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K. 1>. Shanahan (1), J. E. Aull, R. A. Dimenna, G. K. Georgetonr M. V. 
Gregory, T. Hang, T. E. Pate, P. K. Paul, F. G. Smith, G. A. Taylor 
Introduction 
The Savannah River Site (SRS) has accumulated radioactive hazardous waste 
for over 40 years during the time SRS made nuclear materials for the 
United States Department of Energy (DOE) and its predecessors. This 
waste is being stored as caustic slurry in a large number of 1 million 
gallon steel tanks, some of which were initially constructed in the early 
1950'.a. SRS and DOE intend to clean up the Site and convert this waste 
into stable forms which then can be safely stored. 
The liquid waste will be separated into a partially decontaminated 
low-level and radioactive high-level waste in one feed preparation 
operation, In-Tank Precipitation. The low-level waste will be used to 
make a concrete product called saltstone in the Saltstone Facility, a 
part of the Defense Waste Processing Facility (DWPF). The concrete will 
be poured into large vaults, where it will be permanently stored. The 
high-level waste will be added to glass-formers and waste slurry solids 
from another feed preparation operation, Extended Sludge Processing. The 
mixture will then be converted to a stable borosilicate glass by a 
vitrification process that is the other major part of the DWPF. This 
glass will be poured into stainless steel canisters and sent to a 
temporary storage facility prior to delivery to a permanent underground 
storage site. 
The SPEEDUP(2) model discussed here is aimed at assisting production 
planners in planning feed preparation strategies in light of changing 
funding levels or other constraints. The planning job is complicated by 
the strict acceptance requirements of the waste repository combined with 
tough operating requirements placed by state and federal environmental 
organizations. Furthermore, a time frame of 20 to 30 years is 
considered the requirement to completely work off the waste backlog and 
seemingly minor changes can have significant impacts on batching 
schedules later on. The current baseline plan is decribed in WSRC s High 
Level Waste System Plan Revision 3 (3), and serves as the starting point 
for case studies. 
The High Level Waste System (HLWS) process control hinges on chemical 
composition information. The composition controls batch processing end 
points, and those end points can dramatically impact overall processing 
strategies and timings. In addition, the current available working space 
is quite limited. Typically, modelers would simplify this situation so 
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that other tools such as linear programming or discrete event simulation 
could be used, but it was felt that the inaccuracies induced by the 
simplifications were unacceptable. Therefore, SPEEDUP was chosen as the 
framework in which to build the HLWS model. 

