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THE LOS ALAMOS NUCLEAR PLANT ANALYZER:
AN INTERACTIVE POWER-~PLANT SIMULATIOR PROGRAM*

Robert Steinke, Clay Booker, Paul Giguere, Dennie Liles,
John Mahaffy, and Michael Turmer
Sifety Code Development Group
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

The Nuclear Plant Analyzer (NPA) is a computer-software
interface for executing the TRAC or RELAP5 power-plant
systems codes. The NPA 18 designed to wuse advanced
supercomputers, long-distance data communications, and a
remote workstation terminal with 1interactive computer
graphics to analyze power-plant thermal-hydraulic behavior.
The NPA interface siaplifies the running of these codes
through automated proced:res and dialog interaction. User
understanding of simulated-plant behavior is enhanced through
graphice displayn of calculational results. These results
are displayed concurrently with the calculation. The user
has the capability to override the plant’s modeled control
system with hardware-ad justment commands. This gives the NPA
the utility of a eimulator, and at the same time, the
accuracy of an advanced, best-estimate, power-plant eystems
code for plant operatioa and safety analysis.

INTRODUCTION

The Nuclear Plant Analyzer (NPA), a US Nuclear Regulatory Commissfon
(NRC) sponsored project, provides a more powerful and convenient user inter-
face for executing the major power-plant eystems codes: the Transient Reactor
Analysis Code (TRAC) (Ref. 1) and the Reactor Leak and Power Safety Excursion
Code (RELAP5) (Ref. 2). Los Alamos National Laboratory and Idaho National
Engineering Laboratory (INEL) jointly are developing the NPA. Technology
Development of California (TDC) Inc. 4e developing the Nuclear Plant Data
Bank (NPDB) to be used by the NPA for TRAC or RELAPS input data preparation.

TRAC sand RELAP5 are advanced, best-egtimate, thermal-hydraulic eystems
codes used to analyze the operation and safety of nuclear, as well as conve .-
tional, power plants. Weeks to months of human affort are required to prep.re
and quality-assure input data, to exaecute TRAC or RELAPS5 utiliziag that data,
and to {interpret the resulte of the calculation. The NPA 18 designed to
automate uost of thie procadure. In addition, the NPA providee {interactive
capability to the user during the calculation. Calculational rcsults are
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presented in graphics displays 2s the calculation proceeds. Coatrol of the
plant, ae defined by the input data, can be overridden at aay time during the
calculstion by hardware—adjustment commands issued by the NPA user. The NPA
handles all interaction with the computing environment. This allows the
user’s attention to be devoted fully to the transient event being analyzed.

The NPA provides TRAC and RELAPS users with an analyeis tool that can
reduce significantly the time and effcrt required to analyze power-plant tran-
sients. Opportunities for introducing human errcr intc the analysis are
reduced greatly through automacting most of the data manipulation. No experi-
ence is needed to run thege complex computer codeg with the NPA. HKeading and
understanding a sizable user’s manual are no longer prerequisites. Wow,
analysts need only the expertise to understand the complex thermal-hydraulic
phenomena occurring in power--plant transients.

The NPA has been under development for two years. Several mdre years
will be required to devzlop its full capability. Thus far, an NPA to drive
TRAC has been developed at Los Alamos, and a separate NPA to drive RELAP5 has
been developed at INEL using common guidelines. This was done to facilitate
the prograuming and testing of NPA interactive coupling to each code. With
this now completed, the next atep will be to combine these two NPA versions
utilizing the best features of each and to incorporate software to access and
utilize the NPDB. 1In this paper, the current TRAC-based NPA developed at Los
Alamos will be described.

HARDWARE

The Tektronix 4115B, intellige~t, high-resolution color-graphics terminal
has bcen selected as the NPA workstation. In addition;, it has data storage
cornfigured as two hard-disk drive units and two floppy-disk drive unice, a
color hard-copy unit, and a 4800/9600-baud modem to communicate with the
mainframe computers at Los Alamos or INEL. The TRAC/RELAP5 thermal-hydraulic
calculation 18 executed on a Cray-l or a Control Data Corporation
7600/Cyber 176 mainframe computer.

Curreatly, the NPA goftware and graphics-data manipulation are executed
on the mainframe computer as well. In this form, the NPA can be run on a
Tektronix 4105, 4107, or 4109 nonintelligent, color-graphicse teruinal.
Eventually, when the two NPA vere¢ions are combined, these functions will be
downloaded to execute on the 4115B intelligent workstation. The capability
for execcuting everything on the mainfreme computer, however, will be
majntained so that a less expensive, nonintelligent workstation can be used as
well.

