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These proceedings are the compilations of papers presented to the
Forth Seminar on Software Development in Nuclear Energy Research held at
Tokai Research Establishment, Japan Atomic Energy Research Institute
(JAERI), September 9 - 10, 1987. The seminar was organized in cooperation
with Japanese Committee on Reactor Physics (JCRP) and Japanese Nuclear
Code Committee (JNCC). The topics of seminar include the invited papers
on the subjects: (1) Development and utilization of nuclear codes,

(2) R&D trends in small and medium sized next generation reactors, (3
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2.1 Utilization of Personal Computers
for Nuclear Engineering
Iwac OTAKE (I.S.L.1nc.)

Personal computers are widely and variously used in recent years. All kinds of
personal computers are now available and their software begins to have good
performance, But so far as software concerned, software for engineering
calculations doesnt still not much appear in public.

The contents of present talk are not much different from previous ones that
were told in last year at the summer seminar held by the Society of Reactor
Physics Research, but some new informations will be added. Softwares relating to
nuclear data, reactor physics and shielding calculations, thermo-hydraulic
analysis, plant dynamics and reactor safety analysis will be told together with
their calculation techniques of main program, pre-processing and posti-processing.

Users-friendly environment is the best merit in utilization of personal

computers.
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INFUT YARIABLES FOR FUEL SHUFFLIMNG CALCULATIOMNSG

Description of this case: Tecst

JOBID: jobl CASEID:casl

Core thermal power: 2000.0 Mw
Boron concentration: : 122@8.@ FFM™
Core inlet temperature: S0Q.Q@ begF
Le2ad bani poszition: ZZB Steps withdrawn
Type of search: 1

(@=eigenvalue, l=boron, Z=power)
Save on history file (Y or N): N

NOTE: Yeou zan prepare several casds; however, sach case
ie an "independent” run. That means: flat guess for initial
power, steady state xenon, and history file is not read.

ESC: Top Menu SF1@: Dene F1B®: Field Select +FiB
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2.2 Status of Development of Thermal-hydraulic
Reactor Transient Analysis Code J-TRAC
and future plan
Yoshio MURAO (JAERID)

Thermal-hydraulic reactor transient analysis code J-TRAC is being developed in
JAERI, by using US-developed TRAC-PF1/M0D] code as the framework of the code and
by improving the thermal-hydraulic models in order to establish the capability
of realistic simulation of reactor transients.

In the firsf step, intended are incoporation of the thermal-hydraulic models
built in the reflood analysis code REFLA, which is successfully able to predict
the results of the Large Scale Reflood Test, and improvement of other necessary
models to be modified. J-TRAC code is expected to be used for the calibration
or justification of the advanced licencing codes and the numerical simulation of
the transients in PWRs.

Since 1984, TRAC-PF1/M0D1 has been investigated on the code structure, the
numerics and the constitutive relations in order to obtain the technique for
improving the code and maintenance of the code., And the component-wise
assessment of the code has also been performed in order to know which thermal-
hydraulic models should be improved.

Since 1885, incorporation of models built in the REFLA code and the overall
assessment of the code has been performed.

In this presetation, the followings are explained:

(1) Thermal-hydraulic models in reflood analysis code REFLA,

(2) Installation of REFLA models into TRAC-PF1/MODI,

{3) Major probiems of TRAC-PFl code found in the componeni-wise assessment,

(4) Results from the overall assessment for typical large bGreak LOCA experiment,
and

{5} Future plan on J-TRAC code development.
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1 Vo + Vio /o Vet Vi Veo + Vio \°
d=~ | 1l +———— = / 1+2 + )
2 4av Y av

TZT, 4V =Vio/ min (&yy, Lyen)




JAERI-M 87-199

Vi \8¢ oy \0-28 a \%°7
arh=1+3x0.28 ( ) (—) (—-)
\Y Pg Lo

g0

0 0.23¢9 A% o a
Gyen=0.925 [—i) ( u )
21 Voer

ag‘ 0.25
Vbcr= 1-53 (_—]
&1

v '
a=0.67( <1 ) 0.47( ek %1)
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3.1 Inherently Safe Light Water Reactors

Takehara Ise (JAERID)

Today's large nuclear power reactors of world-wise use have been designed
based on the <defence in depth> philosophy. It seems that recent less
electricity demand rates, higher capital cost and the TMI accident let us
acknowledge relative small and simplified nuclear plants with safer features,
and that Chernobyl accident in 1983 onderlines the needs of intrinsic and
passive safety characteristics. In such background, several inherently safe
reactor concepts have been presented abroad and domestically.

First describing 'Can inherently safe reactors be designed,’ then I introduce
representative reactor concepts of inherently safe LWRs advocated abroad so far.
411 of these innovative reactors empioy intrinsic and passive features in their
design, as follows:

(1) PIUS, an acronym for Process [nherent Ultimate Safety, or an integral PHR
with passive heat sink and passive shutdown mechanism, advocated by
ASEA-ATOM of Sweden.

(2) MAP(Minimum Attention Plant), or a self-pressurized, natural circulation
integral PWR, promoted by CE Inc. of the U.S.

{3} TPS(TRIGA Power System),or a compact PWR with passive heat sink and inherent
fuel characteristics of large prompt temperature coefficient, prompted by GA
Technologies Inc., of the U.S.

(4) PIUS-BWR, or an inherently safe BWR emploving passively actuated fluid
valves, in competition with PIUS ,prompted by ORNL of the U.S.

Then, I will describe the domestic trends in Japan and the innovative

inherently safe LWRs presented domestically so far.
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TREHEIO 7 - AKEHCELPNL TN L, F—wKE50C, 2200 ppm OBk TH Y,
HWRHORTFEELRCABRREOEBAR T, —RAHNKOHENEZRI2IC R T —RIBHK
REEEESR, "EBEZoy 7”7 (density lock : 77— b# & T#Michd by, #k /B
KA ¥ —7 x4 A, hot / cold interface & &FFN 2 ) TF— vk & BEHIN T D,
PWRUOT, RIGEEMEr I ANV VY ARUPN—F T ¥4 X v kd, #EE0 ., 713
HMIcE D —RBES - WIKDBRSEZOEHSHD, ES2m. BRI cmDF o — 78 (T
Wht, "NZALEEYPOR-TWVWE E— by v I pBET AL IRER(ERAkEY T
MU 7)) DEAE, KMIBIKRT LS, PLOA—-RKKOBE LR (HK) KL - THEF2ER
WA —RBR Y TRERBEHERLDBLILICL D THOE, FLAEE (BE)DF— A KkERE
(FEE)XIDAELRD, TOHBIOFo 288 7 - VAS THEESZ » 75BLTH
AL, BEFFEREELET S, TNHBPIUSEELEI=ZOLNTWHWALDTH S,

COPIUS HEZAWT 5709, BRKNEHMIT2 - FRIGEL(H&4XRETRANI — F
DRFTHRICHES ) 2BREL, —HA3MWOBKAERESATLE(HUKRTE 2828 ) itk
BREGIT- T do KNI TR, —REXV TR ) w7, FRAKEYF LY 7, TE
[ERW, ~RRORERRE. —REEo VORFEHER. RUBEELHESOHELERITE
ﬁefwgl—m%ﬁvfbuvf(%ﬂﬁﬁﬁk)$ﬁ%ﬁ%@wm,#&%ﬁDV®£ﬁ
MBI (EEEH ) 216K T,

