 . 3 , 2 X I / ' H 2 a ' , 8 X , 9 d P 0 1 0 . 3 , 2 X 1 / ' ' , 118( ' - ' I / 4 1 X , 
«'CONCENTRATION OF SUSPENDED FINES ( G / L ) ' / ' ' , 3 9 X , 4 0 ( ' - ' I / ' U02 ' , 
$ 7 X , 9 ( I P O I O . 3 , 2 X 1 / ' PU02 ' , 7 X , 9 ( I P D l O . 3 , 2 X 1 / ' F . P . • , 7 X , 9 ( I P D 1 0 . 3 , 2 X ) 
$ / ' T 0 T A L ' , 6 X , 9 ( 1 P 0 1 0 . 3 , 2 X ) / ' • , 1 1 8 ( ' - ' ) ) 

WRITE ( 1 2 , 2 5) ! ! W T U 3 0 8 d ) , I = 1 , N S I , (WTPU02( I I , I =1 ,NS) , 
^ (WTFPd I , I = 1 , N S ) , ( WTFUELd ) , 1 = 1 , NS ) , (V ( I ) , 1 = 1 , NS ) , 
« ( P L V ( I ) , I = l , N S ) , ( S S T d ) , I = l , N S I , ( R H O L I Q ( I I , I = l , N S ) , 
« ( F L ( I ) , I = 1 , N S I ) 

W R I T E ( 6 , 2 5 ) ( ( W T U 3 0 8 d l , I = l , N S ) , ( W T P U 0 2 ( I I . I = 1 , N S ) , 
$ ( W T F P d ) , I = 1 , N S » , ! W T F U E L ( I I , 1 = 1 , NS I , !V d ) , 1 = 1 , NS ) , 
^ ( P L V ( I ) , I = 1 , N S I , ( S S T ( I I , I = 1 , N S I , ( R H O L I Q d l , I = l , N S ) , 
i ( F L ( I ) , I = 1 , N S I I 

25 FORMATC ' , 4 0 X , ' Q U A N T I T Y UNDISSOLVED I N FUEL PINS ( G ) ' / ' ' , 
« 3 9 X , 3 9 ( ' - ' ) / ' U02 ' , 7 X , 9 ( 1 P D 1 0 . 3 , 2 X ) / ' P U 0 2 ' , 7 X , 9 ( I P D l O . 3 , 2 X ) / 
$ • F . P . ' , 7 X , 9 ( 1 P D 1 0 . 3 , 2 X ) / ' T O T A L ' , 6 X , 9 ( 1 P D 1 0 . 3 , 2 X ) / ' ' , 1 1 8 ! ' - ' ) / 
S ' ' , 5 3 X , ' V O L U M E ( L ) ' / ' • , 5 2 X , 1 2 ( ' - ' ) / ' TOTAL STAGE' 
« , 9 ( 1 P 0 1 0 . 3 , 2 X ) / ' L I Q U I D C N L Y ' , 9 ( I P D l O . 3 , 2 X ) / • S T A I N L E S S ' , 2 X 
«;S! 1 P 0 1 0 . 3 , 2 X I / ' ' , 1 1 8 ! ' - ' ) / ' ' , 5 2 X , ' D E N S I T Y ! G / L I ' / ' ' , 5 1 X , 
« 1 5 ( ' - ' l / ' L I Q U I D ' , 5 X , 9 ( 1 P D 1 0 . 3 , 2 X 1 / ' ' , 1 1 8 ( ' - ' l / ' ' , 4 9 X , 
S'FLOW RATES ( L / M I N ) ' / ' ' , 4 8 X , 2 0 ! ' - ' ) / ' L I Q U I D ' , 
« 5 X , 9 ( 1 P D 1 0 . 3 , 2 X ) / ' ' , 1 1 8 ( ' - ' ) / ) 

910 CONTINUE 
I F ( T I M E . L T . P I H C ) GO TO 911 
I F ( P L T M . G E . P L I N C ) GO TC 9 1 1 
GO TO 912 

911 PLTM=O.ODO 
IDX = I0X»-1 
P L T I M E ( I D X ) = T I M E 
DO 912 I K E = 1 , N S 
PLU30 8 ( I K E , I D X ) = U 3 C 8 d K E ) 
P L U N ( I K E , I D X ) = U N ( I K E I 
P L P U O 2 ( I K E , I D X ) = P U 0 2 d K E ) 
PLPN( I K E , I 0 X ) = P N d K E ) 
P L F P ( I K E , I O X ) = F P ( I K E ) 
P L H N 0 3 ( I K E , I D X ) = H N 0 3 ( I K E ) 
PLH20( I K E , I D X ) = H 2 C d K E ) 
P L F P N ! I K E , I D X I = F P N ( I K E ) 
P L P A R T ( I K E , I D X ) = P A R T d K E ) 
P L W T T ( I K E , I D X ) = W T F U E L ( I K E ) 
P L S S T ( I K E , I D X ) = S S T M S S ( I K E ) 

912 CONTINUE 
IF(TIME.LT.P1HCIG0T0 850 

C 
C TOTAL U AND PU FED TO STAGE 1. 
C 

I0N=1 
IF(0FFTIM.GT.P1HC)I0N=0 
ETOTUF = ETOTUF+(FINESH«-CFUEL)*ICN*PCUPER 
ETOTPF=ETOTPF+(FINESH+CFUEL)*ICN*PCPPER 
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C TOTAL URANIUM AND PLUTCNIUM OUT OF STAGE 1 . . 
C 

FUELOT=0.000 
DO 600 KNS=l ,NRWMl 

eCO FUEL0T=FUEL0T*P(1 ,KNS) 
TOTU01=TOTUQ1»(FUELOT*PCUPER*UN( I I *UPERUN)*FL(1 ) *H 
TOPU01=TOPU01* (FUELOT*PCPPER+PN(1) *PPERPN)*FL(1 I *H 
DIGPAR=DIGPAR*FUELOT*FL(1)*H 

C 
C TOTAL U AND PU OUT OF STAGE NS... 
C 

TOTUOF=TCTUOF«-UOWF 
TOPUOF=TCPUOF*P0WF 

c 
c 
C STAGE HOLDUPS 
C 
C 

UACC=O.ODO 
PUACC=O.ODO 
DO 2090 J=1 ,NS 
U A C C = ( U 3 C 8 ( J I * P L V ! J H - W T U 3 0 8 ! J ) l*UPERU3«-

«UN(J ) *UPERUN*PLV(J ) *UACC 
P U A C C = ( P U 0 2 ( J ) * P L V ( J ) * W T P U 0 2 ( J ) ) * P P E R P U * 

«PN(J ) *PPERPN*PLV(J»*PUACC 
2090 CONTINUE 

F F I = F F I » H 
I F ( F F I . G E . l . 0 O 0 ) G 0 TO 2070 
GO TO 2 0 8 0 

2070 F F I = 0 . 0 0 0 
UOUTT=T0TU0H-TOTUOF*UACC 
POUTT = TOPUG1»-TOPUOF«-PUACC 
IF ( F E O T I M . L E . P I H C ) GOTO 400 
UFEED=UFEEDC*TIME 
PFEED=PFEEDC*TIME 
GOTO 4 2 0 

400 UFEED=0.000 
PFEEO=0.0D0 

420 UDIFF = UOL'TT-UFEED 
PDIFF = P01JTT-PFEE0 
W R I T E ( 1 3 , 3 1 0 0 ) 

3100 F 0 R M A T ( / , 6 X , ' T I M E ' , 1 2 X , ' U ( 0 U T ) ' , 1 1 X , ' P U ( 0 U T I ' , 9 X , 
$ ' U ( F E D ) ' , 1 0 X , ' P U ( F E D I ' , 6 X , ' U ( O U T ) - U ( F E D ) ' , 2 X , ' P U ( O U T ) - P U ! F E 0 I ' 

W R I T E ! 1 3 , 3 0 0 0 ) T I M E , U O U T T , P C U T T , U F E E D , P F E E D . U D I F F , P D I F F 
3000 F 0 R M A T ! l X , 7 d X , l P D 1 5 . 5 l ) 
2080 CONTINUE 

RUNM1=RUN-HC 
IF (T IME.GE.RUNM1)G0T0 1140 
I F ! D I S T M . L T . P R D I S T ) GO TO 1120 

1140 W R I T E ! 6 , 1 0 8 0 ) T I M E 
W R I T E ! 1 2 , 1 0 8 0 ) T I M E 

1C80 F O R M A T ! / / ' TIME = ' , 2 X , I P D l O . 3 , 2 X , ' M I N ' / 
S ' ' , 3 2 X , ' * * * PARTICLE SIZE D I S T R I B U T I O N ' , 
* ' PROFILE DATA * * * • / • ' , 1 1 5 ( ' - ' ) / ' ' , 1 4 X , 
S'STG l ' , 1 7 X , ' S T G 2 ' , 1 7 X , ' S T G 3 ' , 1 7 X , ' S T G 4 ' , 1 7 X , ' S T G 5 ' / 
$ ' G R O U P ' , 2 X , ' R A D I U S ' 
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$ , 6 X , ' C 0 N C ' , 6 X , • R A D I U S ' , 6 X , ' C 0 N C ' , 6 X , 
$ ' P A D I U S ' , 6 X , ' C O N C ' , 6 X , ' R A D I U S ' , 6 X , ' C 0 N C ' , 6 X , ' R A D I U S ' , 6 X , ' C 0 N C ' 
* / ' # ' , 3 X , ' ( M I C R O N ) ' , 5 X , ' ( G / L ) ' , 4 X , ' ( M I C R O N ) ' , 5 X ' ! G / L ) ' , 4 X , 
< • ! M I C R O N ) • , 5 X , ' ( G / L ) ' , 4 X , ' ! M I C R O N ) ' , 5 X , ' ( G / L ) ' , 4 X , ' ( M I C R O N ) ' 
$ 5 X , ' ( G / L ) ' / 
*• ' , 1 1 5 ( ' - ' ) / ) 

I F ! T I M E . G E . R U N M 1 ) GOTO 1078 
GOTO 1079 

1078 W R I T E ! 1 3 , 1 0 8 0 ) T I M E 
1079 DO 1090 M=1,NG 

W R I T E ! 1 2 , 1 1 0 0 ) M , I R M S ! I , M ) , P ! I , M ) , 1 = 1 , 5 ) 
W R I T E I 6 , 1 1 0 0 ) M , ! R M S ! I , M ) , P ! I , M ) , I = 1 , 5 ) 
IF ( T I M E . G E . R U N M l ) GOTO 1101 
GOTO 1090 

1101 W R I T E I 1 3 , 1 1 0 0 ) M , ( R M S ( I , M ) , P ( I , M ) , 1 = 1 , 5 ) 
1100 F 0 R M A T ( 1 X , I 4 , 1 0 ( 1 X , I P D 1 0 . 3 ) ) 
1090 CONTINUE 

DO 1170 M=6,NS 
I F ! P A R T ! M ) . G T . O . O D O I GC TO 1190 

1170 CONTINUE 
GO TO 1180 

1190 W R I T E ! 6 , 1 1 1 0 1 
W R I T E ! 1 2 , 1 1 1 0 ) 
IF !T IME.GE.RUNM1I GOTC 1210 
GOTO 1220 

1210 W R I T E ! 1 3 , 1 1 1 0 ) 
1220 CONTINUE 
1110 F O R M A T ! / / / ' • , 3 2 X , ' * * * PARTICLE SIZE D I S T R I B U T I O N ' , 

$ ' PROFILE DATA * * * ' / • ' , 1 1 5 ! ' - ' ) / ' ' , 1 4 X , 
S'STG 6 ' , 1 7 X , ' S T G 7 ' , 1 7 X , ' S T G 8 ' , 1 7 X , ' S T G 9 ' / 
$ ' G R O U P ' , 2 X , ' R A D I U S ' 
$ , 6 X , ' C O N C , 6 X , ' R A D I U S ' , 6 X , ' C O N C , 6 X , 
« ' R A D I U S ' , 6 X , ' C O N C , 6 X , ' R A D I U S ' , 6 X , ' C 0 N C ' 
$ / ' # ' , 3 X , ' I M I C R O N ) ' , 5 X , ' ! G / L ) ' , 4 X , ' ( M I C R O N ) ' , 5 X ' ( G / L ) ' , 4 X , 
* ' ( M I C R O N ) ' , 5 X , « ( G / L ) ' , 4 X , ' ( M I C R O N ) ' , 5 X , ' ( G / L ) ' / 
S ' ' , 1 1 5 ( ' - ' ) / ) 

DO 1160 M=1,NG 
W R I T E ( 1 2 , 1 1 3 0 ) M , ! R M S d , M ) , P I I , M ) , I = 6 , N S ) 
W R I T E ! 6 , 1 1 3 0 ) M , ! R M S ! I , M I , P ! I , M ) , I = 6 , N S I 
IF !T IME.GE.RUNM1) GOTC 1230 
GOTO 1240 

1230 W R I T E ! 1 3 , 1 1 3 0 ) M , ! R M S ! I , M ) , P ! I , M ) , I = 6 , N S ) 
1240 CONTINUE 
1130 F 0 R M A T ( 1 X , I 4 , 8 ( 1 X , 1 P D 1 0 . 3 ) I 
1160 CONTINUE 
1180 D I S T M = 0 . 0 0 0 
1120 CONTINUE 

I F I T I M E . G E . R U N I GO TO 1150 
900 CONTINUE 

I F ( T I M E . G E . R U N ) GC TO 1140 
1150 TOTUO=TOTUCH-TOTUOF 

T0PU0=T0PUC1*T0PUCF 
UIN=FEDRAT*PCUPER*FFTIME 
PUIN=FEORAT*PCPPER*FFTIME 
U0UT1=T0TUC1/TIME 
PUOUT1=TOPU01/TIME 
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UOUTF=TOTUOF/TIME 
PUOUTF=TOPU0F/TIME 
UOUTO=UOUT1»UOUTF 
PUOUTO = PUOUT1 <-PUOUTF 
FLT0S1 = SUMFLP4-SUMFLF 
T0TUI=FLT0S1*PCUPER 
T0TPUI=FLTCS1*PCPPER 
TUPUS1=TCTUI«-T0TPUI 

C 
C ? TRANSFER THRU FLAPPER VALVE. 
C 

ETSUM=ET0TUF4-ET0TPF 
PTFTFV=TUPUS1*100.0D0/ETSUM 

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

ACCU=TOTUI-TOTUO 
ACCPU=TOTPUI-TOPUO 
UALL=TOTUO»ACCU 
PUALL=TOPUC*ACCPU 
UPART=0.0D0 
UP INS=0 .0D0 
PUPART=0.0DO 
PUPINS=0.0D0 
UDLIQ=O.ODO 
PUDLIQ=0.ODO 
PINUMM=0.ODO 

C 
C UNDISSOLVED HEAVY METALS I N PARTICLES OR P I N S . 
C 

DO 1075 L=1,NS 
UPINS=UPINS+(WTU308(L ) *UPEPU3I 
PUPINS=PUPINS*(WTPU02(L) *PPERPUI 
U P A R T = U P A R T t ( U 3 0 8 ! L ) * P L V ! L I * U P E R U 3 l 
PUPART=PUPART» IPU02 !L I *PLV !L I *PPERPUI 
U D L I Q = U O L I C * P L V ! L ) * U N ! L I * U P E R U N 
PUDLIQ = PUDLIQ- i -PLV!L) *PN(L) *PPERPN 
PINUMM=PINUMM*PPSTG(L) 

1075 CONTINUE 
C 
C U FEED TO STG 1 FROM FLAPPER VALVES. 
C 

SMPUF1=SUMFLP*PCUPER 
SMFUF1=SUMFLF*PCUPER 

C 
C ACTUAL ACCUMULATION AT END OF RUN. 
C 

ACTUA=UPINS*UPAPT*UDLIQ 
ACTPA=PUPINS*PUPART»-PUDLIQ 

C 
C ACTUAL MASS OUT OVER TOTAL RUN PLUS HOLD-UP. 
C 

LALLA=TOTUC*ACTUA 
PUALLA=T0PUO*ACTPA 

C 
C DIFFERENCE BETWEEN ACTUAL FEED AND ACTUAL MASS OUT PLUS HOLD-UP 
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U D I F P = O A B S ! T O T U I - U A L L A ) * 1 0 0 . D 0 / T O T U I 
PD IFP=DABS(TOTPUI -PUALLA) *100 .DO/TOTPUI 
PCUBAL=UALLA*100 .D0 /T0TUI 
PCPBAL=PUALLA*100 .D0/TCTPUI 

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

FLPHLU=!FEDONE*FINESFI*PCUPER 
PCFLTF=FLPHLU*1 .D2 /T0TUI 
SUMOD=SUMNEG«-SUMNEP 

C W R I T E ( 6 , 9 3 ) T 0 T U I , U A L L A , T 0 T U 0 , A C T U A , U D I F P , P C U B A L 
C 93 F 0 R M A T ( / / / / , 6 ( F 2 0 . 1 0 ) , / / / / ) 

WRITE! 1 2 , 9 0 ) U I N , PUIN , U 0 U T 1 , PUCUTl ,UOUTF , PUO UTF,UOU-^0, PUOUTO 
W R I T E ! 1 3 , 9 0 ) UIN,PUIN,UOUT1,PUCUTl ,UCUTF,PUOUTF,U0UTO,PUOUTO 
WRITE 1 6 , 9 0 ) UIN,PUIN,UCUT1,PUOUT1,UOUTF,PUOUTF ,UOUTO,PUOUTO 

90 F 0 R M A T ! / / / 1 5 X , « APPROXIMATE F L O W S ' / / 
$ ' APPROXIMATE U FEED P A T E = ' , 2 X , 
* 1 P D 1 5 . 4 , 2 X , ' G / M I N ' / 
$ • APPROXIMATE PU FEED R A T E = ' , 2 X , I P D l 5 . 4 , 2 X , ' G / M I N ' / 
S ' TOTAL U FLOW OUT L I Q U I D P H A S E = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' G / M I N ' / 
S ' TOTAL PU FLOW OUT L IQUID P H A S E = ' , 2 X , I P O l 5 . 4 , 2 X , ' G / M I N ' / 
S ' TOTAL U FLOW UNDISSOLVED I N FUEL P I N S = ' , 2 X , I P D 1 5 . 4 , 2 X , ' G / M I N ' / 
$ ' TOTAL PU FLOW UNDISSOLVED IN FUEL P I N S = ' , 2 X , I P D 1 5 . 4 , 2 X , ' G / M I N ' 
S / ' TOTAL U FLOW O U T = ' , 2 X , I P D 1 5 . 4 , 2 X , ' G / M I N ' / ' TOTAL PU FLOW OUT=• , 
$ 2 X , 1 P D 1 5 . 4 , 2 X , ' G / M I N ' ) 

W R I T E ! 1 2 , 9 5 ) T O T U I , T O T P U I , T O T U 0 1 , T O P U 0 1 , T O T U O F , T O P U O F , U P I N S , 
tFUPINS,UPART,PUPART,DIGPAR,TOTUQ,TOPUO 

W R I T E ! 1 3 , 9 5 ) T O T U I , T O T P U I , T 0 T U 0 1 , T 0 P U 0 1 , T 0 T U 0 F , T O P U O F , U P I N S , 
$PUPINS,UPART,PUPART,DIGPAR,T0TU0,TOPUO 

WRITE !6 ,95 )TOTUI ,TOTPUI ,TOTU01 ,TOPUC1 ,TOTUOF,TOPUOF,UP INS , 
$PUPINS,UPART,PUPART,DIGPAR,TOTUO,TOPUO 

95 F 0 R M A T ! / / / 1 5 X , ' T O T A L MASS B A L A N C E ' / / ' TOTAL U F E E D = ' , 2 X , 
$ 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL PU FEEO = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / 
* ' TOTAL U OUT STAGE 1 = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL PU OUT STAGE 1 = ' 
$ , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / 
5 ' TOTAL URANIUM FRCV RINSE STAGE=' 
$ , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / 
$ ' TOTAL PLUTCNIUM FROM RINSE STAGE=' 
S , 2 X , 1 P 0 1 5 . 4 , 2 X , ' G ' / ' TOTAL U UNDISSOLVED I N FUEL P I N S = ' , 2 X , 
* 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL PU UNDISSOLVED IN FUEL P I N S = ' , 2 X , 
$ 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL U IN PARTICLES UNDISSOLVED= ' , 2X , 
$ 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL PU I N PARTICLES U N D I S S O L V E D = ' , 2 X , 
$ 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL SUSPENDED PARTICULATE TO DIGESTERS= ' , 
$ 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / 
* ' TOTAL U CUT OVER TOTAL R U N = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / 
$ ' TOTAL PU OUT OVER TOTAL R U N = ' , 2 X , 1 P D 1 5 . 4 , 2 X , • G • ) 

WRITE!12 ,1500)UDLIG,PUDLIQ,SUMPLV,SMPUF1,SMFUF1,P INUMM 
S,PCONT, ( P A R T P d ) , I = 1,NS) 

WRITE(13 ,1500)UDLIQ,PUDLIQ,SUMPLV,SMPUF1,SMFUF1,P INUMM 
* ,PCONT, ( P A R T P d ) , I = l , N S ) 

WRITE(6 ,1500 )UDL IC ,PUDL IQ ,SUMPLV,SMPUF1 ,SMFUF l ,P INUMM 
* ,PCONT, ( P A R T P d ) , I = 1,NS) 

1500 F O R M A T I / / ' TOTAL U DISSOLVED I N L IQUID INVENTORY I N O I S S O L V E R = ' , 
S 2 X , 1 P D 1 5 . 4 , 2 X , ' ( G ) ' / 
S ' TOTAL PU DISSOLVED I N L IQUID INVENTORY I N DISSOLVER=' 
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^ , 2 X , 1 P D 1 5 . 4 , 2 X , ' ( G ) • / • CCRRECTEO SUM OF L IQUID VOLUMES=', 
< ; 2 X , 1 P D 1 5 . 4 , 2 X , ' ! L ) • / • TOTAL U IN PINS FED TO STAGE 1 FROM FLP=' 
* , 2 X , 1 P D 1 5 . 4 , 2 X , ' ( G I ' / ' TCTAL U FINES FED TO STAGE 1 FROM F L P = ' , 
* 2 X , 1 P 0 1 5 . 4 , 2 X , ' 1 G ) ' / 
$ ' TOTAL NUMBER OF PINS REMAINING I N O I S S a V E R = ' 
S , 2 X , 1 P D 1 5 . 4 / 
$ • TOTAL NUVBER OF PARTICLE S I Z E GROUP DEPLETION TRANSFERS=' 
S , 2 X , 1 P D 1 4 . 2 / / 
S 3 6 X , ' * * * MASS OF PARTICLES DISSOLVED I N EACH STAGE ! G ) * * * • / 
S ' ' , 1 2 X , 1 0 6 ( ' - ' ) / 1 5 X , ' S T G l ' , 7 X , ' S T G 2 ' , 7 X , ' S T G 3 ' , 7 X , ' S T G 4 ' 
* , 7 X , ' S T G 5 ' , 7 X , ' S T G 6 ' , 7 X , ' S T G 7 ' , 7 X , ' S T G 8 ' , 7 X , ' S T G 9 ' / 
* ' ' , 1 2 X , 1 0 6 ( ' - ' ) / • ' , 1 0 X , 9 ( 2 X , 1 P 0 1 0 . 3 ) ) 

W R I T E ( 1 2 , 8 5 ) ACCU,ACCPU,UALL,PUALL,SUMNEG,SUMNEP,SUMOD,SUMHNO 
S,SUMFIN,SUMF0U,WTFUEL(9»,SUMPIN,SUMP0U,PPSTG(9) 

W R I T E ! 1 3 , 8 5 ) ACCU,ACCPU,UALL,PUALL.SUMNEG,SUMNEP,SUMOD,SUMHNO 
$ ,SUMFIN,SUMFOU,WTFUEL!9 I ,SUMPIN,SUMP0U,PPSTG(9• 

W R I T E ( 6 , 8 5 ) ACCU,ACCPU,UALL,PUALL,SUMNEG,SUMNEP,SUMODfSUMHNO 
^ ,SUMFIN,SUMF0U,WTFUEL(9) ,SUMPIN,SUMP0U,PPSTG!9) 

85 FORMAT! / ' PROJECTED URANIUM HOLD-UP IN D I S S O L V E R = ' , 2 X , 
S 1 P D 1 5 . 4 , 2 X , ' G ' / ' PROJECTED PLUTONIUM HOLD-UP I N DISSOLVER=' 
* , 2 X , l P D 1 5 . 4 , 2 X , « G ' / » PROJECTED TCTAL U OUT PLUS HOLO-UP=' 
« i , 2 X , l P 0 1 5 . 4 , 2 X , ' G ' / 
* ' PROJECTED TOTAL PU OUT PLUS H G L D - U P = ' , 2 X , 1 P 0 1 5 . 4 , 2 X , • G ' / / 
« ' CORRECTED NEGATIVE SUM OF OVER DISSOLUTION FROM P I N S = ' , 2 X 
$ , 1 P D 1 5 . 4 , 2 X , ' G ' / 
« ' CORRECTED NEGATIVE SUM OF OVER DISSOLUTION OF PARTICULATE=' , 
S 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL CORRECTED OVER O I S S 0 L U T I O N = ' , 2 X , 
S 1 P 0 1 5 . 4 , 2 X , ' G ' / ' SUM OF HN03 D E P L E T I O N S = ' , 2 X , I P D 1 5 . 4 , 
S ' G ' / ' TOTAL FUEL I N PINS FED TO STAGE 9 = ' , 2 X , 
< 1 P D 1 5 . 4 , 2 X , ' G ' / ' TCTAL FUEL IN PINS OUT OF STAGE 9 = ' , 2 X , 
S 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL FUEL IN PINS IN STAGE 9 = ' , 2 X 
$ , 1 P D 1 5 . 4 , 2 X , ' G ' / ' TOTAL * PINS FED TO STAGE 9 = ' , 2 X , 
* 1 P D 1 5 . 4 / ' TOTAL * PINS CUT OF STAGE 9 = • , 2 X , I P D 1 5 . 4 / 
< • TOTAL # PINS I N STAGE 9 = ' , 2 X , 1 P D 1 5 . 4 I 

W R I T E ! 1 2 , 1 4 2 0 ) ACTUA,ACTPA,UALLA,PUALLA,FLPHLU,UDIFP,PDIFP 
$,PCUBAL,PCPBAL,PCFLTF 

W R I T E ! 1 3 , 1 4 2 0 ) ACTUA,ACTPA,UALLA.PUALLA,FLPHLU,U0IFP,PDIFP 
«,PCUBAL,PCPBAL,PCFLTF 

W R I T E ( 6 , 1 4 2 0 ) ACTUA,ACTPA,UALLA,PUALLA,FLPHLU,UDIFP,PDIFP 
% ,PCUBAL,PCPBAL,PCFLTF 

1420 F O R M A T ! / / ' ACTUAL U HOLD-UP IN D I S S O L V E R = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / 
S ' ACUTAL PU HOLD-UP IN DISSOLVER = ' , 2 X , I P D l 5 . 4 , 2 X , ' G ' / 
* ' ACTUAL U OUT PLUS DISSCLVER H O L D - U P = ' , 2 X , I P D 1 5 . 4 , 2 X , ' G ' / 
S ' ACTUAL PU CUT PLUS DISSOLVER H 0 L 0 - U P = ' , 2 X , I P D l 5 . 4 , 2 X , ' G ' / 
* ' ACTUAL U HOLD-UP IN FLAPPER V A L V E S = ' , 2 X , I P D l 5 . 4 , 2 X , ' G ' / 
$ ' % D IFF BETWEEN ACTUAL U FED AND U OUT PLUS HOLD-UP=' 
S , 2 X , 1 P D 1 5 . 4 , 2 X , ' ? • / 
%' % D IFF BETWEEN ACTUAL PU FED AND PU OUT PLUS HOLO-UP=' 
S , 2 X , l P D 1 5 . 4 , 2 X , ' f • / / / 
S ' U OUT OVER U FED PLUS H O L D - U P = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' ? ' / 
S ' PU OUT OVER PU FED PLUS H O L D - U P = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' ? ' / 
S ' ? OF TOTAL U FEED I N FLAPPER VALVE H O L D - U P = ' , 2 X , 
S 1 P D 1 5 . 4 , 2 X , ' ? ' / ) 

WRITE!6 ,1800)ET0TUF,ETCTPF,ETSUM,TUPUS1,PTFTFV 
WRITE!12 ,1800 )ETCTUF,ET0TPF,ETSUM,TUPUS1,PTFTFV 
WRITE!13 ,1800)ETOTUF,ETOTPF,ETSUM,TUPUS1,PTFTFV 
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1800 

1070 

F O R M A T ! / / ' TOTAL U FED TO FLAPPER VALVES= ' , 2X 
, 1 P 0 1 5 . 4 , 2 X , ' G ' / ' TCTAL PU FED TC FLAPPER VALVES= ' ,2X 
1 P D 1 5 . 4 , 2 X , ' G ' / 
' TOTAL U PLUS PU FED TO FLAPPER V A L V E S = ' , 2 X , 
1 P 0 1 5 . 4 , 2 X , ' G ' / 
' TOTAL U PLUS PU FED TO STAGE 1 FROM FLAPPER VALVES= 
, 2 X , 1 P D 1 5 . 4 , 2 X , « G ' / 
' PER CENT TRANSFER THRU FLAPPER V A L V F S = ' , 
2 X , 1 P D 1 5 . 4 , ' ? ' ) 

WRITE! 1 2 , 1 0 7 0 ) I A D , lUNMAXd ) , I 
! P N M A X I I ) , I = l , N S ) , ! T P M A X ( n , 1 = 1 
, ! T F M A X ! I ) , I = l , N S I , ! H N M » X d 
, ! H 2 M A X ! I ) , I = 1 , N S ) , I T H 2 M X d 

W R I T E ! 1 3 , 1 0 7 0 ) I A D , ( U N M A X ( 
( P N M A X d ) , I = 1 , N S ) , ! T P M A X I I ) 
, ( T F M A X ! I ) , I = l , N S ) , ( H N M A X d 
, ! H 2 M A X ! I ) , I = l , N S ) , ( T H 2 M X d 

W R I T E ( 6 , 1 0 7 0 d A D , ( U N M A X I I 
I P N M A X ! I ) , I = 1 , N S I , ( T P M A X ! I ) 
, ! T F M A X ! I ) , I = l , N S » , ( H N M A X d 
, ( H 2 M A X 1 I ) , I = 1 , N S ) , 1 T H 2 M X ! I 

F O R M A T ! / / ' NUMBER OF TIME 
2 X , I 5 / / 3 7 X , ' * * * MAXIMUM FREDICTEC CONCENTRATIONS ! G / L ) 
• ' , 1 2 X , 1 0 6 ( ' - ' ) / 1 5 X , « S T G l ' , 7 X , ' S T G 2 ' , 7 X , ' S T G 3 ' , 7 X , 

l , N S I , ( T U M A X d ) , 1 = 1 , N S ) , 
N S ) , ( F N M A X ( I ) , 1 = 1 , N S ) 

= 1 , N S ) , ( T H N M X ( I I , I = 1 , N S ) 
= 1 , N S I 
I = 1 , N S I , (TUMAXd I , T = l , N S I , 

1 = 1 , N S ) , ( F N M A X d ) , I = 1 , N S ) 
= 1 , N S ) , ( T H N M X ( I ) , I = 1 , N S ) 
=1 ,NS» 
= 1 , N S ) , ( TUMAXd) , I = 1 , N S ) , 
1 , N S I , ( F N M A X d l , 1=1,NS I 
= 1 , N S I , ( T H N M X ( I ) , I = 1 , N S I 
= 1 , N S ) 

STEPS WITH ACID DEFICIENT COND.= ' , 
* * * » / 
STG 4 ' 

1200 

, 7 X , ' S T G 5 ' , 7 X , ' S T G 6 ' , 7 X , ' S T G 7 ' , 7 X , ' S T G 8 ' , 7 X , ' S T G 9 ' / 
' ' , 1 2 X , 1 0 6 ( ' - ' I / ' COMPONENT/TIME ! M I N ) ' / ' ' , 1 9 ! ' - ' ) / 
' U 0 2 ( N 0 3 ) 2 « , 2 X , 9 ( 2 X , 1 P D 1 0 . 3 ) / ' T I M E ' , 7 X , 9 I 2 X , I P O I O . 3 ) / 
• ' , 4 4 X , 3 0 ! ' - ' ) / ' P U ! N 0 3 ) 4 ' , 3 X , 9 ! 2 X , 1 P D 1 0 . 3 I / ' T I M E ' , 7 X , 
S ! 2 X , 1 P D 1 0 . 3 ) / ' ' , 4 4 X , 3 0 ( ' - ' I / ' F P ( N 0 3 ) 1 . 1 8 ' , 9 ( 2 X , I P D l O . 3 ) / 
' T I M E ' , 7 X , 9 ! 2 X , 1 P D 1 0 . 3 I / ' ' , 4 4 X , 3 0 ! ' - ' ) / ' H N 0 3 ' , 7 X , 
9 ( 2 X , 1 P D 1 0 . 3 I / ' T I M E ' , 7 X , 9 ( 2 X , 1 P D 1 0 . 3 ) / ' ' , 4 4 X , 3 0 ( ' - ' ) / 
' H 2 0 ' , 8 X , 9 ( 2 X , 1 P 0 1 0 . 3 ) / ' T I M E ' , 7 X , 9 ! 2 X , I P D l O . 3 1 / ' ' , 
4 4 X , 3 0 ! ' - ' ) / / ) 

W R I T E ! 1 2 , 1 2 0 0 ) ITS AC,JJPART,MMUN,NNPN,NNFP,MMHN,I IH2 
,SUMD1,SUMD2 

W R I T E ! 1 3 , 1 2 0 0 ) 
,SUM01,SUM02 

W R I T E ! 6 , 1 2 0 0 ) 
,SUMD1,SUM02 

F O R M A T ! / / ' NUMBER 

ITSAC,JJPART,MMUN,NNPN,NNFP,MMHN, I IH2 

ITSAC,JJPART,MMUN,NNPN,NNFP,MMHN, I IH2 

OF TIME STEP R E D U C T I O N S = ' , 2 X , 1 6 / / 
MAXIMUM 
MAXIMUM 
MAXIMUM 
MAXIMUM 
MAXIMUM 
MAXIMUM 

ITERATIONS 
ITERATIONS 
ITERATIONS 
ITERATIONS 
ITERATIONS 
ITERATIONS 

IN 
IN 
IN 
IN 
IN 
IN 

P A R T I C = ' , 2 X , I 6 / 
S U B U N = ' , 3 X , I 6 / 
S U B P N = ' , 3 X , I 6 / 
S U B F P = ' , 3 X , I 6 / 
S U B H N = ' , 3 X , I 6 / 
S U B H 2 = ' , 3 X , I 6 / 

/ / ' NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES ' , 
' IN DIGESTER # 1 = ' , 2 X , 1 P D 1 5 . 4 , 2 X , ' G ' / ' NEGATIVE SUM 0F< 
• OVER DISSOLUTION OF PARTICLES IN DIGESTER # 2 = ' , 
2 X , 1 P D 1 5 . 4 , 2 X , ' G ' ) 

REUSING OLD ARRAYS TO STORE STAGEWISE I N V E N T O R I E S . . . 

