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ABSTRACT 

A detailed, dynamic simulation model of the entire high level radioactive waste complex at the Savannah 
River Site has been developed using SPEEDUP(tm) software. The model represents mass transfer, 
evaporation, precipitation, sludge washing, effluent treatment, and vitrification unit operation processes 
through the solution of 7800 coupled differential and algebraic equations. Twenty-seven discrete chemical 
constituents are tracked through the unit operations. The simultaneous simulation of concurrent batch and 
continuous processes is achieved by several novel, customized SPEEDUP(tm) algorithms. Due to the 
model's computational burden, a high-end workstation is required: simulation of a year's operation of the 
complex requires approximately three CPU hours on an IBM RS/6000 Model 590 processor. The model 
will be used to develop optimal high level waste (HLW) processing strategies over a thirty year time 
horizon. It will be employed to better understand die dynamic inter-relationships between different HLW 
unit operations, and to suggest strategies that will maximize available working tank space during the early 
years of operation and minimize overall waste processing cost over the long-term history of the complex. 
Model validation runs are currently underway with comparisons against actual plant operating data 
providing an excellent match. 

INTRODUCTION 

Process Overview 

The mission of the Savannah River Site (SRS) High Level Waste (HLW) System is to receive and store 
radioactive high level wastes in a safe and environmentally sound manner, and to convert these wastes into 
forms suitable for final disposal. The planned forms are: borosilicate glass to be sent to a Federal 
Repository; saltstone grout to be disposed of on-site; treated wastewater to be released to the environment; 
and benzene for destruction by incineration. Also, the tanks used for storage of the wastes must be left in a 
state such that uiey can be decommissioned and closed in a cost-effective manner under the applicable 
Federal Facility Compliance Agreement. 

The operations (Ref. 1) required to fulfill the above mission are illustrated in Figure 1, widi the processes 
indicated in rectangles and the coupling connections between the processes shown as numbered streams. 
Incoming high level wastes (stream 1), consisting primarily of insoluble metal oxides and hydroxides 
(sludge) suspended in aqueous solutions of sodium salts (supernate), are received into HLW Storage and 
Evaporation (Tank Farm). The majority of die waste is from nonradioactive process chemicals. Fission 
and activation products, and actinide components, are mainly present in the sludge phase, except for cesium 
which has a high solubility and remains in the supernate. The purpose of the Tank Farm is to safely store 
these wastes until downstream processes are available for futher processing. Most of the supernate is 
evaporated to solid saltcake to reduce its volume and mobility. Incoming decontaminated overheads from 
the separations evaporators are sent to the Effluent Treatment Facility (ETF) (stream 13). 

Insoluble sludges that settle to the bottom of the waste receipt tanks in the Tank Farm are transferred 
(stream 2) to Extended Sludge Processing (ESP) via hydraulic slurrying techniques. In ESP, sludges high 
in aluminum are processed to remove previously insoluble aluminum compounds. All sludges are washed 
with water to reduce their soluble salt content The spent washwater from this process is sent back to the 
Tank Farm (stream 3), while die washed sludge is sent to Vitrification (stream 4). 

Saltcake (primarily crystallized sodium, potassium, and cesium salts) in the Tank Farm is redissoived using 
hydraulic slurrying techniques and sent to In-Tank Precipitation (stream 5), where the salt solution is 
processed to remove radionuclides, which are concentrated into an organic precipitate. The precipitate is 



filtered, washed with water to remove soluble salts, and sent to Vitrification (stream 7). The 
decontaminated filtrate is sent to Solidification (stream 6). 

In Vitrification (Defense Waste Processing Facility - DWPF), the precipitate (stream 7) is catalytically 
decomposed and separated into two streams: a mildly contaminated organic stream which is sent to storage 
and eventual destruction in the Consolidated Incineration Facility (stream 11); and an aqueous stream 
containing virtually all of the radionuclides which is combined with the washed sludge from ESP (stream 4) 
and sent to the glass melter. To prepare feed to the melter, the washed sludge from ESP has been 
chemically adjusted, stripping out a significant amount of mercury which is purified and sent to mercury 
receivers (stream 12). The precipitate and sludge are mixed with glass frit and sent to glass melting. The 
glass melter drives off the water and melts the wastes into a borosilicate glass matrix which is poured into a 
stainless steel canister. The canistered wasteform (stream 9) is sent to on-site interim storage, and will 
eventually be disposed of in a Federal Repository. 