BHATFLIBROI BOHESDEUTCHENT 20 ASEA-ATOMHE TId, Bk EEE
BEATLEZMOWTPIUS REGFHD D OEREGT > TV 208 ( EREBO—FI4E 3 K5 T),
COEBRERERIGELI-FRIZBIFTHBORED—FZTRdo BIT(—RABFELAD »
HWORE ). RI8 ( BEXEEE conductivity i3, BOITH AL —AkE o Vi Biok Y
s EBREBEEERCOT, ForyoB Oy -y 2A WA EKES ) RUNKI (BT HE
B0 id. BEEH ( load following ) EROERTH B, 20 (EFFE LA, SEEEE)
EUR22 (EEe » 27288357 AVKOFEHE) R, —KERY 7+ U v 7 ( recirculation
pump trip) EROBRTH B WINOERERGPIUSEEA LICTEHLTWAE EEHbA
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%o 1, RIGELZ — FREHETIESEY, COBOBAKNE 2 -~ FELTEERCR
CEBRE—-HLTWEEELZ LD
53 TORETE, T7a7 -—HoFHLitic, v 7R (PCRVEFHESRARICET
FI1E)ERFEINLTVAS (K2R, WHE, BIREHRV—KRF S ¥ 7HPCRVH
FIHEAENIRAHESR TR, THOOBEBESVIThEKETHELREIRAT, BRITREF L
Ry, ?ﬁﬁmmwaﬁbnéocnﬁﬁﬁfﬁéﬁﬁ.vvfwﬂwﬁbf HiTH B
TORBEA M- EFATELE IR, BEREBL —~RER Y 7EZPCRVETHESO
Ao L@ (RIS EHRAEE D PIUS with external steam generation ) LEOERE
LT
23 C OESREBASBPIUS D XBA 7 o —FEORANTH S, ZOFREFH
ETHATOOTIRERFER T 20 ELSSLBETHS, e LTk, PCRVEFHFS
BEIMc A T4 e TLAH~EBBLT, LOCABE-ThH, TOMETHFKEETZ L
BEEHICLTVE( CHLHARF B TCHREAILA TV IRHATHS )o R EEBEEER 4
i, BFE Y RF L FERE K24 (EBEEE ) RUR2 (KFHE ) ICART . PCRV O LS
DERITH - D LBRDVEDTHL CDLICHEIDPOA T Y a VHEEFEZLNDINT,
BRETR, HBicRrT Lo, HVEHROFETEZA 7Y arE LTEELTW S,
BBICPIUS OB M ABEARESICAR T
wEAEHE LT,
@ FLrfAEsEsThhkEsETE (FOLRKRMERS) o
@ COFELHLOEAR. BEEEARN Bl S Ean GREIREER ) o
COFHCESHTITbNHRITOFRETRT &,
D HEEWER., EECY /T T, AREAKLDFBEFOL I LERHNRAEICKS
731 ( passive action ®#H ) o
@ ok, BETEEFRURERAEHNE. AEBOF o vKOENEARVBARABRIC
2250 ETD (BEEDy 7 RUOKRPCRVEZR W A—EKRFEORH ;57— 4K 3000
T, FOEHE T -BRTEAKERTHE ) o
B mEhwT—roRi (PCRVOFELEKERTR3IERE )
C BEHHAHOIHESE, MERANHETbL, BHAFEE ( BWREK ) OkH
(BAPWRELEBITRITH, £58KH )

® HEXKy—Ya, WERBEHICLS, ﬁ&&ﬁcﬁiéﬁﬁlmxéijghfv
xrvxr-:/ﬁu—hbbﬁ5@¥me$®&ﬁ( S/NEE8m. BFFSEHRE
3000 ton } o

& —REPETHIEEAERMAERREBZORA (BE0AX—RETESEVDTY 7
v 7EICXHEATEHESEZEOE Y o

® FEHEBRER0FEMFACER TS 2R 77— VvDIESo

LTy 7 e T T I VRAABRLBEFLBAFOES LUEVT U0 KFHIBIRE

MR OEEWTIRE IS L X D A AL BRI SRETA S, REREEL LTI LHONT

13)

Wa,
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2.2 TPS (TRIGA Power System )

HERARFFETRIGADZ { OBRIERER (638, 2357 ETHEM ) #F 4 %5 GA Technologies
#h, CoFOEFE2EDOSW (ASVEMHEOEORESRK ) ME EPIUS REIKAESL
FREAHEMA L, IMUBABLETP SARBL T Ay CORTHRRIET LS
i, 1980 AR SHEBETENEBEFOHGHFE L LTERBCHVLLONTWREKEITE S,
BETERAEME LCBE, BABESOMEGERFEASRES Rite 3/, 7+ 5 DR
Mok TAEHE SAGA-NOBA E LTORMIMRE L, BERHBEDCETHE,

BARELLTO7 7 Vb YR T LEMBERT 2 00O LIENTHE2TRIGAF &
EEMAHE (R~ 114, BEE7LT VY )FHOS v+ 44 70 DHER TH L, B —F
PWREF 2 —NEETHEAFOICRT. COF7oEXT1I65C(330F) L LoBENSES
NHEOT, RIERVBBERRHCAES THS. HEHOCREIED 74 Vb oL B, —RFER
NIV TRBFFIIE Ve —IRFRRAKBRL RSB F 2 - T TH B

BEEEBOBH 7o —, RUBHEBEOBRH 7o —2K0itRd, TOFE Y 2540860
Br#d, passive safety RESWTWAZ ETH D0 FRFIFEF 2 — VA TEREAK (—&A)
K (7K )ETHRESN TS, —RESv &) —HBEORBIE, F7—nK
(MBEEATHREYL) FEABBRECES LB vy M) — 2RI 3 5, & L THBBH
F(EABR ))IKI->TTITC (180 FYitH i b, — KR LAYy~ ) -—DI%TH
%o

FlAE, ~REBORBERL, Hb - REFOBNBERLLELZE, Yo vi~ddb T v
2 VE(PIUSERIUCESUBANA A LAFEEDFEED » 7 L -Tbd, KR ) OO
SIE7—AKBRAL, ZORR, FLABHOKLDOERERAE (FL-F4F~Ho>5 v
77— - )BKITH HHRHMERE(AIMEYF)RIOOEORNEMEZHET 5, cOEL Y
A7 LT, "7, K77, ROBEESNEE, EXEEERLEL LTV MK3NT, ¥
2V F 2V EBRBOREERI —-REILPLDOE - PR EZRBNCTEEDICITOAEG(FFT Y bD
B BEARBRICTIRODT, £ TREV ) BEFHREASY — 7o 7HICE T 5KiE
ZARUVANMESRIKB T 5 —KREZ 79 - OFNIEH L TETORARSLETHD., Chiid
HEHEESICL - THENICHBE I N 5 EFEETEIHBOLEL LW ( —KEFR Y 705
EROT, pERLEINATHREI Y  bo -9 5 ),

LR EBE OB EX3ZCRT o FOEREFHEAL T 64 MWL DERETTIE, 76 OBEES
LD~ ) LAREREZLOER I NG, BESEEKEDLOBMEC Yy THRESNBZ &R
BeryoE®fiz 13 en, EX97.8cem, BN »204 800H ( AlREMSAZ2 O THRPC
MI#EAd 2 ) Thdo #ME I — P FEHE 1998 U-2HT, BLUEEMOKELS
Llepo, HPEORETADEERHET TS5 (KBER ), CohDEHHEELZRICT
RN ESTOFEBAXELHHE (AHE ) 283 % (KNMEBH )OT, ZoHH%R K
LTD»wAF ( TRIGA-ACPR, BATHEMDONSRR)DERF bH 50 TOBmE O
B, COFDESI—DDOBEEEEUTH S, “—F T e FAZXvELTRIAVEY L (Er!
7 Er20%., " Er80h oD . YT ErA 1 eV I I8 A & DRI W R T10° ~10* barn T
bdc. MITHILE, WIREE)EZALTW 5, '
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EHEH Y A7 & ( Organic Rarkine Cycle power conversion system ) ZX35iCmRd o
JrA Y (R-1M4YBEEZFHVZOR, WENMEETEEIL VLSRR, BHLERT
OEFEESS (. BEIBEHRTEO/PELTER L THb, —REBXBBITHEREF
TEH LN (204T, 41 bar ), BB /- VA BRBLTEEL, vixa—=L 15— (HH
#IIRBELE IS, y—bE Y, BARYTRUVRERE L7754 AV bEEF 2 —n
EBEL TS, Fa— b4y —DSavFry—(yofll) ki dh, FTTH b
T PICEBONE, FLTRAE Y7 TLFa— b4y -—RKESRTTFERSIN, —KF
BEMEBENERS:; ROXEK YA INVER-I4AT Iy 7 VvOBHORERT Y,

ZEMICOVWTHRNE, COFDBRRIRSIBTAORERHEE G DEIHLDTUL, EFLS
WF PREFBHAET 5, HBBH, BETLERBEE 720 CA TFARBEELFELTSH.FP
MHEEIEER 0.13% (FHLoFeRE ) T, REFBEOMBE (4%, <1600T) Lh@Ebic/hs
WOT, BEABRBRINTHEOMER (50m ) MOEBEBANMFEFER ( 1000m ) THHEH
BELAMINO BEBHO—FELT., &y bV 7 REBEORELAP 2 ~ Fick 288 #
BEEOBMPERERSTCRT . H#EBRE 77— KOFEL~ADY) 77y FRLXD 7 2 F 311,
BEETCTHSE, REEEE382C (T20°F ) T, HIBEM@EE50C (1560°F > LD HEH{EL
ZEERLTWVAD,

BB, COFORFFEAERU T Y FOBEEZTICEENHTRT.

