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TEE Los ALAMos NUCLEAR PMN’T ANALYZER:
AH INTERACTIVE PWER-PLANT SXHULATION PROGRAM*

Robert Steinke,”Clay Booker, Paul Glguere, Dennis Lileo,
John Mahaffy, ●nd Klchael Turner
Safety Code Development Group

Loa Alamos National Laboratory
Los -0, lkw *XiCO 87545

ABSTRACT

The Nuclear Plant Analyzer (NPA) is a computer-software
interface for executf,ng the TRAC or UELAP5 power-plant
●yatems codes. The NPA IS designed to uee advanced
eupercomputers, long-distance data communication, and a
remote workstation terminal with interactive computer
graphite to ●nalyze power-plant thermal-hydraulic behavior.
The NPA interface simplifies the running of theee codes
through automated proced=zea and dialog interaction. User
understanding of simulated-plant behavior IS enhanced through
graphics diaplayr~of calculational reaulte. These results
are displayed concurrently with the calculation. The user
haa the capability to override the plant’a modeled control
system vith hardware-adjustment com.antia. This gives the NPA
the utility of a eimulator, and at the same time, the
accuracy of ●n advanced, beat-estimate, power-plant systems
code for plant operatioa and eafety analysis.

INTRODL!CTION

The Nuclear Plant Analyzer (NPA),
(NRC) sponwored project, provldee a more
face for executing the major power-plant

a US Nuclear Regulatory Commission
powerful and convenient user inter-
ayotems codes: the Tranaient Reactor

Analyais Code (’lItAC)(Ref. l)-and the Reactor Leak and Power Safety Excursion
Code (RELAP5) (Ref. 2). Los Alamo8 National kboratory and Idaho National
Engineering bboratory (IWL) jointly are developing the NPA. Technology
Develo~ent of California (TDC) Inc. to developing the Nuclear Plant Datu
Bank (NPDll)to ba uuad by the NPA for TRAC or REMP5 input data preparation.

TRAC.●nd RELAP5 are ●dvanced, beat-act!.mare,thermal-hydraulic eyatms
codes used to ●nalyze the operation ●nd eafety of nuclear, aa well ae convc ti-
tional, power planta. Waeka to months of human affort ●re requfred to prep..ce
●od quallty-aoaure fnput data, to ●xecute T’RACor REMP5 utilizing that data,
●nd to int.erpratthe reuulta of the calculation. The NPA la dealgned to
aut~ta wet of this pror.adurc. In ●ddition, the NPA providea int~!ract?,v(’
capability to the user during the calculation. Cnlculmrlonnl rc19ultH nrr

—
●
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presented in graphics displays aa the calculation proceede. Coatrol of the
plant, ●e defined by the input data, can be werridden ●t ●ny time during the
calculation by hardware-adjustment c~nds Lamed 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 tranalent ●vent being analyzed.

The NPA provides TEAC”ani5 RELAP5 users with an analyeitstool that mm
reduce significantly the time a~d ●ffort required to analyze power-plant tran-
●ienta. Opportunities for introducing human errcr into the ILMIYSIS are
reduced greatly through automating most of the data manipulation. No experi-
ence is needed to run these complex computer codes with the WA. lteadingand
understanding a sizable user’z manual are no longer prerequisites. Now,
analysts need only the expertise to understand the complex thermal-hydraulic
phenomema occurring in power--planttrsnsienta.

The NPA has been under development for two yearu. Several mare year8
will be required to dev~lop its full capability. Thus far, an NPA to drive
TRAC has been developed at Los Alamos, ●nd a separate NPA to drive RELAP5 has
been developed at INEL ueing common guidelines. This was cloneto facilitate
the programing and testing of NPA interactive coupling to each code. With
this now completed, the next step will be to combine these two ?-WAversions
utilizing the best featurea of each and to incorporate software to access and
utilize the NPDB. In this paper, the current T’RAC-basedNPA developed at Los
Alamoa will be dcacribed.

