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

B. E. Lewis 

Fuel Recycle Division 

ABSTRACT 

The unsteady-state continuous rotary dissolver material balance code (USSCRD) is a 
useful tool with which to study the performance of the rotary dissolver under a wide variety 
of operating conditions. The code does stepwise continuous material balance calculations 
around each dissolver stage and the digester tanks. Output from the code consists of plots 
and tabular information on the stagewise concentration profiles of U02., PuOz, fission 
products, Pu (N03 )4, U02 (N03 )2, fission product nitrates, HN0 3 , H2 0, stainless steel, 
total particulate, and total fuel in pins. Other information about material transfers, 
stagewise liquid volume, material inventory, and dissolution performance is also provided. 
This report describes the development of the code, its limitations, key operating parameters, 
usage procedures, and the results of the analysis of several sets of operating conditions. 

Of primary imp~rtance 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 pertu rbations. 

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

Continuous rotary dissolvers will be used in advanced reprocessing facilities for recovery 

of uranium and plutonium from spent breeder reactor fuels. The continuous dissolver, shown 

in Fig. 1, is a O.5-t/d, compartmented, ~O.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 i becomes the feed to 
stage i - 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 
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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 U0 2 , 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 S-t/d scale, single-dissolving-stage, compartmented rotary dissolver shown 

in Fig. 4 (ref. 2). Tracer response data were used to evaluate the performance of the model. 

The liquid flow through the D.5-t/d dissolver shown in Fig. 1 was modeled similar to 

that in the S-t/d dissolver, using the continuous stirred tanks-in-series approximation, 

modified to allow variations in stage volumes and flow between stages. 3 The predicted 

outlet response to step changes in acid and water flow rates to the D.S-t/d dissolver was in 

good agreement with the experimental data. The internal design of the solids transfer 

mechanism of the D.S-t/d dissolver is similar to that in the S-t/d unit with the exception of 

liquid transfer. Liquid transfer in the D.S-t/d dissolver occurs by gravity flow through 
slotted holes in the bulkheads between stages. In the S-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 pred icts the concentrations of UOz (N0 3 ) 2, Pu( N0 3 )4, fission 

product nitrates [FP(N03 )2.36 J, H N03 , H2 0, U0 2 ; Pu02 , fission product oxides (FP0l.lS), 

and suspended-particulate size distributions, as well as the maximum concentration of each 

component and the time of occurence. The stage number and time required for completion 

of dissolution of fuel both in the sheared rods and in particulates are also determined. The 

code has been so structured that additional components may be included with a minimum 

of difficulty. 
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2. MATHEMATICAL DEVELOPMENT 

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

2.1 Liquid Backmixing 

As a result of the batchwise transfer of solids between stages, a small amount of 
backmixing (or carry-over) of solution, countercurrent to the normal fluid flow, is inherent 
in the operation of the dissolver. While other means of liquid backm ixing 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 + dx is given by 

P(x) 
exp l-[In(x) 

(1 ) 
xa 

The parameters Q, xm , 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
!}'pe fuel assemblies. 4 Typical values of the parameters for 2.54-cm shear cut lengths are 
Q = 0.1100, xm = 5.041, and a= 1.510. When considering only dislodged fuel, excluding 
hull fragments, the value of Q is equivalent to 1/ ~ . 

A shrinking-spherical-particle model with chemical reaction control has been used to 
describe the reaction of particles.s 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 J.Lm in 
diameter have a tendency to accumulate until a certain inventory is established, at which 
point the particles transfer with the hulls. 6 Smaller particles ("'20 J.Lm diam) were removed 
with the normal liquid flows. For the purposes of the model, it has normally been assumed 
that particles ;;?;200 J.Lm in diameter transfer with the hulls and particles <200 J.Lm 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 th.e 
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 
J.Lm in diameter. An average size was determined for each size group in the distribution based 
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on a weighted average of the results from the stagewise particle balances and the effects of 
chemical reaction. The average particle size from the mixing of several streams of particles 
of dissimilar sizes (hereafter referred to as "mixed streams") is calculated based on conser
vation of total mass and surface area. The total surface area, Amix' of the particles in the 
mixed stream can be written in terms of particle mass and size as follows: 

where 

z 
Mk 2: (Pk)j . 

j=l 

2 z (Pk) j41T (r old,k) j 
(2) =2: 

3 ' 
j=l (4/3)1T(rold k) . P 

, J f 

(3 ) 

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

size group k to give 

Mk 
rmix,k z 

(Pk)j 2: 
(r old,k)j j=l 

(4 ) 

The effects of reaction on particle size are discussed in the section on reaction rates (Sect. 2.6). 
Particles were assumed to enter the dissolver environment either by release from the 

fuel pins as a result of agitation and reaction (see Fig. 5) or as a part of the solid feed stream. 
The fraction of fines in the feed is a function of several variables, including the fuel makeup, 
irradiation history, and conditions in the preceding equipment. Goode and Stacy showed 
that the fraction of fines .comminuted from various types of fuels irradiated in the Experi
mental Breeder Reactor II (EB R-II) ranged from 8 to 83% of the total. 7,8 

2.3 Mixing . 

Complete mixing of solids and liquids has been assumed to result from the continuous 
rotation of the drum and the agitation effects of its internals. Under this assumption, the 
acid concentration in the fuel pins is the same as that in the bulk liquid. However, if the 
complete mixing assumption is relaxed and we allow stagnant regions to exist in the fuel 
pins, then, as reaction proceeds, the probability of the acid in the fuel pins 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: 

(5) 

(6) 

and 

(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 N0 2 and H2 0, as shown in the overall 
reaction 

(8) 

It has been assumed that all the NOz formed at HN0 3 concentrations less than 8 to 10M 
reacts to form HN03 according to Eq. (8). At acid strengths greater than 8 to 10 M, none of 
the N0 2 produced reacts to form HN03 • 

The N02 conversion assumption is based on the following chemical equations for the 
dissolution of U02 : 

(9) 
, 

U02 + 4 HN03 ~ U02(N03 h + 2 NOz + 2 HzO . (10) 

Both reactions occur to some extent; however, Eq. (9) is predominant at low acid concen
trations and Eq. (10) is predominant at HN03 concentrations greater than -8 to 10 M 
(refs. 9, 10). 

" As a result of changes in prog~am 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: 

(11) 

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

The differential rate of change in mass of component j in the liquid phase of stage i 
due only to flow between stages may be written in terms of concentration C, primary flow 
F, and backmixing flow B as follows: 

dm·· I,J 

dt 

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

dm· . I,} d(C . V) 
I,} I 

= 
dt 

dVI 
C· I,} 

dC· . 
I, } 

+ V-
I dt 

( 12) 

(13) 

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

pseudoconstant, 

dt 
(14 ) 

which varies externally to the solution of Eq. (13). The value of Di 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 

dC . I,} 

dt 

To solve for Ci,j' let 

and 

G 

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

dCi,j 
V·- = G-AC ... 

I dt I,} 

(15 ) 

(16) 

(17 ) 

(18) 
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Dividing through by Vi> integrating the resulting linear, first-order differential equation over 
an interval from time t to t + Ilt, and solving for Ci,j gives 

G [ I-A Ilt)]' f. -A Ilt~ 
Ci, } == A 1 - exp \ Vi + CI, } exp \ Vi J ( 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 pr)marily 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 () 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, A pin' is assumed to be constant 
while any fuel is present in the pin and is expressed 

Apin = d 2 11'/sin(O) . (20) 

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

Rj = ex; Apin N; , (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 i. 

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

(22) 

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

A part k = 411'(r old k SF , , , (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 

5 =..;r+1 . (24) 

From Eq. (22), {3k is the number of particles in size group k before reaction and is given 
by 

(25) 

where Pi k is the concentration of particles in size group k in stage i 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 ~t, the particle 
size group radius, corrected for reaction, is given by 

(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 U02 -Pu02 system in nitric acid at the boiling point 
is based on empirical rate equations developed by Uriarte and Rainey.ll 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]: 

(27) 

(28) 

(29) 

where 

100 Pr 

11.46 (n) + 8.3 (n-l) 
(30) 

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

k;, p"o, = 5.0 ~;,HNO ,). e-o." (Td ) (31) 

In Eq. (29), as given by Uriarte and Rainey, n is the mole fraction of only Pu02 in the U02-
Pu02 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 PU02 in the U02 -Pu02 fission product solid fuel solution. Uriarte and Rainey 
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worked primarily with unirradiated fuels; however, they also stated' that irradiated fuel 

(20% PuOz -80% U0 2 ) dissolved about five times faster than unirradiated fuel. Therefore, 

a variable premultiplier has been includ<;!d 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 U0 2 increased as the second power 

of the su m of the nitric acid and uranyl nitrate concentrations rather than nitric acid alone. 

This effect is believed to be due to the disassociation of uranyl nitrate, which provides 
additional NO; for dissolution. More recent work with mixed-oxide fuels has not supported 

these findings.12 Therefore, the NO; enhancement from uranyl nitrate has not been included 

in the code, although its addition could be easily accomplished. 

2.7 Liquid Flow 

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

weir 3 using 

= 0.9888 (hc )2.83o (32) 

The crest height, hc, over the weir is calculated based on both the volume of liquid 

and volume of solids in a stage as shown in Fig. 7. Liquid volumes are determined by adding 

ORNLlDWG.83·11408 
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together the masses of all the liquid-phase components, dividing by the solution density, 

and making any necessary adjustments for differences between the flow rates in and out of 

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

of U02 (N0 3 )2J PU(N0 3 )4J and HN03 (ref. 13). The solution density at any temperature 

P1 is determined by first calculating the density at 25°C using 

P2~ = 1.00125 +0.3177 [U02 (N03 )z} + 0.22 [PU(N03 )4} 

+ 0.03096 [HN03 J (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 
(34 ) 

1.0 
0m , 

The density at any othertemperature may now be determined using 

P~ = 1.0125 P2~ + 0.000145 T - 0.0005 T P2~ 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 O.S-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 FORTRAI\J 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 

BLOCK DATA 

MAIN 

TRANSF 

PARTIC 

SUBON 

SUBPN 

SUBFN 

SUBHN 

SUBH2 

CHECK 

WEIGHT 

RELEAS 

RATECK 

PLon 
FREQUE 

PLOTD 

PLOT3 

TSTEP 

RXEQU 

DIGEST 

DIGPLT 

Function 

I nitialization and definition 

Subroutine calls, input/output, and overall 
balance 

Solid/liquid transfers including backmixing 

Particle size group manipulation 

U02 (N03 b concentration due to flow 

Pu (NO})4 concentration due to flow 

FP(N03 h.39 concentration due to flow 

HN03 concentration due to flow 

H2 0 concentration due to flow 

Iteration convergence check 

Adjusts fuel mass and concentration due to 
reaction 

Particle release rate from fuel pins 

Reaction rates 

General stagewise concentration profile plots 

Particle birth size distribution 

Stagewise particle size distribution plots 

Stagewise concentration profiles for fuel, 
particles, and stainless steel 

Time step length adjustment 

Uranium reaction equation determination 

Digester tank model 

Digester tank history plots 

~Called once at beginning of execution. 
Main supervisory program. 

~alled with each component balance routine. 
Called once at end of execution. 

Calling order 

a 

b 

13 

2 

5 

6 

7 

8 

9 

c 

12 

3 

4 

d 

a 

d 

d 

10 

11 

d 



Variable 
name 

AAANG 

AAANS 

ACDF 

ACIDEF 

AFIAT 

AFRAT 

AKSTOP 

ALiMO 

AMINFR 

ANGLE 

BAKMIX(I) 

BASECT 

BATTIM 

CDENS 

CH20M8 

CHNOM8 

CONREL 

cn 
DEN1, DEN9, 

DEN10 

DENSST 

DEPTH(I} 

DFP 

DIA 

DP 

DPU02 

DREVS 
DU308 

FCSTG1, 
FCSTG9 

FEANG 

FFINES 

FLAPTM 

FRMOFP 

FRMOPU 

FRMOU3 

HC 

H20Ml0 

HNOM10 
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Table 2. Input data summary definitions 

Definition 

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 HN03 concentration for acid deficiency (gIL) 

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

Anticipation time for reduction oHlow of aCid feed to stage 8 (min) 

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 (min) 

Density in external feed stream 8 at normal flow rate (gIL) 

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

HN03 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 (min) 

Density of external feed streams to stages', 9, and 10, respectively (g/L); stage' ° 
is the same as 9 

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

Maximum liquid depth in stage I (em) 

Average density of fission products (g/cm 3 ) 

Drum diameter (cm) 

Average particle diameter (em) 

Density of PU02 (g/cm 3 ) 

Number of revolutions required to empty stage NS (solids exit stage) 
Density of U02 (g/cm 3

) 

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 (min) 

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 (min) 

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) 



Variable 
name 

PAROOO 

PCFP 

PCPU02 

PCU308 

PIN 

PINOOO 

PINLEN 

POW 

PRDIST 

PRINC 

PRTTIM 

RFACT 

RHOAVE 

RMAX 

RMIN 

RPM 

RUN 

RWASTE 

SDEN8 

SH20M8 

SHETIM 

SHNOM8 

SIZE 

SLOTLM 

SPAREA 

STGLEN 

TDIG 

TEMP 

TFILL 

TH20C 

THN03C 

TK 

TMRFED 
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Table 2 (continued) 

Particle reaction rate on/off flag: 
0.0 no particle reactions 

Definition 

1.0 normal particle reactions 

Weight fraction of fission products in fuel pin 

Weight fraction of Pu02 in fuel pin 

Weight fraction of U02 in fuel pin 

Inside diameter of fuel pin (em) 

Pin reaction rate on/off flag: 
0.0 no pin reactions 
1.0 normal pin reactions 

Length of fuel pin (em) 

Exponent for weir flow equation: 
flow (L/min) TK* [crest height (em) 1 **POW 

Print time increment for particle size distribution (min) 

Base plotting time increment (min) 

Total run time between printouts (min) 

Correction factor for rate equations (A factor of 5.0 has been quoted by Uriarte 
and Rainey!1 for irradiated fuels.) 

Average density of solid fuel (g/cm 3 ) 

Maximum particle size radius (~m) 
Minimum particle size radius (~m) 

Dissolver rotational speed (rp m) 

Total run time (min) 

Minimum particle size radius transferring with hulls (~m) 

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

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

Time required to shear one fuel assembly into 2.54-cm lengths (min) 
HN03 flow in reduced acid feed stream flow to stage 8 (kg/h) 
Plant capacity (t/d) 

Radial width of overflow slot (cm) 

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

Length of stage (cm) 

Time for digestion cycle in digester tank (min) 

Average dissolver temperature (0e) 

Input time for filling digester tank (min) 

Total mass flow of H2 0 in condensate returned to stages 1 and 9 (kg/h) 

Total mass flow of HN03 in condensate returned to stages 1 and 9 (kg/h) 
Term in weir flow equation (gives flow in L/h) 

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



Variable 
name 

TMRSST 

TOl 

TRCT 

TTRAN 

VO(I) 

ZNOPT3 

ZNOPT7 

ZNOPTA 

ZNOPTD 

ZNOPTP 
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Table 2 (continued) 

Definition 

Mass feed rate of stainless steel (kg/h) 

Tolerance between iterations in material balances 

Total reverse cycle time (min) 

Transfer time for digester tank liquor (min) 

Initial liquid volume in stage I (L) 

Concentration history plot flag: 
0.0 - no plots 
1.0 plots 

Concentration profile plot flag: 
0.0 - no plots 
1.0 plots 

Total plot flags: 
0.0 - no plots 
1.0 plots 

Digester plot flag: 
0.0 - no plots 

.' 1.0 - plots 

Particle size distribution plot flag: 
0.0 - no plots 
1.0 - plots 



Stage 
No. 

9 
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Table 3. A system of stagewise material balance equations 
for compound j in a nine-stage continuous rotary dissolver 

Concentration 
equation 

G [ (-A t:.t)U I (-A t:.t) C9 ,j = A 1 - exp -v;- f C9 ,j exp ---v;-

G [ (-A t:.t)U I (-A t:.t) Ci ,j = A 1 - exp -v;- f Ci,j exp --v:-

Pseudoconstants 

A G 

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



4. STANDARD CONDITIONS 

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

All solids and liquid flows, equipment designs, and operating conditions were based 
on the conceptual design requirements and specifications of the Consolidated Fuel Repro
cessing Program (CFRP) Hot Experimental Facility (HE F). 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 fuel~ 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. 8 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 th(}tijssolver. 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.14 While these data are of limited usefulness 
here, they can be used as a guide in qualitatively choosing a reasonable particle release rate for 
the model. Additional data have recently been obtained from the dissolution of low-burnup 
(-0.2%) FFTF fuel, indicating essentially complete release of the fuel from the pins after 
"'-'30 min (ref. 15). Experiments are also being run using higher-burnup FFTF fuel; however, 
the results from this work are not yet available for use. 

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

Variable 
Operating condition input 

name 

AAANG 20.0 
AAANs 9.0 
ACDF 1.0 
ACIDEF 31.50 
AFIAT 0.0 
AFRAT 0.0 

-AKsTOP 500000.0 
ALIMO 20.0 
AMINFR 1.0 
ANGLE 5.0 
BAKMIX(I) 0.07 
BAsECT 30.0 
BATTIM 180.00 
CDEN8 1300.0 
CH20M8 47.45 
CHNOM8 40.08 
CONREL 100.0 
CTl 0.001 
DENl 951.0 
DEN9 951.0 
DEN10 1010.0 
DEN SST 8010.0 
DEPTH(I) 8. 7376 @ I = 1; 11.4808 @ I = 2 ... 9 
DFP 12.10 
DIA 76.20 
DP 0.0010 
DPU02 11.46 
DREVs 20.0 
DU308 8.3 
FCsTG1 0.667 
FCsTG9 0.333 
FEANG 45.0 
FFINES 0.2 
FLAPTM 0.0 
FRMOFP 0.0990 
FRMOPU 0.1999 
FRMOU3 0.2011 
HC 0.02 
H20MlO 35.03 
HNOM10 1.140 
PAROOO 1.0 
PCFP 0.0520 
PCPUQ2 0.2110 
PCU308 0.7370 
PIN 0.4903 
PINOOO 1.0 
PINLEN 2.54 
POW 2.830 
PRDIST 399.99 



Variable 
name 

PRINC 
PRTTIM 
RFACT 
RHOAVE 
RMAX 
RMIN 
RPM 
RUN 
RWASTE 
SDEN8 
SH20MS 
SHETIM 
SHNOMS 
SIZE 
SlOTlM 
SPAREA 
STGLEN 
TDIG 
TEMP 
TFILl 
TH20C 
THN03C' 
TK 
TMRFED 
TMRSST 
TOl 
TRCT 
TTRAN 
VO(I) 
ZNOPT3 
ZNOPT7 
ZNOPTA 
ZNOPTD 
ZNOPTP 
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Table 4. (continued) 

Operating condition input 

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 

0.5 
3.810 
1.0 

25.4 
350.0 
108.0 
360.0 

4.00 
0.0 
0.9888 

37.67 
12.05 
0.001 
2.0 

10.0 
4.8 @ I = 1; S.OO @ 1'= 2 ... 9 

1 
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s. 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. 16 The three 
variables not included in- the analysis either were considered to have little or no effect on 
the results of the model or were encompassed by the other variables. The nine variables 
chosen for more detailed analysis and their value ranges are listed in Table 5. A 12-run 

Table 5. Fractional factorial design variables 

Variable Low Standard High 
name value condition value 

BAKMIX(I) 0.0 0.07 0.50 

CONREL 0.0 100.0 500.0 
DP 1 X 10-6 1 X 10-3 X 10-3 

FFINES 0.0 0.06 1.0 

POW 1.0 2.83 3.7 

RMAX 500.0 1000.0 2000.0 

RWASTE 100.0 200.0 500.0 
SPAREA 1.0 1.0 10.0 
TK 0.1 0.9888 2.0 

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

Tallie 6. VariaDIe aAignment schedule for 
12.run screening desillla. b 

Run Xl X2 X3 X4 Xs X6 X7 Xs X9 XIO Xl! 

1 + + + + + + 

2 + + + + + + 

3 + + + + + + 

4 + + + + + + 

5 + + + + + + 

6 + + + + + + 

7 + + + + + + 

8 + + + + + + 

9 + + + + + + 

10 + + + + + + 

11 +. + + + + + 

12 

aX
I CONREL;X2 TK;X3 = DP;X4 ;SPAREA;Xs = BAKMIX(I);X6 = RWASTE; 

X, POW;Xs FFINES;Xg = RMAX;Xlo = Dummy;XIl = Dummy. 
b A plus sign indicates a high value; a minus sign indicates a low value. 

"L 
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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 ofthecode. 

The unsteady-state model was initially developed to be used with voloxidized fuel, 
which involves the dissolution of U3 0 S instead of U02 . The 12-run screening design was 
done using the U3 0 8 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 10 and X 11, an estimate of the total error in the response 
variable 5 due to random errors and interaction effects can be obtained from 

,) 

5:= E(L 6./ }/48 (36 ) 
j:= I 

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

(37) 

Selected values for tv 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-f'un screening design6 

Run 
Percent 

ResPollseb CONREL TK DP SPAREA BAKMIX(I) RWASTE POW FFINES RMAX X to Xl! material balance 
No. 

closu re/comments 

7,301 + + + + + + 100.3/no 1055 

2 18,518 + + + + + + 103.5/no loss 

3 ',876 + + + + + + 100.1/no loss 

4 23,114 + + + + + + 96.0/1288 gloss 

5 6,924 + + + + + + 98.9/571 gloss 

6 7,453 + + + + + + 96.9/no loss 
7 115,780 + + + + + + 99.9/49377 gloss 

.8 13,634 + + + + + + 102.3/445 gloss 

9 2,540 + + + + + + 1 04.8/no loss 
10 1,214 + + + + + + 100.3/no loss ...,., 
11 114,623 + + + + + + 100.8/48922 gloss 

, 
w 

12 115,780 99.9/.49377 gloss 

Total: 428,757 

Average Response: 35,730 

64,524 156,378 172,979 147,229 164,069 259,475 264,724 33,641 180,510 16,158 265,274 

)64,233 272,379 255,778 281,528 264,288 169,282 164,033 395,116 248,247 259,599 163,583 

Difference ·299,709 -116,001 -82,799 -134,299 -100,619 90,193 100,691 -·361,475 ··67,736 -90,440 101,591 

Main effect -49,951 -19,333 ··13,800 -22,383 -16,770 15,032 16,782 -60,246 -11 ,289 -15,073 16,932 

plus sign indicates high value: a minus sign indicates a. low vaJue. ~+ = sum of plus responses; l:- = sum of minus responses, 
amount of 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(f) -16,770 ± 35,281 

RWASTE 15,032 ± 35,281 

POW , 16,782 ± 35,281 

FFINES -60,246 ± 35,281 

RMAX -11,289 ± 35,281 

XIO -15,073 ± 35,281 

Xli 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 

PU02 composition less than -35% under normal dissolver operating cond itions, essentially 

complete dissolution can be expected in much less than the 4-h residence time the hulls 

experience in the rotary dissolver.17' 18 Variation of the appropriate parameters in the model 

can produce a wide variety of operating scenarios. 

Several cases were outlined for study using the unsteady-state model. The primary goal 

of the study was to determine the maximum heavy metal holdup for both normal and 

abnormal operating conditions. Normal operating conditions are defined as those at which 

complete dissolution or removal of the fuel from the pins in the dissolver occurs. Under 

abnormal operating conditions, undissolved fuel is assumed to exit the dissolver with the 

hulls and/or accumulate in the drum in an eventually detectable manner. 

6.1 Normal Operating Conditions 

Definition of the terms for normal operating conditions was initially taken to be the 

same as given in Table 4. A summary of the output data from the code at these conditions 

is given in Appendix B. Please refer to Table 2 for definitions of all parameter names. 

The predicted U+Pu inventory at normal, or standard, operating conditions was ~12.1 kg. 

The parameters in Table 9 were varied individually over the indicated range to determ ine, 

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

Maximum normal Parameter 
Parameter 

Range predicted U+Pu value at 
name 

holdup (kg) maximum holdup 

FFINES 0-1.0 18.8 0 

CONREL 0-600 21.0 o g/min 

SPAREA 0.3-10.0 13.7 0.3 

TEMP 85-110 12.1 110°C 

BAKMIX(I) 0.0-0.5 12.1 o and 0.5 
g(solution)/ 
g(hu lis) 

TH20C 1.0-16.0 12.35 16 kg/h 

RWASTE 1.0-800 12.9 <50J.1m 

TK 0.05-2.0 13.6 0.05 

RPM 0.1-10 12.1 10 rpm 

SHETIM 10-180 • 46.6 40 min 

RFACT 0.5-50 21.5 0.5 

BASECT 15-180 17.3 130.0 min 

FLAPTM 0-17 14.0 10 min 

SLOTLM 1.25-7.0 12.0 <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 RF ACT 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+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 inventoryof145.7 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 o 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 
Value 

name 

CONREL o g/min 

FFINES 0 

FLAPTM 10 min 

SHETIM 40 min 

SPAREA 0.3 

RFACT 0.0 

BASECT 55.0 min 

TK 0.05 

is 182.9 kg. It is very difficult to believe that the conditions described in Table 11 could 
ever occur due to the level of agitation in the rotary dissolver and the reactivity of U0 2 

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 bel.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 HN03 must be available 
in each dissolver stage to support fuel dissolution and avoid plutonium polymerization. 

Acid deficiency does not appear to be a problem over the range of intermittent solids feed 

times studied (Table 12). 

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

Feed time Time between 
(min) feedings (min) 

10 170 
20 160 
40 140 
80 100 

160 20 
180 0 

7 -, 
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8. PARTICLE SIZE DISTRIBUTION 
,-

The particle size distributions given for the runs in Appendixes Band 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 

Maximum fuel 
Parameter 

Parameter Range of 
to digesters 

value at 
name variation 

(kg) 
maximum fuel 

to digester 

FFINES 0-1.0 13.5535 1.0 

CONREL 0-600 5.325 600 g/min 

SPAREA 0.3-10.0 18.685 0.3 

TEMP 85-110 3.3156 110 DC 

BAKMIX(I) 0.0-0.5 3.3787 0.5 
g(solution}/ 
g(hulls} 

TH20C 1.0-16.0 4.089 16.0 kg/h 

RWASTE 1-800 13.382 800f,Lm 

TK 0.05-2.0 3.4474 2.0 

RPM 0.1-10 4.5839 0.1 rpm 

SHETIM 10-180 13.612 10 min 

RFACT 0.5-50 17.4 0.5 

BASECT 15-180 3.79 180 min 

FLAPTM 0-17 5.2367 17.0 min 

SLOTLM 1.25-7.0 3.3108 1.50 em 

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 

Component 

U02 (N0 3 )2 

Pu(N03)4 

HN03 

U+Pu 

Digester tan k 
concen tration 

with delayed feed 
(giL) 

128 

45 

260 

117 

Digester tank 
concentration 
with standard 

conditions 
(giL) 

203 

72 

209 

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 UOz at various temperatures and HN03 

concentrations are well known. 19 Little or no data exist for the dissolution of PU02 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. 6 

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 h. Since Gd(N03 b 
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 h 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 UOz (N0 3 )z, PU(N03 )4, and HN03 . The density correlation already ignores 

the existence of fission products and insolubles; therefore, the addition of another major 

component such as Gd(N03 b 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 N02 and makes no attempt to keep track of 12 , Kr, Xe, or 
evaporation. Tracking off-gases such as Iz 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. 

10-1 





11. CONCLUSIONS 

The USSCRD model is a useful tool with which to study rotary dissolver performance 
under a variety of conditions. The model has not yet been verified by prototypic experi

mental dissolutions and therefore should not be used for obtaining absolute answers to 

stagewise concentration questions. However, the model can be used to determine the most 
likely ranges of concentrations and inventories. 

From the many different cases run with the model, it can be concluded that the U+Pu 
inventory in the dissolver, for conditions in which no fuel exits the dissolver with the hulls, 

ranges from "'12 to 145 kg. Real istically, inventories are expected to be near the lower end 
of this range. For conditions in which fuel is allowed to leave the dissolver with the hulls, 

an estimated maximum U+Pu inventory of 183 kg was predicted. For unrealistic conditions 

in which no fuel dissolves and liquid flow is severely decreased, heavy metal inventories 
>150 kg were predicted. 

Intermittent solids feed to the dissolver generally results in relatively large variations 
in stagewise concentrations, but the digester tanks tend to smooth out any fluctuations 

in the outlet concentrations from the dissolver. The cycle times for the digesters and shear 
feed should be closely coupled in order to avoid problems with off-specification fuel. The 
quantity of fines flowing to the digesters was found to be dependent on parameters similar 
to those that influence the heavy metal inventory in the dissolver. 
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13. NOMENCLATURE 

Pseudoconstants in material balance equations; defined in Eqs. (16) and (17) 
Total surface area of the particles in the streams to be mixed (Iim 2 ) 

Surface area of a spherical particle in size group k (cm 2
) 

Reactive area per fuel pin (cm 2 ) 

Liquid backmixing flow rate from stage i (L/min) 
Concentration of compound} in stage i at time t + At (giL) 
Concentration of compound} in stage i at a time t (giL) 

dVi/dt 
Average particle cluster diameter (cm) . 
Fuel pellet diameter (cm) 
Number of runs in screening design 
Liquid flow rate from stage i (L/min) 
Fractional increase in particle surface area due to porous particles 
Crest height above weir in iiquid flow equation (cm) 
Rate constant for the formation of compound} in stage i [g/(cm 2 • min) J 

Total mass of particles in size group k in all streams to be mixed together (g) 
Mass of component} in stage i (g) 
Mass of H N03 in stage i (g) 
Mass of Pu(N03)4 in stage i (g) 
Mass of U02 (N03 b in stage i (g) 
Number of fuel pins in stage i 
Mole fraction of Pu02 and fission products in the U3 0 g -PU02 solid solution 
Concentration of particles in stage i in size group k (giL) 
Probability that a particle will have a size between x and x + Ax 
1/~ if only dislodged fuel is measured, or (1/...j2ir) X (fraction of fuel dislodged) 

X (weight of fuel)/(weight of fuel + hardware) 
Confidence-interval width 
Rate of disappearance of fuel from pins in stage i due to reaction (g/min) 

Release rate of particles from fuel pins in stage i (g/min) 
Overall rate of disappearance of fuel in particles of size group k (g/min) 
Average radius of particles in size group k after combining streams (lim) 
Particle radius for size group k after reaction for a time period At (lim) 
Particle radius for size group k before reaction (lim) 
Ratio of a pseudo particle radius that would account for increased particle surface 

area due to porosity over actual particle radius 
Response-variable total error estimate 
Percent theoretical density of a fuel pellet 
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Ti m Total mass of solution in stage i (g) 
I 

t Time (min) 
T Temperature (0C) 
tv Student's t statistic with v degrees of freedom at the stated confidence level 
Vi Liquid volume in stage i {L} 
Wi Mass of fuel transferring from stage i (g) 
x Particle size (pm) 
xm Estimated median of the natural logarithms of particle sizes 
z Total number of streams to be mixed 

Greek symbols 

ex; Overall fuel pin reaction rate per unit area in stage i [gj(min ·cm 2
)] 

exi Overall fuel particle reaction rate per unit area in stage i [gj{min ·cm 2 )] 

(3k Number of particles in size group k defined by Eq. {25) . 
() Shear cut angle (deg) 

Pf Average fuel density (gjcm 3 ) 

11' 3.141592654 
a Estimated standard deviation of the natural logarithms of particle sizes 
t::.i Main effect of the ith dummy factor 

t::.t Length of a time step (min) 
t::.x Small change in particle size (pm) 
(Pk)j Mass of particles in size group k in stream j (g) 
Pt Solution density at temperature T (g/cm 3 ) 

o 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 th.at 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-l 
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C PROGRAM : USSCRO 
C THIS PROGRAM DOES A STAGE-WISE MATERIAL BALANCE FOR A CONTINUOUS 
C ROTARY DISSOLVER. THE COMPONENTS OF INTEREST ARE U02(N0312, 
C UOZ, PU(N03'4, PU02, HN03, HZO, FISSION PRODUCTS(FPI, AND 
C FPtN0313.39. THE REACTION EQUATIONS ARE: 
C UOZ~(8/3IHN03=U02(N03'2~(2/3'NO~(4/3IHZO 

C FOR HN03<lOM 
C UOZ.4(HN03.=U02(N03IZ.Z(NOZ •• 2lHZO. 
C FOR HN03>=lOM 
C PU02+4(HN031=PUlN03)4+2(H20t 
C FPOl.1776.Z.355Z(HN03'=FP(N03.2.3552.1.1776(H20' 
C 
C ****************************************************************** 
C ******************************************************************** 
C **** **** 
C **** DEFINITION OF TERMS **** 
C **** **** 
C ******************************************************************** 
C **************************,**************************************** 
C 
C 'AAANG---ENTERED NUMBER OF PARTICLE SIZE GROUPS. 
C AAANS---ENTERED NUMBER OF STAGES. 
C ACCPU---PLUTONIUM HOLO-UP. G 
C ACCU---URANIUM HOLD-UP. G 
C ACDF---FRACTION DIFFERENCE aETWEEN BULK ACID CONC AND 
C ACID CONC IN A FUEL PIN. CAN AllOW FOR REACTION 
C RATE REDUCTION WHILE FUEL IS aUT OF LIQUID ••• 
C ACID---INITIAL HNC3 CONe IN ST~GE 1 [MOLEllt 
C ACIDEF---MAXIMUM HN03 CONCENTRATION FOR ACID DEFICIENCY 
C DETECTION. (GIll 
C ACTLEN---ACTUAL LIQUID SURFACE LENGTH. CM 
C ~CTPA---ACTUAL PU ACCUMULATED IN DISSOLVER AT END OF RUN.(G' 
C ACTUA---ACTUAL U ACCUMULATED IN DISSOLVER AT END OF RUN. (G1 
C AFIAT---ACID FEED TO STAGE 8 FLOW INCREASE ANTICIPATION TIME. (MINI 
C AFDAN---TIME OF LOW ACID FEED RATE DURING NO SHEAR FEED. (MINI 
C AFDAS---TIME OF NORMAL ACID fEED RATE DURING ShEARING.(MINI 
C AFRAT---ACID FEED TO STAGE 8 FLOW REDUCTION ANTICIPATION TIME. (MIN' 
C AKSTOP---UPPER LIMIT FCR NUMBER OF TIMES CONCENTRATION 
C SUBROUTINES ARE CALLEe. 
C ALIMO---UPPER LIMIT FOR NUMBER OF ITERATIONS ~ACH 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. (RAD. 
C ANFTIM---LENGTH OF TIME OF NO FUEL FEED. (MIN' 
C ANGLE---DRUM ANGLE. (DEG' 
C ANOVOX---CCNVERSION FACTOR TO CONVERT CONTINUOUS FEED 
C RATES TO INSTANTANEOUS BATCH FEED RATES FROM 
e SHEAR TO DISSOLVER (SHEARING ONLYI. 
C APOS---SOLUTI ON TO QUADRAT IC EQUAT ION. 
e AS---PROJECTED HORIZONTJAl STAGE LIQUID SURFACE AREA. 
C CM**2 
C ATPlJI---GEOMETRIC SURFACE AREA OF A SINGLE PARTICLE IN 
C SIZE GROUP J.(CM**2) 
C AVEMOl---AVERAGE MOLECULAR WEIGHT OF FUEL. (G/MOLEt 
C B(I)---BACKMIX flOW OF FLUID. (L/MIN' 
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C BAKMIXI!'---MASS OF SOLUTION BACKMIXED DUE TO CARRY OVER ON 
C HULLS. (G~AM OF SOLUTICN/GRAM ~F HULLS' 
C HUllS=HULLS+SH~OUD+WIRES+OTHER. 
C BAKV(I'---VOLUME OF SOLUTION BACKMIXED DUE TO CARRY OVER ON 
C HULLS. (LITER' 
C SA SECT---BASI C FORWARD POT ATION TIME, NOT CONS IDER ING 
C THE LAG TIME BETWEEN FORWARD AND REVERSE. (~IN' 
C BATTIM---BATCH CYCLE TIME FOR SHEAR TO CUT ONE 
C FUEL ELEMENT AND PREPARE FOR ANOTHER.(MIN) 
C CDEN8---DENSITY IN EXTERNAL FEED STREAM 8 AT NORMAL FLOW RATE.(G/LI 
C CFINES---CONSTANT ••• INPUT MASS FEED ~ATE OF FINES TO STAGE 1 
C DURING SHEARING. (G/MtNI 
( CFUEL---MASS OF FUEL FED DURING A TIME STEP H. (GRAMS) 
C ZERO WHEN NO FEED FROM SHEAR ••• 
C CH20M8---WATER FLOW RATE TO STG 8 IN AcrD FEED STREAM AT 
( NORMAL FEED RATE.(KG/HR, 
C CHNOM8---HN03 FLOW RATE TO STG 8 IN ACID FEED STREAM AT 
C NORMAL FEED RATE.(KG/HRJ 
C CO(I)---IDEAL LIQUID DENSITY IN STAGE I. G/L 
C CON---TOTAL FUEL SURFACE EXPOSURE AREA IN A FUEL PIN. {CM**2' 
C ASSUMES CUT ANGLE Of THETA RADIANS. 
C CONREL---CONSTANT ~AXIMUM TOTAL PARTICLE RELEASE RATE FOR EACH 
C STAGE. (G/MINI 
C CDXXXN---CONSTANTS IN THE HN03 MATERIAL BALANCE EQUATIONS. 
C WHERE XXX INDICATES THE COMPONENT THE CONSTANT 
C RELATES TO. 
C COXXXW---CONSTANTS IN THE H20 MATERIAL BALAMCE EQUATIONS. 
C WHERE XXX INDICATES THE COMPONENT THE CONSTANT 
C RELATES TO. 
C (RELl I '---CONSTANT VALUE INPUT FOR PART! CLE RElEASE RATE 
C PER PIN FOR ST AGE I. (G/MIN/PIN I 
C CT---CYCLE TIME FOR HULL TRANSFER, INCLUDES LAG TI~E 
C BETWEEN FORWARD AND REVERSE ROTATION. (MIN' 
C CTI---CYClE TIME FOR HULL TRANSFER FROM STAGE 1. MIN 
C D25---DENSITY OF DISSOLVED FUEL SOLUTION AT 25 DEG C. (G/ce. 
C D25Cl,D25C2,025C3,025C4---COEFFICIENTS OF 25 DEG C DENSITY CORRELATION 
( DENl,DEN8,DEN9,DENlO---DENSITY Of EXTERNAL fEED STREAMS TO STAGES 
C 1,a,9,AND 10 RESPECTIVELY. (GIL' 
C DENSST---DENSITY OF STAINLESS STEEL HULLS, SHROUDS, AND wIRES.(G/L' 
C DEPTH(Il---MAXIMUM LIQUID DEPTH IN STAGE. I CM -
C DFP---'VERAGE DENSITY FISSION PRODUCTS. (GRAM/cet 
c DIA-~-DRUM DIAMETER. C~ 
C DIFIAD---TIME BETWEEN OUTPUT OF ACID DEFICIENCY PRINT OUTS.(MINI 
C DIGPAR---TOTAL MASS OF PARTICULATE FLOWING FROM DISSOLVER 
C STAGE 1 TO DIGESTER TANKS OVER TOTAL RUN TIME. (G, 
C DIlUTl.DILUT9---TOTAl FLOW OF STEAM CONDENSATE INTO DISSOLVER 
C STAGES 1 AND 9. (L/MIN' 
C DISTM---TIHE ACCUMULATOR FOR PARTICLE SIZE DISTRIBUTION 
C PRINT OUT.(MIN' 
C DP--AVERAGE PARTICLE I::r AMETER, (eM'. 
C DPU02---DENSITY PU02. (GRAM/CC' 
C DREVS---NUMBER OF REVOLUTIONS REQUIRED TO EMPTY STAGE NS. 
C DTFLGl OR 2---TIME ACCUMULATOR FOR SOLIDS TRANSFER FROM 
C STAGE NS. (MIN' 
C DTRACT---ONE DIVIDED BY TOTAL TIME FOR SOLIDS 
C TRANSFER FROM STAGE NS. (MIN**-U 
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DU308---DENSITY U02. (GRAM/Cet 
DUMPT---T!ME REQUIRED TO EMPTY STAGE NS. (MINI 
DV'I)---~RR~Y HOLDING LIQUID VOLUME CHANGES PER TIME STEP.IL/MINt 
ETOTUF---TOTAl URANIUM FED TO FLAPPER VALVE OVER TOTAL RUN TIME. G 
ETOTPF---TOTAL PLUTONIUM FED TC FLAPPER VALVE OVER TOTAL RUN TIME. G 
ETSUM---TOTAl U PLUS PU FED TO THE FLAPPER VALVES.(GI 
FCSTGl.FCSTG9---FRACTICN OF CONDENSATE ENTER ING STAGE 1 AND 9. 
FEANG---EXPOSURE ANGLE FOR FUEL IN ENDS OF FUEL PIN. (DEGREEI 
FEDRAT---FEED RATE OF SHEARED FUEL TO DISSOLVER. (GRAM/MIN. 

EXCLUDES HUllS •••• RATE DURING SHEARING ONLY ••• 
FEDONE---ACCUMUlATOR FOR FUEL IN PINS IN FLAPPER VALVE FEED TO 

STAGE I. (Gl 
FFTIME---FRACTION OF TIME FUEL IS BEING SHEAREC AND FED. 
FFINES---FRACTION OF INPUT FEED RATE THAT IS FINES. 
FINES---INPUT FEED RATE'OF FINES. (GRAM/MINI 
FINESF---ACCUMULATCR FeR FINES IN FLAPPER VALVE FEED TO STAGE 1.(GI 
FINESH---MASS OF FINES FED TO FLAPPER VALVE IN A TIME STEP. lGI 
Fl(II---LIQUID FLOW FROM DISSOLVER STAGE I. (L/MINI 

INCLUDES RINSE STAGE FEEO ••• 
FlAPTM---CVClE TIME FOR LOWER FLAPPER VALVE IN DISSOLVER FEED PIPE.(MI 
FLEXT(I'---VOLUMETRIC FLOW OF EXTERNAL FEED STREAM TO STAGE 1.el/MJN' 
FLPHLU---HOLD UP OF U IN FLAPPER VALVES AT END OF RUN.(GI 
FLTOSI---TOTAl FUEL FED FROM FLAPPER VALVE TO STAGE. (Gl 
fNMAX(r'---MAX CONC. OF FISSION PRODUCT NITRATES IN STAGE I. (GIL) 
FP(I'---CONC. OF fISSION PRODUCTS IN STAGE I. (GRAM/L' 
FPS(II---CONC. OF FISSION PRODUCTS TN STAGE I BEFORE TIME T. 

eGRAM/LJ AVERAGE. 
FPK1(I'---RATE CONSTANT FOR THE FORMATION OF FISSION PRODUCT 

NIT~ATES FROM SUSPENDED PARTICLES STAGE J. (GRAM/CM**2 MIN) 
AVERAGED ••••• 

FPK2(I'---RATE CONSTANT FOR THE FORMATION OF FISSION PRODUCT 
NITIATES FROM FUEL PINS STAGE 1. (GPAM/CM**2 MINI AVERAGED ••• 
DIFFERENT FROM FPKl DUE TO DIFfeRENT HN03 CONC IN PIN. 

FPN(J'---CCNC. FP(N03t3.3Q IN STAGE J. (GRAM/l' 
FPNSCI '---CONC. FP(N0313.39 IN STAGE I BEFORE TIME T. (GRAM/ll 
FREQ( I I---ARRAY CONTA INING THE FP.EQUENCY OF OCCURRANCE OF 

PARTICLES IN SIZE GROUP I. eASED ON TH 
LOG NORMAL DISTRIBUTION OF WEIGHTS. 

FRMOFP---MOLE ~RACTJON FISSION PRODUCTS IN HOMOGENEOUS FUEL. 
FPMOPU---MClE FRACTION PLUTONIUM IN HOMOGENEOUS FUEL. 
F~MOU3---MOLE FRACTION URANIUM IN HOMOGENEOUS FUEL. 
FUEL---WEIGHT OF FUEL ACCUMULATED IN FIRST STAGE IN FUEL 

PINS AFTER ONE MIN. G 
FUELWT---MAXIMUM TOTAL FUEL WEIGHT TN STAGE 1 AT END OF CYCLE TIME. 