The High Level Waste System (HLWS) 
Several types of unit operations compose the HLWS, shown skematically in 
Figure 1. Represented are the 51 waste storage tanks, the 4 evaporators, 
the Effluent Treatment Facility (used for final released water 
purification), the DWPF Saltstone and Vitrification Facilities, and the 
DWPF feed preparation operations (In-Tank Precipitation (ITP) and 
Late-Wash for liquids, and Extended Sludge Processing (ESP) for slurry 
solids). The only continuous-type process represented here are the 
evaporators. The rest are batch or semi-batch processes. 
Also illustrated in Figure 1 as the thick arrows are the recycle streams 
going back into the Tank Farm, either to some of the batch processes or 
to storage tanks. The Separations and Reactor areas- are still active and 
send fresh waste into the Tank Farm. These are the double-tailed arrows 
on.the left-hand side of Figure 1. (Not shown is the fact that they also 
send overheads to the ETF for treatment.) All the processes except ETF,. 
vitrification, and saltstone are generically lumped into the heading of 
Tank Farm operations. 
The HLWS' extensive degree of interconnectivity is one of the factors 
that makes production planning so difficult. In addition, each and every 
storage tank has a unique and potentially significantly different 
composition. Several of the key waste processing facilities are still 
under construction, and as such the knowledge of their operating 
characteristics is not detailed. The list of possibilities for 
scheduling waste removal, especially when and if blending is considered, 
is daunting. Via computer simulation, we hope to construct a system that 
allows production engineers to evaluate processing strategies in a timely 
and consistent fashion. 
Process Descriptions 
The major high level waste generators are the Separations canyons and 
RBOF, with smaller contributions coming from other facilities such as 
the Savannah River Technology Center and the Reactor areas. Once DWPF 
begins radioactive operation, the recycle stream is expected to be the 
highest volume influent into the Tank Farm. 
Non-alkaline waste solutions are neutralized by the waste generators with 
sodium hydroxide before transfer to the Tank Farm, forming an aqueous 
solution of salts and insoluble metal oxides/hydroxides. The insoluble 
solids, mainly iron, aluminum and uranium oxides/hydroxides, are allowed 
to settle, forming a sludge layer in the fresh waste receipt tanks. Most 
of the fission products, except cesium, are present in the sludge. The 
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sludge is left undisturbed until removed for processing as DWPF feed. 
The supernate, containing sodium salts, a smaller quantity of potassium 
salts and almost all of the cesium, is either decanted to an evaporator 
feed tank or transferred directly to an evaporator. The solution is 
processed through the evaporator to reduce the volume by driving off 
excess water. The overheads are condensed and transferred to the 
Effluent Treatment Facility for final polishing before discharge to the 
environment. The concentrated solution in the evaporator bottoms is 
transferred to a concentrate receipt tank and cooled. The solubility 
limit of the salts is exceeded, and the resulting solid salt forms a cake 
in the receipt tank. The remaining supernate is decanted and recycled to 
the evaporator feed tank for further volume reduction. The cycle is 
repeated until most of the water has been removed. 
The ETF processes the.overhead stream from the Tank Farm evaporators and 
from the Separation Facilities' evaporators, and any contaminated cooling 
and storm water diversions from these facilities. The dilute waste 
streams are polished in the wastewater treatment facility, with the 
treated effluent discharged to the environment. The components removed 
from the influent are transferred to the Tank Farm and will be blended 
with the decontaminated solution from the ITP process before being 
transferred to the Saltstone facility for final disposal. 
To prepare the waste sludge for disposal, sludge from receipt tanks not 
presently receiving fresh waste will be slurried and transferred to the 
Extended Sludge Processing (ESP) tanks. Sludge that has a high aluminum 
content will be contacted with excess free hydroxide to chemically 
transform the aluminum to a soluble species. The sludge will then be 
washed with inhibited water and/or dilute supernate to reduce the 
dissolved solids content. The spent wash water will be transferred to 
one of the evaporator systems for volume reduction or will be stored for 
use in dissolving salt. The washed sludge will be transferred to the 
DWPF for processing. The first batch of sludge, presently stored in the 
ESP tanks, has been.partially washed, with final processing expected to 
begin imminently. 
To prepare the waste salt and supernate for disposal, saltcake will be 
redissolved. The resulting solution, along with supernate that has not 
been concentrated to saltcake, will be transferred to the ITP process. 
Sodium tetraphenylborate (TPB) will be added primarily to precipitate 
soluble cesium, thereby removing most of the contamination in the salt 
solution. The TPB will also precipitate potassium and ammonium. Sodium 
titanate will be added to adsorb the small quantities of strontium, 
uranium and plutonium that are present in the salt solution. The 
resulting precipitated solids and titanate mixture will be concentrated 
by filtration and washed to remove soluble species. The slurry will be 
transferred to and stored until it is gradually fed to the DWPF through 
the Late Wash facility. The wash water will be stored and gradually 
blended in the main processing tank as ITP feed. The decontaminated salt 
solution removed during concentration will be transferred to a feed tank 
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to feed the Saltstone facility. 
The Late Wash facility will receive precipitate slurry from the ITP 
slurry storage tank. Any cesium that has been released into solution by 
radiolysis of the precipitate will be reprecipitated. The slurry will be 
washed, concentrated further, and finally transferred to the DWPF. The 
wash water from Late Wash will be transferred back to the ITP wash water 
storage tank for temporary storage and gradually blended into ITP feed. 
Within the DWPF, the TPB will be hydrolyzed, and the resulting solution 
will be mixed with prepared sludge. The organic material produced during 
this process will be collected in the Organic Waste Storage Tank for 
eventual disposal. The sludge transferred from ESP will be adjusted with 
nitric acid and then combined with the aqueous portion of the hydrolyzed 
precipitate. The resulting mixture will be evaporated, combined with 
glass frit and eventually melted. The molten glass will then be poured 
into stainless steel canisters to be stored onsite until a permanent 
repository is available. The vapor streams from the evaporation step and 
the melting step will be collected and condensed. This stream is 
projected to contain a small quantity of cesium as well as small amounts 
of other components, and will be recycled to the Tank Farm. 
The decontaminated salt solution in the ITP Saltstone feed tank will be 
transferred to the Saltstone facility to be combined with a mixture of 
flyash, slag and cement. The resulting concrete mixture will be poured 
into vaults to solidify. 
The Modeling Project 
SRS has been working on this project for approximately one year now with 
a 12 person team. This simulation has been the outgrowth of other work 
at SRS, some of which has already been presented elsewhere (4,5). Ten 
team members are licensed SPEEDUP users. Three of those are field 
engineers with the rest being R&D types. Our modeling team is a 
multidisciplinary one, with chemical engineers, chemists, nuclear 
engineers, computer scientists, and mechanical engineers all being 
participants. Three different RS/6000 computers, a Cray, and a VAX 
cluster are utilized. The team is matrixed, with most of the members 
having other duties as well through primary line organizations. 
The HLWS simulation is being developed under full project and software 
quality control procedures, using a phased multi-year approach. The 
highest priority issue today is available space in the Tank Farm. Thus 
the Phase 1 simulation is a mass-balance model only with a restricted set 
of 27 chemical components, focused on volumetric concerns. 
The MODELS contain mass-balance equations and flow control algorithms. 
Some isothermal approximations of chemical equations are included at this 
time to simulate reactions in the ITP and ESP processes, and 
precipitation/dissolution in the tanks. The Vitrification and Saltstone 
facilities, while being batch processes in reality, are currently modeled 
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as continuous approximations. The evaporators are represented as simple 
splitters. In future Phases, these limitations will be removed by adding 
energy balances, more chemistry, radiation effects, and by replacing the 
approximations with more exact representations. 

