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Summary

SPERT-III E-Core transient test has demonstrated that the prompt moderator
heating (PMH) effect is a significant reactivity feedback contributer in the rapid ex-
cursion power in some reactor conditions.

The PMH effect is theoretically confirmed and the complex factors are investigated
in detail which govern the transient behavior, such as coolant temperature and velocity,
initial power level, power profile in the core and reactivity insertion rate. Several
assumptions are made in the theory of PMH effect in order to have a simple char-
acteristic equation; the newly-developed nuclear thermal hydrodynamic kinetics code
EUREKA is used for the quantative analysis of the PMH effect, of which the results
agree well with the SPERT-III E-Core test data.
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1. BPREREEHMBHRICONT

L1 HREFET SMIEF

B2t oA A RS, BEMRERICE ST -
THUZRIGEMEDRETHD, BEHEERE £/
FEHIC XD FRINZHEHBPRO—DTHS. T
C CHIRMEREA IR REE, ERCEDN TV ARE
HEOEAL FHRELKBLTRY BT 201, BRI
XA RGESESENBER DO XS SRS THAE
WEILBVTOS, HECRELNWABREHEDIDT
b5.

A Zebk R BV R OB O 7o ic, W BOKENT)
JFEBICI » TH A 5. EHRBIC BT, BHRKGE
M) AT BREOREAETRTE, BEHKPS
OIEATH 5. COEBICEENEL, Frov P77
v FEREHEE LoRmEECmA T, UO: oM
WEOEXOLHICHKENEE 125, CokkiEn
12, —Rmc 1IN0 BREEZDRTEY, ARBTHRY
LU BRERAOL S BEEHEOR ALK E > TR
BHTEVHETSH S, —RIC, BEMERHER R
4 FHR) BROHAEICT 2 UBERESR L L
THRHTHNEINTHRLOEIULEOBHIZES. £
LT2OE, chETROBNEMICKT 2HITICH
5T, Fy 77 —$BRosCEB LHATEEET
MEEREAN TV, SEERChE TR DO
SBOBEEERS, TOEREEVGBHMEEREO
INEWVEBMETOERTS - o fodic, Lidokm
MWREEBHRERL TV

L AT, BIFCRMToBEs 2 vF—%, B
IR 2 B 2 MR LT AN OEET S O
REC LD T 4 — F - o5y 7 5hRAE, HIZH: Bodib
%hHE (Prompt Moderator Heating Effect) &S, L4
(1968 42) # 7 L7 SPERT-III SEERD iICEWVT,
JE AR EIRRAE - HREBICH BRI, BrAEks
HEFNVICE MABERERDICHEATE S, COH
FMk WoEM MBI R DA K > TDH, B E BT &
M—HT D EBYHEPEIL S

Ep et modibh B R 2 & 3 83, R
VE—DH B, MRPEFOHEENREL Y <—BROW
HWIEDTZANF—THBDT, I Fy 77 -R%
T AMEHANTOREE & RIS, MOREFIZRA
BrC kb cRERAET A ERMUS A RIETH 5.
CORAFEDS L, JMEFOWEZFVF-ZZDITE
AEBEGHAKPTITRONELDTHES, ZOLH
NE-RBIZETRTHHKOBE ERICEDLN 3 & B

Lg%, %f:, MIFMT Y~ —HOMEL X VF—ITD
W, FOHES P TORBPFLATBADOBBILE
BAMIELEDEEOD, Zo—IRRGHKDTORY
KHEETLHOEEZIOSNS.

LTAT, chd o0 ERFOKNLT LT rvEF—
i3, METLABARIIVF—OK6% 25D BITL
dE3 (TABLE 12), AR~ BKIFD X 5 AR TRE
Hx3%MEEIONBZBTHSE. IV T 7%
Bz E T 2 MARORME ARIRZIVE—O
90% FRE) IKKART, OO THILURATHES. C
D HE 15 AR ol 56 #ohs, SPERT-III O&EA
BRAERICENT, BRKRELELET2EEREIEK
IGERBESR L > B AR B8, Vv 7718
& WoEM BERROFHEIC VW TR EZMA B