DO 3 5 0 0 K=1,NS 
UNMAX!K)=UN!K) *PLV(K) 
PNMAX(K)=PN(K) *PLV(K) 



A-36 

F N M A X ( K ) = F P N ( K ) * P L V ( K ) 
T H N M X ( K ) = U 3 0 8 ( K ) * P L V ! K ) 
T H 2 M X ! K ) = P U 0 2 ! K ) * P L V ! K ) 
T F M A X ! K ) = F P ( K ) * P L V 1 K ) 
HNMAX!K )=HN03 !K ) *P LV(K) 
H 2 M A X ( K ) = H 2 0 ! K ) * P L V ! K ) 
TUMAX!K)=!UNMAX1K)*UPERUN+THNMXIKJ*UPERU3)+ 

$KTFUEL!K)*PCU308*UPERU3 
TPMAX(K)=(PNMAX(K)*PPERPN»TH2MX(K)*PPERPU)* 

?WTFUEL(KI*PCPU02*PPERPU 
CO(K)=TUVAX(K) *TPMAX(K) 
U P A ( K ) = ( T H N M X ( K I * U P E R U 3 I / P L V ( K I 
P U P A ( K ) = ( T H 2 M X ( K ) * P P E R P U ) / P L V ( K ) 
DEPTH!K)=UNMAX1K)*UPERUN/PLV1K) 
RASS!K)=PNMAX(K)*PPERPN/PLV{K) 
A S ( K ) = D E P T H ( K ) * R A S S ! K I 
P L V M ! K I = ! W T F U E L ( K ) * P C U 3 0 8 * U P E R U 3 ) / P L V ! K ) 
V IB IK)=WTFUEL!K) *PCPUQ2*PPERPU/PLV1K) 
C 0 2 ( K ) = U P A ! K ) + P U P A ! K ) 
C 0 3 ! K ) = P L V M ( K ) * V I B ( K ) 
F0(K)=HNC3(K)/WM0LHN 

2500 CONTINUE 
C 
C OUTPUT STAGEWISE MASS INVENTORIES... 
C 

W R I T E ( 6 , 3 6 0 0 ) T I M E 
W R I T E ( 1 2 , 3 f c 0 0 ) T I M E 
W R I T E ! 1 3 , 3 6 0 0 ) T I M E 

3600 F O R M A T ( / / / 3 7 X , ' * * * STAGEWISE MASS INVENTORY (G) AFTER • , F 8 . 2 
« , ' MINUTES * * * ' / 
$ ' • , 1 2 X , 1 0 6 ( ' - ' ) / 1 5 X , ' S T G l ' , 7 X , ' S T G 2 ' , 7 X , ' S T G 3 ' , 7 X , ' S T G 4 ' 
* , 7 X , ' S T G 5 ' , 7 X , ' S T G 6 ' , 7 X , ' S T G 7 ' , 7 X , ' S T G 8 ' , 7 X , 'STG 9 ' / 
* ' ' , 1 2 X , 1 0 6 ( • - • ) / ' COMPONENT'/ ' ' , 1 0 ( ' - ' ) / ) 

W R I T E ( 6 , 3 7 0 0 ) ( T U M A X d ) , I = 1 , N S ) , ! T P M A X ( I ) , I = 1 , N S ) , 
4 (C0( I ) , I = 1 , N S I , ( U N M A X ( I ) ,1 = 1,NS) ,(PNMAX( H , I = 1 , N S ) , 
S (FNMAXd l , I = l , N S ) , ( H N M A X ( I ) , 1= 1 , NS ) , (H2M AX ( I ) , 1= 1,NS I , 
« (THNMX( I I , I = 1 , N S ) , ! T H 2 M X ! I ) , 1 = 1 , N S ) , ! T F M A X ! I ) , 1 = 1,NS) 

WRITE I 6 , 3 6 5 0 ) ! D E P T H ! I ) , 1 = 1 , N S ) , I UP A ! I ) , 1 = 1 , N S ) , ! P L V M ! I ) , 1 = 1 , N S ) 
4 , ( P A S S I I I , I = 1 , N S ) , ! P U P A d ) , I = l , N S I , ( V I B ! I ) , 1 = 1 ,M S ) 
S , ( « S d ) , I = 1 , N S ) , ( C 0 2 ( I ) , I = 1 , N S ) , ( C 0 3 ( I ) , I = 1 , N S ) , 
4 ( F 0 ( I ) , I = 1 , N S ) 

WRITE ( 1 2 , 3 700 ) ( T U M A X d ) , 1= 1 , NS ) , (TPM AX ( I ) , 1= 1 , NS ) , 
* ( C 0 ( I I , I = 1 , N S I , ( U N M A X ( I I , I = 1 ,NS) , (PNMAX( I I , I = 1 , N S ) , 
* (FNMAXd ) , I = 1 , N S I , ! H N M A X ! I 1 , 1 = 1 , NS ) , !H2M AX ! I ) , 1= 1,NS ) , 
S ITHNMX! I ) , I = 1 , N S ) , ! T H 2 M X ! I ) , 1 = 1 , N S ) , I T F M A X ! I 1 , 1= 1,NS) 

W R I T E ! 1 2 , 3 6 5 0 ) ! D E P T H ( I ) , 1 = 1 , N S ) , ! U P A ! I 1,1 = 1,NS ) , ( P L V M ( I ) , I = 1,NS1 
S , ( R A S S ( I I , I = 1 , N S ) , ! P U P A ! I ) , I = 1 , N S I , I V I B ! 1 1 , 1 = 1 , N S ) 
* , ( AS( I ) , I = 1,NS) , ( C 0 2 ( I ) , I = 1 , N S ) , ( C 0 3 d ) , I = 1 , N S ) , 
* ( F C ( I ) , 1 = 1 , N S I 

W R I T E ! 1 3 , 3 7 0 0 ) I T U M A X ! I ) , I = 1 , N S ) , ! T P M A X ! I ) , 1 = 1 , N S ) , 
S ! C O ! I I , I = 1 , N S ) , ( U N M A X ( I ) , 1 = 1 , N S ) , ( P N M A X ( I ) , 1 = 1 , N S I , 
* (FNMAXd l , I = l , N S I f ( H N M A X d l , 1 = 1 , NS I , (H2M AX ( I ) , 1= 1,NS ) , 
4 ( T H N M X ( I ) , I = 1 , N S ) , ! T H 2 M X ! I ) , 1 = 1 , N S I , ! T F M A X ! I ) , 1 = 1 , N S ) 

W R I T E ! 1 3 , 3 6 5 0 ) ( O E P T H ( I ) , 1 = 1 , N S ) , (UPA ! I 1,1 = 1,NS I , ! P L V M ! I I , I = 1,NS) 
$ , ! R A S S ! I ) , I = 1 , N S I , ! P U P A ! I I , I = 1 , N S I , ( V I B 1 I I , I = 1 , N S I 
* , ! A S ! I I , I = 1 , N S ) , ! C 0 2 ! I I , I = 1 , N S I , ( C 0 3 ( I l , I = l , N S I , 
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*<FOI I » , I = 1,NSI 
2700 FORMATC URANIUM • ,4X , 9 ( 2 X , I P D l O . 3 » / ' PLUTONI UM • , 2X , 

* S ( 2 X , I P D 1 0 . 3 J / ' U + P U ' , 7 X , 9 ( 2 X , 1 P 0 1 0 . 3 ) / ' • , ^ 4 X , 3 0 ( ' - • t / 
* • U 0 2 ( N 0 3 l 2 « , 2 X , 9 ( 2 X , l P 0 1 0 . 3 l / « PU{N03 l ^ ' , 3 X , 9 ( 2 X , I P D l O . 3 1 / 
* • F P ( N 0 3 l 2 . 3 t ' , 9 ( 2 X , l P D 1 0 . 3 ) / ' • , A 4 X , 3 C ( • - ' I / 
$ ' H N 0 3 ' , 7 X , 9 ( 2 X , 1 P D 1 0 . 3 » / ' H 2 0 ' t 8 X , 9 ( 2 X , I P D l O . 3 » / • • , 4 ^ X , 3 0 ( • - • > / 
$ • U 0 2 « , 8 X , 9 ( 2 X , 1 P D 1 0 . 3 I / ' P U 0 2 • , 7 X , 9 ( 2 X , I P D l O . 3 » / 
? • F P ( 0 » 1 . 1 7 7 6 ' » 9 ( 2 X , 1 P D 1 C . 3 I / ' ' , 4 ^ X , 3 C ( • - • • / 
* . ' • , 4 < f X , 3 0 ( « - ' n 

3650 F 0 R M A T ( / / 3 7 X , ' * * * ADDITIONAL CCNCENTRATION DATA * * * ' / 
* ' U ( G / L » L O ' , 3 X , 9 ( 2 X , 1 P 0 1 0 . 3 I / ' U (G/L»PT« , 3 X , 9 ( 2 X , I P D 1 0 . 3 I 
%/' U ( G / L » P N ' , 3 X , 9 ( 2 X , 1 P D 1 0 . 3 ) / ' P U ( G / L I L Q ' , 2 X , 9 ( 2 X , I P D l O . 3 J 
* / • P U ( G / L ) P T ' , 2 X , 9 < 2 X , 1 P D 1 0 . 3 ) / ' P U ( G / H PN • , 2X , 9 ( 2X, I P O I O . 3» 
« / • U + P U { G / L J L Q ' t 9 ( 2 X , l P D 1 0 . 3 » / ' U * P U ( G / L » P T ' , 9 ( 2 X , I P D l O . 3 1 / 
$ ' U * P U ( G / L » P N ' , 9 ( 2 X , 1 P D 1 0 . 3 » / ' H N 0 3 { M O L / H ' . 9 ( 2 X , I P D 1 0 . 3 » / 
$ • ' , 4 4 X , 3 0 ( « - ' ) / / l 

C 
IF (ZNOPTA.EQ.O .O I GOTC 5000 
CALL CALCMP 
IF ( Z N 0 P T 7 . E Q . 0 . 0 > GOTC 5100 
CALL PL0T7(PLTIME,^«UM,NS^ 

5100 IF (ZNOPTP.EQ.O.OJ GOTC 5200 
CALL PLCTD<NS,FREQ,RMS,P,PART,RMIN,RMAX, NGJ 

5200 IF ( Z N a P T 3 . E 0 . 0 . 0 J GOTC 5300 
CALL PLCT3(PLTIME,MUM,NS) 

5300 IF ( Z N O P T D . E Q . 0 . 0 ) GOTO 5^00 
CALL DIGPLT 

5400 CALL DONEPL 
C 
5000 STOP 

END 
C 
C 
C 

SUBROUTINE TRANSF 
I M P L I C I T REAL*8 ( A - H , 0 - Z ) 
COMMON/XX/ U N ( 2 0 I , P N ( 2 0 » , H N 0 3 ( 2 0 > , H 2 0 ( 2 0 ) , U N B ( 2 0 » , O L D ( 2 0 l 

* » P N B ( 2 0 » , H N 0 3 B ( 2 0 I , H 2 0 e ( 2 0 1 , W T U 3 C 8 ( 2 0 1 , W^PU02(20> ,WTFP(201 
$ , W T F U E L ( 2 0 ) , F P N ( 2 0 » , F P N B ( 2 0 I , 0 E N C M ( 2 0 J , R E L ( 2 0 » , C R E L ( 20 I , L IMO 

COMMON / X X X / T O L t T , C T , V ( 2 0 » , V 0 ( 2 0 I , C T l , T l , H , P L V ( 2 0 1 , H C , 
$T2tSUMNEG,SUMHN0,SUMNEP, ICP, ICPO. ITSAC 

C O M M O N / X X X X / B ( 2 0 1 , U 3 0 8 ( 2 0 I , U 3 0 8 B ( 2 0 » , P A R T ( 2 0 ) , R A T E 1 ( 2 0 I , 
$ P A R T B ( 2 0 I , R A T E 2 ( 2 0 I , P U 0 2 ( 2 0 I , P U O 2 B { 2 0 l , F P ( 2 0 > , F P e ( 2 0 I , 
S L N K 1 { 2 0 » , P N K 1 ( 2 0 I , F P K 1 ( 2 0 » , F L ( 2 0 I , U N K 2 ( 2 0 » , P N K 2 ( 2 0 1 , 
« F P K 2 ( 2 0 I , P ( 1 0 , 5 0 I , P B « 1 0 , 5 0 » , N S 

C0MM0N/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
<5 ,DPU02 ,DFP ,CCN,P INMAS,PPSTG(20 I ,CV(20 I ,RATMF,FEDRAT, ARATIO 
«,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

C O M M 0 N / P A R / F R E Q ( 5 0 l , R ( 5 0 l , R M M I N ( 5 0 » , R M M A X ( 5 0 » t P P ( 1 0 , 5 0 » , 
$ R M S ( 1 0 , 5 0 1 , P A R T P ( 2 0 I , P M ( 5 0 I , A T P ( 5 0 » , D R , P I , R M I N , R M A X , P C 0 N T , 
$FTPIRO,FOURPI ,NG 

COMMON/SCLIDS/FINES,RWASTE,H0R,CUBE,NRW,NRWM1,NGPNRW,NGM1 
<,NRWM2 

COMMON / T R A N Z T / B A K M I X ( 2 0 » , S S T ( 2 0 » , R H 0 L I Q ( 2 0 I , P L V B T ( 2 0 I 
• , B A K V ( 2 0 t ,SSTMSS(201tOTFLGl ,DTFLG2,DTRACT,DUMPT,OENSST 
? , C F U E L , C F I N E S , S S S C T , F U P I N , 0 F F T I M , P 1 H C , T F , F L A P T M , 
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5SSSCTH,F INESH,SSTF,FED0NE,F INESF,P INFED,NSM1 
COMHON/SUMS/SUMFLP,SUMFLF,SUMFIN,SUMPIN,SUMFOU.SUMPOU 

C 
C 
C •4t4c4c4c4c4c4t**4'4=*4c4c4c4c4c4c*4c4c4c4c4c4>4c4t**4c4c4c4c*4c4i4c4c*4c4c*4c4c4c4c4c4c4c*4c4c4c4c4c*4c*4t**4-4c4c4c** 

C 4i«4c:^4c4;4i4c*4!4c4c4c4c4c*4i4i4c4c4c4c*4E4t#4c4i4:4c«4c4c4:4c4c4c4c4>4c*4c4:4i4c4c4c4c4c*4c4i4:4c4c4c4c4c4'4c4c4c4c4:4c4:4c4:4c4: 

C 44:4:4c 4c4!*4c 

C *4c4c* P A R T I C L E S , H U L L S , F U E L , A N D S O L U T I O N B A C K M I X T R A N S F E R S 4c*4c* 
C 4c4c*4c *4 :4c * 
C 44c4c«4c4c4c4<*4>4>4c*4c4c4c*4c4c4<4c4c4'4c4c4c**4c4c**4'4c4c4'4c*4c4c4c4c4c*4c4c4c4c*4c4c**4c4c4c4c4c4c4c4c4:4c4:4c4c4c4:4c* 

C 
c 
C CT STAGE TRANSFERS HAVE PRIORITY OVER CTl TRANSFtRS 
C CTl TRANSFERS HAVE PRIORITY OVER SOLIDS FEED... 
C 
C ASSUME INSTANTANEOUS MIXING OF BACKMIXED LIQUID CARRIED OVER 
C WITH HULLS. 
C 
C 
C BACKMIX VOLUME VALUE SETTER... 
C 

JB = NS 
JBM1=NSM1 
DO 1 0 1 K=1,NS 
PLVBT(K I=PLV(K I 
SSTMSS(K» = SSTIK»4cOENSST 
BMC0N = BAKMIX(K»4cSSTMSS(KI 
BAKV(KI=BHCON/RHOLIQ(KI 

101 CONTINUE 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C c 
C SOLIDS TRANSFER RATE CCNTRCL FGR STAGE N S . . C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

I F C T . G T . C T . O R . D T F L G l . G E . H O GOTO 6 2 0 
GOTO 6 3 0 

620 CTFLG1=0TFLG1»H 
IF (DTFLGl .GT.OUMPTI GOTO 6 4 0 
IF ( D T F L G l . G T . H ) GOTO 650 
V«TFUEL(JB»=WTFUEL(JBM1I*WTFUEL(JBI 
S S T ( J B I = S S T ( J B M 1 I * S S T ( J B I 
PPSTG(JBJ=PPSTG(JBM1I*PPSTG(JB» 
BAKVC=BAKV(JBI 
SSTCZ=SST(JBI 
PPSTGC=PPSTG(JB» 
SUMFIN = SUMFIN*WTFUEHJB» 
SUMPIN=SUMPIN^PPSTGC 
I0N=1 
GOTO 660 

650 ION=0 
660 IF(PPSTG(JB>.LE.0.0001 GOTO 640 

DTRCTH=0TRACT4cH 
PPSTZ=PPSTGC*CTRCTH 
PPFRC=PPSTZ/PPSTGI JB) 
TPPS=PPSTG(JBI-PPSTZ 
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I F I T P P S . L E . O . O D O I GOTO 10 
GOTO 2 0 

C 
C FRACTIONAL ADJUSTMENT OF OTRCTH 
C 
10 DTRCTH=1 l .D0*TPPS/PPSTZI4cDTRCTH 

PPSTZ=PPSTGC*DTRCTH 
PPFRC=PPSTZ/PPSTG(JB» 
TPPS=PPSTG(JB»-PPSTZ 

20 PPSTG(JB»=TPPS 
PLV<JBI=PLVIJBI-BAKVC*CTRCTH»BAKVI J B M U * I O N 
DGUN=BAKV(JBM1I*UN<JB«<1I* I0N-BAKVC*0TRCTH*UN(JBI 
DGPN=BAKVCJBMU*PN(JBMl)* I0N-BAKVC4cDTRCTH*PNJje) 
DGFN=BAKV( JBM1)*FPN( JBf«l l * ION-BAKVC*DTRCTH*FPN(JB) 
DGHN=BAKV(JBMl»4=HN03(JBMll4clON-BAKVC4=DTRCTH4cHN03{J3l 
DGH2=BAKV( JBMll4cH20(JBHH4clON-BAKVC*DTRCTH4cH20( JB» 
U N ( J B I = ( U N C J 8 » * P L V B T ( J B » * 0 G U N I / P L V ( J B I 
PNC JB»=tPN(JB>4=PLVBT(JB»+DGPN»/PLVJJBI 
FPNCJB) = CFPNCJB»4cPLVBTCJBI+DGFNI/PLVCJBI 
HN03CJB»=CHN03CJB»*PLVBTCJBI*DGHNI/PLV(JB» 
H20(JB» = «H20IJBI4cPLVBTCJBI»DGH2l/PLVCJB» 
WTFUZ=WTFUELCJBI*PPFRC 
WTFUELCJBI=WTFUELCJB>-WTFUZ 
SSTCJB)=SSTCJB)-SSTCZ*CTRCTH 
PLVRAT=PLVBTCJBMl) /PLVIJBt 
SUMFOU=SLMFOU*WTFUZ 
SUMPOU=SUMPCU*PPSTZ 

C 
C ASSUME JBMl TRANSFERS F I R S T . 
C PARTICLE TRANSFERS DUE TO BACKMIXING 
C 

SUf«WT=0.0D0 
00 6 7 0 JJ=1,NRWM1 

WTP JB=PC JB, JJl*BAKVC4cDTRCTH 
WTPJBM=P«JBMl,JJ)4cBAKVCJBMlI* I0N 
WTPTOT=PlJB,JJ I *PLVBTCJBI 
ViTP=WTPJBM»WTPTOT 
1 F C W T P ) 7 1 C , 7 1 0 , 7 0 0 

700 RMSCJB,JJ»=WTP/CWTPTOT/RMS<JB,JJ»+WTPJBM/RMSIJBMI,JJ)) 
GO TO 6 8 0 

710 RMSCJB,JJ»=RCJJI 
680 CONTINUE 

WTSUM=WTPJBM-WTPJB 
PCJBfJJ I=CPCJB,JJ»*PLVETCJBJ+WTSUM1/PLV(JBI 
SUMWT= SUMWT«-WTSUM 

670 CONTINUE 
PLVBO=PLVBT(JBI /PLVCJBI 
SUMPJ=0.000 
SUMAO=O.0D0 

c 
C PARTICLES TRANSFEPING WITH HULLS 
C 

DO 6 9 0 KK=NRU,NG 
ADDPAR = PCJBMI,KKI4cPLVRAT*I0N 
SUMAO=SUMAD*ADDPAR 
PARFUZ=PCJB,KKI4cPPFRC 



A-40 

SUMPJ=SUfPJ»PARFUZ 
REMPAR=P(JB,KK) 
PJBTOT=ADDPAP*REMPAR 
TF(PJ8T0TI370,37C,380 

380 RMS(JB,KKI=PJBTOT/CAODPAR/PMS( JBMl ,KK » »-REMPAR/RMS ( JB,KKI I 
P(JB,KK»=PJBTOT-PARFUZ 
IF(P(JB,KKI.LE.0.0001 GOTO 370 
GOTO 690 

370 RMS(JB,KKI=RCKK> 
P(JB,KKI=O.ODO 

690 CONTINUE 
PART( JB)=(PART( JBI-SUMPJ»4=PLVB0*SUMAC<-(SUMWT/PLV(JB» ) 
0UT=WTFUZ+SUMPJ4cPLV( JB I tWTPJB 
U0WF=0LT*PCUPER*BAKVC4'CTRCTH4cUN( JB l*UPERUN 
P0WF=0UT*PCPPER»-BAKVC4cr}TRCTH4'PNC JB»*PPERPN 
GOTO 6 3 0 

640 DTFLG1=0.0D0 
W T F U E L ( J B I = 0 . 0 D 0 
SST(JB»=C.CD0 
PPSTGCJBI=0.OD0 
UOWF=0.000 
POWF=0.000 

630 TF=TF+H 
C 
C SOLIDS FEED CONTROL 
C FLAPPER VALVE S I M U L A T I O N . . . . 
C 

I F I F L A P T M . L T . H C I GOTO 400 
I F ( T F . G T . F L A P T M | GOTO 200 
I0N = 1 
I F ( 0 F F T 1 M . G T . P 1 H C > ION=0 
SSTF=SSTF*SSSCTH*ION 
FED0NE = FEDCNE«-CFUEL4cI0N 
F INESF=F INESF*F INESH* ICN 
PINFED = PINFED*-FUPIN*ION 
GOTO 4 4 0 

200 TF=TF-FLAPTM 
WTFUEL(1I=WTFUEL(1»*FEC0NE 
S S T ( 1 I = S S T ( 1 I * S S T F 
P P S T G ( l > = P P S T G C l l t P I N F E D 
P A R T m = CPARTCl»4cpLV(l I »F INESF l /PLVC H 
SUMFLF = SUMFLF4-FINESF 
SUMFLP=SUMFLP+FEDONE 

DO 2 2 0 J=1 ,NG 
ZWTPR=PC1, JI4CPLVC1I 
ZWTAO=FINESF*FREQ(JI 
TZWTAO = ZVlTPR«-ZWTAD 
P( 1 , J I = {ZWTPR4.2V(TAD)/PLVC I I 
I F I T Z W T A C . L E . O . O D O I GOTQ 225 
P M S l l , J l=TZW"rAO/(ZWTPR/RMSCl , JI*ZWTAD/RC J I » 
GOTO 2 2 0 

225 R M S C l , J ) = R ( J I 
220 CONTINUE 

I0N=1 
I F I O F F T I M . G T . P I H C I ION=0 
TMFCT=TF/H 
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SSTF=SSSCTH4'TMFCT*I0N 
FED0NE=CFUEL*TMFCT4-I0N 
FINESF = FINESH4cTMFCT*I0N 
PINFED=FUPIN4'TMFCT4cI0N 
GO TO 440 

400 I0N=1 
I F C O F F T I M . G T . P I H C I 10N=0 
FED0NE=CFUEL*I0N 
FINESF=FINESH4.I0N 
WTFUEL( l l = WTFUEL(m-FE0ONE 
SSTCl)=SST( l ) *SSSCTH4clON 
PPSTGC1I=PPSTG(U+FUPIN4>I0N 
PARTC1> = CPARTC1I *PLV(1H-F INESF I / P L v e i l 
SUMFLF=SUMFLF*FINESF 
SUMFLP=SUMFLP»FEOCNE 

DO 4 1 0 J=1,NG 
ZWTPR = P C 1 , J )4cPLV( l ) 
ZWTAD=FINESF4cFREQ(JI 
TZWTAD = ZWTPR*-ZWTAD 
P ( l , J I = C Z W T P R « - Z ^ l T A D I / P L V ( l l 
IFCTZWTAD.LE.O.ODOI GOTO 415 
RMSCl, J»=TZWTAD/(ZWTPR/RMS(1,JH-ZWTAD/RC J l I 
GOTO 4 1 0 

415 R M S C l , J I = R ( J I 
410 CONTINUE 
440 I F C T . G T . C T ) GO TO 100 

I F C T l . G T . C T l l GO TO 30 
GOTO 4 0 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C SOLIDS TRANSFER FROM STAGES 2 THROUGH NSMl C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
ICO T=T-CT 

00 126 J=3 ,NSM1 
JB = NSMl-J«-3 
JBM1=JB-1 
PLVCJBI=PLVCJBI -BAKV(Jf iH-BAKV(JBMl l 
DGUN=BAKV(JBM1(*UN(JBM11-BAKV( JBI4CUNCJBI 
DGPN=BAKVCJBM1I*PN(JBM1I-BAKVCJBI*PN(JBI 
DGFN=BAKV(JBMl|4cFPNCJBMll-BAKV(JBJ4'FPN(JBI 
DGHN=BAKV( JBMl) *HN03C JBMD-BAKVC JBI*HN03C JBI 
DGH2=BAKVC JBM1I4>H20CJBMI -BAKVCJBI *H20(JBI 
UN( JBI = CUNCJB|4cPLVBTCJBI«-0GUNI/PLV(JBI 
PNC JBI = (PN{JBI4cPLVBTCJBI»-DGPNI/PLV(JBI 
FPNCJBI = CFPNCJBI4cpLVBT{JBI*DGFNI/PLV(JBI 
HN03(JBI=CHN03CJBI*PLVeTCJBI+DGHNI /PLVCJBI 
H20CJBI = CH20C JB I *PLVBTCJBH-DGH2 I /PLV(JB I 
WTFUELCJBl=WTFUEL(JBMll 
SST(JB I=SST(JBM1I 
PPSTG(JBI=PPSTGCJBMl) 
PLVRAT=PLVBT( JBMD/PLVCJB) 

C 
C ASSUME JBMl TRANSFERS F IRST . 
C PARTICLE TRANSFERS DUE TO BACKMIXING 
C 
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SUMWT=O.ODO 
DO 102 JJ=1,NRWM1 

WTPJB=PIJB,JJ I *BAKVCJBI 
WTPJBM=PCJBM1,JJI4'BAKV(JBMH 
WTPT0T=PCJB,JJ|4tpLVBTCJBI 
WTP=WTPJBM*WTPTOT 
I F C W T P I 3 1 0 , 3 1 0 , 3 0 0 

300 PMSC J B , J J I =WTP/C WTPTOT/RMS C J B , J J I»WTPJBM/RMS C J B M l , J J I I 
GO TO 110 

210 R M S C J B , J J ) = R I J J I 
110 CONTINUE 

WTSUM=WTPJBM-WTPJB 
PC JB,JJ I=CPC J B , JJI4CPLVETC JBI •WTSUMI/PLVC JBI 
SUMWT=SUMWT«-WTSUH 

102 CONTINUE 
PLV60=PLVBT(JB1/PLVCJB) 
SUMPJ=0.0D0 
SUMAD=0.0D0 

C 
C PARTICLES TRANSFERING WITH HULLS 
C 

DO 175 KK=NRW,KG 
ADDPAR=PCJBMl,KK»4cPLVRAT 
SUMAD=SUMAD*ADDPAR 
SUMPJ=SUI'PJ*PCJB,KKJ 
PCJB,KKI=AODPAR 
RMSCJB,KKI=RMS(JBM1,KKI 

175 CONTINUE 
PARTC JBI=CPART(JBI-SUMPJ|4cOLVB0*SUMAC*CSUMWT/PLVCJBI I 

126 CONTINUE 
I F C T l . G T . C T l l GO TO 6 0 

WTFUELC2I=0 .000 
SSTC2l=0.ODO 
P P S T G C 2 I = 0 . 0 0 0 
PLVC2»=PLV(2) -BAKVC2I 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
c c 
C NO SOLIDS TRANSFER FROM STAGE 1. C 
C ALL SOLIDS TRANSFERED FROM STAGE 2 C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

JB=2 
PLVB2=PLVBTC2I /PLVC2I 
SUMPB2=0.000 

C 
C PARTICLES TRANSFERRING DUE TO BACKMIXING. 
C 

00 103 JJ=1,NRWM1 
P0UT2=PC2,JJ I *BAKVC2I 
P C 2 , J J I = C P C 2 , J J I * P L V B T C 2 1 - P 0 U T 2 I / P L V C 2 I 
SUMPB2=SUMPB2+P0UT2 

103 CONTINUE 
SUMPT2=0.0D0 

C 
C PARTICLES TRANSFERRING WITH HULLS 
C 
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DO 130 KK=NRW,NG 
SUKPT2=SUMPT2»PC2,KKI 
P B C 2 , K K I = 0 . 0 D 0 
PC2 ,KK1=0 .0D0 
RMSC2,KK)=RCKK) 

130 CONTINUE 
PAPTC2 l=CCPART(2 l -SUMPT2 l *PLVBTC2l -SUMPB2l /PLVC2 l 
GO TO 40 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C SOLIDS TRANSFER FROM STAGES 1 AND 2 . C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
60 T I = T 1 - C T 1 

P L V C 2 ) = P L V C 2 l + B A K V l H - e A K V C 2 ) 
PLVC1I=PLVC1I -BAKVC1I 

C 
C DO NOT NEED TO RECALCULATE STAGE 1 CONC SINCE 
C SOUP FRCH SOUP LEAVES S O U P . . . 
C 

DGUN=BAKVC 11 4'UNC 11-UN( 214'BAKVC 21 
D G P N = B A K V m * P N C l l - P N C 2 l * B A K V C 2 l 
DGFN=BAKV( l l4cFPNCl l -FPNC2l*BAKVC2l 
DGHN=BAKVCll4cHN03Cn-HN03C2l4=BAKVC2l 
DGH2=BAKVC114cH20CU-H2CC2l4cBAKVC2l 
U N ( 2 I = C U N C 2 I * P L V 6 T C 2 I * D G U N I / P L V C 2 I 
PNC2I=CPNC2I *PLVBTC2I»0GPNI /PLVC2I 
FPNC2l = CFPNC2l4cPLVBTC2l*DGFNI/PLVC2l 
HN03C2l = (HN03l2 l4cPLVBTC2l+DGHNl /PLVC2l 
H20C2I = (H20C2I4 'PLVBTC2)+DGH2) /PLVC2) 
WTFUELC2l=WTFUELCll 
SSTC2I=SSTC1I 
PPSTGC2I=PPSTGC1I 
WTFUELC1I=0.0D0 
S S T C 1 I = 0 . 0 0 0 
PPSTG(11=0.000 
P L V R A T = P L V B T I l l / P L V f 2 1 
PLVB2=PLVBTC2I /PLVC2I 
PLVB1=PLVBTC11/PLVI1J 

SUMPB1=0.0D0 
SUMP82=0.0D0 

C 
C PARTICLE CONCENTRATION DUE TO BACKMIXING 
C 

DO 105 JJ=1,NRWM1 
P O U T l = P C l t J J I * B A K V C l l 
P 0 U T 2 = P ( 2 , JJI4CBAKVC2I 
WTP1=P(1 ,JJ I»PLVBTC1 I 
WTP2=PC2,JJ)4cPLVBTC2l 
WTP12=PQUT1*WTP2 
IFCWTP12 1 3 2 0 , 3 2 0 , 3 3 0 

330 RMSC2,JJ I = WTP12/CP0UT1/RMSC1, JJH-WTP2/RMSC2, J J I I 
GO TO 116 

220 RMSC2,JJ )=RCJJ I 
C 
C MEAN SIZES FOI» STAGE 1 DOES NOT CHANGE. 
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C 
116 CONTINUE 

WTSUM2=P0UT1-P0UT2 
P ( 2 , J J ) = ( W T P 2 + W T S U M 2 ) / P L V ( 2 I 
P C 1 , J J I = ( W T P 1 - P 0 U T 1 I / P L V C 1 ) 
SUMPB2=SUMPB2*WTSUM2 
SUMPB1 = SUMPB1»-P0UT1 

105 CONTINUE 
SUMPT1=C.0D0 
SUMPT2=0.0D0 
SUMA0=0.0D0 

C 
C PARTICLE CONCENTRATION DUE TO HULLS TRANSFER 
C 

DO 135 KK=NPW,NG 
A0DPAR = P(l ,KK|4cPLVRAT 
SU^AD=SUMAD«-ADDPAP 
SUMPT2 = SUMPT2«-P(2,KKI 
PC2,KKI=ADDPAR 
'»MSC2,KKI = RMSC 1,KK) 
SUMPT1 = SUMPT1»-P(1,KK) 
P C 1 , K K I = 0 . 0 0 0 
PBC1 ,KK)=0 .0D0 
RMSCl,KK)=RCKK) 

135 CONTINUE 
PARTC2I = CCPAPT(2 I -SUMPT2I*PLVBTC2I •SUMPB2I/PLV (2I«-SUMAD 
PART( l l = (CPARTCH-SUMPTH4cPLVBTCl l - 5UMP31» /PLV ( I I 
GO TO 40 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C SOLIDS TRANSFER FROM STAGE 1 ONLY C 
C NO SOLIDS TRANSFER FRO^' STAGE 2 . C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
30 T1=T1-CT1 

PLVC2I=PLVC2I»BAKVC1I 
PLVC1)=PLVC1I -BAKV(1 I 
JB=1 
CGUN=BAKV( JBI4cUN( JB) 
OGPN=BAKV( JBI4CPNCJBI 
DGFN=BAKVCJB)*FPNCJB» 
DGHN=BAKV(JBI*HN03CJBI 
0GH2=BAKVC JBI4CH20CJBI 

C 
C SOUP FRCM SOUP LEAVES S O U P . . . 
C 

JB = 2 
UNC JB)=CUNCJB)4=PLVBT(JB)4-DGUN) / P L V ( J B ) 
PN( je )=CPNCJBI *PLV6TCJBI+DGPNI /PLVCJB) 
FPNCJBI=CFPN(JBI*PLVBTCJB)*DGFNI /PLVCJBI 
HN03( JBI = CHN03(jBI4cPLVET( JBI«-DGHNI /PLV(JBI 
H2OCJBI = (H20( JB I4cPLVBT(JBI *DGH2) /PLV(JBI 

SUMPB1=0.0D0 
C 
C PARTICLE CCNCENTRATION DUE TO BACKMIXING 
C 
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00 104 JJ=1,NRWM1 
P0UTl = P ( l , J J ) 4 t B A K V C l l 
WTP2=PC2,JJ)4cPLVBTC2) 
WPT0T2=WTP2*P0UT1 
I F C W P T 0 T 2 ) 3 4 0 , 3 4 C , 3 5 0 

350 R M S C 2 , J J I = W P T 0 T 2 / C P 0 U T 1 / R M S ( 1 , J J I * W T P 2 / R M S C 2 , J J I I 

GO TO 125 
340 R M S C 2 , J J I = R ( J J I 
125 CONTINUE 

SUMPB1=SUMPB1*P0UT1 
P C 2 , J J I = C P C 2 , J J I 4 c p L V B T C 2 l * P 0 U T l l / P L V ( 2 l 
P C l , J J I = C P C l , J J | 4 c P L V B T C l ) - P 0 U T l ) / P L V C l ) 

104 CONTINUE 
WTFUEL(2I=WTFUELC21*WTFUEL(1I 
SSTC2I=SSTC2I *SSTC1I 
PPSTGC2)=PPSTGC2)*PPSTG(1I 
W T F U E L C l ) = 0 . 0 0 0 
SSTC1)=0 .0D0 
PPSTGC1I=0.0D0 
PLVRAT=PLVBTC1l/PLVC 2 I 
PLVB2=PLVBTC2I /PLV(2 ) 
PLVB1=PLVBT(1) /PLVC1) 

SUMAD=0.0D0 
SUMPT1=0.0D0 

C 

C PARTICLE CCNCENTRATION DUE TO HULLS TRANSFER 
C 

DO 140 KK=NRW,NG 
PS1=PC1,KKI*PLVBTC1) 
P S 2 = P ( 2 , K K I * P L V B T C 2 I 
PSUM12 = PS1»-PS2 
I F C P S U M 1 2 I 1 4 5 , 1 4 5 , 1 5 5 