2.3 MAP (Minimum Attention Plant )mrﬁ) .

HREFA - A - CEHPEEIOHINME - HABRABNAHAXDO BB PWR THS. FOD
g L IRIAM (HEHER Y I A rva)ichod, —KEBOEAEIICE - TITY0
AV UFERAIR 1950 ERKERETN, FOLEFREACHE « BEBEREAIAEXOPWR
Th-totd, HOBOKMHABESH~OEHIcH T 2Hidom T, SIHEEELO—FRE &I
D, FLHRBEBAHNAREROANRTEREOFER LN 1o KB LEHRLERBPWR
LORMRHEEN, T VRAFLDBBRE - ERLD, a2 ERLaZ LD
ETH2c HHIT1 MVe~600MVe DEEFOFRITHEL TS,

MAPOETH Y X7 L#k ( 300 MWe, 900MWLE ) 2#H3BiIciRd . R T FERNICHEE
RERBEOESHEBLRELNET S0 —KBHKBFL»EIAF-MELRL, BXRF—
HUMEBIICAY, HERKEBESQTLARIRESR Y VAZEARAL T, FLFH 7V
FLMOFELRRDe CORKFEERE T 2 —NIEAHR «- RFDVBEET, BEOLHSREEIC
BEBEPTLRMTE S “KAEBERAEF 2 -7 ENHR-T0B, ~KREFVYy7E#LDOE
COBREBTHY. BOMER L O TMEREE VL ZRAIFEHBERT, H# TR -—/"-t
-~ FOESHELND, ZO IO MWVt TEIFEHFOESE25m (8174 —1F ). AR
5.5m (187 4—+ ), BEH29em( 11.54 ¥F), BEBRL 600 b ¥ Td v BT AE BN
THMORALEHTH b0

BEFEofifiz, rIAsryaRpUHEERIRV LT, RPENICE x—F T F4 X
EF—REFEADEAL(Z=Z P v 7 b )ILL TV, BRAMCREESRER-EROR
BEEGKOAD 7 4 — Foiy 7BEEICL 3B E4HMEIRE - TIT20 2B AEERO—RR
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ODFEHEHA 720 (BOC)ID150%H ( 2200 psia Yo ¥4 7 vk (EQOC) @ 122
S (1800 psia ) FTEALL, ZOENZEAGESOLRXERE A ~N~F 5, +TEEOEHIE
# { Cruciform Control Element Assembly ) $HB INTiIWaH, CHEHFATIOR,
AN ERERILEDE % DBTH Do MORHTEMBAILL IS LTH - bty BED
%ﬂfdamCEAﬁﬁﬁmﬁﬁénngi

FTERHAELZSOREESEK (19X19) DL A 77 F2M30ICRT o BB Zry— 4 #
EEBHEOBHITPWRBHBRFICESIWTL o, B NEERERIAAF) =7 283/
~F+TUEL XY TITI. BEBEEERI - 1.6 X107/ FTTHY, BEMDO 7 4 — Fsxw ¥
bERATHD, ZHhIPBEZESFE LV & E undermoderated OWEHE TFHREHICHE S T
T4 — Ry I DREXETNICTTHA, ERPWROGDEDKF o 5001 137 £ 5 KA
5D, FOEMEILI45m (1364 F ) Thbo

BBICESRIGEZRLEREM O 7 « — Fiy ZJIKRIRE N B4, BRRUB(EFPD) &4
DRIBERV-KREZEALEOHBIEZR4LIIZTRT: BOCD L ED—KFHBES 2200 psia 3. &
U LERDOIH—F 2100 psia (S0EFPD)ETEMAMN, ~N—3+7 i X yHEDH
/o5 2200psia (550EFPD)FTEMNO, IMEO CICH » THMEHRBED 20 FAi - T
WS o ZOLEXDRBEM 7 4 —F Ny 7B 2BORIGELSHMET 5,

MAPOFE.LE, FLOBILEEAEEOKLY, 2/ VEHRKGLTERLEETH 2,
Wl ARDOHAAMICH LT, 3HMR3IEBRA T N—FTAEA XY ER VL, TO
KHic LTe kRO Ao A% EEbT 2, BEHORSHREDEE I 16.4 kW, m
(5 kW, ft ) THITPWROWIAD 1 THLHDT, ZORBHEBEELME, FHiCPCMI i
BRI TH B

HABRICL->THLEHELTHWA0T, PFLEEITRESEOBARBR~ Y Fidom
(307 4~ F)THd:; YAFLHRHEM 70— LERNEOMEERR2ICTT . 2B EE
B 0D 4 T B EE 300 kg /mvs ( 0.4 MIb,/ft2.-h ) id, ARPWRED 6,7 BV, %7z
M43 Rd £ Hic, BEEBEEOSVWAOAR T, HEMESKSZLOT, BEFHRICXSER
LWRIZEEW, COFESEOBRIHINT A2RBEH L FLEHHUEZ TR, FOADTY
T -ATHY, FPLOHNOTEr 74 ) F 4 THIOLTVWD: $1AROEBHNK 2 Y 7 1 2K
4T RT o

BN NEERRITPWROKIND 1 THHDT, DNBIWFLTERRBINS L, K45
WRT &9, BEEEPTRRE/NDNBRIZ3 THD ., TR PWRODE/NDNBR 2 it lE~N&KHE
BHde P4 70ic, ~KEENDIRBICTHE > THLDOT, FLADKBHMERR,
BOC®290C (546 F)HSEQCD265C ( 504TF )iETH T o 4 72 0HBIR>—K
ROHEI—ELDOT, BHMEELTHE-THWLZ LG, DNBizH LTI Y RBMEESTS
TEitih, T, B/NDNBRIZ2.92 05 4.5 ~EET 3,

LOFDOEEULEOTFLNHEHETLEDHE &

@© KLOCABEW (KOBRBEHSENLDL ),

@ WEEAENIEVL{BABRKBHAILLS ).

@ RELIRIERWHIHPERO (ZEZRBESCLREICHEWMITHEEE, ZRKEA
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YREVEDPLLTHBIEILED )
@O FARUTLHATWSHEL,
i, ¥ R, BWBEXRVBOPOLTLOERPWREREGA L&D THB, HiT,
fLZEERFESR, EEABHNE, —RERVTELEURROREL SO RROERL. BW
ZeuBEN LWL, ZE2UEMRENTE, ETIXAMEROLTEEMEL T 5,
Pz &k 278, HARBRWH, AdmEARXO—EFERMPWROLF S (K688 ) %, B&W
BTbHBELTO A,

2.4 PIUS—BWE)

ORNLA GBI/, PIUS RS BWRIEIEH U-BEERZLIFETHA. CDHE
DFBREEXAT (PIUS—BWR DELVAF L )ITKRT . BERFHEBHITBWREFLD

( 285C, 6.9MPa ) TdH v, PCRV (K485 E )3, COFDPHRBEAHNITAZLIK
RUBIBLEONT VL, FLEFETBWREBU(, BEREBERNEY N—F 7 #4207
ok En, BEERFORICESNERFIEEICL > TiThh 2. FHKFICEITEHA ¥ 7 -
T2AZRD0, WBAESLE S — LK (BK, 50C ) BEBSWICFOIRTKAT 2, FoELK
UHERREEITHIEZEALAREI,. PIUSLLLBULTH b

TEA vy —7 24 RMCiE, Ei LOXEMBEROLED S, FIVESHWRVIVESE RS
ZEOEBFARIT TS, FIVES (HiE ST, RGBSR I B 754 ¥ — BB IHLTWES
K FEFAE AN T OBRE N, BEASLTOKE (ELHA) TT-vkoBEL~DFHEA
EHVWTWA, VIVES (& oy 7WMEECCS, K08 i, &5 -y THEKHEEN
ZEMLT, 7= AKOBPLADERAEZB TS, INH6RNLVT L, IR ERERICE
FHELL - TEZHHEEED v 72 RBTH5DT, F7 - VKBBEOLICHRAT AL ENTE
Bo WMBAKNP S — UV RICBEBATADELET BZALV S,

2.5 WEKEPWR

W& EFAfGART, BUSERCERBESFEIORETEMRLL, B ofAbsL
2L NE, COBNBEHBILLTHLIDO TRFELEELITAEZIEERHL2ERICES
CHFTHB. Mol BEAMNLSISE 1950 ERIZBESNL TV LI THEN, &l
Sefidvash ( 75 Y ) SEERXEFEE L TRE IS,