TaBLE 1 Components of fission energy

1 K‘ﬁrztgifn :zfrgy of fission 162 (MeV) 83.1 (%)

2 B decay energy 5 2.5

3 v decay energy 5 2.5

4 Neutorino energy 11 5.7

5 Fission neutron kinetic 6 3.1

energy

6 Energy of prompt v-ray 6 3.1

Total 195 100.0

1.2 EFFEEREERICERE

TABLE 2 {2, SPERT-II.E ZELOFEED Ny 77 —(&
&AM REREEETFORBEREICR LD
TH B, TABLE2 IRT X HIC, BULEE LRYOTH
ENBF Y77 —RBERIROBERNC >N T/HELR
BOICK L, BEHEEFRREIBEALTVS. oM
i3, SPERT-III . E BAMCHEEREE TR L, BK
(3 Ao v afifil PWR 2R K20 Th—ik
PICY TR 2 HETH 5.

ZORELFRITHEN F v 75 —EEB M T 58
2, EEREINTVE LYy 77 — RN

TABLE 2 Temperature dependent feed back coefficient
of SPERT-III - E-core reactor*?

System Doppler Moderator Void
temperature  coefhicient coeflicient coefficient
70°F ( 20°C) —1.30¢/°C  —0.72¢/°C  —50¢/% void

250°F (120°C) —1.02 —3.54 —42
500°F (260°C) —0. 667 —7.20 —35
500°F*! (260°C) —0.416 —17.85 —-37

*1: Data at 20 MW steady state power
*2: Data from IDO-17281%
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¥ GexHEE) o FBRICBIA L TN 3R T
H571HTHB. CORPELT Y77 -3REFIE
F 5 RPN FUIRDEAS D 1 28U DA THRFHNTOR
B (v) WEERT 208, < OME v BMREHAORE
(CoT) OFHBCHHITBEDOTHEEDD, Fu 7

7 — R F i BB O VIR HBIE B & D
2, KEHTRHBMBHD L. SPERT-III - E BHL
OOy 77— R SBEEREERICE-T, LiED
BTV EIZR LTS (Fig. 1).

—7F, BOEMIRE SRS OV TR, HEKOEEZEL
ICEB - THL ZERNRRENIROEE, R
HOLOMHEFOLNOEELSHAINTNS. TO
5 BRIZRLEORERKE, #EIAOEEREZE K
Hich7z5Tb0Thsbs. THHE - ADBROEEE
LDXHILNT YRAIESEME, kXY T v REERL

LLUEBETFRS LOMETLH 308, —RiIC3EL L
/
3.0F
(=}
z (Doppler feedback
2 reactivity
g
~ 2.0
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s
o
o,
g 1.0
2 1.0F¢
o
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| 1 ! ] ] | ]
o/ 300 400 500 600 (C)

— F uel temperature

fig. 1 Temperature dependent doppler feedback
reactivity(SPERT-III - E-Core)
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Fig. 2 Corelation between moderator reactivity
coefficient and water specific density

change
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OHEH»S, LVAKIVAOERERENEONE LD
WA LA 2 OBYETH 5.
Fig. 2 13, KOBLAE & BEELR (1 d") DM T

L TH5. Fig. 2Km?ioc KOEEREARID
BEICE O RIBIELL, FiZIEKE 250°C OFE(LEIZ
Kﬂ2M3®ﬁ®%10ﬁﬂbﬁtm%.ﬁﬁﬁﬂﬁ%
BOENRCDKOEEENMRLLIDELEZHDTHE 0
5, BHKOBEIEZ HEMREAR L K& (L
TRCEMEZOND. TABLE2 TR L7z SPERT-II -
E RUALOEE, Woditt BEREIZH 120°C (250°F) @
Be, —0.72¢°C K ULhpd E0D3, # 260°C (500°F)
DA —7.20¢/°C £13h, KOMEELICIZZL
BILT 10 f5ICEMLTH5E. —RBRORAKE (5 I A0
Y AFERL) KDV Th, REIEHICK L RERITE
Z2LOTNiEH 2500, FRREBICED 2 BERKD
ZL{RATHY, RELRCHE > THEMBEREMBA
MY BHACH S, (Fig. 2)