155 RMSC2,KK) = PSUM12/CPS1/RMS(1,KK H-PS2/RMSC2, K K ) I 
GO TO 165 

145 RMSC2,KKI=R(KKI 
165 CONTINUE 

ADDPAR=PC1 ,KK)4cPLVRAT 
PC2,KKI=PC2,KK)4cPLVB2+ADDPAR 
SUMAO=SUMAD*AD0PAR 
SUMPT1 = SUMPT14-PC1,KKI 
P C 1 , K K I = 0 . 0 0 0 
RMSCl,KKI=RCKK) 

140 CONTINUE 
PARTC2I=CCPART(2I *PLVBTC2I+SUMPB1»/PLV(2 I I+SUMAD 
PARTC1I = C C P A P T C 1 I - S U M P T 1 I * P L V B T C I I - S U M P B l I / P L V ( 1 1 

C 
C 
C 
C PINS CONTINUE TO BE REMOVED FROM STAGE 1 
C EVEN AFTER SOLIDS FEED HAS STOPPED. 
C 
40 CONTINUE 

RETURN 
END 

C 
C 
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SUBROUTINE PARTIC 
I M P L I C I T REAL*8 C A - H , 0 - Z ) 

COMMON/XX/ U N C 2 0 I , P N C 2 0 I , H N 0 3 C 2 0 I , H 2 0 C 2 0 I , U N B C 20),OLDC 201 
<;,PNBC20I , H N 0 3 B C 2 0 I , H 2 0 B C 2 0 I , W T U 3 C 8 I 2 0 I , W T P U 0 2 C 2 0 I , W T F P ( 2 0 I 
< , W T F U E L C 2 0 I , F P N C 2 0 I , F P N B C 2 0 I , D E N 0 M C 2 0 I , R E L C 2 0 I , C R E L ( 2 0 I , L I MO 

COMMON / X X X / T O L , T , C T , V C 2 0 l f V O ( 2 0 l , C T l , T l , H , P L V C 2 0 l , H C , 
«T2,SUMNEG,SUMHN0,SUMNEP, ICP, ICPO, ITSAC 

C O M M O N / X X X X / B C 2 0 I , U 3 0 8 C 2 0 ) , U 3 0 8 B C 2 0 I , P A R T ( 2 0 I , P A T E 1 C 2 0 I , 
« P A P T B C 2 0 I , R A T E 2 C 2 0 I , P U 0 2 C 2 0 I , P U 0 2 B C 2 0 I , F P ( 2 0 1 , F P B C 2 0 I , 
$ L N K 1 C 2 0 I , P N K 1 C 2 0 I , F P K 1 C 2 0 I , F L C 2 0 I , U N K 2 C 2 0 I , P N K 2 C 2 0 I , 
« F P K 2 C 2 0 I , P ( 1 0 , 5 0 I , P B C 1 0 , 5 0 I , N S 

COMMON/XXXXX/RMSOC2,50l ,T IME,PINVOL,RHOAVE,TD,XPU,REM,TNP, 
<RPOW,RCON,AC0F,PINOO0,PAROO0 

C0MM0N/PERCNT/PCU308,PCPU02,PCFP,SPAREA,0U3O8 
^ ,DPUO2,0FP,CON,PINMAS,PPSTGC2OI ,CVC20l ,RATMF,FE0PAT, ARATIO 
t,PCUPER,PCPPER,UaWF,POWF,PPERPN,UPERUN 

COMMON/WTM0LE/WM0LU3,Wf0LPU,WMCLFP,WM0LUN,WM0LPN,WM0LFN, 
<WMCLH2,WM0LHN,AVEM0L,JJPART,MMUN,NNPN,NNFP,MMHN,IIH2 

COMMON/PAR/FREQC50 I ,RC50 I ,RMMINC50 I ,RMMAXC50 I ,PPC10 ,50 I , 
? R M S C 1 0 , 5 0 I , P A R T P C 2 0 I , P M C 5 0 I , A T P C 5 0 I , C R , P I , R M I N , R M A X , PCONT, 
*FTPIRO,FOURPI ,NG 

COMMON/SOLIDS/FINES,RWASTE,HOR,CUBE,NRW,NRWM1,NGPNRW,NGM1 
^,NRWM2 

DIMENSION TEMPC50I,RTEMPC50I,RREACTC 50 I 
C 
C PARTICLE BALANCE 
C 
C DEFINITIONS 
C 
C P P C I , J I NUMBER OF PARTICLES IN SIZE GROUP J IN STAGE I I F REACTION 
C I S IGNORED.CG/LI 
C P ( I , J ) CCNC OF PARTICLES IN SIZE GROUP J IN STAGE I IF 
C REACTION IS IGNORED. CG/LI 
C 
C 
C RECALCULATE RELEASE RATE DUE TO ADJUSTMENT OF TIME STEP. 
C 

CALL RELEAS 
DO 22 L=1,NS 

CLDCLI=PARTCLI 
PARTBCL)=PARTCLI 

C 
C WEIGHT OF FUEL I N PINS ADJUSTED FOR RELEASE 
C 

WTFUELCLI = WTFUELCL)-RELCLI4'H 
DO 22 M=1,NG 

22 PBCL,M)=PCL,M) 
C 
C REACTION RATES RECALCULATED AFTER RELEASE OF FUEL FROM PINS 
C 

CALL RATECK 
00 19 J J = 1 , L I M C 

I F C J J . G T . J J P A R T I JJPART=JJ 
IFLAG = 0 

C 
C STAGE 1 PARTICLE SIZE GROUPS NRW TO NG. 
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1=1 
I P l = l * l 

HCP=H/PLVCI I 
C 
C STAGE 1 PARTICLE SIZE GROUPS NRW TC NG 
C 

DC 30 JO=NRW,NG 
J=NGPNRW-JC 
A=RELCI)4cFREQCJI 
PCI , J I = P B C I , J ) + A 4 ' H 0 P 

20 CONTINUE 
C 
C STAGE 1 PARTICLE SIZE GROUPS 1 TO NRWMl. 
C 

eTP=DEXP(C-DEN0MCl))4cHCPI 
0NEQTP=1.D0-QTP 

DO 65 J0=1,NRWMl 
J=NRW-JO 
A=FLC I P l ) 4 c P C I P l , J ) * R E L C n * F R E Q C J ) 
IFCDENOMCn.EQ.O.ODOl GOTO 500 

P C I , J ) = O N E 0 T P * A / D E N O M C I H - P B C I , J)4cQTp 
GOTO 65 

500 P C I , J I = P B C I , J I 
65 CONTINUE 
C 
C RADIUS DUE TO MIXING I N STAGE 1 
C 

RELH=RELCI l4cH 
FLV0L=H4cFLCIPll 

DO 6 1 0 J=1,NG 
PTCSTG=PBCI,Jl4cPLVCII 
PTLOGN=RELH*FREQCJl 
IFCJ .GT.NRWMl l GOTO 556 
PTSTGB = P B C I P 1 , JI4CFLV0L 
GOTO 558 

556 PTSTGB=0.ODO 
558 PTOTAL=PTLCGN«-PTSTGB»-PTCSTG 

PDEN=CPTL0GN/RCJI»PTSTGB/RMSCIP1 ,J I« -PTCSTG/RMS( I ,J I I 
I F (PDEN.LE .O .ODO) GOTO 247 

C 
C ADJUSTED RADIUS 
C 

RMSCl ,J I=PTOTAL/PDEN 
I F C R M S ( I , J ) . L E . O . O D O I R M S C I , J I = R C J I 
GOTO 6 1 0 

247 P C I , J I = O . O D O 
R M S C l , J I = R C J I 

610 CONTINUE 
C 
C STAGES 2 THROUGH NS PARTICLE S IZE GROUPS NRW TO NG. 
C 

00 10 1=2,NS 
IP1=I»1 
IM1=I-1 

H0P=H/PLVCII 
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DO 40 JO=NRW,NG 
J=NGPNRW-JC 
A=REL(II*FREOCJI 
P(I,J)=PBCI,J)*A4cH0P 

40 CONTINUE 
C 
C STAGES 2 THROUGH NS PARTICLE S IZE GROUPS 1 THROUGH NRWMl. 
C 

GTP=DEXP(C-DENOMCI))*HOPI 
ONEQTP=l.D0-QTP 

DO 75 J0=1,NRWMl 
J=NRW-JO 
A=FL(IP1)*P(IP1, JMREL(II*FREOCJI»-B( IMll4cp(lMl,J) 
IF(DENOMCII.EQ.O.OCO) GOTO 530 

P C I , J) = 0NECTP4cA/DENOM( I )+P6C I , J ) *OTP 
GOTO 75 

530 P C I , J I = P e C I , J I 
75 CCNTINUE 
C 
C RADIUS DUE TO MIXING I N STAGES 2 THRU NS 
C 

PELH=RELCI l *H 
FLV0L=H4<FL( IPH 
BLV0L=H*B( IM11 

DO 6 3 0 J=1,NG 
PTCSTG=P6(I,JI*PLV(T) 
PTLOGN=RELH*FREQCJI 
IFC J.GT.NRV^MIIGO TO 565 
PTSTGB = P B ( I P 1 , J)4cFLV0L 
PTBAK=PBCIM1, J)4cBLV0L 
GOTO 555 

565 PTSTGB=0.ODO 
PTBAK=O.ODO 

555 PTOTAL=PTLCGN+PTSTGB*PTCSTG<-PTBAK 
PDEN=CPTLOGN/RC J I * -PTSTGB/RMSCIP1 ,J )+PTCSTG/RMS( I , J ) 

$ t P T B A K / R M S C I M l , J I I 
IFCPDEN.LE.O.ODOI GOTO 140 

C 
C ADJUSTED RADIUS 
C 

RMSCl,J I=PTOTAL/POEN 
I F C R M S C I , J I . L E . O . O D O I R M S C I , J I = R C J l 
IFCRMSCI ,J I .GT .RMMAX(NGHGOT0 400 
GOTO 630 

140 P(I ,JI=0 .ODO 
P M S C I , J I = R C J I 
GOTO 6 3 0 

400 W R I T E C 1 3 , 4 2 0 I T I M E , I , J 
420 FORMAT( / ' T I M E = • , 2 X , 1 P D 1 5 . 4 , 2 X , I 3 , 2 X , 1 4 1 

WRITEC13,410IPTCSTG,PTL0GN,PT5TGB,PTBAK,RELH,FLVOL,BLVOL 
* , R M S C l , J l 

410 F 0 R M A T ( 1 X , 8 C 1 P D 1 2 . 3 , 1 X 1 1 
R M S C l , J I = R C J I 

630 CONTINUE 
10 CCNTINUE 

IFLAG = 0 
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CALL CHECKCIFLAG,PART) 
I F C I F L A G . G T . i l GO TO 19 
GO TO 41 

19 CCNTINUE 
41 CONTINUE 

DO 800 1=1,NS 
SUMPAR=0.0D0 

DO 810 J=1 ,NG 
P T P L V = P ( I , J )4cPLV( I ) 
PMC J I = F T P I R 0 * C R M S C I , J | 4 ' 1 . D - 4 I * * 3 

C 
C ARATIO USED TO INCREASE SURFACE AREA O N L Y . . . 
C 

ATPC J ) = F C U R P I * C R M S C I , J > * A R A T I 0 ) » * 2 
P P C I , J I = P T P L V / P M C J I 

810 SUMPAR=SUMPARtPTPLV 
800 PARTCIl=SUMPAR 

RETURN 
END 

C 
C 
C 

SUBROUTINE SUBUN 
I M P L I C I T REAL4C8 C A - H , 0 - Z ) 
COMMON/XX/ U N C 2 0 ) , P N C 2 0 ) , H N 0 3 ( 2 0 ) , H 2 0 ( 2 0 ) , U N B ( 20),OLDC 20 I 

< ,PNBC2OI ,HN03BC2OI ,H2OBC20) ,WTU3C8C20l ,WTPU02C20 I ,WTFPC201 
S , W T F U E L ( 2 0 I , F P N C 2 0 I , F P N B C 2 0 I , D E N C M ( 2 0 I , R E L C 2 0 I , C R E L ( 2 0 I , L I MO 

COMMON / X X X / T 0 L , T , C T , V C 2 0 ) , V 0 C 20 I , C T l , T l , H , P L V ( 2 0 » , H C , 
«T2,SUMNEG,SUMHN0,SUMNEP, ICP, ICPO, ITSAC 

COMMON/XXXX/BC201 ,U308C20 I ,U308BC20) ,PART(20 I , R A T E I C 2 0 I , 
$ P A R T B C 2 0 I , R A T E 2 C 2 0 I , P U 0 2 C 2 0 I , P U 0 2B(2 0 » , F P C 2 0 1 , F P B C 2 0 » , 
5 L ; N K 1 C 2 0 I ,PNK1C20I , F P K 1 C 2 0 I , F L ( 2 0 ) , U N K 2 C 2 0 I ,PNK2C 2 0 1 , 
« F P K 2 C 2 0 I , P C 1 0 , 5 0 I , P B C 1 0 , 5 0 I , N S 

C0MM0N/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
$ ,DPU02 ,DFP ,CCN,P INMAS,PPSTGC20 I ,CV(20 I ,RATMF,FEDRAT, ARATIO 
$,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/WTM0LE/WM0LU3,WI'0LPU,WMCLFP,WM0LUN,WM0LPN,WMnLFN, 
«WM0LH2,WM0LHN,AVEM0L,JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCON,ZQT(10 I ,Z1HQT(10 I 
« ,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
*CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
*,CP2WPU,CF2WFP,T1CCN,T1CCW,T2CON,T2COW,BW,BWC, BN,BNC 
« , E 0 3 , F 0 3 , T O C C N 1 C 1 0 I , T 0 C 0 W 1 C 1 0 I , T C C 0 N 2 C 1 0 I , T 0 C 0 W 2 ( 1 0 1 

C 
C U02CN03I2 BALANCE 
C 

DO 4 0 0 K11=1 ,NS 
0L0CK11 I=UNCK1H 

400 UNBCK11I=UN(K11I 
DO 420 f = l , L I M C 
IFCM.GT.MMUN) MMUN=M 
IFCDENOM( l ) .EQ.O.ODO) GOTO 4 4 0 
A=UNC2)4cFLC2l 
UN(1 I=Z1MQTC1) *A /DEN0MC1I *UNBC1I *ZQTC1I 
GOTO 4 5 0 

440 LNC1)=UNBC1) 
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450 DO 410 J=2,NS 
I F ( D E N O M ( J ) . E Q . 0 . 0 0 0 ) GOTO 4 6 0 
JM1=J-1 
J P 1 = J * 1 
A=UN( JP1)*'FLC J P l ) + U N C J M n * B ( J M l ) 
UNC J) = Z1MQT( J)4cA/DEN0M(J)+UNBC J)4cZ0T(J) 
GOTO 4 1 0 

460 UNCJ)=UNBCJ) 
410 CONTINUE 

IFLAG=0 
CALL CHECKCIFLAG,UN) 
I F C I F L A G . G T . i l GO TQ 420 
GO TO 4 3 0 

420 CONTINUE 
430 CONTINUE 

RETURN 
END 

C 
C 
C 

SUBROUTINE SUBPN 
I M P L I C I T REAL4C8 C A - H , 0 - Z ) 
COMMON/XX/ U N C 2 0 ) , P N C 2 0 I , H N 0 3 C 2 0 I ,H20C20) ,UNBC 2 0 ) , OLDC 20 ) 

$ ,PNBC20) ,HNO3BC20) ,H2OB(2O) ,WTU3C8C20) ,WTPU02C20 l ,WTFPC20 l 
* ,WTFUELC20 I ,FPNC20 I ,FPNBC20 I ,DENOMC20 I ,PELC20 I ,CRELC 20 I ,L IMO 

COMMON / X X X / T 0 L , T , C - ^ , V C 2 0 I , V 0 C 20 I , C T 1 , T 1 ,H ,PLV C 201 , HC, 
$T2,SUMNEG,SUMHN0,SUMNEP, ICP, ICPO, ITSAC 

COMMON/XXXX/BC201,U308C20I ,U308B(201 ,PARTC20 I , R A T E I C 2 0 I , 
$ P A R T B C 2 0 I , R A T E 2 C 2 0 I , P U 0 2 C 2 0 I , P U 0 2 B C 2 0 I , F P ( 2 0 I , F P B ( 2 0 ) , 
S L N K 1 C 2 0 ) , P N K 1 C 2 0 ) , F P K 1 C 2 0 ) , F L C 2 0 ) , U N K 2 C 2 0 ) , P N K 2 C 2 0 1 , 
* F P K 2 C 2 0 I , P C 1 0 , 5 0 ) , P B C 1 0 , 5 0 I , N S 

C0MM0N/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU3n8 
S ,OPUO2,DFP,CON,PINMAS,PPSTGC20l ,DVC20l ,RATMF,FE0RAT, ARATIO 
<,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/WTMGLE/WM0LU3,Wf'0LPU,WMCLFP,WM0LUN,WMnLPN,WMnL FN, 
«VtM0LH2,WM0LHN,AVEM0L, JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCON,ZQTC10I ,Z1MQTC10I 
S,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
«CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
< , C P 2 W P U , ' : F 2 W F P , T 1 C 0 N , T I C C W , T 2 C 0 N , T 2 C O W , B W , B W C , B N , B N C 

^,E03,F03 ,TOCON1C101,TOCOWlC10 I ,TCC0N2C10 I ,T0CnW2C101 
c 
C PUCN03)4 BALANCE 
C 

DO 500 K22=1,NS 
0LDCK22I=PNCK22I 

500 PNBCK22)=PNCK22) 
DO 520 NN=l,LIMr 
IFCNN.GT.NNPN) NNPN=NN 
IFCDENOMCD.EO.O.ODO) GOTO 540 
A=PNC2I4'FLC2) 
PNC 1)=Z1M0T(1) *A/DEN0MC1)* -PNB( 1 I * Z 0 T ( 1 I 
GOTO 550 

540 PNC1I=PNBC1) 
550 DO 510 K=2,NS 

IFCOENOMCK).EO.O.0CO) GOTO 5 6 0 
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K P 1 = K * 1 
K M 1 = K - 1 
A=FL(KP1I*PNCKP1)*BCKM1)4=PNCKM1I 
PNCK)=Z1MQTCK)*A/0EN0M(KH-PNBCK)*ZQTCK) 
GOTO 510 

560 PN(K)=PNeCK) 
510 CONTINUE 

IFLAG=0 
CALL CHECKCIFLAG,PN) 
I F C I F L A G . G T . i l GO TO 520 
GO TO 530 

520 CONTINUE 
530 CONTINUE 

RETURN 
END 

C 
C 
C 

SUBROUTINE SUBFN 
I M P L I C I T REAL4C8 C A - H , 0 - Z I 
COMMON/XX/ U N C 2 0 l , P N C 2 0 l , H N 0 3 C 2 0 l , H 2 O C 2 O I , U N B ( 20),OLDC 20 ) 

* , P N B C 2 0 I , H N 0 3 B ( 2 0 I , H 2 0 B ( 2 0 ) , W T U 3 0 8 C 2 0 ) , W T P U 0 2 ( 2 0 I , W T F P C 2 0 I 
S , W T F U E L C 2 0 I , F P N ( 2 0 I , F P N B C 2 0 I , D E N C M C 2 0 I , R E L C 2 0 ) , C R E L ( 2 0 ) , L I MO 

COMMON / X X X / T O L , T , C T , V C 2 0 ) , V 0 C 2 0 ) , C T l , T l , H , P L V ( 2 0 1 , H C , 
^T2,SUMNEG,SUMHN0,SUMNEP, ICP, ICPC, ITSAC 

COMMON/XXXX/BC201 ,U308C20 I ,03088C20 I ,PARTC20 I , R A T E I C 2 0 I , 
* P A R T B C 2 0 I , R A T E 2 C 2 0 I , P U 0 2 C 2 0 I , P U 0 2 B C 2 0 I , F P C 2 0 1 , F P B C 2 0 • , 
< L ; N K 1 ( 2 0 I , P N K 1 C 2 0 ) , F P K 1 C 2 0 ) , F L C 2 0 I , U N K 2 C 2 0 I , P N K 2 C 2 0 1 , 

« F P K 2 C 2 0 I , P C 1 0 , 5 0 I , P B C 1 0 , 5 0 I , N S 
C0MMON/PERCNT/PCU308,PCPUO2,PCFP,SPAREA,DU30 8 

* ; ,DPU02 ,DFP,C0N,P INf«AS,PPST6C20) ,CVC20) ,RATMF,FE0RAT, ARATIO 
«,PCUPEP,PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/WTM0LE/WM0LU3,WfOLPU,WMCLFP,WMOLUN,WM0LPN,WM0LFN, 
tV«MGLH2,WM0LHN,AVEM0L, JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCON,ZQTC1Q),Z1MQTC10I 
« ,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
$CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
*,CP2WPU,CF2WFP,T1CCN,T1CCW,T^C0N,T2C0W,BW,BWC,BN,8NC 
$ ,EC3 ,F03 ,TOCCN1C10 I ,T0C0W1C10 I ,T0C0N2C10 I,TOCOW2C10) 

C 
C F P C N 0 3 ) 3 . 3 9 BALANCE 
C 

DO 550 K22=1 ,NS 
CL0CK22)=FPNCK22) 

550 FPNBCK22)=FPNCK22I 
00 570 N N = 1 , L I M 0 
IF (NN.GT.NNFP)NNFP=NN 
IFCDENOMCl) .EQ.O.OCO) GOTO 510 
A=FLC2)*FPNC2) 
FPNCl )=Z lMQTCl )4 'A /DEN0r 'C l ) *FPNB( 1 ) * Z 0 T C 1 ) 
GOTO 520 

510 FPNC1I=FPNBC1) 
520 00 560 K=2,NS 

IFCDENOMCK).EQ.O.OCO) GOTO 530 
K P 1 = K * 1 
KM1=K-1 
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A=FLC KP114=FpNCKPl)tBCKMl)*FPNCKMl) 
FPNCK)=ZlMCT(K)4cA/DEN0MCK)+FPNBCK)4=ZQTCK) 
GOTO 5 6 0 

530 FPNCKI=FPNB(KI 
560 CONTINUE 

!FLAG = 0 
CALL CHECK(IFLAG,FPNI 
I F C I F L A G . G T . 1 ) GO TO 570 
GO TO 580 

570 CONTINUE 
580 CONTINUE 

RETURN 
END 

C 
C 
C 

SUBROUTINE SUBHN 
I M P L I C I T REAL*8 C A - H , 0 - Z I 
COMMON/XX/ UNC20 I , P N I 2 0 1 , H N 0 3 ( 2 0 ) , H 2 0 C 2 0 ) , U N B C 2 0 l , O L D C 2 0 l 

$ , P N B C 2 0 I , H N 0 3 B C 2 0 I , H 2 0 B ( 2 0 I , W T U 3 C 8 ( 2 0 I , W T P U 0 2 C 2 0 I , W T F P C 2 0 I 
« , W T F U E L C 2 0 ) , F P N C 2 0 l , F P N B C 2 0 l , D E N C M C 2 0 l , R E L C 2 0 l , C R E L ( 2 0 I , L I MO 

COMMON / X X X / T O L , T , C T , V C 2 0 I , V O C 20 I , C T l , T l , H , P L V C 2 0 1 , H C , 
*T2 ,SUMNEG,SUMHN0,SUMNEP, ICP, ICPO, ITS AC 

COMMON/XXXX/BC201 ,U308C20 I ,U308BC20) ,PART(20 I , R A T E I C 2 0 I , 
« P A R T B ( 2 0 I , R A T E 2 C 2 0 I , P U 0 2 C 2 0 I , P U 0 2 B C 2 0 I , F P { 2 0 I , F P B C 2 0 I , 
? L N K 1 C 2 0 I , P N K 1 C 2 0 I , F P K l C 2 0 1 , F L ( 2 0 I ,UNK2(20 ) ,PNK2C 2 0 ) , 
« F P K 2 C 2 0 ) , P C 1 0 , 5 0 ) , P B C 1 0 , 5 0 ) , N S 

COMMON/EXTFED/HN03FC10) ,H20FC1CI ,FLEXTC10I ,ACIDEF, IAD 
CnMMON/XXXXX/RMSDC2,50 l ,T IME,PINVOL,RHOAVE,TD,XPU,REM,TNP, 

*RPCW,RC0N,ACDF,PIN000,PAR000 
C0MM0N/CCNSTN/C0UN1N,CCPN1N,C0FP1N,C0UN2N,C0PN2N,C0FP2N, 

«COUN1W,COPN1W,COFP1W,COUN2W,COPN2W,COFP2W 
C0MMON/PERCNT/PCU3O8,PCPUO2,PCFP,SPAREA,0U3O8 

$ ,DPUO2,DFP,C0N,P INI«AS,PPSTGC20l ,0VC20l ,RATMF,FEORAT, ARATIO 
*,PCUPER,PCPPER,UOWF,PCWF,PPERPN,UPERUN 

COMMON/WTM0LE/WMOLU3,WfOLPU,WMCLFP,WMOLUN,WMOLPN,WMOLFN, 
Sk*M0LH2,WM0LHN,AVEM0L, JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 

C0MMON/ZCONST/ZU,ZUC0N,ZP,ZPC0N,ZF,ZFCON,ZQT(10 I ,Z1MQTC10I 
«,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
•CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
*,CP2WPU,CF2WFP,TlCCN,- '- lCCW,T2C0N,T2COW,BW,BWC, BN,BNC 
$ , E 0 3 , F 0 3 , T C C 0 N 1 ( 1 0 I , T O C O W l C 1 0 I ,TCC0N2C10 I ,T0C0W2C101 

C 
C 
C HN03 BALANCE 
C 

00 600 K33=1,NS 
0LD(K33)=HN03(K33) 

600 HN03B(K33)=HN03CK33) 
DO 620 MM=1,LIM0 
IFCMM.GT.MMHN) MMHN=MM 
IFCDENOMCl).EQ.O.ODOI GOTO 640 
A=FLC2)4'HN03(2I*HNC3FC1I*FLEXTC1I 
HN03C H = Z1M0TC1I*A/DENCM(1I»-HNC3BC1»*ZQT(1I 
GOTO 660 

640 HN03(1)=HNC3B(1) 
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660 DO 610 M=2,NS 
IFCDENOMCMKEQ.O.OCOI GOTO 6 7 0 
I'P1 = M*1 
t 'M l=M- l 
A=FL(MPl)4cHN03CMPl)+BCMMll*HN03CMMl) 

$+HN03FCM)4cFLEXTCMI 
HN03CM) = ZlMQT(MI4cA/DENCMCMH-HNC3B(M)*ZQT (M) 
GOTO 6 1 0 

£70 HN03CM)=HN03B(MI 
610 CONTINUE 

IFLAG=0 
CALL CHECKCIFLAG,HN03I 
I F C I F L A G . G T . i l GO TO 620 
GO TO 630 

620 CONTINUE 
C 
C NEGATIVE ACID CONC CORRECTOR... 
C 
630 DO 650 K=1,NS 

I F C H N 0 3 C K ) 1 6 8 0 , 6 8 0 , 6 5 0 
680 SUMHN0=SUMHN0*HN03CKI*PLVCK) 

H N 0 3 ( K ) = 0 . 0 0 0 
650 CONTINUE 

RETURN 
END 

C 
C 
C 

SUBROUTINE SUBH2 
I M P L I C I T REAL4'8 C A - H , 0 - Z ) 
COMMON/XX/ UNC20),PNC 2 0 ) , H N 0 3 ( 2 0 ) , H 2 0 ( 2 0 ) , U N B ( 2 0 ) , O L D ( 2 0 ) 

$ ,PNBC20) ,HN03BC20I ,H20BC20) ,WTU3C8C20) ,WTPU02C 20 I ,WTFPC201 
$ , W T F U E L C 2 0 I , F P N C 2 0 I , F P N B ( 2 0 I , D E N 0 M C 2 0 I , R E L C 2 0 I , C R E L ( 2 0 I ,L IMO 

COMMON / X X X / T 0 L , T , C T , V ( 2 0 I , V 0 C 20 I , C T l , T l , H , P L V C 2 0 1 , H C , 
$T2,SUMNEG,SUWHN0,SUMNEP, ICP, ICPO, ITS AC 

COMMON/XXXX/BC20 I , U 3 0 8 C 2 0 I , U 3 0 8 B C 2 0 I , P A R T C 2 0 ) , R A T E K 2 0 ) , 
S F A R T B ( 2 0 ) , R A T E 2 C 2 0 ) , P U 0 2 C 2 0 ) , P U 0 2 B C 2 0 I , F P ( 2 0 ) , F P B ( 2 0 I , 
* L N K 1 C 2 0 I , P N K 1 C 2 0 I , F P K 1 C 2 0 I , F L C 2 0 I , U N K 2 C 2 0 I , P N K 2 C 2 0 1 , 
* F P K 2 C 2 0 I , P C 1 0 , 5 0 ) , P B C 1 0 , 5 0 ) , N S 

C0MMON/EXTFEO/HNO3FC10) ,H2CF(1C) ,FLEXTC10) ,ACIDEF , IAD 
COMMON/XXXXX/RMSDC2,50I ,T IME,PINVOL,RHOAVE,TO,XPU,REM,TNP, 

«RP0W,RCON,ACDF,PIN0O0,PAR000 
COMMON/CCNSTN/COUNlN,CCPNlN,COFPlN,COUN2N,COPN2N,CnFP2N, 

$C0UN1W,C0PN1W,C0FP1W,C0UN2W,C0PN2W,C0FP2W 
C0MMCN/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 

* ,DPUO2,0FP,CCN,P INMAS,PPSTGC20 l ,CVC20 l ,RATMF,FEDRAT,ARATIO 
«,PCUPER,PCPPER,UOWF,PCWF,PPERPN,UPERUN 

COMMON/WTMCLE/WM0LU3,WfOLPU,WMCLFP,WMOLUN,WMOLPN,WMOLFN, 
?WM0LH2,WM0LHN,AVEM0L,JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPC0N,ZF,ZFCON,ZQTCIO I ,Z IMOTC101 
$,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
?CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
$,CP2WPU,CF2WFP,T1CCN,T1CCW,T2C0N,T2C0W,BW,BWC,BN , BNC 
$ ,E03 ,F03 ,TCCON1C10 I ,T0C0W1C10) ,TCC0N2C10) ,TOCOW2C10) 

C 
C 
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C H20 BALANCE 
C 
C 

DO 700 K44=1,NS 
CLDCK44I=H20CK44I 

700 H20B(K44I=H20CK44I 
DO 720 11=1,LIMO 
I F C I I . G T . I I H 2 I I I H 2 = I I 
IFCDENOMCn.EQ.O.ODOl GOTO 760 
A = F L ( 2 ) * F 2 C C 2 ) » H 2 C F C l ) 4 c F L E X T ( l ) 
H 2 O C l l = Z l M 0 T ( H * A / D E N O M C l H - H 2 0 e C 1 ) * Z Q T ( 1 ) 
GOTO 750 

760 H20C1)=H20EC1) 
750 CCNTINUE 

DO 710 L I = 2 , N S 
IFCDENOMCLI) .EQ.O.OCO) GOTO 770 
L I P 1 = L H - 1 
L I M 1 = L I - 1 
A=FL( L I P l l * H 2 0 C L I P l l * B C L I M l l 4 c H 2 0 C L I M l l 

* » H 2 0 F ( L I )4cFLEXTCLII 
H20CLI l = ZlMQTCLII4cA/DEN0MCLI I»H20BCLI I4=ZQTCLI) 
GOTO 710 

770 H 2 0 ( L I ) = H2CBCLH 
710 CONTINUE 

IFLAG=0 
CALL CHECKCIFLAG,H20) 
I F C I F L A G . G T . l l GO TO 720 
GO TO 73 0 

720 CONTINUE 
730 CONTINUE 

RETURN 
END 

C 
C 
C 
C 
C 

SUBROUTINE CHECKCIFLAG,CONCI 
I M P L I C I T REAL*8 C A - H , 0 - Z ) 
COMMON/XX/ UNC20),PNC 2 0 ) , H N 0 3 C 2 0 ) , H 2 0 ( 2 0 ) , U N B C 20) ,OLDC2O) 

? , P N B ( 2 O ) , H N O 3 B ( 2 O I , H 2 O B ( 2 0 l , W T U 3 0 8 C 2 0 l , W T P U O 2 C 2 0 l , W T F P C 2 0 l 
«,WTFUELC 2 0 I , F P N ( 2 0 I , F P N B C 2 0 ) , D E N 0 M ( 2 0 I , R E L C 2 0 I , C R E L C 20 I ,L IMO 

COMMON / X X X / T O L , T , C T , V ( 2 0 I , V O C 2 0 I , C T 1 , T 1 , H , P L V ( 2 0 I , H C , 
*T2,SUMNEG,SUMHN0,SUMNEP, I C P , I C P O , I T S A C 

COMMON/XXXX/BC201,U308C20I ,U308BC201,PARTC20 I ,RATEIC 2 0 1 , 
$ P A P T B ( 2 0 I , R A T E 2 C 2 0 I , P U 0 2 ( 2 0 I , P U 0 2 B C 2 0 I , F P C 2 0 ) , FPBC20) , 
$ L N K 1 C 2 0 I , P N K 1 I 2 0 ) , F P K 1 C 2 0 ) , F L C 2 0 ) , U N K 2 C 2 0 I , P N K 2 ( 2 0 1 , 
* F P K 2 ( 2 0 I , P C 1 0 , 5 0 ) , P 8 C 1 0 , 5 0 ) , N S 

DIMENSICN C0NCC20) 
00 10 J=1,NS 
ERROR=DABSCOLDCJ)-CONCCJ)I 
ABT0L=TOL4cCLDC J) 
TFCERROR.GT.ABTOL) GO TO 20 

10 CONTINUE 
IFLAG=1 
RETURN 
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20 IFLAG=2 
DO 30 1 = 1 , 2 0 

30 CLDCI)=CCNCCI I 
RETURN 
END 

C 
C 
C 

SUBROUTINE WEIGHT 
I M P L I C I T REAL4C8 C A - H , 0 - Z ) 
COMMON/XX/ UNC201,PNC20) ,HN03C20 I , H 2 n ( 2 0 ) , U N B C 2 0 ) , O L O C 2 0 ) 

^ , P N B C 2 0 ) , H N 0 3 B C 2 0 ) , H 2 0 B C 2 0 I , W T U 3 0 8 C 2 0 I , W T P U 0 2 C 2 0 ) , W T F P C 2 0 ) 
$ , W T F U E L C 2 0 ) , F P N C 2 0 ) , F P N B C 2 0 I , D E N 0 M C 2 0 ) , R E L C 2 0 ) , C R E L C 2 0 ) , L I M O 

COMMON / X X X / T 0 L , T , C T , V C 2 0 ) , V 0 ( 2 0 I , C T l , T l , H , P L V ( 2 0 1 , H C , 
*T2,SUMNEG,SU^'HN0,SU^'NEP, I C P , ICPO, ITS AC 

COMMON/XXXX/BC201,U308C20I ,U308BC20I ,PARTC20 I , R A T E I C 2 0 I , 
* P A R T B C 2 0 l , R A T E 2 C 2 0 l , P U 0 2 C 2 0 l , P U 0 2 B C 2 0 l , F P ( 2 0 ) , F P e ( 2 0 » , 
* L N K 1 C 2 0 I , P N K 1 C 2 0 I , F P K 1 C 2 0 ) , F L ( 2 0 ) , U N K 2 ( 2 0 ) , P N K 2 ( 2 0 ) , 
$ F P K 2 C 2 0 ) , P C 1 0 , 5 0 ) , P B C 1 0 , 5 0 ) , N S 