The Simulation 
Case studies will be conducted by modifying a run specification (input 
language file), which will be translated into data files that will direct 
the simulationk Eventually, the simulation will be used in a run-only 
mode with, no interactive input. Initial conditions will be standardized 
and controlled via a configuration management system. 
An interpreter program will create the data files from an input language 
file. The engineer or planner will modify that key-worded instruction 
set rather than the data files themselves. The interpreter is currently 
written using the RS/1 (6) software product. This allows us to translate 
the input specification to graphical form before simulation so the user 
can cross-check his input. Additionally, the interpreter uses many of 
the functionalities available in RS/1 to type- and range-check input 
data. 
RS/1 will also be used to store and compare case studies, and in the 
future, link to the expert system product RS/Decision (6) to validate the 
input data before running a simulation. The intent is to let people 
other than modeling experts use and interpret the simulation. 
Currently, the SPEEDUP input deck is about 14,000 lines long. The system 
size is slightly over 11000, with about 7800 dynamic variables. The EDI 
FORTRAN is slightly over 5000 lines. When running under a pre-release 
version of SPEEDUP 5.5, it runs at about 30 CPU seconds and generates on 
the average .75 Megabytes in the COMMON.SUP file per simulated day on an 
RS/6000 model 590. The longest run to date has been about 230 days, 
which requires approximately 2 hours to complete and generates a 175 
Mbyte COMMON.SUP file. In the near future we hope to do a five-year 
simulation, and eventually to do a full span simulation. We expect to be 
able to improve the simulation's performance with time. 

Batch Process Control 
The primary purpose of this paper is to discuss how the batch process 
control is accomplished. While SPEEDUP presents an excellent framework 
for continuous process model development, it does not do batch processing 
nearly as well without help. Fortunately, this limitation is easily 
overcome by the use of external FORTRAN. While the HLWS simulation uses 
both PROCEDURES and.the EXTERNAL DATA INTERFACE (EDI), it is the EDI code 
that controls the batch processes. 
A convenient way to visualize this is with EDI being represented as a 
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process control computer overseeing the HLWS. It typically sends ON/OFF 
signals to valves, agitators, pumps, etc. The SPEEDUP code handles the 
dynamics of the operations. Because of the time scale (days), the models 
do not require detailed dynamics of valves and pumps. Generally, they 
are simply represented as binary flow multipliers in the SPEEDUP code. 
The EDI code simply decides when to toggle these signals. 