SOFTWARE STRUCTURE

A block diagram of the Los Alamos NPA software structure i@ shown {in
Fig. 1. Computer programs are¢ shown as boxes, and dara files &are ehown as
ellipsca. There are threse programé that execute on the eaae computer nsing
differenr execution suffixes in a time-shared computing environment. The NPA
executive program etecutes on euffix A; it generates the terminal’s graphics
dieplay and communicatag with the NI'A user, TFRAC, and the Common File System
(CFS) for accesging and permaneatly gtoring files. The TOGRF program executes
on suffix D; it reads data from the TRAC graphicce-davz outoput file TRCGRFi and
writes & selected portion of that data to the NPA 2xecutive graphice-data
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Fig. 1.
A block diagram of the NPA software structure.

fnput file TRCIGR. The TRAC program executes on suffix E; it performs the
power-plant, thermal-hydraulic calculation.

The data files rvreside on a local etorege disk and perfora three
functiong: to communicate dnrta and information between programs, to provide
fnput data to a program, and to etore cutput cata from a program. The files
TRCGRF1, TRCIGR, EDITBLK, TRACDONE, PTPDSK, PBKTIMES, PBKFLG, and FENDPBK
communicate betwean programs. Files NPADATA, VARTBL, XYDISr, NPAHELP, TRACIN,
and TRCRST provide input data to the NPA aud TRAC programs. Files NPALOG,
TRCLOG, TRCGRFi, TRCOUT, TRCMSG, TRCDMP, and TRCINP store output data from the
NPA and TRAC programs.

Files TRCGRFi and TRCICR, &s described aar'ier, arc used to transfer
grapb.cs datas from the TRAC program to the NPA executive program uging the
10GRF program. The NPA executive program also uses file TRCIGR to send to
progrum IOGKY the pumber of time adite of graphice data (LAST) to be rerained
in fila TRCiGR for & backup/branch calculation. File EDITBLK sends to program
1060 the message ‘Ready’ and the number of time edits already written by TRAC



on file TRCGFRi. File TRACDONE 13 created by TRAC just before terminating a
TRAC run. Its presence serves ss & flag to program IOGRF to terminate
execution as well because no further data will be written tc the TRCGRF1 file
by TRAC.

File PTPDSK communicates information between the TRAC and NPA executive
programs. The NPA sends user cormands affecting TRAC and NPA messages to the
TRAC program; TRAC sends its statua data and TRAC messages to the NPA
executive program. At present, PTPDSK 18 a diak file. Communications with
it, however, have been designed to allow it to be replaced eventua’ly with a
direct process-to-process (PTP) protocol communication path between the TRAC
and NPA executive programs. A direct PTP path would eliminate much of the
time delay experienced with disk read/write operations and with written data
being buffered in blocks for efficieacy.

Files PBKTIMES, PBKFLG, and ENDPBK communicate the problem time intervals
that graphics data in previously generated TRCGRFi files (renamed AGRF{i,
BGRFi, ..., 2GRF1) are to be played back through file TRCIGR to the NPA
executive program. In <this NPA operating wode, the TRAC program 1s not
executed. The creation of file PBKFLG flags the IOGRF program to read the
problem time intervals from file FBKTIMES; to read the desired graphics data
from TRCCRFi files AGRFi, BGRFi, ..., ZGRFl; and to write it to file TRCIGR.
Program IOGRF signals completion of this task to the NPA executive program by
creating file ENDPBK.

The remaining files provide input data to and store cutput results from
the NPA executive and TRAC programs. Files NPADATA, VARTBI, and XYDISP
contain problem-dependent information that the NPA executive program uses to
create the graphice displays. Information for an on-line help package for the
NPA user 18 contsined in file NPAHELP. The two 1input files, TRACIN and
TRCRST, are the standard TRAC input and restart dats files, respectively. The
NPALGG and TRCLOG files contgin a record of all communications becween the NPA
user, the NPA executive program, and the TRAC program. This encompasses
commands, messages, and responses (when ¢he message 18 a question). Filles
TRCGRF1i, TRCOUT, TRCMSG, TRCDMP, and TRCINP are the atandard TRAC output files
containing graphice data, thermal-hydraulic state edits, execution messages,
data dumps, and TRAC input-format data, respectively.