CHETERLTERESIC, Fo7o—HREERHE
MEREZBOBICE, ROBECEUTENWCHERKT 3
BRI H 5. LIichi» CREOREOEFFERE—HFIZ
S EARE, NEER—TR, Fy 77 -%Ro
FEESHEMHICETT 201 UT, BsttiREZhR
OEEMHRBHICHERT S, LEB>THOT L RRFETH
5T, HIFMREMRAICE DFRIN S HEHEE
PRIZOBE LRI ONTASURIGEBEISIRICK
ETACEMNEZ SN B HISHE EEM INEZIREH
SPERT-III - E B4A 0328k (iR - (HJ1REE) BT,
KERHRLL->TEDLNIDRIZ, “ROEBEER”
75 Lk Fy 77 R LBEMEBEZIRORDCD
R HacE3b0TH 5.

1.3 BDRMEREM MBI RORH

EN Sk phdib I B R ORI, RSROb 15T
RERESRE R IR KoaBFCEDbNhE, BT
HEpRELTOREILS 5. ThidRAFEOWE» S
AT, BERAEZ>REUEABRET L, &0
§<@w%ﬁﬁﬁﬁ%@ﬁiuacaméé,aﬂwﬂ
RTE2FWTHS. THRKIC, WoEb BHMD |
ﬁﬂm&bﬁbﬂ%ﬁﬁ&#%wﬁ&émé,w%ﬁm
SR REIC X D BB UG KSR RIRE & RITFL &
D&bhZDT, ZORNERBEHNRSARNRT I
WTHD. MAT, 779 MUAEL* ik, REK
X 2B A omEERRE L icH#E L30T, A

* KB OWTRAELROKICEFR UCHEA L. Fig. 3
RT &9, BOHAEick0/EL 2 RAH0ILERE
14 (excursion power Xi% burst power) & LU, BT
MU BREEMIEIMAE T 7Y i (run-out power)
Lt SExiaF—iioh o hoiigaETcRDb
L.
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Fig. 3 Diagram of power excursion

Time

FUEREMMBIRES LT 4~ F - Ny 7BOHTHD
AEEMLREETTA. chdiconTit, 2008
THANCHRE ZMA2d0E L, AHIKBOTIZEIZME
WoEM MBS ROFEESREL HOWMENCH 5 T & 4R
T BIIED 3.

TOXDIC, MFREBESMBSHRIT, Vv 5%
ROGRIC K2 BEHEESRERLD, ERERER
HEERMEICOAEbh 2 EREOECHBAMRTH 3
LRI, BB S IR TFFORER - HARET
HBEOBBAITCKERHRELE>THLOULL LS
DOREERD.

T, HWOES LT TRASFICODTDOABNR
T, BRM M IR R IRA LR B ST

INFE P RER BRI oW T 3

KBOTHEIDOHTEETHS. 4.3 KRB LI,
IS BOEM B R IFTINNENZE LD K& 1%
REELDHDOTHS. BASBAAGEFIC B LT
2, MRERL EOREICET ZFEFMI, BASICE
NT, DENLCDHEERDBAEN. ASIKK
R Y C U3 IE O Wodib I FE RO TS D SIS L O
HMAMDICEET 208, COFIRICBOTIE, WZER
HEMINBEZRE, chzTREANA TREESRAD
HBHRE LT bOTREL, BAREIE-TK
BEZRMT 2RI HOBEE LTEH L. cOE
KDOWTOENITKREL, IEORERBEE S OER
DREIP, WEMBESRE - R4 FREROK S IS
KVELINDIBDTHEINDS, 4EBKEATACE
USRSV, ReEM ERSBRFALREELTINET
b 5T EITRTENIEII.