COMMON/XXXXX/RMSDC2,50) ,T IME,PINVOL,RHOAVE,TD,XPU,REM,TNP, 
<RPOW,RCON,ACDF,PINOOO,PAROOO 

C0MM0N/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
$ ,DPU02,OFP,CCN,PINMAS,PPSTGC20) ,CVC20) ,RATMF,FEORAT,ARATIO 
«,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCON,ZQTC10),Z1MQTC101 
«,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
*CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
*,CP2WPU,CF2WFP,T1CCN,T1CCW,T2C0N,T2C0W,BW,BWC,BN,BNC 
* , E C 3 , F 0 3 , T a C C N l C 1 0 l , T O C O W l C 1 0 l , T C C O N 2 C 1 0 ) , T O C O W 2 C 1 0 ) 

COMMON/CCNSTN/C0UN1N,CCPN1N,C0FPIN,C0UN2N,COPN2N,COFP2N, 
«CnuNlW,C0PNlW,C0FPlW,COUN2W,COPN2W,COFP2W 

COMMON/PAR/FREQC50) ,RC50) ,RMMINC50) ,RMMAXC50) ,PPCIO,50 ) , 
$ R M S C l 0 , 5 0 1 , P A R T P ( 2 0 I,PMC 501,AT PC 5 0 1 , O R , P I , R M I N , R M A X , P C O N T , 
«FTPIRO,FOURPI ,NG 

COMMON/SOLIDS/FINES,RWASTE.HDR,CUBE,NRW,NRWMl,NGPNRW,NGM1 
«,NRWM2 

DIMENSION RTEMPC10,50I 
C 
C QUANTITY REACTED FROM FUEL PINS DURING A TIME STEP 
C AMOUNT RELEASED IN DEDUCTED I N SUBROUTINE R E L E A S . . . 
C UPDATE PARTICLE CONC FCR R E A C T I O N . . . 
C 

00 200 1=1,NS 
SUMPAR=O.ODO 

DO 360 J=1,NG 
K=NG-J*1 
P B B B V = P C I , K I * P L V C I ) 
PRCT=RATElCI ) *PPCI ,K) *ATPCKI4cH 
P C I , K I = C P B B B V - P R C T l / P L V C I ) 
PPTIM=PPCI ,K) 
I F C P C I , K ) . L E . 0 . 0 D 0 ) GOTO 150 
GOTO 160 

150 SUMNEP=SUMNEP»PCI,K)*PLVCII 
PRCT=PBBBV 
P C I , K ) = 0 . 0 C 0 
PPT IM=0 .0D0 
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P M S C I , K ) = R ( K ) 
C 
C CONCENTRATION ADJUSTMENT FOR DISSOLUTION OF PARTICLES. 
C 
160 H X P = P R C T / P L V ( I I 

PARTPCTI=PARTPCIl+PRCT 
UNC I ) = CUN(I)»-HXP4cpCU3ZUI 
PN( I ) = CPNC II+HXP4CPCPUZP) 
FPNCI )=CFPN( I )+HXP*PCFPZF) 
HN03C I )=HNC3CI) -HXP4 'TOCaNlCI ) 

IFCHN03CI).LT.0.0D0IHNC3(I1=0.ODO 
H20CI I=H20CII«-HXP4'TOCOW1( I I 
IF(P(I,KI.LE.O.ODO) GOTO 300 
PMSCI,K)=((CRMSCI,K)*l.D-4)**3-pRCT/ 

*;CFTPIR0*PPCI ,K) ) l*4.CUBE)/l.D-4 
GOTO 350 

200 PMSCI,K)=RCKI 
PCI,K)=0.000 

250 RTEMPCI,K)=RMSCI,K) 
P P C I , K ) = P P T I M 

260 CONTINUE 
C 
C PARTICLE SIZE GROUP TRANSFpoS. . . 
C 

DO 3 0 5 K=1,N6M1 
K P 1 = K H 

00 185 J1=KP1,NG 
I F C R M S d , J 1 ) . G E . R M M I N C K ) . A N D . R M S C l , J l l .LE.RMMAXCKI IGOTO 190 
GOTO 185 

190 T0TPAR = P C I , K I * - P C I , J 1 I 
PC0NT=PC0NT*1.D0 
IFCTOTPAR.LE.O.ODOIGOTC 195 
R T E M P ( I , K ) = T O T P A R / C P ( I , K ) / R T E M P ( I , K ) ^ P ( I , j 1 J / P T E M P ( I , J 11) 
P ( I , K ) = T C T P A R 
P C I , J 1 I = 0 . 0 0 0 
P T E M P C I , J 1 ) = R ( J l ) 
GOTO 185 

195 P ( I , J I ) = 0 . 0 0 0 
RTEMPd , J l l = R ( J l ) 
OCI , K ) = 0 . 0 D 0 
PTEMPCI ,K)=RCK) 

185 CONTINUE 
305 CONTINUE 

DO 400 J=1,NG 
R M S C l , J ) = R T E M P C I , J ) 
SUMPAR = SUMPAR«-PC I, J) 

400 CONTINUE 
PAPTCI)=SUMPAR 

C 
C PIN R E A C T I O N S . . . 
C 

RCT=R ATE2( I I4 'C0N4'PPSTG(I I4=H 
OLDWT=WTFUELCI) 
WTFUELCl )=WTFUELCH-RCT 
I F ( W T F U E L d ) . LE.O.ODO) GO TO 110 
GOTO 1 2 0 
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110 SUMNEG=SUMNEG*WTFUELCI ) 
RCT=OLDWT 
WTFUELCI )=0 .0D0 

120 IFCOLDWT.GT.O.ODO.AND.WTFUELCl I . LE .O .ODOI GO TO 10 
GO TO 20 

10 I F C I F L G I O . E Q . I O I GO TO 90 
GO TO 100 

90 TPERCT=CABSCT-TSTGI 
I F C T P E R C T . L E . 0 . 3 3 3 3 3 D 0 I GO TO 20 

ICO TSTG=T 
ICP = ICP»-1 
TOTDIS=TIME 
I D I S P = I 
WRITEC13,301 T O T D I S , I D I S P , T S T G , I C P 
WRITEC6,301 T O T D I S , I O I S P , T S T G , I C P 

20 FORMATC/' TIME INTO R U N = ' , F 1 2 . 4 , • M I N ' / 
S ' DISSOLUTION OF FUEL I N PINS COMPLETED IN S T A G E ' , I X , 1 3 , 
$ • AFTER • , F 1 2 . 4 , « MINUTES INTO C Y C L E . ' / 
$ ' THIS I S THE ' , 1 4 , ' FUEL DISSAPPEARANCE C Y C L E . ' / ) 

C 
C CONCENTRATION ADJUSTMENTS FOR DISSOLUTION FROM FUEL P I N S . 
C 
20 H X P I N = P C T / P L V C I I 

UNCI)=UN(I I*-HXPIN4cPCU3ZU 
PNCI) = P N ( I H-HXPIN*PCPUZP 
FPNCI l = FPN(II*-HXPIN4cPCFPZF 
HN03( I ) = H N C 3 d ) - H X P I N * T 0 C 0 N 2 d ) 

I F C H N O 3 C I ) . L T . 0 . 0 D O ) H N C 3 C I ) = 0 . O D O 
H 2 0 d )=H20CII+HXPIN4cTOCOW2CI I 
I F C P A R T C I I . L E . O . O D O I GOTO 130 
GOTO 140 

130 P A R T C I 1 = 0 . 0 0 0 
140 I F C P A R T B C I > . G T . O . O D O . A N D . P A R T C I ) . L E . O . O D O ) GO TO 40 

GO TO 50 
40 I F C I F L G I O . E Q . I O I GO TO 70 

GO TO 80 
7C TPERCT=DABSCT-TPSTGI 

I F C T P E R C T . L E . 0 . 3 3 3 3 3 0 0 1 GO TO 50 
80 TPSTG=T 

TOPOIS=TIME 
I P D I S P = I 
I C P 0 = I C P C * 1 
WRITEC13,60) T O P D I S , I P D I S P , T P S T G , I C P O 
W R I T E ( 6 , 6 0 I T O P D I S , I P D I S P , T P S T G , I C P C 

6C FORMATC/' TIME INTO R U N = ' , F 1 2 . 4 , ' M I N ' / 
$ ' DISSOLUTION OF LOOSE FUEL PARTICLES COMPLETED IN STAGE' 
< , 1 X , I 3 , ' A F T E R ' , F 1 2 . 4 , ' f INUTES INTO C Y C L E . ' / 
$ • THIS I S THE ' , 1 4 , ' FUEL DISSAPPEARANCE C Y C L E . ' / ) 

50 I F L G 1 0 = 1 0 
200 CONTINUE 

RETURN 
END 

C 
C 

c 
SUBROUTINE RELEAS 
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I M P L I C I T REAL4=8 C A - H , 0 - Z I 
COMMON/XX/ UNC20),PNC 2 0 ) , H N 0 3 ( 2 0 I ,H20C20 I,UNBC 201 ,OLDC20) 

* ,PNBC20) ,HNO3BC20) ,H2OBC20 l ,WTU3O8C20 l ,WTPU02C20 l ,WTFPC20 l 
* ,WTFUELC20 I ,FPNC20 ) ,FPNBC20) ,DEN0MC20) ,RELC20 ) ,CRELC20 I , L I MO 

COMMON / X X X / T O L , T , C T , V C 2 0 I , V 0 ( 2 0 I , C T l , T l , H , P L V ( 2 0 1 , H C , 
$T2,SUMNEG,SUMHN0,SUf'NEP, ICP , ICPO, ITS AC 

C O M M O N / X X X X / B C 2 0 I , U 3 0 8 C 2 0 ) , U 3 0 8 B ( 2 0 1 , P A R T C 2 0 ) , R A T E I C 2 0 ) , 
$ P A R T B C 2 0 ) , R A T E 2 C 2 0 ) , P U 0 2 C 2 0 I , P U 0 2 B C 2 0 ) , F P C 2 0 ) , F P B C 2 0 ) , 
$LNK1C20) , P N K 1 C 2 0 I , F P K 1 C 2 0 I , F L C 2 0 I , U N K 2 ( 2 0 I , P N K 2 C 2 0 1 , 
* F P K 2 C 2 0 I , P C 1 0 , 5 0 I , P B C 1 0 , 5 0 ) , N S 

COMMON/XXXXX/PMSDC2,50) ,T IME,PINVOL,RHOAVE,TO,XPU,REM,TNP, 
$RPOW,RCON,ACDF,PINOOO,PAROOO 

COMM0N/PERCNT/PCU308,PCPUO2,PCFP,SPAREA,DU308 
* ,DPU02 ,DFP ,C0N,P INMAS,PPSTGC20) ,DVC20 I ,RATMF,FEDRAT, ARATIO 
«,PCUPER,PCPPER,UOWF,POWF,PPEPPN,UPERUN 

C 

c 
c 

DO 70 ISTG=1,NS 
STG=DFLOATCISTGI 
IFCWTFUELCISTGI .LE.O.ODOI GO TC 10 
I F C I S T G . E O . i l GO TO 40 
GO TO 50 

40 TID=T1 
GO TO 30 

50 TID=CT4'C STG-2 .0D0 I *T« -CT1 
C 
C 
C FACTOR OF 1 I N RELEASE PATE EQUATION T Q INCREASE R A T E . . . 
C 
C 
C30 C0NST=WTFUELCISTGI /1 .D2 
C RELCISTG) = l . D O 4 c C . 2 7 9 5 D 0 / C T I D * * . 2 0 4 4 D 0 ) )4cC0NST 
20 PELCISTG)=CREL(ISTG)4cPPSTGCISTGI 

RELWTM=WTFUELCISTGI/H 
IFCRELCISTGI .GT.RELWTMI GOTO 6 0 
GO TO 20 

60 PELCISTG)=RELWTM 
GOTO 2 0 

10 RELCISTG)=0 .0D0 
20 CONTINUE 
70 CONTINUE 

RETURN 
END 

SUBROUTINE RATECK 
I M P L I C I T REAL4C8 C A - H , 0 - Z ) 
COMMON/XX/ U N C 2 0 I , P N ( 2 0 ) , H N O 3 ( 2 0 ) , H 2 0 C 2 0 ) , U N B C 20 ) ,OLOC20) 

« ,PNBC20) ,HN03BC2O),H2OBC2O),WTU3C8C2O),WTPUO2C20) ,WTFPC2O) 
* , W T F U E L C 2 0 ) , F P N C 2 0 l , F P N B C 2 0 l , O E N C M C 2 0 l , R E L C 2 0 l , C R E L ( 2 0 I ,L IMO 

COMMON / X X X / T 0 L , T , C T , V C 2 0 ) , V 0 C 2 0 ) , C T 1 , T 1 , H , P L V C 2 0 ) , H C , 
*T2 ,SUMNEG,SUMHN0,SUMNEP, ICP, ICPO, ITS AC 

C O M M O N / X X X X / B ( 2 0 ) , U 3 0 8 ( 2 0 ) , U 3 0 8 B ( 2 0 ) , P A R T ( 2 0 ) , R A T E 1 ( 2 0 ) , 
« P A R T B ( 2 0 ) , R A T E 2 ( 2 0 ) , P U 0 2 C 2 0 I , P U 0 2 B C 2 0 ) , F P C 2 0 ) , F P B ( 2 0 ) , 

http://IFCISTG.EO.il
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* U N K 1 C 2 0 ) , P N K 1 C 2 0 I , F P K 1 C 2 0 ) , F L C 2 0 ) , U N K 2 ( 2 0 ) , P N K 2 C 2 0 ) , 
« ; F P K 2 C 2 0 l , P C 1 0 , 5 0 ) , P e C 1 0 , 5 0 l , N S 

C0MM0N/XXXXX/RMSDC2,50 I ,T IME,P INV0L ,RH0AVE,TD ,XPU,REM,TNP, 
«RPOW,RCON,ACDF,PIN000,PAR000 

COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
$ ,DPU02 ,DFP,C0N,P INMAS,PPSTGC20) ,DVC20) ,RATMF,FEDRAT,ARATIO 
«,PCUPEP,PCPPER,UOWF,POWF,PPERPN,UPERUN 

C 
c 
C REACTION RATE FOR U308 AS FUNCTION OF HN03 CONC AND TO 
C BASED ON U02 REACTION RATE ?????? 
C 
C 
C 
C 
C REACTION RATE FOR PU02 AS FUNCTION OF HN03 CONC AND TD 
C ASSUMES NO FLUORINE IN DISSOLVER. 
C FROM A REPORT BY PAINEY AND URIATE PUBLISHED IN 1965. 
C 
C 
C 
C 

DO 70 IST=1,NS 
A = H N 0 3 C I S T ) / 6 3 . 0 2 D 0 
IFCA.LE .O .ODO) GO TO 50 
IFCWTFUELC1ST).LE.O.ODO) GO TO 10 
I F C P I N O O O . L T . l . O D O ) GOTO 80 
RATE2dST)=RATMF4'C A*ACDF)4c4=RPOW 
GOTO 20 

80 R A T E 2 C I S T I = 0 . 0 D 0 
GO TO 20 

10 RATE2C IST)=O.ODO 
20 I F C T I M E . L E . H ) GO TO 60 

I F C P A R T C I S T ) . L E . O . O D O ) GO TO 30 
60 I F ( P A R O O O . L T . l . O D O ) GOTO 9 0 

RATElCISTI=RATMF4cA4<#RPCW 
GOTO 40 

90 R A T E I C I S T ) = 0 . 0 D 0 
GO TO 40 

30 RATEK ISTI=O.ODO 
GO TO 40 

50 P A T E I C I S T ) = 0 . O D 0 
RATE2CISTI=O.ODO 

40 UNKIC IST I=PCU308*RATE1CIST I 
P N K l C I S T I = PCPU024cRATElCIST) 
FPKIC IST)=PCFP*PATE1CIST) 
U N K 2 d S T } = PCU308*RATE2ClSTI 
PNK2CISTI = PCPU024'RATE2(ISTI 
FPK2C I STI = PCFP4>RATE2C I ST I 

70 CONTINUE 
RETURN 
END 

C 
C 

SUBROUTINE FREOUE 
IMPLICIT REAL*8 CA-H,0-Z) 



A-60 

C O M M O N / X X X X / B C 2 0 ) , 0 3 0 8 ( 2 0 ) , U 3 0 8 B ( 2 0 ) , P A R T C 2 0 ) , R A T E 1 C 2 0 ) , 
$PAPTB{2O) ,RATE2C2O) ,PUO2C20) ,PU0 2BC20 I ,FPC2 01,FPBC20 I , 
« L N K 1 ( 2 0 I , P N K 1 C 2 0 ) , F P K 1 C 2 0 I , F L C 2 0 ) , U N K 2 C 2 0 ) , P N K 2 ( 2 0 ) , 
$ F P K 2 C 2 0 ) , P C 1 0 , 5 0 ) , P B ( 1 0 , 5 0 ) , N S 

COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
* , D P U 0 2 , 0 F P , C C N , P I N V A S , P P S T G C 2 0 I , D V C 2 0 I , R A T M F , F E 0 R A T , A R A T I O 
S,PCUPER,PCPPEP,UOWF,POWF,PPERPN,UPERUN 

C O M M O N / P A R / F R E Q C 5 O I , R ( 5 0 ) , R M M I N ( 5 0 ) , R M M A X C 5 0 l , P P C I O , 5 0 ) , 
« P M S C 1 0 , 5 0 ) , P A R T P C 2 0 ) , P M C 5 0 ) , A T P C 5 0 ) , D R , P I , R M I N , R M A X , P C O N T , 
$FTPIRO,FOURPI ,NG 

COMMON/SCLIOS/FINES,RWASTE,HDR,CUBE,NRW, NRWMl,NGPNRW,NGM1 
«;,NRWM2 

COMMON/XXXXX/PMSDC2,50) ,T IME,PINVOL,RHOAVE,TD,XPU,REM,TNP, 
$RPCW,RCON,ACCF,PIN000,PAR000 

C 
C PARTICLE DISTRIBUTION I N I T I A L I Z A T I O N R O U T I N E . . . 
C 
C DISTRIBUTION DATA IS FCR SHEARED ,UNVOLOXIDIZED, UNIRRIOIATED 
C FUEL. TAKEN FROM SUBCONTRACT REPORT NUREG/CR-0866, 
C CRNL/NUREG-60 BY DAVIS,WEST, AND STACY OCTOBER 1979 
C 

DR=CPMAX-RMIN)/NG 
HDR=DR/2.D0 
RC1)=RMIN*HDR 
RMMINC1)=RC1)-HDR 
RMMAXC1)=RC1I*HDR 
SUM=O.ODO 

DO 10 1=2,NG 
RCI I=RCI -1 )« -DR 
RMMINCI l=RCI I -HDR 

10 RMNAXCI I=R( I I •HOR 
CM=5.041D0 
S=1.510DO 
P S 1 = 1 . D 0 / S 

C RS0PI = 1 . 0 0 / ( 2 . D 0 * P I ) 4 ' * . 5 0 0 
RSQPI=0 .11D0 
R S 2 = R S 1 / ( 2 . D 0 * S > 
COMFA=RSQPI*DR/S 

DO 20 1=1,NG 
Q 1 0 = D L 0 G ( R ( I ) ) - C M 
FREQCII = C0^'FA*CDEXPCQ10*C-010)4<RS2)) /R( I ) 
SUM=SUM*FREQCI) 

20 CONTINUE 
WRITEC6,30) SUM 

30 FORMATC/ / ' INTEGRATED FREQUENCY DI S T R I B U T I O N = ' , 2 X , I P D l 2 . 5 ) 
SUM1=0.0D0 

C 
C NORMALIZED FREQUENCY DISTRIBUTION FOR PRESENT PARTICLE 
C SIZE RANGE 
C 

DO 40 J=1,NG 
FPEQ(JI=FREQCJI /SUM 
P M C J I = F T P I R O * ( R C J I * 1 . 0 - 4 I * * 3 
A T P { J ) = F C U R P I 4 ' C R C J I * A R A T I 0 ) * * 2 

40 SUM1=SUM1+FREQ(J) 
NSP1=NS*1 
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DO 60 I=1,NSP1 
DO 60 J=1,NG 
PMSCI,J)=RCJI 

€0 CONTINUE 
DO 70 1=1,2 
DO 70 J=1,NG 
RMSOCI , J I = RCJI 

7C CONTINUE 
WRITEC6,50 ) SUMl 

50 FORMATC NORMALIZED INTEGRATED FREQUENCY OISTR IBUT I O N = ' , 
« 2 X , 1 P D 1 2 . 5 / / ) 

RETURN 
END 

C 
C TIME STEP ADJUSTER 
C 

SUBROUTINE TSTEP 
I M P L I C I T REAL*8 C A - H , 0 - Z ) 
COMMON/XX/ UNC20),PNC 201,HN03C 20 I , H 2 0 C 2 0 ) , U N B ( 2 0 ) , O L D ( 2 0 ) 

$ , P N B C 2 0 ) , H N 0 3 B C 2 0 ) , H 2 0 B C 2 0 ) , W T U 3 0 8 ( 2 0 1 , W T P U 0 2 ( 20 I ,WTFPC20) 
* , W T F U E L C 2 0 ) , F P N ( 2 0 I , F P N B ( 2 0 I , D E N C M C 2 0 I , R E L C 2 0 ) , C R E L C 2 0 ) . L I M O 

COMMON / X X X / T 0 L , T , C T , V C 2 0 ) , V 0 C 20 I , C T 1 , T l , H , P L V ( 2 0 ) , H C , 
«iT2,SUMNEG,SUfHN0,SUMNEP, ICP , ICPO, ITS AC 

COMMON/PERCNT/PCU3C8,PCPU02,PCFP,SPAREA,DU308 
$ ,DPU02 ,DFP,CCN,P INMAS,PPSTG(20 ) ,DVC20) ,RATMF,FEORAT, ARATIO 
$,PCUPER,PCPPER,U0WF,POWF,PPERPN,UPERUN 

C0MM0N/XXXX/BC20 I ,U308C20 I ,U308BC201 ,PARTC20 I ,PATEIC 20 1 , 
* P A R T B C 2 0 I , R A T E 2 ( 2 0 l , P U 0 2 C 2 0 l , P U 0 2 B C 2 0 l , F P ( 2 0 l , F P B C 2 0 l , 
SLNK1C20I , P N K 1 C 2 0 I , F P K 1 C 2 0 I , F L C 2 0 I , U N K 2 C 2 0 I , P N K 2 C 2 0 1 , 
« F P K 2 C 2 0 I , P C 1 0 , 5 0 I , P B C 1 0 , 5 0 ) , N S 

SHORTM=HC 
CALL RATECK 
CALL RELEAS 
DO 10 1 = 1 , N S 
IZE = I 
IFCWTFUELCIZE) .LE.O.ODO) GOTO 10 
REACT=CRATE2C!ZE I *C0N4cppSTGdZEI *REL( IZE I I *HC 
DELWT=WTFUELCIZE)-REACT 
IFCDELWT.LE.O.ODO) GOTC 20 
STTM=HC 
GOTO 10 

20 STTM=WTFUEL(IZE)*HC/REACT 
ITSAC=ITSAC*1 
IFCSTTM.LT.SHORTM) SHORTM=STTM 

10 CONTINUE 
H=SHORTM 
RETURN 
END 

C 
C L'02 REACTION RATE CHOISE 
C 
C 

SUBROUTINE RXEQU 
I M P L I C I T REAL4'8 C A - H , 0 - Z ) 
C0MM0N/PERCNT/PCU30a,PCPU02,PCFP,SPAREA,DU30a 

$ ,DPU02 ,DFP,CON,P INMAS,PPSTG(20 ) ,DVC20) ,RATMF,FEORAT,APATIO 
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*,PCUPER,PCPPER,UaWF,PaWF,PPERPN,UPERUN 
COMMON/CCNSTN/COUNlN,CCPNlNtCnFPlN,C0UN2N,C0PN2N,COFP2N, 

SCOUNIW,CaPNlW,C0FPlW,C0UN2W,C0PN2W,C0FP2W 
COMMON/XX/ UN(20 ) , P N ( 2 0 1 , H K 0 3 I 2 0 I , H 2 0 ( 2 0 » , U N B ( 2 0 l , O L O ( 2 0 > 

« , P M B ( 2 0 » , H N 0 3 B ( 2 0 » , H 2 0 B ( 2 0 I , W T U 3 C 8 ( 2 0 » , W T P U 0 2 ( 2 0 » , W T F P I 201 
S , W T F U E L ( 2 0 l , F P N ( 2 0 l , F P N B ( 2 0 » , D E N a M ( 2 0 > , R E L ( 2 0 l , C R E L ( 2 0 1 , L I MO 

COMMON/WTMOLE/WM0LU3,WfOLPU,WM0LFP,WMOLUN,WMOLPN,WMOLFN, 
*WM0LH2,WM0LHN,AVEM0L,JJPART,MMUN,NNPN,NNFP,MMHN,I IH2 

COMMON/ZCONST/ZU,ZUCON,ZP.ZPCON,ZF,ZFCON,ZQT(10J ,Z1MQT(10I 
?,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
$CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
*,CP2WPU,CF2WFP,T1CCN,T1CCW,T2C0N,T2C0W,BW,BWC, BN,BNC 
? , E 0 3 , F 0 3 , T a C C M l ( 1 0 l , T 0 C 0 W 1 ( 1 0 1 , T C C 0 N 2 ( 1 0 I ,T0C0W2<101 

00 500 1 = 1 , 1 0 
A=HN03( I l /WMOLHN 
IF ( A . G E . 1 0 . 0 0 0 ) GOTO 100 
C0UN1N=E03«BN 
C0UN2N=E03*BNC 
C0UN1W=F03*BW 
C0UN2W=FC3*eWC 
GOTO 200 

100 C0UNlN=4 .Da*BN 
COUN2N=4.D0*BNC 
C0UN1W=2.D0*BW 
C0UN2W=2.D0*BWC 

200 CU2WU3=C0UN2W*PCU308 
CUlNU3=CaUMN*PCU308 
CU2NU3=CCUN2N*PCU308 
CU1WU3=CCUMW*PCU308 
TOCONl ( I I = T1C0N»-CU1NU3 
TOCON2(I )=T2C0N*CU2NU3 
T0C0W1(I)=T1C0W*CU1WU3 
T0C0W2(I>=T2C0W*CU2WU3 

ECO CONTINUE 
RETURN 
END 

C 
C 
C DIGESTER TANK MODEL 
C 
c 

SUBROUTINE DIGEST 
I M P L I C I T REAL*8 ( A - H , 0 - Z » 
COMMON/XX/ UN(20 J , P N I 2 0 1 , H N 0 3 ( 2 0 » , H 2 0 ( 2 0 » , U N B < 2 0 I , O L D ( 2 0 1 

S , P N B ( 2 0 » , H N 0 3 B ( 2 0 I , H 2 0 B ( 2 0 > , W T U 3 0 8 ( 2 0 I , W T P U 0 2 ( 2 0 » , W T F P ( 2 0 » 
* , W T F U E L 1 2 0 I , F P N ( 2 0 » , F P N B ( 2 0 > , D E N 0 M ( 2 0 » , R E L ( 2 0 J , C R E L ( 2 0 » , L I MO 

COMMON / X X X / T 0 L , T , C T , V ( 2 0 I , V 0 ( 2 0 » , C T 1 , T l , H , P L V ( 2 0 J , H C , 
*T2,SUMNEG,SU^'HN0,SU^'^EP, I C P , ICPO. ITSAC 

C O M M O N / X X X X / B ( 2 0 1 , U 3 0 8 1 2 0 I , U 3 0 8 B ( 2 0 1 , P A R T ( 2 0 1 , R A T E 1 ( 2 0 I , 
* F A R T B ( 2 0 I , R A T E 2 ( 2 0 » , P U 0 2 ( 2 0 J , P U 0 2 B ( 2 0 ) , F P ( 2 0 » , F P B ( 2 0 » , 
*L INK1(20 I , P N K 1 ( 2 0 » , F P K 1 ( 2 0 » , F L ( 2 0 » , U N K 2 ( 2 0 I , P N K 2 ( 20 >, 
< FP K2 ( 20 » , P ( 1 0 , 5 0 I , PB (10 , 501 , NS 

COMM0N/XXXXX/PMS0(2 ,5O»,T IME,P INVQL,RHOAVE,TO,XPU,REM,TNP, 
SRPCW,RCON,ACDF,PINOOO,PAROOO 

COMMON/SCLIDS/FINES,RWASTE,HDR,CUBE,NRW,NRWM1,NGPNRW,NGM1 
S,NRWM2 
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C 0 M M O N / P A R / F R E Q ( 5 0 » , R ( 5 O J , R M M I N ( 5 0 » , R M M A X ( 5 O » , P P ( 1 0 , 5 0 I , 
< P M S ( 1 0 , 5 0 I , P A R T P ( 2 0 I , P M ( 5 0 I , A T P ( 5 0 • , D R , P I , R M I N , R M A X , P C O N T , 
$FTPIRO,FOURPI ,NG 

C0MM0N/PERCNT/PCU308,PCPU02,PCFP,SPAREA,0U308 
« ,OPUO2,DFP,C0N,P INMAS,PPSTG(2OI ,CV(2O>,RATMF,FEORAT,ARATIO 
<,PCUPEP,PCPPER,UOWF,POWF,PPERPN,UPERUN 

C O M M O N / D I G / D P L U N ( 2 , 2 0 0 l , D P L P N ( 2 , 2 0 0 1 
? , P D ( 2 , 5 0 « , A T P 0 ( 2 , 5 0 » , P P D ( 2 , 5 0 I 
$ , D P L H 2 0 ( 2 , 2 0 0 » . O P L H N O I 2 , 2 0 0 1 , O P L F P N ( 2 , 2 0 0 1 , 0 P L P A R 1 2 , 2 0 0 1 , 
« D P L T I M C 2 0 0 » , D I G V O L ( 2 , 2 0 0 » , R U N , T F I L L , V F U L L , T T R A N , T C I G 
« , P L I N C , V 0 1 , V D 2 , T M 1 , T M 2 , T F D 1 , T F 0 2 , T 0 P L 0 T , T T 0 1 , T T 0 2 , T 0 1 , T D 2 , 
<C1UN,D2UN,01PN,02PN,D1H2C,02VJ20 ,D1HN03,D2HN03, 
$D1PART,D2PART,D1FPN,02FPN,SUMD1,SUM0 2 , I P D . M U P I P 

COMMON/2C0NST/ZU,ZUCON,ZP,ZPCOK,ZF ,ZFCON,Z0T(101 ,Z IMQT( lOJ 
«,PCU3ZU,PCPUZP,PCFPZF,CU1NU3,CP1NPU,CF1NFP,CU1WU3, 
«CP1WPU,CF1WFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
«,CP2WPU,CF2WFP,T1CCN,T1CCW,T2C0N,T2C0W,BW,BWC,BN,BNC 
< , E 0 3 , F O 3 , T 0 C C N H 1 0 » ,T0C0W1 ( 101 , TCC0N2( 10 I , T0C0W2 (10» 

COMMON/WTM0LE/WM0LU3,WFOLPU,WM0LFP,WMOLUN,WMOLPN,WMOLFN, 
«;V«M0LH2,WM0LHN,AVEM0L,JJPART,MMUN,NNPN,NNFP,MMHN, I I H 2 

DIMENSION PTEMPD(2,50»,SUMFAR<2> 
C 
C F I L L DIGESTER K 1 
C 

F L H = F L a i * H 
I F ( T F 0 1 . G E . T F I L L . 0 R . V 0 1 . G E . V F U L L » GOTO 10 
IFLG1 = 0 
TFDI=TFD1<-H 
VD1=VD1«-FLH 
I F ( V D l . L E . O . O O O I G O T O 20 
0 1 U N = D l U N * U N m * F L H 
D1PN=01PN»PN(1»*FLH 
D 1 F P N = D 1 F P N * F P N ( I I * F L H 
D 1 H 2 0 = D 1 H 2 C * H 2 0 ( 1 ) * F L H 
01HN03=01HN03*HN03(1»*FLH 

00 200 K=1,NRWM1 
P M E N T = P ( 1 , K I * F L H 
D1PART = D1PART*PMEN'^ 
P D I N 1 = P 0 ( 1 , K I * V D I 
PT0T1=P0IN1*PMENT 
P0(1,K»=PTCT1/VD1 
I F ( P T O T l . L E . 0 . 0 0 0 » 6 O T 0 300 
R M S O ( 1 , K > = P T O T l / ( P M E N T / R M S ( l , K » + P D I N l / R M S D { l , K » t 
GOTO 2 0 0 

300 RMSD(1 ,K»=R(K I 
P 0 ( 1 , K I = 0 . C D 0 

200 CCNTINUE 
TM1=TM1+01UN*D1PN«-01FPN4-01V^2 0*C1HN03 + D1PART 
CD1UN=D1UN/VD1 
CD1PN=D1PN/VD1 
C01FPN=D1FPN/VD1 
C 0 1 H 2 0 = 0 1 H 2 0 / V 0 1 
C01HN0=01HN03/V01 
CD1PAR=01PART/V01 
GOTO 2 0 
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C DIGEST CYCLE FOR DIGESTER # 1 
C 
10 I F ( I F L G l . N E . l O J GCTO 25 

GOTO 35 
25 •'TPAT1 = VD1/TTRAN 

TRTM1=TM1/TTRAN 
VF1=V01 
IF(VDl.LE.O.ODOJGOTO 35 
CD1UN=D1UN/VD1 
CD1PN=D1PN/VD1 
CD1FPN=D1FPN/VD1 
CD1H20=D1H20/VD1 
C01HN0=01HK03/VD1 
CD1PAR=D1PART/VD1 
IFLG1=10 

35 TD1=T01*H 
I F I T O l . G T . T D I G I GOTO 30 
GOTO 20 

C 
C EMPTY DIGESTER # 1 
C 
30 TTD1=TT01»H 

I F ( T T O l . G T . T T P A N ) GOTO 4 0 
IF(VDl.LE.O.OOOIGOTO 20 
VD1=VD1-TTRAT1*H 
TM1=TM1-TRTM1*H 
GOTO 20 

<.0 TD1=0.000 
TTD1=0.0D0 
TFD1=0.000 
TM1=0.0D0 
V01=0.000 

c 
C FILL DIGESTER # 2 
C 
20 I F C T I M E . L E . T F I L L I GCTO 110 

I F ( T F D 2 . G E . T F I L L . C R . V D 2 . G E . V F U L L I G O T C 60 
TF02=TFD2+H 
V02=VD2«-FLH 
IFLG2=0 
I F ( V O 2 . L E . 0 . O O O I G C T O 70 
D2UN=02UN*UN(1 I *FLH 
D2PN=D2PN+PN(1)*FLH 
D2FPN=D2FPN*FPN(1 I *FLH 
D2H20=02H2C»H20(1I*FLH 
D2HN03=D2H^03• •HN0^(1 I *FLH 

0 0 3 5 0 K=1,NRWM1 
PMENT=P( l ,KJ*FLH 
D2PART=D2PART+PMENT 
P D I N 2 = P 0 ( 2 , K J * V D 2 
PT0T2 = P0IN2»-PMFNT 
P 0 ( 2 , K I = F T C T 2 / V D 2 
I F ( P T O T 2 . L E . 0 . 0 D 0 J G O T O 3 6 0 
R M S D ( 2 , K I = P T O T 2 / l P M E M T / R M S ( l , K » * P O I N 2 / R M S D ( 2 , K » l 
GOTO 3 50 

360 RMSD(2 ,K I=P(K» 
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P D ( 2 , K » = 0 . 0 D O 
250 CONTINUE 

TM2=TM2>D2UN+D2PN*D2FPN*D2H2 0«-D2HN03tD2PART 
CD2UN=02UN/VD2 
CD2PN=D2PN/VD2 
CD2FPN=D2FPN/V02 
C02H20=D2H20/V02 
CD2HNO=D2HK03/VD2 
CD2PAR=D2PART/VD2 
GOTO 70 

C 
C DIGEST CYCLE FOR DIGESTER # 2 
C 
60 I F ( I F L G 2 . N E . 1 0 I GCTO 63 

GOTO 100 
63 TTRAT2=VD2/TTRAN 

TRTM2=TM2/TTRAN 
VF2=VD2 
I F ( V D 2 . L E . 0 . 0 D 0 I G 0 T 0 80 
C02UN=D2UN/VD2 
CD2PN=D2PN/VD2 
C02FPN=D2FPN/VD2 
CD2H20=D2H20/VD2 
CD2HN0=D2HN03/V02 
CD2PAR=02PART/VD2 
IFLG2=10 