The water vapor driven off from the melter along with other aqueous streams generated throughout 
Vitrification are sent to the Tank Farm for evaporation, storage, and eventual further processing (stream 
10). 

Overheads (i.e., the fraction which is evaporated off) from the Tank Farm evaporators are combined with 
overheads from separations processes and otiier low-level streams and sent to the ETF (stream 13). In the 
ETF, these low-level wastes undergo further decontamination. The treated effluent becomes outfall which 
flows to the site environment (stream 14), while the contaminants removed in the treatment process are 
concentrated and sent back to ITP (stream 15) where they are mixed with the decontaminated salt solution 
from ITP. This mixture of low-level waste is then sent to Saltstone (stream 6) where it is combined with 
cement formers and pumped as a wet grout to a vault (stream 16). In the vault, the grout hydrates and 
cures, forming a grout monolith that will eventually be closed as a landfill. 

Model Overview 

The Integrated Flowsheet Model (Ref. 2), the subject of this paper (hereafter referred to as the "IFM"), was 
designed to capture the processes described in the previous section via the use of the SPEEDUP dynamic 
simulation package (Ref. 3). The first phase of the IFM focuses on predicting the available Tank Farm 
space over the next five to ten years. Thus the current emphasis is on performing accurate dynamic volume 
balances for 30 of the 51 tanks, with simplified models of many of the facilities outside the Tank Farm. 
Succeeding phases will add detail to the models as the need for such is identified. 

SPEEDUP is a comprehensive plant modeling package which offers steady-state and dynamic simulation 
capabilities in a flowsheeting environment The user need only create sets of differential-algebraic 
equations to describe a particular process (e.g., conservation and rate equations) and then define how the 
various processes are coupled together (e.g., "output 2 of tank_48 is input 1 of tank_49"). The equation 
syntax is an intuitive one illustrated in Eqs. 1-3. The differential equations are primarily statements of the 
time-derivative of mass for various constituents. The algebraic equations are state equations (e.g., density 
as a function of composition), logical EF-THEN-ELSE constructs determining process control, and 
intermediate expressions which are used to compute elements of the differential equations (e.g., reaction 
rates). 

SPEEDUP carries out a symbolic translation of the equations created by the user and automatically 
generates a FORTRAN solution algorithm for the dynamic problem. Automatic timestep selection is used 
during the integration of the equations. Discontinuities (e.g., a transfer flow turning on or off) are 
automatically detected, and at that precise time the solution re-initializes itself to continue me time 
integration on the other side of the discontinuity. Thus all discrete events are accurately captured. The user 
of the IFM need only define the applicable process equations and instruct SPEEDUP to solve me equation 
set. Process changes are almost trivially implemented in the IFM: the user need only modify the basic 
equations, and SPEEDUP automatically regenerates the necessary solution algorithms. 

Each of the "boxes" in Figure 1 is broken down in the IFM into a series of unit operations, with many 
additional streams coupling those unit operations internal to the "box" . Generally, a single unit operation 
is associated with an identifiable part of the HLW complex (e.g., a particular tank, evaporator, etc.) or a 



process control operation (e.g., a diversion box that switches transfers from one tank to another). Currently, 
approximately 7800 differential-algebraic equations are used to represent 72 distinct unit operations 
coupled by 172 streams, each carrying 27 chemical compounds. The computation burden is variable, 
dependent on the number of discontinuities encountered during the simulation and on fundamental process 
time scales. Typically, a one year simulation of the HLW complex requires 2-3 CPU hours on a IBM 
RS/6000 Model 590 workstation. About 10000 problem variables are viewable from the analysis results, 
with an intuitive point-and-click plotter being available within the SPEEDUP environment 

We found that the SPEEDUP environment (Refs. 4,5) lent itself naturally to the rapid and efficient 
development of this rather complex dynamic model. The discipline imposed by the SPEEDUP modeling 
language allowed a multi-disciplinary team gathered from several SRS divisions to work effectively in a 
concurrent fashion. Once the fundamental model interfaces were agreed to by the team, the individual 
modelers were able to proceed independently in developing and verifying their assigned unit operation 
models. As individual models were completed, they were smoothly integrated into the growing overall 
model. The entire modeling process (design, implementation, integration, final checkout, and 
documentation) required less than one year with the equivalent of five full-time modelers. 