FHRIC, EORBEGBERSFLLT, s v
LHIIC XS PWRFRHE. COFDES, EDRE
MRERBII BN/ N VDT, RERNOREICE S
73> THME N 5 BISeH: Bud b InBEh R 2 5 O SUSE &
bHEHLOINED, chETT—BNICTFEbhTH
ZWEEFNMICKBBITN C OFICH LRI H 2R
FTHBERTVUARED. WFHIC L IS okt
TEGhRM. —BBRKIF DAL S TEHEF DY 2 HaL .
¥ Al PWRICOW T ZAMBIT EREERRRTH 5
T EIBED MBI,
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2. WEMBEHHN B ETOREEE KRR

2.1 SPERT-M « E BUF. L REER

1 Tl te &SI, EISskE R I EEh R O FEAESSR
B D, 1966 HE~1968 FiCh > TIT b
SPERT-III . E B LIC X A REEROMRTH L. H
HEOEHERIER LED L TRV HDD, ZREES
INEEATH BT EDDEREN, TR TTRK
JFIC DU T EME S N o B e ERHS oA T BRI D
NS DR TOERTH - DICHELEEH DT
B ot. CORDFy 77— ROHBEROE T
W7 BB = P VI K AT C W O EREHVIT 0
TN TH - T fotd, BBV n#h RO TEIR K
VHEEh LT

B Feb: R M Bl R o AR % B & i U7 SPERT-
II - E &40, App. 1 WRT & 9 /N O MEKE
BETFETHY, ToFbEIATO PWR £ BWR O
Eeic k GERSETHON A REERFTH 5.

SPERT-III - E B4 LA » TOREERIZ, PWR
£ BWR itk 2 SHERELHTICEBWT, RETHH
Bt oh 2 RIGEFRESR L UTERINLLOTSH
vy, App. 2 DEBMEICRT LI, KILTI3 2O
HICABTE 5.

w1 OAKEERR, BETFOEHFH (Cold Start
up Accident) X d 2D TH 5 LI, ThETHT
BbhEBORETFFREER(OTIN S RELT3ED
LA L, SPERT-II- E RFL QAR 2 BH
TR bhicbDTH B, TORE, EZFLRMEICE
~NTHIR R FHGSPREL, ¥y 77— RE
DOKRENVEERNT, HHIRENE LOBEERDD
DTHNT EBR& . SPERT Tfifsbhhic ZERK
FhohETERAKTHY, HRIVERSOLTON
BB 7 v IREKIND OfsR b, FiKBRI L
UK KA B £ 7 v PARET® O#R b, JHICR
BEE X A>T

2 OEBEEERR, Biby 7 vERBRPLELTR
M TERShEERERTSH 5. COERTRETH
O BRI B IR AR B ORUGBEFER (Hot Start
up Accident) i LdDTH 5. EERTRFEHD
HIC B HIERE (250°F, 400°F, 500°F) BHIMHE (2. 4
fls~24f)s) ZZALSGTHEMRDEI N, O
B OAHMRENS EFRT o0 T, KRESEE TV
IREKIN 0;R3 iR #s RS EBARE RICHG 9, #AUK
SO 7 v PARET OMRE OB —ETBL
LAYl 57z, SPERT i\ T3 PARET Of#HT % 740

iEtT a2 ik D, T ORR IR REN A
Bhht O T RIGEMESDRICH BT EER LSO
o3 QM ERE, FRHE IMWT 8X U 19MWT
RN TS - 1 BEERT, BTHROERMHER
BEOTE I J L AR B8 A B 0 K (Power Operational
Period Accident) K64 3. Hic, iR 19MWT
DEAD KL IR SBRkW/IFL)TH D, KB PWR,
BWR Ok EEIREE X SHIB LT 5. SPERT
B A ERFEITE, o4 PARET 0AICK-T
12 - TL 5%, PARET ORI IZEEME & X < —FF
2 LA, BNt M mEZHR O b 1o & 3 RS BERRE
BRIXVEARERD, BAKK-TR, Fy 7 7-%R
ERCWKELCEABEHLTNS

2.2 EUREKA [ & 2 RPERT-III - E BUFHEERARHT

Hi Tk~ SPERT-III « E BF L KBRS RICRS N
2k 5iC, HEMBEDRNG L TREEMERZED
WTkhk&. #5513 PARET & 3BIEICHRBIKIIKG
LF o — F EUREKAWABRL, £OZAHZH
#T 27D ERERICOOLTHEATEY, ZOKR
ATE L1212, KT, T OERRBIMCOVWTORE
FAR~, 3. DIBCHRET AN A B BNRYE RaEh AR
CONWTOERETS.

124, o — ¥ EUREKA ORIEET App. 3 KR
LDOTH B, FIARIRNTTHILD 7 DT 1 W 2B
3 — F AIREK {3 IREKIN & iZEAERLHDTH
5.