(GRAM' 
FUPIN---NUMBER OF FUEL PINS ADDED TO FLAPPER VALVE EACH 

TI ME STEP. 
FO(II---INITIAl DISSOLVER LIQUID FLOW RATES. IL/MIN) 

INCLUDES RINSE STAGE FEED ,ACID FEED ANa STEAM CONDo 
HC---"1AX TI~E INCREMENT FOR CALCULATIONS. (MIN' 
H---VARIABlE LENGTH TIME INCREMENT. DEPENDS ON 

MINIMUM TIME TO COMPLETE DISSOLUTION.(~IN) 
H2MAX(Il---MAX CONC. H20 IN STAGE I. (GIL) 
H20IIt---CONC. OF H20 IN STAGE I. (GRAM/LI 
H20BII'---CONC. OF H20 IN STAGE I BEFORE TIME T.(GRAM/LI 
H20F(Il---CONC. OF H20 IN EXTERNAL FEED TO STAGE J.(GRAM/l' 
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C H20Ml,H2CM8,H20M9,H20MlO---MASS FLOW OF WATER IN EXTERNAL FEED 
C STREAMS TO STAGES 1,8.9,ANO 10. IKG/HR' 
C HNMAXII'---MAX CONC. OF HN03 IN STAGE I. IG/LI 
C HN03III---CONC. OF HN03 IN STAGE I. IGRAM/LI 
C HN03BII'---CONC. OF HN03 IN STAGE I BEFORE TIME T.(GRAM/LI 
C HN03F(I'---CONC. OF HN03 IN EXTERNAL FEED TO STAGE I.IGRAM/LI 
C HN03Ml,HN03MB,HN03M9,HNOMlO---MASS FLOW OF NITRIC ACID IN EXTERNAL 
C FEED STREAM TO STAGES 1,8,9,AND 10.IKG/HRI 
C IAD---# OF ACID DEFICIENT CONDITIONS. 
C ION---l OR O. USED TO TURN ON AND OFF THE 
C SOLIDS TRANSFER FROM STAGE NSMI TO STAGE NS. 
C ITSAC---COUNTER FOR TIME STEP REDUCTIONS. 
C LIMO---ITERATION LIMITER. 
C MUM---NUMBER OF POINTS PLOTTED. 
C NS---NUMBER OF STAGES. 
C NSMI---NS-l 
C ONED---l.ODO-DTRACT. USED AS THE FRACTION OF FUEL OR SOLUTION 
C NOT TRANSFERED OUT OF STAGE NS. 
C PIHC---MINIMUM TIME STEP. (MIN) 
C P(I,JI---FREE PARTICLE CONCENTRATION IN STAGE I OF PARTICLES IN SIZE 
C GROUP J. (GIL' 
C PAROOO---PARTICLE REACTION RATE ON/OFF FLAG. 
C 0.0 -- NO PARTICLE REACTIONS 
C 1.0 -- NORMAL PARTICLE REACTIONS 
C PART( I '---FREE PARTICLE CONCENTRATION IN STAGE I, (GIll 
C PARTP(JI---MASS OF PARTICLES DISSOLVED IN STAGE Y. (GI 
C PBII,JI---FREE PARTICLE CONCENTRATION IN STAGE I OF PARTICLES IN SIZE 
C GRCUP J AT TIME T-H. (GILl 
C PCFLTF---PERCENT OF TOTAL U FEED HELD UP IN FLAPPER VALVES.I%I 
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 PCU30B---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/OFF FLAG. 
e 0.0 -- NO PIN REACTIONS 
C 1.0 -- NOR~AL PIN REACTIONS 
C PIN---O.D. OF FUEL PELLET, (eM). 
C PINFED---AceUMULATOR FOR NUMBER OF FUEL PINS FED TO 
C FLAPPER VALVE. 
C PINLEN---LENGTH OF FUEL PIN. (CM' 
e PINMAS---MASS OF FUEL IN ONE PIN. G 
C PINOD---OUTSIDE DIAMETER OF FUEL PIN. (CMI 
C PINVOL---VOlU~N OF FUEL PIN. (CM**31 
C PlINC---COUNTER FOR PLOT DATA STORAGE.(MINI 
C PLVIII---PURE LIQUID VOLUME IN STAGE I CORRECTED FOR 
C NON-IDEALITY OF MIXING. (LI 
C PLVBT(I'---PURE LIQUID VOLUME IN STAGE I BEFORE BACKMIX 
C CORRECTION. (L) 
C PLVM(JI---MINIMUM VOLUME OF LIQUID IN A STAGE, EQUIVALENT 
e TO AMOUNT BACK~IXED ON HUllS. (LI 
C PM(JI---~ASS OF A SINGLE PARTICLE IN SIZE GROUP J. (G, 
C PN(I'---CONC. OF PU(N03)4 IN STAGE I. (GRAM/LI 
C PNB(I'---CONC. OF PU(N03'4 IN STAGE I BEFORE TIME T.(GRAM/L) 
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C PNK1(IJ---RATE CONSTANT FOR THE FORMATATJON OF PU(N0314 FROM 
C SUSPENDED PARTICLES STAGE I. (GRAM/CM**2 MIN. 
C PNK2(I'---RATE CONSTANT FOR THE FORMATION OF PUCN03t4 FROM FUEL 
C PINS STAGE J. (GRAM/CM**2 MINI 
C DIFFERENT FROM PNKl DUE TO DIFFERENT HN03 CONC IN PIN. 
C PNMAX(I'---MAX CONCa OF PU(N03t4 IN STAGE Y. (GILl 
C POUTT---RUNNING TOTAL OF PU OUT OF STAGES 1 AND NS 
C PLUS INVENTORIED IN DRUM. lGI 
C POW---EXPONENT FOR WEIR FLOW EQUATION. 
C FlOW(L/MIN'=TK*(CREST r.EIGHT(CMI'**POW. 
G POWF---PU TRANSFERRED OUT OF STAGE NS UNDISSOLVED IN PINS 
C DUPING A TIME STEP. (GRAMS' 
C PPERPU---CONSTANT IN TCTAL PU UNDISSOLVED CALC. 
C PPSTG(I'---NUMBER OF PINS IN EACH STAGE. 
C PRDIST---PRINT TIME INCREMENT FOR PARTICLE SIZE DISTRIBUTION.(MIN. 
C PRJNC---BASE PLOTTING TIME INCREMENT. (MINI 
C PRT---PRINT OUT TIME ACCUMULATOR. (MIN' 
G PRTTIM---TOTAL RUN TIME BETWEEN P~INT OUTS. (MINI 
C PTFTFV---PERCENT TRANSFER OF U PLUS PU THRU Fl APPER VALVE. ,. 
C PUACC---TOTAl PU IN DISSOLVER. (GI 
C PUALL---TOTAL PU OUT PLUS HOLDUP. eG' 
C PUALLA---ACTUAL MASS OF PU. REMOVED FROM DISSOlVER OVER TOTAL RUN 
C PLUS HOLO-UP.(GJ 
C fUOLI Q---TOTAL PU INVENTORY IN DRUM.IG) 
C PUJN---PlUTONIUM FEED. (G/MTN' 
C PU02lI.---CONC. OF PU02 IN STAGE I. (GRAM/L' 
C PU02BlIt---CONC. OF PU02 IN STAGE I BEFORE TI~E T.(GRAM/Lt 
C PUOUTF---PlUTONIUM FLOW OUT WITH FUEL, UNDISSOLVED. (G/~INt 

C PU~U:O---TaTAl PLUTONIUM FLOW OUT. IG/MINt 
C PUOUTI---PLUTONIUM FLO~ OUT STAGE 1. IG/MIN' 
e PUPART---TOTAL PU IN PA~TICLES UNDISSOLVED IN THE DISSOLVER 
C AT END OF RUN TIME. (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 IN MIN AND MAX STAGE LIQUID HEIGHTS. 
C P(II---RADIUS OF PARTICLES IN SIZE GROUP I FOR LOG NORMAL 
C DISTRIBUTION. (MICRONI 
C RATMF---RFACT*RCON 
C RATEl(I'---COMBINEO REACTION RATE FOR SUSPENDED U02-PU02 PARTICLES 
C STAGE I. (URIARTE AND RAINEY' •• (G/CM**2 MIN. 
C RATE2C It---COMBINED REACTION RATE FOR U02-PU02 IN FUEL PINS. 
C STAGE I.lURIARTE AND RAINEY' IG/CM**2 "lINt 
C RCON---REACTION RATE CONSTANT. CGRAM/(CM**2*MIN*CMnL/LI**(Z.2*XPUt" 
C REL(I,---PARTIClE RELEASE RATE FROM FUEL PINS DUE TO AGITATION 
C OF All PINS IN STAGE I (GRAM/MINI. 
C REM---l.O-XPU 
C RFACT---CORRECTION FACTOR FOR RATE EOUATIONS. A FACTOR OF 5.0 HAS BEE 
C CUOTED IN THE URIARTE/RAINEY REPORT FOR IRRIADIATED FUELS •• 
C RHOAVE---AVERAGE DENSITY OF SOLID FUEL. (GRAM/CC' 
C RHOC1,RHCC2.RHCC3,RHOC4---COEFfICIENTS·Of AVERAGE LIQUID DENSITY 
C CORRELATION. 
C RHQlIQIYI---AVERAGE DENSITY OF LIQUID IN STAGE I. (GRAM/L' 
C RMAX---MAXIMUM PARTICLE SIZE RADIUS. (MICRON' 
C RMIN---MINIMUM PARTICLE SIZE RADIUS. (MICRON' 
C RMMAX(I'---MAX. RADIUS FOR SIZE GROUP I.eMIGRONI 
C RMMINII'---MIN. RADIUS FOR SIZE GROUP I.(MICRON' 
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C RMS(I,J'---WEIGHTED MEAN PARTICLE RADIUS IN SIZE GROUP J IN 
C STAGE I. (HI CRON) 
C RPM--DI SSClVER ROTATIONAL SPEED.( REV/~IN' 
C RPOW---EXPONENT ON ACIC CONC IN REACTION RATE EQUATION 
C RUN---TOTAl RUN TIME. (MIN' 
C RWASTE---MINIMUM PARTICLE SIZE RADIUS TRANSFERRING WITH HULLS. (MTCRON 
( SALL---LIQUID DEPTH AT SHALLOW END. CM 
C SDEN8---ACID FEED STREAM DENSITY AT REDUCED FLOW. (GIL) 
C SHETTM---TIME REQUIRED TO SHEAR ONE FUEL ELEMENT INTO ONE 
C INCH LENGTHS. (MINt 
C SH20M8--WATER FLOW IN REDUCED ACID FEED STR EAM flOW TO STG 8. (KG/HR J 
C SHNOM8---HN03 FLOW IN REDUCED AC ID FEED STEAM FLOW TO STG 8. (KG/HfU 
C SIZE---PLANT CAPACITY. (TONNE-A-DAY) 
C SlOTLM---MAXIMUM HEIGHT FOR FLOW OVER WEIR (SLOT SIZE •• (CM' 
( SMPUfl---TOTAL U IN PINS FED TO STAGE 1 FROM FLAPPER VALVES.(G' 
C SMFUF1---TOTAL U fINES FED TO STAGE 1 FROM FLAPPERVALVES.(GI 
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. SPAREA=DSQ1HIF+lJ 
C WHERE F IS THE FRACTIONAL PERCENT INCREASE IN SURFACE 
C AREA OUE TO POROUS PARTICLES. SPAREA CAN BE THOUGHT OF 
e AS AN AREA ENHANCEMENT FACTOR. 
C SSSCT---VOLUME OF STAINLESS STEEL ADDED PER MINUTE OF SHEAR TI~~.(L/Mr 
C SSSCTH---VOlUME OF STAINLESS STEEL FED TO FLAPPER VALVE IN A 
C TIME STEP. (GI 
e SSHI.---VOLUME OF STAINLESS STEEL CLADDI~G. WIRES. AND SHROUD IN 
C IN STAGE I IU 
C SSTF---ACCUMULATOR FOR STAINLESS STEEL IN fLAPPER VALVE FEEO TO 
C STAGE l.(L' 
e SSTMSS(I'---MASS OF STAINLESS STEEL IN STAGE I. (G' 
C SSTVOL---MAXIMUM VOLUME OF STAINLESS STEEL IN A STAGE. Itl 
C STGLEN---DISSOLVER STAGE WIDTH. (CM) 
C SUBROUTINES : 
C BLOCK DATA---INfTIALIZATJON AND DEFINITION. 
C MAIN---SUBROUTINE CALlS.INPUT/OUTPUT.AND OVERALL BALANCE. 
C TRANSF---SOLID/LIOUID TRANSFERS INCLUDING BACKMIXJNG. 
C PARTIC---PARTYCLE SIZE GROUP MANIPULATION. 
C SUBUN---U02(N03JZ CONC. DUE TO FLOW. 
e SUBPN---PUIN03J4 CONC. DUE TO FLOW. 
C SUBFN---FP(N03t3.39 CONCa DUE TO FLOW. 
C SUBHN---HNC3 CONCa DUE TO FLOW. 
C SUBH2---H20 CONCa DUE TO FLOW. 
C CHECK---ITERATION (HECKER. 
C WEIGHT---FUEL MASS AND CONCa ADJUSTER DUE REACTION. 
C RELEAS---PARTICLE RELEASE RATE FROM FUEL PINS. 
C RATECK---REACTION RATES. 
C PLOT1---STAGEWISE CONCa PROFILE PLOTE~. 
C FREQUE---PARTIClE BIRTH SIZE DISTRIBUTIO~. 
C PLOTD---STAGEWISE PARTICLE SIZE DISTRIBUTION PLOTTER. 
C PLOT3---STAGEWISE CONC. PROFILES FOR FUEL.PARTICLES.AND SST. 
C TSTEP---TIME STEP LENGTH ADJUSTER. 
C RXEQU---U REACTION EQUATION CHOOSER. 
C DIGEST---OIGESTER TANK ACCUMUlATCR MODEL. 
C OIGPLT---DIGESTER TANK HISTORY PLOTTER. 
C SUMFIN---SUM OF FUEL FED TO STAGE 9. eG. 
C SUMFlF---TOTAL FUEL FED AS FINES TO FLAPPER VALVES.(GI 
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C SUMFLP---TOTAl FUEL FED IN PINS TO FLAPPER VALVES.IGI 
C SUMFOU---SUM OF FUEL TRANSFEREe OUT STAGE 9. CGI 
C SUMHNO---SUM OF HN03 DEPLETIONS FOR ENTIRE RUN (GI. 
C SUMNEG---NEGATIVE SUM OF OVER DISSOLUTION OF FUEL IN PINS. (GI 
C SUMNEP---NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES 
C FROM TOTAL PARTICLE CALC IN WEIGHT. (GI 
C SUMOD---TOTAL NEGATIVE SUM OF OVER DISSOLUTION OF FUEL.tGI 
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 OUT STAGE 9. IGI 
C T---CVCLE TIME ACCUMULATOR, STAGES 2-9. (MIN' 
C T1---CYCLE TIME ACCUMULATOR, STAGE 1. (MIN). 
C T2---CVCLE TIME ACCUMULATOR, STAGE 1. ACCOUNTS FOR 
C TIME OF NO FEED TO DISSOLVER. (MIN' 
C TOl,TD2---0IGEST CYCLE TIME ACCUMULATOR FOR DIGESTER 
C TANKS 1 AND 2. (MINI 
C TD---PER CENT THEORITICAL DENSITY OF FUEL. 
C TDIG---TIME FOR DIGESTION CYCLE IN DIGESTER TANK.(MINI 
C TEMP---AVERAGE DISSOLVER TEMPERATURE. DEGREE CENTIGRADE. 
C TFl,TI=8.TF9.TFlO---TOTAL MASS flOW OF WATER AND ACID IN EXTERNAL FEED 
C STREAMS TO STAGES 1,8,9.AND 10. (KG/HR) 
C TFDL,TFD2---FILL TIME ACCUMULATOR FOR DIGESTER TANKS 1 AND 2.IMINI 
e TFILL---INPUT TJ~E FOR FILLYNG DIGESTER TANK. (MI~I 
C TFMAX[!t---TIME OF MAX F.P.(N03t3.39 CONe FOR STAGE I. (MINt 
C TH2MX(Y'---TIME OF MAX H20 CONC. FOR STAGE I. (MINI 
e TH20C---TOTAL MASS FLOW OF H20 IN CONDENSATE RETURNED TO STAGES 
C 1 AND 9. {KG/HR. 
C THNMX(I1---TIME OF MAX HN03 CONC. FOR STAGE 1. (MIN) 
C THN03C---TOTAL MASS FLOW OF HN03 IN CONDENSATE RETURNEe TO STAGES 
CIANO 9. (KG/HR' 
C THETA---EXPOSURE ANGLE FOR FUEL IN ENDS OF FUEL PINS.(RADIANS) 
C TIME---TOTAL. RUN TIME ACCUMULATOR. (MINt 
e TIMMIN---MINIMUM OF (T OR SHETIM. (MINI 
C TK---WIER EQUATION CONSTANT. GYVES FLOW IN LfHR. 
C TMl.TM2---MASS ACCUMULATORS FOR DIGESTER TANKS 1 AND 2. (MINI 
C TMOLD---RUN TIME AT LAST ACID DEFICIENCY PRINT OUT. (MINI 
C TMRFEO---MASS FEED PATE OF SPENT FUEL ,INCLUDING STAINLESS STEEL. 
C (KG/HR) 
C TMRSST---MASS FEED DATE OF STAINLESS STEEL. (KG/HR' 
( TNP---NUMBER OF FUEL PINS IN A STAGE. 
C TOCONlIII,TlCON---TOTAl NITRATE OISSAPPERING FP.O~ PARTICLES. 
C (G-HN03fG-U02~ 

C TOCON2(II,T2CON---TOTAl NIT~ATE CISSAPPERING ~ROM PINS. 
C (G-HN03/G-U021 
C TO(OWU[ I ,TlCOW---TOTAL H2C FOIlMED FOR PARTICLE REACTIONS. 
C (G-H20fG-U02J 
C TOCOW2(II,T2COW---TOTAL H20 FORMED FROM PIN REACTIONS. 
C (G-H20/G-U02' 
C TOl---TOLERANCE BETWEEN ITERATIONS IN MATERIAL BALANCES. 
C. TOPUO---TOTAL PLUTONIUM OUT OVER TOTAL RUN TIME. G 
C TOPUOF---TOTAL PLUTONIUM (DISSOLVED AND UNDISSOLVEDI 
C CUT OF RINSE STAGE.(GJ 
C TOPU01---TOTAL PLUTONIUM OUT OF STAGE 1. G 
C TOTPUI---TOTAL PLUTONIUM FED IN TO STAGE lOVER TOTAL RUN TIME. G 
C TOTSST---TOTAL STAINLESS STEEL COLLECTED IN A STAGE OVER A 



A-9 

C TIME PER.IOD lESS THAN OR EQU~l TO MIN. [GI 
C TOTUI---TOTAl URANIUM fED IN TC STAGE 1 OVER TOTAL RUN TIME.G 
C TOTUQ---TOTAl URANIUM CUT OVER TOTAL RUN TIME. G 
e TOTUOF---TOTAL URANIUM (DISSOLVED ANC UNDISSOLVED) 
C OUT Of RINSE STAGE.{G' 
C TOTUOI---TOTAL URANIUM OUT OF STAGE 1. G 
C TPMAX(It---TIME OF MAX PU(N0314 CONCa FO? STAGE I. (MII\lI 
C TUMAX(II---TIME OF MAX U02(N0312 CONCa FOR STAGE t. (MINI 
C TUPUSI---TOTAL U PLUS PU FED TC STAGE 1 FROM FLAPPER VAlVES.(G' 
C TRCT---TOTAL REVERSE CYCLE TIME. (MINI 
e TTDl,TTD2---TRANSFER TIME ACCUMULATOR fOR DIGESTER 
C TANKS 1 AND 2. (MINI 
C TTRAN---TRANSFER TIME FOR DIGESTER TANK LIQUOR. (MINI 
C UACC---TOTAL U IN DISSOLVER. (G) 
C UALL---TOTAL U OUT PLUS HOLDUP. (GI 
C UAllA---ACTUAL U REMOVED FROM DISSOLVER OVER TOTAL RUN PLUS 
C HOlD-UP.(GI 
C UDIFP---PER CENT DIFFERENCE BETWEEN MASS OF 1I ACTUALLY FED AND 
C THAT ACTUALLY REMOVED AND ACCUMULATED IN THE DISSOLVER.(%I 
C UDLIQ--- TOTAL U INVENTORY IN DRUM.(GI 
C UIN---URANIUM FEED.(G/MIN) 
C UN{I'---CONC. CF U02lN03.Z IN STAGE !. (GRAM/ll 
C UNB(II---CONC. OF U02(N03t2 I~ STAGE I BEFORE TIME T.{GRAM/ll 
C UNK1(II---RATE CO~STA~T fOR THE FORMATION OF U02(N03'2 FROM 
C PARTICLES IN SUSPEN<::JON STAGE I. (GRAMICM**2 MIN' 
C UNKZ(II---RATE CONSTANT FOR THE FORMATION OF U[2(N0312 FROM FUEL 
C PINS? STAGE I. (GRAM/CM**2 MINI 
C DIFFERENT FROM UNKl DUE TO DIFFERENT HN03 CONe IN PIN. 
C UNMAX(I'---MAX CONCa UC2(N0312 IN STAGE I. (GILl 
C UOUTF---URANIUM FLOW OUT WITH FUEL. UNDISSOLVED. (G/MIN) 
C UOUTT---RUNNING TOTAL U OUT OF STAGES 1 AND NS 
C PLUS INVENTORIED IN DRUM. (GI 
C UOUTO---TOTAL URANIUM FLOW OUT. (G/MINI 
C UOUTI---URANIUM FLOW OUT STAGE 1. (G/MINI 
C UOWF---U TRANSFERRED OF OF STAGE NS UNDISSOLVED IN PINS 
C DURING A TIME STEP. (GRAMS' 
C UPART---TOTAL U IN PARTICLES UNDISSOLVED IN DRUM AT END OF RUN.(GI 
C ~PERU3---CONSTANT IN TOTAL URANIUM UNDISSOLVED CALC. 
C ~OLE WEIGHT U/~OLE WEIGHT U02 TIMES ONE. 

C UPERUN---MOLE WEIGHT U/MOLE WT U02(N0312 TYME ONE. 
C UPINS---IOTAL U UNDISSOLVED IN FUEL PINS AT END OF RUN .IGI 
C U30S{II---CONC. OF U02 IN STAGE I. (GRAM/LI 
C U30SB(I'---CONC OF U02 IN STAGE I BEFORE TIME T.(GRAM/L' 
C V(II---TOTAL STAGE VOLUME. (Ll 
C VOl,VD2---VOLUME ACCUMULATORS FOR DIGESTER TANKS 1 AND 2. tLl 
( VFULL---INPUT DIGESTER TANK CAPACITY. BASED ON FILL TJMEITFIlLl 
C AND DISSOLVER PRODUCT FLOWlFL(lJ •• (LI 
C VIB(II---PURE LIQUID VOLUME IN STAGE I AT TIME T-H. L 
C VOLFLO---VOLUME CORRECTION FACTOR BASED ON OIFFERENCES IN INLET AND 
C OUTLET FLOW RATES BETWEEN STAGES. (Ll 
C VO(II---INITIAl OR GEO~ETRIC VClUME OF LIQUID IN STAGE I. (ll 
C WMOlFP---AVERAGE MOLECULAR WEIGHT FISSION PRODUCT OXIDES. 
C WMOLPU---MOLECUlAR WEIGHT PU02. (GRAM/G-MOlEt 
C WMOlU3---MOLECUlAR WEIGHT U02. (GRAM/G-MOLE) 
C WMOLXX---MOLECULAR WEIGHT OF CCMPOUND XX. (G/G-MOLEI 
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C WORKSP(It---SCPATCH A~PAY USED IN PARTICLE DISTRIBUTION CALC. 
C WTfP(I1---WEIGHT OF F.P. REMAINING IN FUEL PINS IN STAGE I.(GRAMS) 
C WTFUELCII---TOTAl WEIG~T OF FUEL REMAINING IN PINS IN STAGE I. (GRAMS) 
C WTPU02(I'---WEIGHT OF PU02 REMAINING IN FUEL PINS IN STAGE r.'G~AMSI 
C WTU308(I.---WEtGHT OF 002 REMAINING IN FUEL PINS IN STAGE I.CGRAMSt 
C XPU---COMBINED MOLE FRACTIONS OF PU02 AND FP. 
C IF---MOLECULAR WEIGHT RATIO OF FISSION PRODUCT NITRATE 
C TO FISSION PRODUCT OXIDE. 
C ZFCON---IF*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 1.0 -- PLOTS 
C ZNOPTP---PARTIClE SIZE DISTRIBUTION PLOT FLAG. 
C 0.0 -- NO PLOTS 
C 1.0 -- PLGTS 
C lNOPT3---CONCENTRATION HISTORY PLOT FLAG. 
C 0.0 -- NO PLOTS. 
C 1.0 -- PLefS 
C ZNOPT7---CONCENTRATION PROFILE PLOT FLAG. 
C 0.0 -- NO PLOTS 
C 1.0 -- PLOTS 
C ZP---MOlECUlAR WEIGHT RATIO OF PUIN03t4 TO PUOZ. 
C ZPCON---ZP*CON 
C ZQTltt---ARRAY CONTAINING: DEXPIH*(-OENOM(II./PLVCI.t. 
C ZU---MOlECUlAR WEIGHT RATIO OF UOZ(N03'Z TO U02. 
C lUCON---ZU*CON. 
C ZlHQTClt---ARRAY CCNTAINI~G l.CO-ZQTC!'. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

BLOCK OATA 
IMPLICIT REAL*8 (A-H,D-Zt 
COMMON/XXI UN(20',PN(20t,HN03(20.,H20(20t,UN8(20"OLD(20t 

$,PNB(ZOt,HN03BCZOI,H20B(20"WTU308(ZO.,WTPUOZC20J.WTFP(20' 
~,WTFUEl(20t,FPNCZOI,FPNB(20'.OENOMC20.,RELIZO.,CRELC2O •• tIMO 

COMMON IXXX/TOl,T,CT,V{20.,VOC20J.CTl,T1,H,PLV(20.,HC, 
!T2,SUHNEG.SU~HNO.SU~NEP,ICP,TCPO,ITSAC 

COMMON/XXXX/B(20 •• U308(ZO',U3C8BC20),PART(ZO.,RATEl(20I, 
$PARTB(ZO',RATEZ(20,.PUOZ(ZO.,PUOZBIZO',FP(20I,FPB(20t, 
~UNKIIZO.,PNKl(20.,FPKl(20"Fl(20.,UNK2(201.PNK2(20t, 
! FP K2 ( 20 • , P (1 0 , 50 I , PI'll 10 , 50 • , NS 

COMMON/XXXXX/RMSC(2,50J,TIME,PINVOl,RHOAVE,TD,XPU,REM,TNP, 
~QPOW,RCON.ACDF.PINOOO.PAROOO 

COMMON/PAR/FREQ(SOI,R(SO',RMMIN(SO',RMMAX(501.PP(lO,50I, 
!RMSC 10.50' • PAPTP(20' ,PM( 50', ATP (50 hOR, PI, RM IN, RMAX. PCONT, 
~FTPIRO.FOURPI.NG 



C 
C 
C 
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COMMON/DIG/DPlUN(Z.ZOO),D P lPN(2,200' 
$,PO(Z.50 •• ATPD(2.50'.PPO(Z.501 
~.DPlH20(Z.ZOO'.DPlHNOI2.Z00).DPLFPN(2.200.,DPLPAR(2.Z00 •• 
!OPlTIMCZOOl.DIGVOlIZ.ZOOt,RUN,TFIll.VFUll,TTRAN,TCIG 
~,PlINC,VDl.V02.TMl,TM2,TFDl,TFD2,TDPlOT,TTDl.TTD2.TDl,T02, 

~DIUN,02UN,DIPN,02PN.DIH2C,D2H20,OlHN03.D2HN03, 

~CIPAP.T,D2PART,OIFPN,02FPN,SUMDl,SUMD2.IPD.MUP[P 

COMMON IT~ANZT/BAKMIX(20t,SSTI20"RHOLIQ(20.,PLVBT(20' 
~,BAKV(20.,SST~SSl20t,DTFlGl,DTFlG2,DTRACT,DUMPT.DENSST 

~,CFUEl,CFINES,SSSCT,FUPIN,OFFTIM,PIHC,TF,FlAPTM, 
$5SSCTH,FINESH,SSTF,FEODNE,FINESF,PINFED,NSMl 

COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
~,DPU02,OFP,CCN,PIN~AS,PPSTG(20"OV(20"RATMF,FEDRaT,ARATIO 
~.PCUPER,PCPPER.UOWF.POWF,PPEPPN,UPERUN 

DATA UN.U30S,PN,PU02.HN03,FP,H20,B,U30BB,PU02B,FPB,UNB,PNB, 
$HN03B,H20B,WTPU02,WTFP,WTU308,OlO,Fl,V,VO,WTFUEl, 
$PART,FPN,FFNB,PlV,P,PB.FREQ,R,RMS,PARTB,DPlUN,DPlPN,DPlH20, 
~DP LHNO,OPlFPN,OPlPAR ,OPl TIM, 01 GVCL, R ~T EltR ATE2 ,UNKl 
~,UNK2,PNKl.P~K2.fPKl.FPK2tREL,CREl,BAKMI~,SST,RHOlIQ, 

$PlVBT,BAKV,DENOM,OV,PPSTG.SSTMSS.PARTP,p~,ATP.PP 

$,PD,ATPD,PPO/6460*0.OOOI 
END 

IMPLICIT REAl*8 (A-H,O-Z' 
DIMENSION DEPTHIIO'.RASSCIOI,AS(201,PlVMIIO' 

~.fO(lO'.VIB(20.,CO(20J.U~MAX(10"PNMAX(10' 
~.FNMAX(lO.,HNMAX(10'.H2MAX(lOI,TUMaX(10"TP~AX{10J 
$,TFMAXIIO.,THNMX(10.,TH2~XIIO"UPA(lOJ,PUPA(10J 

$,C02(101.C03(10' 
REAl*4 PLTIME(200J 
COMMON/DISSPl/PLU30B(lO,2001.PlUN(lO,200J,PlPUD2(lO.2001, 

$PlPNCIO,200J,PLFP(10.200J,PlH20(lO.200J,PlHN03(10,200, 
$,PlFPNCIO.200J,PLPARTIIO.2001,PlWTTCI0,2001.PlSST(10,200. 

COMMON/XXI UN(20.,PNI20 •• HN03120t.H20120 •• UNB(201,OlD(20. 
~,PN8(20'.HN03B(201,H20B(20'.WTU308C20"WTPU02(20'.WTFP(201 
~ ,WTFUEU 20., FPN( 20' ,FPNB 120 J .DENOM( 20J,REll 20. ,CREt( 201, LIMO 

COMMON IXXX/TOL, T ,CT, V 120 J ,VOl 20 "·CT1, Tl.H,PlV (201, HC, 
t12,SUMNEG;SU~HNO,SUMNEP,ICP.ICPO.ITSAC 

COMMON/XXXX/BI20t.U30S120 •• U308B(20J,PARTI20J,RATEIC20I. 
~PARTB(20J,RATE2(20.,PU02(20J,PUQ2B(20'.FP(20',FP8(20', 
~~NKlI20.,PNKlI20J,FPK1{20J,FlI20J,UNK2(20.,PNK2(20J, 

~FPK2{20t.P{lO,50.,PB(lO,50"NS 

COMMON/XXXXX/RMSD(2,50.,TIME,PINVOl,RHOAVE,TD.XPU.RE~.TNP, 

~RPOW.RCQN.ACCF.PINOOO,PAROOO 
COMMON/PERCNT/PCU308.PCPU02,PCFP,SPAREA.DU308 

~.DPU02,OFP.CC~,PINMAS.PPSTG(20'.OV(201.RATMF,FEDRAT.ARATIO 
$,PCUPER,PCPPER,UOWF,POWf,PPERPN.UPERUN 

COM~ON/EXTFED/HN03F(10J,H20F(lC).FlEXT(10'.~CICEF,IAD 
COMMON/CCNSTN/COUNIN.CCPNIN.COFPIN,COUN2N,COPN2N,COFP2N, 

SCOUNIW,COPNIW,COFPIW,COUN2W,COPN2W.COFP2w 
COMMON/WTMCLE/WMOLU3,W~OlPU,W~QlFP.WMOLUN,WMOLPN,WMOlFN, 

~~MOlH2,WMOlHN.AVEMOL.JJPART.MMUN,NNPN,NNFP,MMHN.IIH2 

COMMQN/PAR/FREQ(50'.R(50'.RMMIN(50ttRM~AX(50J.PP(lO.50J, 
~RMS(10,50t,P~RTP(20t.PM(50,,~TP(50J.OR,PI.RMIN.RM~X,PCONT, 



c 
C 
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~fTP!PO,FOURPt.NG 

CCM~ON/SOLIDS/fINES,RW~STE.HDR,CUBE,~RW,NRWMl,NGPNRW,NGMI 
$,NRWM2 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCDN,ZQTtlOJ,ZlMQT(lOt 
~.PCU3ZU,PCPUZP,PCFPZF.CUINU3,CPINPU,CF1NFP,CUIWU3. 
~CP1WPU.CFIWFP,CU2NU3,CP2~PU.CF2Nfo,CU2WU3 
~,CP2WPU,Cf2WfP,TICON.TICOW,T2CON,T2COW,BW,BWC,BN,BNC 
$,E03,F03,TOCONIIIOJ,TOCOW1(lOJ,TQCONZ(lOJ,TOCOWZ(lOI 

COMMON/OIG/DPlUNI2,200t,DPlPNIZ, 200. 
$,PO(2.501.ATPD(2,50I,PPDt2,501 
!,DPlH20(2.200l,OPlHNO(2.Z001.0PlFPNI2,2001,DPlPAR(2,2001, 
!DPlTtM(200l,OIGVOl(2,200I,RUN.TFIlL,VFUll,TTRAN,TC!G 
$,PlINC,VOl.V02,TM1,TM2,TFD1,TFD2,TDPlOT,TTD1,TTD2,TOl,T02, 
!DIUN,02UN,DIPN,D2PN,OlH20,DZ~ZO,CIHN03,DZHN03, 

$OlPART,DZOART,DIFPN.D2FPN,SUMD1.SUMD2,IPO,MUPIP 
CQMMON ITRANZT/BAKMIX(ZO),SST(20t,RHOlIQI20l.PLVBT(201 

~ .B AK V (201 • SST /'ISS (201 • DTFlGl. OT F l G2, OTR ACT, DUMP,., DENS ST 
~tCFUEl,CFINES,SSSCT,FUPIN,OFFTIM,PIHC,TF.fl~PTM, 

$5SSCTH.FINESH,SSTf,FEDONE,FINESF,PINFED,NSMl 
COMMON/SUMS/SUMFLP.SUMFlF,SUMFIN.SUMPIN,SUMFOU,SUMPOU 

C HALF TONNE-A-DbY DISSOLVER 
C 
C 
C 
C 
C 
C FUEL CHAR~TERJSTICS ANC CONSTANTS ••• 
C FFTF TYPE 3.1 FUEl I S ASSUMED ••• 
r ~WASTE TAKEN FROM NUCLEAR FUEL DISSOLUTIClN AND RINSING USING A 
C CONTINUOUS ROTARY DISSOLVER, HOLLANO,RISER,HEIMDAl,AND 
C GRCENIER, ORNL/TM-5566. 
C 
C 

REAO(5,1330ISIZE.PIN.PINlEN,RHCAVE,SPARE~,RWASTE 

1330 FORMAT(6(DIO.4,lXJI 

C 
C 

PI=4.DO*DATANll.ODOI 
PJNVOL=PJ*PIN*PIN*PINLEN/4.DO 
PINMAS=RHOAVE*PYNVOl 

C FRACTIONAL FUEL COMPOSITION: 
C WEIGHT FRACTIONS 
C ~OlE FRACTIONS 
C 

READ( 5, 1330 I PCU308. PC PU02. PCF?, FRMCU 3, FR MOPU. F RMOFP 
C 
C COMPONENT DENSITIES AND 
C FLOW EQUATION CONSTANTS ••• 
r FROM CRNLlTM-7490. A MATHE~ATlCAl MODEL FOR l I QUID FLOW TRANS! HITS TN 
C ~ ROTARY DISSOLVER. LEWIS AND WEBER 
C 

C 

REAO(5.1330) DU308,OPU02.0FP,DENSST,TK,PQW 
REPOW=l.DO/POW 
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c 
C PER CENT THEORITICAl fUEL DENSITY 
C COM8INED FISSION PROD ~OlE fRACTION WITH PUDl ••• 

C 
C 

XPU=FRMOPU.FRMCFP 
REM=l.DO-XPU 
TO=IRHOAVE*lOO.DOt/IXPu*DPU02~REM*DU30B' 

C ZERO MAXIMUM DETECTORS.ETC. 
C 

00 280 K=l.lO 
TOCONl (K.=O.ODO 
TOCOWI (KI=O.OOO 
TOCON2(KI=0.ODO 
TOCOW2(KI=O.OOO 
UNMAXIKt=O.ODO 
PNMAX(KJ=O.ODO 
FNMAXIKI=O.OOO 
HNMAX(KI=O.ODO 
H2MAX (KI =0.000 
TUMAX(K'=O.OOO 
TPMAX(K'=O.OOO 
iF M AX ( K I = 0 • 0 DO 
THNMX (K I =0. 000 
TH2MX(KI=O.OOO 

280 CONTINUE 
C 
C ZERO COUNTERS AND ACCUMULATORS ••• 
C 

FFI=O.ODO 
TOTU01=O.ODO 
TOTUOF=O.OOO 
TOPUOl=O.ODO 
TO?UOF=O.ODO 
TOTUI=O.DOO 
TOTPUI=O.ODO 
ETOTUF=O.ODO 
ETOTPF=O.ODO 
PRT=O.ODO 
IOX=O 
IAD=O 
PL"'M=O.OOO 
T=O.OOO 
Tl=O.OOO 
T2=0.ODO 
TIME=O.ODO 
DISTM=O.OOO 
DIGPAR=O.OOO 
DTFlGl=O.ODO 
ICP=O 
IC PO=O 
FEOTIM=O.ODO 
OFFTtM=O.OOO 
SUMNEG=O.OOO 
SUMHNO=O.ODO 
SUMFlP=O.ODO 



C 
C 

SU~FLF=O.ODO 

SU~PLV=O.ODO 
SUMNEP=O.ODO 
SU~FIN=O.ODO 
SUMPIN=O.ODO 
SU~FOU=O.ODO 
SUMPOU=O.ODO 
SUMD1=0.ODO 
SUMD2=0.ODO 
TMIJLO=O.ODO 
TF=O.OOO 
SSTF=O.OOO 
F EDONE =0.000 
FINESF=O.ODO 
PINFED=O.ODO 
DIUN=O.ODO 
D2UN=O.ODO 
DIPN=O.ODO 
D2PN=O.ODO 
DIH20=O.ODO 
D2H20=O.ODO 
DIHN03=O.ODO 
D2HN03=O.ODO 
DIPART=O.ODO 
D2PART=O.ODO 
DIFPN=O.ODO 
D2FPN=0.ODO 
PCONT=O.ODO 
ITSAC=O 
JJPART=O 
MMUN=O 
NNPN=O 
NNFP=O 
MMHN=O 
IIH2=O 
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C MOLECULAR WEIGHTS 
C 

C 
C 

WMCLU3=270.05DO 
WMOLU=238.04DO 
WMOLP=239.172DO 
WMOLPU=271.11DO 
W~CLFP=135.34DO 

WMOLUN=394.02DO 
WMOLPN=487.21DO 
WMOlFN=328.22DO 
WMOLH2=18.02DO 
WMCLHN=63.02DO 
AVEMOL=PCU308*WMOLU3+PCPU02*WMOLPU+PCFP*WMOLFP 

C ACID CONe CORRECTION FACTOR (ACOFI DUE TO DIFFERENCES IN 
C ACID CONC IN FUEL PINS AND BULK. 
C PRINT OUT AND RUN TIME CONSTANTS. 
C 



C 
C 

C 
C 
C 
C 

1350 

1360 

:5 
C 
C 
C 
C 

1365 

C 
C 
C 

1315 

210 
C 
C 
C 
C 
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REAO(5.1330'~COF.PRTTIM,HC,~UN.PRINC.PRD1ST 
~EAD(5.13701 ALIMO,AKSTOP,AMIN~R.CTI 

LI MO=A 1I MIJ 
KSTOP=AKSTOP 
PIHC=AflI NFR*HC 
H=HC 
MUM=RUN/PRINC 
PLINC=PRINC-l.0D-4 

DISSOLVER CHARATERISTICS 

REAo(5,13701 TEMP.RPM.CREVS.FL~PTM 
FORMAT(3(010.4,lXl' 
DUMPT=OREVS/RPM 
DTRACT=I.00/oUMPT 
REAO(5.1360)(VO(IJ,I=I.51 
FORMAT(5(010.4.1X)) 
REAO(5.1360)'VO(I),I=6,lO) 
REAO(S,1360'(VOCII,I=11,IS' 
REAo(S.1360'(VQ(I •• !=16,20' 
DO 35 1=1.20 
BAKMIXn 1=0.000 
AS(U=O.ODO 
CONTINUE 

NO INTERUPTIONS IN LIQUID FLOW ARE EXPERIENCED DURING REVERSE 
ROTATION. THE ACTUAL f<EVERSE IS ASSUMED TO BE INSTANTANIOUS. 

REAO(S.13651 TRCT,eASECT,OIA,STGLEN.AAANS 
FORMAT(S(OI0.4.1XII 
NS=AAANS 
NSMl=NS-l 
CT=BASECT4-TRCT 

~AXIMUM LIQUID DEPTHS. 