The JFM will be used by process engineers to simulate in a dynamic fashion the response of various parts 
of the HLW complex to varying operational strategies and to study the integrated effects of one part of the 
complex upon another. From another perspective, the IFM will be used by production planners to study the 
dynamic effects of various feed strategies, optimal batching sequences, the impact of varying the start-up of 
various parts of the complex, etc., all from the viewpoint of best utilizing the available resources over a 
projected diirty year future for the site's high level waste complex. 

UNIT OPERATION MODELS 

The major elements of the Integrated Flowsheet Model (IFM) will be described in this section, which is 
organized to be consistent with the logical and material flows shown in Figure 1. Currently, the IFM 
consists of 32 models of 72 unit operations (a unit operation being, for example, a single sludge washing 
tank). There are fewer models man unit operations due to the replication feature in SPEEDUP: more than 
one unit operation may be described by the same model as long as the form of the process equations are 
identical for the operations (while the parameters in the equations may differ in the individual unit 
operations). There is insufficient room to describe such a number of models in detail (see Ref. 2), so we 
restrict ourselves to the general types of processes modeled. In addition, we will discuss the techniques 
which allowed us to employ a fundamentally continuous process modeling tool to treat cyclic, batch 
processes. The chemical compounds tracked in the IFM are: H2O, NaNOs, NaN02, NaOH, KNO3, 
CsNC-3, NH4NO3, NH4OH, NaA102, Na2U207, Fe(OH)3, Al(OH)3, Sr(OH)2, C6H6, C6H6O, CsOH, 
KOH, CsB(C6H5)4, NaB(C 6H 5)4, Na2(C 6H 5)B02, KB(C6H5)4, NH4B(C6H5)4, NaTi 20 5H, 
NaTi205*Sr(OH)2, NaTi205-Na2U2C>7, miscellaneous soluble salt, and miscellaneous insoluble sludge. 

Waste Generators 

SRS liquid waste, as received in the waste tanks, is made up of many waste streams generated in the 
separations process during the recovery and purification of transuranic products and unburned fissile 
material from spent reactor fuel elements. To prevent corrosion of the carbon steel waste tanks, these 
wastes are neutralized to excess alkalinity (pH > 12) before transfer to the Tank Farm underground storage 
tanks. The two incoming streams shown in Figure 1 are subdivided into five streams in the IFM. The 
separation process details are considered to be external to the IFM and are thus represented as external 
boundary conditions to be imposed upon the model: the user defines time-dependent flows and 
compositions for the five input streams into the IFM. 

Storage and Evaporation 

SRS operates a Tank Farm consisting of 51 waste tanks (ranging in volumetric capacity from 2700 m^ to 
4900 m-*; i.e., up to 1.3 million gallons) and three evaporators. Radioactive waste, as received in the Tank 
Farm, can be reduced to about 25% of of its original volume and immobilized as crystallized salt by 



successive evaporation of the liquid supernate. Such dewatering operations have been carried on routinely 
at SRS since 1960 and have allowed the site to avoid the need to build an additional 70 storage tanks. 

In the IFM, each tank is individually represented through basic equations representing a simple, lumped 
parameter, perfect mixing mass balance: 

$tank_mass = Sin (stream_in_density * stream_in_flow) - tank_density * Eout (stream_out_flow) (1) 

$tank_mass * tank_rriassfrac(l:nocomp) + tank_mass * $tank_massfrac(l:nocomp) = 
Ejn (stream_in_density * stream_in_flow * massfrac_in(l:nocomp)) -
tankjdensity * tankjrnassfrac(l:nocomp) * Eout (stream_out_flow) (2) 

tank_density = function(tank_massfrac) (3) 

where the above is written as an example of the actual SPEEDUP syntax with "$" denoting the time 
derivative and "a:b" a vector operation over the elements "a" to "b", with "nocomp" being the number of 
chemical compounds being tracked. The summations are over the number of streams into and out of the 
tank, each of which would be written out explicitly and named uniquely in the SPEEDUP implementation. 
The variables are typically given names that make their significance obvious. The density function is based 
on experimentally measured data for the SRS Tank Farm compositions: it is written as a simple algebraic 
form in the equation set The volumetric flow rates are determined by the batch control logic described in a 
later sub-section. Eqs. 1-3 represent nocomp+2 simultaneous differential-algebraic equations. In 
SPEEDUP, the unknowns may be on either or both sides of the equation: the translator is able to parse the 
equation and identify which variables are to be solved simply from the structure of the equations and the 
given input 