PROBLEM STARTUP

The NPA is rum by executing the NPA executive program. Input-data files
NPANDATA, VARTBL, XYDISP, and NPAHELP wust be created or retrieved from CFS
storage by the uveer before the run. Eventually, the NPA executive program
will be automated to do tuis, A menu system is available to allow tha usecr to
select a desired power plant und to have the NPA erxecutive program access the
plant’s TRAC input—-data files TRACIN and TRCRST from CFS storage. At present,
these files are available for only the Three Mile Igland (1MI) Unit 2 and
Calvert Cliffs power glants. An example sequence of four menu displays 1s
shown in Fig. 2. Positioning the + cursor nearest to an item and hitting the
space—bar key or typing the nvmber of the item bringe up ite subdirectory wmenu
on the vidau screan. The screen displaye shown in Fig. 2 and 1iun subsequent
figures are black and white copiec of actual ecrezn displays made by the color
hard-copy unit.
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For each power plant, steady-gtate and transient input-daca files are
available. There is only the TRACIN file for steady-state analysis, because
it 18 an initial TRAC calculation. Transient analysis requiree file TRCRST as
well as TRACIN, because it is the r.start of a previous TRAC run (the end of
the steady-state calculation or the restart &t sgsome time during a transient
calcuzation). Regtart-data file TRCRST is the renamed data-dump £ile TRCDMP
created by TRAC in a previous run. The menu syster may be bypassed if files
TRACIN and TRCRST were created or accessed from CFS eétorage by the user before
the run. Eveatually, the menu system will provide the user with the
capability to create file TRACIN uaing the geometric and operational data from
a desired power plant gtored in the NPDB. Numerical wmodeliug information,
which also 1s required to create TRACIN, would be obtained through interactive
dialog with the user.

With TRACIN and TRCRST as local files, the NPA executive program starts
the IOGRF and TRAC programs on execution suffixes D and E, respectively. It
then pauses execution until TRAC and IOGRF execute far enough to create and
write graphics data to the TRCGRFi and TRCIGR files, respectively. At this
point, TRAC and IOGRF pause execution as well. The NPA executive program then
initializes the graphics display and the TRAC status as being "paused" on the
video screen. The problem setup and calculation startup are now complete. An
NPA-user command 1is needed now to contiaue wwith the Interactive TRAC
calculatioun.

SCREEN DISPLAYS

The video-screen display is subdivided ipto two areas: the upper 84X of
the screen is for the graphice display and the lower 162 is for five lines of
data communications with the NPA user. Three different types of graphics
displays currently are available: time-history plots, a power-plant display of
generic data, and a TRAC-noding dlsplay of detailed data. The five
communication lines consist of two lines for TRAC-gtatus information, one line
for messages or questions to the NPA user, and two scrolling dialog lines for
entering NPA-user commauds and responses.

An example display of six time-history (x-y) plots is shown 1in Fig. 3.
This display can have from one to six time-higtory plots with cne to three
function curves ({n green, yellow, and white) on each plot. The number of
such displays and the form of each is defined by file XYDISP. The NPA user is
givean the capability to define or modify the form of these displays
interactively at the terminal.

Examples of a TM1l Unit 2 power-plant display of generic data and & TRAC-
noding display of detailed data are shown in Figs. 4 and 5, respectively.
Generic and detalled data, defined by files NPADATA and VARTBL and written to
file TRCIGR by program IOGRF, are shown in Table I. The form and content of
these wchematic displays are programmed currently in the NPA executive
program. Eventually, they will be generated internally by the NPA executive
program from the geometric and numerical-modeling information in the TRACIN
and TRCRST files and from the NPA uger’e intcractively selectad parameters.
In these displays, the numerical velues of generic data are gshown and vary as
TRAC problem time advances. The detailed~data parameter’s value (void
fraction of water .n Fig. 5) is represented by color with a spectrum of colors
soanning the parameter’s value range. If Fig. 5 waes shown in color as it {is
on the video-ucreen display, it would be eusy to locate where steam and liquid
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Time-~history (x-y) plot display.

wvater reside and where change of vold fraction 1s occurring (when viewed over
time).

