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• IMPLEMENTATION OF ABNORMAL OPERATION SCENARIOS

INTO THE DWPF PROCESS PLANT SIMULATOR

Kent Ozkardesh
WestinghouseSavannahRiver Company

SavannahRiver Site
Aiken, SC 29808

ABSTRACr PrecipitateReactor,MelterFeed Preparation,Melter,
MelterOff-GasSystem, Recycle Waste System, Balance of

The Defense Waste Processing Facility (DWPF)will be Plant,andHVAC. The packageshave been designedto run
used by the Departmentof Energy to process high level stand-aloneor with other packageswherever process flov_
liquid radioactivewaste into astable andmanageablesolid connect them. For instance, theMelter simulationpacl_::go

. form. The facility requiresa performance-basedoperator is designed to run stand-aloneorwith the MelterOff-_s
trainingprogramto satisfy DOE ordersand guidelines. The System and/orMelter Feed Preparationsimulation
control roomoperatortrainingportionof this programis packages.The primarypurposeof the simulatoris to
conductedon the DWPF Process Plant Simulatorand is provide initial operatortrainingandsubsequentretraining
divided into normaland abnormaloperationstraining. Jnspecific DWPFprocess operations.
Normaloperations trainingreflects the normalmanual and
automatic operations of the process. Abnormaloperations e.a,. To_ 7oeffik
traininginitiates equipment failures andprocess upsets in T.. _._
orderto trainthe operators on transientoperationandsafe t_
shutdownof aspecific DWPFprocess. .--t.-J---

law l_)Int

pumpPn

Abnormaloperations_og r_uhes thecapab_ty of
the DWPF Process PlantSimulatorto initiate and manage
predefined malfunctionscenarios as neededby the training
instructors.

This paper will discuss the implementationof abnormal
operation scenarios capability into the DWPFProcess Plant
Simulator.

INTRODUCTION w°,t. co_.,,=

The DWPFis a complex chemical process consisting of FtgureL DWPFProcessPlantandShnulationPackage Layout

batch, semi-batch, and continuous process operations.The The simulatorwas developed undera phased approach
chemical processing andbalance of plant operationsof the to allow turnoverof deliverables to the customerto support
DWPF arecontrolledby a Texas Instruments®D/3TM schedule trainingrequirementsand milestones. Three
DistributedControlSystem (DCS). Approximately7000 phases were employed for this project: 1) Phase 1 -
digital and analog input/output(I/O) points areprocessed developmentof process models andexecutive programsfor

......... bYthe DCS including some 2.00,000lines of code in controlling.thesimulator;-2) Phase-2- the-expansionof ..............
sequence programsthat provide process and equipment • Phase 1to includeequipment and personnel protection .. ..

interlocks as well as automatedprocess operations, softwareto allow normal operatio_ training;and'3) Phase

The DWPFProcess Plant Simulatorconsists of eight 3 - the expansion of Phases 1and .2to include thecapabilityto initiate andmanage failure and/oremergency
simulation packages which cover the sections of the DWPF process scenariosto allow abnormaloperationstraining.
as shown in Figure 1. These include Low Point PumpPit,
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ORQAN!ZATIONAL ROLES

The simulatorispartitionedintotwoareasofusage:

• DWPF Tr'_g Group - primaryuserofthesimulation

packages, developer of the Functional Performance Development Area
Requirements, and author of the Phase 3 scopes of
work. This area of the system is used by the Process

• DWPF SimulatiQn Group -responsible for the Simulation Group to develop and maintain the different
development and maintenance of the simulation phases of the simulation packages. It consists of six PCMs,
packages. The Functional Design Criteria was four OCMS, one DCM, and two X-Windows terminals.
developed by this group.

• DWPF Operations - primary end user of the process
simulation packages and owner of the DWPF Process
Plant Simulator. This area of the system is used by the Training Group

for operator training, evaluation, and certification. It has
SIMULATOR HARDWARE DESCRIPTION four station areas: three for operator usage and one for the

simulator instructor (Figure 3). It consists of nine PC'Ms,
The DWPF Process Plant Simulator is a stand-alone ten OC2ds, three DCMs, and one X-Windows terminal.