FFHE CISWMWE DIEFT 22— (Fr i, FRBR) PLUD, 20EFa— (K
538 )IHER2cm TS MVt DHE AR T £7 2 —WATERMES A - KRKD LRED
TR, EAEAZ YRALADL, KREBHE (BEE Tmm: 0.2mmE SO Zry #8738 )WBFHEL
TWhd, BEEGERORICEGFBARZE Y T7CEP2REFBETHL D FRHRICER 7B ELEL,
BERPELRT HGOTHTHFEEILT 40 BHEBEAREL, ERELTOHE 7777479 0y
MCRIX SN BB EBHOCENOAXBLETH L. SIHBERVE Y 3 A0y AZEDEHNE
THEELEEBEIRETH I, BERBEREETH 48, BEROELYE, BREOE Hicown
TORFBHENTVWRENESITH B
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2.6 SBWR ( Simplified BWR )*%®

BMEZLYAF2E BB LILP/HUBWRT, GERMEPRI, Bechtel #t, RUMI T &
KR L THRET>T0d, BEELLTRI1990 FREMATE 5 X5 iKHtd 5,

@ FEUBMROBBELHBEFOELETEETH, B/ OWHEETEET T C & (EEHE)
B FELRSEHEL, BEFHRUERBIEEOCTOLRREINZ L (FEARES CEY

Zet) ., Bl QRESHREAZCELVCM (3 HM) REEERELZERE T,

TOBRTHAGHBELOAEL LTI L, OBBEBELFETIC &,

© FLOEBEHREASEDATEEZBRORTTET &0

@ FEUBHERUBERZET 7 N TEECE (EBFE, FEM,

® 773V OBREMBIELRATHIE (BEH)

®© RE22rHEREORKRKAELEELESL &,

FRBETEHETOEERS -7, ZEORFHMAETHEHEUTOEEDTH S

77y ORISR AERSMIT, TOEBHRAZMNICRT ( SBWR D S 3 BH O Small Tk
S 7, BT Simplified SIFREETVE o FHLBEHNEA vy —FLEYF7REDOHR
BBRTHL. BRABFEBELLTOLRIR 600 MVe ThHb, TOHRIDEDHEIBBEL L TR
DoDBhs5 (FH48H ),
LA Ty —
BEHETAECCS (Fofik RUBEH )

Ty vaveF—N(BHET)
Tt B 15 K AR
i £
REISHI ARG KEAD
RWNEEELF
LS A B
SR ARAH v 2 F 6 (RICEE Ve Y2 —5— T4 VAEFHT )
COFEHRXEEPEHOW/NUBWROBERIZKRSAEEAEI L EHE, RoEHO#FH R (K
OE) DR TRENS '

CRONCNCHONONCNONGC

3. BOAECHKISFHSHEROBM

EPETHE, PIUSFORFNFPERIFESONTTIISIEELOBTI L EIBONTHE: &
DHT, PIUSOPCRVEFHBHRICHT 248100, BEUHOBUM L OHAURTFEESREH
WHFEHES ISERDSEE N/ (1985 F ) o COERFPS, b, —EHNPWRITPIUS B
THEEEIFEERESL S, SPWR ( 1986%F B ISER—HV AL HE, B ), — /N E
PWR (19874, MAP] ) 0l ad s Nio

—J, BWR A4, /N REOHEEESLL, YA F7Fo42HFEzlLTosT itk -T,
ZEBRUBRFEROB EEZH D2 AHEE o WIAOFE S EHRERBHT T, HSBWR
(19874, Hi ) R TOSBWR (1987T%#, HZE ) 0FEBENH Ho
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3.1 ISER ( Intrinsically Safe and Economical Reactor)®®
PIUSO 7L AbPLARPe 22 ) - bEEHFER(PCRV)OBDICHBUOBETFFRESRE
AWTHAERZLE —EBPWRELALLDTHb. COLDRFFEBHVEL TINEITE - 1
(PIUS 12135000+, —HISERIZE 1,400+ ) T, SiFI R pHESHSEHMES
GhnlshTnd, BLEBIRPIUS FEICE DY, MIBELSFEBTHLLE,L S/ —
THBRABRI L, THOZHLEEZZ T S,
ISER DA 4 K56 ( 645 MWt . 210 MWe)ic, Z DB FEHBERBIKART iz
FlEgd 5 &,
HEFTARUEREER, BiITPWRIEE L (BHROLD )o
7 — A KBEIR100CTE LA (HERFFEFEREROLYD ) o
EFHEARENEIRPIUSOI004D 1 ThHYD, LIHEHF« ~— JHEBHFREL A - 7o
FOEEZIZPIUS ERRFAILTHD, BEROFEOER « FIER>T7 IAVvvLaiTLbe
AHEHRE—RER Y FicLbHEEE Tk B0
BEBICE, BEo 7 « A4 Y8 -T2 AXEBLTOEF - VIlIBKOZERAAK
Lo THELET 2. TRRJCELIBRHBAELWUBLLVES. HO AT TKRKEBSHED LI L
2D (#3300 rryokiTED ) RABEHRKRER, 2HETHS, COLIRIIENELR
A@EoTAREREEN S, COMREBHOLDOBBREREZ ENT K.
@ ~N—VEBRMOISER 77 vt (HTEE ) TR, FADLEHEPSHERETELDT
(M58 ), LY Y FPOLOBIHERIEIAELLS, :
@ BEFOFUHEHLILTH
& —wKEFF—LKROREOMBMOER (BhE27 39 70#E, HIAITZrO, 5 1
NOBFHET>TWS )
0 HELIREBR~VHINVIANVERUT, 2A—-kb— PEXEFDL HEFHHEXO
WRY o
® MELBEREHEBLEARKHY (8Bm ), BRe—F—(1000~1300kW) KU =X
TrAiRky, —RFOBEHE. BREMORIETT o
® mEa, 74y —724RF, PIUS LRI~ =H aBEFH VS,
gty ﬁb%ﬁﬁﬁﬁPWR&Eﬁiﬁ%?ﬁﬂﬁﬂ@%ﬁofhgl

@6 ® e e 6

16,34 — 36)
3.2 SPWR ( System- integrated PWR )

B SRR EAEHTVE " VX 74~ EREIIEKE " T, fERBHF L TEHLISER-HV
( Hot Vessel )13, BAEKH SN TSPWR—H H(Hot vessel /Hot leg ) &7l -»TW 3
B, SPWRO—A7¥avTh%5. SPWR—H,/ H#EFlitE - T, PIUS, ISER LFEHEEHE
L DHEE9THBo SPWR—H,H EWEAKE —RAKEOBESPIUS HLBEHELTED.,
— AR PWRICEA XY (BBAK) S v 7 2RBESELBELH->T S HRERK =D 4
BErAELTHEe vRNFELCEBRAL TEFFOSIERUBAETIRERIPIUS LHU
Thbdo LTHBHLZEED w7 v 4V 5 —T724A2DD5, LAV Y —7 =24 ARKKEZH
£AE2HNT, BEOEHRUENL > TWVWa, KEZHHFI, BETHFEEPI—RESR ¥ 7k
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ODHHMFICLIDEE o v 7ARILIBTHEYN, CORVFORENSLEEALHEZEFLTE
Boy s 2BRT 5,

RAEDRAAROP TR AT > T 5B SPWR D AH %601,

O HERLBIRTHEEBREL-KILsgs,

@ FAFESHNEMZAEDNHEOLY, ZRRREBI A ¥ - BEBEICRTEN, ~U A
WIANBHRETH S,

@ FyPLIR—-RBL VY FERETEZ T2 TR, COFRYy7EFITLBICED
WODT, 1HET B,

@ FLRESSERIBEITPWREAVDEIFTROLHIBRFLTIH. AHABERERS &
L, @33 d5: Tk, BHEAGSN—FT0EA XV EFrIinryaitk->THWL,
HELICRRAI vy v 7 0MBEER VS,

SPWR —H /" HOFAEBETRURFAROBEXK K61, RFHERE, REESKSD
BEREXE2iZ, KEFER, THA Yy —7 24 ARVBEZ®Y 57 L DBANER63iC,
EFEFIHFLERIOCTT, HEFHUERFEZERBLTV20T, 2ORBRRE » TIRBHE
SLOBBIREH K Aal el d b,
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Specific power

Volumetric power density

Average water outlet velocity M/s
Core dynamic pressure drop MPa
Active core height M
Core diameter M
Fuei rod diameter MM
Averzge coolant gutlet temp oC
Ceelant pressure MPa

JAERI-M 87-199

k' /kgU
kW/l care 63

WY  PIUSEEITPWR & DLLE

COREPERFORMANCE DATA
PIUS V5 MODERN-PWR

PIUS PWR
(SOUTH
TEXAS)

20.4 35.4
96.5

2.3 4.3
0.016 0.17
1.97 4.26
2.62 3.03
12.25 9.5
291 332
9.2 [5.5

%6 R—145vHvHA42 0 ERR 5 v+ 1o EDRRALECHE
COMPARATIVE ADVANTAGES QF TPS R-114 RANKINE CYCLE
OQVER TYPICAL STEAM RANKINE CYCLE
Feature (2) - TPS R-114 Cycle

Steam Cycle

Turbine inlet temp
Generator rating
Cycle efficiency
Turbine arrangement
Turbine stages
Blade diameter
Fluid expansion
3600 rpm

Bearing lubrication
shaft seals

Gas sjector

Generator cooling
Fead flow heating

Feed pump

Feed pump
lubrication

wWorking £luid
chemistry

control

400°F

10 MW(e)

17.8% to 18.9%
Axial flow

3 to 5

5 to 6 ft

Wet

Requires gearbox
Large oil lubrica-
tion subsystem
Actively sealed by
oil or buffer gas

Air ejector required

due to seal leakage

Requires additional
subsystem

Feedwater heaters

(two-phase condensing)

400°F

10 MW(e)

19.5% to 21%

Radial inflow

One

44 in.