RARDWARX

The Tektronix 4115B, Intelllg=?r, high-resolution color-graphics terminal
hatabeen selected as the NPA workstation. In addition, it has data storage
configured am two hard-disk drive units and two floppy-disk drive units, a
color hard-copy unit., and a 4800/9600-baud ❑odem to communicate with the
mainframe computers at Los Alamos or INEL. The TRAC/RELAP5 thermal-hydraulic
calculation ia executeti cm a C:ay-1 or a Control Data Corporation
7600/Cyber 176 mainframe computer.

Currently, the NPA @.oftwareand graphica-data manipulation are executed
on the rnalnfraqecomputer ●s well. In thie form, the NTA can be run on a
Tektronix 4105, 4107, or 4109 nonintelligent, color-grephicn terminal.
Eventually, when the two NPA vereiona are combined, these fut,:tionswill be
downloatiedto execute on the 4115B intell~gent workstation. The capability
for executing ●verything on the mainframe computer, however, will be
maintained so that a leae expenoive, nonintelligent workstation can be used as
well.

SOFTWARE STRUCTUIUi

A block diagram of the Loe Alauoa NP.A eoftware arructure in shown in
Pig. 1. Computer programe ara shown ae boxee, and darn files kre shown ae
ellipace. There are thrae programa that execute on the muse computer ‘Iuing
dlffarenr exec.utlon●uffixea in ● time-ahnrectcomputing environmen!-. ?% NPA
executtvc program exacutaa on nufflx A; St generatee the terminml’e grmphf.eta
dleplay and co=unlcatao wirh the WA user, TBAC, ●nd the Common File System
(CXS) foraccesaing and permanently storing files. The IOGKF r)ro8ramexecutes
on oufflx D; it reada data from the TRAC graphicu-dtir=outyt file TRCCKFI and
writao u calectad portion of that data to tha NPA Axacutivc Uraphicu-dutu
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Fig. 1.
A block diagram of the NPA eoftware structure.

input file TRCIGR. ‘TIUTRAC program executee on euffix E; it performs the
power-plant, thermal-hydraulic calculation.

The data files reglde cm a local etorage dtak and perf~~ thr?e
functidna: to communicate cb.taand Information between programs, to provide
input data to a program, and to etore outpur data from a pragram. The files
TRCGRFI, TRCIGR, EDITbLK, mC~NE, pTpDS~, pBKTI~s9 pB~LGD and ‘NDPBK

coummicate between programa. Files NPADATA, VARTBL, XYDISr, NPAHELP, TUCIN,
and TRCRST provide input data to the NPA and TRAC progrfims. File~ NPALOG,
TRCLOG, TRCCRFi, TRCOUTr TRCMSG, TRCLWfP, and TRCINP ar.oreoutput data from the
NPA ●nd TNAC programa.

Film- TRCGRFI and TRCIGRO ae described aar’ier, arc used to tran~fer
graph..cmdata from the TRAC program to the NPA executive program UOIW ~h~

IOCRF program. The NPA ●xacutive program ●lao ueea file TRCIGN to ●end to
program IOGRY tha number of rime ●dita of graphica dara {LAST) to be retained
in fila TRCiCR for ● backup/branch calculation. File EDITBLK ●endo to program
IOGIUYthe mweage ‘Ready’ rnndthe number of time edlta nlready written hy TUAC



on file TRCGFRI. File TRACDONE ia created by TBAC just before terminating a
TIUC run. Its presence semea ●a a flag to program IOGRF to terminate
●xecution as well because no further data will be written tc the TRCGRFI file
by TRAC.