Texas Instruments D/3 Distributed Control System

consisting of four Display Control Modules (DCMs),

Df_ _fifteen 2Mb-80386 Process Control Modules (PCMs), NetWorK DOM03_ oPE_rc_
fourteen Operator Console Modules (OClvls), one VAX TM / ..."--'Y"V'N .. Tn_N_a •

/ / _ " " "" ffrATIONI13

4200 Configurator Display Control Module (CDCM_, and __ _,_ _ \ \ \ \
one VAX 4400 HOST (Figure 2). DCMs are used to drive A\ I 1o.1oo 1,, _m_

\the OCMs which provide various process and alarm oP_roe

displays. Keyboard control of the process is done at the _ [_

OCM and is transmitted to the PCM where the I/O points i ,____._\_ ._are processed and control logic and models are configured. __
.... / _^'r_J---I_ _\\ /

RR:ttJND_t_l 1' OPIRATOR _rATION 111 A V

........... w..iiP_.o.,a._'_._o.
RIHG 11_AINING

Ether_l x._._.
I_UCT_

• _MULA'no_ To VAX 4200 STATION

_UPEFNmOR _._

STA'rl_

I SIMULATQR SOFTWARE DESCRIPTIONi.. _

'1 _ " '===,vA_ Simulation Packa_es

--_ The simulation packages are made up of three main

o_A_O, . software areas: 1) Control configuration and programs; 2).... 1RN_ING " I_AINI_ ..............................

¢rA_c_, rrA_c__ Simulation and model configuration and programs; and 3)
• . a_tm_awo_K User interfaces. In Phases 1 and2 development and.

! •- L m_o,. maintenance,all three software areas require continuedi

...,,.._,,.,,,, modifications as reference plant changes and model
improvements are implemented. Phase 3 development and

Figure2. DWPFSimulatorHardwareLayout maintenance generally only affect the model configuration.



Control Software Configuration is madeup of analog SimulatorStatistics
and digital function blocks written in the D/3's native • 500,000 lines of code
language. In addition to analog and digital point • 4500 instrumentand control points
definitions, an overlay of sequence programs run in the ° 2500 process models
DCS to manage process andequipment interlocks, and ° 19 simulationpackages scoped
automate variousprocess operations.

PHASE 3 FUNCTIONAL PERFORMANCE
Model Softwi_reConfigurationis written in the D/3's REQUIREMENTS

analog function block language and is coded adjacent to
the control software configuration. Figure4 shows the The DWPF Training Group established the simulator's
typical relationship between field hardwareand the DCS Functional Performance Requirements (FPR) to support
configuration of a single control loop and associated abnormaloperations training (Phase 3) for their control
model. The model software I/O replaces the field hardware roomoperators. These Phase 3 requirements are detailed in
I/O within the control system software, this section.

Field ControlSystemSoftware The simulator must be capable of simulating, in real
Equipnmnt time, abnormaland emergency events which result from

Control Loop Model
malfunctions to demonstrateinherentprocess responseand

h/w _ Analog -_t'_ Ar_ functioningof automatic controls, A list of malfunctions

"_ ___ Input Input and theircauses is submitted to the simulatordevelopment

..J
t/w

J_ group.

-'IPv
[ F_,ld ] P'V] co_ol_r o, cue Malfunctiom consist of avariety of equipment failures.

|1",ansml_or, !_7 _ _ Certainmalfunctionsarcrequiredtob¢variableinnature

suchasheatexchangertubeleaksandfalterclogging.The

_[ Cak: severity of malfunctions can be increased or decreased

m

h/w over a realistic time span, with the instructordetermining
the magnitude. Whereapplicable, the simulator provides

s/w _ Fly-'t-Order
Modulating Lag the capabilityfortheDCS operatorto takeactiontorecoverthefacilityand/ormitigatethe consequencesof the

Valve malfunction. Process response to themalfunction is carried
out to a reasonable and stable operating condition as

Figure 4. Software Control Loop and Model In DI3 Control
determined by analysis of the trainingvalue of eachSystem Analog Function Block Language.
malfunction.

SimulatorControlPrograms are written in either the
D/3's sequence and batchlanguage (SABL) or in 'c'.The The simulatorprovides the capability of simulating
following simulator featuresare written in one of these multiplemalfunctions simultaneously. This is to provide
languages: the Simulator Instructorthe capability of "building"
• Simulation Freez_ (SABL) - stops processing of simulator exercises and customizing each exercise to the

models and PID controllers. Trainee's ability anger training needs.
• SimulationFast/Sl0w (SABL and c) - varies the time

scale of the simulatormodels and processes, pHASE3 PLATFORMSELECTION
• L-.itialCondition(SABL and c) - restores the simulator

to a savedset of model and process conditions (see Anevaluation of several Phase 3 platform options was
snapshot), conducted(Weeks and Edwards1991) to determine which