~EAO(5,136QJ(OEPTH(I'.I=1,5J 

READ(5.13601(OEPTH(J',I=6,lO' 
REAO(S.137S. ANGLE 
FORMAT( 010.4' 
~N=ANGLE*PI/1.8D2 
QO=STGlEN*DSIN(ANt/OCOSCANt 
ACTLEN=STGLEN/DCO~(ANt 
0(' 210 K=l.NS 
QA=OSQRT(4.00*oEPTH'KI*(OIA-OEPTH(K"1 
SAll=OEPTH(KI-QO 
QB=OSQRT(4.00*SAll*(OIA-SAllll 
AS(Kt=.500*(QA+QSI*ACTLEN 
CONTINUE 

*** ZE~O ARRAYS *** 



DO 16 Jl=l,lO 
PLVM( J 11 =0.000 
lQrlJl '=0.000 
llMQT( JU±O.OOO 
FOt JU =0.000 
FLE XT( Jll =0. 000 
HZOF( JlI=O.ODO 
HN03F ( Jl1 =0. 000 

DO 16 J2=1,ZOO 
PlTIME(J2t=0.O 
PlU308(Jl.J2)=0.ODO 
PLUN(Jl.~ZI=O.ODO 
PLPU02(Jl.JZI=0.000 
PLPN( Jl, nl =0. 000 
PlFP(Jl,J2'=0.OOO 
PLHN03(Jl,JZJ=O.OOO 
PlH20(Jl.J2'=O.ODO 
PLFPN(Jl.J2J=0.ODO 
PlPART(Jl;J21=O.ODO 
PLWTT(Jl,~ZI=O.OOO 

PLSSTlJl.JZ'=O.ODO 
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16 CONTINUE 
C 
C EXTERNAL FEED STREAM FLOWS •• 
C FROM BECTAL FLOW SHEETS FOR HEF 4118180. DRAWING # 5Z-B-Z03 
C (FLOWSHEET DENSITIES HAVE BEEN USED BUT GADOLINUM NITRATE 
C HAS BEEN EXCLUDED FROM MASS FLeW RATES.I 
C 

READ(S,1310IDENl.CDEN8,DE~9.DENlO 
1370 FORMAT(4(DI0.4,lXI' 

DEN8=CDEf\8 
READ(S.1370' TH20C,THNC3C,FCSTGl,FCSTG9 
H20Ml=TH20C*FCSTGl 
HN03Ml=THNG3C*FCSTGl 
H20M9=TH20C*FCSTG9 
HN03M9=THN03C*FCSTG9 
TFl=H20Ml+HN03Ml 
TF9=H 20M9+HN')3M9 
REAO(S,1370) CH20M8,CHNOM8.H20MI0.HNOMIO 
H20M8=CH20M8 
HN03M8=CHNCM8 
TF8=H20MS"HN03M8 
TF IO=H20MIO+HNOMIO 
THOVSX=lOOO.DO/60.DO 
OfLUTl:TF1*THOVSX/DENl 
OILUT9=TF9*THOVSX/DE~9 

FLEXT(8'=TF8*THOVSX/DEN8 
FLE XT ( 1I =0 I Lun 
FLE XT ( 91 =0 lLUT9 
F10=TFIO*THOVSXIDEN10 
F9=F10"FLEXT( 91 
F2=F9"FlEXT(81 
Fl=F2 .. FLEXTt l' 
DO 185 K=2.NSMl 

185 FO(KI='I=2 
FOClI=Fl 



C 

FO(9'::F9 
FO(lOI=FIO 
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C INITIALIZAT!ON OF BACKMIXTNG CARRYOVER ON HULLS. 
C 

REAO(5.1360'{BAKMIX(I'.I=1.5' 
REAOI5,1360'(BAKMtX(I'.I=6.101 
REAO{ 5, 1360) (8AKMIX( I) ,I=1l.15) 
REAO(S,1360.{BAKMIX(I •• J=16.201 
DO 20 J=1.20 

20 FUJI=F2 

c 
c 

I=L( 1) =1= 1 
FU 9' :F9 
FU 101 =FIO 

C INITIAL STAGE CONCENTRATIONS •••• 
G 
C 

H20FI8'=OENS*H20MSfTF6 
HN03F(SI:DENS*HN03MBfTFB 
IF(TFl.LE.O.ODOI GOTO 4000 
H20F(1)=OENl*H20Ml/TFl 
HN03FIlI=OEN1*HN03Ml/TFl 
GeTO 4010 

4000 H20F(11=O.OOO 
HN031=( 11=0.000 

4010 IF(TF9.lE.0.000J GOTO 4050 
H20F(9t=DEN9*H20M9fTF9 
HN03F(91=DEN9*HN03M9/TF9 
GOTO 4060 

4050 H20F(9)=0.OOO 
HN03F (91 =0.000 

4060 IFITFIO.LE.O.ODO' GOTD 4030 
HN03(101=DENI0*HNCMIOfTF10 
H20{lO'=OENIO*H2C~10fTFIO 
GOTO 4040 

4030 H20(lOJ=0.ODO 
HN03{101=0.ODO 

4040 HN03BIIO,=HN03(10' 
H20BII0'=H201101 
HN03(9'=(HN03110,*FlCIOI.HN03F(9,*FLEXT(911/FlC9, 
HN038(9,=HN03t9J 
H20{9.=(H20(lO.*FL(lOI+H20F(91*FLEXT(9Il/Fl(91 
H20B(91=H20(91 
HN03(81=(HN03(9l*FLI9'.HN03F(BJ*FLEXT{81./FL(8' 
HN03B(8J=HN03(8) 
H20(BJ=(H20{9J*FL(9J+H20F(BI*FLEXT(8»/FL(81 
H20B(81=H20(BJ 
00 10 K=2.1 
HN03(KI=HNC3(8' 
H20(KI=H20(BI 

10 CONTINUE 
HN03 (1. = (HN03 (2' *FL( 21 +HN03F (1 ,*FL EXT{ 11 IIFL n I 
HN03B(1'=HN03(11 
H20(1'=(H2CF(1'*fLEXTCll+H20(21*FL(2lI/FL(ll 
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H20Bl l'=H2C( 11 
C 
C REDUCED ACID FLOW PARAMATEPS. 
C 

REAOIS,1370'SDEN8,SH20~8,SHNOM8,SLOTLM 

C 
C DIGESTER TANK VARIABLES 
C 

C 

IPD=O 
VD1=O.ODO 
VD2=O.OOO 
TM1=0.000 
TM2=0.000 
TFD1=O.ODO 

REAOIS.13S01 TFIlL.TTRAN,TDIG 
VFUll=TFILL*FLll' 
TFD2=0.000 
TOPLOT=O.ODO 
TDl=O.ODO 
T02=0.ODO 
TTD1=O.000 
TTD2=O.ODO 

C INITIAL REACTION RArES 
C REACTION RATE FOR U30e AS FUNCTION OF HN03 CONC AND TD 
C BASED ON U02 REACTION RATE ••••• ?????? ••••• 
C 
C 
C 
C 
C REACTION RATE FOR PU02 AS FUNCTION OF HN03 CONC AND TO 
C ASSUMES NO FLUORINE IN DISSOLVER. 
C FROM A REPORT BY RAINEY AND URIARTE PUBLISHED IN 1965. 
C 
C 
C 
C 
C 

REAO(S,13701 ACIDEF,RFACT,AFIAT,AFRAT 
ACID=HN03(11/WMOLHN 
RPOW=2.DO+2.DO*XPU 
RCON=«S.D3*DEXP((-.27Dot*TDt'**XPUI* 

! « 4. 8D2*OEXP{ (-.0911*TOI '**RPH 
RATMF=RFACT*RCON 

DO 220 K=1, NS 
RATE2(KI=RATMF*(ACIO*ACDF'**RPOW 
RATE1CK,-RATMF*ACID**RPOW 
UNKlIKI=PCU30a*RATE1IKI 
PNK1(KI=PCPUCZ*RATEICK' 
FPKlIK,=PCFP*RATEl(KI 
UNK2(KI=PCU30e*RATE2(K' 
PNK2(K,=PCPUCZ*RATE2(K) 
FPKZ(Kt=PCFP*RATE2(KI 

220 CONTINUE 
C 
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t SOLID fLOWS AND QUANTITIES 
C HULLS,SHROUDS,AND WIRES VOLUMES ••• 
C 

REAO(S,13?Ol TM~FED.TMRSST,BATTIM,SHETIM 
~NOVOX=BATTIM/SHETIM 

FFTIME=SHETIM/8ATTIM 
ANFTIM=BATTIM-SHETIM 
AFOAS=SHETIM-AFRAT 
AFOAN=ANFTI~-AFIAT 

FEDRAT=(TMRFED-TMRSST'*THOVSX*ANOVOX 
TI MMI N=SHETI M 
IFlSHETIM.GT.CTITIMMJN=CT 
IF(SHETI~.LT.CT. GOTD 1740 
GOTD 1150 

1740 ANIFS=CT/8ATTIM 
INIFS=ANIFS 
BEEOIF=ANTFS-INIFS 
TMlEFT=BEEDIF*BATTIM 
TIMMIN=SHETIM*INIFS·TMLEFT 
IFISHETIM.lT.TMLEFT.TIMMIN=SHETIM*INIFS+SHETIM 

1750 CONTI NUE 
FUELWT=TIMMIN*FEORAT 
TNP=FUELWT/PINMAS 
TOTS5T=TMPSST*THOVSX*TIMMIN*ANOVCX 
SSTVOL=TOTSST/OENSST 
READ(S,1330) FFINES,RMIN.RM~X,OP,TDl.AAANG 
NG=AAANG 
CFINES=FFINES*FEDRAT 
FINES=CFINES 
FUEL=(1.DO-FFINESI*FEDRAT 
READ(5.13701 CDNREl,FEANG.PINOOO,PAROOO 
READ( 5,1360' ZNOPTA.ZNOPTD, ZNOPTP,ZNOPT3, ZNOPT7 

DO 195 J=l,NS 
REU J I =C CNREL 
CRELIJ'=CCNREL/TNP 

195 CONTINUE 
C 
C PARTICLE SIZE DIST~IBUTION INITIALIZATION. 
C 

C 
C 

CALL FREQUE 

C INITIAL AVERAGE PAPTICLE DIAMETER(DPI, USED IN CO~STANTS HEREAFTEQ. 
C FROM FFTF FUEL SPECS AND PHOTO OF RESIDUES •• 
C 
C 
C 
C CONSTANTS 
C 
C 

IF(RWASTE.GT.RMAX' GOTO 2200 
GOTO 2300 

2200 WRITE(12,24001 
WRITE (13,2400' 
WRITE(6,2400' 

2400 FORMAT(//' DEFAULT RWASTE EQUAL TO RMAX ••• ·/ 
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~, DATA FILE ENTRY OUT OF RANGE •• 'I' RWASTE = R~AX'I 
2300 NRW=(RWASTE-RMIN./OR 

NI<WM1=NRW-l 
NRWM2=NRW-2 
NGPNRW=NG+ ~RW 
NGM1=NG-l 
CUBE=1.DO/3.DO 
UPERU3=1.DO*WMOLU/WMOlU3 
PPERPU=WMOLP/WMOLPU 
LPERUN=WMOlU/WMOlUN 
PPERPN=WMOLP/WMOLPN 
THETA=FEANG*PI/180.DO 
CON=PIN*PIN*PI/(OSINITHETAII 
ZU=1.DO*W~OLUN/WMCLU3 

ZUCON-ZU*CeN 
ZP=WMOLPN/W~OLPU 

ZPCON=ZP*CON 
ZF=WMOlF~/W~OLFP 

ZFCON-ZF*CCN 
BW=WMOLH2/~MOlU3 

ewe-CON*aw 
BN=WMOlHt\/WMOLU3 
8NC=CON*BN 
E03=8.DO/3.DO 
F03=4.DO/3.00 
COPNIN=4.DO*WMOlHN/wMOLPU 
COfPIN=2.355200*WMOlHN/WMOLFP 
COPN2N=4.DO*CON*WMOLHN/WMOLPU 
COFP2N=2.355200*CCN*WMCLHN/WMOLFP 
COPNIW=2.DO*WMOLH2/WMOlPU 
COFPIW=1.1776DO*WMOLH2/WMOLFP 
COPN2W=2.DO*CON*WMOlH2/WMOlPU 
COFP2W=1.171600*CON*WMClH2/wMOLFP 
PCU3ZU=PCU30a*zu 
PCPUZP=PCPUC2*ZP 
PCFPZF=PCFP*ZF 
CPINPU=COPNIN*PCPU02 
CFINFP=COFP1N*PCFP 
CPIWPU=CCPNIW*PCPU02 
CFIWFP=COFP1W*PCFP 
CP2NPU=CQPN2N*PCPU02 
CF2NFP=COFP2N*PCFP 
CP2WPU=CCPN2W*PCPU02 
CF2WFP-CCFP2W*PCFP 
TICO~=CPINPU+CFINFP 
TICOW=CPIWPU+CFIWFP 
T2CON=CP2NPU~CF2NFP 

T2COW=CP2WPU+CF2WFP 
00 300 JJ=l.tO 
lOCONI(JJ'=TICON 
TOCON2(JJI=T2CON 
TOCOW1(JJI=TIcaw 
TOCOW2IJJI=T2COW 

300 CONTI NUE 
PCUPEP-PCU30a*UPERU3 
PCPPER=PCPU02*PPERPU 



ARATIO=SPAREA*1.C-4 
DO 190 K=l,NS 
RASS(KI=1.03/AS(KI 

190 CONTI NUE 
ROATT=RHOAVE*1.D3 
SSSCT=SSTVOl/TIMMIN 
025C1=1.001200 
C25C2=O.311700/W~OLUN 

025C3=O.2200/WMOLPN 
D25C4=O.0309600/WMOtHN 
RHOC1=1.0125DO*1.D3 
RHOC2=1.45D-4*TEMP*1.D3 
RHOC3=5.D-4*TEMP*1.D3 
RHOC4=3.60-3*1.D3 
UFEEDC=FEDRAT*PCUPER 
PFEEOC=FEDRAT*PCPPER 
FOURPI=4.DO*PI 
FTPIRO=FOURPI*RHOAVE/3.DO 

c 
C DENSITY INITIALIZATION 
C 
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DO 45 I=l,NS 
VIB(I'=VO(II+ASCI'*«FL(It/TKI**REPCW'/1.03 
CO(II=UN(II+PNCII.FPN(II.H20{II+HN03(II 
COMA=CO(II*VIB(I./l.003 

. 025=COMII-{o25C2*UN(J '''025C3*PN( I "'025C4*HNOJ (I t t*VIB( I I 
025=COMA*025CI/025 
RHOLIQ(I'=RHOC1*02S+RHCC2-RHOC3*D25-RHOC4 
PLV(JI=CO(II*VfBCII/RHGLIQ(II 
VI8CI !=PLVClI 
V(II=PlVUI 

45 CONTI"JUE 
C 
C 8ACKMIX VOLUME INITIALIZATION. 
C 

00 225 J=l,NS 
BMCON=BAKMIX(J.*TCTSST 

225 8AKV{J'=8~CCN/RHOLIQ(j' 

C 
C INITIAL CALC FOR ~ElEASE RATE OUTPUT. 
e 

c 
c 

ll=H 
WTFUEL (1 '=FUElWT 
CALL RHEAS 
Tl=O. 000 
~TFUEL(l'=O.OOO 

C DATA OUTPUT 
C 
C 

WR I TE ( 12 t 1000) PCU308 t OU308, WMCLU3 t PCPUO 2, DP UO 2. Wt.40L PU, PCF P, 
$ OF P, WMOLI= P 

wRITEI13,lOOO' PCU308,DV30B,WMCLU3,PCPU02,DPU02,WMOLPU,PCFP, 
$ OF P, W 1'-10 L F P 

WRITE(6,lOOOt PCU308,DU308,WMOLU3,PCPU02,OPU02,WMOLPU,PCFP, 
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~ OF P, WMOLFP 
1000 FORMATI' ',21X,'SPENT FUEL DATA'" COMPONENT',5X,'I.JEIGHT FRAC', 

$ • T ION' , 5 X, t DENS I TY' • 5X, ' ~OL EWE I GHT' 13 5X, I {G/C C I ' , 7X, ' (G IG-M OL E I ' I 
$3X,'UOZ ',10X,~lO.4,7X,F10.6,4X,FIO.4/3X,'PUOZ',10X,FIO.4,1X, 
!F10.6,4X,FIO.4/3X,'F.P.',10X,FIO.4,7X,FIO.6,4X,FIC.4t 

WRITEI12,1020t RHOAVE,OP,TNP,PIN,PtNLEN,SPAREA,FFINES,CONREL 
WRITEI13,lOZO' RHOAVE,DP,TNP,PIN,PINLEN,SPAREA,FFINES,CONREL 
WRITE(6.1020) RHOAVE,DP,TNP,PIN,PINLEN,SPAREA.fFINES,CONREL 

1020 FORMAT!/' AVERAGE FUEL DENSITY =',2X,F10.6,2X, 
~'G'CC'" tlVERAGE DIAMETER OF PARTICULATE:',2X,FlO.6, 
~2X,'CM'" TOTAL # fUEL PINS=',ZX,FIO.2/' DIAMETER OF FUEL', 
~, PELLET=',2X,F10.4,2X,'CM'/' LENGTH OF FUEL PIN=',2X, 
~f10.4,2X,'CM'1 
$' RATIO OF ACTUAL SURFACE AREA TO GEOMETRIC AREA=',2X, 
$1P014.5" FRACTION OF FUEL AS FINES:', 
$2X,lPD12.3" FULL STAGE PARTICLE RELEASE RATE=', 
~2X,lPD14.5,ZX,'G/MIN't 

WRITEI1Z,lOlOt TMRSST,SIZE,FEDRAT,FL(1"HN03(11,HZO(1.,~HOLIQ(11 
$,TK,POW,SlOTlM 

WR I TE ( 13 ,1010 t TMR SST, SI IE ,FE DRAT, FL (lit HN03 ( 1 I, H20( it, RHO LIQ ( 11 
!,TK,POW,SlOTLM 

WRI TE (6,10101 TMRSST, SHE, FEORAT, FU 11 ,HN03( 11 ,H20( II, RHOL IQ( I) 
o;,TK,POW,SLOTLM 

lelO FORMAT(' TOTAL MASS FEED RATE CF STAINLESS STEEL=' 
~,2X,F12.2,2X,'KG/HR'IIIX,FIO.4,2X.· TCNNE-A-DAY THROUGHPUT'I 
~, FUEL FEED RATE=·,2X,F10.4,ZX,'G/MIN'//' LIQUID I 
~,'FLOW STG 1=',2X,FIO.4,2X,'L/MJN'/' LIQUID FEED COMPo STG 1 :'/ 
~13X,'HN03',4X,I---·t4X,F8.Z,2x,tGRAM/L'/13X,'H20',5X,'---',4X, 

$F8.2,2X,'GRA~/L·I' INITIAL DENSITY OF DISSOLVER LIQUID STG 1=', 
$2X,FIZ.4,ZX,'G/L'I' COEFFICIENT OF WEIR flOW EQUATJON=',ZX, 
~lPD14.4/' EXPONENT OF WEIR FLOW EQUATION=' ,2X,lP014.41 
~, LIMITING HEIGHT OVEP WEIR (SLOT SIIE'=',2X,lPD15.4, 
~ 2X,' C M' I 

WRITE(12,1030' V(11,NS~1,V(Z.,NS,V(9),NS,H 

WRITE(13,10301 V(1',NSMI,V(ZI,NS,V(9J,NS,H 
wR I TE ( (, , 1 030 I V, 1 J ,N S M 1, V ( 2 I , N S, V ( 9 I ,N S, H 

1030 FORMAT(II' STAGE', 
$' 1 INITIAL VOlUME=',2X,FIO.2,2X,'l'/' STAGES Z-',12, 
~t INITIAL VOlUME=',2X,FIO.Z,ZX,'l'/' STAGE',IZ, 
~. INITIAL VOLUME=',2X,F10.2,ZX,'L'1 
$' ~UMBER OF STAGES=',2X,I2/' MAXIMUM TIME INCREMENT=' 
S,ZX,FIO.6,2X,''''IN'I 

WRI TE (12,10401 UNKl( 1 I ,UNK2( it ,PNKl( lI,PNK2( 11 ,FPK 111 I ,FPKZ( 1) 

WP 1 TE ( 13,1040) UNt< 111 J ,UNKZ( 11 ,PNKI ( U ,PNK2 ( lf ,FPK l( 11 , FPK 2( U 
wRITE(6,1040' UNK1(ll,UNK2(11,PNK1(lt,PNK2(1',FPKllll,FPK2(11 

1040 FORMAT(1114X,' INITIAL REACTION RATE CONSTANTS'" COMPONENT',5X, 
$' PARTICULATE RATE',5X,' PIN RATE'I' FORMED',11X, 
~"G'MIN-CM**2I',5X,'IG/MIN-CM**21'1I' UD2(N0312' ,lOX, 
~lPD12.5,5X,lPDIZ.5/' PUlN03.4',lOX,1PCIZ.5,5X,lPDIZ.51 
S' F.P. NIT.',10X.IPDIZ.5,5X,lPD12.51 

Wi< I TE ( 12,1060 I PC CN, RPO \\, T D, T E~ P, RWAS TE, R Ml N, RM AX, N G, FLAP TM 
WR ITE ( 13,10601 RC eN, RPO\<l, TO, TEMP, RWASTE ,RMI N, RM AX,NG, FL APTM 
WRITE(6,1060IRCCN,RPOW,TO,TEMP,RWASTE,RMIN,RMAX,NG,FLAPTM 

1060 FORMAT( I' REACTION RAT E CONSTANT;' ,2X, IPDI2. 5. 2X, 
~·IG~AM/(CM**Z*MIN*(MOl/LI**(2.2*XPU"'/' REACTION RATE EXPONENT;', 
$2X,lPD12.5I' PERCENT TH=CRITICAL OENSITY=',ZX, 
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~2PD12.4/' INITIAL TEMPER~TURE=',2X,3PD12.3,2X, 'DEG C'I 
$' MINIMUM PARTICLE DIAMETER TRANSFERING WITH FUEL PINS=', 
$2X,lPD14.4,2X,'MICRON'1 
~, ~INIMUM PARTICLE SIZE IN DISTRIBUTION=' 
~,2X,lPD14.4,2X,'MICRON'1 

$' ~AXIMUM PARTICLE SIZE IN DISTRIBUTION=' 
~,2X,lPD14.4,2X,'MICRON'I' TOTAL # OF PARTICLE SIZE GROUPS=' 
~,2X.I4/' FLAPPER VALVE CYCLE TIME=',2X,lPDIO.4.2X,'MIN' I 

WRITE(12,1050IRUN,CT1,NS,CT,TRCT,RPM,SHETIM,ANFTIM 
WRITE(13,1050tRUN,CTl,NS,CT,TRCT,RPM.SHETIM,ANFTIM 
WRITE(6,l050tRUN.C Tl.NS,CT,TRCT,RPM,SHETIM,ANFTIM 

1050 FORMAT(!I' TOTAL RUN TIME=',2X,FIO.2,2X, 'MIN'I 
~, CYCLE TIME STG 1=',2X,F10.2,2X,'MIN'I' STAGES 2-',12, 
~, CYCLE TJME=',2X,F10.2,2X,'MIN'I' REVERSE CYCLE TIME', 
~2X,F10.2,2X,'MIN'I' RATE OF ROTATION=', 
$2X,F10.2,2X,'RPM'I' FEED TIME FROM SHEAR=', 
~2X,lPD15.4,2X,'MIN'I' ZERO FEED TIME=', 
$2X,lPD15.4,2X,'MIN'1 

WRITE(12,1410t ACIDEF,RFACT,AFIAT,AFRAT,SDEN8,SH20M8,SHNOM8 
WRITE( 13,1410) ACIOEF,RF.ACT,AFIAT,AFRAT, SDEN8, SH20M8,SHNOM8 
WRITE(6,1410t ACIDEF,RFACT,AFIAT,AFRAT,$DEN8,SH20M8,SHNOM8 

1410 FORMAT(II' ACID DEFICIENT CONCENTRATION FLAG='.2X, 
~lPD15.4,2X,'G-HN03/L'/f RE~CTION RATE MULTIPLICATION FACTOR=', 
$2X,lPD15.411' ACID FEED RATE INCREASE ~NTICIPATION TIME=', 
$2X,lPD15.4,2X,'MIN'1 
~'ACID FEED RATE REDUCTICN ANTICIPATION TIME:', 
$2X,lPD15.4,2X,'MJN'I' RECUCEO ACID FEED RATE DENSITV=', 
$2X,lP015.4,2X,'G/L'I' RECUCED ~CID FEED H20 FLOW=',2X, 
$lPD15.4,2X,'KG/HR'I' REDUCED ACIe FEED HN03 FLOW=',2X, 
~lPD15.4.2X,'KG/HR't 

WRITE(12,2020IHN03M8,HN03F(81,H20M8,H20F(81,DEN8,TF8,HN03Ml, 
$HN03F(ll,H20~l,H20F(ll,DENl,TFl,HN03M9,HN03F(9I,H20M9,H20F(91, 

$OEN9,TF9,HNO~10,HN03F(10l,H20MIO,H20(101,DENIO,TFIO 

WRITE(13,2020IHN03M8,HN03F(8t,H20M8,H20F(8I,DEN8,TF8,HN03Ml, 
$HN03F(1I,H20Ml,H20F(11,DENl,TFl,HN03M9,HN03F(9I,H20M9,H20F(9I, 
$CEN9,TF9,H~O~lO,HN03F(10t,H20MIO,H20(10l,DENIO,TFIO 

WRITEI6,2020IHN03M8,HNC3FI81,H20M8,H20F(8I,DEN8,TF8,HN03Ml, 
$HN03F(1I,H20~l,H20F(11,DENl,TFl,HN03M9,HND3F(9I,H20M9,H20F(91, 

$CEN9,TF9,HNO~10,HN03F(10"H20MIO,H20(101,DENIO,TFIO 

2020 FORMATIIIIX,20X,' EXTERNAL FEED STREAMS MASS FLOW RATES' 
$IIIX,10X,'COMPONENT',14X,'DENSITY (GILI',7X,'FLOW (KG/HR" 
$,4X,'CONCENTRATION (G/U'I' FEED HN03 TO STAGE 8',31X,FIO.2,8X 
~,FIO.2/' FEED H20 TO STAGE 8',32X,F10.2,8X,FIO.21 
$' TOTAL FEED TO STAGE 8',11X,FIO.2,9X,FIO.211 
~, CONDENSATE HN03 TO STAGE l',25X,FIO.2,8X,F10.21 
~, CONDENSATE H20 TO STAGE l',26X,F10.2,8X,FIO.21 
$' TOTAL CONDENSATE TO ST~GE l',5X,F10.2,9X,FIO.211 
~, CONDENSATE HN03 Te STAGE 9',25X,FIO.2,8X,FIO.21 
$' CONDENSATE H20 TO STAGE 9',26X,FIO.2,8X,F10.21 
$' TOTAL CONDENSATE TO ST~GE 9',5x,nO.2,9X,F10.211 
$' RINSE HN03 TO STAGE 9',30X,F10.2,8X,F10.21 
$' RINSE H20 TO STAGE 9',31X,F10.2,8X,F10.21 
$' TOTAL RI~SE LIQUID TO STAGE 9',3X,F10.2,9X,FIO.21 

WRITE112,20301 II,BAKMIX(1I,B(II,BAKVIH,PLV(II,I=l,NSI 
WRITE(13,20301 (I,BAKMIXI!I,8III,BAKV(II,PLV(II,I=l,NS' 
WRlTE(6,20301 II,e.AK~IX(!I,BII.,BAKVIII,PLV(I.,I=l,NSI 
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2030 FORMAT(IIIX,26X,'*** BACKMIXING DATA ***'11 
~ , . ST AGE' ,1 OX, 'PE R I 00 I C t , lOX t 'C ONT I NUOUS ttl OX. ' "1 A X IMUM' 
! ,lOX, ' I NIT J A L ' 1 
S' #.' ,llX,' BACKMI XING' .9X, ' BACK141 XING', lOX, 'QUANTITY' 
~,lOX.'STAGE'/IX,14X,'WJTH HULLS', 
S lOX, ' ( II MIN' t , 11 X, ' B A C K /111 IX EDt , lOX, 'V Ol U M E' 11 X. 1 5 X, 'T R AN SF E R ' 
$,31X,'(U',15X,f{L,./IX,llX,'(G SDLN 1 G HULLS" 1 
~~(T4,7X,lPD15.4.3X.lPDl5.4,3X,lPC15.4.3X.lP015.4/)11 

$lX.SX,'*** PLOTS REQUESTED ***'1' 
IF(ZNOPT~.EQ.O.OOOI GOTD 2040 
IFIZNOPTD.EQ.l.OOOI GOTO 2045 

2063 IF(INOPTP.EQ.I.ODOI GOTD 2050 
2065 If(ZNOPT3.EQ.l.ODO) GOTO 2055 
2013 If(ZNOPT1.EQ.l.ODO' GOTD 2085 

GOTO 2095 
2040 WPITE(6,2042' 

WR ITE ( 12,2042 I 
WR I TE ( 13,2042 I 

2C42 FORMAT(' NO PLOTS REQUESTED'/) 
GOTO 2095 

2045 WPITE(6.2041t 
WPITE( 12,2041t 
WQ I TE ( 1 3, 2 047 I 

2047 FORMAT(' DIGESTER CONCENTRATION PROFILES') 
GOTIJ 2063 

2050 WRITE(6,2052) 
wR 1 TE ( 12,2052 ) 
WPITE(13.20521 

2052 FORMAT(' PARTICLE SIZE OISPTIBUTIONS', 
GOTO 2065 

2055 ~P!TEI6,2051' 

WR I TE I 12,2057' 
WRITEI13.2057) 

2051 FORMAT(' CONCENTRATION HISTORIES" 
GOTD 2013 

2085 WRITE(6,2088) 
WRITE(12.20881 
WRITE03t208BJ 

2C88 FORMAT(' CONCENTRATION PROFILES" 
2095 CONTINUE 
C 
C 
C 
C BEGIN OF STEPWISE MATERIAL BALANCE. 
C IN ALL CALCULATIONS IT IS ASSUMED THAT SOLIOS ENTER 
C THE DISSCLVER AT STAGE 1 AND EXIT AT STAGE NS. IT IS 
C ALSO ASSUMED THAT LIOUID ENTEPS AT STAGE NS AND EXITS AT 
C STAGE }, FLOWING COUNTERCURRENT TO THE SOLIDS. 
C INITIALLY THERE ARE NO SOLIDS IN THE DISSOLVER AND THE 
C ACID CONCENTRATION AND FLOWS ARE AT ST~AOY STATE. 
C 
C 
C 

GO TO 800 
S50 (ONTI !IIUE 
C 
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C SET OFFTIM = H TO START WITH NO SOLIDS FEED TO DISSOLVER. 
C ALSO ~UST SET CFUEL = 0.000 •••• 
C 
C OFFTIM=H 
C CFUEL=O.ODO 

00 900 INC=l.KSTOP 
C 
C TIME STEP LENGTH ADJUSl~ENl TO AVOID OVER DISSOLUTION. 
C 

CAll TSTEP 
IF(H.L T.PIt-C' H=PIHC 

C 
C INCREMENT COUNTERS 
C 

C 

TI Tl ME+H 
Pl TM=PL TM.H 
T=T+H 
TL=Tl+H 
OJSTM=DJSTM+H 

C ACID FEED CONTROL 
C ASSUMES INITIAL SOLIDS FEED OF NON ZERO VALUE 
C 

JF(FEOTIM.GE.AFDAS' GOlD 3200 
IF(OFFTIM.GE.AFDAN) GOTD 3400 
IF(OFFTIM.GE.PIHCI GaTe 3200 
IF(TIME.lE.H.AND.OFFTIM.GE.PIHCJ GOTO 3200 

3400 DEN8=CDEN8 
HN03M8=CHNCM8 
H20M8-=CH20M8 
GOTD 3300 

!200 DEN8=SDEN8 

C 

HN03M8=SHNCM8 
H20M8=SH20f.l8 

C SHEAR FEED CONTROL 
C 
!300 IF (OFFTIM.LT.PIHC) GOTa 500 

OFFTl M=OFF T P1+H 
IF (OFFTIM.GT.ANFTIM' GO TO 520 
GOTD 510 

520 OFFTIM=O.OOO 
FEOTI M=H 
Te F UEL =FUE l 
GOTD 510 

500 FEDTIM=FEDTIM.H 
IF (FEDTIM.GT.SHETIMJ GOTO 450 
TCFUEL=FUEl 
GOTD 510 

450 FEDTIM=O.ODO 
IF(BATTIM.EQ.SHETIM'GOTO 510 
OFF TI M=H 
TC FUE L=O. 000 

510 CTF8=(HN03M8+H20M81/DEN8 
H20F(S.=H20M8/CTF8 
HN03F(SJ:HN03M8/CTF8 



C 

FLEXT(SI=CTFS*THOVSX 
(FUEL= TCfUEL*H 
SSSCTH= SSSCT*H 
FINESH=fII\IES*H 
fUPIN=(CfUEL·fINESHI/PINMAS 
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DC 2000 KD=I.NS 
U308(KD)=PART(KDI*PCU3CB 
PU02(KD'=PART{KDI*PCPUC2 
fPlKD'=PART(KOI*PCFP 
eOlKD'=UN(KDI.PN(KDI.FPN(KD,.H20{KOI.HN03(KOt 
PLVM(KDI=BAKV(KOI 

C USE OLD VOLUME A~O NEW CONe TO ESTTMATE NEW VOLUME ••• 
C ALSO USES OLD FLOWS TO DETERMINE VOLUME CORRECTION ••• 
C 

C 

KOPl=KO.l 
VOLFLO=(FLEXT(KO)+fl(KDPl'-FL(KD))*H 
PLV(KDI=CO(KO'*Vle(KDI/RHOLJQ(KOI.VOlFLO 

C PURE LIQUID VOLU~E MUST NOT eE LESS THAN PlVM( II ••• 
C 
C WRITE(6.511IPlV(KDI 
C511 FORMAT(5X.'PLV(KD'=',F15.71 

e 

Jf(PlV(KDI.LE.PLVM(KDII GOTD 2100 
TEST=PLVIKD,.SST{KDI.CPART(KO,*PLVCKD'.WTFUEL(KO" 

~ IRQAlT-VOl KD. 
IFlTEST.LE.O.ODOI GO TO 2010 
CKOUT=TEST*PASS(KDI 
IF(CKOUT.GE.SLOTLMICKOUT=SlOTlM 
FL(KDI=TK*(CKOUT,**POW 
GO TO 2060 

c ASSUMES ~O INTERUPTION IN fLOW DUE SOLIDS T~ANSFER. 
C 
2100 FL(KDI=O.ODO 

If(PLV(KD';LE.O.ODOISU~PLV=SUMPlV.PLV(KD' 

PlVlKO'=PLVM{KD. 
TEST=PlV(KO.·SST(KD,·,PART(KDI*PLV(KO'·WTFUElIKOII 

!URCATT-VO (KO' 
GOTO 20bO 

2010 Fl(KO'=O.ODO 
TEST=O.OOO 

2060 VCKO'=VO{KDI+TEST 
DV{KD,=(PLV(KO.-VI8(KO"/H 

2000 CONTI NUE 
DO 770 K=I,NS 
VIB(K,=PlV(K' 

110 CONTI NUE 
DO 200 KO=1,NS 
OENOM(KD'=DV(KD'.Fl(KO'.BCKD' 
ZQT(KD'=DEXP(H*(-CENOM(KOI'/PlVlKDI' 
ZlMQT(KD)=l.DO-ZQT(KO' 

e WRITE(b,51Z'DV(KD).FL(KD',B(KDI,OENOM(KD'.PlV(KO'.ZQT{KO) 
C512 FORMAT t' • ,bl 5X. F15. 7, , 
C ~RITE(b,513'lIME 
C513 FORMAT(5X.FI5.7) 
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200 CONTI NUE 
C 
C 
C 
C ~ATERIAL BALANCES CALC IN SUBRCUTINES WITH VALUES TRANSFERED 
C THROUGH CC~MONS. 

C 
C 

C 

CAll PARTJ C 
CALL SUBUN 
CALL SUBPN 
CAll SUBFN 
CALL SUBHN 
CALL SUBH2 

C CHOOSE PROPER U02 REACTION EQU~TION BASED ON HN03 CONC. 
C 

CALL RXECU 
C 

CALL DIGEST 
C 
C CHECK WEIGHT OF U02,PUC2.AND FP REMAINING IN FUEL 
C DETERMINE MAXI~UM CONCENTRATIONS AND ADJUST DENSITY 
C AND WEIGHT OF FUEL IN PINS. ALSO CHECK FOR ACID DEFICIENCY. 
C ADJUST ~ASS OF PARTICLES REMAI~ING AFTER PEACTION. 
C 

c 
c 

IA=O 
CAll WEIGHT 

C SOLID/LIQUID TPANSFERS INCLUDING BACKMIXING. 
C 
C 

CAll TRANSF 
DO 15 I=l,NS 
IFIUNMAXIU.GE.UN(III GO TO 230 
UNMAXI!'=UN(IJ 
TUMAX I I) =TIME 

230 TF(PNMAXIIJ.GE.PN(JII GO TO 240 
PNMAX II I =PN( II 
TPMAX I II=TIME 

240 IF(FNMAXIII.GE.FPNIII' GO TO 260 
FNMAXI I I=FPNI I j 
TFM AX In =TIME 

260 IFCHNMAXIIJ.GE.HNC3{II' GO TO 270 
HNMAX(!I=HN03(IJ 
THNMX I I J =T IME 

210 IFIH2MAXII'.GE.H201111 GO TO 2~O 
H2MAX (I' =H20( I • 
THZMXI! »=TIME 

290 CONTI ~WE 
WTU30a(I,=WTFUElf!'*PCU308 
WTPU02(II=WTFUELII)*PCPU02 
WTFP(!'=WTFUEl(I'*PCFP 
U30a(I,=PCU30a*PARTlYf 
PU02(II:PCFUD2*PART(t' 
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FP(I) PCFP*PARTlI' 
COMA=(UN(I)+PN(II+FPN(I)+H20(I)+HN03(III*PlV(Il/l.OD3 
025=COMA-(025C2*UNtr'+D2SC3*PN(J'+D25C4*HN03(I I.*PLV(J' 
D25=COMA*D25C1/D25 
RHOLIOII'=RHOCI*D2S+RHCC2-RHOC3*D25-RHOC4 

15 CONTI NUE 
C 
C ACID DEFICIENCY COUNTER ••• 
C 

00 1160 I=l. NSMI 
IF(HN03(I'.LT.ACIDEF' IA=IA+l 

1760 CONTI NUE 
JF(IA.GE.l' GOTO 1670 
GOTO 1660 

1670 IAO=IAD+l 
DIFIAO=TIME-TMDLD 
IF(DIFIAD.GT.l.DOI GOTO 1680 
GOTO 1660 

1680 TMOLD=TIME 
WR I TE ( 12,1110 H I ME, (HNC3 (! , , I = I, NS I 
WRITE'13,1710ITIME,(HNC3(II,I=l,NS' 
WPITEC6,1710tTIME,(HN03(II,I=I,NSI 

1110 FORMATt/' TIME OF ACID DEFICIENCY=',2X,lPD15.4,2X,'MIN' 
C,/" ACID CONC :',2X,911POIO.3,lXII 

1660 1A=0 

c 
C PERIODIC DATA OUTPUT 
C 

RUNMl=RUN-HC 
If (TIME.GE.RUNMlI GOTC 838 
JF(PRT.GE.PRTTIM' GO TO 800 
GO TO <nO 

aDo PRT=O.OOO 
GOTD 839 

838 WRITEI13,840)TIME 
WRITEC13,820) 
WR I TE C 13,830 I C (UN ( I , .1 :1 ,NS I , C PN II I. 1= 1. NS I. C F PN (! •• 1= 1. NS ). 

S (H NO 3 ( I • , I = 1 ,N S I • (H 2 0 ( I • ,! '" 1 ,N S I , ( U 3 0 8 { I I • 1= 1, N S I , 
~ «P UO 2 (I , , I = 1 ,N S , , ( F P ( I , t 1=1 , NS I , (P ART ( I I , I = 1 ,N S 1 I 

WRl TE (13,251 (C WTU308 (t 1,1=1, NS I, CWTPU02( 11,1=1 ,NSI, 
s (W TF P ( I I , 1=1 • NS • , ( WT FUEL (1 I , I: 1 , NS I , (V ( I • , 1= 1, NS • , 
<; (P LV ( I I • 1=1, N S' , ( SST' I I , 1 = 1 , NS • , «R HO L I Q ( I I , 1=1 ,N S I , 
~(FL( I 1,I=1,NSI' 

839 WRITEI12,8401 TIME 
WRITEC6,840' TIME 

840 FORMATCII/t TIME INTO RUN ',FIO.4,2X,'MIN'I 
WPITEI12,8201 
WRITEl6,820' 

820 FORMATI/46X,'*** STAGEWISE PROFILES ***'" ',12X,106( '_I 1I1SX, 
S'STG 1",7X.'STG 2',7X,'STG 3',7X,'STG 4',7X,'STG S',7X,'STG 0', 
!1X,'STG 7 t ,7X,'STG 8',7X,'STG 9'1' ',12X,106(t-' 1/ 
!' COMPONENT',23X.'CONCENTRATION OF COMPONENTS DISSOLVED'. 
S' IN LIQUID (GlUt" ',91'-",22X,SS('-'II' 

WP I TE ( 12.8:3 O. ( {UN ( I I , 1= 1. N S I , ( PN (f I, 1= 1. NS" (f PN' I I , 1= 1, N S , , 
S (H NO 3 (I I , ! = I, N S I , ( H20« ! , • I :: 1 ,NS I , ( U3 08 « I I, I = I, NS I. 
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!Ii (PU02H t,I=l,NSI"FP(!hI=I,NSI, (PART(!I,I=I,NSII 
WR I TE C 6 , 830 I ( ( UN ( I I , 1=1, NS I, ( Pill ( II , 1= hN S • , I fP N ( ! I , 1= 1 , N S I, 

~(HN03( I 1,1=1 ,NS I, (H2O( I I ,1=1 ,NS" (U308 (I It 1= 1, NS I, 
$ (P UO 2 (I I • I :::: 1 • N Sit ( F P ( 1 I , 1=1 , NS , , (P ART' I I ,I 1, N S I ) 

830 FORMAT(' UGZ(N03'Z',2X,9(lPDIO.3,ZXII' PUIN0314',3X, 
$SIIPDI0.3,ZXI/' FPIN0313.39',911PEIO.3,2XI/' HN03',1X, 
$S(IPEIO.3,2XI!" H20',8X,9(lPOIO.3,2XI!" ',1l8('-'Jl41X, 
$'CONCENTRATION OF SUSPENDED FINES (G!U'!' ',39X,40( "_" U" U02 " 
$7X,9(lPDIO.3,2XI/' PUOZ',7X,9CIPDIO.3,ZXtI' F.P.',1X,9(lPDIO.3,2X' 
$!" TOTAl'.6X,9IlPDI0.3.2XI!' ',118('-'11 

WRITE(!2,25ICCWTU308lII,I=1,NSI,(WTPU02(JI,J=1,NSI, 
~ (W TF P (! t , 1=1. NS I , ( WT FUE L (! I • t = 1, NS I , (V ( I I , 1= 1, N S I, 
$(PLVCII,I=I,NS',ISST(II,I=I,NSI, (RHOlIQ(II,I=l,NSI, 
$(FUII.I=I,NSII 

WR I TE ( 6.25 II «WTU308 ( I I ,I:::: 1, NS I • (WT PU02 CI , , I:::: 1, NS I, 
$ (WTFP(I I, I=I,NS I, (WTFUEUI I ,1=1, NS I, IV (II, I=l.NS I, 
e; (P l V ( I I , 1= 1 ,N S I , ( SST( I I , I:::: 1 ,NS I , (R HO LI Q ( I I , 1=1 ,N S It 
$(FUII,I=l,NSI' 

25 FOP.MATC' '.40X,'QUANTlTY UNDISSOLVED IN FUEL PINS CG'-I' " 
$39X,39C"-'II" U02 ',1X,9(lPD10.3,2XI/' PU02',7X,S(lPD10.3,2XII 
$' F.P.',1X,9(1PDI0.3,2XJ!' TOTAL',6X,9(1POIO.3,2XII' ',118C'-'1I 
~, ',53X,'VOlUME (Lt'/' ',52X,12('-Q/' TClTAl STAGE' 
~,9C1PDIO.3,2XI/' LIQUID CNLY'.9ClPDI0.3,2Xt/'· STAINLESS',2X 
~S(IPDIO.3,2XI!' ',118('-'tI' ',52X,'DENSITY (GIll'!' ',51X, 
$15(1-'I!' LlQUIO't5X,9(lPDI0.3,2XtI' ',118('-'1/' 't49X. 
$'FLOW RATES (l/MINI'I' ',48X,20{'-'J!' LIQUID', 
!;5X,9ClPDIO.3,2XII' ',118(1-'111 

910 CONTINUE 
IF(TIME.LT.PIHCI.GO TO 911 
IF(PlTM.GE.PLINCt GO TC 911 
GO TO 912 

~11 PLTM=O.ODO 
IDX=IDX·l 
PLTIMECIDX.::::TtME 
00 912 IKE=l,NS 
PlU308(IKE,IDX'=U3C8CIKEI 
PlUNCIKE,IOXI=UNIIKE. 
PlPU02IIKE,IDX'=PU02IIKEI 
PlPN(IKEtIDX'=PN(IKE' 
PLFPIIKE.IDX'=FP(lKE) 
PLHN03(IKE,IDXI=H~03(JKE' 
PLH20(IKE.IDXt:H20IIKE' 
PLFPN(IKE,IOXI=FPN(IKEt 
PLPART(IKE,IDXt=PART(IKEJ 
PlWTTIIKE,IDX)=WTFUElIIKEI 
PlSSTIJKE,JDX)=SSlMSS(IKEI 

~12 CONTI NUE 
IF(TIME.LT.PIHCIGOTO 850 

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

C 

ION=1 
IF(OFFTI~.GT.PIHCIION=O 
ETOTUF=ETOTUF+(FINESH+CFUEll*ICN*PCUPER 
ETQTPF=ETOTPF+(FINESH+CFUELJ*I(N*PCPPER 
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C TOTAL URANIUM AND PlUTCNIUM OUT OF STAGE 1 •• 
e 

FUELOT=O.ODO 
DO 600 KNS=l,NRWMl 

~CO FUElOT=FUELOT+P(I,KNS. 