File PTPDSK communicates information between the TRAC ●nd NPA executive
programs. The NPA ●enda uakr ca~ande affecting TEAC and NPA measagee to the
TRAC program; TRAC aende ite statua data and TRAC messages to the NPA
●xecutive program. At praeent, PTPDSK 10 a disk file. Ccnmnunicationuwith
it, however, have been demigned to allow it to be replaced eventua~ly with a
direct process-to-process (HP) protocol communication path between the TRAC
and NPA exec~tive programs. A direct PTP psth would eliminate much of the
time delay experienced with disk read/write operations and with written data
being buffered in blocks for efficiency.

Files PBKTT.HES, PBKFLG, and ENDPBK camnunicate the problem time intervals
that graphics data in previously generated TRCGR.Fi files (re-med AGRFi,
BGRFi, .... ZGRFi) are to be played tick through file TRCIGR to the NPA
executive program. In this N?A operating mode, the TRAC program is not
executed. The creation of file PBKFLC flags the IOGRF program to read the
problem time inrervals from file PBKTIMES; to read the desired graphics data
from TRCCR.Fifiles AGRFi, BGR.Fi,.... ZGRF1; and to write it to file TRCIGR.
Program IO(XF signals completion of this task to the NPA executive program by
creatin~ file ENDPBK.

The remaining files provide input data to and store output re~ulrs from
the NPA executive and TUC programs. I’ilea NPADATA, VARTB1, and XYDISP

contain problem-dependent information that the NPA executive program ueea to
create the graphite displays. Information for an on-line help package for the
NPA user la contained in file NPAHELP. The two input files, TRACIN and
TRCRST, are the standard TRAC input and r=start data files, respectively. The
NPALOC and TRCLOG files contain a record of all communications between the NPA
u~er, the NPA executive program, and the TRAC program. This encompasses
coannanda,messages, and responses (when the message is a question). Files
TRCCRFi, TRCOUT, TRCMSG, TRCDMP, and TRCIN’Pare the standard TRAC output files
containing graphlc~ data, theml-hydraulh state edit~p execution mes~aws~

data dumps, and TRAC input-format data, respectively.

PROBLEM STARTUP

The NPA 18 run by executing the NPA executive program. Input-data files
NPAJATA, VARTBL, XYDISP, ●nd NPAHELP must be created or retrieved from CFS
utorage by the user before the run. Eventually, the NPA executive program
wI1l be automated to do tills. A ❑enu ayatem 18 available to allow the user to
reelect● desired power plant and to have the NPA executive program acceee the
plant’e TRAC input-data files TRACIN and TRCRST from CFS etorage. At present,
theoe filefiare ●vailable for only the Three Mile T.aland(l’KT.)Unit 2 and
Calvert Cliffe power FlantO. An example eequence of four menu displaya is
shown in Fig. 2. Poeltioning the + cursor neareet to an Item and hitting the
●pace-bar key or typing the number of the item brlnge up ite aubdiractory menu
on rhe video ccraell. The screen diepl.ayeshawn in Fig. 2 ●nd in ●ubaequenr
figures are blnck and white copie~ of actual acrmzn displays made by the color
hard-copy unit.
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For each power plant, steady-state end transient Input-data filee ●re
available. There is only the TRACIN file for steady-state analysia, because
it 1s ●n hitial TRAC calculation. Transient ●nalyai6 requires file TRCRST as
well ●e TRACIN, because it 1s the ratart of a previoue TRAC run (the end of
the steady-state calculation or the restart at some time during a transient
calculation). Restart-data file TRCRST ia the renamed data-dump file TRCDMP
created by TRAC in a previous run. The menu syetw may be bypamsed if files
TRACIN ●nd TRCRST were created or ●ccessed from CFS storage by the ueer before
the run. Eventually, the menu system will provide the user with the
capability to create file TRACIN us~ng the geometric and operational data from
a desired power plant otored in the NPDB. Numerical mdeliag information,
which ●lso is 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 IO(XF and TRAC programs cm execution euffixes D and E, respectively. It
then pauaes execution until TRAC and IOGRF execute fa= 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 conmnand is needed now to continue with the Interactive TRAC
calculation.