A simplified block diagram of the EDI code's structure is shown in Figure 
2. Shown are double-lined boxes for the top-level EDI routines required 
by SPEEDUP. In single-lined boxes are the dynamic routines that do the 
batch control. Several of those call subroutines as well (represented by 
the multiple arrows). Also, a generic subroutine is used to move 
material from tank to tank (circled VT in the Figure). The 
initialization and termination routines read and write data files, 
respectively. Most of the dynamic routines also read data files for 
control information. These files are represented by the parallelograms 
in the Figure. 
The dynamic EDI code is broken down into six modules. One controls the 
ESP batch process and one the ITP batch process. One controls the sludge 
feed from ESP to DWPF. Two are used to dynamically alter model 
parameters such as tank operating limits, evaporator utility, or feed 
stream flow and composition. Also, transfer line availabilities can be 
simulated via EDI. The final module is used to implement volume 
transfers required outside of the normal automated ones. 
The EXTERNAL section is highly structured to facilitate the indexing 
process inside the EDI FORTRAN. In fact, the EXTERNAL section structure 
mimics the modularity of the EDI FORTRAN itself. Nevertheless with 636 
variables set and 455 read, the indexing is one of the major headaches of 
this EDI implementation. 
To simplify the indexing task, a two-dimensional array was constructed 
for generically important information. This array, named TANK_ID, holds 
array indexes for blocks of quantities such as current volume, maximum 
allowed volume, attached wash water valve control signal, etc. (The 
arrays referred to here are the X arrays of the EXTGET and EXTPUT 
subroutines.) Each block has one entry for each tank, plus several 
others to allow for some required complexities in tank-to-tank transfers 
and the use of 'generic' sources. 
These blocks are the first sets of information in the EXTERNAL section. 
Process-specific blocks of information were added after the generic ones. 
Enough space was allocated in the TANK_ID array to allow for future 
expansion. When a model is reconfigured, the new variables are added to 
the EXTERNAL section, and the actual numbers held in TANK_ID are reset. 
To simplify that process, the TANK_ID array is read in from another data 
file at the start of each simulation run. 
A 'systems parameters' data file contains, among other things, general 
indices to each of the sub-process data blocks. Internal indexing in 
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each sub-process module then uses the sum of the process-specific index 
and the generic offset index to exactly locate the value in question. 
This allows each developer to create his or her module separately, and 
then recombine it later with just a generic offset adjustment. 

EDI Timing Control 
The primary.tasks EDI performs are to change values inside SPEEDUP and to 
determine when EDI next needs to be called. Most of our modules use a 
similar strategy to accomplish these tasks. In general, activity centers 
on individual tanks. 
As each tank goes through its process steps, the EDI code calculates when 
it must return to proceed to the next process operation. These values 
are stored in local arrays, one value for each tank. The module selects 
the shortest of the candidate times when all tanks have progressed as far 
as they can at the current time. It places that value in its slot of a 
six-membered array. The top-level EXTGET subroutine then selects the 
shortest of those times as the TNEXT value that is returned to SPEEDUP as 
the point when EDI is next called. 
Each of the major modules has its own EXTINI subroutine. These 
subroutines, besides simple initialization tasks, set the modules overall 
startup delays. This allows the user to turn parts of the simulation off 
and on by setting the startup delay large in comparison to the simulation 
run length. This effectively keeps the process on standby for the entire 
run. 

Interconnectivity 
The Tank Farm has the bothersome feature that materials could be 
transferred between any two tanks. This gives the modelers nightmares in 
trying to work out how to allow that feature in the simulation. We have 
developed a unique approach to doing that, which we call the Universal 
Coupler (UC). 
The UC is a unit which can do what its name implies, couple everything to 
everything. Each tank that needs to receive or send material from or to 
undetermined other units has both a feed and receipt stream to and from 
the UC. Through EDI, end-point criteria are established and a UC 
connection made between two tanks. SPEEDUP then executes the transfer, 
and EDI checks to see when the end-point criteria have been met. When 
finished EDI breaks the connection. 
The UC is not required to be symmetric, and in the current model actually 
uses three non-symmetric couplers. The maximum number of active 
connections is limited to the smaller of the feed/receipt sides of the 
unit. Usually, we never have a full set of transfers ongoing at a given 
time, so this has not been a problem. 
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Originally a symmetric UC with each tank in the model connected once to 
the feed and receipt side of the single UC was coded. The running speed 
in that case was extremely slow. We believe this was due to a forced 
decrease in matrix sparseness, and seemed to increase as the square of 
the number of connections to the coupler. To get faster running speeds, 
we used three smaller couplers instead of one big one. This gained run 
speed but cost some flexibility, because certain connections were no 
longer directly possible. 