100 TD2=TD2+H 
I F ( T D 2 . G T . T D I G I GO"rO 80 
GOTO 70 

C 
C EMPTY DIGESTER H 2 
C 
8C TT02=TT02«-H 

IF(TT02.GT.TTPANI GOTO 90 
IF(VD2.LE.0.0D0tG0T0 70 
VD2=VD2-TTRAT2*H 
TM2=TM2-T>'TM2*H 
GOTO TO 

90 TD2=O.0D0 
TTO2=0.0DO 
T F D 2 = 0 . 0 0 0 
TM2=O.OD0 
VD2=0 .0D0 
GOTO 70 

110 CD2UN=O.0DO 
CD2PN=0.0D0 
C02FPN=0.000 
CD2H20=0.0D0 
CD2HNO=0.0DO 
CD2PAR=0.0D0 

C 
C CONCENTRATION ADJUSTMENT DUE TC REACTION 
C 
C REACTION RATE DETERMINATION 
C 
70 A1=CD1HNO/63.02DO 
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A2=CO2HNC/63.O2O0 
I F ( D 1 P A R T . L E . O . O D O I GOTO 400 
RATED1=RATMF*A1**RP0W 
GOTO 4 1 0 

400 RATED1=0.0D0 
410 I F ( D 2 P A R T . L E . 0 . 0 0 0 1 GOTO 420 

RATE02=RATMF*A2**RP0W 
GOTO 4 3 0 

420 RATED2=0.0D0 
430 CONTINUE 
C 
C DISSOLUTION CORRECTION 
C 

AD1=CD1HN0/WM0LHN 
IF(AD1.GE.10.0D0» GOTO 210 
TD1CN1 = T1CCN«-E03*BN 
TD1CW1=T1CCW»-F03*BW 
GOTO 220 

210 TD1CN1=T1C0N+4.D0*BN 
TD1CW1=T1COW*2.DO*BW 

220 AD2=CD2HNC/WM0LHN 
IF(AD2.GE.10.000IG0T0 230 
TD2CN1=T1C0N<-E03*BN 
TD2CW1=T1C0W+F03*BW 
GOTO 240 

230 TD2CN1=T1CON»4.0DO*BN 
TD2CW1=T1CCW*2.000*BW 

240 CONTINUE 
DC 490 J=1,NRWM1 

TF(VD1.LE.0.0D0)GCT0 500 
PDIM1=PD(1,J)*VD1 
PMDl=FTPIRC*(RMSD(l,J»*1.0-4»**3 
ATPD(1,J>=FCURPI*(RMSD(l,J)*ARATini**2 
P P D d , J I=PDIM1 /PMD1 
P R C T D 1 = R A T E D 1 * P P 0 ( 1 , J I * A T P D { 1 , J » * H 
PD(1,J)={P0IM1-PRCTD1I/VD1 
P P D T I M = P P D ( 1 , J I 
I F ( P D ( 1 , J J . L E . O . O O O J G O T O 460 
GOTO 4 7 0 

460 SUMD1=SUMD1*-P0(1,JI 
PRCT01=PDIM1 
P 0 ( 1 , J I = 0 . 0 D 0 
PPDTIM=0.ODO 
RMSD(1 ,J»=R(J» 

C 
C CONCENTRATION ADJUSTMENT FOR DIGESTER # 1 
C 
470 HXP1=PRCTD1/V01 

CD1UN = CD1UN<-HXP1*PCU3ZU 
D1UN=CD1UN*VD1 
CD1PN = CD1PN4-HXP1*PCPUZP 
D1PN=CD1PN*VD1 
CD1FPN=CD1FPN»HXP1*PCFPZF 
D1FPN=CD1FPN*VD1 
CD1HN0=C01HN0-HXP1*T01CN1 
D1HN03=C01HN0*VD1 
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C01H20=CDlH20tHXPl*TDlCWl 
D1H20=CD1H20*VD1 
IF(PD(1,J).LE.0.0D0) GCTO 480 
RMSOCl,J)=<((RMSD(1,J»*1.0-4)**3-PRCTDl/(FTPIRC*PPD(1,J))) 

^**CUBE»/1.0-4 
GOTO 550 

480 RMS0(1,JI=R(JI 
PD(1,J)=0.0D0 

550 PPDd, J)=PPDTIM 
500 IF(VD2.LE.0.0001 GOTO 450 

PDIM2=PO(2,J»*V02 
PMD2=FTPIRC*(RMS0(2,J>*l.D-4»**3 
ATPD(2,JI=FCURPI*(RMSO(2,J)*ARATI0»**2 
PPD(2,J)=P0IM2/PMD2 
PPDTIM=PP0(2,J) 
PPCTD2=RATED2*PP0C2,J»*ATPD<2,J>*H 
PD(2,J»=lPDIM2-PfiCTD2l/VD2 
I F ( P 0 ( 2 , J ) . L E . O . O D O ) GOTO 510 
GOTO 520 

510 SUM02=SUN'D2*PD(2,J» 
PRCT02=PD1M2 
P 0 ( 2 , J I = 0 . 0 D 0 
PPOTIM=0.ODO 
R M S D ( 2 , J ) = R ( J ) 

C 
C 
C CONCENTRATION ADJUSTMENT FOO DIGESTER # 2 
C 
C 
520 HXP2=PRCTD2/VD2 

CD2UN=CD2UN+HXP2*PCU3ZU 
D2UN=CD2UN*VD2 
CD2PN=CD2PN*HXP2*PCPUZP 
D2PN=CD2PN*VD2 
CD2FPN=CD2PPN+HXP2*PCFPZF 
D2FPN=CD2FPN*VD2 
C02HNO=CD2HNO-HXP2*T02 CNl 
D2HN03=CD2HNO*V02 
C02H20=CD2H20»-HXP2*TD2CW1 
02H20=C02H20*VD2 
IF(P0(2,J».LE.O.ODO) GCTO 530 
R M S D ( 2 , J I = ( ( ( P M S D I 2 , J ) « l . D - 4 ) * * 3 - P R C T D 2 / ( F T P I R O * P P D { 2 , J ) ) l 

* * * C U B E » / l . D - 4 
GOTO 560 

530 R M S D ( 2 , J » = P I J I 
P D ( 2 , J ) = 0 . 0 D 0 

560 P P D ( 2 , J ) = P P D T I M 
450 R T E M P D ( 1 , J I = R M S D ( 1 , J ) 

R T E M P D ( 2 , J » = R " S D ( 2 , J » 
490 CCNTINUE 
C 
C PARTICLE SIZE GROUP TRANSFERS. . . 
C 

DC 610 1 = 1 , 2 
SUMPAR(n=O.ODO 

DC 620 K=1,NRWM2 
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KP1=K+1 
00 6 3 0 J=KP1,NRWM1 

IF IRMSDI I , J I . G E . R M M I N ( K » . A N D . R M S D d , J» .LE.RMMAX(K» ) G0"^0 640 
GOTO 6 3 0 

640 T O T P A R = P D ( I , K ) * P D ( I , J ) 
IFITOTPAR.LE.O.ODO) GO TO 650 
PTEMPD(I,K»=TOTPAR/(PO(I,K»/RTEMPD(I,KH-PO(I,JI/RTEMPDCI,J») 
PO(I,KI=TOTPAP 
PD(I,JI=O.ODO 
RTEMPD(I,J)=R(J) 
GOTO 630 

650 PD(I,JI=0.ODO 
RTEMPD(I,JI=RJJl 
PO(I,KI=0.ODO 
RTEMPD(I,K)=R(KI 

630 CONTINUE 
620 CCNTINUE 

DO 700 J=1,NRWM1 
RMSOCI,J»=RTEMPD(I,J) 
SUMPAR ( I ) = SUMP AR ( I ) «-PD 11 , J ) 

700 CCNTINUE 
610 CCNTINUE 

D1PAPT=SUMPAR(1»*V01 
C01PAR = S U M P A R d l 
D2PAPT=SUMPAR(2>*V02 
CD2PAR=SUMPAR(2) 
TDPLOT=TDPLOT*H 
I F ( T D P L O T . G T . P L I N C I GOTO 15 
GOTO 800 

15 IPD= IPD+1 
DPLUN(1 , IPD)=C01UN 
DPLPN(1 , IPD»=CD1PN 
DPLFPN(1 , IPD»=C01FPN 
O P L H 2 0 ( 1 , I P O I = C D 1 H 2 0 
DPLHNO(1, IPD)=CD1HNO 
DPLPAR(1 , IPD)=C01PAR 
O P L T I M ( I P D ) = T I M E 
D I G V 0 L ( 1 , I P D I = V 0 1 
DPLUN(2 , IP0»=CD2UN 
DPLPN(2 , IPC)=CD2PN 
DPLFPN(2,IPD)=CD2FPN 
DPLH20I2,IPDI=CD2H20 
0PLHN0(2,IPD»=CD2HN0 
DPLPAR(2,IPDI=CD2PAR 
O P L T I M ( I P D ) = T I M E 
0 I G V 0 L ( 2 , I P D ) = V D 2 
MUPIP=IPD 
TDPL0T=C.0D0 

800 CONTINUE 
RETURN 
END 

C 
C 
c 

SUBROUTINE PL0T7(PLTIME,MUM,NS) 
REAL*8 PLU308 ,PLUN,PLPU02 ,PLPN,PLFP ,PLH2 0 ,PLHN03,PLFPN 
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$,DPLUN,DPLPN,SUMD1,SUMD2,P0,ATPD,PPD 
$ ,0PLH20 ,DPLHN0 ,DPLFPN,0PLPAR, 
* O P L T I M , D I G V O L , R U N , T F I L L , V F U L L , T T R A N , T D I G 
•6 ,PLINC, V 0 1 , V D 2 , T M 1 , T M 2 , T F 0 1 , T F 0 2 , T D P L O T , T T D 1 , T T 0 2 , T D 1 , T D 2 

DIMENSION P L T I M E ( 2 0 0 1 , P L l ( 2 0 0 1 , P L 2 ( 2 0 0 I , 
« P L 3 ( 2 0 0 ) , P L 4 ( 2 0 0 » , P L 5 ( 2 0 0 ) , P L 6 ( 2 0 0 ) , P L 7 ( 2 0 0 1 , A T I T L E I 1 0 ) , I P A K ( 2 5 0 ) 
« , A T N U M ( 9 ) , P L 8 ( 2 0 0 ) 

C O M M O N / D I S S P L / P L U 3 0 8 ( 1 0 , 2 0 0 ) , P L U N ( 1 0 , 2 0 0 I , P L P U C 2 I 1 0 , 2 0 0 ) , 
$ P L P N I 1 0 , 2 0 0 ) , P L F P d O , 2 0 0 ) , P L H 2 0 l l O , 2 0 0 ) , P L H N 0 3 ( 1 0 , 2 0 0 ) 
« , P L F P N ( 1 0 , 2 0 0 ) , P L P A R T ( 1 0 , 2 0 0 ) , P L W T T I 1 0 , 2 0 0 ) , P L S S T ( 1 0 , 2 0 0 ) 

C O M M O N / D I G / O P L U N ( 2 , 2 0 0 ) , D P L P N 1 2 , 2 0 0 ) 
? , P D ( 2 , 5 0 I , A T P D ( 2 , 5 0 ) , P P 0 ( 2 , 5 0 ) 
$ , D P L H 2 0 ( 2 , 2 0 0 ) , D P L H N O ( 2 , 2 0 0 ) , D P L F P N ( 2 , 2 0 0 ) , D P L P A R ( 2 , 2 0 0 ) , 
^DPLTIMI 2 0 0 ) , D I G V O L ( 2 , 2 0 0 ) , R U N , T F I L L , V F U L L , T T R A N , T C I G 
$ , P L I N C , V D 1 , V D 2 , T N 1 , T N 2 , T F D 1 , T F C 2 , T D P L 0 T , T T D 1 , T T D 2 , T D 1 , T D 2 , 
$D1UN,D2UN,D1PN,D2PN,D1H2C,02H20 ,C1HN03 ,D2HN03 , 
?D1PART,02PART,D1FPN,D2FPN,SUM01,SUM02, IPD,MUPIP 

DATA A T I T L E / ' C O N C , ' E N T R ' , ' A T I C , «N PR • , ' O F I L ' , • E FO • , 
$ 'P S T ' , ' A G E ' , ' ' , ' $ ' / , A T N U M / ' 1 ' , ' 2 ' , ' 3 ' , ' 4 ' , 
* • 5 ' , ' 6 ' , ' 7 ' , ' 8 « , ' 9 ' / 

XTI=RUN+10.D0 
STI=XTI /10 . 
DO 17 J 3 = l , 2 0 0 
P L l ( J 3 ) = 0 . 0 
P L 2 ( J 3 ) = 0 . 0 
P L 3 ( J 3 ) = 0 . C 
P L 4 ( J 3 ) = 0 . 0 
P L 5 I J 3 » = 0 . 0 
P L 5 ( J 3 ) = 0 . 0 
P L 6 ( J 3 ) = 0 . 0 
P L 7 ( J 3 ) = 0 . 0 
P L 8 I J 3 ) = 0 . 0 
CONTINUE 
CALL COMPLX 
CALL P H Y S 0 R ( . 6 2 5 , . 7 5 ) 
DO 1 0 0 1 I P L T = 1 , N S 
A T I T L E I 9 l = ATNUMl I P L T ) 
CALL T I T L E ( A T I T L E , - 1 0 0 , ' T I M E | M I N ) $ ' , 1 0 0 , 

* ' C C N C . U 0 2 , PU02 , AND F . P . ( G R A M / L ) ^ ' , 1 0 0 , 8 . 5 , 6 . 5 ) 
CALL Y T I C K S ( I O ) 
CALL X T I C K S I S ) 
CALL XINTAX 
CALL B L N K I I 0 . 0 , 1 . 9 3 4 5 , 4 . 3 1 2 5 , 6 . 5 , 3 ) 
I D U M M Y = L I N E S T I I P A K , 2 5 0 , 7 0 ) 
CALL L I N E S { ' U 0 2 * ; ' , I P A K , 1 ) 
CALL L I N E S I ' P U 0 2 $ ' , I P A K , 2 ) 
CALL L I N E S ( ' P U ( N 0 3 ) 4 $ ' , I P A K , 4 ) 
CALL L I N E S ( ' F . P . « ' , I P A K , 3 ) 
CALL L I N E S I ' U 0 2 I N C 3 ) 2 $ ' , I P A K , 5 ) 
CALL L I N E S I ' F P ( N 0 3 ) 2 . 3 6 * ' , IPAK , 6 ) 
CALL L I N E S I ' H N 0 3 S ' , I P A K , 7 ) 
CALL L I N E S ( ' H 2 0 * ' , I P A K , 8 ) 
U308MX=0.0 
UNMXP=0.0 
DO 1002 JAK=1,MUM 
P L 1 ( J A K ) = P L U 3 C 8 ( I P L T , J A K ) 
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P L 2 ( J A K ) = P L P U 0 2 ( I P L T , J A K ) 
P L 3 ( J A K ) = P L P N ( I P L T , J A K ) 
P L 4 ( J A K ) = P L F P < I P L T , J A K ) 
P L 5 ( J A K ) = P L U N ( I P L T , J A K ) 
P L 6 ( J A K ) = P L H N 0 3 I I P L T , J A K ) 
P L 7 ( J A K ) = P L h 2 0 ( I P L T , J A K I 
P L 8 ( J A K ) = P L F P N ( I P L T , J A K ) 
W R I T E ( 6 , 1 0 0 3 ) P L T I M E ( J A K ) , P L l ( J A K ) , P L 2 l J 4 K ) , P L 3 I J A K ) , P L 4 ( J A K ) , 

tPL 5 1 J A K ) , P L 6 I J A K ) , P L 7 ( J A K ) , P L 8 ( J A K ) 
1003 F 0 R M A T ( 2 X , 9 ( 1 P E 1 2 . 5 , 1 X ) I 

I F ( U 3 0 8 M X . L T . P L I I J A K ) ) U 3 0 8 M X = P L 1 1 J A K ) 
I F ( U N M X P . L T . P L 5 ( J A K ) ) UNMXP=PL5(JAK) 

1C02 CONTINUE 
I F ( U 3 0 8 M X . L E . . 0 1 ) GOTO 100 
U308MX=U308MX*10. 
IU308=U3G8MX/10. 
U3O8MX=IU308*10 . 
U 3 0 8 I N = U 3 0 8 M X / 1 0 . 
GOTO 200 

100 L308MX=10. 
U 3 0 8 I N = 1 . 0 

200 I F I U N M X P . L E . . 0 1 ) GOTO 300 
UNMXP=UNMXP+50. 
IUNMXP=UNMXP/50. 
L'NMXP = IUNMXP*50 . 
UNMXPI=UNMXP/10. 
GOTO 4 0 0 

300 UNMXP=100. 
UNMXPI=10. 

400 CALL G R A F I 0 . 0 , S T I , X T I , 0 . 0 , U 3 n 8 I N , U 3 0 8 M X ) 
CALL FRAME 
CALL CURVEIPLT IME,PL1 ,MUM,2 ) 
CALL CURVE(PLTIME,PL2 ,MUM,2) 
CALL CURVE(PLTIME,PL4 ,MUM,2) 
CALL YGRAXSIO.O ,UNMXPI ,UNMXP,6 .5 , 

$ 'CCNC. U 0 2 ( N 0 3 ) 2 , P U ( N 0 3 ) 2 , AND FP(N03 ) 2 . 3 5 5 2 I G R A M / L ) ? ' 
^ , - 1 0 0 , 8 . 5 , 0 . 0 ) 

CALL C U R V E ( P L T I M E , P L 3 , f ' U M , 2 ) 
CALL CURVEIPLT IME,PL5 ,MUM,2 ) 
CALL CURVEIPLT IME,PL8 ,MUM,2 ) 
CALL Y G R A X S I O . 0 , 1 0 0 . , 1 0 0 0 . , 6 . 5 , ' C O N C . HN03 AND H20 ( G R A M / L ) * ' 

$ - 1 0 0 , 9 . 1 2 5 , 0 . 0 ) 
CALL CURVE(PLTIME,PL6 ,MUM,2) 
CALL CUPVE(PLTIME,PL7,MUM,2» 
CALL R E S E T ( ' B L N K l ' ) 
CALL L E G E N D ( I P A K , 8 , . 1 2 5 , 4 . 4 4 I 
I I P L T = I P L T 
CALL E N O P L I I I P L T ) 

1001 CONTINUE 
RETURN 
END 

C 
c 
c 

SUBROUTINE PLOTD(NS,FREQ,RMS,P,PART,qMIN,PMAX,NG) 
REAL*8 F R E Q ( 5 0 ) , R M S I 1 0 , 5 0 ) , P ( 1 0 , 5 0 ) , P A R T I 2 0 ) , R M I N , R M A X 
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DIMENSION F Q ( 5 0 ) , R A 0 ( 5 0 ) , D T I T L E ( 1 1 ) , A N U M ( 9 ) 
DATA D T I T L E / ' P A R T ' , ' I C L E ' , • S I Z ' , ' E D I ' , ' S T R I ' , • B U T I • , ' O N F ' , 

$ ' 0 R S ' , ' T A G E ' , ' ' , ' * ' / , A N U M / ' 1 ' , ' 2 ' , ' 3 ' , 
$ ' 4 ' , ' 5 ' , ' 6 ' , ' 7 ' , ' 8 ' , ' 9 ' / 

C 

c 
IMAPK=0 
I F ( N G . L E . 1 0 0 I IMARK=1 
DO 2 0 I P L T = 1 , N S 
I P R T = 1 0 
FQMAX=0.0 
I F ( P A R T ( I P L T ) . L E . O . O D O ) GO TO 20 
DO 30 J=1,NG 
FQ(J) = PIIPLT,J)/PART IIPLT) 
RAD(J)=RNS(IPLT,J) 
IF(FQ(J).GT.FOMAX) FQMAX=FQ(J) 
IF(IPRT.LT.IO) GO TO 50 
IPRT=1 
W R I T E ( 6 , 4 0 ) J , R A D ( J ) , F Q ( J ) 

40 FORMAT 11 5 , 5 X , 1 P E 1 3 . 6 , 5 X , I P E l 3 . 6 ) 
50 I P R T = I P R T * 1 
30 CONTINUE 

FQMAX=1.2*FQMAX 
IFQMAX=FQMAX*100. 
FQMAX=IFQMAX/100. 
I F ( F Q M A X . L E . O . O ) FOMAX=0.2 
F 0 I N C = F 0 M A X / 1 0 . 
D T I T L E I 1 0 ) = A N U M ( I P L T ) 
RMIN4=RMIN 
RMAX4=RMAX 
R I N C = ( R M A X A - R M I N 4 I / 1 0 . 
CALL COfPLX 
CALL TITLEIDTITLE,-100,'PARTICLE RADIUS IMICPON)^' ,100, 

*'NORMALIZED FREQUENCY*',100,8.5,6.5) 
CALL YTICKSIIO) 
CALL XTICKSIIO) 
CALL XINTAX 
CALL GRAFIRMIN4,RINC,RMAX4,0.0,FQINC,F0MAX) 
CALL FRAME 
CALL CURVEIRAD,FQfNG, I fARK) 
I I P L T = I P L T 
CALL E N D P L I I I P L T ) 
CALL R E S E T I ' A L L ' I 

20 CONTINUE 
RETURN 
END 

C 
C 

SUBROUTINE PL0T3(PLT IME,MUM,NS) 
REAL*8 P L U 3 C 8 , P L U N , P L P U 0 2 , P L P N , P L F P , P L H 2 0 , P L H N 0 3 , P L F P N 

« ,PLPART,PLWTT,PLSST,DPLUN,DPLPN,SUM01,SUMD2,PD,ATP0,PPD 
*. ,DPLH2O,OPLHN0,DPLFPN,OPLPAP, 
$ D P L T I M , D I G V O L , R U N , T F I L L , V F U L L , T T R A N , T D I G 
* , P L I N C , V D 1 , V D 2 , T M 1 , T M 2 , T F D 1 , T F D 2 , T D P L O T , T T D 1 , T T D 2 , T 0 1 , T D 2 

DIMENSION P L T I M E ( 2 0 0 ) , P L l I 2 0 0 ) , P L 2 1 2 0 0 ) , P L 3 ( 2 0 0 ) 
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* , A T ITLE I 1 0 ) , I R A K I 2 5 0 ) , A T N U M ( 9 ) 
COMMON/DI S S P L / P L U 3 0 8 d 0 , 2 0 0 ) , PLUNI 1 0 , 200 I , PL PU02110 , 200 ) , 

* PL PNI 1 0 , 2 0 0 ) , P L F P I 1 0 , 2 0 0 ) , t > L H 2 0 l l O , 2 0 0 » , P L H N 0 3 ( 1 0 , 2 0 0) 
« , P L F P N I 1 0 , 2 0 0 ) , P L P A R T I 1 0 , 2 0 0 ) , P L W T T ( 1 0 , 2 0 0 ) , P L S S T ( 1 0 , 2 0 0 ) 

C 0 M M 0 N / D I G / D P L U N I 2 , 2 0 0 ) , D P L P N I 2 , 2 0 0 ) 
S , P D I 2 , 5 0 t , A T P O I 2 , 5 0 ) , P P D I 2 , 5 0 ) 
* , D P L H 2 O I 2 , 2 0 0 ) , D P L H N O ( 2 , 2 0 0 ) . D P L F P N I 2 , 2 0 0 ) , 0 P L P A R I 2 , 2 0 0 ) , 
$ D P L T I M I 2 0 0 ) , D I G V O L I 2 , 2 0 0 ) , R U N , T F I L L , V F U L L , T T R A N , T D I G 
« ; , P L I N C , V 0 1 , V 0 2 , T M 1 , T M 2 , T F D 1 , T F D 2 , T D P L 0 T , T T D 1 , T T D 2 , T D 1 , T D 2 , 
«D1UN,D2UN,D1PN,D2PN,D1H2C,D2H2 0 , 0 1 H N 0 3 , D 2 H N 0 3 , 
$D1PART,02PART,01FPN,D2FPN,SUMD1,SUMD2, IPD,MUPIP 

DATA A T I T L E / ' C O N C , ' E N T R ' , ' A T I C , ' N HI ' , ' STOP ' , • Y FO ' , 
? 'R S T ' , ' A G E ' , ' ' , ' $ ' / , A T N U M / ' 1 ' , ' 2 ' , ' 3 ' , ' 
$ • 5 ' , ' 6 ' , ' 7 ' , ' 8 ' , ' 9 ' / 

XT I=RUN*10 .D0 
STI=XTI/10 . 
TPLT=0 
NSM1=NS-1 
DO 17 J 3 = l , 2 0 0 
P L H J 3 ) = 0 . 0 
P L 2 ( J 3 ) = 0 . 0 
P L 3 I J 3 ) = 0 . 0 

17 CONTINUE 
CALL COMPLX 
CALL P H Y S O P I . 6 2 5 , . 7 5 ) 

1005 I P L T = I P L T + 1 
YSMAX=0.0 
YPMAX=0.0 
YWMAX=0.0 
DO 1002 JAK=1,MUM 
P L K JAK) =PLWTT( I P L T , JAK) 
P L 2 I J A K ) = P L P A R T I I P L T , J A K ) 
P L 3 I J A K ) = P L S S T d P L T , J A K ) 
I F I P L I I J A K I . G T . Y W M A X ) YWMAX=PL1IJAK) 
I F I P L 2 I J A K ) . G T . Y P M A X ) YPMAX=PL2(JAK) 
I P | P L 3 ( J A K ) . G T . Y S M A X ) YSMAX=PL3(JAK) 
W R I T E ( 6 , 1 0 0 3 ) P L T I N E I J A K ) , P L 1 I J A K ) , P L 2 I J A K ) , P L 3 ( J A K ) 

1003 F 0 R M A T I 2 X , 4 I 1 P E 1 2 . 5 , 1 X I ) 
1002 CONTINUE 

YWMAX=YWMAX*20. 
IYWMAX=YUMAX/20. 
YWMAX=IYWMAX*20. 
YWINC=YWMAX/5. 
YPMAX=YPMAX+20. 
IYPMAX=YPMAX/20. 
YPMAX=IYPMAX*20. 
YPINC=YPMAX/5. 
YSMAX=YSMAX*20. 
IYSMAX=YSMAX/20. 
YSMAX=IYSMAX*20. 
YSINC=YSMAX/5. 
A T I T L E ( 9 ) = A T N U M ( I P L T ) 
CALL TITLEIATITLE,-100,'TIMEIMIN)$',100, 

S'MASS OF UNDISSOLVED FUEL IN PINS IGRAM)$' ,100,8 .5,6.5) 
CALL YTICKSI5) 
CALL XTICKSI5) 
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CALL XINTAX 
CALL BLNK1(0.0,2.5,5.375,6.5,3) 
I0UMMY=LINESTIIPAK,250,70) 
CALL LINESI'FUEL IN PINS«' ,1PAK,1) 
CALL LINESI'FREE PARTICLES*',IPAK,2) 
CALL LINESI'STAINLESS STEELS',IPAK,3) 
CALL FRAME 
CALL GRAF10.0,STI,XTI,0.0,YWINC,YWMAX) 
CALL CURVEIPLTIME,PL1,MUM,2) 
CALL YGRAXSIO.0,YPINC,YPMAX,6.5, 

S'CCNC. OF FREE PARTICLES IGRAM/L)$' 
$,-100,8.5,0.0 

CALL CURVEIPLTIME,PL2,)'UM,2) 
CALL YGRAXSI0.0,YSINC,YSMAX,6.5, 

?'MASS OF STAINLESS STEEL IGRAM)*', 
$-100,9.125,0.0) 

CALL CURVEIPLTIME,PL3,KUM,2) 
CALL RESET('BLNKl') 
CALL L E G E N D I I P A K , 3 , . 1 2 5 , 5 . 5 2 5 ) 

100 I I P L T = I P L T 
CALL E N D P L I I I P L T ) 

1001 I F ( I P L T . G T . N S M l ) GOTQ 1010 
GOTO 1005 

1010 RETURN 
END 

C 
C 
c 

SUBROUTINE DIGPLT 
REAL*8 DPLUN,0PLPN,DPLH20,DPLHNQ,DPLFPN 

$ , D P L P A R , D P L T I M , D I G V O L , R U N , T F I L L , V F U L L , T T R A N , T D I G 
$ , P L I N C , V D l , V D 2 , T M l , T f « 2 , T F D l , T F 0 2 , T D P L O T , T T D l , T T D 2 , T D l , T D 2 
* , D 1 U N , D 2 U N , D 1 P N , D 2 P N , 0 1 H 2 0 , D 2 H 2 0 , 0 1 H N 0 3 , 0 2 H N 0 3 , 
$01PART,02PART,D1FPN,D2FPN,SUMD1,SUMD2,PD,ATPD, PPC 

DIMENSION P L T M E I 2 0 0 ) , P L 1 I 2 0 0 ) , P L 2 I 2 0 0 ) , P L 3 ( 2 0 0 ) 
$ , P L 4 I 2 0 0 ) , P L 5 I 2 0 0 ) , A T I T L E ( 8 ) , A T N U M 1 2 ) , I P A K 1 2 50 ) 

C O M M O N / D I G / O P L U N l 2 , 2 0 0 ) , O P L P N I 2 , 2 0 0) 
* , P D I 2 , 5 0 ) , A T P D I 2 , 5 0 ) , P P D ( 2 , 5 0 l 
$ ,DPLH201 2 , 2 0 0 ) , O P L H N O I 2 , 2 0 0 ) , D P L F P N I 2 , 2 0 0 ) , 0 P L P A R I 2 , 2 0 0 ) , 
« D P L T I M I 2 0 0 ) , 0 I G V 0 L I 2 , 2 0 0 ) , R U N , T F I L L , V F U L L , T T R A N , T D I G 
$ , P L I N C , V 0 1 , V D 2 , T M 1 , T M 2 , T F D 1 , T F D 2 , T D P L 0 T , T T D 1 , T T D 2 , T 0 1 , T 0 2 , 
$D1UN,D2UN,D1PN,D2PN,D1H2C,D2H20,C1HN03,D2HN03, 
$C1PART,D2PART,D1FPN,D2FPN,SUMD1,SUMD2, IPD,MUPIP 

DATA A T I T L E / ' D I G E ' , ' S T E R ' , ' T A N ' , ' K # ' , ' ' , 
« • H I S ' , ' T O R Y ' , ' $ ' / , A T N U M / ' 1 ' , ' 2 ' / 

XTI=RUN«-10.D0 
STI=XTI /10 . 
A L V = 0 . 0 
AMP=0.0 
HMM=0.0 
DO 17 J 3 = l , 2 0 0 
P L H J 3 ) = 0 . 0 
P L 2 ( J 3 ) = 0 . 0 
P L 3 I J 3 ) = 0 . 0 
P L 4 I J 3 ) = 0 . 0 
P L 5 I J 3 ) = 0 . 0 
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17 CONTINUE 
CALL COMPLX 
CALL P H Y S O R I . 6 2 5 , . 7 5 ) 
DO 1001 IPLT=1,2 
I F I T F I L L . G T . R U N . A N 0 . I P L T . E Q . 2 ) GOTO 1001 
A T I T L E I 5 ) = A T N U M ( I P L T ) 
CALL T I T L E I A T I T L E , - 1 0 0 , ' T I M E ( M I N ) $ ' , 1 0 0 , 

$ • VOLUME I L ) « ' 
$ , 1 0 0 , 8 . 5 , 6 . 5 ) 

CALL Y T I C K S I I O ) 
CALL X T I C K S I 5 ) 
CALL XINTAX 
CALL BLNKl I 0 . 0 , 1 . 7 5 , 4 . 9 3 7 5 , 6 . 5 , 3 ) 
I 0 U M M Y = L I N E S T I I P A K , 2 5 0 , 7 0 ) 
CALL L I N E S I ' V Q L U M E $ ' , I P A K , 1 ) 
CALL L I N E S I ' U O 2 ( N 0 3 ) 2 $ ' , I P A K , 2 ) 
CALL L I N E S I ' P U ( N 0 3 ) 4 « ' , I P A K , 3 ) 
CALL L I N E S ( ' H N 0 3 $ ' , I P A K , 4 ) 
CALL LINESI'PARTICLES$',IPAK,5) 
CALL FRAME 
DO 1002 JAK=1,MUPIP 
PL1IJAK)=DPLUN(IPLT,JAK) 
PL2IJAK)=DPLPNIIPLT,JAK) 
PL3IJAK)=DPLHN0IIPLT,JAK) 
PL4IJAK)=DIGV0L(IPLT,JAK) 
PLTMEIJAK)=DPLTIM(JAK) 
PL5(JAK)=DPLPARI IPLT ,JAK) 
I F I A L V . L T . P L 4 ( J A K ) ) ALV=PL4(JAK) 
I F ( A M P . L T . P L 5 ( J A K ) ) AMP=PL5(JAKI 
I F I H M M . L T . P L l ( J A K ) ) HMM=PL1IJAK) 
I F I H M M . L T . P L 3 I J A K I ) HMM=PL3IJAK) 
W R I T E I 6 , 1 0 0 3 ) P L T M E I J A K ) , P L 1 ( J A K ) , P L 2 I J A K ) , P L 3 I J A K ) , P L 4 I J A K ) 

$ , P L 5 ( J A K ) 
1C03 F 0 R M A T ( 2 X , 6 I 1 P E 1 2 . 5 , 1 X ) ) 
1002 CONTINUE 

ALV=ALV«-20. 
I A L V = A L V / 2 0 . 
A L V = 2 0 . * I A L V 
A L I N C = A L V / 1 0 . 
AMP=AMP«-20. 
IAMP=AMP/20. 
AMP=20.* IAMP 
AMINC=AMP/10. 
HMM=HMM«-20. 
IHMM=HMM/20. 
HMM=IHMM*20. 
HMMINC=HMM/10. 
CALL G R A F ( 0 . 0 , S T I , X T I , 0 . 0 , A L I N C A L V ) 
CALL CURVEIPLTME,PL4 ,MUPIP ,2 ) 
CALL Y G R A X S I O . O . H M M I N C H M M , 6 . 5 , 

$ ' CONC. U 0 2 ( N 0 3 I 2 , P U ( N 0 3 ) 4 , AND HN03 ( G / L ) $ ' 
$ , - 1 0 0 , 8 . 5 , 0 . 0 ) 

CALL CURVE(PLTME,PL1,MUPIP,2) 
CALL CURVE(PLTME,PL2,MUPIP,2) 
CALL CURVE(PLTME,PL3,MUPIP,2) 
CALL YGRAXSIO.0,AMINC,AMP,6.5, 
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S'PARTICLE CONCENTRATION I G / L ) $ ' , - 1 0 0 , 9 . 1 2 5 , 0 . 0 ) 
CALL C U R V E | P L T M E , P L 5 , M U P I P , 2 ) 
CALL R E S E T I ' B L N K l ' J 
CALL L E G E N D ( I P A K , 5 , . 1 2 5 , 5 . 1 2 5 ) 
I I P L T = I P L T 
CALL E N D P L I I I P L T ) 

1001 CONTINUE 
RETURN 
END 



Table A . I . Data file for standard conditions with variable names 

Data file Variable names 

0 5000 
0 7370 
8 300 
1 000 
20 0 
108 0 
4 800 
8 000 
0 0 
0 0 
2 0 
8 7376 
11 4808 
5 000 
951 00 
4 000 
47 45 
0 0700 
0 0700 
0 0700 
0 0700 
1300 00 
360 00 
31 50 
37 67 
0 20 
100 0 
1 00 

0 4903 
02110 
11 460 
0 9999 
500000 0 
3 00 
8 000 
8 000 
0 0 
0 0 
30 00 
11 4808 
11 4808 

1300 00 
0 0 
40 08 
0 0700 
0 0700 
0 0700 
0 0700 
47 45 
1000 
5 000 
12 05 
0 0 
45 0 
1 00 

2 54 
0 0520 
12 100 
0 0200 
0 1 
20 0 
8 000 
8 000 
0 0 
0 0 
76 20 
11 4808 
11 4808 

951 00 
0 667 
35 03 
0 0700 
0 0700 
0 0700 
0 0700 
40 08 
350 00 
00 00 
180 00 
1000 0 
1 0 
1 00 

9 903 
0 7011 
8010 00 
400 00 
0 001 
00 000 
8 000 
8 000 
0 0 
0 0 
25 40 
11 4808 
11 4808 

1010 00 
0 333 
1 140 
0 0700 
0 0700 
0 0700 
0 0700 
3 810 

00 00 
180 0 
0 001000 
1 0 
1 00 

1 000 
0 1999 
0 9888 
2 250 

8 000 
8 000 
0 0 
0 0 
9 000 
11 4808 
11 4808 

0 0700 
0 0700 
0 0700 
0 0700 

0 0010 

1 00 

200 0 
0 0990 
2 830 
399 99 

20 00 

1 00 

SIZE, PIN, PINLEN, RHOAVE, SPAREA, RWASTE 
PCU308, PCPU02, PCFP, FRM0U3, FRMOPU, FRMOFP 
DU308, DPU02, DFP, DENSST, TK, POW 
ACDF, PRTTIM, HC, RUN, PRINC, PRDIST 
ALIMO, AKSTOP, AMINFR, CT1 
TEMP, RPM, DREVS, FLAPTIM 
V0(1), V0(2), VO(3), V0(4), VO(5) 
V0(1), V0(6), V0{7), V0(8), V0(9), VO(10) 
V0(1), V0(11), VO(12), V0{1 3), V0(14), VO(15) 
V0(1), V0(16), VO(17), V0(18), V0(19), VO(20) 
TRCT, BASECT, DIA, STGLEN, AAANS 
DEPTH(I), DEPTH(2), DEPTH(3), DEPTH(4), DEPTH{5) 
DEPTH(I), DEPTH(6), DEPTH(7), DEPTH(8), DEPTH(9), DEPTH(IO) 
ANGLE 

DEN1,CDEN8, DEN9, DEN10 
TH20C, THN03C, FCSTG1, FCSTG9 
CH20M8, CHNOM8, H2OM10 
BAKMIX(I ) , BAKMIX(2), BAKMIX(3), BAKMIX(4), BAKMIX(5) 
BAKMIX( l ) , BAKMIX(6), BAKMIX(7), BAKMIX(8), BAKMIX(9), BAKMIX(IO) 
BAKMIX(I ) , BAKMIX( I I ) , BAKMIX(12), BAKMIX(13), BAKMIX(14), BAKMIX(15) 
BAKMIX{1), BAKMIX{16), BAKMIX(17), BAKMIX(18), BAKM!X(19), BAKMIX{20) 
SDEN8, SH20M8, SHN0M8, SLOTLM 
TFILL ,TTRAN,TDIG 
ACIDEF, REACT, AFIAT, AFRAT 
TMRFED, TMRSST, BATTIM, SHETIM 
FFINES, RMIN, RMAX, DP, TOL, AAANG 
CONREL, FEANG, PINOOO, PAROGG 
ZNGPTA, ZNOPTD, ZNGPTP, ZNGPT3, ZN0PT7 
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Table A.2. Job control language required for various code options, 
where xxx = identifier, +++++ = charge number, and ooooo = tape number 

Job control language Purpose 

//xxxUS244 JOB (+++++,TAPE,1 7), 'B. E LEWIS, 7601 •,TIME=(20,30) 

/*JOBPARM LINES=80 

//*NOTESTHISIS J0B1 OF 1 

//*PLOTTYPE=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.G0='EU=-1,DUMP=1'.REGION GO=600K 

//FORT SYSPRINT DD DUMMY 

//FORTSYSIN D D * 

=USSCRD 

/* 
//LKED.SYSIN DD * 

/* 
//GO.FT06F001 DDSYSOUT=Q 

//GO.FT13F001 DDSYSOUT=A 

//GO FT12F001 DD UNIT=TAPE62,VOL=SER=Xooooo, 

//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, 

//LABEL=(,SL),DISP=(NEW,KEEP), 

//DCB=(DEN=3,RECFM=VS,LRECL=364,BLKSIZE=368) 

//GO.FT05F001 DD* 

=USS DAT 

/ * 

// 
ENDINPUT 

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.I. 