SCREEN DISPLAYS

The video-screen display is subdivided into two areas: the upper 84% of
the screen is for the graphica display and the lower 16% is for five lines of
data communlcatione 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 dfsplay of detailed data. The five
communication lines consist of two lines for TRAC-statu6 information, one line
for messages (lrqueetiona to the NPA user, and two scrolling dialog lines for
entering NPA-~ser commands and responses.

An example display of six time-history (x-y) plots is shown in Fig. 3.

Thiti display can have from one to six time-history plots with me to three
function curves (h green, yellow, and white) on each plot. The number of

@uch displays and the form of each is defined by file XYDISP. The NPA user is
give~ the capmbillty to define or modify the form of these displays
interactively at the terminal.

Examples of a IlilUnit 2 power-plant display of generic data and a TRAC-
noding display of detailed data are shown in Figs. 4 and 5, respectively.
Generic and detailed data, defined by filee NPADATA and VARTBL acd written to
file TRCIGR by program IOGR.F,are shown in Table I. The form and content of
these schematic diaplaye are programmed currently in the NPA executive
program. Eventually, they will & generated internally by the NPA executive
program from the geometric ●nd numerical-modeling information in the TIUaCIN
●nd TRCRST film and from the NPA ueer’a int~ractively selectad parameter.
In theme diaplayu, the numerical valuea of generic data are ehown and vary as
TRAC problem time advancea. The detailed-data parameter’s value (void
fraction of ~arer .n Fig. 5) ia rapreaented by color with a spectrum of colors
erumning the paraffieter’avalue range. If Fig. 5 wab shown in colar aa it is
on the video-ucreen display, it would ba ●uay to locate where steam and liquid
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Fig. 3.
Time-history (x-y) plot display.

water reside and where change of void fraction is occurring (when viewed over
time).

The TRAC-status information shown in the first two communication Ilnes of
the di8play is transferred from TKAC to the NPA executive program by file
PTPDSK. This information conaiata of the execution at~te of TRAC (running,
paused, end <xIt, or err exit), current TRAC problem time, current time-step
number, size of the last time etepo the NPA ueer-defined TRAC stop time, and
the next pending TRAC pauee time. While TMC problem time also is show,~In
the graphic% dlepla>e, the TRAL-etatue time IS more current with the TRAC
calculation. Eventually, when the PTPDSK file is replaced bj a PTP protocol
communication path between the TRAC and NPA executive programta,the time delay
between the TRAC calculation and ita atatua display will be reduced to only a
few time steps. Havfng current TRAC-Mtatu8 info~tion can be very important
when iaauing commands to TRAC “on the fly” (when TRAC IS running).

The M0SO~g13/quer3tiOrlline and the two dialog lines for NpA-u*er
comsandefreeponeee provide the window for communication between the NPA
executive program and the NPA user. Commands available to the NPA user are
diecuoaed in the mmxt ●ecticm. When the NPA executive program proceeees a
c~nd, the co~nd in the.form that it was received is dieplayed on rhe
massage line (cae Fige. 3 and 4). Many poseible meaeagea and queetione ❑ay
●ppear on this line. Figure 5 provides an example of a backup question. When
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tOBSVOID Cmre void fraction
BCCSUYA SCCS uos flov (A)
ECCSWB SCCSUas flov (B)
MLTA
ELTB
LMFB
UAXRT
Ponv
PWER
PRIHYA
PRIIWB
PRIP

ALPHA

mne

(A) PBzRLv
(B) -SPA

PUl!PSPB
SSCPA
SBCPB

Sot-lea tgperature (A)
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Preomurlzarlewal
-p speed(A)
-p ●peed(B)
Sc~~eneratorsecondmrypr.nsure(A)
Steem-generator ●econdary prcmsure(B)
Steam-Senerator prlmry usa flow (A)
Steam-generator prkry UM flow (B)
Stemm~anerator saconderylevel (A)
Steem-geoerator cacondary level (B)
Steam-generator ●ecoadary menE flow (A)
Stesm-genarator secondary mess flow (B)
Bmctor-core ●ubcooling
Beeccor-core7mPor wperhmt