Dry

No gearbex required
R-114 working fluid
lubricated

Passive (ultimately
hermetic)

Fluid properties and
design eliminate
active gas ejector
(evacuation reguired
prior to charging)}
Cooled by working
fluid

Recuperator

Steam or motar driven Turbine shafit driven

©il lubricatien

Full-flow deminer-

alizers and veclatile

chemistry additives

R-114 work fluid
lubricated
Partial-flow filtra-

tion and dessication

(2) Saturated.
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*7 TPS | RFATEBERTT S v OB

MAJOR PLANT FEATURES
* Inherent passive safety
- High reliabiiity/availability
« | gw temperature/pressure
system

* Comhbines two established
technologies

¢ QOptional cogenerated heat

» Modular fabrication/
construction

SAFETY FEATURES

* No evacuation

* Confinement only required

+ No emergency core cocling system

+ No emergency electric power necessary
* Redundant diverse shutdown systems

PLANT PARAMETERS
Thermal rating, MWt 64
Capacity factar, % 90
Automatic load follow- 10-100
ing range, Yo power
Net electrical output, 12

MWe
Net thermal efficiency, % 1%

OPERATION FEATURES

* Automated operation
* Technician-level operation and maintenance
= Small operating staff

TPS PLANT DESIGN PARAMETERS

Reactor power, MW(t)

Pressurizer pressure, atm.

Average core outlet temperature, °c {

Primary coclant flow rate,

. . 9.
Turbine inlet temperature, 0C, (7F)
Turkine inlet pressure, atmn.

Secaondary coelant flow rate,

5§3.8

(psia) 23.5 (434)
°Fy 216 (420)

kg/h (1b/h) 1.s50x10°

(3.31 x 10%)

204 (400)
(psia) 40.8 (800)

kq/h (lb/h) 1.45%10°

(3.18 x 10%)

Condensing temperature, OC, (OF) 39.7 (103.53)
Heat sink temperature {wet bulb), %e (OF) 26.9 (80.35)
Maximum net electric cutput*, MW(e) 11.3

Net efficiency, % 18.0
Maximum thermal power tc heat user~** 62.4
Average temperature te heat user, °c (OF) 165 (33Q)

* Assumes no heat cogeneration.

**Assumes no electric power producticn.
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Steam flow
Faed water temp.

Pressure vessel

Material

Inside diameter
Height

Thickness
Cutside diameter
Inside volume

Weight

2,990 tons/h

2l0°¢C

PS concrete
+ steel lining

13 m

34.5 m

7.8 - 8.5 m
I0m

4300 m°

135,000 tons

* 8 ISERO®REEHM  PIUS LOHKE
Characteristics of
the PIUS 500MWe and ISER Reactor Plants

Parameters PIUS 500 MWe ISER
General
Thermal power leleMW 645 MWt
Electrical power S00MwW 210MW
Thermal efficiency 30.9% 32.5%
Core cutlet temp. 294°C 323°C
Core inlet temp. 263°C 288°C
Pressure at core outlet 9.20 MPa 15.5 MPa
Core pressure drop {(dyrnamic} | 0.027 MPa 0.015 MPa
Mass flaw 9975 kg/s 3254 kg/s
Pocol water temp. 50°C 100°C
Secondary -system
Steam press. at S.G. ocutlet 4,02 MPa 5.7 MPa
Steam temp. 263°C 300°C

1,280 tons/h

226°C

Steel

6 m

26.4 m

0.15 - 0.30 m
7 m

600 m>

1,400 tons
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Characteristics of the Steam Generator

Heat transferred 645 MWt

Tube bundles

Inner/outer diameter 1.8 m/4.99 m
Height : 7m
Numbers of tubes 2000

Primary side

Flow rate 3250 kg/s
Inlet temperature 323°C
Cutlet temperautre 28%°¢C

Secondary side

Steam flow rate 1280 tons/h
Steam temperature 3o00°C

Feed water temperature 226°C

Steam pressure 5.78 MPa
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Pumps Valves
1600
25 Passive-cooling PWR Passive-caoling PWR
] 1400
20 Typical PWR 1200 Typical PWR
1000 ’ \
15
800
10 €00
400
5
- 200
Safety System Auxlliary System Safety System Auxiliary System
Pumps Pumps Valves Valves

Simplicity Pays Off

The impact of simplification and passive safety sysiems can be seen clearly In the possibility for reduction of components. Over
60% of the pumps and 80% of the valves required for moving flulds in a conventional LWR can be eliminated In advanced designs
that empicy gravity feed and other passive concepts. This reduction Is expectad to simplify operation, Increase system reilability,
and erthance safety beyond that of conventional designs. In additlon, for each valve and pump remeved, a mountaln ¢f support
equipment and operation and maintenance services are also ellminated, significantly reducing cost.
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Time Is Money

Critics of smaller plants point out that economies of scale work against such
downsizing. One way designers plan to keep the overall costs for small plants
competitive |s by shortening schedules from those of recent larger U.S.
plants. Cutting the time for plant completion from the 11 years typical of
current plants down to the advanced plant target of 4 years could reduce the
interest and inflation component to the point of halving the total plant cost.
Further reductions in this total will likely be achieved as ways are found to
reduce the costs of materials, labor, and engineering.

Piant Completion Schedule (yr)
0 2 4 6 8 10 12

“_ Best current plant

Py T

7 LWR target

Reduction in Current-Dollar Plant Cost

Note: Estimates assume the sama direct and indirect plant coats, 6% Inflation,
2%, escalation above inflatlon, and an interest rate of 12.5%.
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Horizontal section through a
three—module PIUS plant

Core in refuelling
position

Turntable

Spent fuel storage

\_ Recirculation
pump
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PIUS 670 MWth module

reactor design
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Prestressed concrete vessel for PIUS

plants of 500 to 600 MW(e)
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Once through steam generator.
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- PLENUM CHAMBER CORNER
- PRIMARY FLOW ENTRY
PRIMARY.FLOW EXIT PIPE
CONCRETE VESSEL WALL

. FEED WATER PIPE ‘
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PIUS 670 MWth REACTOR MODLULE

ALLLTLLL

NN

REACTOR VESSEL CLOSURE

.

"
. PRESSURZER STEAM VOLUME

L

PRESTRESSED CONCRETE
REACTOR VESSEL IPCRVY

STEAM PYWE
FEEOWATER PWE ) s’

|
I

UPPER ROQT/COLD INTERFACE (Densitcy Lack)

RETURN FLOW ree

STEAM GENERATOR TUBE BUNOLE
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THE ATLE TESTRIG

23

N )
\\a}k\-&\\'@ PRESSURIZER

HEAT EXCHANGER

VENTURI

SIPHON- RECIRCULA
BREAKER TION PUMP

VENTURI

UPPER (—}

DENSITY!
LOCK

HOT CHANNEL

REACTOR

LOWER
SENSITY
LOCK
MAIN DATA
Design Pressure 2.5 MPa
Design Temperature 225°C
Operating Pressure 2.0 MPa
Electrically heated element 8 x 8 bundle
Rated Power 1.30 MW
Maximum Power 2.50 MW
Configuration
Active length 1345 mm
60 heated rods 12.25 x 0.5 mm 33
Max current ca 40 kA
Mass flow 7.4 kg/s
Inlet temperature 15¢°C
Qutlet temperature 190°C

ATLE 2.5 MW test facility schematics

X 14 PIUSKHHEEILD/IDHDOMKHAEREEATLE
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PIUS with external stecm generalion

Flow principle

2

Siphon breaker
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Dashed lIine....
~ natural circulation
circuit
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TRIGA POWER SYSTEM IS NOT NEW CONCEPT

PP
TOPS
SRGA

DTR

smpp

JAERI-M 87-199

PIUS

Design implementation

On the basis of the basic PIUS criteria a large
number of design options are open, e.g. with
respect to:

- Location of steam generating equipment
(inside or outside of concrete vessel),

-~ Concrete vessel design (bottle type or full
diameter openingj.

