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ABSTRACT:

The DefenseWaste Processing Facility(DWPF) will be utilizedto immobilize
high level liquid radioactive waste into a safe, stable, and manageablesolid
form.

The complexity and classification of thefacility requires that a performance
based operator training program be institutedto satisfy Departmentof Energy
orders and guidelines.A major portion of the training program will be the
application and utilization of Process SimulationPackages to assist in training
the Control Room Operators on the functionality of the process and the
application of the Distributed Control System(DCS)in operating and managing
the DWPFprocess.

The packages are being developed by the DWPF Computer and Information
Systems Simulation Group.

This paper will describe the DWPF ProcessSimulation PackageLifeCycle.The
areas of package scope, development, validation, and configuration
managementwill be reviewed and discussed in detail.

INTRODUC'rlO__

Becauseof the magnitude, uniqueness,and complexity of the DefenseWaste
ProcessingFacility (DWPF), it was determined by the DWPFTraining
Organizationthat Process SimulationPackages would be requiredand applied
as part of the DWPF Control Room Operatortraining program and certification
process.
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The DWPFwill be used by the Department of Energyto process high level
radioactive waste into a solid stable form (Fig. 1).The entire process is
predominately controlled by a DistributedControl System (DCS) which
employs the latest ProcessControl methodologies and concepts.

i Approximately, 6400 digital and analog input/output (I/O) points are
:1 processed by the DCS.
!
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Figure 1: The sludge is fed from a storage tank to DWPF.The sludge is
processed by the Melter Feed Preparation area Into a glass flit slurry. The
slurry is transformed into molten glass by the Melter and poured into Stainless
Steel canisters that are welded shut. The vapor produced by the Melter is
processed by the Off-Gas system. The Precipitate process removes organic
material from the aqueous Melter feed.
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The ProcessSimulation Packagesare developed under the "Function
Simulation"concept (Fig. 2) which utilizesthe DCSas the model algorithm
processing environment.
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Figure 2: A Process Model and corresponding Control Loop represented in a
"Functional Simulation" format on the Distributed Control System

The ProcessSimulation Packagesfollow a very rigorous and involved life cycle
path that wasestablished and based on Institute of NuclearPower Operator
(INPO)guidelines and Department of Energy Conduct of Operation and
Training Orders.

_ORGANIZAT__[ONS

The roles assumed by each organization regarding the DWPFSimulation
project arevery well established and in linewith standard quality assurance
guidelines.



The major players that take part in the Process Simulation Packagelife cycle
/

are:
, .

i DWPF TRAINING GROUP
I This group is the official customer/sponsor for the DWPFSimulation

Projectand ultimatelyeach individualsimulation package.They are
part of the SiteSupport/Services organization.

i
i DWPF PROCESS SIMULATION GROUP

This group is responsible for the development and maintenanceof
a the Process SimulationPackages.Theyare part of the Technical

Departments Control and Information Systems organization.

DWPF PRODUCTION ORGANIZATION
This organization is the end user of the Process Simulation
Packagesand owner of the Simulator System.

Eachorganization and group has a very specific set of responsibilitiesthat are
key to the successful completion of the package life cycle.

PACKAGE SPECIFICATION AND DEFINITION_

['his step is the first area addressed in the Process SimulationPackageLife
Cycle.

SCOPE

The customer will initiate the development of a Process SimulationPackage by
submitting a scope of work for a specific Process SimulationPackage.The
scope will specify and address the following areas:

o PackageTitle
o Package Identification Number

o Package Boundaries
o Control Points to be Modeled

o Control Configuration Items

- Process Graphics

- Face PlateGroups

_| - Control Loops_

- Indication Loops

o Initial Package Conditions

o Assumptions
o Simulation Task Listing
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STRUCTURE
The DWPF Process SimulationGroup will review the scope of work and
determine the ProcessSimulation PackageStructure (Fig. 3) and calculate the
schedule milestones in the form of a Time Study.