EUREKA T X % SPERT EEAMFHTIZ, TABLE3 IR
+X51c, TOREFUCHOVTITE o7, BIHERD D
+, BRAER @FES 19MW) O8EICDAK 20%
DmEXELTVE OO, FhllAidBBtha 10%
BEOBEKIET D, TNTOHFEIERUERE
30% PIRIKC S 3. LR, 2, 3 @ EUREKA of#ikR
KHONWTHEEEMAL 5.

Fig.4 25FA MK 10 msec ORKTEEBROBRIIFER %
F4 b0 TH5. EUREKA O, RARELI%E
AT, 7 YT Y MIAED UESEET 2 AR
TEBERLIL—HBELTVE. D557 YT v b
JEIE L B A AICONTIR, Fy 77 —REELUTR
FESEBREARA ULREIC XS 0T, BERERE
WCIkEET 3 F oy 77 —ROBEN XD MY SN
i, comERIoPLRBEEZLNS. 08, KX
FERAMAICEO TR BEMREDHRMSNE 0TI,
EUREKA & Wi #Bhisit £ 7 v OFS RN & { —
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2. ZIERIGEDON B L TORK & ERITT

TasLE 3 EUREKA analysis to the SPERT-III E-core experiment

Case No. 1—1 1—2 1—-3 1—4 1—6 1—9 3—2
Initial condition
Pressure psi 1500 ” ” ” ,, Atm. 1500
Temperature °F 500 # ” ” ” 70 500
Flow rate f/s 14 ” ” ” ” 0 2.8
Reactor power MW 5x 1078 ” ” 1 19 5x1075 ”
Transient condition
Inserted reactivity $ 1.21 1.10 1.04 1.21 1.17 1.21 1.21
( 1. 23) ( 1. 10) ( 1. 04) 1. 25) ( 1. 17) ( 1. 21) (—)
+0. 05 +0.04 +0.04 +0.04 +0.05 +0. 05
Initial period msec 10 20 40 ~10 ~ 10 10
(~9.7) (~20.9) (~41.6) (~) (~) (~10.0) (=)
Reciprocal period sec”! 100 50 25 ~100 ~ 100 100
(~111) (~49) (~24) (~) (~) (~100) (=)
Peak power MW 458 123 37 498 534 312 485
(410+41)  (97+10)  (35+4) (~) (610+60)  (280+42)  (—)
Energy* MW-S 9.1 5.5 3.3 9.1 13.5 6.1 9.1
(8.541.1) (4.5+0.6) (3.1+0.4) (~) (17+2)  (6.0£1.0) (—)
Peak power time sec 0.22 0.35 0.57 0.12 0. 101 0.216 0.22
(~0.227) (~0.37) (~0.6) (~) (0. 11+0.05) (~0.23) (—)
Compensated* ¢ 22.3 12.7 7.8 21.1 23.6 22.0 22.6
reactivity (24+3) (12+1) (8+1) (~) (~22) (22+2) (—)
Reference IDO-17281
SPERT RUN No. (60) (62) (56) (83) (86) (43) =)

( ) Experimental value
*  Value at peak power time

LT3,

Fig. 5 BEREBROBNFIZRLILEDTHS. TO
%4 b EUREKA ooffifri, BREER, 79 ¢
HACESOHENR SN B, HEOKDICR U
HEEE E 7 DT IC I~ T, EUREKA ofEH{EIL
¥ T HEERMEITHE . Fig. 5 TR L RIGBEREZIR O
KRR EIC D T, EUREKA 0 fHfi ks B IC ZERES B
EHPL U BRENELU TS, CORENE, BEIFMERE
HinESh R & ZBC X 2 BEHROMICH 2 HEN D
TWICELELDTH 5.

T TR SN TR RN £ 7 v & O
DELHNTHLR~REL. Fig. 5 ICRLEBIFICENT
BRRER BRI B DNl RE R RITK 4.8¢
THY, SRGEREED 21.5% KELTWS. HE
BiteFv0le, COFORIGEREEZ Ny 77—
PDETHOLREILLLO,S, BREARELRNEIKRE
(120, TRERBRENABLGEN S C &I 5.
Fig. 5 ICRTRBRAZIERT 2 &, BEREELIICONT
® EUREKA & W #i@8#i: = F v o BRI, 458MW &
647 MW (ZERfE 410 MW) TWHEORICK 13N H
b, TR AEEBRIBLIAICONTD 0.220 sec & 0.225
sec LEAELUTNAS.