For a salt tank, the above set of equations would be written once for the supernate region and once for the 
saltcake region, with additional coupling terms in the equations to reflect the dissolution or crystallization 
processes. In order to minimize the computational burden, the vector equations for each region only span 
the compounds normally present in that region. Currently, the simple salt tank process model compares the 
tank supernate density against a reference specific gravity. If the density exceeds the set point, salt 
precipitates at a given rate, thereby removing mass from the supernate balance and adding it to the saltcake 
balance via the new coupling terms. If the opposite is true, the mass exchange proceeds in the other 
direction until the reference specific gravity is attained in the supernate. 

Similarly, a parametric pseudo-steady state model is employed for the evaporator. The evaporator 
overheads are given as a function of the specific gravity of the evaporator feed tank. The evaporator itself 
is defined to produce concentrate at a prescribed specific gravity, with the concentrate delivery rate equal to 
the evaporator feed rate minus the overheads. The remaining degrees of freedom in the formulation then 
uniquely specify the feed and delivery rates, and the composition of the concentrate delivered to the salt 
tank. 

Extended Sludge Processing 

Neutralizing the waste from the separations processes produces a mixture of insoluble sludges, primarily 
iron, manganese, aluminum, and uranium hydroxides in a salt solution. Although the sludge has settled and 
compacted in the various waste tanks for 5 to 40 years, that settled volume contains a significant fraction of 
interstitial liquid bearing dissolved sodium salts. If this salt were not removed, the vitrification process 
would require a larger frit-to-waste ratio (to control the rheology of the molten glass), which would greatly 
increase the number of glass canisters to be produced and stored, and hence the cost of the overall process. 
These soluble salts are removed from the interstitial liquid by repeated dilution in processing tanks in the 
Extended Sludge Processing (ESP) facility. In addition, some of the sludge inventory contains large 
amounts of aluminum (wim a negative impact on the product glass rheology) which is dissolved by heating 
the sludge in a high caustic concentration. -The supernate containing the dissolved aluminum is then 
decanted before the start of the salt washing process. 



A variation of the standard IFM tank model described in the previous section is used to model the sludge 
washing process. If needed, the aluminum dissolution is treated via additional mass transfer terms in die 
supernate and sludge mass balance equations (much like the salt precipitation and dissolution is handled in 
the salt tank model of the previous section). The batch process control algorithms set the aluminum 
dissolution mass transfer terms nonzero during the appropriate time interval, and then back to zero when 
completion of the process is detected. 

The volumetric dilution which reduces the salt content during ESP washing is already handled by die basic 
tank mass balance algorithms. But the process control becomes more complex. After the wash water is 
added to the tank, the sludge solids are suspended and agitated for a period of time using slurry pumps, 
after which the slurry is undisturbed for another interval of time to let the sludge settle. The subsequent 
decant is designed to remove supernate down to a level just above the settled sludge interface (whose 
position and settling rate change with time). A FORTRAN procedure which encodes an empirical, four-
region sludge settling model is linked into the SPEEDUP tank model in order to compute the time 
dependent sludge settling level. That level is then passed to the batch process control algorithms to control 
the turning on and off of the tank flow which represents the decant The dynamic model in IFM couples all 
these varying time-dependent processes into a consistent tank response. 

During the dynamic simulation, the IFM monitors the sodium content in the sludge washing tank and will 
automatically terminate the washing process when the desired end-point is reached and go on to the next 
phase of operation. In addition, during the washing process, the IFM will add corrosion inhibitors at the 
appropriate time and in the correct amount to maintain the tank within me specified corrosion limits. Both 
operations mimic the actual events that would occur in the real facility and are controlled by the batch 
process algorithms. 