RDS06: Primary Off - Gas SystemSimulation
Process Unit 6A: Film Cooler

Module 6A-$1" Film Cooler Process Steam
Module 6A-$2: Film Cooler Brush
Module 6A-$3: Film Cooler Temperature

Process Unit 6B: Spout Jet
Module 6B-$1: Spout Jet Condensate Pump
Module 6B-$2: Spout Jet Pressure

Process Unit 6C: Quencher
Module 6C-S1: Quencher Water Flow
Module 6C-$2: Quencher Water Pump

ProcessUnit 6D: OGCT
Module 6D-$1: OGCT Level
Module 6D-$2: OGCT - RCTTransfer Pump
Module 6D-$3: OGCT Temperature
Module 6D-$4: OGCT Pressure

Figure3: Anexampleof aPackageStructure

This information will be used by the ProcessSimulation Group during the
technical development stages of the life cycle to identify the layout of the
package and organize documentation.

DEVELO__PMENT

The development stages of the lifecycle iscomprised of three main sections

o Model Development

o Package Coding

o Package Testing
iii

i The SimulationEngineer assigned to designand develop the Process
Simulation Packagewill complete each one of these sections during the

_ course oXthis stage of the life cycle.



MODEL DEVELOPMENT
This section primarilyfocuses on the application of approved concepts and
procedures to develop the technical aspects of the ProcessSimulation
Package•

The Simulation Engineer utilizesvalidated and approved Unit Operations and
ControlLoop RealTime methodologies and concepts to develop the process
models in a format specific to the scoped package. This involves integrating

_i into the concept package specific design informationand data.

PACKAGE CODING

Withinthe DCS environment, pre-defined shells and libraries have been
created and validated to assist in the configuration (coding) of DCS
applications. The Engineering Work Station utilitiesare used by the Simulation
Fngineer to translate the technical equation based models into a format which
is_.,,ecutableon the DCS.

The utilitiesprovide a means for efficientlycoding/configuring the Process
Simulation Packages.

PACKAGE TESTING
The ProcessSimulation Packagefollows a very involved and detailedtest
path.

k , '

The test procedures and guidelines require the packages be tested ina
phased format. Initially,each individual model is separately tested and
evaluated to verify its accuracy and fidelity. The next step is the testing of
specific groups of models as they pertain to the Simulation Module boundaries
and the transfer of data between models.

The final test is a complete Integrated Packageevaluation in real time against
the ManualOperating procedures drafted to run the DWPF.

A detailed and thorough test journal is maintainedto document the eventsof
the test.

Ifat any point a test discrepancy is identified,the Simulation Engineer halts the
test and resolvesthe problem. The affected packagesection or path is

.,, retested.
il



VALIDATION

i The Simulation Package Owner (DWPFTraining Group)is responsible for andi

i manages the validation stage of the life cycle.
i

The ProcessSimulation Group isremoved from this stage so that no issues
regarding conflict of interest can be raised. The group assumesa maintenance

. role during this portion of the life cycle.

..-- TURNOVER

Upon completion of the development stage, the ProcessSimulationGroup
turns the Simulation Package over to the Training Group for Acceptance
Testing and ultimatelyvalidation.

CUSTOMER REVIEW AND EVALUATION
The "l'rainingGroup performs a complete review and evaluationof the package
in the form of anAcceptance Test.The Acceptance Test verifiesthat the
ProcessSimulation Package has been developed inaccordance with the
scope of work.

A list of Acceptance Test Results(ATR)are compiled by the Training Group
and transmitted to the ProcessSimulation Group for resolution and/or
implementation.

ACCEPTANCE TEST RESULTS
Acceptance Test Resultsare test comments identifiedby theTrainingGroup
(Package Owner) during the validation stages of the life cycle.

The ATR list is indexed by item type:

o Action Item - a discrepancy with the scope of work.

o Modification Item- an addition to the scope of work.

o Clarification Item- a question or concern regarding the package,

Based on the item type, the SimulationEngineer either resolvesor implements
the necessary package revisions.
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CUSTOMER ACCEPTANCE
When ali the ATR items have been closed out, the Training Group conducts a
final review of the package and provided the items have been resolvedto the
groups satisfaction,the Process Simulation Package will bevalidated.

. A validation form is signed by the Owner, User, arid Developer of the package.
At this point, the package can be utilizedfor operator training and other
applications.

PACKAGE.DUPLICATION

The validated ProcessSimulation Packagesare duplicated from the Simulation
Development environment to the Operator Training environment (Fig. 4).

Currently, three separatetraining stations exist and a package can be loaded
to one, two, or ali of the stations without a conflict.