C 

TOTUOl=TOTUOI+(FUELOT*PCUPER+UNCl.*UPERUN.*FL( l'*H 
TOPUOI=TOPUOl+(FUELOT*PCPPER+PN(ll*PPERPNI*FL( 11*H 
OIGPAR=DIGPAR+FUELOT*FL(l'*H 

C TOTAL U ~ND PU OUT OF STAGE NS ••• 
C 

C 
C 

TOTUOF=TCTUOF+UOWF 
TDPUOF=TCPUOF+POWF 

C STAGE HOLDUPS 
C 
C 

UACC=O.ODO 
PUAce = 0.000 
DO 2090 J=I,NS 
UACC=(U308(Jt*PLV(J.+WTU308(J.'.UPERU3+ 

$UN(J'*UPERUN*PlV(J)+UACC 
PUACC=!PU02(JI*PlVlJ.+WTPU02(JI'*PPERPU+ 

$PN(J'*PPERPN*PlVIJt+PUACC 
2090 CONTI "JUE 

FFI=FFI+H 
IF{FFI.GE.l.OOOIGO TO 2070 
GO TO 2080 

2070 FFI=O.OOO 
UOUTT=TOTUOl+TOTUOF+UACC 
POUTT=TOPUOl+rOPUOF+PUACC 
IF (FEOTIM.LE.PIHCI GOTD 400 
UFEED=UFEEDC*TIME 
PFEED=PFEEOC*TIME 
GOTO 420 

400 UFEED=O.ODO 
PFEED=O.ODO 

420 UDIFF=UO~TT-UFEED 

PDIFF=POUTT-PFEEO 
WR I TE ( 13,3100 I 

3100 FORMAT(',6X,'TIME'.12X,'U(OUTI ',llX,'PU(OUTI ',9X. 
$'U(FED",10X.'PUIFEDt',6X.'U(QUT'-U(FED".2X,'PUICUT.-PU(FEO," 

WRITEl13.3000ITT~E.UOUTTtPQUTT,UfEEO.PFEEDtUDJFFtPDIFF 
3000 FORMATIIX.7(IX,lPD15.51. 
2eso CONTI NUE 

RUNMl=RUN-HC 
IFITIME.GE.RUNMIIGOTO 1140 
IF(DJSTM.lT.PRDJST' GO TO 1120 

1140 WR I TE (6 ,lOBO. TI ME 
WRITEI12.10eOITIME 

ICSO FORMAT(/" TIME =',lX,lPDIO.3 t 2X,'MIN" 
$' ',32X,'*** PARTICLE SIZE DISTRIBUTION', 
~" PROFILE DATA ***", '.115('-.", ',14X, 
$'STG l',17X,'STG 2',17X,'STG 3't17X,'STG 4',17Xt'STG 5" 
$' GROUP',2X,'RADIUS' 



A-31 

~,6X.'CONC·.6X.·RAOIUS'.6X,·CONC'.6X. 
$ 'PADI US' ,6X, 'CONC' ,6X,' RADIUS' ,6X, 'CONC' ,6X, 'RAD IUS' ,6X, 'CONC' 
$ /' 11' , :3 X , , (M r C RON. ' , 5 X , ' (G I L I ' ,4 X. • (M I CR ON I' , 5 X' ( GIL • • • 4 X, 
~ • ( Ml C RON It, 5X, t (GI U ',4X, ' (M J C RON I ' , 5X, • (G Ill' ,4 X. ' (tJ! r CRON t' 
$ ~X, • (G/ll ' / 
~, ',115('-'1" 

JF(TIME.GE.RUNMI' GOTD 1018 
GOTO 1019 

1078 WRITEC13,1080'TIME 
1~19 00 1090 ~-l.NG 

WRITEC12,l10Q)M,(RMS(I.M',?CI.M),I=1,5) 
WRJ TE (6.1100' M, (RMS I I. M. ,f' C I ,ioU. I-I. 5. 
IF (TIME.GE.RUNMI' GOTO 1101 
GOTO 1090 

1101 WRITEC13,1100IM,(RfJSII,M',P(I,M),I=1.51 
1100 FORMATC1X,I4.10(lX.1PD10.31' 
1090 CONTI NUE 

DO 11 70 M=6,NS 
!F(PART(Mt.GT.O.ODO' GO TO 1190 

1110 CONTI NUE 
GO TO 1180 

1190 WRITE(6,1110' 
WI< I TE ( 12. III 0 , 
IF (TIME.GE.RUNM11 GaTe 1210 
GOTO 1220 

1210 WRITEC 13,1110) 
1220 CONTI NUE 
1110 FORMAH/'" 't32X,'*** PARTICLE SIZE DISTRIBUTION', 

$' PROFILE DATA ***'1' ',115(,-"" '.l4Xt 
~'STG 6'tI7X,'STG 1',17X,'STG S',17X,'STG 9'1 
$' GROUP~,2X.'RADIUS' 
$,6X,'CONC't6X,'RADIUS~.6X,'CONC',6X, 
$'RADIUS',6X.'CONC'.6X,'I<AOIUS',6X,'CONC' 
$/' #' .3 X, ' (M J C RON' , , 5X.' (GI U ' ,4X, ' (M I CR ON .. t 5 X' (G IL • ' .4X, 
$ '( Ml C RON. • , 5X. ' (G IU ' ,4X • • (M IC RON) , • 5X, , (G IU ' I 
$' ',115('-"" 

DO 116 a ,..-1, NG 
WR I TE « 1 2.1130 • M. ( I< MS ( ! • M. , P ( I , MI. 1=6. N S I 
WRITE(6,1130IM.{R"'S(I,~I.P(I.M'.Y=6,NS' 
IF (TIME.GE.RUNMll GaTe 1230 
GOTO 1240 

1230 WRITE(13.1130)M.(~"'S(I.M.,P(I.M.,J=6.NS' 

1240 CONTI NUE 
1130 FORMAT(1X.I4,S(lX.IPD10.311 
1160 CONTINUE 
11S0 DISTM-O.ODO 
1120 CONTI NUE 

IF(TIME.GE.RUNI GO TO 1150 
900 CONTI NUE 

IF(TIME.GE.RUN) GO TO 1140 
1150 TOTUO=TOTUCl+TOTUQF 

TOPUO=TOPUOl+TOPUOF 
UIN=FEDRAT*PCUPER*FFTIME 
PUIN=FEDRAT*PCPPER*FFTIME 
UOUTl=TOTUCl/TIME 
PUOUT1-TOPU01/TIME 



C 

UOUTF=TOTUOF/TIME 
PUOUTF=TCPUOF/TIME 
UOUTO=UOUT1+UOUTF 
PUOUTO=PUOUTI+PUOUTF 
FLTOS1=SUMFLP+SUMFlF 
TOTUI=FLTOS1*PCUPER 
TOTPUI=FlTOS1*PCPPER 
TUPUSl=TCTUI+TOTPUI 
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C ~ TRANSFER THRU FLAPPER VALVE. 
C 

C 

ETSU~=ETCTUF+ETOTPF 
PTFTFV=TUPUS1*lOO.OOO/ETSUM 

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

C 

Aceu= TOTUI-TOTUQ 
ACCPU=TOTPUI-TOPUO 
UALL=TOTUO+ACCU 
PUALL=TOPUO+ACCPU 
UPART= 0.000 
UP! NS=O. 000 
PUPART=O.ODO 
PUPINS=O.OOO 
UDLIO=O.OOO 
PUO L1 Q=O. 000 
PINUMM=O.ODO 

C UNDISSOLVED HEAVY METALS IN PARTICLES OR PINS. 
e 

DO 1075 l=l,NS 
UPINS=UPINS+(WTU308(l'*UPERU3' 
PUPINS=PUPINS+(WTPU02(ll*PPERPUt 
UPART=UPART+IU308(l'*PlVCL'*UPERU31 
PUPART=PUPART+(PU02(l.*PlV(l.*PPERPUI 
UDlIQ=UDlIQ+Plvtl'*UN(l.*UPERUN 
PUDlIQ=PUDlIQ+PlVCl)*PN(LI*PPERPN 
PINUMM=PINUMM+PPSTG(L. 

1075 CONTI NUE 
C 
C U FEEO TO srG 1 FROM FLAPPER VALVES. 
C 

e 

SMPUF1=SUMFLP*PCUPER 
SMFUF1=SUMFLF*PCUPER 

C ACTUAL ACCUMULATION AT END OF RUN. 
C 

C 

ACTUA=UPINS+UPAFT+UDLIQ 
ACTPA=PUPINS.PUPART.PUDLIQ 

C ACTUAL ~ASS OUT OVER TCTAL RUN PLUS HOLD-UP. 
e 

c 

lALLA=TOTUC+ACTUA 
PUALLA=TOPUO+ACTPA 

C DIFFERENCE BETWEEN ACTUAL FEED AND ACTUAL MASS OUT PLUS HOLD-UP 



c 

c 
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UDIFP=DABS{TOTUI-UALlA'*lOO.DO/TOTUI 
PDIFP=DABSCTOTPUI-PUAlLA'*lOO.DO/TOTPUI 
PCUBAl=UAlLA*lOO.DO/TOTUI 
PCPBAL=PUAllA*lOO.DO/TCTPUl 

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

FLPHLU=(FEDONE+FINESfl*PCUPER 
PCFLTF=FLPHLU*1.02/TOTU! 
SUMOO=SU~NEG+SUMNEP 

C WR ITE (6,93 )TOTUI ,UALlA, TOTUO ,'ACTUA ,UDI FP ,PCU BAL 
C 93 FORMATCIIII,bIF20.10I,/IIIJ 

~RITE(12,90' UIN.PUIN,UOUTl,PUCUTl,UOUTF,PUOUTF,UOUTO,PUOUTO 
WRITEl13,901 UIN.PUIN,UOUTl,PUCUT1,UCUTF,PUOUTF,UOUTO,PUOUTO 
WRITE(6,90J UIN,PUtN.UCUT1,PUOUTI,UOUTF,PUOUTF,UOUTO,PUOUTO 

90 fORMAT{11115X,' APPROXIMATE FLOWS'II 
$' APPROXIMATE U FEED RATE=',2X, 
~lPD15.4,2X,'G/MIN'1 
~, APPROXIMATE PU FEED RATE=',2X,lPD15.4.2X,'G/MIN'1 
P TOTAL U FLOW OUT UQUIC PHASE=',2X,lP015.4,2X.'GIMIN'/ 
~, TOTAL PU FLOW OUT LIQUID PHASE='.2X,lPDlS.4,2X,'G/MIN'1 
$' TOTAL U FLOW UNDISSOLVED IN FUEL PINS=',2X.lPD15.4,2X,'G/MIN'1 
$' TOTAL PU FLOW UNDISSOLVED IN FUEL PINS=',2X,lPD15.4,2X,'G/MIN' 
$1' TOTAL U FLOW OUT=',2X,lPD15.4,2X,'G/MIN'I' TOTAL PU FLOW OUT=', 
$2X,lPD15.4.2X,'G/MIN" 

~RITE(12,95ITOTUI,TOTPUI.TOTUOl,TOPUOl,TOTUOF.TOPUOF,UPINS, 

$PUPINS,UPART,PUPART,DIGPAR,TOTUO,TOPUO 
WRITEt13,95'TOTUI,TOTPUI.TOTUOl,TOPUOl,TOTUOF,TOPUOF,UPINS. 

$PUPINS,UPART,PUPART,DIGPAR,TOTUO,TOPUO 
WR ITE (6, SS,TOTUI, TOTPur, TaTUm, TOPUCl, TOTUOF, TOPUOF, UP INS. 

$PUPINS,UPART,PUPART,DIGPAR.TOTUO,TOPUO 
S5 FORMATlIII15X,'TOTAL MASS BAlANCE'll' TOTAL U FEED=',2X, 

$lPD15.4,2X,'G'I' TGTAl PU FEED=',2X,IPDI5.4,2X,'G'1 
$' TOTAL U OUT STAGE 1=',2X,lPD15.4,2X,'G'I' TOTAL PU OUT STAGE 1=' 
$,2X,lPD15.4,2X,'G'1 
;, TOTAL URANIUM FRO~ RINSE STAGE=' 
$,2X,lPD15.4,2X,'G'1 
$' TOTAL PLUTONIUM FROM RINSE STAGE=' 
$,2X,lP015.4,2X,'G'I' TOTAL U UNDISSOLVED IN FUEL PINS='.2X. 
!lPD15.4,2X,'G'I' TCTAl PU UNDISSCLVED IN FUEL PINS=',2X, 
SlPD15.4,2X,'G'I' TOTAL U IN PARTICLES UNDISSOLVEO=',2X, 
$lPD15.4,2X,'G'/' TOTAlPU IN PARTICLES UNDISSOlVED=',2X, 
$IPD15.4,2X,'G'I' TOTAL SUSPENDED PARTICULATE TO DIGESTERS=', 
$2X,lPD15.4,2X,'G'1 
$' TOTAL U CUT OVER TOTAL RUN=',2X.1PD15.4,2X,'G'1 
$' TOTAL PU OUT OVER TOTAL RUN=',2X,lPD15.4,2X,'G'l 

WRITE(12,1500tUDlIQ,PUDlIQ.SUMPLV,SMPUFl,SMFUF1,PTNUMM 
~,PCONT,(PARTPtl.,I=l,NSI 

WRITE(13,1500.UDLIQ,PUDLIQ,SUMPLV,SMPUFl,SMFUFl.PINUMM 
~,PCONT, (PARTP(I1,I=I.NS' 

WRITEl6,1500'UDLIC,PUDLIQ,SUMPlV,SMPUFl,SMFUFl,PINUMM 
$,PCONT,(PARTPCI',I=l,NSI 

1500 fORMATfll' TOTAL U DISSOLVED I~ LIQUID !NVENTORY IN DISSOLVER=', 
~2X,lPOI5.4,2Xft(G"1 
~. TOTAL PU DISSOLVED IN LIQU!D INVENTORY IN DISSOLVER=' 
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~,2X,lPD15.4,2X,'IGI'I' CCRRECTED SUM Of LIQUID VOLUMES::', 
~2X,lPD15.4.2X,'(L"I' TOTAL U IN PINS FED TO STAGE 1 FROM FLP=' 
'!:,2XtlPDlS.4,2X,'IGI'I' TeTAl U FINES FED TO STAGE 1 FROM FLP=', 
!2X,lP015.4,2X,'(G"1 
$' TOTAL NUM8ER OF PINS REMAINING IN DISSOLVER;:' 
~ ,2 X, 1 PO 1 5. 41 
!' TOTAL NU~BER OF PAR~ICLE SIZE GROUP DEPLETION TRANSFERS=' 
$ ,2X, IPD14. 211 
!36X,'*** MASS OF PARTICLES DISSOLVED Hi EACH STAGE (GI ***'1 
!' ',12X,106('-'1/15X,'STG l',1X,'STG 2',1X,'STG 3',1X,'STG 4' 
$,1X,'STG S',7X,'STG 6',1X,'STG 1',1X,'STG 8',1X,'STG 9'1 
!:' ',12X,106('-'f/' ',lOX,9(2X,lPDIO.3J1 

WRITEI12,85' ACCU,ACCPU.UALL,PUALL,SUMNEG,SUMNEP,SUMOD,SUMHNO 
$,SUMFIN,SUMFOU.WTFUEl(9.,SUMPIN,SUMPOU,PPSTG(91 

WRITEl13,851 ACCU,ACCPU.UALL,PUALL,SUMNEG,SUMNEP,SUMOD,SUMHN~ 

$,SUMFIN,SUMFOU,WTFUELI91,SUMPIN,SUMPOU,PPSTG(91 
WPITEI6,85' ACCU,ACrpU,UALL,PUALl,SUMNEG,SUMNEP,SUMOD,SUMHNO 

~,SUMFIN.SUMFOU,WTFUEl(91.SUMPIN.SUMPOU,PPSTG(9' 
E5 FORMAT(/' PROJECTED URANIU~ HOLD-UP IN DISSOLVER~',2X, 

$lPD15.4,2X,'G'I' PROJECTED PLUTONIUM HOLD-UP IN DISSOLVER=' 
~,2X,lPD15.4,2X.'G'I' PROJECTED TOTAL U OUT PLUS HOLD-UP=' 
$,2X,lPDlS.4,2X,'G'1 
~, PROJECTED TOTAL PU OUT PLUS HOlD-UP=',2X,lP015.4,2X,'G'/1 
~. CORRECTEC NEGATIVE SUM OF OVER DISSOLUTION FROM PJNS;:',2X 
$ ,I PO 15. 4 , 2 X, 'G ' I 
5' CORRECTED NEGATIVE SUM Of OVER DISSOLUTION OF PARTICULATE=', 
$2X,lP015.4.2X,'G'/' TOTAL CO~RECTED OVER DISSOLUTJON=',2X, 
$lP015.4.2X,'G'I' SUM OF HN03 DEPlETIONS='.2X,lP015.4, 
$'G'I' TOTAL FUEL IN PINS FED TO STAGE 9=',2X, 
$lPD15.4,2X,'G'I' TOTAL FUEL IN PINS OUT OF STAGE 9=',2X, 
$lPD15.4.2X,'G'I' TOTAL FUEL IN PINS IN STAGE 9=' .2X 
$.lPD15.4,2X,'G'I' TOTAL # PINS FED TO STAGE 9=',2X, 
$lPD15.4/' TOTAL # PINS CUT OF STAGE 9=',2X.lP015.41 
$' T0TAL # PINS IN STAGE 9;:·,2X,lPD15.4. 

WRJTE(12,1420' ACTUA,ACTPA,UALLA.PUALLA,FLPHLU,UDIFP,PDJFP 
$,PCUBAl,PCPBAL,PCFLTF 

WRITE(13,1420J ACTUA,ACTPA.UALlA,PUALLA,FLPHlU,UDIFP,PDIFP 
$,PCUBAL.PCPBAl.PCFLTF 

W~ITE(6.1420' ACTUA,ACTPA,UAllA,PUAllA.FLPHLU.UOIFP,PDIFP 
$,PCUBAl,PCPBAl,PCFLTF 

1420 FORMAT(II' ACTUAL U HOLD-UP IN DISSOLVER=',2X,lPD15.4,2X,'G'1 
$' ACUTAL PU HOLD-UP IN DISSOLVER=',2X,lPDI5.4,2X,'G'1 
~, ACTUAL U CUT PLUS DISSCLVER HOlD-UP=',2X,lPD15.4,2X,'G'1 
$' ACTUAL PU CUT PLUS DISSOLVER HOLO-UP=',2X.1PD15.4,2X,'G'1 
~, ACTUAL U HOLD-UP IN FLAPPER VALVES;:',2X,lPD15.4,2X,'G'1 
$' ~ DYFF BETWEEN ACTUAL U FED AND U OUT PLUS HoLD-UP=' 
~.2X,lPD15.4,2X,'l'l 
~, % Dlff 8ET~EEN ACTUAL PU FED AND PU OUT PLUS HOLD-UP=' 
;.2X.lPD15.4,2X,'t'lll 
;, U OUT OVER U FED PLUS HOlD-UP=',2X.IP015.4,2X,'%'1 
;, PU OUT OVER PU FED PLUS HOLD-UP=',2X,lPD15.4,2X,'%'1 
!' , Of TOTAL U FEED IN FLAPPER VALVE HOLD-UP;:',2X, 
$ IP 0 IS .4 , 2 X , ' ~ , I • 

WRITE(6,lSOO'ETOTUF,ETCTPF,ETSUM,TUPUSl,PTFTFV 
WRITE(12.1800)ETOTUF,ETOTPF,ETSUM,TUPUS1,PTFTFV 
WRITE(13t1800)ETOTU~,ETQTPF,ETSUM,TUPUSl,PTFTFV 
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1800 FORMAT(II' TOTAL U FED TO FLAPPER VALVES=',2X 
~,lPD15.4,2X,'G'I' TCTAl PU FED TC FLAPPER VALVES=',2X, 
~lPD15.4.2X,'G'1 
~. TOTAL U PLUS PU FED TO FLAPPE~ VAlVES=',lX. 
$lPD15.4. lX.' G'I 
~, TOTAL U PLUS PU FED TO STAGE 1 FROM FLAPPER VALVES=' 
$,2X.IPD15.4,2X,'G'! 
$' PER CENT TRANSFER THRU FLAPPER VALVES=', 
$lX.lPD15.4,'~'J 

WRITE(12,1010JIAD,(UNMAXIIJ,I=I,NSI,(TUMAX(!).I=I.NSJ, 
$ (P NM AX( I , • 1= 1, NS I • (TPMAX (I I ,1= 1. NS , • (FNM AX ( I , , I = I, NS I 
$.(TFMAX(I.,I=I.NS'.(HNM~X't'.!=I,NS.,(THNMX(I.,!=I.NS. 
$ ,( H2MAX( 1.,1=1 ,NS., (TH2MX(! • ,I =I,NS' 

WR I TE ( 13,1070. tAD, CUNMAX« I .. 1= 1, NS ., (TUM AX (l It 1= I, NS •• 
$ (P NMAX( I •• 1: 1. NS •• [TPMAX (! t , 1: 1, NS • , (FNM AX ( I " 1= 1. NS • 
$ , ( TF MAX ( I •• I =1. NS •• (HNM /lxe J • ,I::; 1, NS •• ( THNM X ( I. ,I = 1. N S. 
~,(H2MAX« I ',I=I,NS' • (TH2MX(J • ,I=I,NS. 

WRITE(6,1070'IAD,(UNMAX(!.,!=I,NS.,(TUMAXC!.,I=I,NS" 
<; (P NMAX( t • , 1=1, NS , • n PM~X (I • , 1= I, NS •• (FNM AX ( 11,1= 1, NS • 
$ , ( TF MAX ( I • , I =1 • NS • ,( HNM /lX, I • ,!: I, NS. , CTHNM X ( I J , I = I, N S J 
<;.(H2MAX(It,I=1,NSt,lTH2MX(lt,I=1.NSJ 

1070 FORMAT'II' NUMBER OF TIME STEPS WITH ACID DEFICIENT COND.=', 
$lX,I51131X,'*** MAXIMUM FRED!CTEC CONCENTRATJONS (GIL' ***'1 
$' ',llX,l06(,-'I/15X,'STG 1',7X,'STG Z',7X,'STG 3',7X,'STG 4' 
$,7X,'STG S',7X,'STG 6',1X,'STG 1',7X,'STG a',1X,'STG 9'1 
$' '.l2X,106('-"" COMPONENTITIME (MIN"I' ',19(1-'" 
$' UOl(N03'l',2X,9(lX,lPDlO.3t1' TIME',7X,9(ZX,lPOIO.3t1 
$' ',44X,30I'-"I' PU(N03)4'.3X,9(lX,IPOIO.3'" TIME',1X, 
$ <;( lX, IPDIO.3 I I' ',44X,30 ('-' 1/ t FP(N03' 1.18',9 (lX, IPDIO. 3. I 
$' TIME',7X,9(2X,IPDIO.31/' ',44X,30('-"/' HN03',?X, 
$S( 2X,lPDIO.31/' TIME',7X,9(lX,IPDIO.31/' ',44X,30('-"1 
I' HZO',8X,9(2X.IPDI0.31/' TIME',7X,9(2X,IPDIO.31/' " 
~ 44 X. 30( ,-, • I If 

WRJTE(ll,ll00' ITSIIC,JJPAQT,MMUN,NNPN,NNFP,MMHN,IIH2 
$, SUMO 1, SUMD2 

WRITE(13,1200' tTSAC,JJPART,MMUN,NNPN,NNFP,MMHN,IIH2 
$,SUMDl,SUMD2 

WRITE(b,llOOt ITSAC,JJPIIRT,MMUN,NNPN,NNFP,MMHN,IIH2 
$,SUMDl,SUMOl 

1200 FORMAT(II' NUMBER OF TIME STEP REDUCTIONS=',2X,I611 

C 

$' MAXIMUM # ITERATIONS IN PARTIC=',2X,I61 
$' ,.,AXIMUM # ITE~AT!ONS IN SUBUN=',3X.I61 
$' MAXIMUM N ITERATIONS IN SUBPN=',3X,I6' 
$' flAXIMUII4 " ITERATIONS If\: SU6FP;',3X,I61 
$' ",AXJMUM " ITERATIONS TN SUBHN:',3X,J6! 
$' MAXIMUM" ITERATIONS IN SUBH2='.3X,J61 
S/I' NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES', 
$' IN DIGESTER" 1 :',2X.lPD15.4,2X,'G'I' NEGATIVE SUM OFt, 
S' OVER DISSOLUTION OF PARTICLES IN DIGESTER # 2 :1, . 

S2X,IP015.4,2X,"G" 

C REUSING OLD ARRAYS TO STORE ST~GEWISE INVENTORIES ••• 
C 

a 

DO 3500 K=l,NS 
UNMAXlK'=UN(K)*PLV(KJ 
PNMAX(K'=PN(K.*9LVlK. 
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FNMAX(K)=FPN(KI*PlV(K) 
THNMX(K'=U30S(K'*PLV(KI 
TH2MX(KI=PUOl(K,*PLV(K. 
TFMAX(K'=FP(K'*PLVCKI 
HNMAX(KJ=HN03(K.*PLV(KI 
H2MAX{K'=H20(K'*PLVIK' 
TUMAX(K)=(UNMAX(K'*UPERUN+THNMX(KI*UPERU3!+ 

~~TFUEL(KI*PCU308*UPERU3 
TPMAXIKI=(PNMAX(K.*PPERPN+TH2MX(K'*PPERPUI+ 

!kTFUELIKI*PCPU02*PPERPU 
COIKI=TU~AXIK'+TPMAX(Kl 
UPAIKI=(THNMX(KI*UPERU3"PLV(KI 
PUPA(KI=(TH2MX(K'*PPERPUI/PlVIK' 
DEPTH(K'=UNMAXCK)*UPERUN/pLV(K' 
RASS{Kt;PN~AX(K)*PPERPNIPLV(K) 

AS(KI=DEPTH(KI+RASS(Kt 
PLVM(K'=(WTFUEl(Kt*PCU30a*UPERU31/PLV(KI 
VIB(KI=WTFUEL(K)*PCPUOl*PPERPU/PlV(KI 
C02IKJ=UPA(K,+PUPA(K, 
C03(K'=PLVM(KI+VIB(K' 
fO(KI=HN03(Ka/W~OlHN 

3500 CONTI NUE 
C 
C OUTPUT STAGEWISE MASS INVENTORIES ••• 
C 

WRITE(6,3600ITIME 
WRITE(12.3tOOlTIME 
WRITE(13,3600'TIME 

3tOO fORMAT(11137X,'*** STAGEWISE MASS INVENTORY (G) AFTER ',F8.2 
~,I ~INUTES ***'1 
S' '.llX,l06('-QIl5X,'STG l',7X,'STG Z',7X,'STG 3',7X,'STG 4" 
"',7X,'STG 5',7X,'STG 6',7X,'STG 7',7X,'STG S',7X, 'STG 9'/ 
4;' ',lZX,106( '-'I I" COMPONENT '/' ',10 (' _. II' 

\oj RITE ( 6 , 3700 I ( T U", A X ( I I • I = 1 , N S I , (T P M A X { I • , I = 1 • N S I , 
~ (C 0 ( I I , I = 1 , N S I , l UN M A X ( I I • I -= 1 , N S I , ( PN M A X ( U , I '" 1 • N S .. 
C; (F NM A X ( I , • 1=1 ,NS , , ( HNM AX II I , r;: 1, tiS I, (H 2M AX ( I " 1= 1. NS • , 
~ (T HNM X( I I ,I = 1, NS I , (TH2MX (l • , 1= I, NS I, (T FM AX ( I I, 1= 1, NS • 

WR I TE « 6,3650» (DE PTH ( I , • I '" 1. NS I , (UP A ( I. ,I 1 ,N S» • (PL VM ( I .. 1= 1, "IS) 
C; , ! PAS S ( I a , I '" 1 , NS , , ( PUP A ( I I , I =1 , N S I , ( V I 8 ( It • I;: 1 • ~I 5 • 
$ , ( IlS ( I a • 1 = 1, N S I , (C 0 l ( I ) t 1= 1, NS , , (C 03 (! a, I = I, NS I, 
<;(FO( 1 1.I=1,NSI 

WR I TE ( 12.3100 I (TU MAX ( I I. 1= 1 t NS I, (T PM AX ( I I, 1= 1. NS •• 
5 (C (H I I , I = 1 ,N S I • ( UNM A X ( ! I t I = 1 • N S I , ( PN MAX ( II , 1=1 , N S I , 
"'FNMAX(I I,I=1,NSI,(HNMAX(!J,I=I,NSI, (HZMAX(II, I=I,NSI, 
$ (THNM X( I I • I::: 1, NS I • (TH2MX (! • , 1 = 1, NS I, (T FM AX ( I I, 1= 1, NS I 

WR I TE ( 12,3650 J «D E PTH ( I I, 1= 1 t NS I , IV PA ( I ), I = I, NS I, (P LVM ( I ) • 1= 1. N S I 
$,(RASSIII,I=I.NSI,(PUPA(II,I=l,NSI,(VIB(II,I=I,NSt 
~ • ( AS ( I , , I:: 1 • N S I • ( C02 (l I , I:: 1, NS I • (C 03 <I " I = I, NS .. 
~ (FO( I I, I=l.NSI 

WRI TE (13.3700) (TUMAX' I 1.1= I.NS I, (TPMAX( 1'.1= 1, NS., 
~ (C 0 ( I I • ! :: 1 , N S t , ( UN M A X ( I I ,I = 1 , N S ) , « PN M A X« 11 , I:: 1 ,N S t , 
~ (F NMA Xl I , , I = I, NS I , I HNMAX II I, 1= 1, NS ), (H 2M AX ( I " 1= 1, NS I , 
C; (THNM X ( I I ,r = 1, NS I • (TH 2MX (! I , ! = 1, NS I, (T FM AX ( I • , 1= 1, NS I 

WR I TE ( 13, 3650 I ( 0 E P TH' I ). 1= 1, N S ) , IV P A ( I I , I:; 1, N S I , ( P LV M ( I , , I = 1, N S , 
!,(RASS(YI,I=l,NSI,(PUPA(II,I=l,NSI,(VIB(II,I=I,NSI 
'" ,I ~S ( I I , I:: 1, I': SIt (C 0 l ( I • t I:: 1 t NS I , (C 03 ( I I • 1=-1, NS I, 
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~(FO' I., I=l,NSI 
:noo FORMAH' URANIUM',4X,9tlXtlPOIO.3I/' PLUTONIUM',2X, 

~<;(2X,lPDIO.3J1' U+PU',7X,9(2X,lPD10.311' ',44X,3Q('-'1I 
$' U02(N03'2',2X,9(2X,lPDIO.31/' PU(N0314',3X,9[2X,lPDIO.311 
$I FP(N03t2.3c',9{2X,1PDIO.3I1' ',44X,3C('-'1I 
$1 HN03',7X,9(2X,lPD10.3I1' H20',8X,9(2X,1POI0.311' '.44X,30( '-'II 
$1 UOZ',8X,9(2X,lPD10.31/' PU02',7X,9(2X.lPDlO.311 
$' FP(OI1.1776',9(2X,lPDIO.31/' ',44X,3C('-'11 
11)' ., 44X, 30 ( ,-, II 

3650 FORMAT(1137X,'*** ADDITIONAL CCNCENTRATION DATA ***'1 

C 

$' U(G/LILO',3X,9(2X,lPDI0.3'" U(G/LIPT' ,3X,912X,lPDI0.31 
C31' U(G/LIPN',3X,9(2X,lPDIO.3l/' PU(G/LILQ',2X,9(2X,lPDIO.31 
II) I' P U ( GIll P T , , 2 X , 9 ( 2 X , 1 P D 1 O. 31 I' P U ( G I LJ PN ' • 2 X , 9 ( 2 X, 1 P D 1 O. 3. 
$1' U+PU(G/LllQ',9(2X,lPDIO.31/' U+PU(G/LIPT',9(2X,lPDIO.3.1 
$' U+PU(G/lIPN',9(2X,lPDI0.3I1' HN03(MOllU ',9( 2X.lPD10.311 
$' ',44X,30('-",11 

IF (ZNOPTA.EO.O.OI GOTe 5000 
CALL CALCMP 
IF (INOPT7.EQ.0.01 GOTe 5100 
CALL PLOT7(PLTIME,~UM,NS) 

5100 IF (ZNOPTP.EQ.O.OI GOTC 5200 
CALL PLOTD'NS,FREQ.RMS.P,PART,RMIN.RMAX,NGI 

5200 IF (ZNOPl3.EO.0.01 GOTC 5300 
CALL PLGT3(PLTIME.MUM,~SI 

5300 IF (ZNOPTD.EQ.O.O) GOTO 5400 
CALL DIGPLT 

~400 CALL DONEPL 
C 
~OOO STOP 

C 
C 
C 

END 

SUBROUTINE TRANSF 
IMPLICIl REAL*8 (A-H,O-Z' 
COMMON/XXI UN(20',PN(20I,HN03(ZOI,H20(ZO),UNB(ZOItOlD(20. 

~.PNB(20I,HN03B(20I,H20B(201.WTU308(ZOl,WTPUOZ(ZOI,WTFP(20' 
I,WTFUElI201.FPN(20I,FPNB(20.,DENOM(ZOI,REL(ZOl,CREL(ZOl,lIMO 

COMMON /XXX/TOl,T,CT,V(20I,VO(20t,CT1,Tl,H,PlV(20l,HC. 
$T2,SUMNEG,SU~HNO.SUMNEP,ICP,ICPO.ITSAC 

COMMON/XXXX/BI20 •• U308120t.U308B{ZOI.PART(ZOl.RATE1(20I. 
$PARTB(20t,~ATE2120,.PU02{20'~PUOZB(201.FP(201,FPB(201. 
$lN K l( 20 I • PNK 1120' ,F P K l( Z 0' , F l( 20 I ,UN K2 (Z 0 I ,PNK Z ( 20 I, 
IFPKZ(201,P(10,50I,PBCIO,501,NS 

COMMON/PERCNT/PCU308,P(PU02,PCFP,SPAREA,DU308 
~,DPU02,DFP,CCN,PINMAS,PPSTGI20.,CVIZOI,RAl~F,FEDRAT,ARATIO 

$,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 
COMMON/PAR/FREQI50.,R(50"RMMIN'501,~MMAX(501,PP(10.50I, 

$ RM S (1 0.50 I ,PART P (20 t ,P M ( 50 I , AT P« 50 I • OR • PI, RM IN, R MAX, PCONT, 
SFTPIRO,FOURPI,NG 

COMMON/SCLIDS/FINES,RWASTE,HDR,CUBE,NRW,NRWM1,NGP~RW.NGMl 

~,NRWM2 

COMMON IlRANZT/BAKMIX(20',S5T(20',RHOLIQ(20I,PLVBT{201 
!,BAKV(201,SSTMSS(ZOt,DTFLGl,DlFlG2,DTRACT,DUMPT,OENSST 
$,CFUEl,CFINES,SSSCT,FUPIN.OFFTIM,PIHC,TF,FlAPTM. 
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~~SSCTHtFINESH.SSTFIFEDONE,FINESF,PINFEO,NSMl 
COMMON/SUMS/SUMFlP.SUMFLF.SUMFIN.SUMPIN.SU~FOU.SUMPOU 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

******************************************************************** 
********************************************************************** 
**** **** 
**** 
**** 

PARTICLES, HULLS, FUEL, AND SOLUTION BACKMIX TRANSFERS **** 
**** 

********************************************************************** 
******************************************************************** 

CT STAGE TRANSFERS HAVE PRIORITY OVER CTI TRANSFERS 
eTl TRANSFERS HAVE PRIeRITY OVER SOLIDS FEED ••• 

ASSUME INSTANTANEOUS MIXING OF BACKMIXEO LIQUIC CARRIED OVER 
WITH HULLS. 

BACKMJX VOLUME VALUE SETTER ••• 

JB~NS 

JBMl=NSMl 
00 101 K=l,NS 
PLVBT(Kt~PLV(K' 
~STMSS(KI=SST(KI*OENSST 
BMeON=BAKMIX(KI*SSTMSS(K. 
BAKV(KI=B~CON/RHOLIQ(KI 

lOt CONTINUE 
CcccccccccccccccceccccccCCCCCCCCCCCCCCCCCCCCCCCCccccccccc 
c c 
C SOLIDS TRANSFER RATE CCNTRCL FeR STAGE NS.. C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccecccec 

IF(T.GT.CT.OR.OTFLGl.GE.Hca GOTD 620 
GOTO 630 

620 CTFLGl=DTFlGl.H 
IF (DTFLGl.GT.DUMPTI GOTO 640 
IF IDTFlGl.GT.H) GOTO 650 
WTFUELIJB'=WTFUEL(J8Ml,+WTFUEL{JBI 
SSTIJB'=SST(JBMl'.SST(JBI 
PPSTG{JBI~PPSTG'JBMl'·PPSTG(JB' 
BAKVC=BAKVIJBI 
SSTCZ=SST(JBI 
PPSTGC=PPSTG(JBI 
SUMFIN=SUMFIN+WTFUEL(JBI 
SUMPIN=SUMPIN.PPSTGC 
rON=l 
GOTO 660 

650 fON=O 
660 IF(PPSTG(JBI.LE.O.ODOI GOTa 640 

DTRCTH=DTRACT*H 
PPSTZ=PPSTGC*CTRCTH 
PPFRC=PPSTZ/PPSTGIJB) 
TPPS=PPSTG(J8'-PPSTZ 



C 

IF(TPPS.lE.O.ODOI GOTO 10 
GOTO 20 
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C FRACTIONAL ADJUSTMENT OF OTRCTH 
C 
10 OTRCTH=(l.OO+TPPS/PPSTZ'*DTRCT~ 

PPSTl=PPSTGC*OTRCTH 
PPFRC=PPSTZ/PPSTG(JB' 
TPPS=PPSTGIJB,-PPSTl 

20 PPSTG(JBt=TPPS 

C 

PLV(JBI=PlVIJBI-BAKVC*CTRCTH+BAKV(JBMl'*10N 
OGUN=BAKV(JBMll*UN(JBMl.*ION-BAKVC*OTRCTH*UN{JBI 
OGPN=BAKVlJBMIJ*PNlJBMl'*ION-BAKVC*OTRCTH*PNlJBJ 
DGFN=BAKV(JBMll*FPN(JBMlJ*ION-BAKVC*DTRCTH*FPN(JB' 
OGHN=BAKV(JBMl'*HN03(JBMll*JON-BAKVC*DTRCTH*HN03(JB' 
DGH2=BAKV(JBMl.*H20(JBMl'*ION-BAKVC*OTRCTH*H20(J8. 
UN(JB.={UN(JBI*PLVBT(JBI+OGUNI/PlVIJBI 
PN(JBJ=(PN(JBI*PLVBT(JBI+DGPN'/PlV(JBI 
FPN{JB'=(FPN(JBI*PlVBTeJ8'+OGFNI/PLV(JB' 
HN03(JBI=(HN03(JB'*PlVBT(JBI+OGHNI/PLV(JBI 
H20IJBI=(H20eJBI*PlVBT(JBI+DGH21/PlVIJ81 
WTFUZ=WTFUEl(JBI*PPFRC 
WTFUEl(J8'=WTFUEl(JBJ-WTFUl 
SST(JB'=SST(JB)-SSTCl*CTRCTH 
PlVRAT=PlVBT(JBMl"PlVIJB, 
SUMFOU=SLMFOU+WTFUl 
SUMPOU=SUMPOU+PPSTl 

C ASSUME JBMl TRANSFERS FIRST. 
C PARTICLE TRANSFERS DUE TO BACK~JXING 

C 
SU~WT=O.ODO 
00 670 JJ=l,NRWMl 

WTPJB=P(JB.JJI*BAKVC*OTRCTH 
WTPJBM=PIJBM1,JJ'*BAKV(JBMll*rON 
WTPTOT=P(JB,JJ,*PlVBTIJBI 
~TP=WTPJBM·WTPTOT 

IF(WTPI710,710,700 
100 RMS(JB,JJ1=WTP/(WTPTOT/RMS(J8,JJI+WTPJBM/~MSIJBM1.JJ" 

GO TO 6ao 
710 RMS[JB.JJI=R[JJf 
tao CONTINUE 

WTSUM=WTPJBM-WTPJB 
P(JB,JJ,=(P(JB.JJ,*PlVET(JB'+WTSUM'/PLV(JBI 
SUMWT=SUMWT·WTSUM 

670 CONTINUE 

c 

PLVBO=PlV8T[JBI/PLV(JB' 
SUMPJ=O.ODO 
SUMAD=O.ODO 

C PARTICLES TRANSFERING WITH HULLS 
C 

DO 690 KK=NRW,NG 
ADDPAR=P(JBM1,KK,*PLVRAT*tON 
SUMAD=SUMAO+ADDPAR 
PARFUl=P(J8,KK1*PPFRC 



SUMPJ=SU~PJ.PARFUZ 

REMPA~=P(JB.KK) 

PJBTOT=ADDPAR+REMPAR 
fF(PJ6TOT.370.37C.380 
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380 RMS(J6.KKI=PJBTOT/(AODPAR/PMS(JBM1.KK •• REMPAR/R~S(JB.K K •• 
PIJB.KKI=PJBTOT-PARFUZ 
IF(P(JB,KKI.LE.O.ODOI GOTO 370 
GOTD 690 

310 RMSIJB.KKI=ReKKI 
P(JB.KKI=O.ODO 

690 CONTINUE 
PART(JBI=(PART(JBI-SUMPJI*PLVBO+SUMAC+(SUMWT/PLV(JBII 
OUT=WTFUZ+SUMPJ*PlV(JBI+WTPJB 
UOWF=QUT*PCUPER+BAKVC*CTRCTH*UN(JBI*UPERUN 
POWF=QUT*PCPPER+BAKVC*OTRCTH*PNeJBI*PPERPN 
GOTO 630 

t40 OTFlGl=O.OOO 
WTFUEleJBI=O.ODO 
SST(JBI=C.COO 
PPSTG(JBI=O.ODO 
UOWF=O.OOO 
PDWF=O.OOO 

~30 TF=TF+H 
C 
C SOLIDS FEED CONTROL 
C FLAPPER VALVE SIMUlATICN •••• 
C 

IF(FlAPTM.lT.HCI GOTa 400 
IF{TF.GT.FlAPTMI GOTO 200 
ION=l 
IF(OFFTI~.GT.PIHCI ION=O 
SSTF=SSTF+SSSCTH*ION 
FEDONE=FEOCNE+CfUEl*ION 
FINESF=FINESF+FINESH*TCN 
PINFED=PINFEO+FUPIN*tON 
GOTO 440 

200 TF=TF-FLAPTM 
WTFUEL(l'=WTFUEl(ll+FECONE 
SST(ll=SST!l'+SSTF 
PPSTG(l'=PPSTG(ll+PINFEO 
PARTI11=(PART(11*PlV(11·FINESFI/PLVllt 
SUMFlF=SUMFlF.FINESF 
SUMFLP=SUMFLP+FEDONE 

DO 220 J=l,NG 
ZWTP~=P(l.J'*PLV(l' 
ZWTAD=FI~ESF*FREQ(J' 
TZWTAO=ZWTPR+ZWTAD 
P(l.JI=(ZWTPR+ZWTADI/PLV(ll 
IF(TZWTAC.lE.O.ODOI GOlD 225 
PMSI1.JI=TZWTAD/(ZWTPR/RMS(1,JI·ZWTAO/R(JII 
GOTO 220 

225 RMS(l,JI=R(J' 
220 CONTINUE 

JON=l 
IF(OFFTIM.GT.PIHC' ION=O 
TMFCT=TF/H 



SSTF=SSSCTH*TMFCT*ION 
FEDONE=CFUEl*TMFCT*ION 
FINESF=FINESH*TMFCT*ION 
PINFED=FUPIN*TMFCT*ION 
GO TO 440 
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400 ION=l 
IF(OFFTIM.GT.PIHCI ION=O 
FEDONE=CFUEl*ION 
FINESF=FINESH*ION 
WTFUEl(l'=WTFUEl(II+FEDONE 
SST(l'=SST(ll.SSSCTH*ION 
PPSTG(l,=PPSTGIII.FUPIN*ION 
PART(11=(PART(11*PlV(11+FINESFI/PlV(1' 
SUMFLF=SUMFLF.FINESF 
SUMFlP=SUMFLP+FEDCNE 

DO 410 J=l,NG 
ZWTPR=P(I,JI*PLV(11 
ZWTAO=FINESF*FREQIJ' 
TZWTAD=ZWTPR+ZWTAD 
P(l,JI=(ZWTPR+ZwTAOI/PLV(l' 
IF(TZWTAO.lE.O.OOOI GOTO 415 
RMS(I,JI=TZWTAO/(ZWTPR/RMS(I,JI.ZWTAD/RIJII 
GOTO 410 

415 RMSll,JI=RIJI 
410 CONTINUE 
440 IF(T.GT.CTI GO TO 100 

IF(TI.GT.CTI) GO TO 30 
GOTO 40 

CCCCCCCCCCC~CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

C C 
C SOLIDS TRANSFER FROM STAGES 2 THROUGH NSMI C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
lCO T=T-CT 

C 

DO 126 J=3,NSMI 
JB=NSMI-J.3 
J8MI=JB-I 
PLV(JBI=PlV(JBI-BAKV(JBI+BAKV(JBMII 
DGUN=BAKVIJBM1'*UN(JBM1'-BAKVIJB'*UN(JB' 
OGPN=BAKV(JBMII*PN(JBM1'-8AKV(JBI*PN(JBI 
OGFN=BAKV(JBMll*FPN(JB~l,-eAKV(JBI*FPN(JBI 

OGHN=BAKV(JBMlI*HN03(J8Ml)-BAKVIJB'*HN03IJBI 
DGH2=BAKV(JBMll*H20(JB~11-eAKVIJBI*H20(JBI 

UN(JB'=IUNIJB,*PLVBTIJB'+OGUNI/PlV(J8' 
PN(JBI=(PNIJB,*PLVBTIJB'+OGPNI/PLV(JBI 
FPN(JB,=(FPN(JBI*PLVBTIJBI·OGFNI/PLV(JBI 
HN03IJBI=(HN03(JB,*PLVeT(JB'.DGHNI/PlV(JBI 
H20(JB'=(H20IJBI*PLVBT(JBI+OGH21/PLV(JB' 
WTFUEL(JBI=WTFUEL(JBMll 
SSTIJBI=SST(JBMll 
PPSTG(JBI=PPSTGIJBMII 
PLVRAT=PLVBTIJBMII/PlV(JBI 

C ASSUME JBMl TRANSFERS FIRST. 
C PARTICLE TRANSFERS DUE TO 8ACKMIXING 
C 



SUMWT=O.ODO 
DO 102 JJ=1,NRWM1 

WTPJB=P(JB,JJ.*BAKV(JB. 
~TPJBM=P'JBMl,JJI*BAKV'JBMll 
WTPTOT=P(JB,JJl*PLVBTIJBJ 
~TP=WTPJBM.WTPTOT 

JFlWTPI310,310,300 
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:!OO PM S ( JB f JJ'I =WTP /( WTPTOT IRMS ( J Bt J J I t-WT P J 8M IPMS (j BMI, JJ , , 
GO TO 110 

:!lO RMSIJB,JJ)=R(JJI 
110 CONTI NUE 

WTSUM=WTPJBM-WTPJB 
PIJB,JJ,=(PIJB,JJI*PLVETIJBI.WTSUMI/PLVIJB' 
SUMWT=SUMWTt-WTSUM 

102 CONTINUE 

C 

PlVBO=PLVBT(JBJ/PLV(JBI 
SUMPJ=O.ODO 
SUMAO=O.ODO 

C PAPTICLES TRANSFEPING WITH HULLS 
C 

DO 175 KK=NRW,~G 
AODPAR=PIJBMl,KKI*PlVRAT 
SUMAD=SUMAO+ADOPAR 
SUMPJ=SU~PJ.P(JBtKKI 

PIJB,KKI=ADOPAR 
RMS(JB,KK,=RMS'JBMl,KK' 

175 CONTINUE 
PARTlJB'=(PARTIJBt-SUMPJI*oLVBOtSUMACt(SUMWT/PLVIJBI, 

126 CONTINUE 
IF(Tl.GT.CTll GO TO 60 

wTF UEL I 2' =0. 000 
SSTl21=O.ODO 
PPSTG(21=O.ODO 
PLVl2'=PLV(2'-BAKV(Z) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C /'\0 SOLIDS TRANSFER FROM STAGE 1. C 
C ALL SOLIDS TRANSFERED FROM STAGE 2 C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