The TRAC-status information shown in the first two communication lines of
the display 1s transferred from TRAC to the NPA executive program by file
PTPDSK. This information consists of the execution gtute of TRAC (running,
paused, end exit, or err exit), current TRAC problem time, current time-step
number, eize of the last time step, the NPA user-defined TRAC stop time, and
the next pending TRAC pause time. While TKAC problem time also is showa in
the graphics displays, the TRAC-gtatus time 18 more current with the TRAC
calculation. Eventually, when the PTPDSK file 1s replaced by a PTP protocol
communication path between the TRAC and NPA executive programs, the time delay
between the TRAC calculation and 1ts status display will be reduced to only a
few time gteps. Having current TRAC-status information can be very important
when issuing commands to TRAC "on the fly" (when TRAC 1s running).

The message/question 1line and the two dialog 1lines for NPA-user
commande/regponees provide the window for commuanication between the NPA
executive program and the NFA user. Commands available to the NPA user are
discugssed in the next section. When the NPA exacutive program processes a
command, the command fin the form that it was received is displayed on the
message line (see Figs. 3 and 4). Many possible measages and questions may
appear on this line. Figure 5 provides an exemple of a backup question. When



PRESSURIZER

FEED-
WATER LEVEL WATER
FLCU 13.9 FLOY
-2 -.2
™I SYSTEM
PRESSURE
16.86
Bl o
- 00 TEMPIEGS
MASS FLOW  PUMP PUMP MASS FLOW
7869.5  SPEED _— SPEED  g999.2
113.1 ECCS125.7
.0
TIME = 166.05 (2M 46.05) BSe
TRAC Status: poused Time Step: 671 Stop Time: 3@0.00
Problem Time: 178.85 Delta Time: .58828 Pause Time: 178.00
set pumpa to .a_

rcv

‘d:
e '.'_

TR TN TR A VR

Fig. &4,
Power-plant display of generic data.



TIME = 273.3S (4M 33.39)

Void Fraction Max  System }ﬂ
1.99 Clad Press-
= Temp ure
750 128
725 19
275 100 18
€75 | F17
—0.50 650 [H16
B 625 15
600 -14
-Hl .38 Vlg7s | hi3
I 558 | F1e
] TSES -1 1
Lcpp Ul1p
TRAC Status: paused Time Step: 815 Stop Time: 300.90
Problem Time: 2&A.33 Delta Time: 1.909900 Pouse Time: 286.00

Is o backup to be done to time 200.88 s for the close command (y or n)?

:l" e Lt¢ I. o B N

Fig. 5.
TRAC-noding display of detalled data.



TABLE I
¥PA GAAPHICS~DATA PARAMETERS

Censric Deta, Two—loop (A and B) Plant

Name Description Hame - Description

CLTIA Cold-leg :emperature (A) PRZRLV Pressurizer level

CLIB Cold~leg temperature (B) FUMPSPA  Pump epeed (A)

COREVOID Core void fraction PUMPSPR Pump spaed (B)

ECCSMFA ECCS mass flow (A) SECPA Steam-gensrator secondary presgure (A)
ECCSMFh ECCS mass flow (B) SECPB Steam-generator secondary pressure (B)
HLTA Hot-leg temparature (A) SGPRIMFA Steam-genarator primsry mass flow (A)
HLTB Hot~leg temperature (B) SCPRIMFE Steam-generator primary mass flaw (B)
LDMFB Lat-dovn mass flow (B) SGSECLVA Steam-genarator sacondary level (A)
MAXRT Maxisum rod-cladding temperature SGSECLVE Steam-~generator secondary level (B)
PORV PORV relative stem position SGSECMFA  Steam—-generator secondary mase flow (A)
POWER Reactor-core thermal power SCGSEQMFE Steam-genarator secondary mass flow (B)
PRIMFA Primary mass flow (A) SOBCOOL Reactor~core subcooling

PRIMFB Primary mass flow (R) SUPAEATV Reactor~core 7spor superheat

PRIP Primary presrure

Detalled Dats

ALPHA Void fractions in all mssh cells TL Liquid tempzratures in all megh cells
WFLOW Hass flows at all mash~call interfaces

a question 18 sasked, the expected responses are shown within parenthesesg by
the question mark. For a question with "(y or n)?", for example, the NPA user
should respond with "y" for yes or "n" for no.