The sludge washing process can move large amounts of wash water as decant throughout the HLW 
complex: a typical wash cycle can utilize 1300 m^ (one-third of a million gallons) of wash water, with 
three or more washes to process each batch of sludge. A co-washing strategy is usually adopted which 
utilizes two tanks in tandem, with the wash water from one cycle in one tank being used for the next wash 
cycle in the other tank. Any decant can be diverted to a number of different tanks. All this flexibility is 
also provided in the simulation with the IFM. With the tank models having high and low level set points 
built into mem, the IFM analyst can make a number of different strategy choices in managing tank volumes 
and clearly see the outcome as success or grid-lock in the Tank Farm. The IFM captures all the significant 
system dynamics of the actual plant 

Salt Processing 

The saltcake in the Storage & Evaporation portion of the HLW complex is redissolved for pumping to the 
In-Tank Precipitation (IIP) process where the solution is decontaminated in a batch process. The soluble 
radioactive metal ions (soluble cesium and the soluble fraction of strontium, uranium, and plutonium in part 
per million levels) are precipitated with sodium tetraphenylborate or adsorbed on sodium titanate to form 
insoluble solids. The resulting precipitate, which contains most of the radionuclides, is filtered to 
concentrate the solids and then sent to the vitrification process. The remaining decontaminated salt solution 
is transferred to Solidification following benzene stripping. 

This part of the IFM represents yet another variation on the fundamental mass balance algorithms in which 
new terms appear in the appropriate tank model equations in order to represent the dynamics of 
precipitation chemistry, dissolution of solids, solubility of tetraphenylborate compounds, adsorption onto 
sodium titanate, benzene formation via radiolytic decomposition, and benzene evaporation. Benzene 
stripping is represented with a steady-state model: the user specifies the benzene concentration in the 
effluent flow of the stripping column, and the model performs overall and component mass balances to 
obtain the flows and compositions of the top and bottom streams leaving the column. 

Detailed descriptions of this particular model may be found in the References (2,4) and will not be repeated 
here. The main impacts on. the overall IFM are the stiff, non-linear behavior now imposed on the equation 
set due to the reaction rate stoichiometrics, and the additional discontinuities introduced in the solution by 
having another batch process cycling through its discrete steps (i.e., in addition to the ESP batching). Both 
new elements have the effect of significantly increasing the computational burden, but are crucial to an 
accurate representation of the overall process. 



Vitrification 

The Defense Waste Processing Facility (DWPF) consists of several facilities: Late Wash, the Vitrification 
process, and Saltstone. Late Wash receives washed precipitate from ITP and reduces the nitrite 
concentration (used for corrosion inhibition) by filtration and dilution. During the process, the slurry is 
reprecipitated to capture cesium (which may have returned to solution in ITP) and then reconcentrated. The 
filtrate produced during the filtering process is stripped of benzene, chemically adjusted, and transferred 
back to ITP for reuse. 

In the IFM, the Late Wash precipitation reactions are assumed to be instantaneous and complete. Just as in 
the ITP model, the Late Wash model adds 150% of the sodium tetraphenylborate required to 
stoichiometrically react the incoming nitrate salts. The precipitate is assumed to be continuously washed to 
reduce the nitrite concentrate to the prescribed value. Simple mass balance equations are used to model the 
processes. 

In the Vitrification process, the liquid HLW which is processed in ITP/Late Wash and ESP is immobilized 
as a glass solid. The operations include chemically treating die two quite different waste streams, mixing 
them with ground borosilicate glass (frit), heating the mixture in a melter, and pouring the molten mixture 
into 3 m tall by 0.6 m diameter stainless steel canisters to harden. 

In the IFM, the Vitrification process is approximated as a simplified, continuous (rather than a batch) 
process for the purpose of translating the outputs from Late Wash and ESP into waste product streams: 
glass, organic waste, and recycle to the Tank Farm. The model has been shown to give the same material 
distributions in the output flow streams as those in the reference steady-state design analysis when the 
model input matches the design input stream compositions. 