- Recirculation pump location {coid or hot
leg}. .

-~ Single core or modularization (for larger
plants).

- Spentfuel storage (inside or outside
concrete vessel).

- Length of "grace period”. (Less than one

week?)
~ Steel or concrete vessel.

Several variations have been, and areb- ing
studied.

26 PIUSIKEBA2BLLHRTA TV a

LATE 19G0s

— 10 KW(e) TRIGA POWER PACK

— 100 KWi{e) TRIGA OCEANOGRAPHIC POWER SUPPLY

— 1 MWi{e} STABLE REACTOR GENERAL ATOMIC
EARLY 1300s

—  DEFENSE TERRESTRIAL REACTOR
o 3,0, 10 MWI(e} SIZES
POWER AND SPACE HEATING

PRESSURIZED TRIGA
ORGANIC RANKINE CYCLE

—
[}

MW(e) SECURE MILITARY POWER PLANT
CONCEPTUAL DESIGN STUDY FOR DOE
Aill FORCE BASE POWER

PRESSURIZED TRIGA

R-114 POWER CONVERSION SYSTEM
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TRIGA NUCLEAR HEAT SOURCE

- » R-114 TO TURBINE INLET
PRESSURIZER 400°F
YO PASSIVE 500 PSI
HEAT SINK pe————— R-114 FROM RECUPERATOR
_ 1980F
: ~ 630 PSIA
AEACTOR _
MODULE 4209F
- -1
160°%F q P
PRIMARY
360°%F HEAT
EXCHANGER
MODULE
180°F
P\ HEAT
REOUCER
TO INTENMEDIATE LOOP
OR DIAECT PROCESS
3709F HEAT USER

TPS Cogeneration Plant Arrangement
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Control rod
drives T
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BEBEEOZ2HEZILILHED PN RFELEAETHEINTE D, ADEEMAHKFRED
ENEARESFELTEHEEZRBRU T 5,
CHOBERESEFAFOREOREER, RIEE (WNIEBESELORE) , FERER
ORUICLIDMHETHEDTH 5,
TR, fHl, KETHRGYOBEELZLSENAFLOVT, Z20EAEZBIHFRLE
HL, #FEHEHEASHLEASFREOLLR LOFREEZENT 2, £/, BEALL T,
BEMKWU ./ 1 AtOModular HTRiICD &, AR EE, ¥ L L bic, AOEEMET
BAOHREEESHICET IFEERIC DD THANT 5,

3.2 Inherently Safe High Temperature Gas-cooled Reactor
Masao YAMADA,Hitoshi HAYAKAWA (Fuji Electric)

It is recognized in general that High Temperature Gas-cooled Reactors have
remarkable characteristics in inherent safety and it is well known that credits
of the time margin have been admitted for accident evaluation in the licensing
of the currently operating prototype HTGRs (300MWe class). Recently, more
inherently safe HTGRs are being developed in various countries and drawing
attention on their possibility for urban siting.

The inherent safety characteristics of these HTRs differ each other depending
on their design philosophy and on the features of the components/structures
which constitute the plant.

At first, the specific features/characteristics of the elemental components/
structures of the HTRs are explained one by one and then the overall safety
features/characteristics of these HIR plants are explained in connection with
their design philosophy and combination of the elemental features, Taking the
KWU/Interatom Modular Reactor System as an example, the particular design
philosophy and safety characteristics of the inherently safe HTR are explained
with a result of preliminary evaluation on the possibility of siting close to

densely populated area.
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3.3 Technology of Inherently Safe Fast Reactors
Sadao Hattori (CRIEPI)

Recently, ’Inherent Safety’ is getting more and more attention. Inherent
safety is the safety feature that relies only on the passive responses that come
from physical characteristics provided inherently to the system, Inherently
safe fast reactors have this inherent safety to satisfy the functions that
required in terms of safety.

Safety functions that fast reactors should have can be summarized as:

(1} reactor shutdown

(2) decay heat removal

(3} retention of radicactivities.

Technologies to satisfy these functions with inherent safety may be as follows:

(1) For the passive shutdown of the reactor from various possible conditions,
adoption of small metallic fueled reactors may be effective. Those reactors
may have nuclear and thermal characteristics which realize negative
feedbacks required to shutdown the reactor.

(2} For the passive decay heat removal, those systems that utilize natural
convection and natural radiation heat removal may be effective. Appiication
of such a system design to small reactors may be more feasible.

{3} Coolant of most fast reactors, sodium, have retainablity of fission products.
And the technology of leak before break will be effective for
radicactivity containment,

In this presentation [ would like to introduce these technologies based on the
results of the demonstration test of inherent safety at EBR-1I, activities at

CRIEPI, and others.
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(C omputer Aided Design/Manufacturing )

4.1 FH - BEHAG BN 25— 27 5 DS
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BEHHRHEHTHREEZED TOIRTFAT7 Sy POEK - WEAEGLEZER > + /v
PYRFLERDVT, TOXNHE HMECHR, &I, RUBRESELZBNT5. AROERIC
DVTH, RVRATFLAPANBIFOREEEDCENL LI B ODOTHLH L L AEBRD. A
DOTH, RYRAFALALEVODYWAERELH VAT ALOMELZERLEEVT, TORBMETRT .
WEEEEC VT, AV R FA0PRTT 2EAME (EEMEY, EETH, HUFRFH,
HEEFM, RRFLENRILR) RUS v 47 - — ZBREC>0OCTHET 3.

4,1 NDevelopment of an Expert System for Prevention
of Abnormal Event Recurrence
Takuya NISHIYAMA (CRIEPI)

The background, role and functional outlines of an expert system, which is
being developed in CRIEPI for support of abnormal event recurrence prevention,
is discussed focusing on its features .

The background will assure that the system could take the merit of the
knowledge engineering.

The role of the system will be cleared by distinguishing the sysiem from what
is called the plant diagnosis systems.

As to the functional outlines, the fundamental functions (cause analysis,
similar event analisis, propagation analysis, significance evaluation, and

preventive measure synthesis) and the interface functions are presented.
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4.9 Three-Dimentional Computer Aided Design System for Plant Layout
(pplication for Nuclear Power plant)
Toshiaki Yoshinaga (Hitachi,Ltd.)

The nuclear power plant consists of many and various units of epuipment such
as reactor, turbine, pump, valve and control, and can demonstrate the functions
as a power generating plant by organically connecting them with pipings and
cables. Since these units are properly arranged and housed in the buildings in
accordance with the applications and -purposes, the connectors such as pipings
and cables are many and complicated, and how properly they are arrenged greatly
influence the operationability and maintainability of the plant. For ihis reason
, in the plant layout planning, the layout is fixed by determining the
arrangement of the buildings and main units, then planning the main piping
routes and generally making additions and corrections through trial and error.

To increase the efficiency of such layout planning, so far the color composite
drawing and plastic models have been introduced to make adjustments for
interferance prevention and maintainability, but still a lot of manpower is
required to quickly make the additions and c¢orrections for the layout.

On the other hand, recently the computer technology is making a remarkable
progress, and it was expected that the same or higher effect than that of the
plastic model might be obtained by developing CAD system incorporating such
uptodate computer technology, we have, therefore, developed and put fto practical
use a "three-dimensional CAD system for plant layout” using the uptedate

computer technology.
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USING THE HERMIES-IIB ROBOT
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ABSTRACT

In earlier published work, the authors have developed and
demonstrated expert system control of an autonomous robot navigating in
unknown environments and dealiﬁg with unexpected events such as moving
obstacles. The limitations of this earlier work included insuffient onm-
board computing capability, restrictions on the sensor suite to only
sonar transducers, and a geometrically specified goal location.