Table B.1. Index of tables and figures contained in this appendix 

Location Type of output 

Table B.2. 

Table B.3. 

Table B.4. 

Table B.5. 

Table B.6. 

Figs. B . I -

Figs. B.IO-

Figs. B.14-

Figs. B.23^ 

B.9 

-B.13 

-B.22 

-B.24 

Summary of input data 

Uranium/plutonium material balance closure 

Stagewise data for concentrations, volume, 
density, and flow rates 

Stagewise particle size distribution data 

Run summary data 

Stagewise concentration profiles 

Stagewise particle size distribution 

Concentration histories 

Digester tank concentration profiles 

B-1 
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Table B.2. Summary of input data 

SPENT FUEL DATA 
COMPONENT WEIGHT FRACTION DENSITY MOLE WEIGHT 

(G/CCI (G/G-MOLEt 
U02 0 .7370 8 .300000 270 .0500 
PU02 0 . 2 1 1 0 11 .460000 271 .1700 
F . P . 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 
RATIO OF ACTUAL SURFACE AREA TO GEOMETRIC AREA= l.OOOOOD 00 
FRACTION OF FUEL AS FINES= 2 .000D - 01 
FULL STAGE PARTICLE RELEASE RATE= l.OOOOOD 02 G/MIN 
TOTAL MASS FEED RATE OF STAINLESS STEEL= 12.05 KG/HR 

0 . 5 0 0 0 TONNE-A-DAY THROUGHPUT 
FUEL FEED RATE= 427 .0000 G/MIN 

LIQUID FLOW STG 1= 1 .7891 L/MIN 
LIQUID FEED COMP. STG 1 : 

HN03 383 .98 GPAM/L 
H20 805 .63 GRAM/L 

INIT IAL DENSITY OF DISSOLVER LIQUID STG 1= 1152 .5684 G/L 
COEFFICIENT OF WEIR FLOW EQUATION= 9 . 8 8 8 0 0 - 0 1 
EXPONENT OF WEIR FLOW EQUATION= 2 .8300D 00 
LIMITING HEIGHT OVER WEIR (SLOT SIZEt= 3.8100D 00 CI 

STAGE I I N I T I A L VOLUME= 6 .43 L 
STAGES 2- 8 I N I T I A L VOLUME= 9 .95 L 
STAGE 9 I N I T I A L VOLUME= 9 .33 L 
NUMBER OF STAGES= 9 
MAXIMUM TIME INCREMENT= 0 .020000 MIN 

I N I T I A L REACTION RATE CONSTANTS 
COMPONENT PARTICULATE RATE PIN RATE 

FORMED (G/MIN-CM**2t (G/M IN-CM**21 

U02(N03I2 7 . 3 7 9 3 4 0 - 0 2 7 . 3 7 9 3 4 0 - 0 2 
PU(N03)4 2 . 1 1 2 6 8 0 - 0 2 2 . 1 1 2 6 8 0 - 0 2 

F .P . N IT . 5 .20659D-03 5 .20659D-03 

REACTION RATE CONSTANT= 1.83123D-04 (GRAM/(CM**2*'^ I N * ( M3L/L ) * * ( 2 ••2*XPU M 
REACTION RATE EXPONENT^ 2 .597800 00 
PERCENT THEORITICAL DENSITY= 10.7123D 01 
IN IT IAL TEMPERATURE= 108.000D 00 DEG C 
MINIMUM PARTICLE DIAMETER TRANSFERING WITH FUEL PINS= 2 .00000 02 MICRON 
MINIMUM PARTICLE SIZE IN DISTRI BUT I0N= 0 . 0 MICRON 
MAXIMUM PARTICLE SIZE IN DI STR IBUT10N= 1.OOOOO 33 MICRON 
TOTAL # OF PARTICLE SIZE GROUPS= 20 
FLAPPER VALVE CYCLE TIME= 0 .0 MIN 

TOTAL RUN TIME= 4 0 0 . 0 0 MIN 
CYCLE TIME STG 1= 0 .00 MIN 
STAGES 2- 9 CYCLE TIME= 3 2 . 0 0 MIN 
REVERSE CYCLE TIME 2 .00 MIN 
RATE or ROTATION= 3 .00 RPM 
FEED TIME FROM SHEAR= 1,80000 02 MIN 
ZERO FEED TIME= 0 . 0 MIN 

ACID DEFICIENT CONCENTRATION FLAG= 3 . 1500D 01 G-HN03/L 
REACTION RATE MULTIPLICATION FACTOR= 5.OOOOO 03 

ACIO FEED RATE INCREASE ANTICIPATION TIME= 0 .0 MIN 
ACID FEED RATE REDUCTION ANTICIPATION TIME= 0 .3 MIN 
REDUCED ACIO FEED RATE DENSITY^ 1.3000D 03 G/L 
REDUCED ACID FEED H20 FLOW= 4 .7450D 01 KG/HR 
RECUCED ACID FEED HN03 FLOW= 4 . 0 0 8 0 0 01 KG/HR 
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Table B.2 (continued) 

EXTERNAL FEED STREAMS MASS FLO>( R A T E ; 

COMPONENT 
FEED HN03 TO STAGE 8 
FEED H20 TO STAGE 8 
TOTAL FEED TO STAGE 8 

CONDENSATE HN03 TG STAGE 1 
CONDENSATE H20 TO STAGE 1 
TOTAL CONDENSATE T Q STAGE 1 

CONDENSATE HNn3 TO STAGE 9 
CONDENSATE H2G TO STAGE 9 
TOTAL CONDENSATE T Q STAGE 9 

RINSE HNC3 TO STAGE 9 
R INSE H20 TO STAGE 9 
TOTAL RINSE L I Q U I D TO STAGE 

D E N S I T Y ( G / L l 

1300.00 

9 5 1 . 0 0 

9 5 1 . 0 0 

1010.00 

FLHW ( KG/HP ) 
4 0 . 0 8 
4 7 . 4 5 
8 7 . 5 3 

0 . 0 
2 . 6 7 
2 . 6 7 

0 . 0 
1 . 3 3 
1 . 3 3 

I . I ' -
3 5 . 0 3 
3 6 . 17 

C 3 N C E N T R A T I 0 N ( 3 / L I 
5 9 5 . 2 7 
7 0 4 . 7 3 

0 . 0 
9 5 1 . 0 0 

0 . 0 
9 5 1 . 0 0 

0 . 0 
9 7 8 . 1 7 

* * * B A C K M I X I N G DATA * * * 

STAGE 

# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

P E R I O D I C 
B A C K M I X I N G 
WITH HULLS 

TRANSFER 
I G SOLN / G H U L L S * 

T .OOOOD-02 
7 . 0 0 0 0 D - 0 2 
7 . 0 0 0 0 D - 0 2 
7 . 0 0 0 0 D - 0 2 
7 . 0 0 0 0 D - 0 2 
T . O O O O D - 0 2 
7 . 0 0 O O D - 0 2 
7 . 0 0 0 0 D - 0 2 
7 . O O O O D - 0 2 

CONTINUOUS 
B A C K M I X I N G 

( L / M I N I 

3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
0 . 0 
3 . 0 
0 . 0 
3 . 0 

MAXIMUM 
QUANTITY 

BACKMIXED 
( L t 

3 . 9 0 3 2 0 - 0 1 
3 . 8 8 7 6 0 - 0 1 
3 . 88 7 6 D - 0 1 
3 . 88 7 6 0 - 0 1 
3 . 88 7 6 0 - 0 1 
3 . 88 7 6 0 - 0 1 
3 . 88 7 6 0 - 0 1 
3 . 88 7 6 0 - 0 1 
4 . 5 6 1 3 0 - 0 1 

I N I T I A L 
STAGE 
VOLUME 

( L I 

6 . 4 3 3 4 D 00 
9 . Q 4 7 3 D 00 
9 . 9 4 7 3 0 00 
9 . 9 4 7 3 D 00 
9 . 9 4 7 3 D 00 
9 . 9 4 7 3 D 0 0 
9 , 9 4 7 3 0 00 
9 . 9 4 7 3 D 00 
9 . 3 2 6 9 0 0 0 

* * * PLOTS REQUESTED * * * 

D IGESTER CONCENTRATION PROFILES 
P A R T I C L E S I Z E 0 I SRT IBUT IONS 
CONCENTRATION H I S T O R I E S 
CONCENTRATION P R O F I L E S 



Table B.3. Uran ium/p lu ton ium material balance closure 

TIME 
2 . 5 6 9 6 4 0 02 

U(OUTI 
7 .132020 04 

PU(0UT1 
2 . 0 4 3 1 0 0 04 

U(FEDI 
7 .128100 04 

PU(FEDI 
2 .04198D 04 

U(OUTI-U(FEDI 
3.91515D 31 

PU(0JT1 -PU(FEOI 
1 . 12157D 31 

TIME 
2 . 5 7 9 8 4 0 02 

U(OUTI 
7. 160320 04 

PU(0UT( 
2 .05121D 04 

U(FED1 
7. 15640D 04 

PU(FEDI 
2 . 0 5 0 0 9 0 04 

U(nUT|-U(FEO) 
3 .918960 01 

PU(0UT)-PU(FED1 
1 . 12266D 31 

TIME 
2 . 59004D 02 

U(OUT) 
7 .18841D 04 

PU(OUT) 
2 .05926D 04 

U(FEDI 
7 .184690 04 

PU(FEOt 
2 .05819D 04 

U(OUTI-U(FEDI PU(0UTI-PU(FEDI 
3.71780D 01 1.0S504D 31 

T l ME 
2.60024D 02 

U(OUT» 
7 .21654D 04 

PUIOUTI 
2 .06732D 04 

U(FEOI 
7 . 21299D 04 

PU(FEDI 
2 . 06630D 04 

U(OUT|-U(FEDI 
3 .553550 31 

PU(DJT)-PU{FEOI 
1 . 01801D 31 

TIME INTO RUN= 2 6 0 . 2 4 2 1 MIN 
DISSOLUTION OF FUEL IN PINS COMPLETED I N STAGE 
THIS IS THE 6 FUEL DISSAPPEARANCE CYCLE. 

4 AFTER 4 . 2 4 2 1 MINUTES INTO CYCLE. 

T I M E 
2. 610420 02 

U(nUT( 
7 .244650 04 

PUIOUTI 
2 . 0 7 5 3 7 0 04 

U(FEOI 
7 .241220 04 

PU(FEOI 
2 -074390 04 

U(0UTI -U(FE0) 
3 .428950 31 

PU(QJT)-PU(FEOI 
9. 82288D 30 

TIME 
2 .620620 02 

U(0UT1 
7.27285D 04 

PU(OUT) 
2 .08345D 04 

U(FE0 1 
7. 2695 ID 04 

PUCFEDI 
2 .08249D 04 

U(OUTI-U(FEDI 
3 .339460 01 

PU(0JTt -PU(FE01 
9. 566530 30 

T l ME 
2 .630820 02 

TIME 
2.641020 02 

U(OUTt 
7.30107D 04 

U(OUTI 
7.329300 04 

PUCOUTI 
2.09153D 04 

PU(OUTI 
2.099620 04 

U(FEDI 
7 .297310 04 

U(FEOI 
7 , 326100 04 

PU(FED1 
2 .09060D 04 

PUIFEOI 
2 . 098700 04 

U(nuT)-U(FED) 
3.26364D 31 

U( OUTI-U(FEni 
3.195500 31 

PUiOUT)-PU(FEO) 
9. 349320 30 

PU(OyTI -PU(FEDI 
9 . 1541 2D 30 

CD 

Tl ME 
2 .651220 02 

U(nuT» 
7 .357540 04 

PU(OUTt 
2 . 10771D 04 

U(FEDI 
7 .354400 04 

PU(FEO) 
2 . 106810 04 

U10UTI-U(FEDI 
3. 144610 01 

PU(OJTI-PU{FEDI 
9 .03833D 30 

TIME 
2 . 6 6 K 2 D 02 

U(OUTI 
7.38578D 04 

PU{OUTI 
2 . 11580D 04 

U(FEO» 
7 .382690 04 

PU(FED) 
2 . 1 1 4 9 1 0 04 

U(OUT)-U(FEO) 
3 .087140 31 

PU(0JT)-PU(FED1 
8. 84370D 30 

TIME 
2.67162D 02 

U(OUT) 
7 .414000 04 

PU(OUTI 
2 . 123880 04 

UiFEOl 
7 .410990 04 

PUIFEDI 
2 . 123020 04 

U(0UT1-U(FEDI 
3 .009690 31 

PUCOJT)-PUtFEOI 
8 .621830 DO 

TIME 
2 . 68182D 02 

U(OUTt 
7.442200 04 

PU(0UT1 
2 .13196D 04 

U(FEDI 
7 .439280 04 

PU(FEDI 
2 .13112D 04 

U(OUT)-U(FEDI 
2 . 9 1 9 0 1 0 31 

[>U(OUT)-PU(FED) 
8 . 362050 30 

TIME 
2.69202D 02 

U(OUTI 
7 .47039D 04 

PU(nUT» 
2 .14004D 04 

U(FEOI 
7 .46758D 04 

PUtFEDt 
2 .13923D 04 

U(PUTI-U(FEDt 
2 .819230 31 

PU(OUTI-PU(FEDI 
8 . 0 7 6 2 2 0 30 

Tl ME 
2.70222D 02 

UIOUTI 
7 .498590 04 

PU(OUTI 
2 . 1 4 8 1 1 0 04 

U(FEOI 
7 .495870 04 

PU(FE0l 
2 . 14734D 0'-

U(OUTI-U(FEDI 
2 .715310 01 

PU(0UTI -PU(FE0I 
7. 77852D 30 

TIME 
2. 712420 02 

U(OUTI 
7.52677D 04 

PU(OUT) 
2 . 15619D 04 

U(FE0 l 
7 . 52416D 04 

PU(FED1 
2 . 15544D 0 4 

U(0UTI -U{FE0) 
2 .60741D 31 

PU(nUT)-PU(FED) 
7 .46942D 30 



Table B.3 (continued) 

TIME INTO RUN= 2 7 2 . 0 8 2 1 MIN 
DISSOLUTION OF LOOSE FUEL PARTICLES COMPLETED IN STAGE 4 AFTER 1 6 . 0 8 2 1 MINUTrS INTO CYCLE. 
THIS IS THE 6 FUEL DISSAPPEARANCE CYCLE. 

TIME U(QUT1 PU(OUTI U(FE01 PU(FEDI U( OUTI-U (FED t P U( OJT | -PU( FECI 
2 .722620 02 7 .55496D 04 2 .16426D 04 7 .552460 04 2 .163550 04 2 .496560 01 7,15 1880 30 

TIME U(OUTI PU(OUTI U(FEOI PU(FED) U{ OUT)-U (FED I P U( OUT)-PU( FED) 
2 .732820 02 7 . 5 8 3 1 4 0 04 2 .17233D 04 7. 58075D 04 2 .17165D 34 2.38324D 01 6 .82725D 30 

TIME UIOUTI PU(OUT) U(FEO) PUIFEOI U( OUT!-U (FED I PU( OUT I -PU( FEOl 
2.74302D 02 7 . 6 1 1 3 1 0 04 2 .18041D 04 7 . 60905D 04 2 .179760 04 2 .265760 01 6 . 4 9 0 5 9 0 30 



Table B.4. Stagewise data for concentrations, volume, density, and flow rates 

STG I STG 8 ST3 

COMPONENT 

U 0 2 ( N 0 3 I 2 
P U ( N 0 3 t 4 
F P ( N 0 3 ) 3 . 3 9 
HN03 
H20 

U02 
PU02 
F . P . 
TOTAL 

U02 
PU02 
F . P . 
TOTAL 

TOTAL STAGE 
L I Q U I D ONLY 
S T A I N L E S S 

L I Q U I D 

L I Q U I D 

2 . 2 8 5 D 
8 . 0 5 6 D 
2 . 6 8 0 D 
1.95(>D 
7 . 5 4 1 0 

3 . 3 1 0 D 
9 . 4 7 7 D -
2 . 3 3 6 D -
4 . 4 9 2 D 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 . 2 8 7 0 
6 . 2 8 4 0 
0 . 0 

1 . 2 8 5 D 

1 . 9 8 4 0 

0 2 
0 1 
01 
02 
02 

0 0 
- 0 1 
- 0 1 
0 0 

0 0 
00 

03 

0 0 

2 . 1 1 5 D 
7 . 4 5 6 0 
2 . 4 8 0 0 
2 . 1 7 1 0 
7 . 5 1 8 0 

1 . 8 8 0 D 
5 . 3 8 2 D 
1 . 3 2 6 D 
2 . 5 5 1 D 

3 . 5 2 2 0 
1 . 0 0 8 D 
2 . 4 8 5 0 
4 . 7 7 9 0 

9 . 6 8 3 D 
8 . 7 7 7 0 
4 . 0 1 5 D -

1 . 2 8 0 D 

1 . 9 2 5 0 -

CONCENTRATION 

02 
01 
01 
02 
02 

01 
00 
00 
01 

03 
03 
02 
03 

00 
00 

- 0 1 

03 

00 

1 . 4 8 8 0 02 
5 . 2 4 6 D 0 1 
1 . 7 4 5 0 0 1 
2 . 6 5 4 D 0 2 
7 . 5 9 1 0 0 2 

OF COMPONENTS 

1 . 0 8 9 D 01 
3 . 8 3 8 0 0 0 
1 . 2 7 7 D 00 
3 . 7 3 9 0 02 
7 . 7 4 0 0 02 

D ISSOLVED 

T . 1 0 7 D - 0 4 
2 . 506 0 - 0 4 
8 . 3 3 5 0 - 0 5 
3 . 8 3 5 D 02 
7 . 7 4 6 0 02 

I N L I Q U I D 

4 . 6 4 8 0 -
1 . 6 3 9 0 -
5 . 4 5 1 D -
3 . 8 5 6 D 
7 . 7 3 6 D 

CONCENTRATION OF SUSPENDED F I N E S ( G / L t 

1 . 1 5 0 D 0 1 
3 . 2 9 4 0 0 0 
8 . 1 1 7 0 - 0 1 
1 . 5 6 1 0 0 1 

9 . 2 0 2 0 - 0 8 
2 . 6 3 5 0 - 0 8 
6 . 4 9 3 0 - 0 9 
1 . 2 4 9 0 - 0 7 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

QUANTITY UNDISSOLVED I N FUEL P I N S ( G l 

3 . 6 5 6 D 03 
1 . 0 4 7 0 0 3 
2 . 5 8 0 D 0 2 
4 . 9 6 1 D 0 3 

9 . 6 5 6 0 0 0 
8 . 3 3 9 0 0 0 
8 . 0 2 8 0 - 0 1 

1 . 2 4 3 D 0 3 

1 . 3 4 1 0 0 0 

3 . 0 
0 . 0 
0 . 0 
0 . 0 

VOLUME 

9 . 6 4 4 0 00 
8 . 8 4 1 0 00 
8 . 0 2 3 0 - 0 1 

D E N S I T Y 

1 . 1 0 4 D 0 3 

FLOW RATES 

1 . 8 0 1 0 0 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

( L I 

9 . 6 4 4 D 00 
8 . 8 4 1 D 00 
8 . 0 2 4 0 - 0 1 

( G / L I 

1 . 1 5 8 0 03 

( L / M I N I 

1 . 8 0 1 0 00 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

9 . 6 4 4 0 
3 . 8 4 1 0 
3 . 0 2 3 0 -

1 . 1 59D 

1 . 8 0 1 0 

1 ( G / L t 

•08 
•08 
• 0 9 
02 
02 

00 
00 

- 0 1 

03 

0 0 

3 . 0 6 2 0 -
1 . 0 8 0 D -
3 . 5 9 1 0 -
3 . 8 700 
7 . 7 2 9 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 , 0 
O.p 

9 . 6 4 4 D 
8 . 8 4 1 0 
8 . 0 2 4 D -

1 . 1 6 0 D 

1 . 8 0 1 D 

•12 
•12 
•13 
02 
02 

0 0 
00 

- 0 ! 

03 

03 

1 , 9 9 5 0 -
7 , 0 3 4 0 -
2 . 3 4 0 0 -
3 . 8 5 7 D 
7 , 7 3 6 0 

0 . 3 
0 , 3 
3 , 3 
3 , 3 

3 , 3 
3 . 3 
3 . 3 
3 . 3 

9 , 5 4 3 0 
8 . 8 4 1 0 
8 , 3 2 4 0 -

1 . 1 5 9 0 

1 . 3 0 1 D 

•15 
•17 
•17 

02 

01 
03 

- 0 1 

05 

0 ) 

1 . 3 4 3 D -
3 . 5 7 8 D -
1 . 2 2 4 D -
3 . 5 1 ' f O 
9 . 5 3 7 D 

0 . 3 
0 , 3 
0 . 0 
0 , 0 

0 , 3 
0 , 0 
0 , 0 
0 . 3 

9 , 1 3 5 0 
9 . 1 3 6 0 
0 . 3 

9 . 9 8 8 0 

6 , 3 3 7 0 -

-19 
- 2 0 
•23 
01 
02 

03 
03 

02 

- 0 1 



Table B.5. Stagewise particle size distribution data 

TIME = 4 . OOOD 02 MIN 
* * • PARTICLE SIZE DISTRIBUTION PROFILE DATA » * * 

STG 1 STG 2 STG 3 ST3 4 STG 5 
GROUP RADIUS CONC RADIUS CONC RADIUS CONC RADIUS CONC RADIUS CONC 

# (MICRON) ( G / L ) (MICRON) ( G / L I (MICRON) ( G / L ) (MICRON) ( G / L I (MICRONt ( G / L I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1.847D 
6 . 9 74D 
1.0250 
1.750D 
2 .2 500 
2 .7500 
3.250D 
3.750D 
4 .250D 
4 .7500 
5.250D 
5 .7500 
6.250D 
6 .7500 
7 .2500 
7 .7500 
8 .2500 
8.750D 
9.250D 
9 .7500 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

1.215D 00 
1.3080 00 
1.968D 00 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 -
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1.5800 
7 .6550 
1.434D 
1.955D 
2.485D 
2 .7470 
3 .0050 
3 ,5130 
4 . 0 1 7 0 
4 . 5 2 1 0 
5 . 0 240 
5.527D 
6 . 0 7 5 0 
6 . 6 8 5 0 
7 . 3 2 2 0 
7 .9350 
8 . 2 3 3 0 
8 . 5 1 1 0 
9.02-10 
9 .516D 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

1 .181D-01 
1.5740 00 
2 .6280 00 
2 .659D 00 
2.359D 00 
2 . 44 70-0 2 
2 .1030 00 
1.9150 00 
1.747D 00 
1.5940 00 
1.455D 00 
1.338D 00 
1.426D 00 
1.355D 00 
1.1490 00 
8 . 6 8 9 0 - 0 1 
2 . 2 0 9 0 - 0 2 
5 . 8 1 0 0 - 0 1 
3 .917D-01 
1 . 9 9 1 0 - 0 1 

1.588D 
5.081D 
1.283D 
1.687D 
2.047D 
2 . 6 8 5 0 
3 . 2 8 4 0 
3.862D 
4 . 4 3 9 0 
4 . 7 2 7 0 
5.056D 
5 . 6 5 4 0 
6 . 2 9 5 0 
6 . 9 5 2 0 
7.238D 
7.608D 
8 . 1 8 4 0 
8 . 8 5 7 0 
9 . 2 0 3 0 
9 . 6 1 0 0 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

1 .8250 -01 
7 . 6 4 8 0 - 0 1 
1.9300 00 
2 . 6 4 5 0 - 0 1 
1.6800 00 
1.6090 00 
1.423D 00 
1.28 ID 00 
1.212D 00 
2 .72 50-02 
1.0850 00 
9 . 6 0 9 0 - 0 1 
9 . 7 8 3 0 - 0 1 
7 . 9 8 2 0 - 0 1 
5 . 6 3 2 0 - 0 3 
5 . 5 4 8 0 - 0 1 
3 . 8 8 3 0 - 0 1 
3 . 8 7 7 0 - 0 1 
2 . 0 1 1 0 - 0 2 
5 .66 20-02 

1.034D 
7.5000 
1.2500 
1.750D 
2.250D 
2 .7500 
3 .2500 
3 .7500 
4 . 2 5 0 0 
4 . 7500 
5.250D 
5 . 7500 
6.250D 
6.750D 
7 . 2500 
7 .7500 
8.250D 
8 .7500 
9 .2500 
9 .7500 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

1 ,2490-37 
0 ,0 
0 ,0 
0 .0 
0 ,0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 . 0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

2 .500D 
7.5 00 0 
1 .2530 
1.750D 
2 . 2 5 3 0 
2 . 7 5 3 0 
3 , 2 5 3 0 
3 . 7 5 3 0 
4 .253D 
^ , 7 5 3 0 
5 , 2 5 0 0 
5 , 7 5 0 0 
6 , 2 5 3 0 
6 .7 53 0 
7 .2500 
7.750D 
8 . 2 5 0 0 
8 . 7 5 0 0 
9 .250D 
9.750D 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

0 . 0 
0 . 0 
0 , 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 



Table B.6. Run summary data 

APPPOXIMATP FLOW"; 

APPROXIMATE U FEED OATE= 2 . 7 7 4 0 D 02 G / M I N 
APPROXIMATE PU FEED n A T E = 7 . 9 4 6 6 0 0 1 G / M I N 
TOTAL U FLOW OUT L I Q U I D PHASE= 2 . 5 4 0 8 D 02 G / M I N 
TOTAL PU FLOW OUT L I O U I D PHASE= 7 . 2 7 8 5 D 0 1 G/>1IN 
TOTAL U FLOW U N D I S S O L V E D I N F U E L P I NS = 0 . 0 G / M I N 
TOTAL PU FLOW UNDISSOLVED I N FUEL P I N S = 0 , 0 G / M I M 
TOTAL U FLOW PUT= 2 . 5 4 0 8 0 02 G / « I N 
TOTAL PU FLOW OUT= 7 . 2 7 8 5 D 0 1 G / M I N 

TOTAL MASS BALANCE 

TOTAL U FEED= 1 . 1 0 9 6 D 05 G 
TOTAL PU FEED= 3 . 1 7 8 7 D 04 G 
TOTAL U OUT STAGE 1= 1 , 0 1 6 3 0 05 G 
TOTAL PU OUT STAGE 1= 2 . 9 1 1 5 D 0 4 G 
TOTAL URANIUM FROM R I N S E STAGE= 3 . 0 G 
TOTAL PLUTONIUM FROM O I N S E STAGE= 0 , 0 S 
TOTAL U U N D I S S O L V E D I N FUEL P!NS= 6 , 3 2 7 3 0 0 3 G 
TOTAL PU U N D I S S O L V E D I N FUEL P I N S = 1 , 8 1 2 6 0 0 3 G 
TOTAL U I N P A R T I C L E S U N 0 I S S 0 L V E D = 2 . 4 8 3 4 D 0 2 G 
TOTAL PU I N P A R T I C L E S UNDISSOLVED^ 7 . 1 1 4 3 D 01 G 
TOTAL SUSPENDED P A R T I C U L A T E T O D i r ,ESTERS= 3 . 1 9 1 3 D 03 G 
TOTAL U OUT OVER TOTAL RUN= 1 , 0 1 6 3 0 0 5 G 
TOTAL PU PUT OVER TOTAL BUN= 2 . 9 1 1 5 D 0'- G 

TOTAL U D I S S O L V E D I N L I Q U I D INVENTORY I N D I S S O L V E R = 2 , 7 9 6 7 0 0 3 ( G l 
TOTAL PU D I S S O L V E D I N L I Q U I D INVENTORY IN 0 I S S O L V E o = 8 , 0 1 1 6 0 02 ( G ) 
CORRECTED SUM OF L I O U I D VOLUMES= 0 . 0 ( L I 
•"•OTAL U I N P I N S FED TQ STAGE 1 FROM F L " ' 8 . 8 7 6 9 0 0 ^ ( G l 
TOTAL U FTNiES FED TO STAGE 1 FROM F L o = 2 . 2 1 9 2 D 04 ( G ) 
TOTAL NUMBER OF P I N S R E M A I N I N G IN O I S S n L V E P = 1 . 8 7 0 4 0 04 
TOTAL NUMBER OF P A R T I C L E S I Z E GROJP D E P L E T I O N TRANSFERS^ 1 . 1 5 0 0 4 

* * * MASS OF D A R T I C L F S D I S S O L V E D I N EACH STAGE ( G l * * * 

STG I STG 2 STG 3 STG 4 STG 5 STG 6 STG 7 STG 8 •;-^- 9 

1 . 8 3 3 D 04 2 , 9 9 2 0 0 4 3 , 6 8 6 D 0 4 4 . 3 9 3 0 03 0 , 0 0 , 0 0 . 0 3 , 0 0 . 3 

PROJECTED URANIUM HOLO-UP I N D I S S O L V E R = 9 . 3 2 8 5 0 0 3 G 

PROJECTED P L U T O N I U M HOLD-UP I N O I S S O L V E R = 2 . 6 7 2 3 0 03 G 
PROJECTED TOTAL U OUT PLUS HOLD-UO= 1 . 1 0 9 6 0 05 G 
PROJECTED TOTAL PU CUT PLUS H O L D - U P = 3 . 1 7 8 7 D 04 G 

CORRECTED N E G A T I V E SUM OF OVER D I S S O L U T I O N FROM P I N S = - 3 . 0 6 1 5 0 0 0 G 
CORRECTED N E G A T I V E SUM OF OVER D I S S O L U T I O N OF P A » T I C J L A T E = - 5 , 3 7 7 8 0 0 0 G 
TOTAL CORRECTED OVER D I S S O L U T I O N ^ - 8 . 4 3 9 3 0 0 0 G 



Table B.6 (continued) 

SUM OF HN03 OEPLETIONS= 0 . 0 
TOTAL FUEL IN PINS FED TO STAGE 9 = 
TOTAL FUEL IN PINS OUT OF STAGE 9 = 
TOTAL FUEL IN PINS IN STAGE 9= 
TOTAL * PINS FED TO STAGE 9= 
TOTAL * PINS OUT OF STAGE 9= 
TOTAL * PINS IN STAGE 9= 0 .0 

ACTUAL U HOLD-UP IN 0ISSOLVEP= 
ACUTAL PU HOLO-UP IN 01SSOLVER= 
ACTUAL U OUT PLUS DISSOLVE"* HOL0-UP = 
ACTUAL PU OUT PLUS DISSOLVED H0LD-UP= 
ACTUAL U HOLD-UP IN FLAPPEP VALVES= 
t DIFF BETWEEN ACTUAL U FED AND U OU^ PLUS HOLD-UP = 
% DIFF BETWEEN ACTUAL PU FED AND PU OUT PLUS HOLD-UP = 

1. • 

I . 

> = 
JP 

0 . 
0 , 

0 . 0 
7 2 6 1 0 
7 2 3 9 0 

. 0 

. 0 

0 * 
0 * 

9 . 3 7 2 3 0 
2 . 6 8 * 9 0 

= 
1 . 

3 

G 

03 G 
0 3 G 

G 
G 

1 1 0 1 0 05 
. 1 8 0 0 0 

5 . 5 * 7 9 0 OC 
0 * 

1 G 

G 
G 

. 9 * 6 3 0 - 0 2 % 
3 . 9 * 6 3 0 - 0 2 T 

U OUT OVER U FED PLUS HOL0-UP= 1 . 0 0 0 * 0 02 % 
PU OUT OVER PU FEO PLUS H0LD-UP= 1 . 0 0 0 * 0 02 ? 
T OF TOTAL U FEED IN FLAPPEB VALVE HOLD-UP= * . 9 9 9 9 0 - 0 3 

TOTAL U FEO TO FLAPPER VALVES= 1 .10960 05 G 
TOTAL PU FED TO FLAPPER VALVES= 3.1T8TD 0 * G 
TOTAL U PLUS PU FED TO FLAPPER VALVES= l . * 2 7 5 0 05 G 
TOTAL U PLUS PU FED TO STAGE 1 FROM FUPPER VALVES= l . * 2 7 5 0 05 
PFR CENT TRANSFER THRU FLAPPER VALVES= 1 .00000 02? 