JB=2 
PLVB2=PLVBT(2"PLV(2' 
SUMPB2=O.ODO 

C PARTICLES ~RANSFERRING DUE TO BACKMIXING. 
C 

DO 103 JJ=l,NRWMI 
POUT2=P(2,JJt*BAKV(21 
P(2,JJI=(P~2,JJI*PlVBT(21-POUT2"PLV(2) 
SUMPB2=SUMPB2+POUT2 

le3 CONTINUE 
SUMPT2=0.ODO 

C 
C PARTICLES TRANSFERRING WITH HULLS 
C 
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DO 130 KK=NRW.NG 
SU~PT2=SU~PT2·P(Z,KKI 

PB(Z,KKI=O.ODO 
P(2,KK'=O.ODO 
RMS(Z,KK,=R(KK, 

130 CONTINUE 
PART(ZI=(PART(21-SUMPTZI*PLVBT(ZI-SUMPB21/PLV{2. 
GO TO 40 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C SOLIDS TRANSFER FROM STAGES 1 ~ND 2. C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
60 Tl=TI-CTI 

c 

PLV(2)=PLV(21+B~KV(1)-eAKV(21 

PLV(l)=PLVll'-BAKV(ll 

C 00 NOT NEED TO RECALCULATE STAGE 1 CONC SINCE 
C SOUP ~RCM SOUP LEAVES SOUP ••• 
C 

c 

DGUN=BAKV(1'*UN(11-UN(2'*B~KV(21 
DGPN=BAKV(lt*PN(I'-PN(21*BAKV(2j 
DGFN=BAKV(11*FPN(1'-FPN(21*BAKV(2) 
DGHN=BAKV(11*HN03(1'-HN03(21*BAKV(21 
DGH2=BAKV(11*H20(1'-H2C(21*BAKV(21 
UN(21=(UN(ZI*PLVBT(ZI+DGUN"PlV(21 
PN(ZI=(PN(ZI*PLVBT(ZJ·OGPN./PLV(ZJ 
FPN(21=(FPN(21*PLVBT(21·0GFNI/PLV(ZI 
HN03(Z,=IHN0312'*PLVBT(Z'+DGHNJ/PLV(2' 
H20(2)=(H20(ZJ*PLV!T(2'+DGH21/PLV(2) 
wTFUEL(Z'=wTFUELC11 
SST(21=S5T(I. 
PP$TGI2J=PPSTG(11 
WTFUEL(l'=O.OOO 
$ST(l'=O.OOO 
PPSTGll'=O.OOO 
PLVRAT=PLV8TC11/PlVCZI 
PLVB2=PLVBT(21/PLV(2' 
PLV81=PLVBTIII/PLV(I' 

SUMP81=0.ODO 
SUMPB2=O.OOO 

C PARTICLE CONCENTRATION DUE TO 8ACKMIXING 
C 

DO 105 JJ=l,NRWMl 
POUT1=P(l,JJI*BAK~(1' 
PQUT2=P(Z,JJI*BAKVC2' 
WTPl=Pfl,JJ.*PLVBT(ll 
WTP2=P(2,JJI*PLVBT(ZI 
WTP12=PQUTl·WTP2 
IF(WTP121320,320,330 

330 RMS(Z,JJ,=wTP12/IPOUT I/RMSI1,JJJ+WTP2/RMS(Z.JJ •• 
GO TO 116 

320 RMS(2,JJI=R(JJI 
C 
C MEAN SIZES FO~ STAGE 1 DOES NOT CHANGE. 



C 
116 

105 

c 
c 
c 

CONTI NUE 
WTSUM2=PCUTI-POUT2 
P(2,Jj) OHP2+WTSUM2I1PlV(21 
P(l,JJI=(WTPI-POUTII/PLVlll 
SUMPB2=SUMPB2+WTSUMZ 
SUMPB1=SUMPB1~POUTl 

CONTINUE 
SUMPTl = 0.000 
SU"1PT2=0.ODO 
SUMAD=O. 000 
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PARTICLE CONCENTRATION DUE TO HULLS TRANSFER . 
DO 135 KK=NPW.NG 

ADDPAR=P(l,KK'*PlVRAT 
SU~AD=SUMAD~ADDPAR 

SUMP T 2=SUMPT2.P(2,KK' 
P(2.KKI=ADDPAR 
~MS(2,KKI=RMS(1.KKI 

SUMPTl=SUMPTl+Pll.KKI 
P(1,KKI=O.OOO 
PBU ,KK'=O.ODO 
RMS(l,KK)=R,(KKI 

135 CONTI NUE 
PART(ZI=«PAPT(ZI-SUMPTZI*PlVBT(21.SUMPBZ,/PLV{ZI+SUMAD 
PART( l' (( PART( U -5UMPTlI *PLVBTt II-SUMPS II/PlV (it 

GO TO 40 
C(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccccecccceecceec 
c c 
C SOLIDS TRANSFER FROM STAGE 1 ONLY C 
C NO SOLIDS TRANSFER FROM STAGE 2. C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccceccee 
30 T1=TI-CT1 

c 

PLV(Z,=PLV(Z,.BAKVCll 
PlV(11:PLV(1'-BAKV(11 
JB=l 
CGUN=BAKVIJBI*UN(JB' 
DGPN=BAKY(JBI*PN(JBI 
DGFN=BAKY(JBI*FPN(JBI 
OGHN=BAKVIJB.*HN03(JBI 
OGH2=BAKV(JB'*H20(JS' 

C SOUP FRCM SOUP lEAVES SOUP ••• 
c 

JB=2 
UN(JB'=(UN(JBI*PlVBT(JB'+OGUN"PlV(JB' 
PN(JBJ=(PN(JBJ*PLVBT(JB'+DGPN,/PlV(JBJ 
FPN(JB'=(FP~(JBI*PLVBT(JB'+OGFNI/PlV(JBI 

HN03IJB'=(HN03(JB.*PlVeT(JB'.OGHNI/PLV(JBI 
H20(JB'=(H20lJB.*PlVBT(JBJ·OGH2./PLVIJBJ 

SUMPBl=O.ODO, 
C 
C PARTICLE CCNCENTRATION DUE TO eACKMTXJNG 
c 



DO 104 JJ=l.NRWMI 
POUTl=P(l.JJ'*BAKVllJ 
WTP2=P(Z,JJI*PlVBT{ZI 
WPTOT2=WTP2+POUT1 
IF(WPTOTZI340,34C.350 
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350 RMSIZ.JJI=WPTOTZ/CPOUTI/RMS(l.JJI+WTPZ/RMS(Z.JJII 
GO TO 125 

340 PMSCZ, JJJ=R( JJI 
125 CONTINUE 

SUMPB1=SUMPB1+POUT1 
P(Z.JJ,=(P(Z,JJ'*PlVBT(ZI+POUTl./PlV(ZI 
P(l,JJI=(PII,JJI*PLVBT(ll-POUTII/PlVIll 

104 CONTINUE 

c 

WTFUEl(ZI=WTFUEL(Z'+WTFUEl(11 
S5T(21=55T(21+SSTll' 
PPSTG(ZI=PPSTG(Z'+PPSTGI11 
WTFUEUl,=O.OOO 
SST( 11 =0.000 
PPSTG C 1 J =0.000. 
PlVRAT=PLV5TCII/PLVCZ, 
PlVBZ=PLVBT(2'/PlV(ZI 
PlVBl=PlVBTllI/PlVllJ 

SUMAD=O.ODO 
SUMPTl=O.ODO 

C PARTICl~ CGNCENTRATION DUE TO HULLS TRANSFER 
C 

DO 140 KK=f\RW, NG 
PS1=P(1,KKI*PLVBT(11 
PSZ=P(2.KKI*PlVBT(Z. 
PSUf.o11Z=PS1+PSZ 
IF IPSUM121145,145, 155 

155 RMS(Z,KKI=PSUMIZ/CPSI/RMS(l,KKJ+PSZ/RMS(Z,KKII 
GO TO 165 

145 RMSCZ,KKI=R(KKt 
165 CONTI NUE 

140 CONTINUE 

c 
c 
C 

ADDPAR=P(l,KKJ*PLVRAT 
PCZ,KKJ=P(ZtKKJ*PlVBZ+~ODPAR 

SUMAD=SUMAD+ADDPAR 
SUMPT1=SUMPTl+P(1,KK' 
P(l,KKI=O.OOO 
RMS(l,KK)=R(KKJ 

PART(Z'=(PART(2.*PlV8T(ZI+SUMPB1,/PLV(ZJJ+SUMAD 
PARTC11=[(PAPT(1'-SUMPTl.*PLVBT(II-SUMPBlt/PLV(11 

C PINS CONTINUE TO 8E REMOVED FROM STAGE 1 
C EVEN AFTER SOLIDS FEED HAS STOPPED. 
C 
40 CONTI NUE 

C 
C 

RETURN 
END 



C 
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SUBROUTINE PARTIC 
IMPLICIT REAL*8 (A-H,O-l. 

COMMON/XXI UN(20t,PN(20.,HN03(20.,H20(20I,UNBI20),OlDl201 
~.PNB(201,HN03B(201.H20B(20'.WTU308(20I,WTPU02(201,WTFPl20t 
~.WTFUELl20'.FPN{20I,FPNB«20I,DENOM(20l.REl(20l,CRELI2Ot,lIMO 

COMMON IXXX/TOL,T,CT,V(20I,VOI20t,CTl,Tl,H,PlV(20l,HC. 
~12,SUMNEG,SUMHNO,SUMNEP,ICp,ICPO,ITSAC 

COMMON/XXXX/B(20t.U308(20.,U308B(201,PART(20.,PATElI20 I, 
$PAPTB(201,RATE2(201,PU02(20I,PU02B(20t,FP(201,FPBl20', 
$LNK1(20'.PNKll20.,FPK1(20l,Fl(20l,UNK2(201,PNK2(20I, 
$ FP K2 « 20 I ,P (1 0 ,50 I , P B ( 10, 50 I , NS 

COMMON/XXXXX/RMSO(2,501,TIME,PINVOl,RHOAVE,TD,XPU,REM.TNP, 
~RPOW,RCON,ACDF,PINOOO.PAROOO 

COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
~,DPU02tDFP,caN,PINMAStPPSTG(20),CV(20),RATMF,FEDRAT,ARATIO 
$,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/WTMOlE/WMOLU3,W~OLPUtWMClFP,WMOlUN,WMOlPN,WMOlFN, 
~kMClH2,WMOLHN,AVEMaL,JJPART,MMUN,NNPN.NNFP,MMHNt IIH2 

COMMON/PAR/FREQ(50I,R(50',RMMIN(SOI,RMMAX(50l,PP(10,50 I. 
~ RM S ( 10,50 I ,PART P (20' • PM ( 50. , AT P l 50 I , CR, PI, RM IN, R MAX, PCONT. 
~FTPIRO,FOURPI,NG 

COMMON/SOLIDS/FINES,RWASTE,HDR,CUBE,NRW,NRWMl,NGPNRW.NGMl 
C;,NRWM2 

D I 1\1 ENS ION T E M P (S 0 I ,R T E M P ( 5 0 I , R R E AC T( 50 • 

C PARTICLE BALANCE 
C 
C DEFINITIONS 
C 
C PPlI,J'---NUMBER Of PARTICLES IN SIZE GROUP J IN STAGE I IF REACTION 
C IS IGNOREO.(G/ll 
C P(I.J'---CCNC OF PARTICLES IN SIZE GROUP J IN STAGE I IF 
C REACTION IS IGNORED. (GIll 
C 
C 
C RECALCULATE RELEASE RATE DUE TO ADJUSTMENT OF TIME STEP. 
c 

C 

CALL RELEAS 
DO 22 L=l,NS 

ClOt 1I =PMT(U 
PARTBCL,=PARTlli 

C WEIGHT OF FUEL IN PINS ADJUSTED FOR RELEASE 
C 

wTFUEl(L'=WTFUEl(L.-REltl.*H 
DO 22 M=l,NG 

22 P8(l,M,=PlL,M' 
C 
C REACTION RATES RECALCULATED AFTER RELEASE OF FUEL FROM PINS 
C 

c 

::ALL RATECK 
DO 19 JJ=l,LIMe 

IF l JJ. GT. JJPART. JJI'ART=JJ 
IF LAG=O 

C STAGE 1 PARTICLE SIZE GROUPS NRW TO NG. 



c 

C 

T= 1 
IPl=I+l 
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HCP=H/PlVIII 

C STAGE 1 PARTICLE SIZE GROUPS NRW TO NG 
C 

DC 30 JO=NRW. NG 
J=NGPNRW-JC 
A=RELII'*~REQ(J' 
P(I,J,=PBCI,J)+A*HOP 

30 CONTINUE 
C 
C STAGE 1 PARTICLE SIZE GROUPS 1 TO NRWMI. 
C 

QTP=DEXP«-DENOM(t"*HCP, 
ONEQTP=l. DO-QTP 

DO 65 JO=I.NRWMl 
J=NRW-JO 
A:Fl(IPl,*P(IPl,J)+REL{II*FREQ(J) 
IFCDENOMCIt.EQ.O.ODO) GOTa 500 

PIJ,JJ=ONEQTP*A/OENOMII,.PBII,J,*QTP 
GOTO 65 

500 P(l,J.=P8n,JI 
65 CONTINUE 
C 
C RADIUS DUE TO MIXING IN STAGE 1 
C 

RELH=REL(I '*H 
FLVOL=H*FUIPll 

DO 610 J=I,NG 
PTCSTG=P8(I,J,*PLV(It 
PTLOGN=RELH*FREQ(JI 
IF.(J.GT.NR~Ml' GOTO 556 
PTSTGB=P8IIPl,J,*FLVOL 
GOTO 558 

556 PTSTGB=O.ODO 
558 PTOTAL=PTLCGN+PTSTGB+PTCSTG 

c 

PDEN&{PTLOGN/RIJ,·pTSTGB/RMS{IPI,J'·PTCSTG/RMS(I,JII 
IFIPDEN.LE.O.ODOl GOTO 247 

C ADJUSTED RADIUS 
C 

RMS(l,J'=P10TAL/PDEN 
IF(RMS(I.JI.lE.O.OOOIRMS(I,J'=R(J) 
GOTO 610 

247 P(I,JI=O.OOO 
RMSCI, J I =R (JI 

HO CONTINUE 
C 
C STAGES 2 THROUGH NS PARTICLE SIZE GROUPS NRW TO NG. 
C 

11'1=1·1 
IMl=:I-l 

00 10 I=2, NS 

HOP=H/PLVII) 
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DO 40 J(1= NRW, NG 
J=NGPNRW-JC 
A=RELIYI*FREQ(JI 
P{!,J'=PBII,J'+A*HOP 

40 CONTINUE 
C 
C STAGES 2 THROUGH NS PARTICLE SIZE GROUPS 1 THROUGH NRWMI. 
C 

QTP=DEXP«-DENOM(I,,*HOP, 
ONEQTP=l.DO-QTP 

DO 75 JO=l,NRWMl 
J=NRW-JO 
A=Fl(IPll.P(IPl,JI.REl(II*FREQ(JI.BIIMl'*P(IMl.JI 

. IF(DENOM(II.EQ.O.OCQI GOTO 530 
P(!,JI=DNECTP*A/DENOM(!,+P8(!.J,*QTP 

GOTO 75 
530 P(I,J)=PIHI.J' 
75 CONTINUE 
C 
C RADIUS DUE TO MIXING IN STAGES 2 THRU NS 
C 

PELH=REU I 'litH 
FLVOL=H*FL(IPl' 
BLVOL=H*B (IMl I 

DO 630 J=l.NG 
PTCSTG=P8t!,J'*PlV(I' 
PTLOGN=RElH*FREQ(JI 
IF(J.GT.NR~Ml'GO TO 565 
PTSTGB=P8CIPl.JI*FlVOl 
PTBAK=PB(IMl,J'*BlVOl 
GOTO 555 

565 PTSTGB=O.ODO 
PTBAK=O.ODO 

555 PTOTAl=PTlCGN+PTSTGB+PTCSTG+PTBAK 

c 

POEN=(PTlOGN/R(J'+PTSTGB/RMS(IPl,JI+PTCSTG/RMS(I.JI 
$+PTBAK/RMS(IMl.J" 

IF(POEN.lE.O.ODO' GOTO 140 

C AOJUSTEC RADIUS 
C 

RMS(!,JI=PTDTAl/POEN 
IF(RMS(I.JI.lE.O.ODOIRMS(I,JI:RlJI 
IF(RMS(I.J'.GT.R~MAXCNGI'GOTO 400 
GDTD 630 

140 P(I,JI=O.ODO 
QMS(I, J'=RlJ' 
GOTD 630 

400 WRITEl13.420ITIME.I.J 
420 FORMAT(/' TIME='.2X,lPD15.4,2X,I3.2X.I41 

WRITE(13.410IPTCSTG,PTlOGN.PTSTGB,PTBAK,RELH,FLVOL.BLVOl 
~,RMSCI.JI 

410 FDRMAT(IX.8(lP012.3,lX'i 
RMS(I.JI=R(JI 

00 CONTI NUE 
10 CO~T!NUE 

IFlAG=O 



19 
41 

C 

CAll CHECK(IFlAG,PA~TJ 
!F(IFlAG.GT.l1 GO TO 19 
GO TO 41 

CCNTINUE 
CONTI NUE 
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DO 800 I=l,NS 
SUMPAR=O.ODO 

DO 810 J=l,NG 
PTPlV=P(I,J'*PlV(II 
PM(JJ=FTPIRO*(RMStI,J'*1.D-4'**3 

C ARATIO USED TO INCREASE SURFACE AREA ONLY ••• 
C 

ATPlJI=FCURPl*(RMS(I,J,*ARATlOI**2 
PP(I,JI=PTPLV/PM(JI 

810 SUMPAR=SUMPAR+PTPLV 
800 PART(II=SUMPAR 

C 
C 
C 

C 

RETURN 
END 

SUBRoUTI NE SU6UN 
IMPLICIT REAl*8 CA-H,O-l) 
COMMoN/XXI UN(20J,PN(201,HN03(20"H20(20),UNfH20"OLD(20J 

~ ,P NB ( 20 I ,HN03B« 20 I, H 20B ( 20 I. WTU3 08 (20' , WTPU02 ( 20 , ,Wl" FP« 20 I 
!.WTFUEL(20',FPNl20l,FPNB(201,DENCM(20I,REL«201,CREl(2Ol,LIMO 

COMMON IXXX/TOL,T,CT.V(20l,VO(20l,CTl.Tl,H,PlV(20J.HC. 
~T2.SUMNEG,SUMHNO,SUMNEP,ICP,ICPO,ITSAC 

COMMON/XXXX/B(lOt,U308(201,U308B(20),PART(20l,RATEl(20 I, 
!PARTB(20"RATE2(20"PU02(20'.PU02B(201~FP(20t,FP8(201. 
! t:NKl ( 20 , • P NKlllO' • FPI(H 20 t , F U 20 , ,UN K2 (20) ,PNK 2« 20 I. 
!FPK2(201,P(10.50l,PBtlO.50l,NS 

COMMON/PERCNT/PCU308.PCPUOl,PCFP.SPAREA.DU308 
S.DPU02,DFP,CGN,PtNMAS,PPSTG(20',CV(20l,RATMF,FEDRAT,ARATIO 
S,PCUPER,PCPPER,UQWF,PQWF,PPERPN,UPERUN 

COMMON/WTMOLE/WMOLU3,W~OLPU.W~ClFP,WMOLUN,WMOlPN,WMOLFN. 

$WMOLH2,WMOLHN,AVEMOL.JJPART.MMUN,NNPN,NNFP,MMHN,11H2 
COMMONIZCONST IlU, ZUCON tlP, ZPCON. ZFtlFCON, lQT 00 I, Z H~QT( 101 

S,PCU3lU,PCPUlP,PCFPZF,CUINU3.CPINPU,CFINFP,CUIWU3, 
!CPIWPU,CFIWFP.CU2NU3,CP2~PU,CF2NFP,CU2WU3 
S,CP2WPU.CF2WFP.TICCN,TICCW.T2CON,T2COW.BW,BWC,BN.BNC 
!,E03.F03.TOCONICIOI,TOCOWl(10l,TCCON2(10l,TOCOW2(lOI 

C U02(N0312 BALANCE 
C 

00 400 K 11 = 1 • N S 
OLD (K 111 =UN (K 1 it 

400 UNBlKllI=UN(KllI 
DO 420 "=l.LI Me' 
IF[M.GT.MMUNI MMUN=M 
IF(OENOM(U.EQ.O.ODO) GOTa 440 
A=UN(2J*FL(21 
UNIl,=llMQTCll*A/DENOM(ll+UNBlll*ZQT(ll 
GOTO 450 

440 CN(l'=UNB(ll 



450 

460 
410 

420 
430 

c 
C 
C 

c 
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DO 410 J=2.NS 
IF(OENOM(JI.EQ.O.OOOI GOTO 460 
JMl=J-l 
JP1=J·l 
A=UN(JPll*FL(JPll.UN(JMll*BIJMlJ 
UN ( J) = Z 1 MQ1 ( J I *A/O ENOM (J) .UN B ( J I *Z 01 (J ) 
G010 410 
UN( JI =UNB( JI 
CON'TI NUE 
IF LAG=O 
CALL CHECK(IFLAG,UNJ 
IF(IFLAG.G1.1' GO TO 420 
GO TO 430 
CONTI NUE 
CONTI NUE 
RETURN 
END 

SUBRQUT1NE SUBPN 
IMPLICIT REAL*8 (A-H,O-ZI 

\ 

COMMON/XX/ UN(20"PN(20J,HN03(20'.H20(201,UNB(20',OLD(201 
S,PNB(201,HN03B(20.,H20B(20l,WTU3C8(201,WTPU02(201,WTFP(20) 
~ ,W TFUEU 20 I. FPN (20 I • F PN B (20 I • DENCM (20 I • R. EL (20 I • C R EU 20'·, LI "10 

COMMON IXXX/TOL.T,CT,V(201,VO(201,CT1,Tl,H,PLV(201,HC, 
$12,SUMNEG,SUMHNO.SUMNEP,ICP.ICPO.ITSAC 

COMMON/XXXX/B(20I,U308(20I,U308B(20"PART(20',RATEl(20 I, 
$PARTB(20',RATEZ(20I,PU02(201,PU02B(201,FP(20',FpB(ZOI, 
$~NKl(201,PNK1(201,FPK1(201,Fl(20I,UNK2(201.PNK2(20I, 

!FPK2(201,P(10,50I,pB(lO,501,NS 
COMMON IPERCNT IPCU~08, P (PU02, PCfP ,$ PAR EA, DU38 8 

$,DPU02,DFP,CON,PIN~AS,PPSTG(201,OV(20.,RATMF,FEDRAT.ARATIO 

~,PCUPER,PCPPER,UOWF,PCWF.PPERPN.UPERUN 

COMMON/WTMCLE/WMOlU3,W~OLPU,WMClFP,WMOLUN,WMOLPN,WMOLFN, 

$WMOLHZ.WMOLHN,AVEMOL.JJPART.~MU~,NNP~.NNFP,MMHN, 11HZ 
CDMMON/ZCONST/ZU.ZUCON.Zp,ZPCO~.ZF,ZFCON,ZQT(lO"Z1MQT(10' 

$.PCU3lU,PCPUZP.PCFPZF,CUINU3,CPINPU,CFINFP,CUIWU3, 
$CPIWPU.CFIWFP.CU2NU3,CP2~PU,CF2NFP.CU2WU3 

~,CP2wPU,CF2WFP.TIcaN,TlCCW,T2CON,T2COW,BW,BWC.BN,BNC 

~,E03.F03,TacaNlI101,TOCOW1(10l,TCCON2(10'.TOCOW2(101 

C PU(N0314 BALANCE 
C 

DO 500 K22=l,NS 
OLD(K22,=PN(K221 

500 PNB(K221=PNIK22' 
DO 520 N~= 1, LI Me 
IF(NN.GT.NNPNI NNPN=NN 
IF(DENOMt1).EQ.O.ODOI GOTD 540 
A=PN(Z'*FUZI 
PNlll=ZlMQT(ll*A/OENOMll,·PNBll,*ZQT(l, 
GOTO 550 

~40 PN( II =PNEH 1) 

550 DO 510 K=2,NS 
IF(OENOM(KI.EQ.O.OCOI GOTD 560 
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I<P1:K .1 
KM1=K-1 
A=FlIKPll*PN(KPl'.BIKM11*PN(KMII 
PNIKJ=ZlMQTlKJ*A/DENOM(K'f.PNB(KI*ZQT(K) 
GOTD 510 

560 PNtK,=PNBIKI 
510 CONTINUE 

IFlAG=O 
CAll CHECK(IFlAG,PNI 
IF(IFLAG.GT.ll GO TO 520 
GO TO 530 

520 CONTI t"JUE 
530 CONTINUE 

C 
C 
C 

C 

~ETURN 

END 

SUBROUT! NE SUBFN 
IMPLICIT REAl*8 (A-H,D-ZI 
COMMON/XXI UN(20.,PN(201,HN03t20"H20(20"UNB(20I,~lO(201 

t,PNB(201,HN03B(20l,H20B(201,WTU308(201,WTPU02(201,WTFP(201 
~,WTFUElI201,FPN(20t,FPNBI20.,OENOMI20t,~El(20l,CREl(2OI,LIMO 

COMMON IXXX/TOl,T,CT,V(20l,VO(20l,CTl,TI,H,PlV(201,HC, 
!T2,SUMNEG,SU~HNO.SUMNEP,ICP,ICPO,ITSAC 

COMMON/XXXX/B(20.,U308(201,U308B(20t,PARTI201,RATE1(20 I, 
!PARTB(20I,RATE2(20I,PU02(20"PUD2BC20l,FP(20.,FPB(20', 
$ t:N K 11 20' ,P N K l( 2 0 I , F P K l( 2 ° I , F U 20 I , UN K 2 (20' ,P NK 2 ( 20 I , 
~FPK21201,PI10.50I,PBI10,50.,NS 

COMMON/PERCNT/P(U308,P(PU02,PCFP,SPAREA,DU308 
<; ,0 PU02, OFP ,CON, PI NfiA S, PP STG C 20 I, CV I 20 I ,R AT MF, F EO RAT. AR AT 10 
~,PCUPEP,PCPPER,UOWF,POWF.PPERPN,UPERUN 

COMMON/WTMOLE/WMOLU3,W~OlPU,WMCLFP,WMOLUN,WMOlPN.WMOlFN, 

~ ~MOLH2, WMOlHN. AVEMOL, JJPART t MMUN .NNPN, NNFP, MMHN, I1H2 
COMMON/ZCONST/ZU,ZUCON,ZP.ZPCO~,ZF,ZFCON,ZQT(lOI,ZlMQT(10' 

~.PCU3ZUtPCPUZP,PCFPZF,CU1NU3,CP1NPU,CFINFPtCUIWU3t 
$CPIWPU.CFIWFP.CU2NU3,CP2~PU.CF2NFP,CU2WU3 
$.CP2WPU,CF2WFP,TICCN,T1CCW,TZCON,T2COW,BW,BWC,BN,BNC 
$ ,Ee3, F03 t TOCCNlC 10. ,TOCDWlt 10', TOCON2« 10 I, TOCOW2 no I 

C FP(N03'3.3~ BALANCE 
C 

00 550 K22=1,NS 
ClOIK2Z)=FPNIK22' 

550 FPNB(K22J=FPNIK22' 
00 570 NN=l.LIp.lO 
IFINN.GT.NNFPJNNFP=NN 
!F(OENDMIU.EQ.O.OCOt GOTD 510 
A=FUZI*FPN(ZI 
FPNIl'=ZlMQTI11*A/OENO~11'.FPNe(11*ZQT(1) 

GOTD 520 
~10 FPN{I,=FPNBIll 
520 00 560 K=2.NS 

IFCOENOM(K).EQ.O.OCQI GOTa 530 
I<Pl=K·l 
I<Ml=K-l 
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A=FL(KPIJ*FPN{KPll.BIKMlJ*FPN(KMII 
FPNCKI=ZlMQT(KI*A/DENOM(KI.FPNB(KI*ZQT(K) 
GOTO 560 

:30 FPNIKt=FPNBIKI 
560 CONTI NUE 

!F LAG=O 
CALL CHECK(IFLAG,FPNI 
IF(IFlAG.GT.11 GO TO 570 
GD TO 5S0 

570 CONTINUE 
580 CONTI NUE 

PETURN 
END 

C 
C 
C 

c 
C 

SUBROUTINE SUBHN 
IMPLICIT REAl*8 (A-H,O-Il 
COMMON/XXI UN(20J,PN(20J,HI\03(20I,H20(201,U"I8(20I,OLO(20t 

$,PNB{ZO',HN03B(ZO',HZOB(20I,WTU3C8(20I,WTPU02(20',WTFP(201 
~,WTFUEl(20.,FPN(20.,FPNB(20J,DENCM(20t,REl(20I,CREL(2O"lIMO 

COMMON /XXX/TOl,T,CT,V(201,VOI201,CT1,Tl,H,PlVC201,HC, 
!T2,SUMNEG,SU~HNO.SUMNEP,rCp,ICPO,ITSAC 

COMMON/XXXX/B(20I,U30S(20I,U308BI201,PART(20I,RATEl(20 I, 
~PARTB{201,RATE2(20I,PU02(20.,PU02B(201,FPI20I,FPB(20', 

H:NKI ( 20' 'PNK 11 20 I , FPK 11 20 I. F U 20 t, UN K2 (20' ,PNK 2 ( 20 I, 
SFPK2120',PIIO,50"PBCIO,50.,NS 

COMMON/EXTFED/HN03F( 10 I,H20FC leI, FLEXT (lOI,ACI DEF, lAD 
CQMMON/XXXXX/RMSD(2,50l,TIME,PINVOL,RHOAVE,TD,XPU,REM,TNP, 

~RPCW,RCON,ACDF,PINQOO,PAROOO 

COMMON/CCNSTN/COUNIN,CCPNIN,COFPIN,caUN2N,COPN2N,COFP2N, 
~COUNIW.COPNIW,COfPIW,COUN2W,COPN2W,COFP2W 

COMMON/PERCNT/PCU30S,PCPU02,PCFP,SPAREA,DU308 
$,DPU02,DFP,CON,PIN~AS,PPSTG(20',DV(20"RATMF,FEDRAT,ARATIO 
$,PCUPER.PCPPER,UOWF,PCWF,PPERPN,UPERUN 

COMMON/WTMQLE/WMOLU3.W~OLPU,WMClFP.WMOLUN,WMOLPN,WMOLFN, 

$ WMOLH2, WMOLHN. AVEMOL, JJPART , MNlUN ,NNPN, NN FP, M"IHN, IIH2 
COMMON/ZCONST/ZU.ZUCON.ZP,ZPCON.ZF,ZFCON,ZQT(lOl,ZIMQT (lOt 

t,PCU3ZU,PCPUZP,PCFPZF.CUINU3,CPINPU,CFINFP,CUIWU3, 
$CPIWPU,CFIWFP,CU2NU3,CP21\PU,CF2NFP,CU2WU3 
$,CP2WPU.CF2WFP,TICCN,TICCW,T2CON,T2COW,BW.BWC,BN.BNC 
$,EC3,F03,TCCON1(10"TOCOW1(101,TCCON2(lO"TOCDW2tlO' 

C HN03 BALANCE 
C 

00 600 K33=1,NS 
OLOIK331=HN03(K331 

tOO HNG3B(K331=HN03(K33t 
DO 620 MM=l,LIMO 
IFCMM.GT.MMHNt MMHN=MM 
JF(DENOM(l •• EQ.O.ODOt GOTO 640 
A=FL(Z'*HN03(2ttHNC3Flll*FLEXTCI. 
HN03(11 ZlMQT(11*A/DENCM(1'.HNC3Bll'*ZQTI1' 
GOTO 660 

640 HN03(11=HN03BC1) 
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660 DO 610 M=2,NS 
IF(OENOMIMt.EQ.O.OCOt GOTO 670 
~Pl=M·l 
~Ml=M-l 

A=FL(MP1'*HN03(MPl'+B(MMll*HN03(MMl' 
$+HN03F(MI*FtEXT(M' 

HN03(MI=ZIMQT(M.*A/OENCM(M'+HN03BIMI*ZOTIMI 
GOTO 610 

610 HN03IM'=HN03B(MI 
610 CONTINUE 

IFlAG=O 
CALL CHECKCIFlAG,HN03' 
IF(IFtAG.GT.lt GO TO 620 
GO TO 630 

620 CONTINUE 
C 
C NEGATIVE ACID CONC CORRECTOR ••• 
C 
630 DO 650 K=l,NS 

IF(HN03(K •• 680,680,650 
680 SUMHNO=SUMHNO+HN03JKt.PlV(Kt 

HN03IKI=O.OOO 
e50 CONTINUE 

c 
c 
C 

C 
C 

RETURN 
~o 

SUBROUTINE SUBH2 
IMPLICIT REAl*8 (A-H,O-Zt 
COMMON/XXI UN(20t,PN(ZOI,HN03(201,H20(20"UNB(20',OLOI20. 

!,PNB(ZO',HN03B(20t,H20B(ZO.,WTU3C8(ZOI,WTPUOZ(ZO',WTFP(20t 
$,WTFUELI20I,FPNClO',FPNB(20t,DENOM(ZOI,RELCZOI,CREL(ZOI,LIMO 

COMMON fXXXfTOl,T,CT,V(ZOI,VO(201,CTl,Tl,H,PLV(ZOI,HC, 
$TZ,SUMNEG,SU~HNQ,SUMNEP,ICP,ICPO,ITSAC 

COMMONfXXXXfBIZO',U308(20"U308B(20l,PAR:(20',RATEl(20 I, 
$FARTB(20.,~ATE2(20t,PU02(20"PU02B(20I,FP(20.,FPBI201, 

~LNKIC201,PNKl(ZO"FPKl(201,FL'ZOI,UNK2(20),PNK2(20I, 

IFPKZ(20I,PC16,501,PBClO,501,NS 
COMMON/EXTFEDfHN03FCIOI,H20FIIOI,FLEXT(101,ACIOEF, lAD 
COMMONfXXXXX/RMSD(2,501. T 1ME,PINVOL,RHOAVE,TO,XPU,REM,TNP, 

$PPOW,RCON,ACOF,PINOOO.PAROOO 
COMMON/CCNSTN/COUNIN.CCPNlN.COFPlN.COUN2N.COPN2N,COFP2N, 

$COUNIW.COPNlw.COFPlW,COUNZW,CQPN2W,COFP2W 
COMMCN/PERCNTfPCU30B,PCPU02.PCFP,SPAREA,DU308 

~,DPU02.0FP.CGN,PIN~AS,PPSTG(20I,CV(20I,RATMF,FEORAT,ARATIO 

$,PCUPER,PCPPER,UOWF,PCWF,PPERPN,UPERUN 
COMMON/WTMClEfWMaLU3,W~OlPU.WMCLFP,WMOLUN,WMOlPN,WMOlFN, 

$WMOLH2.WMOlHN,AVEMOl,JJPART,MMUN,NNPN,NNFP,MMHN,1IHZ 
COMMONfZCONSTfZU,ZUCON,ZP.ZPCON,ZF,ZFCON,ZQT(10I,llMQT(10, 

$,PCU3ZU,PCPUZP,PCFPZF,CUINU3,CPINPU,CFINFP.CUIWU3, 
$CPIWPU,CFlwFP,CU2NU3,CP2~PU,CF2NFP,CU2WU3 
$,CP2wPU,CF2WFP,TlCCN,TlCCW,T2CON,T2COW,BW,BWC,BN,BNC 
$,E03,FQ3,TOCONlClOJ,TOCOWl(10l,TCCON2ClOI,TOCOW2(101 
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C H20 BALANCE 
C 
C 

DO 700 K44=1,NS 
ClD(K44'=H20(K44t 

700 H20B[K441=H20(K44. 
DO 720 II=l,LlMD 
IF(Il.GT.IIH21 I1H2=!! 
IF(DENOM(l'.EQ.O.OOOI GOTD 760 
A=FL(21*~2C(2'.H2CF(1'*FlEXT(11 
H20(1'=ZlMQT(1)*A/DENOM411.H20!III*ZQT(1. 
GOTO 750 

160 H20(11=H20E(ll 
750 CCNTINUE 

00 710 L I=2,NS 
!F(DENOM(lII.EQ.O.OCO' GOTO 770 
LIPl=LI+l 
LIM1=LJ-l 
A=FL(lIPll*H2C(LIPl'+BCL!Mll*H20(LIMl' 

~.H20F(lII*FLEXT(lII 
H20(LII=Zl~QT(lI'*A/DENOM(lIJ.H20B(LII*ZQT(Ltl 

GOTO 710 
710 H20(LI1=H2CBILII 
HO CONTINUE 

IFLAG=O 
CALL CHECK(IFlAG,H201 
IF{IFLAG.GT.lI GO TO 720 
GO TO 730 

720 CONTI NUE 
130 CONTI NUE 

RETURN 
END 

C 
C 
C 
C 
C 

SUBROUTINE CHECK(IFLAG.CONCI 
IMPLICIT REAL*8 (A-H,O-ll 
COMMON/XXI UNC201.PN(201,HN03(201.H20(201,UNB(20l,OlO(20' 

$,PNB(ZOI.HN03B(ZOI,H2QB(201,WTU308(201.WTPU02(201,WTFP{201 
$.WTFUElC201.FPN(ZOI.FPNB(201,DENOM(20J,REL(20l,CREL(2Ot,lIMO 

COMMON /XXX/TOL,T,CT,VI201,VO(201,CTl,Tl.H,PLV{201,HC, 
$T2.SUMNEG,SU~HNO,SUMNEP,ICP,ICPO,!TSAC 

COMMON/XXXX/B(20I,U30S(20"U30SBI201,PAPT(20',RATEl(20 I, 
$PAPTB(20 •• RATEZ(201,PU02(20',PU02B(20',FP(201,FPB(201, 
$(';N Kl( 20 I ,PNK 1120 I , F P KU 20. , F U 20 I, UN K2 (20' ,PNK 2 ( 20 I, 
~FPK2(20l,P(10,501,P8(10,50.,NS 

OIMENSICN CONCI20. 
DO 10 J= 1, NS 
E~ROR=DABS(OLD(JI-CONCIJIJ 
ABTOl= TOl*CLD (J' 
TF(ERRQR.GT.ABTOll GO TO 20 

10 CONTI NUE 
IFlAG=l 
RETUP.N 
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ZO IFLAG=2 
.00 30 1=1,20 

30 OLO(I'=CCNCCI' 

c 
c 
c 

C 

!'lETURN 
END 

SUBROUTINE WEIGHT 
IMPLICIT REAL*a (A-H,O-Z' 
COMMON/XXI UN(20 •• PN(201,HN03(20I,H20{20I,UNB(20"OLO(ZQ) 

~,PN8(20';HN03B(20"H2081201,WTU3a8(20',WTPU02(20t,WTFPI201 
$.WTFUEl(20"FPN(20.,FPNB(20'.DENOM(201.~EL(20'.CREL(2OI.LIMO 

COMMON IXXX/TOl,T,CT,V(ZOI,VO(20J,CTl,Tl,H,PlV{20l.HC, 
~T2,SUMNEG,SU~HNO.SU~NEP,ICP.ICPO.ITSAC 

COMMON/XXXX/B(20. ,U308IZ0. ,U308B(20' ,PIIRT(20" RATEl( ZOa, 
~PARTB(20I,RATE2(201.PU02(201.PU026(20.,FP(201.fPe(201, 
$ UN K1 ( 20 , ,PNK l( 20. ,FPKU 20 I , F LI 20'. UNK2 (20 I ,PNK 2 { 20 I, 
$FPK2C20l,P(10,501.PB(lO,50',NS 

COMMON/~XXXX/RMSO(2,501,TtME,PINVOL.RHaAVE,TD.XPU,REM,TNP, 

~PPOW,RCON,ACDF,PINOOO,PAROOO 
COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 

$ ,OPU02, DFP ,CCN, PI N",AS,·PPSTG (20.'. CV (20 I, R AT MF, F ED RAT, ARA TID 
$,PCUPER.PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCON,ZOT(lOI,ZlMOT(10' 
·,PCU3ZU,PCPUZP,PCFPZF,CUINU3,CPINPU,CFINfP,CUIWU3, 
$CPIWPU,CF1WFP,CU2NU3,CP2~PU,CF2NFP,CU2WU3 
~,CP2WPU,CFZWFP,TICCN.TICCW,TZCQN,T2Caw,Bw,BWC,BN.BNC 

$,EC3.F03,TOCCN1110t,TOCOWl(lO.,TCCON2(10"TOCOWZ(101 
COMMON/CCNSTN/CGUNIN,C(PNIN,COFP1N,COUN2N,COPN2N,COFP2N, 

tCOUNIW,COPNIW,COFPIW,COUN2W,CO?N2W,COFPZW 
COMMON/PAR/FQEQ(~O'tR(56)tRMMI~150I,RMMAX(50I,PP(lO,50 " 

$R~S(lO,50.,PARTP(20"PM(501,ATP(501,OR,PI.RMIN,RMAX,PCONT, 

!FTPIRO,FOURPI,NG 
CQMMON/SOlIOS/FINES,RWIISTE,HDR,CUBE,NRW,NRWMl,NGPNRW,NGMl 

$,NRWM2 
DIMENSION RTEMP(10,501 

C QUANTITY REACTED FROM FUEL PINS DURING A TIME STEP 
C AMOUNT RELEASED IN DEDUCTED IN SUBROUTINE RELEAS ••• 
C UPDATE PARTICLE CONC FCR REACTION ••• 
C 

DO 200 I=l,NS 
SUMPAR=O. 000 

DO 360 J=1,NG 
K=NG-J+l 
PBBBV=PCI,Kt*PLV(I' 
PRCT=RATEIII'*PP(I,Kt*ATP(KI*H 
PII,K,=(PBBBV-PRCTI/PLV(IJ 
PPTIM=PP(I,K' 
JF(P(I,K'.LE.O.OOO' GO TO 150 
GOTO 160 

150 SUMNEP=SUMNEP+P(I,KI*PlV(I' 
PRCT=PBBBV 
PII,KI=O.OCO 
PPTIM=O. 000 
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PMSIl.Kt=R(KI 
c 
C CONCENTRATION ADJUSTMENT FOR DISSOLUTION OF PARTICLES. 
C 
160 HXP=PRCT/PLV{I' 

PARTPIlt=PARTP(I'.PRCT 
UNCI'=(UNII'+HXP*PCU3ZUI 
PN ( 1) = I P N ( II + H X P '" PCP U l P I 
FPN(l) (FPN(IH-HXP*PCFPlFI 
HN03(I'=HN03(I)-HXP*TOCON1(II 

IF(HN03{II.lT.O.ODO'H~G3(II=0.ODO 

~20(I'=H20(I'+HXP*TOCOWl(I' 
IF(PII,KJ.lE.O.ODOI GO TO 300. 
PMS(I,KI=«(RMS{I~K'*1.D-4'**3-PRCTI 

$(FTPIRO*PP(J.KI"**CUBEI/1.D-4 
GOTO 350 

300 RMS(I,K.=R(K. 
Pll.KI=O.OOO 

350 RTEMP(I,Kl=RMS(I,KI 
PPII,KI=PPTIM 

360 CONTI NUE 
( 

C PARTICLE SIZE GROUP TRANSFEPS ••• 
r 

DO 305 K=l,NGMl 
I<Pl=K+l 

DO 165 Jl=KPl.~G 
IF (RMS (I, Jl). GE.RMMIN (10. AND .RMS (I, J 11 .LE.RM~\AX(KI IGOTO 190 
GOTO 185 

ISO TOTPAR=P(I,K'.P(I,Jll 
PCONT=PCONT+l.DO 
IF(TOTPAR.lE.O.ODOIGOT( 195 
RTEMP(I,KI=TOTPAR/(P(I.K)/RTEMP(I,KJ+P(I,JIJ/~TEMP(I.J 1') 
PII,K)=TCTPAR 
PII,J11=O.ODO 
~TEMP(I,Jlt=RIJll 

GOTD 185 
195 PII.JU=O.ODO 

RTEMPII.Jl)=R[J11 
P(J,KI=O.ODO 
I'TEMP( I,KI=RIK. 