Liquid temparaturee in ●ll weh cells

a quention la asked, the expected respotiaesare ehown within parentheses by
the question mark.
should respond with

NPA-USER COMMANDS

After problem
paused and the NPA

For a question with “(y or n)?”, for example, the NPA user
“y” for ye8 or “n” for no.

startup is completed, the TRAC and IO(XF programo are
executive program issues a “CONHAND:” prompt on the lower

dialog line. Now, the NPA user controls execution of the WA execut?ve and
TRAC programs with the ccmaands shown in Table 11. At some point, a RUN or
STEP comaand must be entered to restart TRAC (and IOCR.P)execution. The use
of all other comande is optional. Commands can be entered at any time, even

when TRAC ts running. Ubeu TAAC is “runniug”, the RETURN key must be hit
first to get a “CONPUNL):” prompt before entering a command. Uben TRAC ‘.sin a
“paused”, “end exit”, or -“err exit” atatc, the w(-~~ :It prompt appears
automatically.

A cmnand is tiplemented either by vhe WA executive program or the TRAC
program, as noted in Table II. The commandn that the NPA executive program
sends to TBAC through file PTPDSK ●re uoed to cor,t.rolhardware adjuetmenr
(currently valve closure, P-P speed, reactor-core thermal power, and
boundary-condition pressure and masIIflow}, TRAC output affecting the NPA, and
TRAC ●xecution. The quantities “value”, “time”, ●nd “interval” in the
c~nda are uuer-dufined mumbers (vaiuee). The quantity “command name” or
“component name” is a word or letter striw4: “c~~nd name” la the firmt word
of ●ny c~nd in Table 11; “c-ponent rime” IS one of the Ierter-etring namen
in Table 111 defining a hardware component or an ●djustable action.
Currently, t!lenamea in Table 111 are programed in tuneNPA executive program