Vitrification proceeds through three processing cells. In the Salt Processing Cell, the precipitate slurry is 
acid hydrolized and steam stripped in order to remove the aromatic organics from the melter feed. Formic 
acid is absent in the IFM, thus the reaction representation is necessarily simplified: the formulation is 
designed to reproduce the main output of interest at this stage, the organics. At this point the hydrolized 
precipitate is transferred to the Chemical Process Cell where washed sludge enters from ESP. Nitric acid 
is added to react components and provide the required reduction-oxidation balance. Frit is added and the 
final mixture is sent to the Melt Cell (which is not explicitly modeled in the IFM). In the IFM, ten 
simplified oxidation equations are used to apportion a fraction of the components to the recycle stream and 
the oxides that all go to the glass. All reactions are assumed to be instantaneous and complete. Distribution 
parameters (e.g., fraction of sludge components transferred to the recycle stream) are user-defined 
constants. While mass is preserved in the model, die densities of the oxides are not known, so die density 
of the glass is not calculated. Glass canister production in IFM is based on a volumetric flow rate tiiat 
results from a volume balance. The mass of the glass is based on a nominal density taken from the 
reference design calculation. The IFM controls the vitrification process by adjusting the sludge flow to 
meet the sludge weight fraction criterion, by adjusting the precipitate flow to meet the prescribed 
precipitate mass fraction in the glass, and by adjusting the frit flow to make up the balance of the nominal 
glass production rate. Mercury production is not treated in the current version of the IFM. NeiUier is me 
Consolidated Incineration Facility currently represented in the IFM. 

The Vitrification part of the IFM computes two of the four major outputs of the HLW complex: glass 
canisters and recovered organics. 

Solidification 

In the Saltstone Production Facility, aqueous salt solution is received from ITP and then combined wim a 
blend of cement, fly ash, and blast furnace slag to generate nonhazardous, low level waste, saltstone grout. 
The grout is pumped to a covered cell of an above-grade, concrete vault where it solidifies. In the IFM, the 
saltstone model computes die salt solution feed from ITP based on die nominal cement premix flow rate, 
and calculates die volume of dilution water required to bring die feed into compliance wim limits set on 
strontium, sodium, and hydroxides. From die resulting mass balance and die given grout density, the model 
will compute the volumetric production of grout, which is men translated into me number of vaults filled. 



The Solidification part of the IFM computes the third of the four major outputs of the HLW complex: wet 
grout 

Wastewater Treatment 

The Effluent Treatment Facility (ETF) decontaminates the influent wastewater through a series of steps 
consisting of pH adjustment, sub-micron filtration, heavy metal and organic adsorption, reverse osmosis, 
and ion exchange. The treatment steps concentrate the contaminants into a smaller volume of secondary 
waste which is further concentrated by evaporation. The clean, treated effluent is discharged to the on-site 
environment, while the contaminated evaporator bottoms are pumped back to ITP for eventual disposal in 
Saltstone. In the IFM, the ETF model takes as inputs die time-dependent flows from the five evaporator 
overheads tracked in the IFM. Perfect mixing of the input streams is assumed. The user defines a split 
fraction for the volume going to the outfall, which is taken as pure water. The mass balance relation then 
computes the flow rate and composition of the concentrate and returns it to ITP. 

This Wastewater Treatment part of the IFM computes the final of the four major HLW complex outputs: 
treated effluent 

Batch Process Control 

SPEEDUP was initially developed as a continuous process simulation tool. In its language constructs, no 
integer arithmetic is allowed. There is no way to easily store "previous timestep" values of variables, and it 
is difficult to recognize when a variable has changed for the first time in order to initiate some new action. 
Thus it is somewhat more awkward to use SPEEDUP to simulate cyclic, batch processes than for 
continuous ones. Fortunately, SPEEDUP has a facility for linking customized FORTRAN into the 
continuous model via its External Data Interface (EDI), and we have done all our batch process control in 
the IFM via that facility (Ref. 6). Since process control is a key part of the IFM, it will be described in 
some detail. 

EDI consists of a set of ordered, dummy subroutine calls that are always available in a simulation. All the 
user has to do is recognize the call order and fill in the dummy subroutines with customized FORTRAN 
which carries out the desired set of operations. This is where we have located the IFM batch control. Each 
batch process is set up as a "recipe" consisting of several steps. For example, the ESP washing process 
consists of 14 steps during which aluminum dissolution, decants, inhibitor additions, wash additions, 
agitation, settling, and time delays occur. 