NPA-USER COMMANDS

After problem startup is completed, the TRAC and IOGRF programs are
paused and the NPA executive program issues a "“COMMAND:" prompt on the lower
dialog line. Now, the NPA user controls execution of the NPA executive and
TRAC programs with the commands shown in Table II. At gsome point, a RUN or
STEP command must be enteraed to res:art TRAC (and IOGRF) execution. The use
of all other commands 1is optional. Commands can be entered at any time, even
vwhen TRAC 1s running. When TRAC 1is "running", the RETURN key must be hit
firet to get a "COMMAND:" prompt before entering a command. When TRAC ‘s in a
“paused"”, "end exit", or - "err exit" state, the "COMMAND:" prompt appears
automatically.

A comnand is implemented either by vhe NPA executive program or the TRAC
program, a8 noted in Table II. The commandn that the NFA executive program
senda to TRAC through file PTPDSK are used to control hardware adjustment
(currently valve closure, pump speed, reactor-core thermal power, and
boundary-condition pressure and mass flow), TRAC output affecting the NPA, and
TRAC execution. The quantities "value", "time", and "interval" {in the
comrands are user—-defined numbers (vaiues;. The quantity “command name" or
"compouent name" 1is a word or letter striug: “command name" is the first word
of any commsnd in Table II; “component neme" i3 one of the letter-string names
in Table IIT defining & hardware component or an adjustable action.
Currently, the names in Table III are progrsmwmed in tae NPA executive program



TABLE 11

WPA-USER COMMANDS

To the WPA Executive Program

Comaand Description
ADD value Add a nev x-y display nusbered "values™
CANCEL (or C) Cancel previous command entered
CHANGE (or CH) value Change existing disrlay numbered “value”
COPY Make a4 color hard copy of the mcreen display
DISPLAY (or D) value Pring up the screen display oumbered “value"
END (or E) . End rthe WPA interactive runm
BELP command name Gat help informatioo on “"commsand name"
RESET (or RESCALE ur RS) keyword TO (or =) value/s Rescale or redefine x-y plot coordinates or format
WCOPY Make a color hard copy of the screen display

with black and white reversed

To the TRAC Prograam

For Hardware~-Ad justment Control

CLOSE component nase TO (or =) value AT time Close s valve, pump, or f1ll to its “vulue" state
OPEN cowmponent uame T0 (or =) value AT tiwe Open a valve, pump, or fill to its “value" state
SCRAM AT time Shut down the reactor-core thermal power

SET component pame TO for =) value AT time Set the hardware-action state to “value"

TRIP ccmpoue..t name AT time Set the hardware-action state to ils zero-value state

For TRAC-Output~-Affecting-NPA Control

DUMP AT time EACH interval Redefine the TRAC date-dump time and interval
EDIT AT time EACH interval Radafins the TRAC graphics—-data edit time and incerval

For TRAC-Execution Control

BACKUP TO time Parform a backup/branch procedure

PAUSE (or P) AT time Pause the TRAC program

RUN (or R) TO (or FOR) time Restart TRAC snd set the TRAC-run end time

SPEED RATIO value Limit TRAC to execute no faster chan “value" times
Teal time

STEP value Restatrt TRAC and implement a PAUSE AT "present time
plus value" command

STO? AT time Seat the TRAC-run eund time

TABLE II1

NPA "COMPONENT NAMF" FOR HARDWARE COMPONENTS OR ADJUSTABLE ACTIONS

Name Description Naae Description

CONPA Containment pressure at Loop A PORV LDBR Latdown maue flow or valocity, Loop B
CORE Reactr —core componant PORY Pressure-operated ralief-valve component
ECCA ECC* mass flow or velocity, Loup A PUMPA Primary pusp cospouent, Loop A

ECCB RCC® masa flow or ve_wity, Loop B PUMI'B Prlgury pump component, Loop U

FUA scsb faedvater mues flow or velocity, Loop A SGSECPA  B5GS° pressure, Loop A

FuB 8Cs" feadvater mass flowv or valocity, Loop B SGSECPD 8¢5 ressure, Loop B

LrCC is evergency core coolaat.

bscs 1e steam: ‘narator sacondary side.



for a two-loop plant. Eventually, the user will be able to define thege namss
and the hardware-adjustment actions they reprcsent interactively.

For the TRAC commands, the “AT time", "TO (or =) value", and "“EACH
interval” are optional parts of the command. If “AT time" {8 not specified,
the tine for implementing the command’e action defaults to the curreat TRAC
problem time. If "TO (or =) value" 1s not specified, the default value is 0.0
for the CLOSE commaad and 1.0 for the OPEN command. An exception is the SET
comnand that requires s “value" to be specified. The number “value" is either
the physical valuez of the action (in SI units) or the fractional value (when
between 0.0 and 1.0) of the ‘fully deployed’ operating state. If *“EACH
interval" 1s not specified, the default time interval is 8 very large number.