• .Snapshot (c) - captu__.Sall model and pr0.cgssvalues .. one provided the greatest !0.n.g-termfle._b.'.flity,lo_vest .......
and stores them into a database file for later recall, costs, and shortest implementation time on the simulator

• package Link (c) - allows simulation packages to project. Some of the options evaluated were D/3 sequence
transfer model and process data between each other, programs, 'c' programs, and object-oriented expert system
Used for isolating models of selected process plant packages. The objectives and criteria used to select the
areas from the rest of the simulator for testing most beneficial platform are listed below:
purposes or specific operator training.
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Objectiv_ an expert system (it's advertised purpose is as a real time
process management tool). It comes packaged with a D/3

• Expansionof Phase 1 and 2 simulationpackages to interfaceand runs on DEC® VAX/VMS computers.
handle defined training scenarios.

• Initiate trainingscenarios from an X-Window based M/POWBR additionally provides the ability to create
Operator Training Station runby the Training graphical user interfaces through the use of static and
Supervisor. _ dynamic color graphic displays. An instructor station

' . Monitor operator performance during a training - graphic can be created to allow an interface to the
scenario, simulator in order to manage the malfunctions.

• Maintain complete log of all responses as a functionof
time and scenario process conditions. PHASE 3 DEVELOPMENT

:.... * Provide summary statistics of operator responses.- - -
- Time to identify process upset condition Scope Evaluation
- Time required to correct situation and/or shutdown

process. Phase 3 simulation package scopes areprovidedto the
- Number of unnecessary and/orincorrectactions Simulation Development Group and identify the following:
- Actions performed out of sequence. , Malfunction name

• , Provide permanentperformancerenardand/or training • Malfunctionnumber
....... record, foroperator. • Malfunction cause
i

• Primaryeffects
Selection C'riteria , Data references

• ImplementationFeasibility To date, one hundredninety-five (195) malfunction
- Hardware implementation scenarios havebeen defined in the initial scopes of work.
- Software implementation An evaluation of each malfunction scenariois performed
- Installation Complexities (size, cabinet to determine the momentum, mass, and energy effects

modifications, etc.) cau_d by the malfunction. All anticipated operator
- Compatibilitywith existing Operating Sytems and responses to the malfunction are evaluated to ensure that

Software the simulatorcan support their actions. The malfunction is
- Compatibility with existing Configuration fartherevaluated to determine its type, either discrete or
Management Practices/Procextm'es variable.

• Projected Costs
- Hardware DiscreteMalfunction A discrete malfunction is defined
- Software as the insertionof a single point failuresuch as an open

Additional Code Development Time (LOE) circuit or equipment failure.Most cliscretesrequireone
- TrainingCosts for SimulationGroup modification to the model configuration in the simulation

• Long Term Implications package.
- Flexibility for FuroreNeeds
- DWPF Software Support Variable Malfunction A variable malfunction is
- Vendor Support defined as the insertion of a failure that permits an

• Vendor Performance adjustablevalue or quantity that altersthe rate or
• Procurement Issues magnitude of amalfunction. Some variable types require

the addition of a model in order to "track" the state
M/POWER_ SoftwarePackage property affected by the malfunction.

....... Of five Phase 3 platform op.tio.asevaluated, Mit.ech® Model SoftwareConfit,ur'a.ti0nModifications " ...........
Corporation's M/POWER software package was selected. It
met the selection objectives and criteria with the only For both discrete and variable malfunction scenarios,
negative being a lack of personnel training on the software, the D/3 analog function block structures which make up

the model require either additional blocks or slight
M/POWER's strengths axe the ease of programming modifications to the parameters of an existing block. An

through use of it's object-oriented design and potential as



example of discrete and variable malfunction links into a define data links into the program from simulation package
model are shown below (Figure 5). models or control points or from an instructor station

graphic. Likewise, output objects define data links from the
TANKLEVELMODEL program to simulation package models and control points

or to an instructor station graphic. An activity object

defines the rules or conditional logic that is used on theinput and output objects. One of the major features of
M/POWER is the ability for an activity to chain to other

o activities based on the first activity's rules. Each

_ I A, I ..--.-I_ malfunction scenario uses an activity object to monitor the

I _ _ instructor station graphic for mouse button action and

,_ ......... [ chains to another activity object to insert or remove a

INLET malfunction from the simulator.