NUMBEP CF TIME STEPS WITH ACID DEFICIENT CON0.= 0 

* * * MAXIMUM PREDICTED CONCENTRATIONS ( G / L I * « * 

COMPONENT 

U 0 2 1 N 0 3 I 2 
T I M E 

P U { N 0 3 ) * 
T IME 

F P ( N 0 3 1 1 . 
T IME 

HN03 
T I M E 

H 2 0 
T IME 

/ T I M 

18 

STG 1 

E ( M I N I 

2 . * 2 1 D 
3 . 8 * 5 0 

8 . 5 3 3 0 
3 . 8 * 5 0 

2 . 8 3 9 0 
3 . 8 * 5 0 

3 . 7 3 3 0 
2 . 0 0 0 0 -

7 . 8 3 0 0 
2 . 0 0 0 0 -

02 
0 2 

0 1 
0 2 

0 1 
0 2 

0 2 
- 0 2 

0 2 
- 0 ? 

STG 2 

2 . 2 7 5 D 02 
2 . 8 8 0 0 0 2 

8 . 0 2 1 D 3 1 
2 . 8 8 0 0 0 2 

2 . 6 6 8 0 3 1 
2 . 8 8 0 0 0 2 

3 . 8 1 6 D 0 2 
2 . 0 0 0 0 - 3 2 

7 . 3 3 3 D 0 2 
3 . 2 0 * 0 0 1 

STG 3 

1 . 8 * * 0 
2 . 9 * * 0 

6 . 5 0 0 0 
2 . 9 * * 0 

2 . 1 6 2 0 
2 . 9 * * 0 

3 . 8 1 6 0 
2 . 0 0 0 0 -

7 . 8 2 * D 
3 . 2 0 6 0 

0 2 
02 

0 1 
0 2 

0 1 
02 

0 2 
- 0 2 

0 2 
01 

STG * 

1 . 3 3 5 0 
2 . 9 2 2 0 

3 . 6 * 9 0 
2 . 9 2 2 D 

1 . 2 1 * 0 
2 . 9 2 2 0 

3 . 8 * 6 0 
3 . 8 * 0 0 

7 . 8 1 * 0 
9 . 6 0 * 0 

02 
02 

01 
02 

0 1 
02 

02 
02 

02 
01 

STG 5 

1 . 8 8 9 0 - 0 2 
2 . 8 8 0 0 02 

6 . 6 5 9 0 - 0 3 
2 . 8 8 0 0 02 

2 . 2 1 5 D - 0 3 
2 . 8 8 0 0 02 

3 . 8 5 * 0 02 
3 . 7 6 6 0 02 

7 . 8 2 2 0 0 2 
1 . 2 8 0 0 02 

STG t 

1 . 2 2 7 0 -
3 . 2 0 0 0 

* . 3 2 6 D -
3 . 2 0 0 0 

l . * 3 9 D -
3 . 2 0 0 0 

3 . 8 6 0 0 
3 . 7 1 1 0 

7 . 8 2 2 0 
1 . 6 0 0 D 

-06 
02 

•07 
02 

-07 
02 

02 
02 

02 
02 

STG J 

7 . 9 3 * 0 -
3 . 5 2 0 0 

2 . 8 1 5 D -
3 . 5 2 0 0 

9 . 3 6 3 D -
3 . 5 2 0 0 

3 . 8 7 * 0 
3 . 6 5 1 0 

7 . 8 2 2 0 
1 . 9 2 0 D 

11 
0 2 

• 1 1 
02 

-12 
02 

02 
02 

02 
02 

STG 8 

5 . 1 7 6 0 -
3 . 8 * 3 0 

1 . 8 2 ' = D -
3 . 8 * 3 0 

S . 0 7 3 0 -
3 . 8 * 3 0 

3 . 9 3 * 0 
3 . 5 9 * 0 

7 . 8 5 * 0 
2 . 2 * 9 D 

15 
0 2 

•15 
02 

• 1 0 
02 

02 
02 

02 
0 2 

STG 9 

3 . 2 3 5 0 -
3.&*on 

1 . 1 * 1 0 -
3 . 8 * 0 n 

3 . 7 9 * 0 -
3 . 3 * 0 0 

+ . 6 0 0 0 
3 . 5 2 0 D 

9 . 5 6 5 0 
* . 3 0 0 D -

32 

• 1 9 
0 2 

• 2 0 
0 2 

0 1 
0 ? 

0 2 
- 0 2 



Table B.6 (continued) 

NUMBER OF T I M E STEP REDUCTIONS= 18 

MAXIMUM U I T E R A T I O N S I N P A R T I C = 1 
MAXIMUM # I T E R A T I O N S I N SUBUN= 2 
MAXIMUM # I T E R A T I O N S I N SUBPN= 2 
MAXIMUM # I T E R A T I O N S I N SUBFP= 2 
MAXIMUM # I T E R A T I O N S I N SUBHN= 2 
MAXIMUM # I T E R A T I O N S I N SUBH2= 2 

N E G A T I V E SUM OF OVER D I S S O L U T I O N OF P A R T I C L E S I N D IGESTER * 1 = - 6 . 0 9 8 5 0 - 0 8 G 
N E G A T I V E SUM OF OVER D I S S O L U T I O N OF P A R T I C L E S I N D IGESTER # 2 = 0 . 0 G 

* * * ST4GEWISE MASS INVENTORY ( G l AFTER * 0 0 . 0 1 MINUTFS * * * 

STG 1 STG 2 STG 3 STG * STG 5 STG 6 STG 7 STG 8 " ^ T - 9 

COMPONENT 

URANIUM 8 . 8 5 8 0 0 2 * . 3 7 1 0 0 3 * . 0 5 7 D 03 5 . 8 1 5 0 0 1 3 . 7 9 6 0 - 0 3 2 . * 8 3 D - 0 7 1 . 6 3 o D - U 1 . 0 6 6 0 - 1 5 5 . 7 5 9 n - l 9 
PLUTONIUM 2 . 5 3 8 0 0 2 1 . 2 5 2 0 0 3 1 . 1 6 2 0 0 3 1 . 6 6 6 0 0 1 1 . 0 8 ^ 0 - 0 3 7 . 1 1 2 0 - 0 8 * . 6 3 5 0 - 1 2 3 . 0 5 3 0 - 1 6 : . 5 5 0 D - ' . 9 
U*PU 1 . 1 * 0 0 0 3 5 . 6 2 3 0 0 3 5 . 2 1 9 0 0 3 7 . * 8 0 0 01 * . 8 8 * 0 - 0 3 3 . 1 9 * 0 - 0 7 2 . 1 0 * 0 - 1 1 1 . 3 7 1 0 - 1 5 7 . i 0 8 0 - l 9 

U 0 2 ( N 0 3 I 2 l . * 3 6 D 0 3 1 . 8 5 6 0 0 3 1 . 2 * 1 0 03 9 . 6 2 5 0 01 6 . 2 8 * 0 - 0 3 * . 1 1 0 0 - 0 7 2 . 7 0 7 0 - 1 1 1 . 7 6 * 0 - 1 5 = . 5 3 2 0 - 1 ° 
P U ( N 0 3 I * 5 . 0 6 2 0 0 2 6 . 5 * * 0 02 * . 3 7 * 0 02 3 . 3 9 3 0 0 1 2 . 2 1 5 0 - 0 3 l . * * 9 D - 0 7 9 . 5 * * 0 - 1 2 6 . 2 1 9 D - 1 & 3 . 3 o O D - 1 9 
F P ( N 0 3 I 2 . 3 6 1 . 6 3 * 0 02 2 . 1 ^ 7 0 0 2 l . * 5 5 D 02 1 . 1 2 9 0 0 1 7 . 3 6 9 0 - 0 * * . 8 1 9 D - 0 8 3 . 1 7 5 0 - 1 2 ' . 0 6 9 0 - 1 6 ' . 1 1 8 0 - 1 9 

HN03 1 . 2 2 9 0 0 3 1 . 9 0 5 0 3 3 2 . 2 1 3 0 03 3 . 3 0 6 0 03 3 . 3 9 1 0 3 3 3 . * 1 0 0 03 3 . * 2 1 0 03 3 . * 1 3 D 03 3 . 2 1 1 0 02 
H 2 n * . 7 3 8 D 0 3 6 . 5 9 8 0 0 3 6 . 3 3 0 0 03 6 . 3 * 3 0 03 6 . 8 * 9 0 0 3 6 . 8 3 9 0 0 3 6 . 8 3 3 0 03 6 . 9 * 3 0 03 P . ' ' 1 3 n 0? 

U n 2 2 . 0 8 0 0 0 1 1 . 6 5 0 0 02 9 . 5 9 * 0 0 1 8 . 1 3 6 0 - 0 7 0 . 0 0 . 0 0 . 0 3 . 0 3 . 3 
PU02 5 . 9 5 5 0 0 0 * . 7 2 * D 3 1 2 . 7 * 7 0 0 1 2 . 3 2 9 0 - 0 7 0 . 0 0 . 0 0 . 0 3 . 0 3 . J 
F P ( 0 1 1 . 1 7 7 6 l . * 6 8 D 0 0 1 . 1 6 * 0 0 1 6 . 7 6 9 0 0 0 5 . 7 * 0 0 - 0 8 0 . 0 0 . 0 3 . 0 3 . 3 3 . 3 

* * * A D D I T I O N A L CONCENTRATION OATS • * * 
U ( G / L ) L Q 
U ( G / L I P T 
U { G / L 1 P N 
P U ( G / L ) L O 
P U ( G / L | P T 
P U ( G / L ) PN 
U » P U ( G / L I L O 
U » P U ( G / L I PT 
U « - P U ( G / L 1 PN 
H N 0 3 ( M O L / L I 

1 . 3 8 0 0 
2 . 9 1 8 0 
0 . 0 
3 . 9 5 5 0 
3 . 3 5 9 0 -
0 . 0 
1 . 7 7 6 0 
3 . 7 5 * 0 
0 . 0 
3 . 1 0 3 0 

0 2 
0 0 

0 1 
- 0 1 

0 2 
0 0 

0 0 

1 . 2 7 6 0 
1 . 6 5 7 0 
3 . 5 3 T D 
3 . 6 6 0 0 
* . 7 * 7 0 
1 . 0 1 3 0 
1 . 6 * * D 
2 . 1 3 2 0 
* . 5 5 0 0 
3 . * * 5 0 

0 2 
0 1 
0 2 
0 1 
0 0 
0 2 
0 2 
0 1 
02 
0 0 

3 . 9 8 9 0 
1 . 0 1 * 0 
3 . 8 6 5 0 
2 . 5 7 5 0 
2 . 9 0 5 D 
1 . 1 0 7 D 
1 . 1 5 6 0 
1 . 3 0 5 0 
* . 9 7 2 D 
* . 2 1 2 D 

0 1 
0 1 
02 
01 
0 0 
02 
02 
0 1 
02 
00 

6 . 5 7 7 0 03 
8 . 1 1 2 0 - 0 8 
0 . 0 
1 . 3 8 * 0 03 
2 . 3 2 * 0 - 0 3 
0 . 3 
8 . * 6 1 D 00 
1 . 0 * * 0 - 0 7 

0 . 0 
5 . 9 3 3 0 00 

* . 2 9 * D -
0 . 0 
0 . 0 
1 . 2 3 0 0 -
0 . 0 
0 . 0 
5 . 5 2 * 0 -
0 . 0 
0 . 0 
6 . 0 36 0 

• 0 * 

• 0 * 

• 0 * 

0 3 

2 . 3 0 8 0 - 0 3 
0 . 0 
0 . 0 
8 . 0 * * 0 - 0 9 
0 . 0 
0 . 0 
3 . 6 1 3 0 - 0 8 
0 . 0 
0 . 0 
6 . 1 1 9 0 03 

1 . 8 5 3 0 -
0 . 0 
0 . 3 
= . 2 9 9 0 -
0 . 0 
0 . 3 
2 . 3 8 0 D -
0 . 0 
3 . 0 
6 . 1 ^ 0 0 

•12 

•13 

•12 

03 

1 . 2 0 5 0 -
3 . 0 
3 . 3 
3 . * 5 3 D -
3 . 0 
3 . 0 
I . 5 5 1 0 -
3 . 3 
1 . 0 
6 . 1 2 3 0 

15 

•17 

•16 

00 

t 

3 , 
3 , 
1 , 
3 . 
3 , 
8 
3 , 
3 
S, 

. 3 0 3 C - 2 0 

.3 

. 3 

. ? 0 6 0 - 2 0 

.3 

.3 

. 1 0 8 0 - 2 0 

. 1 

. 3 

. 5 ^ 6 0 - 0 1 
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APPENDIX C 

Code Output for Intermittent Solids Feed 

The following types of output are the same as those 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.I . 

Table C.1. Index of tables and figures contained m 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 f low rates 

Table C 5 Stagewise particle size distr ibution data 

Table C.6 Run summary data 

Figs C 1—C 9 Stagewise concentration profiles 

Figs CIO—C 12 Stagewise particle size distr ibution 

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 HEIGHT 

(G/CC) (G/G-MOLEI 
U02 0 . 7 3 7 0 8 .300000 2 7 0 . 0 5 0 0 
PU02 0 . 2 1 1 0 H.^SOOOO 2 7 1 . 1 7 0 0 
F . P . 0 , 0 5 2 0 12 .100000 I35 ,3A0O 

AVERAGE FUEL DENSITY = 9 .903000 G/CC 
AVERAGE DIAMETER OF PAPTICULATE= 0 . 0 0 1 0 0 0 CM 
TOTAL # FUEL PINS= 12'347.21 
DIAMETER OF FUEL PELLET= 0.4903 CM 
LENGTH OF FUEL PIN= 2 .5400 CM 
RATIO OF ACTUAL SURFACE AREA TO GEOMETRIC AREA= l.OOOOOD 00 
FRACTION OF FUEL AS FINES= 2 . 0 0 0 0 - 0 1 
FULL STAGE PARTICLE RELEASE RATE= l.OOOOOD 02 G/MIN 
TOTAL MASS FEED RATE OF STAINLESS STEEL= 12 .05 KG/HR 

0 . 5 0 0 0 TONNE-A-DAY THROUGHPUT 
FUEL FEED RATE= 1921 .5000 G/MIN 

LIQUID FLOW STG 1= 1 .7891 L/MIN 
LIQUID FEED C Q M P . STG 1 : 

HN03 3 8 3 . 9 8 GRAM/L 
H20 805 .60 GRAM/L 

IN IT IAL DENSITY OF DISSOLVER LIQUID STG 1= 1 1 5 2 . 5 6 8 4 G/L 
COEFFICIENT OF WEIR FLOW EQUATION= 9 . 8 8 8 0 0 - 0 1 
EXPONENT OF WEIR FLOW EQUATION= 2 .8300D 00 
LIMITING HEIGHT OVER WEIR (SLOT S IZE I= 3.8100D 00 CM 

STAGE 1 I N I T I A L VOLUME= 6 .43 L 
STAGES 2- 8 I N I T I A L VOLUME= 9 . 9 5 L 
STAGE 9 I N I T I A L VOLUME= 9 . 3 3 L 
NUMBER OF STA3ES= 9 
MAXIMUM TIME !NCREMENT= 0 .020000 MIN 

I N I T I A L REACTION RATE CONSTANTS 
COMPONENT PARTICULATE RATE PIN RATE 

FORMED ( G / M I N - C M * * 2 I (G/M IN-CM*»2 I 

U02(N03I2 7.37934D-02 7.37934D-02 
PU(N03)4 2 . H 2 6 8 D - 0 2 2 . 1 1 2 6 8 0 - 0 2 

F . P . N IT . 5 .20659D-03 5 .20659D-03 

REACTION RATE CONSTANT^ 1.83123D-04 (GRAM/(CM**2*M I N * ( MOL/L I • * ( 2»2*XPUI I 
REACTION RATE FXPONENT= 2.59780D 00 
PERCENT THEORITICAL DENSITY= 10 .71230 01 
IN IT IAL TEMPERATURE= 1 0 8 . 0 0 0 0 00 DEG C 
MINIMUM PARTICLE DIAMETER TRANSFERING WITH FUEL PINS= 2 .0000D 02 MICRON 
MINIMUM PARTICLE SIZE IN 01STRI BUT I0N= J.O MICRON 
MAXIMUM PARTICLE SIZE IN 01 STR I BUT I0N= l.OOOOD 03 MICRON 
TOTAL * OF PARTICLE SIZE GPOUPS= 20 
FLAPPER VALVE CYCLE TIME= 0 . 0 MIN 

TOTAL RUN TIME= 4 0 0 . 0 0 MIN 
CYCLE TIME STG 1= 0 .00 MIN 
STAGES 2 - 9 CYCLE T I M E = 3 2 . 0 0 MIN 
REVERSE CYCLE TIME 2 . 0 0 MIN 
RATE OF RDTATION= 3 .00 RPM 
FEED TIME FROM SHEAR= 4 .0000D 01 MIN 
ZERO FEED T!ME= 1.4000D 02 MIN 

ACID DEFICIENT CONCENTRATION FLAG= 3 . 1500D 01 G-HN03/L 
REACTION RATE MULTIPLICATION FACTOR= 5.0000D 00 

ACID FEED RATE INCREASE ANTICIPATION TIME= 0 . 0 MIN 
ACID FEED RATE REDUCTION ANTICIPATION TIME= 0 .0 MIN 
REDUCED ACID FEED RATE DENSITY= 1.3000D 03 G/L 
RECUCEO ACID FEED H20 FLOW= 4 .7450D 01 KG/HR 
REDUCED ACID FEED HN03 FLOW= 4 .0080D 01 KG/HR 



C-3 

Table C.2 (continued) 

EXTERNAL FEED STREAMS MASS FLOW RATES 

COMPONENT 
FEED HN03 TO STAGE 8 
FEED H2G TO STAGE 8 
TOTAL FEED TO STAGE 8 

CONDENSATE HN03 TO STAGE 1 
CONDENSATE H20 TO STAGE 1 
TOTAL CONDENSATE TO STAGE 1 

CONDENSATE HN03 TO STAGE 9 
CONDENSATE H20 TO STAGE 9 
TOTAL CONDENSATE TO STAGE 9 

RINSE HN03 TO STAGE 9 
RINSE H20 TO STAGE 9 
TOTAL RINSE LIQUID TO STAGE 

DENSITY ( G / L l 

1300.00 

951.00 

951 .00 

1010.00 

FLOW I KG/HR) 
40 .08 
4 7 . 4 5 
8 7 . 5 3 

0 . 0 
2 . 6 7 
2 . 6 7 

0 . 0 
1.33 
1.33 

1 . 14 
3 5 . 0 3 
36 . 17 

CONCENTRATION ( G / L t 
595 .27 
7 0 4 . 7 3 

0 .0 
951 .00 

0 . 0 
9 5 1 . 0 0 

0 . 0 
9 7 8 . I T 

* • * BACKMIXING DATA * * * 

STAGE 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

PERIODIC 
BACKMIXING 
WITH HULLS 

TRANSFER 
(G SOLN / G HULLS! 

7 .0000D-02 
7 . 0 0 0 0 0 - 0 2 
7 . 0 0 0 0 0 - 0 2 
7 . 0 0 0 0 0 - 0 2 
7 . 0 0 0 0 0 - 0 2 
7 .00 000 -02 
7 .0000D-02 
7 .00 000-02 
7 . 0 0 0 0 0 - 0 2 

CONTINUOUS 
BACKMIXING 

( L / M I N I 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

MAXIMUM 
QUANTITY 

BACKMIXED 
( L t 

1 . 75640 
1.7494D 
1.7494D 
1.74 940 
1 . 74940 
1 . 7494D 
1.74 940 
1 .74940 
2 . 05260 

00 
00 
00 
00 
00 
00 
00 
00 
00 

I N I T I A L 
STAGE 
VOLUME 

( L l 

6 .4334D 00 
9 .9473D 00 
9 .9473D 00 
9 .9473D 00 
9 . 9 4 7 3 0 00 
9 . 9 4 7 3 0 00 
9 . 9 4 7 3 0 00 
9 . 9 4 7 3 0 00 
9 . 3 2 6 9 0 00 

* « * PLOTS REQUESTED * * * 

DIGESTER CONCENTRATION PROFILES 
PARTICLE SIZE DISRTIBUTIONS 
CONCENTRATION HISTORIES 
CONCENTRATION PROFILES 



Table C.3. Uranium/plutonium material balance closure 

TIME 
3 . 4 7 7 8 3 0 0 2 

U ( O U T I 
9 . 9 6 1 9 2 D 0 4 

PUJOUT) 
2 . 8 5 3 7 8 D 0 4 

U I F E O I 
0 . 0 

P U ( F E D I 
0 . 0 

U ( O U T ) - U ( F E D I P U I 0 J T 1 - P U ( F E D I 
9 . 9 6 1 9 2 0 3 4 2 . 8 5 3 7 8 D 0 4 

T IME INTO RUN= 3 4 8 . 0 0 3 2 M IN 
D I S S O L U T I O N OF LOOSE FUEL P A R T I C L E S COMPLETED I N STAGE 
T H I S I S THE 6 FUEL D ISSAPPEARANCE C Y C L E . 

5 AFTER 2 8 . 0 0 3 2 M INUTES INTO C Y C L E . 

T IME 
3 . 4 8 8 0 3 D 0 2 

U ( O U T ) 
9 . 9 6 1 8 8 D 0 4 

P U ( O U T ) 
2 . 8 5 3 7 7 D 0 4 

U ( F E D I 
0 . 0 

P U ( F E O I 
0 . 0 

U( O U T ) - U < F E O I P U ( O L I T | - P U ( F E D ) 
9 . 9 6 1 8 8 0 0 4 2 . 8 5 3 7 7 0 0 4 

TIME INTO RUN= 3 4 8 . 8 2 3 2 M IN 
D I S S O L U T I O N OF LOOSE FUEL PARTICLES COMPLETED I N STAGE 
T H I S I S THE 7 FUEL 01SSAPPEARANCE C Y C L E . 

3 AFTER 2 8 . 8 2 3 2 M INUTES INTO C Y C L E . 

T IME INTO RUN= 3 4 9 . 2 ^ 3 2 M IN 
D I S S O L U T I O N OF LOOSE FUEL P A R T I C L E S COMPLETED I N STAGE 
T H I S I S THE 8 FUEL D ISSAPPEARANCE C Y C L E . 

2 AFTER 2 9 , 2 4 3 2 M INUTES INTO C Y C L E . 

T IME INTO RUN= 3 4 9 . 5 8 3 2 M IN 
D I S S O L U T I O N OF LOOSE FUEL P A R T I C L E S COMPLETED I N STAGE 
T H I S I S THE 9 FUEL D ISSAPPEARANCE C Y C L E . 

1 AFTER 2 9 . 5 8 3 2 M I N U T E S INTO C Y C L E , 

TIME 
3 . 4 9 8 2 3 0 

TIME 
3 . 50 8 4 3 0 

T IME 
3 . 5 I 8 6 3 D 

T IME 
3 . 5 2 8 8 3 0 

TIME 
3 . 5 3 9 0 3 0 

T IME 
3 . 5 4 9 2 3 0 

T IME 
3 . 5 5 9 4 3 D 

T IME 
3 . 5 6 9 6 3 0 

TIME 
3 . 5 7 9 8 3 D 

0 2 

0 2 

0 2 

0 2 

02 

02 

0 2 

0 2 

0 2 

U ( O U T I 
9 . 9 6 1 8 4 D 

U ( O U T ) 
9 . 9 6 1 8 0 D 

UCOUTI 
9 . 9 6 1 7 7 D 

U ( O U T ) 
9 . 9 6 1 9 3 0 

UCOUT) 
9 . 9 b l 8 9 D 

U ( 0 U T 1 
9 . 9 6 1 8 6 D 

U ( 0 U T » 
9 . 9 6 1 8 2 0 

U I O U T I 
9 . 9 6 1 7 9 D 

U ( O U T ) 
9 . 9 6 1 7 6 D 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

PU( OUTI 
2 . 8 5 3 7 6 0 

P U ( O U T ) 
2 . 8 5 3 7 5 D 

P U ( O U T I 
2 . 8 5 3 7 4 0 

P U ( O U T I 
2 . 8 5 3 7 9 D 

P U ( O U T ) 
2 , 8 5 3 7 8 0 

P U ( O U T I 
2 . 8 5 3 7 6 D 

P U ( O U T ) 
2 . 8 5 3 7 5 D 

P U ( O U T I 
2 . 8 5 3 7 5 D 

P U ( O U T I 
2 . 8 5 3 7 4 0 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

U ( F E D t 
0 . 0 

U ( F E D ) 
0 , 0 

U C F E D I 
0 , 0 

U ( F E D 1 
0 . 0 

U ( F E O I 
0 . 0 

U ( F b O I 
0 . 0 

U ( F E D I 
0 . 0 

U { F E D t 
0 , 0 

U ( F E D ) 
0 . 0 

P U ( F E D ) 
0 , 0 

P U ( F E D I 
0 , 0 

P U I F E D I 
0 , 0 

P U ( F E D 1 
0 . 0 

P U ( F E O I 
0 . 0 

P U I F E D I 
0 . 0 

P U ( F E D I 
0 - 0 

PU(FED> 
0 . 0 

P U ( F E D 1 
0 . 0 

U ( O U T I - U ( F E D ) 
9 , 9 6 1 8 4 0 0 4 

U ( O U T I - U { F E O I 
9 . 9 6 1 8 0 0 0 4 

U ( O U T I - U ( F E O I 
9 , 9 6 1 7 7 0 0 4 

U ( 0 U T 1 - U ( F E D ) 
9 . 9 b l 9 3 0 3 4 

U l 0 U T 1 - U ( F E D I 
9 . 9 6 1 8 9 0 0 4 

U ( O U T ) - U ( F E D ) 
9 . 9 6 1 8 6 D 0 4 

U ( O U T I - U ( F F D I 
9 . 9 6 1 8 2 0 3 4 

U( 0 U T t - U ( F E 0 l 
9 . 9 6 1 7 9 D 0 4 

U ( O U T ) - U ( F E n i 
9 , 9 6 l 7 o D 0 4 

P U ( 0 J T 1 - P U I F E D ) 
2 . 8 5 3 7 6 0 0 4 

P U I O U T I - P U ( F F D I 
2 , 8 5 375D 3 4 

P U ( O L I T | - P U ( F ' = D I 
2 . 85 374D 3 i 

P U ( 0 U T ) - P U ( F F D 1 
2 , 8 5 3 7 9 D 3 4 

° U ( O U T I - P U C F E D I 
2 , 8 5 3 ^ 8 0 0 ' ' 

P U ( O U T I - P U ( F E n ) 
2 . 8 5 3 7 6 0 3 4 

P U ( 0 U T I - P U ( F F 0 1 
2 . 8 5 3 7 5 0 3 4 

P U ( O J T I - P U ( F E D I 
2 . 85 3 7 5 0 3 ^ 

P U ( 0 U T ) - P U ( F E D I 
2 , 8 5 3 7 4 0 0 4 



TIME 
3 . 5 9 0 0 3 0 02 

TIME 
3 . 60023D 02 

TIME 
3. 61043D 02 

TI ME 
3.62063D 02 

TIME 
3. 63083D 02 

TIME 
3 .64103D 02 

TIME 
3. 65123D 02 

TIME 
3.66143D 02 

TIME 
3 .67163D 02 

TIME 
3 . 6 8 1 8 3 0 02 

TIME 
3 .69 2030 02 

TI ME 
3 . 7 0 2 2 3 0 02 

TIME 
3 . 71243D 02 

TIME 
3 .72263D 02 

TIME 
3. 73283D 02 

TIME 
3 . 74 303D 02 

TIME 
3. 75 3230 02 

TIME 
3 . 763430 02 

U(OUT) 
9 .96173D 04 

U(OUTI 
9 .96670D 04 

UCOUTI 
1.00940D 0 5 

UIOUTI 
1.02211D 05 

UIOUTt 
1 .034800 0 5 

U(QUT1 
1.04750D 05 

U(OUT) 
1.06018D 05 

U(OUTI 
1.07285D 05 

UlOUTt 
1.08552D 05 

UCOUTI 
1,098190 05 

U(OUTI 
1. 11084D 05 

UCOUTI 
1.123490 05 

U(0UT1 
1 .136120 05 

U(OUTI 
1.148750 05 

UCOUTI 
1.16137D 05 

U(OUTI 
1.17398D 05 

UCOUTI 
1.186580 05 

UCOUTI 
1.19917D 05 

PUCOUTl 
2 .85373D 04 

PUCOUTl 
2 .85515D 04 

PUCOUTl 
2 .89161D 04 

PUCOUTl 
2 . 9 2 8 0 2 0 04 

PUCOUTl 
2 . 9 6 4 4 0 0 04 

PUCOUTl 
3 .00075D 04 

PUCOUTl 
3.037080 04 

PUCOUTl 
3 .073400 04 

PUCOUTl 
3 . 10969P 04 

PUCOUTl 
3 . 145960 04 

PUCOUTl 
3 . 182210 04 

PUCOUTl 
3 .21844D 04 

PUCOUTl 
3 .254640 04 

PU(OUTI 
3 . 2 9 0 8 2 0 04 

PUCnUTI 
3 .32697D 04 

PUCOUTl 
3 .36309D 04 

PUCOUTl 
3 . 3 9 9 1 8 0 04 

PUCOUTl 
3 .43525D 04 

C.3 (continued) 

UCFFDI 
0 , 0 

UCFEDI 
4 .494120 

UCFEDI 
4 .5068 5D 

UCFEDI 
4 .51958D 

UCFEDI 
4 .53231D 

UCFEDI 
4.54505D 

UCFEDI 
4.55778D 

UCFEDI 
4 .570510 

UCFEDI 
4.58324D 

UCFEDI 
4 .59598D 

UCFEDI 
4 .608710 

UCFEDI 
4.62144D 

UCFEDI 
4 . 634170 

UCFEDI 
4.64691D 

UCFEDI 
4 .65964D 

UCFEDI 
4 .6723 7D 

UCFEDI 
4 .685100 

UCFEDI 
4 ,697840 

0 5 

0 5 

05 

0 5 

0 5 

0 5 

0 5 

05 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

PUCFEDI 
0 . 0 

PU(FED1 
I . 28743D 

PU(FEOI 
1 .291070 

PU(FED) 
1 . 294720 

PU(FF01 
1.29837D 

PUCFEDI 
1.30202D 

PUCFEDI 
1.30566D 

PUCFEDI 
1 .309310 

PU(FE01 
1 , 31296D 

PUCFEDI 
1 ,316610 

PUCFEDI 
1.32025D 

PUIFEDI 
1.32390D 

PUCFEDI 
1 ,327550 

PUCFEDI 
1,331200 

PUCFEDI 
1 , 33484D 

PUCFEDI 
1 .338490 

PUCFEDI 
1 .342140 

PUCFEDI 
1.34578D 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

05 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

UIOUTI-UCFEOI PU(OUT| -pu (FPD, 
9 .96173D 04 2 . 853730 34 

UCOUTl-UCFEOl PUCOUTl-PUCFEOl 
- 3 . 4 9 7 4 4 0 35 - 1 . 0 3 1 9 1 0 35 

U (0UT I -U (FE0 I Du(0UTI -PU(FEDI 
- 3 , 4 9 7 4 5 0 35 -1 ,0D191D 35 

U (0UT I -U (FE0 I PUCOUTI-PU(FEDI 
- 3 , 4 9 7 4 7 3 35 - 1 . 0 0 1 9 2 D 35 

U ( n u T i - u ( F E n i Pu(nLiT)-PU(FCD) 
- 3 . 4 9 7 5 1 D 05 - 1 . 0 0 1 9 3 D 05 

U(0UTI -U(FEDI PU(0UT(-PU(FEDI 
- 3 . 4 9 7 5 5 0 05 - 1 . 0 ) 1 9 4 0 35 

U(OUTI-UCFED) PUCOUTI-PUCFEDl 
- 3 . 4 9 7 6 0 D 35 - 1 , 0 3 1 9 5 0 05 

UCOUTI-UCFEDI PUCOUTI-PUCFEDl 
- 3 . 4 9 7 6 6 0 35 - I . 0 3 1 9 7 D 35 

U(OUTt-UCFEDl PUCO'JTI-PUCFEOl (-) 
- 3 . 4 9 7 7 2 0 05 - 1 . 0 3 1 9 9 0 0" ^ 

U(OUTI-U(FEDI PUCOUTI-PUCFEDl 
- 3 , 4 9 7 7 9 0 05 - 1 . 0 3 2 0 1 D 05 

U(OUTI-U(FEDI PU(0UT1-PUCFEDI 
- 3 . 4 9 7 8 7 0 05 - 1 . 0 0 2 0 3 0 35 

UC0UT)-U(FE01 PUCOUTI-PUCFEDl 
- 3 . 4 9 7 9 5 0 05 - 1 . 0 3 2 0 6 0 05 

UC 0 U T ) - U ( F E 0 l DUCnUTI-PUCFEDI 
- 3 . 4 9 8 0 5 0 35 - 1 , 0 3 2 0 8 0 35 

UCOUTl-UCFEOI PUCOUTl-PU(FEDI 
- 3 , 4 9 8 1 5 0 05 - 1 , 0 0 2 1 1 D 35 

UCOUTl-UCFEOI PUCOJTl-PUCFFDl 
- 3 , 4 9 8 2 7 0 35 - 1 , 0 3 2 1 5 0 35 

UCOUTl-UCFEOI PUCOJTI-PUCFEDI 
- 3 , 4 9 8 3 9 0 05 - 1 . 0 3 2 1 8 D 35 

U(OUTI-UCFEDI PUCOUTI-PUCFEDl 
- 3 , 4 9 8 5 2 0 05 - 1 . 0 3 2 2 2 D 35 

UCOUTl-UCFEOI PUCOUTI-PUCFEDl 
- 3 , 4 9 8 6 7 0 35 - 1 , 0 3 2 2 6 0 35 



TIME 
3 . 7 7 3 6 3 0 0 2 

TIME 
3 . 7 8 3 8 3 0 0 2 

T IME 
3 . 7 9 4 0 3 0 0 2 

T I ME 
3 . 8 0 42 3 0 02 

T IME 
3 . 8 1 4 4 3 D 0 2 

T IME 
3 . 8 2 4 6 3 0 0 2 

T IME 
3 . 8 3 4 8 3 D 02 

T IME 
3 . 8 4 5 0 3 D 02 

T IME 
3 . 8 5 5 2 3 D 0 2 

T IME 
3 . 86 5 4 3 D 0 2 

TIME 
3 . 8 7 5 6 3 D 0 2 

T IME 
3 . 8 8 5 8 3 D 0 2 

T IME 
3 , 8 9 6 0 3 D 0 2 

TIME 
3 . 9 0 6 2 3 0 0 2 

T IME 
3 . 9 1 6 4 3 D 0 2 

TIME 
3 . 9 2 6 6 3 0 02 

TIME 
3 . 9 3 6 8 3 D 02 

UCOUTI 
1 . 2 1 1 7 4 0 0 5 

UCOUTI 
1 . 2 2 4 3 1 0 0 5 

UCOUTI 
1.23685D 05 

UCOUTI 
1.249390 05 

UCOUTI 
1.261910 05 

UCOUTI 
1.27441D 05 

UCOUTI 
1.286890 05 

UCOUT) 
1.29926D 05 

UCOUTI 
1.31184D 05 

UCOUTI 
1.324560 05 

UCOUTI 
1.337230 05 

UCOUTI 
1.349880 05 

UCOUTI 
1.362530 05 

UCOUTI 
1.375160 05 

UCOUT) 
1.38778D 05 

UCOUTI 
1.40039D 05 

UCOUTI 
1,412990 05 

PUCOUTl 
3 . 4 7 1 2 7 0 0 4 

PUCOUTl 
3 . 5 0 7 2 7 0 0 4 

PUCOUTl 
3 . 5 4 3 2 1 0 0 4 

PUCOUTl 
3 . 5 7 9 1 3 0 0 4 

PUCOUTl 
3 . 6 1 4 ^ 8 0 0 4 

PUCOUTl 
3 . 6 5 0 8 0 D 0 4 

PUCOUTl 
3 . 6 8 6 5 5 0 0 4 

PUCOUTl 
3 . 7 2 1 9 8 D 0 4 

PUCOUTl 
3 . 75 8 0 0 D 0 4 

PUCOUTl 
3 . 7 9 4 4 6 0 0 4 

PUCOUTl 
3 . 8 3 0 7 6 0 0 4 

PUCOUTl 
3 . 8 6 7 0 0 0 0 4 

PUCOUTl 
3 . 9 0 3 2 2 0 0 4 

PUCOUTl 
3 . 9 3 9 4 2 D 0 4 

PUCOUTl 
3 . 9 7 5 5 6 0 0 4 

PUCOUTl 
4 . 0 1 1 6 9 D 0 4 

PUCOUTl 
4 . 0 4 7 7 9 D 0 4 

Table C.3 (continued) 