Commands received by TRAC are stored in a ‘stack’ srrangement. The
commands are ordered first by type of command and then by implementation time.
This allows the NPA user to enter any number of commands to TRAC with any
number of the sgme type (PAUSE, for example) to be implemented at different
future problem times. The user ie eble to “stack’ up commands for future
implementation. While the NPA user adds commancs to the stack, TRAC removes
them from the atack after they have been implemented. The user can remove a
command that has not been implemented from the stack by entering the same
comnand again but with the four letters “AUTO" for 1ite "value". This command
also can be used, when there 1s not a similar command in the gtack (same type
and time), to return control of the hardware action to the hardware’s
AUTOmatic control procedure defined by TRAC’s input data.

BACKUP/BRANCH AND PLAYBACK

During an NFA run, there are three occasions when TRAC is not executed on
suffix E: problom setup, backup/branch, and playback. Problem setup was
described earlier. Backup/btranch aad playback are user-convenient features of
the NPA thsat vill be described now. They greatly extend the analysis
capability of the NPA for the user.

Backup/branch 1s a procedure implemented at any time during TRAC
ezecution whercin the NPA user can stop the TRAC calculation and restart {t at
some carlier problem time. Restarting TRAC producee a separate identifiable
run with iteé own TRAC iaput/output files; thus, 1t is a branch calculation.
The NPA user initiates a backup branch procedure by entering a "BACKUP TO
time" command or one of the TRAC hardware-adjustment commands with an "AT
time" that 1is before TRAC’s current problem time. TRAC responds to the latter
commands by sending a message to the NPA executive program asking if the user
wishes to do a backup. The question is dieplayed to the NPA user (see
Fig. 5). Ii answerad "y" for yes, a backup procedure 1s 1initiated; 1f
angwerad “n" for no, the “time" 1in the command ie changed to the current

problem time, the command 18 implemented, ard TRAC continues its execution.

The NPA executive program performs the backup/branch procedure under
interactive—dialog coatrol from the NPA uger. The NPA executive program sends
a STOI' cowmmand to TRAC. TRAC terminateos execution with an “end exit" . :atus;
10GRF termindtes a8 well. The NPA veer ia givar. the options of renaming the
terminated TRAC-run output files and storing them on the CFS. The actual
renaning and etoring are done by the NPA exacutive progrum. Files TRACIN and
TRCRST are renawed by adding the numher of this backup/branch (1, 2, 3, ...)
to the end of their names. Then, a uvew TRACIN file is generated for the



bracch calculation; file TRCDMP is copied and named TRCRST. Only the graphics
data before the backup time are saved in file TRCIGR by redefining the total
number of time points of graphics data in TRCIGR to this lesser number. The
NPA executive program then starts up TRAC and 1IOGRF to begin the branch
calculation. When reading the TRAC command-stack param=ters from file TRCRST,
all coamands to be iaplemented at and after the backup time are diccarded.
The TRAC data dump just before the backup time is used. To complete the
backup/branch procedure, the NPA executive program automatically sends a
"PAUSE AT backup time" command and the hardvare-ad justment comwand that caused
the backup (1f such is the cage) to TRAC.

Playback is a procedure for interactively analyzing on NPA graphics
diaplays all the graphice data in existing TRCGRF1 files (renamed AGRFi,
BGRFi, ..., ZGRF1) from previous TRAC runs with the NPA. At present, only the
generic and detailed data parametere in Table I can be accessed from the
AGRF1, BGRFi, ..., ZGFR1 files by program IOGRF during a playback. Data from
any time frame of the transient can be displayed. Data from successive branch
calculations can be concatenated for display by renaming the TRCGRFi files
from the initial TRAC run and subsequent branch calculaticns with the vares
AGRF1, BGCRFi, CGRFi, ... The time intervals for data to be extracted from
each of these files and then combined are interactively specified by the user
to the NPA executive program that then writes 1t to file PBKTIMES for program
I0GRF.