In this paper, we describe advances to our mobile robot series
(currently HERMIES-IIB) to include 8 NCUBE processors onboard,
(computationally equivalent to 8 Vax 11/780's) operating in parallel, and
augmentation of the sensor suite with cameras to facilitate on-board
vision analysis and goal finding. The essential capabilities of the
expert system described in our earlier paper have also been ported to the
on-board HERMIES-IIB computers thereby eliminating off-board computation.
We describe a successful experiment in which a robot is placed in an
initial arbitrary location without any prior specification of the room
contents, successfully discovers and navigates around stationary and
occasionally moving obstacles, picks up and moves small obstacles,
searches for a control panel, and reads the meters found on the panel.
The success of this experiment encourages more complex on-board vision
analysis and expert system control in dynamic enviromnments. The
experiment will be expanded to include research in robot learning as the

robot attempts to adjust the meter reading to a particular value without

a priori knowledge of the control panel system dynamics.
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I. INTRODUCTION

The development of an autonomous mobile robot capable of navigation,
surﬁeillance and manipulation in complex, dynamic environments is a key
research activity of the Center for Engineering Systems Advanced Research
(CESAR) at the Oak Ridge National Laboratory. The current focus of this
research is an autonomous mobile system called HERMIES-IIB (for Hostile
Environment Robotic Machine Intelligence Experiment Series II-B),
pictured in Fig. 1.

HERMIES-IIB is the latest member of the HERMIES Series, a group of
progressively more capable and sophisticated robots. Valuable experience
with planning, world-modeling, sensor perception and commﬁniéation was
obtained with the first robots of the.HERMIES Series,(lf3) but in these
experiments the intensive computations and high-level decision making
were performed off-board in computers linked by RF with the robot. With
HERMIES-IIB the emphasis is on computational autonomy, hence the need for
powerful on-board computing capabilities. Research with HERMIES-IIB has
been focused on navigation in unknown dynamic environments, visual
percéption and goal recognition. The HERMIES-IIB manipulators are too
primitive to perform tasks requiring significant stength or high
precision; however, a complementary research program within CESAR is
addressing problems in advanced control and motion dynamics with the

flexible arm CESARM which will be incorporated in the HERMIES-III

robot.(a)
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Fig. 1 Fhotograph of HERMIES-IIB, an autonomus mobile robot used

by the Center for Engineering Systems Advanced Research (CESAR) for
concept demonstrations.
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In the next Section we present a concise review of some related
research. This is not intended to be an exhaustive survey of the field.
In Section III we describe in some detail the autonomous meobile robot
HERMIES-IIB and its most important components. In Section IV we discuss
some of the present research goals and describe a "proof-of-principle-
demonstration" that illustrates some of the tasks which HERMIES-IIB can
now perform. Finally, we review the limits in the present capability of

HERMIES-IIB and outline directions of future research.

IT. RELATED RESEARCH

Research on autonomous mobile robots has been going on for
approximately 20 years: one of the first mobile automatons, named Shakey,
was developed and studied by Nilsson et al. between 1966 and 1972.(5)
The chief problems were already recognized to be in the areas of
perception, particularly visual perception, world modeling and problem
solving.

In recent years the research efforts appear to aim in several

. . . . s (6,7) _.
directions. In particular, the Autonomous Land Vehicle preoject aims
at developing a vehicle operating at relatively high speeds in a variety
of outdoor environments, such as fields and roads. Such robots require
massive computational power and a variety of powerful sensors to meet the
challenge of adapting the perception/control system to the high speed of
motion and to the variety of possible outdoor enviromments. For these

reasons ALV robets are currently rather bulky vehicles. OQther research

groups are working with smaller mobile robots designed to operate mostly
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indoors or in relatively contrelled ocutdoor envirenments. These smaller
and usually less expensive robots provide a test bed for research in
perception, planning, dealing with unexpected occurrences, goal

recognition and other such problems. To this category belong in

(9,10)

particular the LAAS robot Hilare,(s) the CMU robots, the

(11) (12) (13) {14,15)

Stanford, SRI and Purdue robots, the MIT MOBQT-1 and

MOBOT-2, as well as CESAR's HERMIES-IIB. Other large projects include

(16) (17)

those of JPL and FMC.

III. GENERAL DESCRIPTION OF HERMIES-IIB

HERMIES-IIB has been designed as a research tool and considerable
flexibility has been incorporated into its design so that features can be
added or modified as research needs require: for instance additional
sensors can be accommodated and the flexible computer architecture can be
reconfigured if desired. In this section, we describe some relevant
features of HERMIES-IIB as they were configured for the demonstration
discussed in Section IV,

I11.1 Effectors and Sensors

HERMIES-IIB, shown in Fig. 1, is a self-powered robot system
consisting of a wheel-driven chassis, dual manipulator arms, on-board
distributed concurrent processors, and a directicnally-contrelled sensor
platform. The robot is propelled by a dual set of independent wheels
with common axle alignment and driven by separate DC gearhead motors
powered by pulse-width modulated servo amplifiers. The wheels can move

forward or backward to a maximum speed of 0.6m/s (2 ft/s) with ramp up
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and down., HERMIES-IIB's position may be controlled in an open-loop
fashion to a precision of about 0.1% for each linear movement and about
0.1 degrees per rotation using real time monitoring of the wheel
encoders.

The two on-board computers and other electronic equipment are
located in an enclosure mounted above the drive chassis. The two
computers ére stacked with the larger IBM 7532 mounted on slides just
above the batteries and drive chassis components in the rectangular lower
part of the robot body (see Fig. 1). A VME rack is located above the IBM
7532 in the trapezoid-shaped upper part of the robot frame. A dual-arm
manipulator torso is mounted above the IBM 7532, forward of the VME rack,
and on the outside of the robot "skin." The manipulators are five-
degree-of-freedom (DOF) units manufactured by Zenith/Heathkit and used on
the Hero home robot. The torso assembly for the arms also includes a
shoulder pitch motion for each arm. The two-arm shoulder assembly has a
total of 13 DOF, including rotation of the robot torso.

The sonar sensing system is an array of Polaroid range finders
consisting of 25 individual transceivers each with a maximum range of
7.75 m. The range resolution is limited by the digitizing circuitry and
is hence equal to 2.5 cm, the unit of analog to digital conversion.
Twenty four of these sonar transducers are mounted ih six 2x2 matrix
clusters and operated as phased array range finding elements to reduce
the effective sonar beam from approximately thirty degrees for the
the phased array clusters. Five of these élusters are mounted in a ring

on the periphery of the rotatable robot head; the sixth cluster is
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mounted on a tiltable platform attached to the head as seen in Fig. 1,
High speed servo-drives permit the head to be stepped quickly so that the
time required to scan the sonar ring over a 180 degree region in front of
the robot is 7 seconds. The remaining sonar transceiver (not mounted at
the time Fig. 1 was prepared) is located on the front side of the robot,
near the midsection and between the manipulators. It is used as a
collision avoidance sensor during navigation.

A video data acquisition system forms the heart of the machine
vision hardware. At present 2 Somy CCD black and white cameras are used,
one of them equipped with a wide angle lens. The frame acquisition is
via a Maxvideo system from Datacube. It consists of 512 by 384 pixels
with 8 bit grayvalue resolution.

Several communication devices send data to and from HERMIES-TIB.
These devices may be used to initiate and monitor computer programs
running on the on-board processors. The communication devices include an
ESTEEM RS-232 radio made by Remote System Technology and a Hawkeye
wireless TV transmitter.

III.2 Computer Architecture

The computer layout for HERMIES-IIB is shown in Fig. 2. It is
centered around two computer systems: an IBM-7532 loaded with NCUBE
nodes and a VME computer rack.

The IBM-7532 is an industrial version of the IBM-AT. Mass storage
is provided by a 20 megabyte hard disk and a 1.2 megabyte floppy disk as
well as a 2 megabyte RAM. Six AT style-expansion slots and two PC/XT-

type expansion slots are available on the computer’s backplane. Four of
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the eight slots are used for I/0 devices and memory expansion while the
other four slots are available for NCUBE parallel processing boards. A
keyboard and CRT may be temporarily connected to the computer for
algorithm development or for starting application programs. When
performing experiments, the keyboard and CRT are disconnected and
communtication with the computer is via the RS-232 wireless modem
connected to a serial port on the IBM.. The IBM is loaded with an Intel
80286 CPU, and, at present, with 2 NCUBE boards each containing &
processor nodes.. The number of NCUBE nodes is readily expandable to 16
by utilizing the remaining two expansion slots.

Communication between the IBM-7532 and the VME is by an 8 megabaud
(8x106 bits) parallel link made by the Bit-3 computer company, with a

transfer rate of 1 megabyte/sec (8 bits = 1 byte).

The VME rack is a 20 slot double-high industrial rack that provides
the link to HERMIES-IIB's hardware. Twenty slots provide plenty of room
for controlling HERMIES-IIB's effectors and sensors and leave adequate
space for the possible later addition of other devices. Figure 3 shows a
schematic of the present configuration of the VME subsystem.

III.3 Computeyr Programs

The IBM-7532 may be operated as an IBM AT running MS-DOS or as an
NCUBE host running the AXIS operating system.