TABLE11

mA-usER ~s

To tbe 9iPAEm@cutiwePro#rem

Cuamnd Description

ADD value
CANCEL(or C)
CUANGE(or CE) -eke
COPY
DISPLAY (or D) wdue
EhT (or 1!)
HELP cammd me-e
~~~T (or ~s~ or ~)

UCOPY

Md ● mew x-y dlspl zy numbered “value”
Csncel previous cmnd ●ntered
(%e~e •mieti~ disrla~ numbered “value”
Uake m color hard copy of the ncreen display
Brimg up the screen displeymmbered“value”
Emd ztte NPA interactive run
Get help infomtirm on “c~nd name”

keyword TU (or -) velue/s Eeecele or redefiw x-y plot coordinetea or format
Me ● color hard copy of the ●creen display

With blscksodubltereversed

To the TilAC Progr~

For lkrdwere-Mjuotnent Control

CLOSEcomponent name To (or ‘) value AT the Lloea ● valve, pu9p, or fill to it- “vulu?” state
OPEN component ~ TO (or ‘) velue AT ti= opens valve, pump, or fill to its “value” rntate
SCMN AT tima Shut down tha resctor-core thermal power
SET component name TO (or =) velue AT time Set the hardware-action rotate to “value”
TRIP ccmpone,.t mama AT tin Set tba hardware-action sLete to iLs zero-value OtMLP

For ?iMC-Output-Mfeccing-WA Control—

DIWP AT time EACHinterval Mdefine the TSAC date-dump time and interval
EDIT AT time EACHincarvel S.edefin* the TiLACgraphicm-data edit time and lncer4al

For TRAC-Execution Control

MCKUP TO time Perform a backup/branch procedure
PAUSE (or P) AT time Pause the TMC prog:am
RUN (or R) TO (or FOR) time Rmstart TMC ●nd set the TRAC-run ●nd cimc
SPEED RATIO value LLmit TRAC to ●xecuto no fester ihan ‘“valw”’ timeti

raal time

STEP V~lU8 Rastarc TRAC and implement ● PAUSE AT “present clmc
plxrn value” c~nd

STOP AT time Set tha TEAC-run ●nd time

TABLE 111

NPA ‘CQWONENT MAW.’ FOR NARDUARE COMPONENTS OR ADJUSTABLEACTIONS

Nemc De8cript~~ Name

CONPA Contaimmnl ptescure at bop A PORV LOB
CORE Re..L,,,-cora caponent Pmv

ECCA E& m.eam flowor vcloclty, Lop A PU?WA

ECCB KC&b mama flow or va. Icily, Loop B Pdlu’11
WA SGS f-lvecer was flow or mlocltr, LooP A SGSECPA
Fun ~s~’ feadumcer mass flow or Waloclty, Loop U SGSECPD

%CC ie e-aersoncy core cOoLamL.

bSCS ie ●teem wtmretor●ocomdary ●ide.

Descriptloll

Letdnwn -me flow or vmloclcy, Loup H
Preasuro-operstsd ralfaf-valv? compoIIeIIL
Primary pump compouant. Loop A
Prl ury pump caponcht, Loop U

tSCS presaura, Laop A
SCSh ~,iamaure, Imup B



for a two-loop plant. Eventually, the user will be able to define these namea
●nd the hardware-adjustment●ctions they reproaent interactively.

For the -C c~nda, the ‘AT time’!,“TO (or =) value”, ●nd ‘EACH
intend” ●re optional parta of the ~nd. If “AT time” is not specified,
the time for implementing the ~nd’e action defaults to the current TRAC
problem time. If “TO (or -) value” is not specified, the default value 10 0.0
for the CLOSE cmmaad ●nd 1.0 for the OPEN c~nd. An exception is the SET
c~nd that requires a ‘value” to be ●pecifled. The -umber “value” is either
the physlcel value of the action (in S1 units) or the fractional value (when
bet~en 0.0 ●nd 1.0) of the ●fully deployed’ operating etate. If “EACH
interval” h not ●pacified, the default time interval is a very large number+

Commands received by TRAC are etored in ● ‘stack’ arrangement. The
commands are ordered first by type of c~nd and then by implementation time.
This allows the NPA user to enter ●ny number of commands to TRAC with any
number of the same type (PAJJSE,for example) to be fiplemented at different
future problem th?a. The user ie uble to “ntack’ up comnande for future
implementation. While the NPA user ●dda comnan[q to the stack, TRAC removes
them from the etack after they have been implemented. The user can remove a
command that has not been implemented from the etack by entering the same
cownd again but with the four letter~ “AUTO” for lte %raluc”. This command
also caribe ueed, when there is not a similar command in the etack (same type
and time), to return control of the hardware ●ction to the hardware’b
AUTOmatic control procedure defined by TRAC’S input data.

BACKIJP/BIUNCHAND PLAYBACK

During an WA run, there are three occasiona when TRAC is not executed on
suffix E: problem setup, backup/branch, and playback. Problem setup was