The current implementation has each tank appearing only once on the feed 
and receipt sides of the set of couplers. (This limitation is only 
required if only one to and from UC connection per unit is desired.) 
Thus, some volume transfers will be intra-coupler and some inter-coupler. 
To allow the inter-coupler transfers, two additional streams were added 
to each coupler and capped off as SPEEDUP FEED and PRODUCT streams. 
The EDI code then maps the PRODUCT stream composition and flow into the 
FEED stream characteristics. Internally, the inter-coupler transfer is 
transformed into two intra-coupler transfers. There are two primary 
problems with this. First, the mass fraction array-information is mapped 
only once, but might change over the course of the transfer. Second, 
control logic that is not duplicated inside EDI can shut off one of the 
now separate intra-coupler transfers, and not the other. (However we 
have envisioned a strategy to solve these problems using binary 
multipliers to summation terms in GLOBAL section variables.) 
The ESP Process - An Example 
As a more detailed example of how the batch control logic works, let us 
consider the Extended Sludge Processing operation. The ESP process always 
occurs in two tanks at once, and the whole process can be sub-divided 
into four major steps, know as: Aluminum Dissolution,. Washing, 
Consolidation, and (next batch) Feed Preparation. In the simulation each 
tank is capable of independently progressing through the first two steps, 
but are tied together in the third and fourth steps. 
In Aluminum Dissolution, aluminum hydroxide sludge is converted to a 
soluble sodium aluminate and the supernate is decanted away. The Washing 
process is a simple dilute/stir/decant sequence that is used to reduce 
soluble species' concentrations to acceptable levels. Once both tanks 
have been prepared, they are combined and fed to DWPF. The Consolidation 
module controls this process, turning control over to the DWPF-feed 
module when done. The Feed Preparation module prepares the recently 
vacated ESP tank for the next Batch. 
Batch control is exercised via a data file that holds all the details 
about each processing step and each sub-stage. Internal variables 
control when the data file is read. Typically sets of data are read in 
for each major process step. FORTRAN logic then controls the appropriate -
use of the data at the correct time. 
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For Aluminum Dissolution, there currently is a limit of five cycles the 
process may go through. In Washing, the input data is also limited to 
five sets, but the process can reuse the last set as many times as 
required. Thus, the process could remain indefinitely in the Washing 
operation with a poor choice of control data. Consolidation is always a 
two-transfer process, decanting of one tank and moving the other tank's 
contents into the first. Batch preparation is achieved by specifying a 
set of tank-to-tank transfers. The code currently is limited to 25 such 
transfers in a block, but is capable of staging delays when required. 

The Aluminum Dissolution and Washing processes are the true batch 
processes. The Feed Preparation and Consolidation operations are just 
volume transfers, and in fact use the generic volume transfer subroutine. 
The batch processing is controlled by establishing internal state 
indicators for each active tank for each subprocess, and one as well to 
indicate which subprocess a tank is in. The Aluminum Dissolution 
operation has eleven stages and the Washing process fourteen. 

To illustrate the logic, the fourteen stages of Washing are listed in 
Table 1. While most of these won't have much meaning to the reader, it 
should be noted that there is another internal, two member array that 
holds the current stage value for each tank. The. EDI code has IF 
statements in it that select the correct control logic based on the local 
and the overall process stage indicator's values. 
Table 1. Logical Steps of ESP Washing Operation 
1 - read in data, set up delay if any (user specified time) 
2 ~ detect end of startup delay 
3 - start initial tank decant (user specified destination) 
4 - detect end of decant (user specified target) 
5 - implement sample and analyze deadtime (user specified time) 
6 - decide on wash solution connection logic (user specified source) 
7 - calculate inhibitor addition type/amount if any (user specified 
choice) 
8 - determine if inhibitor addition finished 
9 - turn on wash solution addition (user specified volume) 
10 - detect end of wash solution addition 
11 - agitate (user specified time, leak rate) 
12 - settle (user specified time, leak rate, settling rates) 
13 - check to see if settle done 
14 - check to see if cycle is done (user specified end point) 
Each IF subsection performs three generic tasks. 1) It determines if it 
needs to pass control to the next stage, and changes the indicator if 
required. 2) It carries out any required control action by setting the 
appropriate values to be sent back to SPEEDUP. 3) It calculate the next 
EDI return time for the active tank (if required) . In some cases, 
progression to the next stage is automatic, while in others end-point 
criteria must be met first. This type of logic is replicated in the 
other major subsections. 
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The user is given the capability of specifying the critical conditions of 
each processing step. He may specify end-points, transfer rate, and time 
delays at will. It is this flexibility that both makes this model so 
useful to the production planner and so complex to understand. 
Within the EXTINI and EXTTRM subroutine families, we have also 
implemented a limited REWIND capability.and a CONTINUATION capability. 
At the end of a SPEEDUP run, as well as at user-specified intervals 
during the run, EDI restart files are written out which 'snap-shot' the 
current state of the EDI FORTRAN. These allow us to back up and 
stop/examine/continue.our simulation. To achieve this, we have counters 
throughout the FORTRAN that increment appropriately whenever a data file 
is read. Then during the simulation's startup phase the appropriate 
number of lines are skipped in each data file. This allows the user to 
back up and run with altered data to avoid a previously encountered 
problem. 