185 CONTI NUE 
305 (ONTI NUE 

00 400 J=l.NG 
RMS(I,JI=RTEMP(J,JI 
SUMPAR=SU~PAR+P(I,JI 

400 CONTINUE 
PAPTlIJ=SUMPAR 

C 
C PIN REACTIONS ••• 
C 

RCT=R~TE2(II*CON*PPSTG(!I*H 
OlDWT=WT~UEU I' 
WTFUELII)="TFUELII)-RCT 
JF(WTFUELfI'.LE.O.OOOI GO TO 110 
GOTO 120 
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110 SUMNEG=SUMNEG+WTFUELIII 
RCT=OLDWT 
WTFUE L( 1 ) =0. 000 

120 JF(OLDWT.GT.O.ODO.AND.WTFUEl(It.lE.O.OOO' GO TO 10 
GO TO 20 

10 ~(IFlG10.EQ.IO' GO TO 90 
GO TO 100 

9C TPERCT=CABS(T-TSTG) 
IF(TPERCT.lE.O.33333DOI GO TO 20 

ICO TSTG=T 
ICP=ICPf.1 
TOTO! S=TIME 
ID I SP= I 
WRITE(13.30. TOTDIS.IDISP,TSTG.ICP 
WRITE(6,30l TOTDIS,IDISP,TSTG,ICP 

30 FORMAT(!' TI~E INTO RUN=',FI2.4,' MIN'! 
. $' DISSOLUTION OF FUEL IN PINS COMPLETEC IN STAGE',iX,I3, 
~. AFTER ',FI2.4,' MINUTES INTO CYCLE.'I 
$' THIS IS THE ',14,' FUEL DISSAPPEARANCE CYCLE.'n 

C 
C CONCENTRATION ADJUSTMENTS FOR DISSOLUTION FROM FUEL PINS. 
C 
20 HXPIN=RCT!PLV(II 

UNII'=UN(!'+HXPIN*PCU3ZU 
PN(JI=PNIJI+HXPIN*PCPUZP 
FPNCII=FPNlII.HXPIN*PCFPZF 
HN03III=HNC3(II-HXPIN*TOCON2(II 

IF(HN03(II.lT.0.OOOIHN03(II=0.ODO 
H20(1'=H20(I.+HXPIN*TOCQW2(IJ 
IF(PART(I'.lE.O.ODOt GOTO 130 
GOTO 140 

130 PART(II=O.ODO 
140 IF(PARTB(II.GT.O.OOO.AND.PART(II.LE.O.ODO) GO TO 40 

GO TO 50 
40 IF(IFLGIO.EQ.I0' GO TO 70 

GO TO 80 
7C TPERCT=DABS(T-TPSTGI 

IF(TPERCT.lE.O.33333DOJ GO TO 50 
ao TPSTG=T 

TOPOl S=TI ME 
IPDISP=I 
ICPO=ICPCq 
WRITEI13,601 TOPDIS,IPDISP,TPSTG,ICPO 
WRITE(6,601 TOPDIS,IPDISP,TPSTG,ICPC 

eC FORMAT'!' TIME INTO RU~=',F12.4,' MIN'I 
$' DISSOLUTION OF lOOSE FUEL PARTICLES COMPLETED IN STAGE' 
~,lX,J3.' AFTER',F12.4,' ~INUTES INTO CYCLE.'I 
$' THIS IS THE ',14,'. FUEL OJSSAPPEARANCE CYCLE.' II 

50 IFlGIO=lO 
200 CONTINUE 

c 
C 
C 

~ETURN 

END 

SUBROUTINE RELEAS 
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IMPLICIT REAL*8 (A-H,O-ZI 
COMMON/XXI UN(20),PN(20l,HN03(20',H20(20),UNB(20),OLO(20) 

$,PNB(201,HN03B(20l,H20B(20l,WTU30S(20I,WTPUOZ(ZOI,WTFPIZOt 
$ ,WTFUEU 20 I, FPNI 20 I, FPNB (20 I ,DENOM(201 ,REL1201 ,CREU 20', LIMO 

COMMON IXXX/TOL,T,CT,VI201,VOI201,CT1,Tl,H,PlVI20I,HC, 
$T2.SUMN~G.SUMHNa,SU~NEP.ICP,ICPO,ITSAC 

COMMON IXXXX/S( 20 I ,U30a (20 I ,U308B 120., PAR H20" RATE l( 20" 
~PARTS(201.RATE2(201,PU02(20I,PU02S(20'.FPI20"FPB(20', 
SIJNKll 20 I ,PNK l( 20 I, fPKl ( 20" F l( 20 I, UN 1<2 (20 I ,PNI< 2 ( 20 .. 
$FPK2(20I,P(10,501.PS(10.50),NS 

COMMON/~XXXX/RMSDI2,50'tTIME,PINVOl,RHOAVE,TD,XPU,REM,TNP, 
$RPOW,RCON,ACOF,PINOOO,PAROOO 

COMMON/PERCNT/PCU308,P(PU02,PCFP.SPAREA,QU30S 
$ ,DPU02, DFP ,(ON, PI NPl.AS, PPSTG (20 I, tv (20' ,RAT MF,F EDRAT, AR AHa 
$,PCUPER,PCPPER,UQWF,POWF,PPERPN,UPERUN 

DO 10 ISTG=1,NS 
STG=DFlOATIJSTGI 
IFIWTFUElIISTGI.lE.O.OCOt GO TO 10 
IF(ISTG.EO.U GO TO 40 
GO TO 50 

40 TI D=Tl 
GO TO 30 

5C TID=CT*(5TG-2.0DO'.T.CTl 
C 
C 
C FACTOR OF 1 IN RELEASE RATE EQUATION TO INCREASE RATE ••• 
C 
C 
C30 CONST=WTFUELIISTG"1.02 
C REL(ISTGI=1.DO*I.2795DO/(TID**.2044DOIJ*CONST 
~O PELIISTG.=CRELIISTG)*PPSTG(!STGI 

RElwTM=WTFUELIISTGt/H 
IFIRELIISTGI.GT.RElWTM. GOTO 60 
GO TO 20 

60 RElIISTGI=RElWTM 
GOTO 20 

10 REl(ISTGt=O.ODO 
20 CC'NTI"lUE 
70 CONTI NUE 

RETURN 
END 

C 
C 
C 

SUBROUTINE RATECK 
IMPLICIT REAL*S (A-H,O-Z) 
COMMON/XX! UN( 201 ,PN( 20., HN03( 20 I, H201 20. ,UN S! 201, OLD! 20 I 

~.PNBI20.,HN03B(201.H20BI20l,WTU3C8(201,WTPU02(201,WTFPl201 

~,WTFUEl(20t,FPN(20.,FPN81201,DENCMI201,REl(201,CREL(2OI,lIMO 

COMMON IXXX/TOL,T,CT,V(201,VO(201,CTl.Tl,H,PLVI20I,HC, 
!T2.SUMNEG.SUMHNO.SUMNEP,!CP,ICPO,ITSAC 

COMMON/XXXX/BI20I,U30S1201,U308B(20t.PART(20l,RATElI20 I, 
«PARTB(20"RATE2(20J,PU02(20t,PU02B(20I,FP(201,FPB(20t, 
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~ UN KlC 20 I , PNKI (20 I ,F PK 1 ( 201 , F U 20 I , UN K2 '( 201 , PNK 2 ( 20" 
~FPK2(201,P(10,501,PP(10,501,NS 

COMMON/XXXXX/RMSO(2,501,TIME,PINVOL,RHOAVE,TO,XPU,REM,TNP, 
~RPOW,RCON,ACOF,PINOOO,PAROOO 

COMMON/PERCNT/PCU30S,PCPU02,PCFP,SPAREA,DU30S 
$,OPU02,OFP,CON,PINMAS,PPSTG(201,DV(201,RATMF,FEORAT,ARATIO 
$,PCUPEP,PCPPER,UOWF,POWF,PPEPPN,UPERUN 

C REACTION RATE FOR U30S 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 TO 
C ~SSUMES NO FLUORINE IN DISSOLVER. 
C FROM A REPORT BY PAINEY AND URIATE PUBLISHED IN 1965. 
C 
C 
C 
C 

80 . " 
10 
20 

60 • 

<;0 

30 

50 

40 

DO 70 IST=I,NS 
A=HN03(ISTI/63.02DO 
IF(A.LE.O.OOOI GO TO 50 
IF(WTFUEUISTI.LE.O.ODOI GO TI] 10 
IF(PINOOO.LT.l.0DOI GOTO SO 

_ RATE2 (I STI=RATMF*( A*ACCFI**RPOW 
GOTO 20 
RATE2( ISTI=O.ODO 
GO TO 20 
RATE2( ISTI=O.ODO 
IF(TIME.LE.HI GO TO 60 
IF(PART(ISTI.LE.O.ODO' GO TI] 30 
IF(PAROOO.LT.l.0001 GOTO 90 
RATEl(ISTI=RATMF*A**RPCW 
GOTO 40 
RATEl( TSTI=O.ODO 
GO TO 40 
RATEl( ISTI=O.OOO 
GO TO 40 
PATEl( IST)=O.ODO 
RATE2' TSTI=O.OOO 
UNKIIISTI=PCU30S*RATEI(ISTI 
PNKl,IST'=PCPU02*RATEl,ISTI 
FPKl(ISTI=PCFP*RATEIIISTI 
UNK2IISTI=PCU30S*RATE21!STI 
PNK2(ISTI=PCPU02*RATE2(ISTI 
FPK2(!STI=PCFP*PATE2(!STI 

70 CONTINUE 

C 
C 

RETURN 
Er-..IO 

SUBROUTINE FREQUE 
IMPLICIT REAL*S (A-H,G-It 
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COMMON/XXXX/B(20),U308(201,U308B(20),PART(201,RATE1(20I, 
!PARTB(2a',RATE2{20',PU02(20t,PU02Bl201,FP(20t,fPBI201. 
~lNKI (20 I, PNI<H20 I, FPKU 20', FU 20 h UNK2 (201, PNK 2120 h 
SFPK2(201,P(lO,SOI,PB(10,501,NS 

COMMON/PERCNT/PCU3D8,PCPU02,PCFP,SPAREA,OU308 
~ ,0 PU02, D FP, CeN. p 1 N~A S, P PSTG ( 20 I , CV {20 I, R AT "IF, F EORAT, AR AT 10 
$,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

COMMON/PAR/FREQ(SOI,R(SOI,RMMIN(SOI,RMMAX(SOl,PP(lO,SO " 
t; AM S (10.50 I ,P ART P {20 I ,P M ( 50 I, ATP ( 50 I, OR, PI, RM IN, R MAX, PCON T, 
SfTPIRO,FOURPI,NG 

COMMON/SOLIOS/FINES,RWASTE,HDR,CUBE,NRW,NRWMl,NGPNRW,NGMt 
$,NRWM2 

COMMON I XXXXX/RMSD (2,50 I , T I ME, P INVOl, RHOAV E, TO, XPU. f/,EM, TNP, 
SRPCW.RCON,ACCF,PINOOO,PAROOO 

C 
C PARTICLE DISTRIBUTION INIiIALIZATION ROUTINE ••• 
C 
C DISTRIBUTION DATA IS FeR SHEARED ,UNVOlOXIDIZEO, UNIRRIDIATEO 
C FUEL. TAKEN FROM SUBCCNTRACT REPORT NUREG/CR-0866, 
C CRNL/NUREG-60 BY DAVIS,WEST, AND STACY OCTOBER 1919 
C 

OR=(PMAX-RMIN1/NG 
HDR=DR 12.00 
R( 11=RMI N+HDR 
RMMINll)=Rll)-HDR 
RMMAXlll=R(l'+HOR 
SUM=O.ODO 

DO 10 I=2,NG 
R( J I=R (J,...U+DR 
RMMIN(I'=RlI'-HDR 

10 RM~AX(It=R'IIH'DR 
CM= 5.041 DO 
S=I.51000 
RS1=I.DO/S 
RSQPI=I.00/(2.00*PI'**.5DO 
RSOP! =0.1100 
RS2=RSl/(2.DO*S) 
COMFA=RSQPI*ORIS 

DO 20 I=I,NG 
OlO=DlOG(R(III-CM 
FREO (II CO~FA* (OEXP (010*( -010' *R S211/R (I t 
SUM=SUM"=REO( I) 

20 CONTINUE 
"R I TE ( 6,30 I SUM 

30 FORMAT(II' INTEGRATED FREQUENCY DISTRI8UTION=' ,2X. lPOll.5' 
SUMl=O.ODO 

C 
C ~ORMAlIZED FREQUENCY DISTRIBUTION FOR PRESENT PARTICLE 
C SIZE RANGE 
C 

DO 40 J=l,NG 
FREQ'JI=fREOIJ./SUM 
PM(JI=FTPIRO*(R(JI*I.D-4'**3 
ATP(J,=FCURPI*(ReJ,*ARATIO)**2 

40 SUM1=SUM1+FREQ(J' 
NSP1=NS+ 1 



DO 60 I=1,NSPl 
DO 60 J=1,NG 
PMSI! ,J'=R(JI 
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~O CONTI NUE 
DO 70 1=1,2 
DO 10 J=1,NG 
RMSD(I,J'=RIJ' 

7C CONTI NUE 
WRITE(6,50) SUMl 

50 FORMATt' NORMALIZED INTEGR~TED FREQUENCY DISTRIBUTION=', 
~ 2X, 1P01l. 51 n 

RETURN 
END 

C 
C TIME STEP ADJUSTER 
C 

SUBROUTINE TSTEP 
IMPLICIT REAL*8 (~-H,O-Zl 
COMMON/XXI UN(20',PN(201,HN03(20I,H20(20)'UNB(20),OlD(201 

$,PNB(ZOl,HN03B(ZOI,HZOB(20),WTU3G8(ZO),WTPUOZIZOI,WTFP(ZOI 
~,W1FUEL(20J,FPN(201.FPNB(20.,DENCM(201.REL(201,CREl(2O',LIMO 

COMMON IXXX/TOl,T,CT,V(201,VO(20J,C T 1,T1,H,PLV(201,HC, 
~Tl,SUMNEG,SU~HNO,SUMNEP,ICP,ICPO,ITSAC 

COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 
$tDPU02,DFP,CGN.PIN~AS,PPSTG(20I,CVI20.,RATMF,FEDR~T,ARATIO 

$,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 
COMMON/XXXX/B(201,U30S(20. t U30SB(ZOI,PART(ZO't RATE1(20 It 

$PARTB(20l,RA1E2120.,PU02120J,PU02B(201,FP(20t,FPBI201, 
HNK1(201 ,PNKU20.,FPK1I20J,FU20t,UNK2(20' ,PNK2( 20', 
HPK2(20',P(lO,50) ,PB(lO,50"NS 

SHORTM=HC 
CALL RATECK 
CALL ~EU:AS 
DO 10 I=l,NS 
IZE=l 
IF(WTFUEL(IZE'.lE.O.ODO' GOTO 10 
REACT=(RATE2(IZE,*CON*PPSTG(IZEI.REL(IZE.t*HC 
OElWT=WTFUEl(IIEI-REACT 
IF(DELWT.lE.O.ODO) GOTC 20 
STTNI=HC 
GOTO 10 

20 STTM=WTFUEl(IZE.*HC/REACT 
ITSAC= ITSAC+ 1 
IF(STTM.LT.SHORTM) SHORTM=STTM 

10 CONTI NUE 
H=SHORTM 
PETUR N 
END 

C 
C U02 REACTION RATE CHOISE 
C 
C 

SUBROUTINE RXEQU 
IMPLICIT REAl*8 (A-H,O-Z) 
COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 

$ ,0 PU02, 0 FP ,C ON. P I N~A S. P P STG ( 20 , , CV 12 0' , RAT MF. F EOR AT, AR AT 10 
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~,PCUPER,PCPPER,UOWF,POWF,PPERPN,UPERUN 

CQMMON/CCNSTN/COUNIN,CCPNIN,COFPIN,COUN2N,COPN2N,COFP2N, 
$COUNIW,COPNIW,COFPlW,COUN2W,COPN2W,COFP2W 

COMMON/XXI UN(20),PN(20l,HN03120),H20120l,UNB(20t,OLO(201 
$,PNB(20),HN03B(20I,H20B(201,WTU308(201,WTPU02(201,WTFPl201 
$ ,WTFUEL I 20 I ,FPN' 20 I ,FPNB '20 I ,0 ENOM 120 I ,R El 120 I ,C R Ell 20 t , Ll MO 

COMMON/WTMOlE/WMOlU3,W~OLPU,WMOLFP,WMOLUN,WMOlPN,WMOLFN, 

$~MOLH2,WMOlHN,AVEMOL,JJPART,MMUN,NNPN,NNFP,MMHN, I1H2 
COMMON/ZCONST/ZU,ZUCON,ZP,ZPCON,ZF,ZFCON,ZQTII01,ZlMQT1101 

~,PCU3ZU,PCPUZP,PCFPZF,CUlNU3,CPlNPU,CFlNFP,CUlWU3, 

$CPIWPU,CFlWFP,CU2NU3,C P2NPU,CF2NFP,CU2WU3 
$,CP2WPU,CF2WFP,T1CCN,TICCW,T2CON,T2COW,BW, BWC, BN,BNC 
$,E03,F03,TOCCNlI10I,TOCOWlI10I,TCCON21101,TOCOW21101 

DO 500 1 = 1 ,10 
A=HN03(IIIWMOLI-iN 
IF (A.GE.IO.OOO) GOTO lOP 
COUNlN=E03*BN 
COUN2N=E03*BNC 
COUNlW=F03*BW 
COUN2W=FC3*BWC 
GOTO 200 

100 COUNlN=4.DO*BN 
COUN2 N=4. DO*BNC 
COUNlW=2.DO*BW 
COUN2W=2.00*BWC 

200 CU2WU3=CCUN2W~PCU308 
CU1NU3=COUNlN*PCU308 
CU2NU3=CCUN2N*PCU308 
CUIWU3=CCUNIW*PCU308 
TOCONl(II=TlCON·CUlNU3 
TOCONZ(I'=T2CON+CU2NU3 
TOCOWlII)=TlCOW+CU1WU3 
TOCOWZIII=TZCOW+CU2WU3 

~CO CONTI NUE 
RETURN 
END 

C 
c 
C DIGESTER TANK MODEL 
C 
C 

SUBROUTINE DIGEST 
IMPLICIT REAL*8 (A-H,O-Z) 
COMMON/XXI UN(20),PNI201,HN031201,H201201,UNB(201,OlO(201 

$ ,P NB ( 20 I ,HN03 B (20 I ,H 20 B (20 I ,WT U3 08 (20 I ,WTP U02 ( 20 I ,WT FP ( 20 I 
$ ,W TFUEL I 20 I ,FPN I 201 ,FPNB 120 I ,OENOM ( 20 I ,R El 120 I ,C R ELI 20 I , Ll MO 

COMMON IXXX/TOL,T,CT,V(20l,VO(ZOI,CTl,Tl,H,PLV(20I,HC, 
$T2,SUMNEG,SUMHNO,SUMNEP,ICP,ICPO,ITSAC 

COMMON/XXXX/B(201,U308(20l,U308B(201,PARTI20',RATE1(20 I, 
~PARTBI201,RATE2(20I,PU02(20l,PU02B(20"FP(20l,FPB(201, 
$ UN K 1 ( 20 I ,P NK Il2 0 I ,F P Kl , 20) , F If 20 I, UN K2 (20 I ,PNK 2 ( 20), 
HP K2 120 I ,P ( 10,50 I ,PB ( 10,50 I, NS 

COMMON/XXXXX/RMSO(2,50),TIME,PINVOL,RHOAVE,TO,XPU,REM,TNP, 
$RPCW,RCON,ACOF,PINOOO,PAROOO 

COMMON/SCLIDS/FINES,RWASTE,HDR,CUBE,NRW,NRWMl,NGPNRW,NGMI 
$ ,NRWM2 
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COMMON/PAR/FREQ(50.,~(501,RMMIN(50ItRMMAX(501,PP(lO,50 I, 

~P~S(lO,50I,PARTP(201,PM(50.,ATP(50.,OR,PI,RMIN,RMAX,PCONT, 

$FTPIRO,FOURPl,NG 
COMMON/PERCNT/PCU308,PCPU02,PCFP,SPAREA,DU308 

~,DPU02,OFP.CON.PIN~AS,PPSTG(201.CV(20.,RATMF,FEORAT.ARATIO 

~,PCUPEP,PCPPER.UOWF.POWF,PPERPN,UPERUN 
COMMON/DIG/OPlUN(2,200I,OPlPN(2,2001 

$,PD(2,50I,ATPO(2.501,PPOI2,50' 
$,DPlH20C2,2001,DPlHNO(Z,200I,DPlFPN(2,200I,DPlPAR(2,2001, 
$DPlTIMt200I,OIGVOlC2,2001,RUN,TFILl,VFULL,TTRAN,TCIG 
$,PLINC,VOl,V02.T~1,TM2,TFOl,TFD2.TDPLOT.TTOl,TTD2,TOl.T02. 

$DIUN.D2UN,DIPN,02PN,DIH2C,D2H20.01HN03,D2HN03. 
$DIPART,D2PART,DIFPN,D2FPN,SUMDl,SUMD2,IPD,MUPIP 

COMMON I2CONST I ZU, lUCON,ZP, ZPCON, ZF. ZFCON, ZQT no •• llMQT (101 
$,PCU3lU,PCPUlP,PCFPlF,CUINU3,CPINPU,CFINFP,CUIWU3, 
$CPIWPU,CFIWFP,CU2NU3,CP2NPU,CF2NFP,CU2WU3 
$.CP2WPU,CF2WFP,TICCN,TICCW.T2CON.T2COW,BW,BWCt BN,BNC 
~.E03yF03.TOCCNl(10ItTOCOWl(101,TCCO~2(lOltTOCOW2(10' 

COMMDN/WTMOlE/WMalU3,W~DLPU.WMOlFP,WMOlUNtWMOlPN,W~OLFNt 
~~MOlH2.WMOlHN.AVEMOltJJPARTtMMUN,NNPN,N~FP,MMHN, 11H2 

DIMENSION ~TEMPDCZ,501,SUMFAR(2' 

C FILL DIGESTER # 1 
C 

FLH:F l { 11 *H 
IF(TFDl.GE.TFILL.OR.VDl.GE.VfULl' GOTO 10 
IFLGl:O 
TFDl=TFDl+H 
vDl=VDl+FLH 
IF(VDl.LE.O.ODOIGOTD 20 
0IUN=DIUN+UNIll*FlH 
DIPN=OlP~.PNIl'*FlH 
OIFPN=DIFPN+FPN(ll*FLH 
OlH20-01H2C+H20Cl.*FLH 
OlHN03=D IHN03+HN03 (11 * FLH 

DO 200 K=l,NRWMl. 
PMENT=P(l.KI*FlH 
DIPART=DIPART+PMEN: 
POINl=PD(l,K'*VDl 
PTOTl=PDINl+PMENT 
PO(l.KI=PTCTI/VDl 
IF(PTOT1.lE.0.OOOtGcro 300 
RMSDCl.Kl=PTOTl/(PMENT/RMSI1,K'+PD1Nl/RMSDCl,K" 
GOTD 200 

300 RMSDI1,Kt:P(KI 
PO(l,KI=O.ODO 

200 CCNTINUE 

C 

TMl=TMl+DlUN+DlPN+DlFPN+Dl~2a+ClHN03+DlPART 

CDIUN=OlUN/VDl 
CDIPN=DIPN/VDl 
COIFPN=OlFPN/VDl 
CDIH20=OlH20/VOl 
CDIHNO=OlHN03/VOl 
COIPAR=OlPART/VDl 
GOTD 20 



C DIGEST CYCLE FOR DIGESTER # 1 
C 
LO IF( IFlGL.NE.IOI GeTO 25 

GOTD 35 
25 ~TRATl=VDl/TTRAN 

TR TMl;: rM1/TTR AN 
VF 1=VO 1 
IF(VOl.LE.O.ODOIGOTD 35 
CDIUN=OlUN/VDl 
COIPN=01PN/VDl 
CDIFPN=DIFPN/VD1 
COIH20=DIH20/VD1 
CDIHNO=01H~03/VOl 
COIPAR=OlPART/VDl 
IFLGl=lO 

~5 TD1=TDl+H 

c 

IF(TOl.GT.TDIGt GOTO 30 
GOTD 20 

C EMPTY DIGESTER # 1 
c 
30 TTDl=TTDl.H 

IF(TTDl.GT.TTRANl GOTD 40 
JF(VOl.lE.O.ODO)GOTO 20 
VD1=VD1-TTRATl*H 
TMl=TMl-T!<TMl*H 
GOTO 20 

40 101=0.ODO 

c 

TTOl=O.OOO 
1'F01=0.000 
TMl=O.OOO 
\101=0.000 

C fILL DIGESTER # 2 
C 
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20 IF(TIME.LE.TFILLI GOTa 110 
IF(TFD2.GE.TFILL.OR.VD2.GE.VFULLIGOTC 60 
TF02=TF02+H 
'V02=VD2+FlH 
IFlG2=0 
IF(VD2.lE.O.ODOIGCTO 70 
02UN=02UN+UNlll*FlH 
02PN=D2PN+PN(11*FlH 
D2FPN=D2FPN+FPN(I'*flH 
02H20=02H2C+H2011t*FlH 
02HND3=02H~03.HN03(11*FLH 

DC 350 K=l,NRWMl 
P~ENT=P(I.K)*FLH 

D2PART=02PART+P~ENT 

POIN2=PD(2,K'*VD2 
PTOT2=PDIN2+PMENT 
PO(2,K)=PTCT2/VD2 
!F(PT01'2.LE.0.OOOIGOTa 360 
RMSO(2,KI=PTOT2/(PMENT/RMS(1,KI+POIN2/RMSD(2,KI' 
GOTO 350 

~60 ~MSD(2tKI=P(K' 
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PO(2,KI=O.OOO 
!50 CONTINUE 

TM2=TM2+02UN+D2PN+D2FPN+D2H20+02HN03+02PART 
CD2UN=D2UN/VD2 
CD2PN=D2 PN/VD2 
C02FPN=D2FPN/VD2 
CD2H20=D2H20/VD2 
CD2HNO=D2HN03/VD2 
CD2PAR=D2PART/VD2 
GOTO 70 

C 
C DIGEST CYCLE FOR OIGESTER # 2 
C 
eO IF(IFlG2.NE.IOt GelQ 63 

GOTO 100 
t3 ITRAT2=V02/TTRAN 

1"R TM2- TM2ITTRAN 
\iF2=VD2 
IF(VD2.LE.0.OOOtGOTO 80 
CD2UN=D2UN/VD2 
CD2PN=02PN/VD2 
CDlFPN=D2FPN/VD2 
CD2HlO=D2H20/V02 
CD2HNO=02HN03/V02 
CD2PAR=D2PART/VD2 
IFlG2=10 

100 TDl=TD2+H 

C 

IF(TD2.GT.TDIG' GOTO 80 
GoTa 70 

C EMPTY DIGESTER # 2 
C 
ec IT02=TTDl.H 

IF(TTD2.GT.TTRANI GOTO 90 
IF(VD2.lE.O.ODOIGOTO 70 
VD2=VD2-TTRAT2*H 
TM2=TM2-TqTM2*H 
GOTO 70 

SO TOl=O.OOO 
TT02=O .000 
TFD2=O.OOO 
TM2=O. 000 
VD2=O.ODO 
GOTO 70 

110 CD2UN=0.ODO 

C 

C02PN=0. 000 
C02FPN=O.ODO 
C02H20=O.OOO 
CD2HNO=O.OOO 
CD2PAR=0.OOO 

C CONCENTRATION ADJUSTMENT DUE TC REACTION 
C 
C REACTION RATE DETERMINATION 
C 
10 Al=CD1HNO/63.02DO 



A2=C02HNC/63.0200 
IFlOIPART.lE.O.OOOI GOTD 400 
RATEOI=RATMF*AI**~POW 
GOTD 410 

400 RATE01=0.OOO 
410 IF{02PART.lE.0.OOOt GOTO 420 

RATE02=RATMF*A2**RPOW 
GOTO 430 

420 RATE02=0.ODO 
430 CONTI NUE 
C 
C DISSOlUTICN CORRECTION 
C 

AD1=CDIHNO/WMOlHN 
JF(A01.GE.IO.ODOI GOTO 210 
TDICN1=TICCN+E03*8N 
TOICW1=TICCW+F03*eW 
GOTO 220 

210 TOICNl=TlCON+4.DO*BN 
TDICWl=TlCDW+2.00*eW 

220 AD2=C02HNC/WMOlHN 
IF(AOZ.GE.IO.OOOtGOTO 230 
TD2CNl=TlCON+E03*BN 
TD2CWl=TlCOW+F03*BW 
GOTO 240 

230 T02CNl=TlCON+4.000*BN 
T02CWl=TlCCW+Z.OOO*BW 

240 CON TI NUE 
DO 490 J=l.NRWMl 

JFlVDl.LE.O.ODO)GCTO 500 
POIMl=POCl,J)*VOl 
PMD1=FTPIRC*(RMSOCl,JI*1.D-4t**3 
ATPO(l,J,=FCURPI*CRMSD(l,J'*ARATJO'**2 
PPD( 1, Jt=PDIML/PMDl 
PRCTOl=RATEDl*PPOll,JI*ATPD(l,JI*H 
POCl.JI=(POIMl-PRCTDlI/VDl 
PPDTIM=PPDll,JI 
IF(PDCl,JI.LE.O.OOO)GOTO 460 
Gaia 470 

460 SUMDl=SUMD1~PO(1,JI 

c 

PRCTDl=PDIMl . 
PO(l.JI=O.ODO 
PPDTl M=O.OOO 
RMSO( 1, Jt-=R( J, 

C CONCENTRATION AOJUSTME~T FOR DIGESTER # 1 
C 
470 HXPl=PRCTDl/VDl 

CDIUN=COIUN.HXPl*PCU3lU 
DIUN=CDIUN*VDl 
COIPN=CD1PN+HXP1*PCPUZP 
OlPN=CDIPN*VDl 
CDIFPN=CDIFPN·HXPl*PCFPlF 
DIFPN=CD1FPN*VOl 
CDIHNO=CDIHNO-HXPl*TOlCNl 
DIHN03=COIHNO*VOl 
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CDIH20=CDIH20+HXP1*TDICWl 
DIHZO=CDIHZO*VOI 
IF(PD(l,J'~LE.O.ODOI GeTa 480 
R~SD(1,JI=(I(RMSO(ltJ)*1.D-41**3-PRCTOl/(FTPIRO*PPO(1. JIll 

~**CUBE' 11.0-4 
GOTO 550 

480 RMSOI1.JI=RIJ. 
PDf 1, J» =0. 000 

550 PPDC1,J,=PPDTIM 
500 IF(VD2.lE.0.ODOf GOTO 450 

PDIM2=PDC2,J'*V02 
PMDZ=FTPIRC*(R~SO(2.JI*1.O-41**3 

ATPD(Z,JI=FCURPI*(RMSO(Z,JI*ARATIO'**Z 
PPO(Z.JI=POIM2/PMDZ 
PPOT! M=PPO(Z .J' 
PRCTD2=RATED2*PPO(2,J.*ATPO(2,Jt*H 
PD(Z,J.={POIM2-PRCTD2./VD2 
IFCPD(Z,J).lE.O.ODOI GOTO 510 
GOTO 520 

510 SUMD2=SU~D2+POI2tJf 

C 
C 

PRC TD2=PDI ~2 
PO(2,JI=0.ODO 
PPDTIM=O.OOO 
RMSO(2,JI=R(JI 

C CONCENTRATION ADJUST~ENT FOR DIGESTER # Z 
C 
C 
520 HXP2=PRCTD2/VDZ 

CD2UN=CD2UN+HXP2*PCU3ZU 
D2UN=CD2UIIJ*VD2 
C02PN=C02PN+HXP2*PCPUZP 
D2PN=CD2PN*VD2 
C02FPN=CD2FPN+HXP2*PCFPIF 
D2FPN=COZFPN*VOZ 
CD2Ht-10=C 02HNO-HXP 2*T02 CNI 
02HN03=C02HNO*VD2 
CD2H20=C02~20·HXP2*TD2CWl 
D2H20=CD2H20*VOZ 
IF(PDI2,JI.lE.0.ODOI GOTO 530 
RMSD(2,J'=({(RMSO(2.J'*1.D-41.*3-P RCTD2/(FTPJRO*PPO(2. JIll 

$**CUBEI/l.D-4 
GOTO 560 

530 R~SO(2.J'=R[JI 
PO( 2, Jl=O.ODO 

560 PPO(2.J,=PPDTIM 
450 RTEMPO(l,JI=RMSO(l,Jt 

RTEMPD(2.J'=R~50(2.J' 
4QO CCNTINUE 
C 
C PARTICLE SIZE GROUP TRANSFERS ••• 
C 

DO 610 1=1,2 
SUMPAR (11=0.000 

DC 620 K=I,NRWMZ 
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KP1=K+l 
DO 630 J=KP1,NRWMI 

IF I RMSD( I, JI .GE .RMMIN(KJ. AND. RMS OlI, JI .L E.RMMAX (K.' GOTO 640 
GOTO 630 

f40 TOTPAR=POII,K'+PD(I,JI 
IF(TOTPAR.lE.O.OCO) GO TO 650 
PTEMPOII,K'=TOTPAR/IPD(I,KJ/RTEMPD(I,KI~PD(I.J'/RTEMPD(I,JII 
PDfI,Kt=TOTPAR 
PD(I,JI=O.ODO 
RTEMPOfI,Jl=RIJI 
GOTD 630 

c5Q POII,JI=O.ODO 
RTEMPD(I,J.=R'JI 
PD(I,KI=O.ODO 
RTEMPD(I,Kl=R{KJ 

630 CONTINUE 
c20 CCNTINUE 

DC 100 J=l,NRWMl 
RMSDII.JI=RTEMPDlI,JI 
SUMPARII'=SUMPAR(I'+PO(!,JI 

100 CCNTINUE 
cIa CCNTINUE 

OlPART=SUMPAR(ll*VOl 
CD1PAR=SUMPAR«(. 
D2PART=SUMPAR(Z'*V02 
CD2PAR=SUMPAR(21 
TDPLOT=TDPLOT+H 
IF(TDPLOT.GT.PlINCJ GOTD IS 
GOTD 800 

15 IPD=IPO+l 
DPlUNll,IPDI=COlUN 
DPLPN(l,IPOI=CDIPN 
DPLFPNfl,IPO'=COlFPN 
OPlH20(l,IPD'=COIH20 
DPLHNOll,IPOI=COt~NO 
DPLPA~(l,IPD)=COIPAR 

OPLTIMlIPDI=TIME 
DIGVOlIl.IPOt=VOl 
DPlUN(2,IPDI=CD2UN 
OPlPN(2,IPCI=C02PN 
DPLFPN(2,IPOI=C02FPN 
DPlH20(Z,TPDt=CD2H20 
DPlHNO{2,IPDt=CD2HNO 
DPlPAR(2.IPDI=C02PAR 
DPlTIM(IPDI=TIME 
OIGVOL(2.IPOI=VD2 
MUPIP=JPD 
TOPlO T= C. 000 

800 CONTI NUE 
!<ETURN 
END 

c 
c 
c 

SUBROUTINE PlOT7(PlTIME,MUM,NS' 
REAl*8 PLU308,PlUN,PLPU02,PlPN,PLFP,PLH20.PlHN03,PLFPN 
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$,OPLUN,DPLPN,SUMOl,SUMD2,PD,ATPD,PPD 
$,OPLH20,DPlHNC,DPLFPN,OPLPAR, 
~OPlTIM.OIGVOl,RUN,TfIll,VFUlt,TTRAN,TOIG 

$.PlINC,VOl,V02,TMl,TM2,TFDl,TFD2.TDPlOT,TTDl.TTD2.TDl,T02 
D!MENSION PlTIME(200"PLl(200t,PL21200., 

HL3 (200 I , PL4 (200 I , Pl5' 2001 • P l6 ( ZOO I ,Pl 7 (ZO 0 I, A TI TLE ( 10 I , I P AK ( 250 I 
$,ATNUM(9J,Pl8(2001 

COMMON/DISSPl/PlU308(lO,200"PlUNIIO.200.,PlPU02(10,2001, 
$PlPN(lO,2001,PlFPlIO,2001,PlH20110,200I,PLHN03(lO,200I 
$,PlFPN(10.200I,PlPART(lO,2001,PlWTTIIO.2001,PLSST(10.200' 

COMMON/DIG/OPlUN(2,200',DPLPNI2,200' 
$,PD(2.50.,ATPD(2.501,PPO(2,501 
$,DPLH20(2,2001.DPLHNOI2,ZOOI,DPlFPN(2.2001,DPLPARIZ,200', 
$DPlTIMI200.,OIGVDl(2,ZOOI,RUN,TFILl,VFULl,TTRAN,TCIG 
$,PlINC,VDl,VD2,TMl,TM2,TFOl,TFC2,TDPLOT,TTDl,TTD2,TDl,T02, 
SCIUN,D2UN,DIPN,02PN,DIH2C,D2H20,CIHN03,02HN03, 
SDIPART,D2PART,DIFPN,D2FPN,SUMDl,SUMD2,IPD,MUPIP 

DATA ATITLE/'CONC','ENTR','ATtC'~'t\I PR','OFtl','E FO', 
$'P ST','AGE ',I ',' $'I,ATNUM/' 1 ',I 2 ',' 3 ',' 4', 
$' 5'~' 6',' 7',' 8',' 9'1 

XTJ=RUN+IO.DO 
STt=XTI/I0. 
DO 17 J3=1,200 
Pl) (J3)=0.O 
Pl2 (HI =0. 0 
Pl3(J3 '=0. 0 
Pl4(J3'=O.O 
Pl5(J31=0.O 
Pl5(J3'=O.O 
Pl6IJ3'=O.O 
PL7(J3'=0.0 
Pl8(J3'=O.O 

11 CONTI NUE 
CALL COMPLX 
CALL PHYSOR(.625,.151 
DO 1001 IPlT=l~NS 
ATITlE(91=ATNUM(IPlT) 
CAll TITlE(ATITlE,-100,'TIME(MIN'S',lOO, 

stCeNC. U02, PU02, AND F.P .. (GRAM/1l4;',lOO,8.5,6.51 
CALL YTICKS(lO. 
CA l L X TI C K S ( 5 I 
CAll XINTAX 
CAll BlNKl(O.0.1.9345,4.3125,6.5,3) 
IOUMMY=lINEST(IPAK,250,70J . 
CALL ltNES('U02 ~',IPAK,l' 
CALL LINESC'PUOZ$',IPAK,2' 
CALL lINESC'PU(NQ314S',IPAK,4' 
CALL lINES('F.P.$',JPAK,31 
CALL ltNESI'U02(NC3l2$',IPAK,5' 
CALL lINES('FPIN0312.3e~',IPAK,61 
CALL LINESI'HN03$',IPAK,7' 
CAll lINESC'H20$',IPAK,8J 
U308MX=0.0 
UNMXP=O.O 
DO 1002 JAK=l,MUM 
Pll(JAK'=PlU3C8(IPLT,JAKI 
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PL2(JAK'=PlPU02(IPlT,J~K' 
Pl3(JAKJ=PlPN(IPLT.JAKJ 
Pl4(JAKJ=PlFP(IPlT,JAK' 
PL5(JAKI=PlUNIIPLT,JAKI 
Pl6IJAKI=PLHN03lIPLT,JAKI 
PL7(JAKJ=PLH20lIPlT,JAK' 
Pl8(JAKI=PlFPNlIPlT,JAKJ 
WRITE(6,10031PlTIMElJAKI,PLL(JAKJ,Pl2(JAKI,PL3(JAKI.Pl4(JAKI, 

$PL5(JAK),PL6lJAKI,Pl7(JAKJ,Pl8(JAKI 
1003 FORMAT(2X.9(lPE12.5,lXIJ 

IF(U308MX.LT.PLIlJAKI.U308MX=PlIlJAK. 
IF(UNMXP.lT.PL5(JAKII UNMXP=PL5(JAKI 

1002 CONTINUE 
IF(U308MX.LE •• Oll GOTO 100 
U308MX=U308MX.IO. 
IU308=U30SMX/IO. 
U308MX=IU308*lO. 
U308IN=U308MX/I0. 
GOTD 200 

100 C308MX=10. 
U308!N=1.0 

200 IF(UNMXP.LE •• OIJ GOTO 300 
UNMXP=UNMXP+50. 
!UNMXP=UNMXP/50. 
UNMXP=!UNMXP*50. 
UNMXP!=UNMXP/IO. 
GOTO 400 

~OO UNMXP=100. 
UNMXPI=10. 

400 CALL GRAF(O.O,STI.XTI,O.O,U308IN,U308MX) 
CALL FRAME 
CALL CURVE(PlTIME,PLl,MUM,21 
CALL CURVE(PLTIME,Pl2,MUM,2) 
CALL CURVElPLTIME,PL4,MUM,21 
CAll YGRAXS(O.O,UNMXPI,UNMXP,6.5, 

$'CCNC. U02(N03J2, PUlN0312, AND FP(N0312.3552 (GRAM/l'~' 
~,-100,8.5,O.01 

CALL CURVE(PLTIME,PL3,~UM.2. 
CAll CURVE(PLTIME,PL5,MUM,2' 
CAll CURVE(PlTIME.Pl8,MUM.2' 
CALL YGRAXS(0.O,lOO.,lOOO •• 6.5.'CONC. HN03 AND H20 (GRAM/L'~·. 

$-100,9.125,0.0' 
CALL CURVE(PlTIME,Pl6,MUM,21 
CALL CURVEtPlTIME,Pl1,MUM,2' 
CALL RESETt'BlNKl" 
CALL LEGENO(IPAK,8 •• 125,4.44' 
IIPLT=IPLT 
CALL ENOPL(IIPLr, 

1001 CONTINUE 

C 
C 
C 

RETURN 
END 

SUBROUTINE PlOTD(NS,FREQ,RMS,P,PART,RMIN,PMAX,NGI 
REAL*8 FREC(50ItRMS(lO.50.,P(10,50J,PART(20.,R~rN,RMAX 
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C 
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DIMENSION FQ(50J.RAO(50J.DTITLEIllI,ANUM(91 
DATA OTITLE"PART','lCLE',' SIl','E Dl','STRI','BUTI','ON F', 

$'OR S','TAGE',' ',I $'I,ANUM/' 1 ',' 2 ',' 3', 
$1 4 ',' 5 't' 6 ',' 7 ',' a',' 9 'I 

IMAPK=O 
II=(NG.LE.IOOI IMARK=l 
00 20 IPlT=l,NS 
IPRT=lO 
FQMAX=O.O 
IF(PART(IPlTJ.lE.O.ODO' GO TO 20 
00 30 J=l,NG 
FQ(J,=P(IPlT,J'/PART(!PLTI 
RAO(JJ=R~S(IPlT,J' 
IF(FQ(JI.GT.FQMAXI FQMAX=FQlj. 
IF{IPRT.lT.IO' GO TO 50 
I PR T= 1 
WRITE(6,40IJ.RAD(JI,FQ{JI 

4C FORMAT(I5,5X,lPE13.6,5X,lPE13.61 
50 IPRT=IPRT+l 
30 CONTI NUE 

I=QMAX=i.2*FQMAX 
IFQMAX=FQMAX*lOO. 
FQMAX=IFQMAX/IOO. 
IF(FQMAX.LE.O.O' FQMAX=O.2 
FOINC=FOI-IAX/IO. 
DTITLE(lOI=ANUM(IPLTI 
RMIN4=RMIN 
RMAX4=RM/IX 
RINC=(R~AX4-RMIN4'/IO. 

CALL CO~PLX 
CALL TITlEWTITLE,-lOO,'PARTICLE RADIUS (MICRONI$' .100, 

$'NCRMALIZEO FREQUENCY$',lOO,8.5,6.51 
CAU YTlCKS(lO. 
CALL XTICKS(lOJ 
CALL XINTAX 
CAll GRAF(RMIN4,RtNC,RMAX4,0.0.FQINC.FQMAXI 
CALL FRAME 
CALL CURVE(RAD,FQ,NG,I~ARK. 
lIPlT=IPLT 
CALL ENOPl(IIPlT' 
CAll RESETI'All" 

20 CONTINUE 

c 
c 

RETUP.N 
END 

SUBROUTINE PlOT3(PlTIME,MUM,NS. 
REAL*8 PlU3Qa, PLUN,Pl PU02, PlPN,PlFP, PlH20, PL HN03,PlFPN 

~,PlPART,Pl~TT,PLSST,DPLUN,DPLPN,SUMDl,SUM02,PO,ATPDfPPO 

!,OPLH20,DPlHNO,DPLFPN,DPlPAR. 
~OPlTIM,DIGVOl,RUN,TFtll,VFUll,TTRAN,TOIG 
~,PlINC,VD1,V02fTMlfTM2,TFDl,TFD2,TDPlOT,TTOltTT02fTDl,T02 

DIMENSION PLTIMECZOO •• Pll(200.,Pl2(200.,Pl3{200' 
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~,ATITLE(101,IPAK(2501,AT~UM(91 

COMMON/OISSPL/PLU30S{10,2001,PLUN(10,2001,PLPU02(10,20ai, 
~ PL PN ( 10,200 I , Pl F P ( 10,200 I , P L H2 0 ( 10,200 I , PL HN03 ( 10,200 I 
~,PLFPN(10,200l,PlPART(10,2001,PLWTTII0,2aal,PLSSTII0,2001 

COMMON/oIG/OPLUN(2,2001,OPLPN(2,2001 
$,PO(2,50I,ATPO(2,50I,PPo(2,501 
~,oPLH20(2,200"OPLHNOI2,200"DPLFPN(2,2001,OPLPAR(2,2001, 

$CPLTIMI2001,DIGVOLI2,2001,RUN,TFILL,VFULl,TTRAN,TDIG 
~,PLINC,VOl,VD2,TMl,TM2,TFOl,TF02,TOPLOT,TTol,TT02,Tol,T02, 

$DIUN,02UN,DIPN,D2PN,0IH2(,D2~2o,01HN03,02HN03, 

$01PART,02PART,0IFPN,02FPN,SU~01,SUM02,IPo,MUPIP 

DATA ATITLE/'CONC','ENTR','ATIC','N HI','STOP','Y FO', 
$'R ST','AGE ',' I,' $'/,ATNUM/' 1 ',' 2 I,' 3 ',' 4' 
$' 5',' 6',' 7',' S',' 9'/ 

XTI=RUN~lO.OO 

STI=XTI/lO. 
!PlT=O 
NSMl=NS-l 
00 17 J3=1,200 
PLl (J3 1=0. 0 
PL2(J31=0.0 
PL3(J31=O.0 

17 CONTI NUE 
CALL COMPLX 
CALL PHYSoR(.625,.151 

lC05 IPLT=IPlT~l 
YSMAX=O.O 
YPMAX=O.O 
YWMAX=I).O 
DO 1002 JAK=l,MUM 
PLl(JAKI=PLWTT(!PLT,JAK' 
PL2(JAKI=PLPART(IPlT,JAKI 
PL3(JAK'=PlSST(IPLT,JAKI 
IF(PL1(JAK'.GT.YWMAX' YWMAX=PLl(JAK' 
IF(PL2(JAKI.GT.YPMAXI YPMAX=PL2(JAKI 
IFIPL3(JAK'.GT.YSMAXI YSMAX=PL3(JAKI 
WRITE(6,1003IPlTI~E(JAK"PLl(JAKI,PL2(JAKI,PL3(JAKI 

1003 FORMAT(2X,4(lPEI2.5,IXI) 
1002 CONTI NUE 

YWMAX=YWMAX~20. 