deacrihed earlier. Backup/branch and playback are user-convenient features of
the NPA that wI1l be described now. They greatly extend the analyaia
capability of the NPA for the uoer.

Backup/branch la a procedure implemented at any time during TRAC
execution wherein the NPA user can stop the TRAC calculation and reutart it at
some earlier problem time. Restarting TR4C produces a aepnrate identifiable
run with ite own TRAC iaput/output files; thus, it 18 a branch calculation.
The NPA user initiatee a backup ’branch procedure by antering a “BACKUP TO

time” c~nd or one of the TRAC hardware-adj.wtment commanda wi?h an “AT
time” that 1s before TRAC’s current problem time. TRAC reeponde to the latter
conxnmda by mending a maaaage to the NPA executive program aBking if the user
wiaheo to do a backup. The queetiou lri displayed to tile NPA Ueer (see

Flgc 5). X( anawerad “’y” for yea, a backup procedure 1s initiated; if
anawered “n” for no, the “time” in the command ie changed to the current
problem time, the command la implemented, ●v.dTRAC continues Itrnexecution.

The NPA executive program perform~ the backup/branch procedure under

interactive-dialogcontrol from the NPA user. The NPA executive program aendu
● smw comnand to TuAc. TRAC terminator exacu?ion with ●n “and ●xlt” t :ntuu;
IOGRF termiudcee ae well. The NPA umer la g~ver.tha options of renaming the
terminated TRAC-run output filae ●nd ●toririethsraon the CFS. The actual
ramming and storing are done by the NPA exacutive program. Filca TRACIN and
TRCRST ar~ renamed by ●dding the number of this backup/branch (1, 2, 3, ...)
to the end of their namea. Than, ● new TRACIN klle la generated for the



.
bracch calculation; file lTtCDMP10 copied ●nd named TRCRST. Only the graphics
data before the backup time ●re oaved in file TRCIGR by redefining the total
number of time pointe of &raphice datti in TRCILW to this lesser mumber. The
NPA ●xecutive program then starts up ‘HUC and UXBF to begin the branch
calculation. When reading the TBAC ccnmaad-stack paramstera ftm file TRCRST,
all ~nda to b implemented ●t and ●fter ths backup time ●re diocarded.
I%e TBAC data dump juet “Wfore the backup time 16 used. To complete the
backup/branch procedure, the NPA ●xecutive program ●utomatically ●ende a
‘PAUSE AT backup time” c~nd and the hardware-adjue~ent co-rid that caused
the backup (if suck 10 the case) to TRAC.

Playback ie ● procedure for interactively analyzing on NPA graphics
diaplaye all the graphica data ~n exleting TRCGMFi files (renamed AGRFI,
BGRFI, .... ZGRFi) from previous ‘TR#Cruns with the NPA. At present, only the
generic and detailed data parameters in Table I can be accessed from the
AGR.Fi,BCRFi, .... ZGFRi files by program 10GRP during a playback. Data from
any time frame of the transient can be displayed. Data from successive branch

~alc~atlons can be concatenated for display by renaming the TRCGRFI files
from the initial TRAC run snd subsequent branch calculations with the nm.es
AcRFi, B(XFi, CcRFi, ● .. The the intervals for data to be extracted fr>m
each of these fllee and then combined are interactively specified by the user
to the NPA executive program that then writes it to file PBiCTIMESfor program
IOCRF.

In the future, when the NPA executive and IOGRF programs are downloaded
to execute on the Tektronix 4115B intelligent workstation, the playback
procedure would be executed entirely on the workatatlon. A telephone link to
the mainframe computer would not “m aeedcd when operating the NPA in the
playback mode. Analyzing .-he reflulte of previoue TRM runs with r.his
interactive graphics-display capability wuld k lnexpenaive and convenient.
The TRCfXIFifiles from srch runs could be copied by the workstation onto a
floppy diek and mailed to other NPi workstation sites for further analysie and
●valuation.

FUIWE DEVELOPMENT

The basic capabilities of the NPA are programmed and operational on both
the TRAC-baeed and RELAP5-buoe? NPA v=relons. Many of the dealred enhance-
ment to this capability for the TRAC-baoed NPA version are mentloncd