We have used the EDI subroutines to encode these batch recipe steps, primarily via manipulations of 
integer and real arrays to identify when a process is on or off. Within the continuous SPEEDUP model, we 
have set up unit operations which represent junction boxes coupling M tank outputs to N tank inputs. 
These input/output streams in the couplers contain "logical valves" (i.e., scalers between 0.0 and 1.0) which 
are turned off and on by the EDI interface. These scalers are used to compute the current values of 
stream_out_fiow and stream_in_flow in Eqs. 1-2. Thus SPEEDUP calls the EDI FORTRAN when a batch 
operation initiates; the FORTRAN changes the appropriate scaler to begin the batch operation and 
computes the time at which the batch operation will be complete (so that SPEEDUP knows when to call 
EDI again for the next step in the recipe); control returns to SPEEDUP so that the continuous model can 
respond to the batch operation changes via a change in a coupler state; and the simulation proceeds onward 
in the operation. 

The EDI FORTRAN is broken down into six modules. One controls the ESP batch process and another the 
ITP batch process. A third controls the sludge feed from ESP to DWPF. Two more are used to 
dynamically alter model parameters such as tank operating limits, evaporator utility, or feed stream flow 
and composition from waste generation. This module is also used to simulate transfer line availability so 
that even though a batch recipe step may call for an operation, the user can define that transfer line to be 
down for a particular time interval and thus delay the operation. The sixth module is used to carry out 
manual transfers which the user may choose to define in addition to the normal automated processes: e.g., 
the user can choose to let the normal model control the evaporator "system recycle operations, or 
alternatively use this sixth module to prescribe all the evaporator control via detailed input. The modular 
structure allows the coding to execute only those code blocks that are appropriate to the processes which 
are currently underway. 



As a result of our implementing batch process control through EDI, the IFM has great flexibility in 
modeling both continuous processes (e.g., evaporator operations) and discrete batch processes (e.g., sludge 
washing) simultaneously. The entire waste complex model consists of many different sorts of processes 
with varying natural time constants and sequence patterns. In the IFM, each process can be operating 
simultaneously and independently, and still couple to other processes when the time comes for an 
interaction between the processes. The power of such generality is required in order to run me full 
spectrum of scenarios necessary to simulate thirty years of operation of the entire HLW complex. 

Model Verification and Validation 

The IFM is undergoing a formal verification and validation process. In die verification phase (which has 
been completed), each individual model was subjected to an independent review (by a modeler not 
involved in its creation) in order to verify that the correct equations were properly encoded, and that the 
model execution satisfied the formal definitions in the detailed Software Requirements Specification 
document (Ref. 7). The verified individual models were then tested en masse in an integrated form to 
verify that die Software Requirements Specification continued to be satisfied in the whole. 

The second part in determining the pedigree of the IFM, validation, is currently underway. This consists of 
comparing the simulation results against actual plant operating data. The results of one such comparison 
are presented in Figure 2, where a 130-day operating history of one of die evaporator systems is shown. 
The darkened points are the actual plant data, while the open points are die results calculated by the IFM. 
The lower curve shows die tank volume changes in die evaporator feed tank which is coupled to this 
particular evaporator, while me upper curve shows die tank volume changes in die concentrate receipt tank 
to which diat evaporator delivers material. 

The feed tank volume decreases as supernate is fed to die evaporator, and increases as supernate is recycled 
from die concentrate tank or fed in from other tanks. The concentrate receipt tank volume increases as it 
receives output from die evaporator, and decreases as it feeds recycle to me evaporator feed tank. In 
addition, widiin me concentrate tank, mass transfer occurs between die supernate and saltcake regions as 
die salt precipitates out upon cooling of die concentrate. The saltcake volume effects die times at which 
recycle occurs since as the cake builds up, less supernate volume is available for recycle. Thus 
precipitation effects are implicidy shown in die total volume results in Figure 2 via die transfer times. 
Clearly, the agreement between the plant data and die simulation model is very good. The main 
discrepancies are in die slopes of some sections of the lower curves which indicates tiiat in some modes of 
operation, die idealized volume transfer rate in die IFM does not precisely duplicate die actual transfer rate 
in die plant 

Similar validation is planned for all die otiier parts of die IFM where plant data is available. Where die 
model is to simulate diose parts of the HLW complex which are not yet operational, me comparisons will of 
necessity have to be against me best available design data, against otiier independent computer models, or 
against the cognizant expert's engineering knowledge. 