I YWMAX=Y IoIMAX/20. 
YWMAX=! YWM AX*20. 
YW INC =YWMAX/5. 
YPMAX=YPMAX+20. 
IYPMAX=YPMAX/20. 
YPMAX=!YPMAX*20. 
YPI NC=YPMAX/5. 
YSMAX=YSMAX+20. 
!YSMAX=YSMAX/20. 
YSMAX=!YSMAX*20. 
YSINC=YSMAX/5. 
ATITLE(91=ATNUM(IPLTI 
CALL TITLE(ATITLE,-lOO,'TIME(MIN,$',lOO, 

$'MASS OF UNDISSOLVED FUEL IN PINS (GRAMH' .lOO,S.5,6.51 
CAll YTICKS(51 
CALL XTICKS(51 
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CALL XINTAX 
CALL BlNKIIO.O,2.5,5.375,6.5,31 
IDUMMY=lINEST(IPAK,250,701 
CAll LINESI'FUEl IN PINS$',IPAK,l1 
CALL LINES(,~REE PARTICLES$' .IPAK,21 
CALL l!NES('STAINlESS STEEL$',IPAK,31 
CALL FRAME 
CAll GRAFIO.O,STI,XTI,O.O,YWINC,YWMAX) 
CALL CURVEIPlTIME,Pll,MUM,2' 
CALL YGRAXSIO.O,YPINC,YPMAX,6.5, 

$'CCNC. OF FREE PARTICLES (GRAM/ll$' 
$,-100,8.5,0.GI 

CAll CURVE(PLTIME,PL2,~UM,21 
CALL YGRAXS(0.0,YSINC.YSMAX,6.5, 

$'MASS OF STAINLESS STEEL (GRAMI$', 
$-100,9.125,0.01 

CALL CURVE(PLTIME,PL3,~UM,2' 
CALL RESET('BlNKl'l 
CALL lEGEND(IPAK,3,.125,5.5251 

100 IIPLT=IPlT 
CAll ENDPl(IIPlT' 

1001 IFIIPLT.GT.NSMlI GOTO 1010 
GOTD 1005 

1010 RETURN 

C 
C 
C 

END 

SUBROUTINE OIGPlT 
REAl*8 DPlUN,DPLPN,DPlH20,DPlHNO,DPlFPN 

$,DPLPAR,DPlTIM,DIGVOl,RUN,TFIll,VFUlL,TTRAN,TDIG 
$,PlINC,V01,V02,TMl,T~2,TFDl,TFD2,TDPlOT,TTDl,TTD2,TDl,TD2 

~,01UN,D2UN,DIPN,D2PN,01H20,D2H20,01HN03,02HN03, 

$01PART,D2PART,01FPN,02FPN,SUMDl,SUM02,PD,ATPo,PPO 
DIMENSION PlTMEI200',PLl(2001,Pl2(2001,PL3(2001 

$ ,P l4 ( 20 01 , P L 5 I 200 I , A T IT L E (81 ,A TNUM 121 , IP AK (250 1 
COMMON/OIG/oPLUNI2,2001,DPLPN(2,200. 

~,Po(2,50.,ATPoI2,50.,PPoI2,501 

$,DPLH20(2,200',oPLHNO(2,2001,DPlFPNI2,2001,oPlPAR(2,2001, 
$oPLTIMI2001,OIGVOL(2,200l,RUN,TFILl,VFULL,TTRAN,TDIG 
$,PlINC,VDl,VD2,TMl,TM2,TFol,TFD2,TDPlDT,TTol,TTD2,TDl,T02, 
$DIUN,D2UN.,DIPN,02PN,01H2C,D2~20,DIHN03,02HN03, 
$DIPART,02PART,DIFPN,D2FPN,SUMDl,SUMD2,IPD,MUPIP 

DATA ATITLE/'oIGE','STER',' TAN','K # ',' 
$' HIS','TORY',' $'I,ATr\UM/' 1 ',' 2 'I 

XT! =R UN.lQ. DO 
STI=XTI/IO. 
ALV=O.O 
AMP=O.O 
HMM=O.O 
00 17 J3=1,200 
PL1IJ3'=0.0 
PL2(J31=0.O 
PL3(J31=O.O 
Pl4 (J31 =0.0 
PL5(J3J=O.0 



17 CONTI NUE 
CALL COMPlX 
CALL PHYSOR(.625,.75' 
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DO 1001 IPLT=1,2 
IF(TFILL.GT.RUN.AND.IPLT.EC.2' GOTO 1001 
ATITLE(51=ATNUM(IPLTI 
CALL TITlE(ATITlE,-lOO,'TIME{MINI~',lOO, 

$' VOLUME {U!' 
$,100,8.5,6.51 

CAll YTICKSIIO. 
CALL XTICKS{5' 
CAll X I NTAX 
CALL BlNKl(0.0,1.75,4.9315,6.5,31 
rOUMMY=LINEST(IPAK,250,101 
CALL lINESl'VOlUMEt',IPAK,ll 
CALL lINES('U02(N0312t',IPAK,21 
CALL LINES{'PUCN0314!',IPAK,31 
CALL lINES('HN03t',IPAK,41 
CALL LINES('PARTICLESt',IPAK,51 
CALL FRAME 
DO 1002 JAK=l,MUPIP 
PlIlJAKI=DPLUNlIPLT,JAKI 
Pl2(JAKI=OPlPN(IPLT,JAK' 
PL3(JAKI=DPLHNO(IPLT,JAK. 
PL4(JAK'=DIGVOLIIPLT,JAKI 
PLTMElJAKI=OPlTIM(JAKI' 
PL5CJAKI=DFLPARlIPLT,JAKI 
IF(AlV.LT.Pl4IJAKIJ AlV=PL4IJAK, 
IF(AMP.LT.Pl5IJAK" AMP=Pl5(JAK' 
IF(HMM.LT.PLl(JAKII HMM=PLIlJAKI 
IF(HMM.LT.PL3(JAKII HMM=PL3(JAKI 
WR IT E , 6, 1003 , P l T M E ( J A K " P L l( J A K I , P l2 ( J AK " PL 3 ( J A K 1 , P L 4 ( J AK , 

$,PL5(JAKI 
IC03 FORMAT(2X,611 P E12.5.1XII 
1002 CONTI MUE 

ALV=AlV+20. 
IALV=ALV/20. 
ALV=20.*IALV 
All NC=AL·V 110. 
AMP=AMPfo20. 
lAM P=AMP 120. 
AMP=20.*IAMP 
AMI NC =AMP/IO. 
HMM=H M M+ 20. 
IHMM=HMM/20. 
HMM=I H MM*2 O. 
HMMINC=HMM/IO. 
CALL GRAF(O.O,STI,XTI,O.O,AlINC,AlV' 
CALL CURVEtPLTME,PL4,MUPIP,2' 
CALL YGRAXS(O.0.HMMINC,HMM.6.5, 

$' CONC. U02(N03'2, PU(N03'4. AND HN03 (G/L'$' 
$,-100,8.5.0.CI 

CALL CURVE(PLTME,Pll,MUPIP,2' 
CALL CURVE(PlT~E.PL2tMUPIPt2' 
CALL CURVE{PLTME,Pl3,MUPIP.21 
CALL YGRAXS(O.0,AMINC,AMP.6.5, 
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$'PARTIClE CONCENTRATION (G/l'~·f-lOO,9.125fO.O' 
CAll CURVE(PlTME,Pl5,MUPIP,21 
CAll RESET('8LNKl'~ 
CAll lEGENOIIPAK,5,.125,5.1251 
IIPlT=IPlT 
CAll ENDPl(IIPlTJ 

1001 CONTI NUE 
~ETURN 

END 

, . 



Table A.1. Data file for standard conditions with variable names 

Data file Variable names 

0.5000 0.4903 2.54 9.903 1.000 200.0 SIZE, PIN, PINlEN, RHOAVE, SPAREA, RWASTE 
0.7370 0.2110 0.0520 0.7011 0.1999 0.0990 PCU308, PCPU02, PCFP, FRMOU3, FRMOPU, FRMOFP 
8.300 11.460 12.100 8010.00 0.9888 2.830 DU308, DPU02, DFP, DENSST, TK, POW 
1.000 0.9999 0.0200 400.00 2.250 399.99 ACDF, PRTIIM, HC, RUN, PRINC, PRDIST 
20.0 500000.0 0:1 0.001 ALlMO, AKSTOP, AMINFR, eT1 
108.0 3.00 20.0 00.000 TEMP, RPM, DREVS, FlAPTIM 
4.800 8.000 8.000 8.000 8.000 VO(l), VO(2), VO(3), VO(4), VO(S) 
8.000 8.000 8.000 8.000 8.000 VO(l), VO(6), VO(7), VO(8), VO(9), VO(lO) 
0.0 0.0 0.0 0.0 0.0 VO(l}, Vo(,,), VO(12), VO(13), VO(14), VO(lS) 
0.0 0.0 0.0 0.0 0.0 VO(l), VO(16), VO(17), VO(18), VO(19), VO(20) 
2.0 30.00 76.20 25.40 9.000 TRCT, BASECT, DIA, STGlEN, AAANS 
S.7376 11.4808 11.4S08 11.4808 11.4808 DEPTH(1), DEPTH(2J, DEPTH(3), DEPTH(4), DEPTH(5) 
11.4808 11.4808 11.4808 11.4?08 11.4S08 DEPTH(l), DEPTH(6J, DEPTH(7), DEPTH(S), DEPTH(9), DEPTH(lO) 
5.000 ANGLE » 
951.00 1300.00 951.00 1010.00 DEN1, CDEN8, DEN9, DEN10 ~ 
4.000 0.0 0.667 0.333 TH20C,THN03C, FCSTG1,FCSTG9 

0\ 

47.45 40.08 35.03 1.140 CH20M8, CHNOMS, H20M 10 
0.0700 0.0700 0.0700 0.0700 0.0700 BAKMIX(l), BAKMIX(2), BAKMIX(3), BAKMIX(4l, BAKMIX(5) 
0.0700 0.0700 0.0700 0.0700 0.0700 BAKMIX(l), BAKMIX(6), BAKMIX(7), BAKMIX(S), BAKMIX(9), BAKMIX(10) 
0.0700 0.0700 0.0700 0.0700 0.0700 BAKMIX(l), BAKMIX(ll), BAKMIX(12), BAKMIX(13), &AKMIX(14), BAKMIX(15) 
0.0700 0.0700 0.0700 0.0700 0.0700 BAKMIX(l), BAKMIX(16), BAKMIX(17), BAKMIX{18}, BAKMIX(19), BAKMIX(20) 
1300.00 47.45 40.08 3.SlO SDENS, SH20M8, SHNOM8, SlOTlM 
360.00 10.00 350.00 TFllL, TTRAN, TDIG 
31.50 5.000 00.00 00.00 ACIDEF, RFACT, AFIAT, AFRAT 
37.67 12.05 180.00 180.0 TMRFED, TMRSST, BATTIM, SHETIM 
0.20 0.0 1000.0 0.001000 0.0010 20.00 HINES, RMIN, RMAX, DP, TOl, AAANG 
100.0 45.0 1.0 1.0 CONREl, FEANG, PINOOO, PAROOO 
1.00 1.00 1.00 1.00 1.00 1.00 ZNOPTA, ZNOPTD,ZNOPTP, ZNOPT3,ZNOPT7 



A-77 

Table A.2. Job cO!ltrollanguage required for various code options, 
where xxx = identifier, +++++ = charge number, and 00000 = tape number 

Job control language 

//xxxUS244 JOB (+++++,T APE, 17). 'B. E. LEWIS, 7601 ',TIME=(20,30) 

/*JOBPARM LlNES=80~ 

I/*NOTES THIS IS JOB 1 OF 1 

//*PLOT TYPE=CAL925,1 N K=(BLACK/L),NUM BE R=29,PAPE R=600 

/*ROUTE XEQ STANDBY 

/*ROUTE PRINT LOCAL 

//EXEC FORTHCLG,PLOT=DISS,PARM.FORT='XREF',REGION.FORT=600K, 

//PARM.GO='EU=-1 ,DUMP=1 ',REGION.GO=600K 

//FORT SYSPRINT DD DUMMY 

/IFORTSYSIN DD * 
=USSCRD 

/* 
I/LKED.SYSIN DD * 
1* 
IIGO.FT06FOO·1 DD SYSOUT=Q 

I/GO.FT13F001 DD SYSOUT=A 

//GO.FT12F001 DD UNIT=TAPE62,VOL=SER=Xooooo, 

IIDISP=(NEW,KEEP),LABEL=(21,SL,,),DSN=USSCRD.DAT A 

/ /DCB=( REC FM=F B,LRECL = 120, BLKSI ZE =4080, D EN=4) 

I/GO.FT54F001 DD DDNAME=PLOTT APE 

I/GO.PLOTTAPE DD UNIT=TAPE16,DSN=xxx.DISS, 

IILABEL={,SL),DISP=(N EW,KEEP), 

IIDCB={DEN=3,RECFM=VS,LRECL=364,BLKSIZE=368) 

I/GO.FT05FOOl DD* 

=USS.DAT 

/* 
II 
ENDINPUT 

Purpose 

[ 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 

[ L;ok to cod, 

Output unit 6 to microfiche 

Output unit 13 to printer 

Output unit 12 to tape 

[ Lin k to data file 

[ Eod 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



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.l. 

Table B.1. Index of tables and figures contained in this appendix 

Location 

TableB.2. 

Table B.3. 

Table B.4. 

Table B.S. 

Table B.6. 

Figs. B.l-B.9 

Figs. B.10-B.13 

Figs. B.14-8.22 

Figs. B.23-B.24 

Type of output 

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 

ConcentrJtion histories 

Digester tank concentration profiles 

B-1 
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Table B.2. Summary of input data 

COMPONENT 

UOl 
PU02 
F.P. 

SPENT FUEL 
WEIGHT FRACTION 

0.1370 
0.2IlO 
0.0520 

DATA 
DEflJSITY 
(G/CC I 
8.300000 

11.460000 
12.100000 

AVERAGE FUEL DENSITY = 9.903000 G/CC 

MOL E WE IGHT 
tG/G-~OLEI 

270.0500 
211.1700 
135.3400 

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: 1.000000 00 
FRACTION OF FUEL AS FINES= 2.0000-01 
FULL STAGE PARTICLE RELEASE RATE: 1.000000 02 GIMIN 
TOTAL MASS FEED RATE OF STAINLESS STEEL: 12.05 KGfHR 

0.5000 TONNE-A-DAY THROUGHPUT 
FUEL FEED RATE: 427.0000 G/MIN 

LIQUID FLOW STG 1= 1.7891 L/MIN 
LIQUID FEED COMPo STG 1 : 

HN03 383.~8 GPAM/L 
H20 805.63 GRAM/L 

INITIAL DENSITY OF DISSOLVER LIQUID STG 1= 1152.5684 GIL 
COEFFICIENT OF WEIR FLOW EQUATION: 9.88800-01 
EXPONENT OF WEIR FLOW EQUATION= 2.83000 00 
LIMITING HEIGHT OVER WEIR (SLOT SIZEI= 3.81000 00 C~ 

STAGE I INITIAL VOLUME: 6.43 L 
9.95 

9.33 l 
L STAGES 2- 8 INITIAL VOLUME= 

STAGE 9 INITIAL VOLUME= 
NUM8EIl OF STAGES: 9 
MAXIMUM TIME I NCREMENT= 0.020000 MIN 

COMPONE NT 
FORMED 

U02(N0312 
PU(N0314 

F.P. NI T. 

INITIAL REACTION RATE CONSTANTS 
PARTICULATE RATE PIN RATE 

(G/MIN-CM**21 IG/MIN-CM**21 

7.379340-02 
2.112680-02 
5.206590-03 

7.379340-02 
2.112680-02 
5.206590-03 

REACTION RATE CONSTANT- 1.831230-04 
REACTION RATE EXPONENT- 2.597800 00 
PERCENT THEORITJCAL DENSITY- 10.71230 01 
INITIAL TEMPERATURE- 108.0000 00 DEG C 
MINIMUM PARTICLE DIA~ETER TRANSFERING WITH 
MINIMUM PARTICLE SIZE IN DISTRIBUTION
MAXIMUM PARTICLE SIZE IN DISTRIBUTION: 

FUEL PINS-
0.0 
1.00000 :>3 

2.00000 02 
MICRON 
MICROfIJ 

TOTAL # OF PARTICLE SIZE GROUPS= 20 
FLAPPER VALVE CYCLE TIME- 0.0 

TOTAL RUN TIME= 400.00 MIN 
CYCLE TIME STG I- 0.00 loll"! 
S T/lGE S 2- 9 CYCLE TIME- 32.00 
REVERSE CYCLE TIME 2.00 MIN 
IlATE or ROTA TI 0"1= 3.00 RPM 
FEEO TI ME FROM SHEAR= 1.80000 02 
ZEP.O FEED TIME: 0.0 MIN 

MIN 

MIN 

I4IN 

ACID DEFICIENT CONCENTRATION FLAG
REACTION RATE MULTIPLICATION FACTOR-

3.15000 01 G-HN03/L 
5.00000 OJ 

ACID FEED RATE INCREASE ANTICIPATION TIME: 
ACID FEED RATE REDUCTION ANTICIPATION TIME-
REOUC EO ACIO FEED RATE DENSITY- 1.30000 
REDUCED ACID FEED H20 FlOW= 4.74500 01 
RECUCEO ACID FEED HN03 FlOW= 4.00800 01 

0.0 
0.0 

03 GIL 
KGfHR 

KG/HR 

~IN 

MIN 

MICRON 
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Table B.2 (continued) 

EXTERNAL FEED ST~EA~S ~ASS FLOW RATES 

COMPONENT DENSITY (GIll 
FEED HN03 "0 STAGE 8 
FEED H20 TO STAGE 6 
TOTAL FEED TO STAGE 8 1300.00 

CONDENSATE HN03 TO STAGE 1 
CONDENSATE H2O TO STAGE 1 
TOTAL CONDENSATE TO STAGE 1 95! .00 

CONDENSATE HNQ3 TO STAGE 9 
CONDENSATE H2O TO STAGE 9 
TOTAL CONDENSATE TO STAGE 9 951.00 

RINSE HN03 TO STAGE 9 
RINSE H20 TO STAGE 9 
TOTAL Q INSE LIQUID TO STAGE 9 1010.00 

*** BACKMIX HIG DATA 

STAGE PERIODIC 
1/ BACKMIXING 

WITH HULLS 
TRANSFER 

IG SOlN I G HULlSI 
1 7.00000-02 
2 7.00000-02 
3 7.00000-02 
4 7.00000-02 
5 7.00000-02 
6 7.00000-02 
7 7.00000-02 
8 7.00000-02 
9 7.00000-02 

,,** PLOTS REQUESTED "*,, 
DIGESTER CONCENTRATION PROFILES 
PARTICLE SIZE DISRTIBUTIONS 
CONCENTRATION HISTORIES 
CONCENTRA TI ON PROF I LES 

CONT INUOUS 
BACKMIXING 

( LlMINI 

3.0 
3.0 
).0 
0.0 
0.0 
0.0 
0.0 
0.0 
J.O 

FLOW I KG/HP) 
40.08 
47.45 
87.53 

G.O 
2.67 
2.67 

0.0 
1.33 
1.33 

1. 14 
35.03 
36.17 

,,** 
MA X IMUM 
QUANTI Ty 

BACKMIXED 
III 

3.90320-01 
3.88760-01 
3.88760-01 
3.88700- 01 
3.88760- 01 
3.88760- 01 
3.88760- 01 
3.88 7bO- 01 
4.56130-01 

C::JNC ENTR AT!ON 
595.27 
704.73 

0.0 
951.00 

0.0 
951.00 

0.0 
978.17 

INITIAL 
ST AGE 
VOLUME 
III 

('.43340 00 
9.94730 00 
9.94730 00 
9.94730 00 
9.94730 00 
9.9473000 
9.94730 00 
9.94730 00 
9.32690 00 

(::ill I 



Table B.3. Uranium/plutonium material balance closure 

TI ME U( oun put oun U I FED I P UI F EOI UI OUTI-U I FED I PUIOiJTI-PUIFEOI 
2.569640 02 7.132020 04 2.043100 04 1.128100 04 2.041980 04 3.915150 n 1.121510n 

Tl ME UIOUH PUI OUT I U I FED I PUI FEol U( OUTI-U I FEO I PUI DUTI-PUI FEOI 
2.579840 02 7.16032D 04 2.051210 04 7.156400 04 2.050090 04 3.918960 D 1 1.122660 ) 1 

TI ME U( OUT! PUC OUTI U (FED I PUI FEOI UI OUTJ-U I FED I P U ( OU II - P U I FE 0 I 
2.590040 02 1.188410 04 2.059260 04 1.1841'>90 04 2.058190 04 3.717800 01 1.0,5040 II 

TI tiE UI nUH PUIOUTI UIFEI) I PUI FEDI UIOUTI-uIFml PutoJTI-PUI FEDI 
2.600240 02 1.216540 04 2.01:>732D 04 1.212990 04 2.066300 04 3.553650 01 1.018010 :ll 

TJME INTO RUN; 260.2421 MIN 
OISSOLUTI (IN OF FUEL IN PINS CO~PLE'ED IN STAGE 4 AFTER 4.2421 ~INUTES INTO Cvr.LE. 
THIS IS THE 6 FUEL OISSAPPEARANCE CYCLE. 

T! ME UI nUTI PU IOUTI UI FED I PUI FEDI UIQUTI-UIFEOI PUIOJTI-PUIFEOI 
2.610420 02 1.244650 04 2.075370 04 1.241220 04 2.074390 04 3.428950 Jl 9.822880 :)0 

TIME UIOUTI PUIOUTI U (FED I PUIFEOI UIOUTI-UIFEOI PUIOJTI-PUIFEO' 
2.620620 02 7.272850 04 2.083450 04 7.269510 04 2.082490 04 3.339460 01 9.566530 :)0 

TI ME UIOUTI put OUT I U I FED I PUI FEOI UI0UTI-U(FEDI PUIouT'-PUlFED) CD 
2.630820 02 7.301010 04 2.091530 04 7.297310 04 2.090600 04 3.263640 Jl 9.349320 00 ~ 

TI ME UIDUTI PUI Dun U I FED I PUIFEOI UI OUTI-U I FE!) I PUIOUTI-PUIFEol 
2.641020 02 7.329300 04 2.099620 04 7.32(10) 04 2.098700 04 3.195500:)1 9. 1541 2D J 0 

TI ME U I fJUTI PUIOUTI U I FED I P UI FEOI UIOUTI-UIFEOI PU(OJTI-PUIFEDI 
2.651220 02 7.357540 04 2.107710 04 7.354400 04 2.106810 04 3.14"'~10 01 9.0J8330 JO 

Tl ME VIOUTI PUIOUTI U( FED I PU(FEOI UI DUll -U p:: EO I PUIOJTI-PUIFEOI 
2.661420 02 1.385180 04 2.115800 04 7.382690 04 2. 1149lO 04 3.08H41) :)l 8.843100 00 

TI ME UIOUT! PUI Dun U (FED I PUCHOI UI DUTI-UIFEOI PUIOJT)-PlJIHO' 
2.671620 02 7.414000 04 2.123880 04 7.41099') 04 2.123020 04 3.009690 Jl 8.621830 ,)0 

TI ME UIOUT) PUIOUTI U I FED I PU(FEOI UIOUTl-U(FEOI P UI DUTl-PUI FE 01 
2.681820 02 1.442200 04 2.13191:>0 04 7.439280 04 2.131120 04 2.919010 :>t B.31>205D )0 

T1 ME U( OUT) PUIOUTI U I FED I PUI FEOI U(OUTI-UIFEDI putOUTI-PUIFIOOI 
2.692020 02 7.410390 04 2. 140040 04 7.41>1580 04 2.139230 04 2.819230 Jl 8.076220 )0 

Tl ME UlaUTI PVIOUH V I FED I PUIFEOI UIOUThUIFEOI PUlnUTI-PUIFEOI 
2.702220 02 1.498590 04 2.148110 04 7.495870 04 2.147340 04 2.715310 01 1.178520:10 

TI ME UlOUT I PUIOUTl U (FED I PUc FEOI UI OUTI-U (I' EO I PUI 'lUTI-pUI "EO) 
2.712420 02 1.526770 04 2.156190 04 7.524160 04 2.155440 04 2.1:>07411) J1 1.469420 )0 



Table B.3 (continued) 

TIME INTO PUN= 272.0821 MIN 
DISSOLUTION OF LOOSE FUEL PAR.TICLES COMPLETED IN STAGE 4 AFTER 16.0821 MINUT::S INTO CYCLE. 
THIS IS THE 6 FUEL DISSAPPEARANCE CYCLE. 

TI ME UIOUT) PUIOUTI U I FED 1 puc FEDI UIOUTI-UIFEClI PUIOLJT'-PUI FEDI 
2. 72262D02 7.55496D 04 2.164260 04 7. 552460 04 2.163550 04 2.49656D 01 7.151880 ::>0 

TI ME UIOUTI PUIOUT! U I FED 1 PUI FED' UI DUTI-UIFEOI PUI OUTI-PUI FED' 
2.732820 02 7.58314D 04 2.172330 04 7.580750 04 2. 111650 04 2.383240 01 6.827250 )0 

TI ME UIOUTI PUIOUTI U I FED 1 PUI FED' UIOUTI-UIFEOI PUIOUT'-PUI FED' 
2. 743020 02 7.611310 04 2.180410 04 7.609050 04 2.179760 04 2.26576D 01 6.4~0690 )0 

co 
~ 



COMPONENT 

U021N0312 
PU(N0314 
FPC NO 313. 39 
HMO) 
H20 

U02 
PU02 
F.P .. 
TOTAL 

U02 
PU02 
F.P. 
TOTAL 

STG 1 

2.2850 02 
8.0560 01 
2.6800 01 
1.95bO 02 
7.5410 02 

3.3100 00 
9.4770-01 
2.3360-01 
4.4920 00 

0.0 
0.0 
0.0 
0.0 

TOTAL STAGE 6.2870 00 
lIQUID ONLY 6.2640 00 
STAINLESS 0.0 

UQUID 1.2650 03 

LlQUIO 1.9840 00 

Table B.4. Stagewise data for concentrations, volume, density, and flow rates 

STG 2 STG 3 STG 4 STG 5 STG b STG 7 

CONCENTRATION OF COMPONENTS DiSSOLVED iN lIQUID (GIll 

2.1150 02 
1.4560 01 
2.4800 01 
2.tHO 02 
7.5180 02 

1.8800 01 
5.3620 00 
1.32M 00 
2.5510 01 

3.5220 03 
1.0080 03 
2.4650 02 
4.1790 03 

9.6830 00 
8.7770 00 
4.0150-01 

1.2800 03 

1.9250' 00 

1.4660 02 1.0890 01 1.1010-04 4.6460-06 
5.24bO 01 3.6380 00 2.5060-04 1.6390- 06 
1. 745 0 01 1.2170 00 6.3350-05 5.4510-09 
2.6540 02 3.7390 02 3.8350 02 3.8560 02 
7.5910 02 7.1400 02 7.7460 02 7.7360 02 

CONCENTRATIO~ OF S~SPENOEO FINES (GILl 
----------------------------------------

1.1500 01 9.2020-08 0.0 0.0 
3.2940 00 2.6350-08 0.0 0.0 
8.1110-01 6.4930- 09 0.0 0.0 
1.5610 01 1.2490- 0 1 0.0 0.0 

QUANTITY UNDISSOLVED iN FUEL PINS (GI 
-------------- -- ------- - ------- -------

3.6560 03 
1.0410 03 
2.5800 02 
4.9610 03 

9.6560 00 
8.3390 00 
8.0280-01 

1.2430 03 

1.9410 00 

[l.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

VOLUME III 

9.6440 00 
6.8410 00 
8,0230- 01 

9.6440 00 
8.8410 00 
6.0240-01 

DEN S tTy (GIll 

1.1640 03 1 .1580 03 

FLOW RATES (l/MINI 

1.8010 00 1.8010 on 

0.0 
0.0 
0.0 
0.0 

9.6440 00 
B.841D 00 
8.0230-01 

1.1590 03 

1.8010 00 

3.0620-12 
1.0600-12 
3.5910-13 
3.8100 02 
7.7290 02 

0.0 
0.0 
0.0 
::l.0 

0.0 
0.0 
0.0 
0·9 

9.6440 00 
6.6410 00 
8.0240-01 

1.1600 03 

1.8010 00 

STG 8 

1.9950-15 
7.0340-17 
2.3400-17 
3.8570 02 
7.73bD 0, 

o.~ 
0.) 
:l.::l 
),3 

).) 
:>.:> 
D.) 
).::1 

9.~430 0) 
8.8410 OJ 
8.3240-01 

1. 1 590 O~ 

1.9010 0) 

S T::; 9 

1.0430-19 
3.6780-20 
1.2240-20 
3.5140 01 
9.5370 02 

0.) 
0.0 
O.::l 
0.0 

0.0 
0.0 
0.0 
O.C) 

9.13:'>0 aD 
9.131>0 0) 
O.J 

9.888D 02 

1:>.3370-01 

OJ , 
0'\ 



Table B.5. Stagewise particle size distribution data 

TIME = 4.0000 02 MIN 
*** PAPTICLE SIZE OIST~IBUTION P~OF{LE OATA *** 

------------------------------------------------------------~----~--------------------------------------------- ----
STG 1 STG 2 S TG 3 ST:; 4 S TG 5 

GROUP RAO! US CONe RADIUS CONC RADIUS CONC RADIUS CONe RAD!US CONC 
II ( MICIlONI (Gill HHeRONI (GIll {MICRONI (GIL I «M {CRON I (Gill (MICIlONI {GIL I 

-------------------------------------------------------------------------------------------------------------------

1 1.8470 01 1.2150 00 1.5800 01 1.1810-01 1.5880 01 1.8250-01 1.0340 01 1.2490-:)7 2.5000 01 0.0 
2 6.91'40 01 1.3080 00 1'.6550 01 1.5140 00 5.0810 01 1.6480-01 1'.5000 01 0.0 7.5000 01 0.0 
3 1.0250 02 1.9660 00 1.4340 02 2.62Bo 00 1.2830 02 1.9)00 00 1.2500 02 0.0 1.2500 02 0.0 
4 1.7500 02 0.0 1.9550 02 2.6590 00 1.681'0 02 2.6450-0 t 1.7500 02 0.0 1. 7 500 02 0.0 
5 2.2500 02 0.0 2.4850 02 2.3590 00 2.0470 02 1.6800 00 2.2500 02 0.0 2.2':n0 02 0.0 
6 2.1'500 02 0.0 2.7470 02 2.4470-02 2.e 850 02 1.6090 00 2.7500 02 0.0 2.15;)D 02 0.0 
7 3.2500 02 0.0 3.0050 02 2.1030 00 3.2840 02 1.4230 00 3.2500 02 0.0 3.2500 02 0.0 
8 3.7500 02 0.0 3.5130 02 1.9150 00 3.8620 02 1.2810 00 3.7500 02 0.0 3.7500 02 0.0 
9 4.2500 02 0.0 4.0170 02 1.7410 00 4.4390 02 1.2120 00 4.2500 02 0.0 4.25::10 02 0.0 

10 4.1500 02 0.0 4.5210 02 1.5940 00 4.727002 2.7250-02 4.7500 02 0.0 ft.7500 02 0.0 
11 5.2500 02 0.0 5.0240 02 1.455D 00 5.056D 02 1.0850 00 5.2500 02 0.0 5.250D 02 0.0 
12 5.7500 02 0.0 5.5210 02 1.3380 00 5.6540 02 9.6090-01 5.1'50002 0.0 5.750D 02 0.0 
13 6.2500 02 0.0 6.0750 02 1.4260 00 6.2950 02 9.7630-01 6.2500 02 0.0 6.25;)0 02 0.0 
14 6.1500 02 0.0 6.6650 02 1.3550 00 6.9520 02 7.9820-01 6.7500 02 0.0 6.15:) 0 02 0.0 
15 1'.2500 02 0.0 7.3220 02 1.1490 00 1'.2360 02 5.6320-03 1.2500 02 0.0 7.2500 02 0.0 
16 7.7500 02 0.0 1.9350 02 8.6890-01 7.6060 02 5.5480-01 1.1500 02 0.0 1.1500 02 0.0 
17 8.2500 02 0.0 13.2330 02 2.2090-02 8.184002 3.8830-01 8.2500 02 0.0 6.2500 02 0.0 c::l 
18 8.7500 02 0.0 8.5110 02 5.8100-01 8.8570 02 3.6770-01 8.7500 02 0.0 8.7500 02 0.0 

, 
--J 

19 9.250D 02 0.0 9.02010 02 3.9170-01 9.2030 02 2.01lD-02 9.2500 02 0.0 9.2500 02 0.0 
20 9.1500 02 0.0 9.5160 02 1.9910-01 9.6100 02 5.6620-02 9.7500 02 0.0 9.1500 02 0.0 



Table B.6. Run summary data 

APPROXIMAT~ FLOWS 

APPROXIMATE U FEED PATE= 2.7740D 02 G/MIN 
APPROXIMATE PU FEED RATE= 7.94660 01 G/MI~ 

TOTAL U FLOW OUT LIQUID PHASE= 2.54080 02 G/MIN 
TOTAL PU FLOW OUT LIQUID PHASE= 7.27850 01 G/~IN 

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= 2.54080 02 G/MIN 
TOTAL PU FLOW OUT= 7.27850 01 G/MIN 

TOTAL MASS BALANCE 

TOTAL U FEEO= 1.1096D 05 S 
TOTAL PU FEED= 3.1787D 04 G 
TOTAL U OUT STAGE 1= 1.01630 05 G 
TOTAL PU OUT STAGE 1= 2.91150 04 G 
TOTAL URANIUM FROM RINSE STAGE= 0.0 G 
TOTAL PLUTONIUM FROM R I'ISE STAGE= 0.0 :; 
TOTAL U UNDISSOLVED IN FUEL PINS= 6.32730 03 G 
TOTAL PU UNDISSOLVED IN FUEL PINS= 1.8126D 03 G 
TOTAL U IN PARTICLES UNDISSOLVED= 2.4834D 02 G 
TOTAL PU IN PARTICLES UNDISSOLVED= 7.1143D 01 G 
TOTAL SUSPENDED PART1CULAT!' TO DIr,E~TEP S= 3.19l.3D 03 G 
TrlT1\L U OUT OVER TOTAL PUN= 1.0163D 05 G 
TOTAL PU OUT OVER TOTAL RUN= 2.91150 04 G 

TOTAL U DISSOLVED 1'1 LIQUID INVENTORY 1'1 DISSOLVER= 2.79b7D 03 (GI 
TOTAL PU DISSOLVED IN LIQUID INVE~TORY IN DISSOLVER= 8.0116D 02 (GI 
CORRECTED SUM OF LIQUID VOLUMES= 0.0 (LI 
TOTAL U IN PINS FED TO STAGE 1 FROM FLP= 8.87690 04 (GI 
TOTAL U F1NES FED TO STAGE 1 FROM FLP= 2.2192D 04 (GI 
TOTAL NUMBER OF PINS REMAINING IN DISSOLVER= l..87040 04 
TOTAL NUMBER JF PARTICLE SIZE GROJP DEPLETION TRANSFERS= 1.150 04 

*** MASS OF PAPTICLfS DISSOLVED IN EACH STAGE (GI *"* 
STG 1 STG 2 S TG " STr, 4 

1. 833D 04 2.992D 04 3.6860 04 4.3930 03 

PROJECTED URAN IUM HOLD-UP IN DISSOLVER= 
PROJECTED PLUTONIUM HOLD-UP IN DISSOLVER= 
PROJECTED TOTAL U OUT PLUS HOLD-UP= 
PROJECTED TnTAL PU OUT PLUS HOLD-UP= 

9.32850 03 G 
2.67230 03 G 

1.1096D 05 G 
3. 1787 D 04 G 

STG 5 

0.0 

CORRECTED NEGATIVE SUM OF OVER DISSOLUTION FROM PINS= -3.06150 00 G 

STG 6 

0.0 

CQPRECTED NEGATIVE SUM OF OV~R DISSOLUTION OF PA~TICJLATE= -5.3778D 00 G 
TOTAL CORRECTED OVER DISSOLUTION= -8.43930 00 G 

S TG ? 

0.0 

OJ 
00 

S TG 8 "T::; 9 

0.0 0.0 



Table B.6 (continued) 

SUM OF HN03 DEPLETIONS: 0.0 G 
TOTAL FUEL IN PINS FED TO STAGE 9= 0.0 
TOTAL FUEL IN PINS OUT OF STAGE 9= 0.0 
TOTAL FUEL IN PINS IN STAGE 9= 0.0 
TOTAL N PTNS FED TO STAGE 9: 1.72610 04 
TOTAL # PINS OUT OF STAGE 9= 1.72390 04 
TOTAL # Pl~S IN STAGE 9= 0.0 

ACTUAL U HOLD-UP IN DISSOLVEP 9.37230 03 
ACUTAL PU HOLD-UP IN OISSOLVER= 2.68490 03 

G 

G 
G 

G 
G 

ACTUAL U OUT PLUS OISSOLVE~ HOLD-UP. 1.11010 05 
ACTUAL PU OUT PLUS DISSOLVER HOLD-UP. 3.18000 04 
ACTUAL U HOLD-UP IN FLAPPER V~LVES· 5.5479D 00 
I DIFF BETWEEN ACTUAL U FED AND U OUT PLUS HOLD-UP. 
I 011'1' BETWEEN ACTUAL PU FED AND PU JUT PLUS HOLD-UP= 

U OUT DVER U FED PLUS HOLO-UP- 1.0004D 02 % 
PU OUT (WE". PU FED PLUS HOLD-UP. 1.00040 02 ,-

G 
G 

G 
3.94630-02 

3.94630-02 

'f OF TOTAL U FEEO IN FLAPPE~ VIILVE HOLD-UP. 4.'19990-03 I 

TOTAL U FED TO FLAPPER VALVES- 1.10960 05 G 
TOTAL PU F~O TO FLAPPER VALVES- 3.11810 04 G 
TOTAL U PLUS PU FED TO FLAPP~R VALVES~ 1.42150 05 G 

,. 

TOTAL U PLUS PU FED TO STAGE 1 fQOM FL~PPEK VALVES~ 1.42750 05 ~ 

PER CENT TRA~SFER THRU FLAPPER VALVES- 1.00000 02' 

NUMBER CF TIME STEPS wITH ACID DEFICIENT COND.- i) 

'f 

••• I1AXIMUM PQEDICTEO CO'JCENTRATIC1NS (GIll "''''. 

STG 1 STG 2 STG 3 STr. 4 STG 5 STG f: 

COMPONE NT ITI ME (MINI 
-------------------
U02IN03.2 2.4210 02 2.275002 1.8440 02 1.0350 02 1.8890-02 1.2210-06 
TIME 3.8450 02 2.8800 02 2.9440 02 2.9220 02 2.8800 02 3.2000 02 

------------------------------
PUIN03'4 8.5330 01 8.0210:)1 6.5000 01 3.6490 01 6.6590- 03 4.3260-07 
TIME 3.8450 02 2.8800 02 2.9440 02 2.9220 02 2.8800 02 3.2000 02 

------------------------------
FPfN0311.18 2. 8390 01 2.6680 01 2.1620 01 1.214001 2.2150-03 1.4390-07 
TIME 3.8450 02 2.8800 02 2.9440 02 2.9220 02 2.8800 02 3.2000 02 

----- ------ ---- --- - ---- ---- ---
HN03 3.7330 02· 3.8160 02 3.8160 02 3.8460 02 3.8540 02 3.8600 02 
TIME 2.0000-02 2.0000-:)2 2.0000-02 3.8400 02 3.7660 02 3.7110 02 

-----~------------------------
H2O 1.8300 02 7.8330 02 1.8240 02 1.8140 02 1.8220 02 1.8220 02 
TIME 2.0000-02 3.2040 01 3.2069 0 I 9.6040 01 1.2800 02 1.6000 02 

------------------------------

STG 1 S TS 8 

7.98'+0-11 5 .17~D-15 
3.5200 02 3.84)0 02 

2.8150-11 1 .82~ 0-15 
3.5200 02 3.84)0 02 

9.3630-12 5.07:)0-16 
3.5200 02 3.84:)0 02 

3.8140 02 3.9340 02 
3.6510 02 3.5940 02 

1.8220 02 7.8,40 02 
1.9200 02 2.2490 02 

s r3 9 

3.2359- 19 
3.8400 J2 

1.1410-19 
3.8401) 02 

3.7940-20 
3.840fl 02 

~.:,00'J 01 
3.'5200 02 

9.5650 02 
t.. JODO-02 

--",' 

OJ 
Ib 



Table B.6 (continued) 

NVMBER OF TIME STEP REDUCTIONS= 18 

MAXIMUM # ITERATIONS IN PARTIC~ 1 
MAXIMUM # ITEPATIONS IN SUBUN= 2 
MAXIMUM # ITERATIONS IN SUBPN= 2 
MAXIMUM # ITEPATI~NS IN SU8FP= 2 
MAXIMUM # ITERATIONS IN SUBHN= 2 
MAXIMUM # ITERATIONS IN 5U8H2= 2 

NEGATIVE 5UMOF OVER DISSOLUTION OF P~.TIClES IN DIGESTER # 1 
NEGATIVE SUM OF OVER OISSOLUTION OF PARTICLES IN DIGESTER # 2 

-6.09B5D-08 G 
0.0 G 

~** STAGEWISE MASS INVENTORY {GI ~FTER 400.01 MINUTFS u~* 

S TG 1 STS 2 STG 3 STG 4 5TG 5 STG (:; STG 7 STG 8 ST'; 9 
----------------------------------------------------------------------------------------------------------

COMPONE NT 
---------
URANIUM 8.8580 02 4.3710 03 4.0570 03 5.815DOI 3.7960-03 2.4830-07 1.630D-1l 1 .06bD- 15 5.7590-1<:: 
PLUTONY U'" 2.5380 02 1.2520 03 1.1620 03 1.6660 01 1.0870-03 7.1120-08 4.6850-!2 3.0530- 16 .6500-19 
u·pU 1.1400 03 5.6230 03 5.2190 03 1.4800 01 4.8840-03 3.1940-07 2.1040-11 1.371 0-15 7."081)-19 

------------------------------
U021l1J0312 1.4360 03 1.856003 1.2410 03 9.6250 01 6.2840-03 4.1100-07 2.7070-11 l. 7640- 15 ".5320-19 
PUIN03' 4 5.0620 02 ".5440 02 4.3740 02 3.3930 01 2.2150-03 1.4490-07 9.5440-12 ~ .2190- 16 3.30Q{)-19 
FPIN0312.3t 1.6840 02 2.1170 02 1.4550 02 1.1290 01 7.3690-04 4.fl19D-08 3.1750-12 2.0690-16 !.1180-19 

------------------------------
HN03 1.2290 03 1.9050 03 2.2l30 03 3.3061) 03 3.39LD J3 3.4100 03 3.4210 03 '.4DO 03 J.211f) 02 
H2O 4.738003 6.5980 03 6.3301) 03 6.8430 03 6.8490 03 6.8390 03 6.8330 03 ~.g4)D 03 p.7130 03 

--------- -- ----
V02 2.0800 01 1.6500 02 9.5940 01 8.1360-07 0.0 0.0 0.0 ) .0 J.:1 
PU02 5.9550 00 4.7Z40ClI 2.7410 01 2.3290-01 0.0 0.0 0.0 ),0 J. J 
FPtol 1.1711:> 1.4b80 00 1.1640 01 6.1690 00 5.7400-08 0.0 0.0 0.0 J.::J D.') 