VALVE _ FLOW
OPEN ,, _V[alful:lCtiOIlScenario Selector Crrapbj_

. . IouTL I

_YB A [ FLOW

_'_'-'-]_'_'_ I , [ The Dv-Draw_ software package is used to develop

INLET I three types of graphic displays used by each simulation

Ir c [FLOW#2 [ package in order for the simulator instructor to control the
MPOWER __r CALC' B-A+C D Malfunction Scenario Management Program: 1) An
SETS s I'--.._-" ] ' " overview graphicof the processwith locations of the

malfunctions indicated in circles; 2) a menu with "button"
gadgetsto control the insertion,removal, and setupof each

] F A BfIO0 malfunction; and 3) a setup menu to control the severity of

6).INSTRUMENT
'1o HIGHRANGE

MPOWER 5 I1 FAILURE
CONTROLS "--'---_ lOS _d_'_-'_ SIMULATIONPACKAGEMALFUNCTIONSELECTORMENU

SWITCH

CALLS UP A
INSERTS OR SETUP MENU
REMOVES THE FOR THE USER

L _ MALFUNCTION TO INPUT
]'All SCENARIO QUANTITY ANDMALFUNCTION

ACTIVITY SEQUENCE TIME DELAY

Figure 5. Analog block diagram of a level model and Indicator with a INDICATOR BASED ON SETUP d
variable malfunction link (tank leak) and discrete GREEN-NORMAL INFO.
malfunction link (instrument failure). RED-ACTIVE

Malfunction ScenarioManagementProm'arn MALFUNCTION SETUP i_l
,...,

An M/POWER application programis developedto QUANTITY(GAL)
manage the insertions and removals of malfunctions. It acts ............... _ ....
as the interface between the D/3 simulation packages and TIMEbELAY(MIN) o I_sl So
the instructorstation.The programconsistsof various
program shells or objects to perform different functions..

Figure 6. Malfunction Scenario Selector Graphic

The program is object-oriented in nature and various
object types perform specific functions. Input objects

i
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pHASe.3,_ST_O
PHASE 3 STATUS

Using the scope of work and generic test procedures,
each malfunction is tested for the proper process responses Currently, the Phase 3 project is 50% complete with
by observing the effects on modeled equipment, turnover of all simulation packages expected by January
instrumentation, and state properties. The package is also 1995. Several demos have been given to Training which
tested to insure the original model integrity has not been were subsets of the actual scopes of work with positive
compromised by new models, results.

PHASE 3 DOCUMENTATION Data from tracking operator responses are currently
extracted from two system log files and manually edited to

....... Simulation Package Manu_l - ...... create operator summary statistics. Plans for automating
this process are forthcoming.

The Analog Block Diagram is used to reflect the D/3
block structure of the control and model configuration in REFERENCES
the simulation package. All M/POWER links are noted in
the appropriate model along with inputs, outputs, and key Ozkardesh, K. and K. Rueter. 1993. '_DWPFPmc,e_
parameters. Simulation Package Phase Three Functional Design

Criteria". Document No. DWPF-SIM-0015-TP.

The Scenario Block Diagram (Figtu_ 7) is used to reflect

the M/POWER application program logic on a per Westinghouse Savannah River Company. 1993. "Defense
malfunction scenario basis. Waste Processing Facility Distributed Control System D/3

Simulator Functional Performance Specification".
Document GP-R-413046.

1 Rueter, KJ. 1990. "Control Loop and Unit Operation Real
A _ Time Modeling on a Distributed Control System." In

_J - _ Proceedings of the 1990 Society for Computer Simulation
Eastern Multi-Conference.

_j Weeks, G.E. and R.E. Edwards. 1991. "Evaluation of

I I Phase 3 Simulation Platform Options for the DWPF DCS
W,tS'mUOTORI I L.-..I I I I:)/3 Simulator". Document No. DWPF-SIM-0006-TP.
DATA ENTRY ACTIVITY REF MODEL EPN
ANDCOMMANDS LOGIC NODE _/_OV_R isa trademark of Mitech Corporation.
_AO_VAX_ DV-Draw is a trademark of V.L Corporation.D-DEAGTIVATE

D/3 is a trademark of Texas Instruments Incorporated

l_mre 7. Scenario Logic Block Diagram VAX and VMS are trademarks of Digital Electronics
Corporation.

PHASE 3VALIDATION

Acceptance Test Results

Following the simulation package turnover, the Training
Group reviews the work and identifies problem areas that

.._must be addressed before the package is accepted. They are ................................
categorized into either action, clarification, or modification

items. An action item requires attention before the package
.. is accepted; a clarification item needs further review by the

developers; and a modifcation item alters the original
scope of work, but does not require resolution prior to
package acceptance.
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