Path Forward 
The most important next step is for the customers (users) to start using 
the model. The development team has verified as much of the model as 
possible, and has written extensive documentation. Through model use, 
the users will identify problems and enhancements, which will be worked 
into the overall development plan. As the new processes come on-line, 
field data will be collected and used to validate the model. The 
development team will continue to add features and flexibility and to 
increase the technical complexity of the models, all with an eye towards 
adding value to a useful tool. 
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The Problem 
The Savannah River Site (SRS) has hazardous 
Liquid Waste stored from production that began 

inthe1950's. 

That waste must be converted to safe, permanent 
waste forms for disposal. 

The Processes that will be used to do so are highly 
inter-related and very complex, so system level 
Production Planning becomes very difficult. 

Engineering Modeling and Simulation Group 



WSRC SRTC 

The High Level Waste System 
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The Plan 

Utilize a SPEEDUP simulation to test operating 
strategies for unexpected interactions due to: 

Scheduling 
(51 Tanks/Facilities) 

Composition 
(Each Tank is Unique) 

Engineering Modeling and Simulation Group 



The Project 
Initial Focus on Tank Farm Available Volume 

Later Expansion of Detail 

Phased, multi-year Development Plan 

Full Software Quality Assurance Program 

Configuration Management of Deliverables 

Z Z Z Engineering Modeling and Simulation Group ZZZZZ 
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The Simulation 
Mass-Balance Models Only 

(75 Unit Operations, 34 Models) 

Precipitation and Dissolution Chemistry 
Approximations (27 Components) 

Full Physical Scope with critical Batch Operations 

Fully Flexible Batch Control 

V 

Engineering Modeling and Simulation Group 



WSRC = = = = = = = = = = ^ ^ SRTC 

Resources 
12 people for 1 year at varying % - about 6 man-years 

10 SPEEDUP users 

3 - RS/6000s, 2 - VAXs, 1 Cray 

Matrixed chemical engineers, chemists, 
nuclear engineers, computer scientists, 
mechanical engineers, mathematicians 

Engineering Modeling and Simulation Group 
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Simulation Statistics 

Longest Run to Date - 230 simulated days 

Run Time - 30 CPU sec/day on RS/6000-590 with 

SPEEDUP 5.5 

Disk Space - 750 Kbytes/day 

System Size - >11,000 with -7800 variables 

Engineering Modeling and Simulation Group 
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User Controls 
Dynamic Specification of: 

Process Utilities/Attainments 
Tank Operating Limits 

Transfer Line Availabilities 
Feed Stream Composition and Flow 
Non-Routine Tank-to-Tank Transfers 

Batch Operation Recipes 

All Through External Data Interface (EDI) 

^ 
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User Controls - How it is Done 

User collects case study conditions 

User creates an input language' specification file 

User runs an interpreter on specification file to 
create 6 raw data files 

SPEEDUP simulation uses EDI to read files and 
implement user desires 

Engineering Modeling and Simulation Group 



EDI Functionality 

EDI has two primary tasks: 

- Set SPEEDUP variables 
(standard - read them in, calculate them) 

- Decide when EDI must return 
(a little tricky - use combination of 'state' 
indicators and candidate time arrays) 

~ Engineering Modeling and Simulation Group ZZZZZI 
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EDI FORTRAN Overview 1 ^ 