----- ----
---------------------------~--

.*~ ADDITIONAL CONCENTQATIDN DATA *** 
UIG/lILQ 1.3800 02 1.278002 8.9890 01 6.5770 00 4.2940-04 2.8080-08 1.85JO-12 1.2050-16 !; .3030-20 
UIG/LI D1 2.9l80 00 1.6570 01 1.0140 01 8.1120-08 0.0 0.0 0.0 J .0 :l.a 
U(G/L 'PN 0.0 3.5310 02 3.8650 02 0.0 0.0 0.0 0.0 ) • a J.O 
PV{ GI LI LQ 3.9550 01 3.6600 01 2.5150 01 1.8840 0:) 1.2300-04 8.0 4 40-09 5.2990-13 3.4530-17 1.80'>0-20 
PUIG/U PT 8.3590-01 4.7410 00 2.9050 00 2.3240-08 0.0 0.0 0.0 ),0 ,). J 

PUIG/lI PN 0.0 1.0130 02 1.1010 02 0.0 0.0 0.0 0.0 ).0 J.J 
UtPUIG/LlLQ 1.1760 02 l.6440 02 1.1560 02 8.4610 00 5.524(1-04 3.1:>130-08 2.3130D-12 1.5510-16 8.1080-20 
U.PU (GI LI PT 3.7540 00 2.1320 01 1.3050 01 1.0441)-01 0.0 0.0 0.0 J .0 :J.J 
U.PU{ GIll PlIJ 0.0 4.5500 02 4.9720 02 0.0 0.0 0.0 0.0 J .0 J.J 
HN03 I "10 LllI 3.103000 3.4450 00 4.2120 00 5.9330 00 6.0860 00 6.1190 00 6.1"00 OJ ". In 0 00 5.5 1 tr}-01 

------------------------------

o:l . 
--' 

0 
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APPENDIX C 

Code Output for Intermittent Solids Feed 

The following types of output are the same asthose given in Appendix B; however, the 
intermittent solids feed option was employed. A solids feed cycle of 40 min on and 140 min 
off was used in this run. All other conditions were at their standard values. An index of the 
tables and figures containing the intermittent solids feed data output is given in Table C.l. 

Table C.1. Index of tables and figures contained in this appendix 

Location 

Table C.2. 

Table C.3. 

Table C.4. 

Table C.5. 

Table C6. 

Figs. C.1 ~C.9 

Figs. C.l O~C.12 

Figs. C.13-C.21 

Figs. C.22-C23 

Type of output 

Summary of input data 

Uran ium/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 

C-1 



C-2 

Table C.2. Summary of input data 

COMPONENT 

U02 
PU02 
F.P .. 

SPENT FUEL 
WEIGHT FRACTION 

0.1370 
0.2110 
0.0520 

DATA 
DENS ITY 
(GI CC I 
8.300000 

11.460000 
12.100000 

AVERAGE FUEL DENS lTY '" 9.903000 G/CC 

MOL E WE IGHT 
(GIG-MOL EI 

270.0500 
271.1100 
135.3400 

AVERtlGE DIAMETER OF PAPTICUlATE= 0.001000 eM 
TOTAL # FUEL PINS'" 12941.21 
DIAMETER OF FUEL PEllET'" 0.4903 eM 
lENGTH OF FUEL PIN= 2.5400 CM 
RATIO (IF ACTUAL SURFACE AREA TO GEOMETRIC tlREA= 1.00000D 00 
FRACTION OF FUEL AS FINES", 2.0000-01 
I'ULL STAGE PARTICLE RELEASE RATE", 1.000000 02 G/MIN 
TOTAL MASS FEED RATE OF STAI~LESS STEEL= 12.05 KG/HR 

0.5000 TONNE-A-DAY THROUGHPUT 
FUEL FEED RATE= 1921.5000 G/MIN 

LIQUID FLOW STG 1= 1.7891 LlMIN 
LIQUID FEED COMPo STG 1 : 

HN03 383.98 GRAMIL 
H20 805.60 GRAM/l 

INITIAL DENSITY OF DISSOLVER LIOUID STC 1= 1152.5684 GIL 
COEI'F IC lENT OF WEIR FLOW EQUATION", 9.88800-01 
EXPONENT OF WEIQ FLOW EQUATION= 2.83000 00 
LIMIT ING HEIGHT OVER WEll> (SLOT SI ZEI 3.81000 00 C.., 

STAGE 1 INITIAL VOLUME= 
STAGES 2- 8 INITIAL VOLUME= 
STAGE 9 INITr~L VOLUME= 
NUMBER OF STA~ES. 9 
MAXIMUM TIME !NCREMENT= 

6.43 L 
9.95 

9.33 L 

0.020000 MIN 

L 

INITIAL REACTION RATE CO~STANTS 
COMPONENT 

FORMED 
PAqTICULATE RATE PIN RATE 

{G/MIN-CM**21 (G/MIN-CM**21 

U02(N0312 
PUI N0314 

F.p. Nt T. 

7.37934D-02 
2.112680-02 
5.206590-03 

7.379340-02 
2.112680-02 
5.206590-03 

REACTION RATE CONSTANT- 1.831230-04 
REACTION RATE EXPONENT= 2.597800 00 
PERCENT THEORITICAl OENSITY= 10.11230 01 
INITIAL TEMPERATURE= 108.0000 00 OEG C 
~!N!MUM PARTICLE DIAMETER TRANSFERING WITH 
MINIMUM PARTICLE SIZE IN DISTRIeUT{ON= 
MAXIMUM PARTICLE SIZE IN OISTPIBUTION= 
TOTAL # OF PARTICLE SIZE GROUPS= 20 
FLAPPER VALVE CYCLE TIME: 0.0 MIN 

TOTAL RUN TlME= 400.00 MIN 
CYCLE TIllE STG j- 0.00 MIN 
STAGES 2- 9 CYCLE TIME= 32.00 MIN 
REVERSE CYCLE TIME 2.00 MIN 
RATE OF ROTA TI ON: 3.00 RPM 
fEEO TI ME FROM SHEAR", 4.00000 OJ. MIN 
ZEl>.O FEED T!ME= 1.40000 02 MIN 

FUEL PINS= 
J.o 
1.00000 03 

2.00000 02 
MICRON 
MICRON 

ACID DEFICIENT CONCENTRATION FLAG
REACTION RATE MULTIPLICATION FACTOR= 

3.15000 01 G-HN03/l 
5.00000 00 

ACID FEED RATE INCREASE ANTICIPATION TIME
ACID FEED RATE REDUCTION ANTICIPATION TIME'" 
REoue EO ACro FEED RATE DENSITY", 1.30000 
RECUCEO ACID FEED H20 FlOW= 4.14500 01 
REOUC EO ACID FEED HN03 FLOW'" 4.00800 01 

0.0 
0.0 

03 GIL 
KG/HR 

KG/HR 

MIN 
MIN 

loll C RON 



C-3 

Table C.2 (continued) 

EXTERNAL FEED STREAMS MASS FLOW RATES 

COMPONENT OENS YTY (GIL I 
FEED HN03 TO STAGE 8 
FEED HZ G TO ST AGE 8 
TOTAL FEED TO STAGE 8· 1300.00 

CONDENSATE HN03 TO STAGE 1 
CONDENSATE H2::! TO STAGE 1 
TOTAL CONDENSATE TO STAGE 1 951.00 

CONDENSATE HN03 TO STAGE 9 
CONOENSATE H20 TO STAGE 9 
TOTAL CCNDENSATE TO STAGE 9 951.00 

R !NSE HN03 TO STAGE 9 
RH'SE H20 TO STAGE 9 
TOTAL R IN SE LIQUID TO STAGE <;I 1010.00 

*** BIICKMIX I"lG DATA 

STAGE PERIOOIC 
# BACKMIXING 

WUH HULLS 
TRANSFEP 

(G SOlN I G HULLS) 
1 7.00000-02 
2 7.00000-02 
3 7.00000-02 
4 7.00000-02 
5 1.00000-02 
6 1.00000-02 
7 1.00000-02 
8 1.00000-02 
9 1.00000-02 

*** PLOTS REQUESTED *** 
DIGESTER CONCENTRATION PROFILES 
PARTICLE SIZE OISRTIBUTIONS 
CONCENTRATION HISTORIES 
CONCENTRATION PROFILES 

CONT INUOUS 
BACKMIXING 

( lIMINI 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FLOW I KG/HR I 
40.08 
41.45 
81.53 

0.0 
2.67 
2.67 

0.0 
1. 33 
1.33 

1. 14 
35.03 
36.17 

*** 
lolA X !MUM 
QUANTITY 

BACKMIXEO 
HI 

1. 15640 00 
1.14940 00 
1.14940 00 
1.7494D 00 
1. 14941) 00 
1.14940 00 
1.74940 00 
1.14940 00 
2.05260 00 

CONCENTRATION 
595.21 
704.73 

0.0 
951.00 

0.0 
951.00 

0.0 
978.1 7 

INITIAL 
STAGE 
VOLUMf 
III 

6.43340 00 
9.94730 00 
9.94130 00 
9.94130 00 
9.94130 00 
9.94730 00 
9.94730 00 
9.94730 00 
9.32690 00 

(GIL I 



Table C.3. Uranium/plutonium material balance closure 

TI ME UIOUTI PUt OU TI U (F ED I PUIFED. UI DUll -U p: ED. PUI OUTI-PUt FED' 
3.417830 02 9.961920 04 2.653760 04 0.0 0.0 9.961920 ;)It 2.85378001t 

T I ME INTO RUN=- H8.00n MIN 
OlSSOLUTt ON OF LOOSE FUH PARTICLES CO"lPLET ED tN STAGE 5 AFTER 28.0032 MINUTES INTO CYCLE. 
TH1 SIS THE 6 FUEL OISSAPPEARANCE CYCLE. 

T! ME U I OUlI PUIOUTI U I FED I PUIFEOI UI DUT/-UI FED' PUIOUTI-PUIFED) 
3.488030 02 9.961880 04 2.853770 04 0.0 0.0 9.961880 CJ4 2.853170 04 

TIME INTO RUN= 348.8232 MIN 
DISSOLUTION OF LOOSE FUEL PMTICLES COMPLETED tN SUGE 3 AFTER 28.8232 MINUTES INTO CYCLE. 
THIS IS THE 1 FUEL OISSAPPEARANCE CYCLE. 

TIME IN TO RUN= 349.2432 MIN 
DISSOLUTION OF LOOSE FUEL P~RTICLES COMPLETED IN STAGE 2 AF TER 29.2432 MINUTES INTO CYCLE. 
THIS IS THE 8 ~UEL OISSAPPEARANCE CYCLE. 

TIME INTO RUN= 349.5832 MIN 
DISSOLUTIOIII (IF lOOSE FUEL PARTICLES COMPLETED IN STAGE 1 AFTER 29.5832 MINUTES INTO CYCLE. 
THIS IS THE 9 FUEL OISSAPPEARANCE CYCLE. n 

~ 
TI ME UIOUTI PUIOUT! U (FED I pur FEOI UIOUTI-U(FEO' PUIOlJTl-PUIFfDl 
3.498230 02 9.961840 04 2.853760 04 0.0 0.0 9.961841) i)lt 2.853760 04 

Tl ME U lOUT! PUIOUTl U (FED I PUIFEOI ut DUTI-UI F ED I putOUT! -PUC FI:I)I 
3.508430 02 9.961800 04 2.853750 04 0.0 0.0 9.961800 04 2. 8S 3750 :)4 

TI ME UIOUTI PUIOUT! UIFEI), PU(FEO' UIOUTI-UIFEO) p U ( OU n - P U ( p, 0 , 
3.518630 02 9.961170 04 2.853740 04 0.0 0.0 9.%1770 04 2.8;374D:)£. 

TI Me: UIOUTI PUtOUT) U I FED) PU(FED) UIOUTl-UIFEDI PUIOlJTl-PU(FfDI 
3.528830 02 9.961930 04 2.853790 04 0.0 0.0 9.961930 :l4 2.853790 :l4 

Tl ME U( OUT! PUIOUTI UIFED' PUIFEOI UIOUTI-UIFED' °UIOUTI-PUI FEOI 
3.539030 02 9.961890 Olt 2.853180 04 0.0 0.0 9.961890 Cl4 2. 8; 3? 60 0 t. 

TI ME UIOUTI PUIOUTI U (HO I PUI FEDI UI OUT/-UI FEOI PU I Dun -PUI FE I)' 
3.549230 02 9.961860 04 2.853760 04 0.0 0.0 9.961860 04 2.85376') 04 

TIME UIOUTI PUIOLlT' U I FED I PUI FED' UI oun-UI f",O' PUIOUT,-PU{FFf11 
3.559430 02 9.961820 04 2.853750 04 0.0 0.0 9.961820 04 2.85375[> 04 

Tl ME UtOUTI PUIOUTI U I FED I PUIFEDI UIOUTI-U(FEDI PUIOJTI-PUIFEOI 
3.569630 02 9.961790 04 2.853750 04 0.0 0.0 9.961790 04 2.8;375004 

TI ME U (OUTI PUlOUT' U I FED' PUIFEO' UIOUTI-U(FED' PUIOUTI-PUIFEO' 
3.579830 02 9.961760 04 2.853140 04 0.0 0.0 9.96176004 2.853140 04 



Table C.3 (continued) 

TIME UIOUTI PUIOUTl UII'ED) PUCFEO) UI OUTI-U C F ED) PUIOUTI-PUI FED. 
3.590030 02 9.961730 04 2.853730 04 0.0 0.0 9.961130 04 2.853130 J4 

TI ME UIOUT. pUI DUll U I FED I PUI FEDI UI OUTI-UI FEOI P U I OU T ) - p U ( FE I) I 
3. (,00230 02 9.966100 04 2.855150 04 4.49412') 05 1.281430 05 -3.497440 ::15 -1. 0) 1910 35 

TI ME UIOUT) PUI OUT I U (FPH PUI FEOI UIOUTI-UIFEO. °UIOUTI-PUIFEO' 
3.610430 02 1.009400 05 2.891610 04 4.506850 05 1.291070 05 3.497450 05 -1.0)191035 

TI ME UIOUTt PUIOUTI U (FED I PUIFEDI UIOUT.-UIFEDI PUIOUTl-PUI F~DI 
3.620630 02 •• 022110 05 2.928020 04 4.519580 05 1.294720 05 -3.49741D ;)5 -1. 031920 05 

TT ME UIOUlI PUIOUlI U I FED I PUII'fDI UIOUTI-UIFEOI PUlnuTI-PUP'i=OI 
3.630830 02 1.034800 05 2.964400 04 4.532310 05 1.298310 05 -3.497510 05 -1.001930 05 

TI ME UIOUTI PU(OUTI UtFEol PUIFEO, UIOUTI-UIFEOI PU loun -PUI FEOI 
3.641030 02 1.047500 05 3.000750 04 4.545050 05 1.302020 05 -3.497550 05 -1.0) 1940 35 

TI I'E UIOUT) PUIOUTI U I FED I PUIFEOI UI OUTI-UI FEOI PUIOUTI-PUIFEOI 
3.651230 02 1.060180 05 3.031080 04 4.557180 05 1.305660 05 -3.491600 05 -1.0) 1950 05 

TIME ueouTI PUIOUT) U I FED I PUlFEDI UI DUTI-U I FED I PUeDUTI-PU( F~D' 
3.661430 02 1.072850 05 3.073400 04 4.570510 05 1.309310 05 -3.497660 ;)5 -1. 0) 1970 "5 

Tl ME UIOUlI PUtOUTI UI FED. PUIFEOI UIOUTI-U(FEOI PUIOUTI-PUIFEDI n 
3.611630 02 1.085520 05 3.109690 04 4.583240 05 1.312960 05 -3.49712Q 05 -1.0)1990 3~ , 

VI 

Tl ME UIDUTI PUIOUTI U I FED I PUIFEO' U(OUTI-U(I'EOI PU(OUT)-PUIFEDI 
3.681830 02 1.098190 05 3.145960 04 4.595980 05 1.316610 05 -3.497190 05 -1.onOlO 05 

TI ME UIOUlI PUIOUTI U (FED I PUI FEDI ueOUTI-UIFEOI PUIOUTI-PUIFEOI 
3.692030 02 1.110840 05 3.182210 04 4.608110 05 1.320250 05 -3.497810 05 -1.002030 )5 

Tf ME VIGUTI PUIOUTI U I FED I PVIFEO. UIOUTI-UIFEDI PUIOUTl-PU( FEOI 
3.702230 02 1.123490 05 3.218440 04 4.621440 05 1.323900 05 -3.497950 05 -1.002060 05 

TI ME UIOUTI PUC OUT! UlFEOI PUIFEOI UIOUTI-UIFEOI PUI 'lUTI -PUI FE!)I 
3.71243002 1. 136120 05 3.254640 04 4.634170 05 1.327550 05 -3.498050 05 -1.032080 )5 

Tl ME UIOUT! PUH1UTI U I FED I PUCFEOI UI Dun-UI FED I PUIOUTI-PUIFEOI 
3.722630 02 1.148750 05 3.290820 04 4.646910 05 1.331200 05 -3.498150 05 -1.002110 05 

Tl ME UIDUTl PUIOUTI U (FED I PUI FEOI U(DUTI-UII'EO. PUIOJ TI -PU (P':DI 
3.732830 02 1.161370 05 3.326910 04 4.659640 05 1.334840 05 -3.498270 05 -1.onI5D :>5 

TI ME VIOUTI PUC OUTI U (FED' PUIFEOI UI Dun-UIFED I PUCOUTI-PUIFEOI 
3.743030 02 1.113980 05 3.363090 04 4.67237005 1.338490 05 -3.496390 OS -1.0)2180 :>5 

Tl ME ueDUT, PUtOUTI UI FED I PU(FEDl UI f)UTI-UI FED I PUIOUTI-PUIF<:OI 
3.753230 02 1.186580 05 3.399180 04 4. (,85100 05 1.34214D05 -3.498520 05 -1.0)2220 05 

TlME U( DUll pue OUT! U (FED I PUIFEDI UI OU TI -U ( F ED I PU(OUTI-PUIFED' 
3.763430 02 1.199110 05 3.435250 04 4.691840 05 1.345780 05 -3.498&70 35 -1.0)2261) :J5 



Table C.3 (continued) 

Tl ME UIOUTt PUIOUTI U (FED' PUII'EO. UIOUTI-UIFEI" I' UI DUTI-PUI FEOI 
3.713630 02 1.211740 05 3.471270 04 4.710570 05 1.349430 05 -3.498830 05 -1.002310 :)5 

TI "IE UIOUTI PUIOUT' UIFEO' pUI FEOI UIOUT'-UII'EOI PU(OUT,-pUIFEOI 
3.783830 02 1.224310 05 3.507210 04 4.123.300 05 1.353080 05 -3.498990 :)5 -1.0G2350 05 

TI ME UIOUTI PUIOUTI UIFEOI PUIFEOI UIDUTt-UIFEOI PUIf'UTI-PUI FEOI 
3.794030 02 1.236850 05 3.5432LD 04 4.736030 05 1.356730 05 -3.499180 05 -1.0) 2410 J5 

Tl ME UIOUTI PUI OUT. UIFEO. PUIFEOI UI OUTI-U I FED I PUI DUTI-PUI FE 01 
3.804230 02 1.249390 05 3.519130 04 4.748170 05 1.360370 05 -3.49937005 -1.0)2460 as 

TI ME UIOUH PUIOUTI U IFI:O I P UI FEOI UIDUTI-UIFEDI PUIOUTI-PUIFEOI 
3.814430 02 1.261910 05 3.614-980 04 4.761500 05 1.364020 05 -3.49959D 05 -1.0)252D 05 

Tl ME U (OUTI putOUT! U IFEO' PUIFEO' UI OUTI-U 1 F ED' PUlnUTI-PUIFEDI 
3.824630 O' 1.214410 05 3.650BOO 04 4.114230 05 1.367670 05 -3.499820 05 - 1. 0) 2590 0;; 

TI ME UIOUTI PUIOUTI U I FED I PUIFEOI UI OUT! -U I F ED I PUI DUTI-pUI FEol 
3.834830 02 1.286890 05 3.686550 04 4.166960 05 1.311320 05 -3.500070 05 -1.032660 :)5 

TIME UI Dun PUI Dun U t FED I pUlFEO. UI OUTI-U IFEO. PUIOUTI -PUI FEDI 
3.845030 02 1.299260 05 3.121980 04 4.199700 05 1.374960 05 -3.500440 05 -1. 002170 05 

TI ME UIOUT, PUC OUTI UI FED I PUI FEOI UIOUTI-UIFEI), PUI Dun -pUI FFDI () 
3.655230 02 1.311840 05 3.158000 04 4.812430 05 1.318610 05 -3.500590 05 -1.002810 05 

. 
0'\ 

TIME uloun PUIOUTI U (FED I pUIFEOI. UI OUTI-UIFEO 1 PUIOUTI-PUI FEOI 
3.865430 02 1.324560 05 3.194460 04 4.825160 05 1.382260 05 -3.500600 :>5 -1.00281D 05 

TI ME UIOUTI PUIOUTI U t FED. pUlFEO' UI (lUTI-U I F ED. pU{OUTI-pUI FED' 
3.875630 02 1.337230 05 3.830760 04 4.837890 05 1.385910 05 -3.500660 05 -1.0:)2830 05 

TI ME UIOUTI putOUTI U (FED' pU(FEOI UI OUTI-U P' EO I PUIOUTI-PU(FEDI 
3. 885830 02 1.349680 05 3.861000 04 4.850630 05 1.389550 05 -3.500740 05 -1.0:)2850 05 

TI ME UIOUTI PUIOUTI U I FED I PUIFEO' UIOUTI-UIFEOI PUIOUTI-PUIFEDI 
3.896030 02 1.362530 05 3.903220.04 4.863360 05 1.393200 05 -3.500831) 05 -1.0n8S!) 05 

TI ME UIOUTI PUI OUT I U(HOI PUIFEOI UI OUT/-UI FED' PUIOUT, -PUI FEOI 
3.906230 02 1.375160 05 3.939420 04 4.816090 05 1.396850 05 -3.500930 05 -1.002910 05 

TI ME UIOUTI PUI CUTI UI FEO I PUlFEOI UIOUTI-UIFEDI PUIOUTI-PUI FEDI 
3.916430 02 1.387780 05 3.975560 04 4.668820 05 1.40050(; 05 -3.50104D 05 -1.0)2940 35 

TI ME UIDUT, PUIOVTI VI FEO. PUIFEOI U(OUTI-UIFEOI PUIOLJTI-PUI FEDI 
3.926630 02 1.400390 05 4.011690 04 4.901560 05 1.404140 05 -3.501160 05 -1.002980 05 

TJ ME UIOUTI PUIOUTI UI FED I PUIFEOI U( OUTl-U (1= EO I PVIOUTI-PUI""OI 
3.936630 02 1.41299D 05 4.047790 04 4.914290 05 1.407190 05 - 3 • 501290 05 -I. 003010 ~5 



TI ME uloun PUIOUT! 
3.947030 02 1.425570 05 4.083810 04 

TI ME UIOUT! PUIOUT! 
3.957230 02 1.438110 05 4.119730 04 

TIME UIOUTI PUI ~Ull 
3. 9b 7430 02 1.450640 05 4.155620 04 

Tl ME UIOUT! PU(OUT I 
3.977630 02 1.463140 05 4.191450 04 

TJ ME UI DUll PUIOUT! 
3.98783002 1.415610 05 4.221180 04 

TI ME UIOUTI PUIOUTI 
3.998030 02 1.488060 05 4.262830 04 

Table C.3 (continued) 

UlFEDI PUIFEDI 
4.927020 05 1.411440 05 

U I FED I PUIFEDI 
4.939750 05 1.415090 05 

UI FED I PUI FEOI 
4.952490 05 1.418730 05 

U(FEOI PUIFEOI 
4.965220 as 1.422380 05 

U (FED I PU(I=EOI 
4.917950 05 1.421>030 05 

U I FEO I PUI FEOI 
4.990680 05 1.429680 05 

UI OUTI-U I F EO I 
-3.501450 )5 

UI OUTl-u I F EO I 
-3.501&50 05 

UIOUTI-UIFEDI 
-3.501850 05 

UI DUTI-UIFEOI 
-3.502080 05 

UIOUTl-UIFEOI 
-3.502340 05 

UIOUTt-UIFEOI 
-3.53262') 05 

PUIOUTI-PUIFEOI 
-1.0)30tD 05 

PUlflun-PUI FEDI 
-1. 0:>3110 05 

PU lOUT! -PUI FEOI 
-1 • 00 31 1D J 5 

PUIOUTI-PUI FEOI 
-1. 0) 3240 J5 

PUI OUT/-PUI FEOI 
-1.0J3310 )5 

P U I OUTI -PUI FEOI 
-1. 0) 3390 )5 

--r-

('j 

~ 



Table C.4. Stagewise data for concentrations, volume, density, and flow rates 

TIME INTO RUN 400.0032 MIN 

COMPONENT 

U021N03t2 
PUCN0314 
FPfN0313.39 
HN03 
H20 

U02 
PU02 
f.P. 
TOTAL 

U02 
PU02 
F.P. 
TOTAL 

STG 1 

3.2700 02 
1.153002 
3.8350 01 
1.151002 
7.4500 02 

3.1770 01 
9.0960 00 
2.2420 00 
4.3110 01 

O. a 
0.0 
0.0 
0.0 

TOTAL STAGE 6.3510 00 
LIQUID ONLY 6.3290 00 
S TA INLE SS 0" 0 

LIQUID 1.3410 03 

LIQUID 2.2610 00 

*** STAGEWISE PROFILES *** 
STG 2 STG 3 STG 4 STG 5 STG 6 STG 1 

CONCENTRATION OF COMPONENTS DISSOLVED IN LIQUID (GILl 

2.8310 02 
9.9800 01 
3.3200 01 
1.5570 02 
7.4680 02 

1.3450 02 
3.8500 01 
9.4880 00 
1.8250 02 

1.1250 04 
4.9310 03 
1.2170 03 
2.3400 04 

9.7570 00 
5.4880 00 
1.8050 00 

1.3180 03 

2.1770 00 

1.9080 02 5.1610-02 6.1920-03 3.2880-04 
6.7210 01 1.8200-02 2.1830-03 1.1590-04 
2.2380 01 6.0530-03 7.2620-04 3.8560-05 
2.2750 02 3.8010 02 3.8290 02 3.8770 02 
7.5730 02 7.7640 02 7.750002 7.7250 02 

CONCENTPATIO~ OF SUSPENDED FINES (GIll 
----------------~-----------------------

2.4420 01 0.0 0.0 0.0 
6.9920 00 0.0 0.0 0.0 
1.1230 00 0.0 0.0 0.0 
3.3140 01 0.0 0.0 0.0 

QUANTITY UNOISSOLVEO IN FUEL PINS (GI 
---------------------------------------

1.9110 04 
5.6420 03 
1.3900 03 
2.6140 04 

9.6630 00 
4.2400 00 
2.7080 00 

1.2650 03 

1.8600 00 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

VOLUME III 

9.6440 00 
9.6440 00 
0.0 

9.6440 00 
9.6440 00 
0.0 

DENSITY (GIll 

1.1570 03 1.1580 03 

FlOW RATES It/MINI 

1.8010 00 1. 8010 00 

0.0 
0.0 
0.0 
0.0 

9.6440 00 
9.6440 00 
0.0 

1.1600 03 

1.8010 00 

2.3670-06 
8.3450-07 
2.1760-01 
3.9050 02 
7.7110 02 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

9.644D 00 
9.6440 00 
0.0 

1.1620 03 

1.8010 00 

STG 8 

8.8310-08 
3.1130-08 
1.0360-08 
3.8720 02 
7.7290 02 

0.0 
0.0 
0.0 
:).0 

0.0 
~.o 
0.0 
0.0 

9.6430 0) 
(}.4840 0) 
3.1590 00 

1.1600 03 

1.801O 0) 

ST:; 9 

7.9140-16 
2.8Uo-I6 
9.3510-17 
3.7440 01 
9.5250 02 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
O.l 

9.1360 00 
9.1360 0) 
0.0 

9.8990 02 

6.3370-01 

\' 
00 



Table C.5. Stagewise particle size distribution data 

T1f'lE = 4.0000 02 MIN 

*** PARTICLE SIZE DISTRIBUTION PROFILE OATA *** 
----------------------------------------------------------------------~---------------------------------- --------

STG 1", STG 2 S TG 3 STG 4 S TG 5 
GROUP RAOlUS CONC RADIUS CONC RA 01 US CONe RADIUS CONC RAOl US CONe 

1/ I MI eRONI (GIll (MICRON I (GIll (MI C~ ON! (GIL' (M ICP ON. (GIll I MIC'~ONI (GIll 

-------------------------------------------------------------------------------------------------------------------
1 1.8370 01 9.7880 00 1.6670 01 6.6410-01 1.5700 01 3.3610-01' 2.5000 01 0.0 Z .50JO 01 0.0 
2 6.2250 01 1.57l0 01 5.5380 01 1.3700 00 7.5150 01 2.563000 1.5000 01 0.0 7.5000 01 0.0 
3 1.1200 02 1.160001 1.0610 02 3.9140 00 1.4380 02 3.9680 00 1.2500 02 O. a 1.25JO 02 0.0 
4 1.7500 02 0.0 1.5100 02 2.3460 01 1.7450 02 2.8820-02 1.1500 02 0.0 1.1500 02 0.0 
5 2.2500 02 0.0 2.0900 02 2.0820 01 2.1340 02 3.6110 00 2.2500 02 0.0 Z.2 50 0 02 0.0 
6 2.1500 02 0.0 2.60LD 02 1.8220 01 2.7720 02 3.5930 00 2.1500 02 0.0 2.7 5J 0 02 0.0 
1 3.2500 02 0.0 3.1090 02 1.5920 01 3.4050 02 3.2520 00 3.2500 02 0.0 3. Z 5) 0 02 0.0 
8 3.1500 02 0.0 3.6130 02 1.4040 01 3.1190 02 1.2300-01 3.1500 02 0.0 3.7500 02 0.0 
9 4.2500 02 0.0 4.1180 02 1.2450 01 4.0350 02 2.5890 00 4.2500 02 0.0 4.2500 02 0.0 

10 4.1500 02 0.0 4.6220 02 1.1030 01 4.6310 02 2.5940 00 4.1500 02 0.0 4.1500 02 0.0 
11 '5.2500 02 0.0 5.1240 02 9.8670 00 5.2530 02 2.3940 00 5.2500 02 0.0 5.25JO 02 0.0 
12 5.1500 02 0.0 5.6260 02 8.8140 00 5.9120 02 2.2080 00 5.1500 02 0.0 5.1500 02 0.0 
13 6.2500 02 0.0 6.1290 02 8.048D 00 6.2190 02 5.1150-02 6.2500 02 0.0 6.25JO 02 0.0 
14 6.1500 02 0.0 6.6330 02 1.2750 00 6.5190 02 1.6690 00 6.1500 02 0.0 6.1500 02 0.0 
15 1.2500 02 0.0 7.1310 02 6.5500 00 1.1610 02 1.2910 00 7.2500 02 0.0 1.2500 02 0.0 
16 1.1500 02 0.0 1.~440 02 5.8920 00 7.7930 02 1.3400 00 1.1500 02 0.0 1.1500 02 0.0 
11 8.2500 02 0.0 8.1580 02 5.2220 00 8.4510 02 8.9290-01 B.2500 02 0.0 8.2500 02 0.0 () 
18 8.1500 02 0.0 8.6110 02 4.4180 00 8.1500 02 0.0 8.1500 02 0.0 8.7500 02 0.0 
19 9.2500 02 0.0 9.1900 02 3.1610 00 9.1060 02 4.1110-01 9.2500 02 0.0 9.2500 02 0.0 Ib 
20 9.7500 02 0.0 9.6290 02 1.2180 00 9.5920 02 1.4050-01 9.1500 02 0.0 9.7500 02 0.0 



Table C.6. Run summary data 

APPROXIMATE FLOWS 

APPROXIMATE U FEEO RATE: 2.71400 02 G/MIN 
APPROXIMATE PU ~EED RATE: 1.94660 01 GIMI~ 
TOTAL U FLOW OUT LIQUID PHASE: 2.82140 02 G/MIN 
TOTAL PU FLOW OUT LIQUID PHASE- 8.08240 01 G/MIN 
TOTAL U FLOw UNDISSOLVED IN FUEL PINS: 0.0 G/MTN 
TOTAL PU FLOW UNDISSOLVED IN FUEL PINS- 0.0 G/MIN 
TOTAL U FLOW OUT= 2.82140 02 G/MIN 
TOTAL PU FLOW OUT= 8.08240 01 G/MIN 

T~TAL MASS BALANCE 

TOTAL U FEEO= 1.49790 05 G 
TOTAL PU FEED= 4.29110 04 G 
TOTAL U OUT STAGE 1- 1.12860 05 G 
TOTAL PU OUT STAGE 1- 3.23300 04 G 
TOTAL URANIUM FROM RINSE STAGE- 0.0 G 
TOTAL PLUTONIUM FROM RINSE STAGE- 0.0 G 
TOTAL U UNDISSOLVED IN FUEL PINS- 3.25720 04 G 
TOTAL PU UNDISSOLVED IN FUEL PINS- 9.33080 03 G 
TOTAL U IN PARTICLES UNDISSOLVED- 9.19000 02 G 
TOTAL PU IN PARTICLES UNDISSOLYED= 2.63210 02 G 
~OTAL SUSPENDED PARTICULATE TO DIGESTERS- b.4025D 03 G 
TOTAL U OUT OYEP TOTAL RUN- 1.12860 05 G 
TOTAL PU OUT OYER TOTAL RUN- ~23300 04 G 

TOTAL U OISSOLYED IN LIQUID INYENTORY IN 01 SSOLVEh 2.07800 03 [GI 
TOTAL RU DISSOLVED IN UQUIO INVENTOQY IN DISSOLYER- 7.67150 02 lSI 
COQPECTEO SU,M OF LIOUIO YOLUMES" 0.0 IL I 
TOTAL U IN PINS FED TO STAGE 1 FROM FLP= 1.19840 05 IGI 
TOTAL U ~INES FED TO STAGE 1 FROM FLR= 2.99590 04 IGJ 
TOTAL NUMBER OF PINS REMAINING IN DISSOLYER= 2.75130 04 
TOTAL NUMBER OF PARTICLE SIZE GROUP DEPLETION TRANSFERS= 8.350 03 

*** MASS OF PARTICLES OISSOLYEO IN EACH STA(,E IGI *** 
STG 1 STG 2 STG 3 STG 4 

2.1100 04 1.8870 04 9.3310 03 1.6990 03 

PROJECTED URANIUM HOLD-UP IN DISSOLVER
PROJECTED PLUTONIUM HOLD-UP IN DISSOLVER= 
PROJECTED TOTAL U OUT PLUS HOLD-UP= 
PROJECTED TOTAL PU OUT PLUS HOLO-UP= 

3.6938D 04 G 
1.05820 04 G 

1.49790 05 G 
4.29110 04 G 

S TG 5 

6.3340 03 

CORRECTED NEGATIVE SUM OF OYER DISSOLUTION FROM PINS- -2.07020 00 G 

STG 6 

1.8790 03 

CORRECTED ~EGATIVE SUM OF OVER DISSOLUTION OF PARTICJlATE= -7.4139D 00 G 
TOTAL C~RECTED OYER OISSOLUTION= -9.48410 00 G 
SUM OF HN03 OEPLETIONS= 0.0 G 

STG 7 

0.0 

S TG 8 

0.0 

<;IG 9 

0.0 

n 
I ...... 
o 



Table C.6 (continued) 
TOTAL FUEL I~ PINS FED TO STAGE 9= 0.0 G 
TOTAL FUE l IN PINS OUT 0" STAGE 9= 0.0 G 
TOTAl FUEL IN PHIS IN STAGE 9= 0.0 G 
TOTAL ~ PI~S FED TO STAGE 9= 2.1039D 04 
TOTAL N PINS OUT OF STAGE 9= 2.10140 04 
TOTAL # PINS IN STAGE 9= 0.0 

ACTUAL U HOLD-UP IN DISSOLVE'P= 3.61690 04 G 
ACUTAl pU HOLD-UP IN DISSOlVER= 1.03610 04 G 
ACTUAL U OUT PLUS DISSOLVER HOLD-UP= 1.49020 05 G 
ACTUAL PU OUT PLUS DISSOLVER HOLo-UP= 4.26910 04 G 
ACTUAL U HOLD-UP IN FLAPPER VALVES: 0.0 G 
Of OIFF BETWEEN ~CTUAl U FED AND U OUT PLUS HOLo-UP= 5.13710-01 ~ 
f OIF F BETWEEN ACTUAL PU "ED AND PU OUT PLUS HOLO-UP= 5.13770-01 'f 

U CUT OVER U FED PLUS HOLO-UP= 9.94860 01 'f 
PU OUT OVER PU FED PLUS HOLD-UP: 9.94860 01 f 
f CF TOTAL U FEED IN FLAPPER VALVE HOLO-UP= 0.0 f 

TOTAL U FED TO FLAPPER VAlVES= 1.49790 05 G 
TOTAL PU fED TO FLAPPER VALVES: 4.29110 04 G 
TOTAL U PLUS PU FED TO FLAPPER VALVES= 1.92110 05 G 
TOTAL U PLUS PU FED TO STAGE 1 FROM FLAPPER VALVES: 1.92110 05 G 
PER CENT TRANSFER THRU FLAPPER VAlVES= 1.00000 02f 

a 

NUMBER OF TIME STEPS WITH ACID DEFICIENT CONO.= 0 

*** MAXIMUM PREDICTED CONCENTRflTlONS (GIll **. 
STG 1 STG 2 STG 3 STG 4 STG 5 STG 6 

COMPONENT/TIME (MfNl 

-------------------
U02(N03J2 3.2920 02 3.2010 02 3.1000 02 2.5570 02 2.2300 02 2.0890 02 
TIME 2.2050 02 2.2400 02 2.5600 02 1.2810 02 1.2800 02 1.3280 02 

------------------------------
PU(N0314 1.1600 02 1.129D02 1.0930 02 9.016D Ot 1.863D 01 7.3640 01 
TI"1E 2.2050 02 2.2400 02 L.5600 02 1.2810 02 1.2800 02 1.3280 02 

------~-----------------------
FPI N03' 1. 18 3.8600 01 3.7540 01 3.6360 01 2.9990 01 2.6150 01 2.4500 01 
TIME 2.2050 02 2.2400 02 2.5600 02 1.2810 02 1.2800 02 1.3280 02 

----- -------......... ---- -----------
HN03 3.1330 02 3.8160 02 3.8910 02 3.8190 02 3.9370 02 4.2410 02 
TIME 2.0000-02 2.0000-02 1.9210 02 2.241D 02 2.5150 02 1.6000 02 

------------------------~-----
H2O 7.8300 02 1.0910 03 9.5110 02 8.9230 02 8.6030 02 8.1140 02 
TIME '2.0000-02 3.<:040 01 6.4040 01 9.6040 01 1.2800 02 1.6000 02 

----- ------ ---- ------------- ---

STG 1 S TG B 

3.6860-01 7.2820-06 
3.5200 02 3.8400 02 

1.2990-01 2.5670-06 
3.5200 02 3.8400 02 

4.3220-02 8.5400-07 
3.5201) 02 3.8400 02 

4.3200 02 4.3290 02 
1.9200 02 ;: .3190 02 

8.1840 02 8.8090 02 
1.9200 02 2.2400 02 

S TS 9 

1.058['-12 
2.5600 02 

2.4880-12 
2.5601) 02 

8.2110- 13 
2.5600 02 

9.245D 01 
2.<'4)0 02 

9.9340 02 
2.2410 02 

(') , ..... 



Table C.6 (continued) 

NUMBER Of Tr~E STEP RE~UCTIONS: 7 

MAXIMUM 1/ ITERATIONS IN PARTIe: I 
MAXIMUM /I ITERATIONS IN SUBUN: 3 
MAXIMUM /I ITERATIONS IN SUBPN= 3 
MAXIMUM /I ITERATIONS IN SUBFP= 3 
MAXIMUM /I ITERATIONS IN SUBHN= 4 
MAXIMUM /I ITERATIONS IN SUBH2= 3 

NEGATIVE SUM OF OVER OISSOLUT!ON OF PARTICLES IN DIGESTER 1/ 1 -1.96480-08 G 
NEGATIVE SUM OF OVER DISSOLUTION OF PARTICLES IN DIGESTER /I Z 0.0 G 

.. * STAGEWISE MAS S INVENTORY IGI AFTER 400.00 MINUTES .*a 

STG 1 STG 2 STG 3 STG 4 STG 5 STG 6 STG 7 S TG 8 S T::; 9 

URANIUM 1.4280 03 1.6790 04 1.7950 04 3.0010-01 3.6080-02 1.9160-03 1.3190-05 3.4590-07 4.4010-15 
PlU:rONtUM 4.0900 02 4.8100 03 5.1420 03 8.6140-02 1.0330-02 5.4880-0" 3.9500-06 9.9100-08 1.2610-15 
U+PU 1.8370 03 2.1600 04 2.3090 04 3.8680-01 4.6410-02 2.4650-03 1.1740-05 4.4500-07 5.6620-15 

------------------------------
U021N0312 2.0700 03 1.5530 03 8.0900 02 4.9710-01 5.9710-02 3.1710-03 2.2830-05 5.7260-07 7.2850-15 

0 PUtN0314 7.2970 02 5.4710 02 2.8520 02 1.7550-01 2.1050-02 l.ll80-0] 8.0470-06 2.0190-07 2.5681)-15 
FPIN0312.36 2.4270 02 1.8220 :l2 9.4880 01 5.8310-02 7.0030-03 3.1190-04 2.6770-06 6.7150-08 8.5440-16 ..... 

------------------------------ IV 

HN03 7.2860 02 8.5420 02 9.6410 02 3.6650 03 3.6930 03 3.7390 03 3.7650 03 2.5110 03 3.4200 02 
H2O 4.1150 03 4.0980 03 3.2110 03 7."870 03 7.4730 03 7.4490 03 7.4360 03 <; .0120 03 8.7020 03 

------------------------------
U02 2.0110 02 1.3800 02 1.0350 02 0.0 0.0 0.0 0.0 0.3 O.C) 
PU02 5.7570 01 2.1130 0, 2.9640 01 0.0 0.0 0.0 0.0 :l.0 J.O 
FPtoll.1116 1.4190 01 5.2070 01 7.3050 00 0.0 0.0 0.0 0.0 0.0 0.0 

---.------ -- ------- --- -_ .... _-- ---
------------------------------

*** ADDITIONAL CONCENTRATION DATA *** 
U(G/L/LQ 1.9760 02 1.7100 02 1.1530 02 3.1180-02 3.7410-03 1.9870-04 1.4300-0" 5.3350-08 4.8170-16 
U(G/LIPT 2.8010 01 1.1850 02 2.1530 01 0.0 0.0 0.0 0.0 :l.0 0.3 
U(G/LIPN 0.0 2.7700 03 4.0970 03 0.0 0.0 0.0 0.0 0.0 0.0 
PUCG/lllQ 5.6600 ()1 4.899001 3.3020 01 8.9330-03 1.0720-03 5.6910-05 4.0960-07 1.5280-08 1.3800-1f 
PU(G/lI PT 8.0230 00 3.3960 01 6.1670 00 0.0 0.0 0.0 0.0 :J.O 0.0 
PU(G/lI PN 0.0 7.9360 02 1.1740 03 0.0 0.0 0.0 0.0 0.0 O.J 
U.PUIG/LlLQ 2.5420 02 2.2000 02 1.4830 02 4.0110-02 4.8130-03 2.5560-04 1.840D-Oc ~ .8630-08 6.1970-16 
U.PUt GIll PT 3.6030 01 1.5250 02 2.1690 01 0.0 0.0 0.0 0.0 ),0 0.0 
U.PUI GI Ll PN 0.0 3.5640 03 5.2700 03 0.0 0.0 0.0 0.0 0.0 0.0 
HNC3( MOliU 1.8270 00 2.4700 00 3.6100 00 6.0310 00 6.0760 00 6.1520 00 6.191' 0 00 6.1440 00 5.9410-01 

--------- ----------- -----------
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APPENDIX D 

Selected Values for the Student's t Statistic, tv 

Table 0.1 is a collection of commonly used values forthe two-sided Student's t statistic. 
Additional data may be found in any of a number of standard statistical analysis textbooks. 

Table 0.1. Two-sided Student's t statistic, tv 

v 
Degrees Confidence level 

of 90% 95% 99% 
freedom 

6.314 12.706 63.657 
2 2.920 4.303 9.925 
3 2.353 3.181 5.841 
4 2.132 2.776 4.604 
5 2.015 2.571 4.032 

6 1.943 2.447 3.707 
7 1.895 2.365 3.499 
8 1.860 2.306 3.355 
9 1.833 2.262 3.250 

10 1.812 2.228 3.169 

11 1.796 2.201 3.106 
12 1.782 2.179 3.055 
13 1.771 2.160 3.012 
14 1. 761 2.145 2.977 
15 1.753 2.131 2.947 

16 1.746 2.120 2.921 
17 1.740 2.110 2.898' 
18 1.734 2,101 2,878 
19 1.729 2.093 2.861 
20 1.725 2.083 2.845 

21 1.721 2.080 2.831 
22 1.717 2.074 2.819 
23 1.714 2.069 2.807 
24 1.711 2.064 2.797 
25 1.708 2.060 2.787 

26 1.706 2.056 2.779 
27 1.703 2.052 2.771 
28 1.701 2.048 2.763 
29 1.699 2.045 2.756 
30 1.697 2.042 2.750 

40 1.684 2.021 2.704 
60 1.671 2.000 2.660 

100 1.658 1.980 2.617 
00 1.645 1.960 2.576 

0-1 
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