DWPF
TRAINING SYSTEM

lip I r'l_ rl _l' II, I I

TRAINING
STATION

,- 1

SIMULATION DCS TRAINING
DEVELOPMENT NETWORK STATION
ENVIRONMENT 2

FIGURE 4" DWPF Training System Configuration

A software utilitydeveloped by the Process Simulation Group is used to
automatically duplicate a ProcessSimulation Package to the Customer
specified Trainingstation.
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_C_O_NFIGURATIONMANAGEMENT_

PACKAGE BASELINE

Immediatelyafter a package is validated,a Simulation Engineer is assignedto
baselinethe package.

During the baselining process, the ProcessSimulation Package
documentation is compared to the validated source code and updated to

__i reflect the functionality of the code explicitly. Secondly, the overall structure of

i' the package verified against approved structuring requirements
is and

guidelines.

Overall, the baselining effort prepares the entire package to becontrolled and
placed into the Configuration Management System.

CONFIGURATION MANAGEMENT SYSTEM

A Configuration Management System (CMS) is in place to maintainthe
Process Simulation Packages in an effectivetraining state and up to date
regarding actual process modifications.

The CMS is completely compatible with the systems used to control the DWPF
plant configuration. As a result, changes approved in the plant environment
are easily reviewed and integrated into the SimulationCMS environment.

Ali referenceplant design modification requests areevaluated for Process
Simulation Packageimpact and implementationby a SimulationConfiguration
Management Committee (Fig. 5), The SimulationConfiguration Management
Committee is chartered with reviewing package change initiatorsthat effect
validated packages and determining the impact on the effectiveness of the
simulation.From the impact analysis, the initiator is categorized and
transmitted to the Process Simulation Group for implementation.
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SIMULATION CONFIGURATION MANAGEMENT
COMMITTEE

Composition
Process SimulationEngineer
DCS/Simulation Trainer
ProcessSimulationApplication Specialist
Production/Operations Engineer

Members

DWPFProcess SimulationGroup
DWPFTraining Group
DWPFProduction Organization

- Leader

CMC Chairperson- DCS/Simulation Trainer

i Figure5"DWPFSimulationConfigurationManagementCommittee

Structure

PACKAGEMODIFICATION

A programmaticmeans for handlingCMC approvedpackage modificationsis
utilized.The SimulationEngineerassigned the Initiatorwillreviewthe
modificationfor schedule, technical,documentation,and systemimpact.

The initiatoris implementedper procedureandali corresponding
documentationrevisedaccordingly.If designatedby the CMC, the Training
Groupwillevaluateand approve the modificationalongwiththe Process
SimulationGroupbefore itis loaded to theTraining environment.

Overall,theDWPF SimulationCMS providesa strictand securebut workable
means for maintainingthevalidityand integrityof thevalidatedProcess
SimulationPackages.

PRO_BO__C__.S_SDATA INTEGRATI_O___N

The modelsdevelopedfor theDWPF ProcessSimulationPackagesare based
on theconceptof "FunctionalSimulation".Thisconceptcombinesthe
attributesof UnitOperationand ControlLoopRealTime modeling

,el methodologiesand techniques to form an analyticalmodel from design data
and boundary conditions.

Ali empirical and dynamic constants areobtained and/or calculated from
design information and data.
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However, asthe process ages and fouls, the validity of the design based data
and boundary conditions will change along with the empirical and dynamic
constants. As a result,a system which provides a means'for calculating new
empirical and dynamic constants from actual process datawill be utilizedto
maintainthe fidelity of the Process Simulation Packagesduring the life cycle of
the DWPF.

The ProcessData Integration system willapply parameterestimation and lump
parameter realtime dataevaluation concepts to calculate revisedempirical
and dynamicconstants for the ProcessSimulation Packages.

The ProcessData Integration system will interface to the Process Information
and ManagementSystem that collects real time process data.

PACKAGE APPLICATION

Ultimately,the application of the ProcessSimulation Package is the goal of the
complete life cycle.

As initiallystated, the primary application of the ProcessSimulation Packages
is Performancebased Operator Training for Central Control Room Process
Operators, However, during the life cycle, other users have and do apply the
packages for Closed Loop Control Analysis, Advanced Control Configuration
EvaluationStudies, Manualand Automatic Procedure Review,and Process
Familiarization.

STATUS.

Presently,twelve Process Simulation Packages have completed the entire life
q cycle. Thepackages are being utilizedin different capacitiesand applications._N

i Approximately 75 Process Operators have been trained and evaluated against

the ProcessSimulation Packages.
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