In the future, when the NPA executive and IOGRF programs are downloaded
to execute on the Tektronix 4115B intelligent worketation, the playback
procedure would be a2xecuted entirely on the workstation. A telephone link to
the wmainframe computer would not be aeeded when operating the NPA in the
playtack mode. Analyzing -he results of previous TRAC ruus with this
interactive graphics-display capability would be inexpensive and convenient.
The TRCGRFL files from svch runs could be copled by the workstation onto a

floppy diek and mailed to other NP4 workstation sites for further analvsis and
evaluation.

FUTURE DEVELOPMENT

The basic capabilities of the NPA are programmed and operational on both
the TRAC-based and RELAPS5-buged NPA vergions. Many of the desired enhaunce-
ments to this capability for the TRAC-based NFA version are mentionced
throughout the text of this paper. A list of future developments for the NPA
follows:

l. Combine the best fecatures of the Los Alamos TRAC-based and INEL
RELAP5-basad NPA versions into ona NPA for running either code.

2. Download wmoat functiona of the NPA executive aud IOGRF programs for
axecution on the Tektronix 41158 intelligent workstation. While
doing thie, maintain as an option the current capability to ea~cute
the entire NPA on a mainframe computer ec that a lese expenslve,
nonintelligent color—-graphliice terminal can be veed ac well.

3. Implement & wmenu-driven data-base management eystem to provide
convenient storage and retrieval ot NPA files. Currently, ouly
specific predetermined files¢ can be accessed interactively.



4. Produce a special NPA therasl-hy/iraulic code with 2 three-dimensional
tvo step numerice and vectorization {or fast running.

5. Incorporate into the NPA the softuare being developed by TDC to
create TRAC or RELAPS input-deta fileg using the NPDB and numerical-
ncdeling information obtained interactively from the NPA user.

6. Provide interactive capability to renode a TRAC or RELAP5 input-data
file. When coupled with the backup/branch grocedure, this would
allow, among other advantuges, arbitrary placement of breaks for
losi-of-coolant analysis (10CA) studies-

7. Provide batch~execution cupabiliry for the NPA sc that a more cost-
effective TRAC/RELAP5S celculation can be performed when playback
analysis of the results i3 sufficient.

8. Expand the graphice-dirplay capabilities; for example, animation of
flow information, turee-disensional displays, sutomatic generation of
plant-neding displays, interactive definition of graphics displays,
etc.

9. Give the NPA user the interactive capability to define or modify the
nanes of generic ata, detailed data, and adjustable-hardware
components or actions.

10. Incorporate additional commands that would be useful to the user.

11. Create as many suitable input-data files &8 possible four ocher power
planta.

12. Increase flexibi{lity 4in all areas of NPA user/exccutive program
interaction.

CONCLUSIONS

Recent advances +«n computer technology and numericul-solution wmethods
have made it appropriate to develop the user-convenient features of the NPA
described in this paver. The computational speed and ~ .gh-resclution color
graphics now availabla make it poseible to evaluate and unalyze interactively
power—plant thermal-hydruvlic vehavior with begt-estimate computer models.
Suffficient computs ional epeed 1s available when using current-generation
mainfcame computers to execute the TRAC code. This program uges the racently
developed stabhility-enhancing two-step numerical method (Ref. 3) that allows
very large time steps (thua, fewer time ateps) to bLe employed for evaluating
slow tranmiente. With a reasonabla numerical model of a power piant (several
hundred wuodes), operational traneients can be evaluated by TRAC (Prl/MOul
version) faster than roal time. With such spaed, the NPA running TRAC becomes
a usaful {interactive analyzar. The high-resolution color-graphice terminals
now available make it poseible with graphice ®o analyze calculational results
ef fectively. VYresenting these graphice concurrently with the calculation
gives the 'scr the information neaeded to interact and control the calculatioon
and 1ts solution. While the NPA is & conventent power-plant snalyzer, it alsgo
cau be uvaed as # highly accurate power-plant simulator.



TRAC is an extremely complex fluid-dynamice code for power-plant
analysis. Preparing 1input data and executing TRAC on a ccmputer require
considerable expertise, experience, effort, and time. Much of this expertise
and experience is being programmed into the NFA. Automating the process with
the NPA elininates most of the effort and the time requirement. Flexibility
18 meintaiped Ly interactive dialog with the uger. With the NPA, TRAC 1s no
longer the province of the expert; NPA provides an expert system that allows
the user to be the analyst. Under NPA coatrol, TRAC becomes A coavenient and
useful tool for power—plant operation and safety analysis.
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