Data Visualization 

For a model of die EFM's complexity, one concern is how to best comprehend me results of a simulation. 
Through SPEEDUFs plot capability, any of die 10000 variables in me simulation result may be plotted (as 
in Figure 2). This is effective if the analyst knows what is important and what to expect However, in 
order to obtain a more global understanding of a simulation's results, we are also developing graphical user 
interfaces (GUI) which will present die output in a dynamic "movie cartoon" fashion, in essence a dynamic 
representation similar to die form of Figure 1 in which individual streams will take on a color keyed to die 
current flow rate, in which tank levels will visibly rise and fall, in which "gauges" will display parameter 
values, etc. We have prototyped one such GUI designed on site and interfaced to die standard SPEEDUP 
output, and are currently evaluating a commercial package (SL-GMS) which promises even greater 
flexibility. 

In addition, die input preparation phase requires a large amount of operations-type information to fully 
specify multi-year scenarios. To ease mis burden, we have developed a simplified, text-based input 
language to die specifications of me customers for die IFM. This allows die user to focus only on preparing 



the input in a familiar environment and leaves the preparation of the actual recipe files discussed in the 
Batch Process Control section to the software. 

Our intent is to provide the user full convenience in accessing and understanding the results provided by the 
long time-scale, comprehensive, high level waste complex modeling capabilities provided in the Integrated 
Flowsheet ModeL 

ACKNOWLEDGMENTS 

The information contained in this paper was developed during the course of work under Contract No. 
DE-AC09-89SR18035 with the U.S. Department of Energy. 

HLW process overview courtesy of P. D. dTintremont, WSRC. 

SPEEDUP(tm) is a trademark of Aspen Technology, Inc., Cambridge, Massachusetts, USA. 

REFERENCES 

1. P.D. d*Entremont, et aL, "High-Level Waste System Process Interface Description," WSRC-TR-94-442, 
Westinghouse Savannah River Co. (1994). 

2. J.E. Aull, et aL, "A Description of the High Level Waste Integrated Flowsheet Model (HLWIFM)," 
WSRC-TR-94-567, Westinghouse Savannah River Co. (to be issued). 

3. "SPEEDUP User Manual - Release 5.4," Aspen Technology, Inc. (1993). 
4. T. Hang, KJL. Shanahan, M. V. Gregory, D.D. Walker, "Dynamic Simulation of the In-Tank 

Precipitation Process," Proc. of XI Annual Simulators Conference, Society for Computer 
Simulation (1994). 

5. M.V. Gregory, K.L. Shanahan, T.Hang, "A Dynamic Simulation Model of the Savannah River High 
Level Waste Tank Farm", Proc. of XI Annual Simulators Conference, Society for Computer 
Simulation (1994). 

6. ILL. Shanahan, et aL, "SPEEDUP Simulation of Liquid Waste Batch Processing," Proceedings of Aspen 
World "94, Aspen Technology (1994). 

7. G.K. Georgeton, "Software Requirements Specification for Phase 1 Development of the HLW 
Integrated Flowsheet Model," X-RS-G-00001, Westinghouse Savannah River Co. (1994). 



Waste, 
Generation 

Storage \ 
& Evaporation : 

Pretreatnient 

Final 
Treatmeijt 

Destinations 

Waste 
Generators 

Low-Level Aqueous 
Waste Treatment 

13. Evaporator 
overheads 
& other low-level 
streams 

1S.ETF 
concentrate 

Wastewater 
Treatment I— 

(ETF) 

I 

. Incoming Wastes Higti-Level I: 
Waste Treatment j 

HLW Storage 
& Evaporation 
(Tank Farms) 

5. Salt solution 1 I 
2. Sludge 

Tank 
50H 

Salt 
Processing 

(ITP) 

8. Late Wash 
Spent Wash-
water 

6.SalXston$ 7,Pre^Uair 
Feed S 

Solidification 
(DWPF 

Saltstone) 

'14. Treated Effluent 

Outfall 

1 
I 

3. ESP Spent 
Washwater 

Extended Sludge 
Processing 

(ESP) 

I 4. Washed 
Sludge 

Vitrification 
(Late Wash 

& DWPF Glass) 

10. DWPFRecycle 

It. Recovered 
Organic 

'16. Wet Grout 

Landfill Repository 

9. Canistered Glass 
Wasteform 

Organic 
Destruction 

(OF) 

12. Recovered Mercury 
Mercury 
Receivers 

Figure 1. HLW System Flowsheet 
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