EXTINI EXTTRM 

EXTWAI EXTPUT 

Feed Stream 

Manual Transfers 
z 

\ 

ESP 

/ 

DWPF Feed 

EXTGET 

ITP 

Utility/Attainments 

Engineering Modeling and Simulation Group 



WSRC SRTC 
EDI FORTRAN Overview 2 
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EDI Activity Point Calculation 
EXTGET compares module candidate times with 
current times, modules with candidate <= current 

get called 

Module internal indicators give subsection to use 

Modules may have several activity points - each 
has a slot in a local candidate time array 

Final module/subsection job is to select shortest 
time and pass up the hierarchy 

ZZZZZZ Engineering Modeling and Simulation Group ' 
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An Example - The ESP Process 
Always Involves Two Tanks 

Four Basic Sub-Processes : 

• Aluminum Dissolution 
(11 Process Steps) 

• Washing 
(14 process Steps) 

• Consolidation 
(2 Volume Transfers) 

• Next Batch Feed Prep 
(Up to 5 Transfers) 

^ 
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ESP Indicator Hierarchy 
ESP() - values 1 through 4 for two tanks 

indicates which sub-process tank is in 

RUN_FLAG1() - values 1 through 11 
Aluminum Dissolution step no. 

WASH() - values 1 through 14 
Washing step no. 

A (CONSOL and ESP_FEED_PREP use transfer count) 
^ Engineering Modeling and Simulation Group ' 



WSRC SRTC 
Washing Process Steps \ 

1 - Begin Batch Startup Delay 

2 - End Startup Delay 

3 - Begin Initial Tank Decant 

4 - End Decant 

5 - Delay for Analysis 

8 - End Inhibitor Addition 

9 - Begin Wash Solution Addition 

10 - End Wash Solution Addition 

11 - Agitate (Pump Leakage) 

12-Begin Settle 

6 - Establish Wash Solution Logic 13 - End Settle 

7 - Begin Inhibitor Addition 14 - Check for End of Cycle 

Engineering Modeling and Simulation Group 
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[ EDI Return Time Calculation ^ 
Each process/module is broken down into pieces 

Each piece, when active, calculates a candidate 
time (or passes control to next piece) 

Candidate times are stored in arrays, shortest is 
moved up through a hierarchy of arrays 

Final TNEXT is chosen by EXTGET from set of 6 
IV module candidates J 

^ Engineering Modeling and Simulation Group ^ 
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[ Candidate Time Arrays 
EXTGET - Top level - PTNEXT(6) 

(One for each major module) 

ESP_EXTGET - sub-level - ESP_PTNEXT(2) 
(One for each of two possible active tanks) 

ITP_EXTGET - sub-level - ITP_PTNEXT(4) 
(One for each of four possible active tanks) 

Other sub-modules use only 1 time (U/A, F.S., DWPF Feed) 

\V Use very large numbers to make tanks/modules inactive 
^ Engineering Modeling and Simulation Group Z Z Z 



Volumetric Transfers 

Most Tank-to-Tank Transfers use a generic 
subroutine VOLJTRANSFER 

VOLJTRANSFER uses a SPEEDUP Unit, the 
Universal Coupler, to dynamically connect tanks 

HLWS Simulation has 3 UC's - implies intra- and 
inter-coupler transfers 

Can transfer from any Tank to any Tank at almost 
any time 

^ Z I Z Z Engineering Modeling and Simulation Group 
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Universal Coupler 
Universal Coupler uses Text Processing Utility 

Can be of any size and asymmetric 

Each Tank feeds 1 Coupler, and is fed by 1 
Coupler 

Each Coupler has a FEED and PRODUCT stream 
for inter-coupler transfers (mass frac and flow 
information mapped from PRODUCT to FEED) 

Engineering Modeling and Simulation Group 



WSRC = = = = = = = = = = = = = = = = = = = = = = SRTC 

Path Forward 
Expand Technical Complexity of Models 

ncorporate Any User Feedback 

Verify and Validate and Document 

Improve Pre- and Post-Processing Capabilities 

Add Value to the Simulation 

Engineering Modeling and Simulation Group 
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EDI FORTRAN Overview V 
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Supplementary Slides 
For use as backup material 



Evaporator Feed Tanks 
(Accelerated Run) 
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In-Tank Precipitation 
(Accelerated Run) 
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Effluent Treatment and 
Salt Stone Facilities 

(Accelerated Run) 
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Defense Waste 
Processing Facility 
(Accelerated Run) 
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Extended Sludge Processing 
(Accelerated Run) 
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