The computer programs which control HERMIES-IIB's behavior are
mostly written in "C" and can be organized into four classes: the
HERMIES-primitives, the expert system énd associated navigation routines,

the image analysis routines, and the control and integration programs
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that reside on the NCUBE host. The expert system may be executed from
either M5-DOS or AXIS; however, all of the image analysis routines have
been developed for execution on the NCUBE concurrent processing computer.
A computer program that emulates the response of the robot is used for
off-board development of the expert system rule base prior to implemen-
ting these codes on the robot.

The HERMIES-primitives are a set of utility routines which control
the sensors and effectors and can be called from other programs. Two
examples of HERMIES-primitives are:

int Sonarb(X)

a function that returns the sonar reading from Unit X
fmove (£,1)
a command that causes the robot to move forward f feet and i inches.

As was already stated, valuable experience in perception, world-
modeling, planning, monitoring the execution of plans, diagnosing
unexpected occurrences and replanning was obtained with the first two
robots of the HERMIES series.(3) 1In this earlier research the robot was
contrelled via an RF link to an external system of computers,

It was determined in this earlier research that a convenient and
powerful method of controlling the robot’'s behavior was by using an
expert system combined with a number of modular procedures. The expert
system performs high-level decisions and diagnoses unexpected occur-
rences. When a standard procedure is required such as avoiding or
removing an obstacle, or mapping an areé, the expert system can call the

appropriate procedure which executes until completed or until an

-218—



JAERI-M 87-198

unexpected event generates an interrupt which returns control te the
expert system.

For HERMIES-IIB a LISP-type format rule base was prepared in a text
editor, This rule base controls the high level decisions and can call on
C-compiled navigation procedures. The rule base is locaded in an expert
system shell, CLIPS,(lB) and linked to the navigation procedures. CLIPS
and the navigation routines currently run on one of the NCUBE nodes.
Messages are passed from the NCUBE node to a host program under the NCUBE
operating system AXIS. This host program is linked to the HERMIES
primitives on the VME rack.

Figure 4 shows a block diagram of the overall coﬁfiguration of the

programs.

IV. RESEARCH GOALS AND IMFLEMERTATION

An autonomous mobile robot deals with the empirical world which is
never fully predictable; hence, the robot must continually monitor its
environment to perceive and diagnose any unexpected occurrence. This
dynamic and unpredictable nature of the real world also requires that the
robot frequently readjust its plan to the changing conditions.

The many computations associated with machine perception, particu-
larly visual perception, and with frequent replanning in real time neceé-
sitate large amounts of computer processing on board the robot. To
satisfy this computing requirement, HERMIES-IIB is equipped with an NCUBE
corpeoration hypercube supercomputer as weli as several other processors,

as described in the previous section. Hence an important research theme
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with HERMIES-IIB is the optimization of the overall computer architec-
ture. A second research topic is concerned with adapting the NéUBE
structure to the rapid analysis required for.visual perce#ﬁion and pat-
tern recognition. Still another research goal is to imérove and make
more robust a number of sensing, world modeling, planning and ménitoring
processes which were developed with earler versions of HERMIES and which
must be organized into a consistent control system that optimizes the
robot’s behavior,

In order to focus thg research, to prove the correctness of the
general approach and to bepter identify the areas for further experimen-
tation a démonstration was deveioped and implemented. The rest of this
section describes this demonstration.

Figure 5 illustrates a typical environment for testing HERMIES-IIB.
The robot starts from some arbitrary initial location, denoted by A on
the figure. The coordinates of this initial location A and of a subgoal
location B are sent to the rohot-via the RF-link. HERMIES-II's task is
to navigate from A to B avoiding or removing several types of static and
moving obsﬁacles. From location B HERMIES-IIB is to find a mock-up
control panel, move up to the panel and read an analog meter. It is
assumed that there are nd‘oﬁgcacles between location B and the panel.
All this is performed fully autonomously.

HERMIES-IIB starts by making a wide-angle sonar scan-of the environ-
ment and planning a collision free path to the reachable point closest to
B. As the robot moves toward its destination a sonar scans the area

ahead of the robot. If the sonar detects an unexpected obstacle on its
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' Fig. 5 Layout of the experimental area for HERMIES-IIB. The robot
navigates from point A to point B stopping at intermediate goals A1 and
A7, and responding to dynamic obstacles at points S and M. The robot
moves from point B to the control panel stopping at intermediate goals Bp

and Bs. At point R the robot is close enough to read the meter.
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path, it stops within 2 feet, diagnoses the nature of the obstacle and
takes appropriate action. In Table 1, taken from the expert system rule

base, illustrative obstacle characteristics and corresponding actions are

listed.

Table 1 Diagnosis and Action on Unexpected Obstacles (see Ref, 3)

Obstacle Characteristic Action to Take
1. Stationary and over 3 ft. tall 1. Start the navigation algo-
rithm from the current
position.
2, Stationary and less than 3 ft. 2, Move forward to the ob-

stacle, pick it up with

the manipulator arms, put
it to one side and proceed
to the original destination.
Anything shorter than 3 ft,
is guaranteed to be light
enough to lift.

3. Has moved out of the way. 3. Proceed to the original
destination.
4. Is moving away from the robot, 4, Wait for the obstacle to

clear the path and proceed
te the original destination.

5. Is moving toward the robot. 3. Check to the left and right
with sonar, if clear, move
out of the way. If both
sides are blocked, go back
to starting position and
recheck escape routes to
left and right.
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When HERMIES-IIB has reached location B the vision system searches
for the mock-up panel. This is accomplished as follows: Grayvalue
images of the scene are obtained using the camera with a wide-angle lens
and converted to binary images using a threshold based on the average
grayvalue as determined from the image histogram. This proved to be a
reasonably robust method since the control panel and its immediate
v;cxnlty do not produce complicated grayvalue distributions. The binary
image is searched to Ldentlfy groups of pixels that are connected
(contiguous and like-colored). Each of these binary image components is
labeled along with component features, such as size, aspect ratio, and
moﬁent Qf inertia. This list is compared to a descriptiocn of the control
panel generated from a priori information on the geometric relationship
among the objects (meteré and swithces) on the front of the pénel. If
one of the blnary image components approximates the expected features of
the panel then the robot is moved in the direction of this image
component and the steps outlined so far are repeated. The robot
continues fo move forward until the robot is close enough so that the
binary image components identified as meters are larger than a preset
size.

The camera with the wide-angle lens was calibrated using the simple
pinhole camera model (assumes that each point in the - image plane can be
connected to the corresponding world point using a straight line through
a "pinhole" displaced from the center of the image by a distance equal to
the focal length of the lens). Hence, distance information is inferred
from a priori knowledge on relative sizes of objects identified in the

scene. Once one of the analog meters on the panel is detected at a
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predetermined size, the system begins to process images from the other
camera (no wide-angle lens). The region of the binary image identified
as a meter is searched to find groups of pixels that form lines. Since
the meters have two needles (one is a preset or limit needle) the images
are searched to find a pair of lines with a common origin. A Hough
transform is used to convert the needle position data from cartesian
coordinates to (r, )} values. The meter reading is determined by
comparing the needle angle to a table of angle versus ampere values. The
accuracy of the reading deteriorates if the camera is not facing the
meter squarely, therefore, as the robot is maneuvered toward the control
panel the image processing algorithm calculates both linear and angular
moves to advance the robot until centered in front of the panel.

The programs used by the vision system demonstrate the successful
integration of image processing and analysis-algorithms on the concurrent
multiprocessors of the 8 node NCUBE hypercube, on board the robot. These
programs feature a new component labeling algorithm and a Hough transform

algorithm with load balancing to be described in detail elsewhere.

V. DISCUSSION AND CONCLUSION

The successful implementation of the demonstration just described
validates some of the concepts of HERMIES-IIB and suggests areas where
further research is needed. In particular, the experiment demonstrates
the feasibility of placing on board the robot all the computing power
needed for sensor analysis, planning and control at least with respect to

the experimental scenario described in this paper. It also validates the
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utilization of the NCUBE supercomputer to process in parallel the many
algorithms required for rapid scene interpretation.

Additional research is required to better integrate the information
from the different sensors and the decision making programs inte one more
unified structure: At the present time HERMIES-IIB can navigate among
moving obstacles using only the sonar sensors, or can navigate using
vision but only in an essentially obstacle-free region. A better
integration of these two modes of navigation is clearly desirable.
Another area of ongoing research is concerned with discovery and learning
the properties of the environmment. It is proposed to have the robot
discover the dynamic properties of a system by manipulating the controls

on a panel and observing the resulting changes on the panel meters.
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