UCFEDI PUCFEDI U C O U T I - U C F E D I P U C O U T I - P U C F E D l 
4 . 7 1 0 5 7 0 05 1 . 3 4 9 4 3 0 0 5 - 3 , 4 9 8 8 3 0 05 - 1 . 0 0 2 3 1 0 35 

UCFEDI PUCFEDI UC O U T I - U ( FED I P U C O U T I - P U C F E D l 
4 , 7 2 3 3 0 0 0 5 1 . 3 5 3 0 8 0 0 5 - 3 . 4 9 8 9 9 0 35 - 1 . 0 3 2 3 5 0 35 

UCFEDI PUCFEDI U C O U T l - U C F E O I P U C O U T I - P U C F E D l 
4 . 7 3 6 0 3 D 0 5 1 . 3 5 6 7 3 D 0 5 - 3 . 4 9 9 1 8 D 0 5 - 1 . 0 3 2 4 1 0 35 

U C F E D I PUCFEDI UC OUT) -UC FED 1 PU( OUT 1 - P U ( FE 0) 
4 . 7 4 8 7 7 0 05 1 . 3 6 0 3 7 0 0 5 - 3 , 4 9 9 3 7 0 0 5 - 1 , 0 3 2 4 6 0 35 

UCFfcOl PUCFEDI U C O U T I - U C F E D I P U C O U T I - P U C F E D l 
4 . 7 6 1 5 0 0 0 5 1 . 3 6 4 0 2 0 0 5 - 3 , 4 9 9 5 9 0 05 - 1 . 0 3 2 5 2 D 35 

UCFEDI PUCFEDI U C O U T I - U C F E D I P U C O U T I - P U C F E D l 
4 . 7 7 4 2 3 0 05 1 . 3 6 7 6 7 0 0 5 - 3 . 4 9 9 8 2 0 05 - 1 , 0 3 2 5 9 0 05 

UCFEOI PUCFEDI U C O U T l - U C F E O I PU( O U T I - P U C FED) 
4 , 7 8 5 9 6 0 0 5 1 , 3 7 1 3 2 0 0 5 - 3 . 5 0 0 0 7 0 3 5 - 1 . 0 3 2 6 6 0 35 

UCFEDI PUCFEDI U C O U T I - U C F E D I PU ( O U T I - P U ( FEDI 
4 . 7 9 9 7 0 0 0 5 1 . 3 7 4 9 6 0 0 5 - 3 . 5 0 0 4 4 0 35 - 1 . 0 3 2 7 7 0 05 

UCFEOI PUCFEDI U C O U T l - U C F E O I PUC O U T I - P U C FFDl 
4 . 8 1 2 4 3 D 0 5 1 . 3 7 8 6 1 0 0 5 - 3 . 5 0 0 5 9 D 05 - 1 . 0 3 2 8 1 0 05 

UCFEOI PUCFEDI U C O U T l - U C F E O I P U C O U T I - P U C F E D l 
4 . 8 2 5 1 6 0 0 5 1 . 3 8 2 2 6 0 0 5 - 3 . 5 0 0 6 0 0 35 - 1 , 0 3 2 8 1 0 35 

UCFEOI PUCFEDI U C O U T I - U C F E D I P U C O U T I - P U C F E D l 
4 . 8 3 7 8 9 0 05 1 . 3 8 5 9 1 D 0 5 - 3 . 5 0 0 6 6 0 05 - 1 . 0 3 2 8 3 0 35 

U C F E D I PUCFEDI U C O U T l - U C F E O I PUC O U T ) - P U C FEDI 
4 . 8 5 0 6 3 0 0 5 1 , 3 8 9 5 5 D 0 5 - 3 , 5 0 0 7 4 0 35 - 1 , 0 0 2 8 5 0 35 

UCFEOI PUCFEDI U C O U T l - U C F E O I P U C O U T l - P U C F E O l 
4 , 8 6 3 3 6 0 0 5 1 . 3 9 3 2 0 D 0 5 - 3 . 5 3 0 8 3 3 05 - 1 . 0 3 2 8 8 0 35 

U C F E D I PUCFEDI U C O U T I - U C F E D I P U( GUT) -PUC FED) 
4 . 8 7 6 0 9 D 0 5 1 . 3 9 6 8 5 D 0 5 - 3 , 5 0 0 9 3 0 0 5 - 1 , 0 0 2 9 1 0 35 

UCFEDI PUCFEDI U C O U T I - U C F E D I PUC OUT I - P U l FEDI 
4 , 8 8 8 8 2 0 0 5 1 . 4 0 0 5 0 C 0 5 - 3 . 5 3 1 3 4 0 05 - 1 . 0 3 2 9 4 D 35 

UCFEOI PUCFEDI U C O U T l - U C F E O I P U C O U T I - P U C F E D l 
4 , 9 0 1 5 6 0 05 1 . 4 0 4 1 4 0 0 5 - 3 . 5 0 1 1 6 0 05 - 1 . 0 0 2 9 8 0 35 

UCFEOI P U ( F E O I U C O U T I - U C F E D I P U C O U T l - P U C F E O l 
4 . 9 1 4 2 9 D 05 1 . 4 0 7 7 9 D 0 5 - 3 . 5 0 1 2 9 3 35 - 1 , 0 3 3 0 1 0 35 



TIME 
3. 947030 02 

UCOUTI 
1.42557D 05 

PUCOUTl 
4 .08381D 04 

TIME 
3 .957230 02 

UCOUTI 
1.438110 05 

PUCOUTl 
4 . H 9 7 3 D 04 

TIME 
3.96743D 02 

UCOUTI 
1.45064D 05 

PUCOUTl 
4 . 15 5620 04 

TIME 
3. 97763D 32 

UCOUTI 
1.46 31 40 0 5 

PUCOUTl 
4 . 19145D 04 

TIME 
3. 987830 02 

UCOUTI 
1.47561D 05 

PUCOUTl 
4.22718D 04 

TIME 
3 .99803D 02 

UCOUTI 
1 .488060 05 

PUCOUTl 
4 . 2 6 28 30 04 

Table C.3 (continued) 

UCFEDI PUCFEDI UCOUTI-UCFEDI PUCOUTI-PUCFEDl 
4 .927020 05 1.41144D 05 - 3 . 5 0 1 4 5 D 35 - 1 . 0 3 3 0 6 0 35 

UCFEOI PUCFEDI U( OUTI-UC F ED I OUC OUTI-PUC FE 01 
4 .939750 05 1.415090 05 - 3 . 5 0 1 6 5 0 35 - 1 . 0 3 3 1 1 0 35 

UCFEOI PUCFEDI UCOUTI-UCFEDI PUCOUTI-PUCFEDl 
4 .952490 05 1.418730 05 - 3 . 5 0 1 8 5 0 05 - I . 0 3 3 1 T D 35 

U(FEDI PUCFEDI UCOUTI-UCFEDI PUCOUTI-PUCFEDl 
4 ,965220 05 1.42238D 05 - 3 , 5 0 2 0 8 0 05 - 1 . 0 3 3 2 ^ 0 35 

UCFEDI PUCFEDI UCOUTI-UCFEDI PUCOUTl-PUCFEOl 
4 ,977950 05 1 ,426030 05 - 3 . 5 0 2 3 4 0 35 - 1 . 0 3 3 3 1 D 35 

UCFEDI PUCFEDI UCOUTI-UCFEDI PUCOUTI-PUCFEDl 
4 .990680 05 1 .429680 05 - 3 . 5 3 2 6 2 0 05 - 1 . 0 3 3 3 9 0 35 



Table C.4. Stagewise data for concentrations, volume, density, and flow rates 

TIME INTO RUN : 4 0 0 . 0 0 3 2 MIN 

* * • STAGEWISE PROFILES * * • 

COMPONENT 

U 0 2 C N 0 3 I 2 
P U C N 0 3 I 4 
F P C N 0 3 I 3 . 3 9 
HN03 
H20 

U02 
PU02 
F . P . 
TOTAL 

U02 
PU02 
F . P . 
TOTAL 

TOTAL STAGE 
L I Q U I D ONLY 
STAINLESS 

L I Q U I D 

L I Q U I D 

STG 1 

3 . 2 7 0 0 
1 . 1 5 3 0 
3 . 8 3 5 D 
1 . 1 5 1 0 
7 . 4 5 0 0 

3 . 1 7 7 D 
9 . 0 9 6 0 
2 . 2 4 2 0 
4 . 3 1 1 D 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 . 3 5 7 0 
6 . 3 2 9 0 
0 . 0 

1 . 3 4 1 D 

2 . 2 6 1 0 

I 

0 2 
02 
0 1 
02 
02 

0 1 
0 0 
0 0 
0 1 

0 0 
0 0 

0 3 

0 0 

STG 2 

2 . 8 3 1 0 
9 . 9 8 0 0 
3 . 3 2 0 0 
1 . 5 5 7 0 
7 . 4 6 8 0 

1 . 3 4 5 D 
3 . 8 5 0 0 
9 . 4 8 8 D 
1 . 8 2 5 0 

1 . 7 2 5 0 
4 . 9 3 7 0 
i . 2 1 7 D 
2 . 3 4 0 0 

9 . 7 5 7 0 
5 . 4 8 8 0 
1 . 8 0 5 0 

1 . 3 1 8 0 

2 . 1 7 7 0 

STG 3 

CONCENTRATION 

02 
0 1 
01 
02 
02 

02 
01 
00 
02 

04 
03 
03 
04 

00 
00 
00 

03 

on 

1 . 9 0 8 0 
6 . 7 2 7 0 
2 . 2 38D 
2 . 2 7 5 0 
7 . 5 7 3 0 

0 2 
0 1 
0 1 
02 
02 

STG 4 

OF COMPONENTS 

5 . 1 6 1 0 - 0 2 
1 . 8 2 0 0 - 0 2 
6 . 0 5 3 D - 0 3 
3 . 8 0 1 0 0 2 
7 . 7 6 4 0 02 

STG 5 

D ISSOLVED 

6 . 1 9 2 0 - 0 3 
2 . 1 8 3 0 - 0 3 
7 . 2 6 2 0 - 0 4 
3 . 8 2 9 0 02 
7 . 7 5 0 0 02 

CONCENTRATION OF SUSPENDED 

2 . 4 4 2 0 
6 . 9 9 2 0 
1 . 7 2 3 D 
3 . 3 1 4 0 

0 1 
0 0 
0 0 
0 1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

STG 6 

I N L I Q U I D 

3 . 2 8 8 0 -
1 . 1 5 9 D -
3 . 8 5 6 0 -
3 . 8 7 7 0 
7 . 7 2 5 0 

F I N E S C G / L I 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

QUANTITY UNDISSOLVED I N FUEL P I N S CGI 

1 . 9 7 1 D 
5 . 6 4 2 D 
1 . 3 9 0 D 
2 . 6 7 4 0 

9 . 6 6 3 D 
4 . 2 4 0 D 
2 . 7 0 8 0 

1 . 2 6 5 0 

1 . 8 6 0 D 

04 
0 3 
03 
04 

0 0 
0 0 
0 0 

0 3 

0 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

VOLUME 

9 . 6 4 4 0 00 
9 . 6 4 4 0 0 0 
0 . 0 

D E N S I T Y 

1 . 1 5 7 0 03 

FLOW RATES 

1 . 8 0 1 0 00 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

CL I 

9 . 6 4 4 0 
9 . 6 4 4 0 
0 . 0 

C G / L I 

1 . 1 5 8 D 

C L / M T N l 

1 . 8 0 1 0 

00 
00 

03 

1 

00 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

9 . 6 4 4 D 
9 . 6 4 4 0 
0 . 0 

1 . 1 6 0 D 

1 . 8 0 1 0 

1 CG. 

•04 
04 

•05 
02 
02 

00 
00 

03 

on 

STG 7 

2 . 3 6 7 0 -
8 , 3 4 5 0 -
2 , 7 7 6 0 -
3 . 9 0 5 0 
7 . 7 1 1 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

9 . 6 4 4 0 
9 . 6 4 4 0 
0 . 0 

1 . 1 6 2 0 

1 . 8 0 1 D 

-06 
•07 
-07 
02 
02 

00 
00 

03 

00 

STG 8 

8 . 8 3 1 D -
3 . 1 1 3 0 -
1 . 0 3 6 0 -
3 . 8 7 2 D 
7 . 7 290 

3 . 0 
3 . 0 
0 . 0 
0 , 0 

0 , 0 
0 , 3 
0 . 3 
0 . 0 

9 . 6 4 3 D 
6 . 4 8 4 0 
3 . 1 5 9 0 

1 . 1 6 0 0 

1 . 8 0 1 0 

•08 
08 

•08 
02 
02 

03 
03 
00 

03 

03 

ST3 S 

7 . 9 7 4 0 -
2 . 8 1 1 0 -
9 . 3 5 1 D -
3 . 7 4 4 0 
9 , 5 2 5 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 3 

9 . 1 3 5 0 
9 . 1 3 6 0 
0 . 0 

9 . 8 9 9 0 

6 . 3 3 7 D ^ 

1 

•16 
•16 
•17 
01 
02 

00 
03 

02 

-ni 



Table C.5. Stagewise particle size distribution data 
TIME = 4 .0000 02 MIN 

* * • PARTICLE SIZE DISTRIBUTION PROFILE DATA * * * 

STG 1 STG 2 STG 3 STG 4 STG 5 
GROUP RADIUS CONC RADIUS CONC RADIUS CONC RADIUS CONC RADIUS CONC 

# CMICRONI CG/LI CMICRONI CG/LI CMICRONI CG/LI CMICPDNI ( G / L I IMICRONI CG/LI 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1.8 370 
6 . 2 2 5 0 
1 . 1 200 
1.750D 
2.250D 
2 .7500 
3 .2500 
3.750D 
4 . 2 5 0 0 
4 . 7 500 
5 .2500 
5 .7500 
5.250D 
6 .7500 
7 .2500 
7.750D 
8.250D 
8 .7500 
9 . 2 5 0 0 
9 . 7 500 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

9 . 7880 00 
1.5720 01 
1.760D 01 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1.667D 
5.538D 
1.0610 
1.5 700 
2 .090D 
2 . 6 0 1 0 
3 . 1 0 9 0 
3 . 6 1 3 0 
4 . 1 1 8 0 
4 . 6 2 2 0 
5.124D 
5 .6260 
6 . 1 2 9 0 
6 .033D 
7 . 1370 
7 .6440 
8 .1580 
8 . 6 7 7 0 
9 . 1900 
9 . 6 2 9 0 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

6 . 6 4 70 
1.3700 
3.974D 
2 .3460 
2 . 0 8 2 0 
1.8220 
1.592D 
1.4040 
1.245D 
1 .1030 
9 .86 70 
8 .8740 
8.048D 
7.2750 
6 . 5 5 0 0 
5.892D 
5 .2220 
4 . 4 1 8 0 
3 .1670 
1.218D 

- 0 1 
00 
00 
01 
01 
01 
01 
01 
0 1 
01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

1 .5700 
7 .5150 
J .438D 
1 .7450 
2 . 1 3 4 0 
2 . 7 7 2 0 
3 .405D 
3 . 7 1 9 0 
4 .035O 
4 . 6 3 1 0 
5 . 2 5 3 0 
5 . 9 1 2 0 
6 . 2 1 9 0 
6 . 5 7 9 0 
7 . 1 6 1 0 
7 .7930 
8 . 4 5 7 0 
8-750D 
9 .106 0 
9 .592D 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

3 .36 70 -01 
2 .5630 00 
3 .95 80 00 
2 . 8 8 2 0 - 0 2 
3.571D 00 
3 . 5 9 3 0 00 
3 .2520 00 
1 .2300 -01 
2 . 5 8 9 0 00 
2 .5940 00 
2 .3940 00 
2 . 2 0 8 0 00 
5 . 7 7 5 0 - 0 2 
1 .6590 00 
1.29 70 00 
1.3400 00 
8 . 9 2 9 0 - 0 1 
0 . 0 
4 . 1 7 1 0 - 0 1 
1 .405D-01 

2 .5000 
7 .5000 
1.2500 
1.750D 
2 .2500 
2 . 7500 
3 . 250D 
3 .7500 
4 . 2 5 0 0 
4 .750D 
5 .2500 
5 . 7500 
6 . 2 5 0 0 
6 . 7 5 0 0 
7 .2500 
7 .7500 
8.250D 
8 .7500 
9 .2500 
9 .7500 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
0? 

0 .0 
0 ,0 
0 ,0 
0 .0 
0 .0 
0 .0 
0 . 0 
0 .0 
0 .0 
0 .0 
0 . 0 
0 . 0 
0 .0 
0-0 
0 . 0 
0 .0 
0 . 0 
0 .0 
0 .0 
0 .0 

2 .503D 
7 .5000 
1 .2530 
1 .7500 
2 . 2 5 3 0 
2 . 7 5 3 0 
3 . 2 53 0 
3 . 7 5 0 0 
4 . 2 5 0 0 
4 . 7 5 0 0 
5 .250D 
5 . 7 5 0 0 
6 . 2 5 0 0 
5 .750D 
7 . 2 5 0 0 
7.750D 
8 . 2 5 0 0 
8 . 7 5 0 0 
9 . 2 5 0 0 
9 .750D 

01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 



Table C.6. Run summary data 

APPROXIMATE FLOWS 

APPROXIMATE U FEED RATE= 2 .77400 02 G/MIN 
APPROXIMATE PU FEED R*TE>= 7 .94560 01 G/MIN 
TOTAL U FLOW OUT LIQUID PHASE= 2 . 8 2 1 4 0 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 . 8 2 1 4 0 02 G/MIN 
TOTAL PU FLOW OUT= 8 . 0 8 2 4 0 01 G/MIN 

TOTAL MASS BALANCE 

TOTAL U FEED= 1 .49790 05 G 
TOTAL PU FEEO= 4.29110 04 G 
TOTAL U OUT STAGE 1= 1.12860 05 G 
TOTAL PU OUT STAGE 1= 3.2330D 04 G 
TOTAL URANIUM F R O M RINSE STAGE= 0 . 0 G 
TOTAL PLUTONIUM FROM RINSE STAGE= 0 . 0 G 
TOTAL U UNDISSOLVED IN FUEL PINS= 3 .25720 04 G 
TOTAL PU UNDISSOLVED IN FUEL PINS= 9 , 3 3 0 8 0 03 G 
TOTAL U I N PARTICLES UNDISSOLVEO= 9 . 1 9 0 0 0 02 G 
TOTAL PU IN PARTICLES UNDISSOLVED= 2.6327D 02 G 
TOTAL SUSPENDED PARTICULATE TQ 0 I G E S T E R S = 6 . 4 0 2 5 0 03 G 
TOTAL U OUT OVER TOTAL RUN= 1.1286D 05 G 
TOTAL PU OUT OVER TOTAL RUN= 3 .23300 04 G 

TOTAL U DISSOLVED IN LIQUID INVENTORY IN DISSOLVER= 2 . 6 7 8 0 0 03 (G l 
TOTAL PU DISSOLVED IM L IQUID INVENTORY IN DISS0LVER= 7 .6715D 02 ( G l 
CORRECTED SUM OF LIQUID VOLUMES= 0 . 0 ( L l 
TOTAL U IN PINS FED TQ STAGE 1 FROM FLP= 1 .19840 05 CGI 
TOTAL U FINES FED TO STAGE 1 FROM F L P = 2 .9959D 04 CGI 
TOTAL NUMBER OF PINS REMAINING IN DISSOLVER= 2 . 7 5 1 3 0 04 
TOTAL NUMBER OF PARTICLE SIZE GROUP DEPLETION TRANSFERS= 8 .350 03 

* * * MASS OF PARTICLES DISSOLVED IN EACH STAGE CGI • * * 

STG 1 STG 2 STG 3 STG 4 STG 5 STG 6 STG T STG 8 STG 9 

2 . 1 7 0 0 0^ 1 .8870 04 9 .337D 03 7 ,6990 03 6 , 3 3 4 0 03 1,879D 03 0 , 0 0 . 0 0 .0 

PROJECTED URANIUM HOLD-UP IN DISSOLVER= 3.6938D 04 G 
PROJECTED PLUTONIUM HOLD-UP IN 0ISS0LVER= 1.0582D 04 G 
PROJECTED TOTAL U OUT PLUS HOLD-UP= 1.4979D 05 G 
PROJECTED TOTAL PU OUT PLUS HOLD-UP= 4 . 2 9 1 1 0 04 G 

CORRECTED NEGATIVE SUM OF OVER DISSOLUTION FROM PINS= - 2 . 0 7 0 2 0 00 G 
CORRECTED ^lEGATIVE SUM OF OVER DISSOLUTION OF P A R T I C J L A T E = - 7 . 4 1 3 9 0 00 G 
TOTAL CORRECTED OVER DISSOLUTION= - 9 . 4 8 4 1 0 00 G 
SUM OF HN03 DEPLETIONS= 0 .0 G 



Table C.6 (continued) 
TOTAL FUEL IN PINS FED TO STAGE 9= 0 . 0 G 
TOTAL FUEL IN PINS OUT OF STAGE 9 - 0 . 0 G 
TOTAL FUEL IN PINS IN STAGE 9= 0 . 0 G 
TOTAL f PINS FED TO STAGE 9= 2 . 1 0 3 9 0 04 
TOTAL H PINS OUT oF STAGE 9= 2 . 1 0 1 4 0 04 
TOTAL # PINS I N STAGE 9=̂  0 .0 

ACTUAL U HOLD-UP IN DISSOLVER= 3 .6169D 04 G 
ACUTAL PU HOLO-UP IN DISSOLVER= 1 .03610 04 G 
ACTUAL U OUT PLUS DISSOLVER HOLD-UP= 1 .49020 05 G 
ACTUAL PU OUT PLUS DISSOLVER HOLD-UP= 4 . 2 6 9 1 0 04 G 
ACTUAL U HOLD-UP IN FLAPPER VALVES= 0 . 0 G 
T OIFF BETWEEN ACTUAL U FED AND U OUT PLUS HOLO-UP= 5 . 1 3 7 7 0 - 0 1 % 
T OIFF BETWEEN ACTUAL PU FED AND PU OUT PLUS H0LD-UP= 5 . 1 3 7 7 0 - 0 1 ? 

U CUT OVER U FED PLUS HOLD-UP= 9 . 9 4 8 6 0 01 % 
PU OUT OVER PU FED PLUS HOLD-UP= 9 . 9 4 8 6 0 01 % 
% CF TOTAL U FEED IN FLAPPER VALVE HOLD-UP= 0 . 0 ? 

TOTAL U FED TO FLAPPER VALVES= 1.4979D 05 G 
TOTAL PU FED TO FLAPPER VALVES= 4 . 2 9 1 ID 04 G 
TOTAL U PLUS PU FED TO FLAPPER VALVES= 1.92710 05 G 
TOTAL U PLUS PU FED TO STAGE 1 FROM FLAPPER VALVES= 1.9271D 05 G 
PER CENT TRANSFER THRU FLAPPER VALVES= 1 .00000 02? 

NUMBER OF TIME STEPS WITH ACID DEFICIENT COND.= 0 

• * * MAXIMUM PREDICTED CONCENTRATIONS CG/LI * * * 

STG 1 

COMPONENT/TIME CMINI 

U02CN03I2 
TIME 

PU(N03 I4 
TIME 

FPCN03 I1 . 
TIME 

HN03 
TIME 

H20 
TIME 

18 

3 , 2 9 2 0 
2 , 2 0 5 0 

1 ,1600 
2 , 2 0 5 0 

3 , 8 6 0 0 
2 . 2 0 5 0 

3 . 7 3 3 0 
2 . 0 0 0 0 -

7 .830D 
2 . 0 0 0 0 -

02 
02 

02 
02 

01 
02 

02 
-02 

02 
-n? 

STG 2 

3 . 2 0 1 0 02 
2 . 2 4 0 0 02 

1.129D 02 
2 . 2 4 0 0 02 

3 . 7 5 4 0 01 
2 . 2 4 0 0 02 

3 . 8 1 6 0 02 
2 . 0 0 0 0 - 0 2 

1.091D 03 
3 . 2 0 4 0 01 

STG 3 

3 .100D 
2 . 5 6 0 0 

1.093D 
2 . 5 6 0 0 

3 . 6 3 5 0 
2 . 5 6 0 0 

3 . 8 9 1 0 
1.921D 

9 . 5 1 1 0 
6 . 4 0 4 0 

02 
02 

02 
02 

01 
02 

02 
02 

02 
01 

STG 4 

2 . 5 5 7 0 
1 .2810 

9 . 0 1 6 0 
1 .2810 

2 . 9 9 9 0 
1 .2810 

3 .819D 
2 . 2 4 1 0 

8.923D 
9 .604D 

02 
02 

01 
02 

01 
02 

02 
02 

02 
01 

STG 5 

2 .2 300 
1.2800 

7 .8630 
1 .2800 

2 .5150 
1.2800 

3 . 9 3 7 0 
2 ,5150 

8 .6030 
1.2800 

02 
02 

01 
02 

01 
02 

02 
02 

02 
0? 

STG 5 

2 .0890 
1.3280 

7 .3640 
1.3280 

2 .4500 
1 .3280 

4 . 2 4 1 0 
1.600D 

8.774D 
1.6000 

02 
02 

01 
02 

01 
02 

02 
02 

02 
02 

STG 7 

3 .686D-
3 . 5 2 0 0 

1.299D-
3 .5200 

4 . 3 2 2 0 -
3 .5200 

4 . 3 2 0 0 
1 .9200 

8 . 7 8 4 0 
1.920D 

-01 
02 

-01 
02 

•02 
02 

02 
02 

02 
02 

STG 8 

7 . 2 8 2 0 -
3 . 8 4 3 0 

2 ,5670 -
3 , 8 4 3 0 

8 ,540 0-
3 , 8 4 0 0 

4 . 3 2 9 0 
J . 3 1 8 0 

8 .809D 
2.2*^00 

•06 
02 

-06 
02 

•07 
02 

02 
02 

02 
02 

ST'; 9 

7 .358P-
2 , 5 6 0 0 

2 , i 8 8 D -
2 . 5 6 0 0 

8 , 2 7 7 0 -
2 , 5 6 0 0 

9 . 2 4 5 0 
2 . 2 4 1 0 

9 , 9 3 4 0 
2 , 2 4 1 0 

•12 
02 

•12 
02 

•13 
02 

01 
02 

02 
02 



Table C.6 (continued) 

NUMBER OF T I M E STEP REDUCTIONS = 

MAXIMUM # ITEPATIONS IN P A R T I C = 
MAXIMUM # ITERATIONS IN SUBUN= 
MAXIMUM # ITERATIONS IN SUBPN= 
MAXIMUM # ITERATIONS IN SUBFP= 
MAXIMUM * ITERATIONS IN SUBHN= 
MAXIMUM # ITERATIONS IN SUBH2= 

NEGATIVE SUM OF OVER O I S S G L U T I O N OF PARTICLES IN DIGESTER # 1 
NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES IN DIGESTER H 2 

- 1 . 9 6 4 8 0 - 0 8 
0 . 0 

* * * STAGEWISE MASS INVENTORY CGI AFTER 4 0 0 . 0 0 MINUTES * * * 

URANIUM 
PLUTONIUM 
U+PU 

U02CNO3I2 
PUCN03I4 
FPCN03I2. 36 

HN03 
H20 

U02 
PU02 
FPCOl 1 .1775 

STG I 

1 .428D 
4 . 0 9 0 D 
1.837D 

2 . 0700 
7 .297D 
2 . 4 2 7 0 

7 . 2 8 5 0 
4 . 7 1 5 0 

2 . 0 1 1 0 
5 . 7 5 7 0 
1 .419D 

03 
02 
03 

03 
02 
02 

02 
03 

02 
01 
01 

STG 2 

1 .6790 
4 . 8 1 0 0 
2 .1600 

1 .5530 
5 .4770 
1 .8220 

8 . 5 4 2 0 
4 .098D 

T-3800 
2 .1130 
5 . 2 0 7 0 

04 
03 
04 

03 
02 
32 

02 
03 

02 
02 
01 

STG 3 

1 .7950 
5 -1420 
2 - 3 0 9 0 

8 . 0 9 0 0 
2 . 8 5 2 0 
9 . 4 8 8 0 

9 . 6 4 7 0 
3 . 2 1 1 0 

1 .0350 
2 . 9 6 4 0 
7 . 3 0 5 0 

04 
03 
04 

02 
02 
01 

02 
03 

02 
01 
00 

STG 4 

3 . 0 0 7 0 - 0 1 
8 . 6 1 4 0 - 0 2 
3 . 8 6 8 0 - 0 1 

4 . 9 7 7 0 - 0 1 
1.7 55 0-01 
5 . 8 3 7 0 - 0 2 

3 . 6 6 5 0 03 
7 .487D 03 

0 .0 
0 .0 
0 . 0 

STG 5 

3 .608D-02 
1 .0330 -02 
4 . 6 4 1 0 - 0 2 

5 . 9 7 1 0 - 0 2 
2 . 1 0 5 0 - 0 2 
7 . 0 0 3 0 - 0 3 

3 . 6 9 3 0 03 
7 .4730 03 

0 .0 
0 .0 
0 . 0 

STG 6 

1.9160-
5 .4880-
2 .4650-

3 .1710-
1 .1180-
3 .7190-

3 . 7 3 9 0 
7 .4490 

0 .0 
0 .0 
0 . 0 

-03 
-04 
-03 

-03 
-03 
-04 

03 
03 

STG 7 

1 .3790-05 
3 . 9 5 0 0 - 0 6 
1 .7740-05 

2 .283D-05 
8 . 0 4 7 0 - 0 6 
2 . 6 7 7 0 - 0 6 

3 .T650 03 
7 . 4 3 6 0 03 

0 . 0 
0 . 0 
0 . 0 

STG 8 

3 . 4 5 9 0 - 0 7 
9 . 9 1 3 0 - 0 8 
4 . 4 5 0 0 - 0 7 

5 . 7 2 6 0 - 0 7 
2 . 0 1 9 0 - 0 7 
6 . 7 1 5 0 - 0 8 

2 .5110 03 
5 .012D 03 

0 . 3 
0 . 0 
0 . 0 

STG 9 

4 . 4 0 1 0 -
1 .2610-
5 , 6 6 2 0 -

7 . 2 8 5 0 -
2 . 5 6 8 0 -
8 .5440 -

3 .420D 
8.702D 

0 ,3 
3 .3 
0 .3 

•15 
•15 
•15 

•15 
•15 
•16 

02 
33 

* * * ADDITIONAL CONCENTRATION DATA * * * 
UCG/LILQ 
UCG/LIPT 
UCG/LIPN 
PUCG/LILQ 
PUCG/LIPT 
PUCG/LI PN 
U*PUCG/LILQ 
U»PUCG/LI PT 
U*PUCG/LI PN 
HNC3CM0L/LI 

1 . 9 7 6 0 
2 . 8 0 1 0 
0 . 0 
5 . 6 6 0 0 
8 . 0 2 3 0 
0 . 0 
2 . 5 4 2 0 
3 . 6 0 3 0 
0 . 0 
1 .8270 

02 
0 1 

0 1 
00 

0 2 
0 1 

0 0 

1.7100 02 
1 .1850 02 
2 . 7 7 0 0 03 
4 . 8 9 9 0 01 
3 . 3 9 6 0 01 
7 . 9 3 6 0 02 
2 .2000 02 
1.525D 02 
3 . 5 6 4 0 03 
2 . 4 7 0 0 00 

1 .1530 
2 . 1 5 3 0 
4 . 0 9 7 0 
3 . 3 0 2 0 
6 .167D 
1 .1740 
1 .4830 
2 .T59D 
5 . 2 7 0 0 
3 . 6 1 0 0 

02 
01 
0 3 
01 
0 0 
03 
0 2 
0 1 
03 
0 0 

3 . 1 1 8 0 -
0 . 0 
0 . 0 
8.933D-
0 . 0 
0 . 0 
4 . 3 1 1 0 -
0 . 0 
0 . 0 
6 . 0 3 1 0 

-02 

-03 

-02 

00 

3 . 7 4 1 0 - 0 3 
0 . 0 
0 . 0 
1.072D-03 
0 . 0 
0 . 0 
4 . 8 1 3 0 - 0 3 
0 . 0 
0 . 0 
6 . 0 7 5 0 00 

1.9870-
0 . 0 
0 . 0 
5.6910-
0 . 0 
0 . 0 
2 .5560 -
0 . 0 
0 . 0 
6 . 1 5 2 0 

- 0 4 

-05 

- 0 4 

00 

1.430D-
0 . 0 
0 . 0 
4 .095 0-
0 . 0 
0 . 0 
1.840D-
0 . 0 
0 , 0 
6.196D 

•OS 

- 0 7 

-Ob 

00 

5 . 3 3 5 0 -
3 .0 
0 . 0 
1 .5280-
3 . 0 
3 . 0 
6 .8630-
3 . 0 
0 . 0 
6 . 1 4 4 0 

•08 

•08 

• 0 8 

0 0 

4 . 8 1 7 0 - 1 6 
0 , 0 
0 , 0 
1 . 3 8 0 0 - 1 6 
0 , 0 
0 , 3 
6 . 1 9 7 0 - 1 6 
0 , 0 
0 . 0 
5 , 9 4 1 0 - 0 1 
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Fig. C.1. Concentration profile for stage 1 
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APPENDIX D 

Selected Values for the Student's t Statistic, t^ 

Table D.I 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.I. Two-sided Student's t statistic, t^ 

V 

Degrees 
of 

freedom 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

40 
60 

100 
oo 

Co 

90% 

6.314 
2,920 
2.353 
2.132 
2.015 

1.943 
1.895 
1.860 
1.833 
1.812 

1.796 
1.782 
1.771 
1.761 
1.753 

1.746 
1.740 
1.734 
1.729 
1.725 

1.721 
1.717 
1.714 
1.711 
1.708 

1.706 
1.703 
1.701 
1.699 
1,697 

1,684 
1,671 
1,658 
1.645 

ifidence leve 

95% 

12.706 
4.303 
3.181 
2.776 
2.571 

2.447 
2.365 
2,306 
2.262 
2.228 

2.201 
2.179 
2.160 
2.145 
2,131 

2.120 
2,110 
2.101 
2.093 
2.083 

2.080 
2.074 
2,069 
2,064 
2,060 

2.056 
2.052 
2.048 
2.045 
2,042 

2,021 
2.000 
1,980 
1.960 

1 

99% 

63.657 
9.925 
5.841 
4.604 
4.032 

3.707 
3.499 
3.355 
3,250 
3,169 

3.106 
3.055 
3.012 
2.977 
2,947 

2.921 
2.898 
2.878 
2,861 
2.845 

2.831 
2,819 
2.807 
2.797 
2.787 

2.779 
2.771 
2.763 
2.756 
2.750 

2,704 
2,660 
2,617 
2.576 
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