throughout the text of this paper. A liet of furure developments for the WA

folLowa:

1. Combine tha beet fcatureo of the Loo Alemos TRAC-based and INEL
RELAP5-barnudWA vuraiouu into one NPA for running either coda.

2. Download meet funct~ona of the NPA ex~cutlve and IOGRF programtifor
●xecutlon on the Tektronix 4115B intelligent workstation. UhfIe
doing thl~, maintain ● an option the current capability to eh-c.ute
tha ●nttre NPA on e mainframe computer ao that a lae~ expana~vu,
nonintalligent.co.lor-graphicatcrrninalcan be uoad ac well.

3. Imphmmnt 4 ●anu-drivau data-baaa management ●yetam to prtivldc
convenient fitorsge and retrieval of NPA fllao. Currantly, mly
mpmciflc pradetarmlnad flleu can ba accmmaad interactively.



4. Produce a apeclal NPA thermal-hydraulic code with a three-dimensional
two rntepnumarica nnd wectorization for fast running.

5. Incorporate into the NPA the software being developed by TDC to
create TEAC or BEUP5 input-data filee using the NPDB ●ad numerical-
moclelinginfo-tion obtained lateractively from the NPA ueer.

6. Provide interactive capability to renode a TRAC or BELAP5 input-data
file. When coupled with the backup/branch ~rocedure, this would
allow, among other advantu,ges, arbitrary placement of breaks for
loss-of-coolant ●nalysis (l/OCA)studies.

7. Provide batch-execution capability for the NPA oa that a more coaY-
effective TRAC/RELAP5 calculation can be performed when playback
●nalyeis of the reaulta ia sufficient.

8. Expand the graphico-dirplay eapabilitiee; for example, animation of
flow information, three.dlmenoi=mal dieplaye, &utomatlc generation of
plant-noding dieplaya, interactive definition & graphics displays,
etc.

9. Give the NPA user the interactive r~pability to define or modify the
names of generic data, detailed data, and adjmtabl.e-harcluare
components or action]~.

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

11. Create ae many suitable input-data filca ae poaaible for ocher po-wzr
planta.

12. Increaae flexibility in all ●reae of NPA user/executive program
Interaction.

CONCLUSIONS

Recent ●dvancee m computer cachnology ●nd numerical-solution methode
have made it appropri:iteto develop the uaar-convenient featurca of the NPA
described in this paoer. The computational speed and “ .gh-reatilutioncolor
graphica now available maki:it poeaible to evaluate and unalyze interactively
power-plant thermal-!tydruulictihavior wirh beet-estimate computer models.
Sufficient comput# .ional speed in available when using current-~eneration
mainframe computere to ●xecute the TRAC code. This program ueea the recently
developed titahility-anhanclngtwo-step numerical method (Ref. 3) thet allow:
very large time stepn (thus, fewer time atapa) to be employed for evaluating
slow traunienta. Wit}.,a remaonabla numarical ❑odel of a power plant (acveral
hundrad nodes), operational tranaianta can be ●valuated by TXAC (PF1/MOIJl
vgraion) faatar tlmn raal time. With ●uch cpaed, the NPA running TKAC become~
● uaaful tntaractiva ●nalyzar. Tha high-rceolution color-graphica terminulH
now available make it poaalble with graphic.- to ●nalyga calculational reuultti
●ffectively. Presenting thaae graphicm concurrently with the calculnrion
$ivatdthe “!acr the information nacdad to intaract ●nd control tha calculation
and ita ●olution. Whila the NPA la m catven[er,t power-plant &nalyzar, it alav

cm be uaad ●u # highly ●ccurate power-pl.nnt●imul.~tnr.



TRAC lo an extremely ccmplex fluid-dy-nuaica code for power-plant
analyaim. Pr@perlng input deta end executing TRAC on ● computer require
considerable ●xpertise, ●xperience, ●ffor~, ●nd time. Much of this ●xpertise
●nd experience is balng progr~d into the NPA. Aut-ting the process with
the NPA eliminates most of the effort ●d the time requirement. Flexibility
la maintained by Interactive dialog with the user. With the NFA, TRAC ia no
longer the province of the upert; NTA provides ●n expert system that allows
the usar to be the analyet. Under NPA control, TRAC becomen n convenient and
useful tool for power-plant operation and anfety analysis.
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