5v7 Y b HBECEN EEREREOES &

BT BCEMNTERY., XHTHMTEETH L,
EUREKA BV TRENCE VBT 3 HHMRES:
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Fig. 4 SPERT-III E-core cold start-up experiment
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Fig. 5 SPERT-III E-core hot start-up experiment
analysis with EUREKA and AIREK (Run.
60; T=500°F, v=141/s, Pr=1500psi, 79
=9.7 ms)
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Fig. 7 Peak power vs. reciprocal period of SPERT-
III transient at hot start-up initial condition
(Experimental data and analytical result)
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TABLE 4 Comparison between SPERT-III-E-core
experimental data and EUREKA analysis
for run. No. 60 and 70

511

Run No. 60 70
Coolant

temperature °C 260 -+2/(260) 122+2/(120)
Peak power =~ MW  410+41/(458) 280 +42/(301)
Peak power

time ms 227 +5/(220) 200+10/(216)

Energy at peak

power time ~MW-s 8.5+1.1/(9.07) 6.3+1.1/(6.04)

Experimental data/(Analysis value)
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Fig. 12 Comparison of reactor power and energy
release at 120°C and 260°C reactor condition
transients (EUREKA analysis for SPERT-
III experiments)
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Fig. 13 Excursion power and feedback reactivity at
120°C and 260°C reactor condition transients
(EUREKA analysis for SPERT-III experi-
ments)
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TABLE 5 Feedback components at peak power time

in SPERT-III E-core experiments, run 60
and 70, by EUREKA analysis

Run. No. 60(260°C) 70(120°C) ,
Inserted reactivity 123 121
Total feedback 23.6 22.1

Doppler
Moderator temperature

18.6/(77.4)  20.1/(90.7)
4.8/(21.5)  1.9/(8.8)
0.26/(1.1)  0.11/(0.5)

e 8 8 B 6

Clad expansion

( ); Percentage to total feedback
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TABLE 6 Comparison of analysis data between EUREKA
and AIREK (Adiabatic kinetic model)

Name AIREK EUREKA
Model Adiabatic with thermal
calculation
Temperature Co. ¢/°C ~ 0 —7.2
Peak power MW 640 593 458
Peak power time ms 224 223 220
Energy at peak
© power MW-s 12 12 9.07
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Fig. 14 Excursion power shift with moderator tem-
perature coefficient (EUREKA analysis for
SPERT-III experim=nts) -
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Fig. 16 PMH feedback rate vs. moderator tempera-
ture coefficient at peak power time (EURKA
analysis)
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Fig. 17 Comparison of power burst shapes with
Run. 66 and Run. 67 (SPERT-III experi-
mental data)
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Fig. 18 Excursion power and reactivity compensation
with coolant velocity of 5m/s and 1m/s
(EUREKA analysis for SPERT-III experiment)
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Fig. 19 Relative temperature change of clad surface
and coolant by PMH heat generation and
heat transfer (EUREKA analysis for SPERT-
III experiment)

%, WERLHLRLBCEIITA. COZo0REMKD
AT, BHMEBIENSZ 79 FHEAZFE 2B, @
BODIHAECBIDLONE O L TR L, BEIZHEE
MBS R A X I LTHIAT E 0.

Fig. 19 (T R ENSetk oEM R EE & (nBE O iR (L
ShbEERME) 13, EUREKA TR, SiE &
NrEETH s LTk Sic, BIMERENY F v
FRWREA M aEbH, BEROICKORET R
KIS B EM R H 5T L AT LTV 5.

Fig. 20 13, {ZEAOKENICHL T EUREKA &
HBRAEICKRI UK TH 5. SPERT-II. E B4F.3E
x4 ic L id PARET o @47 i3 R 2% T 0 A R s il
EDO—HIRIEFLL N EEARLETNAE®., ZCTRHE
AHFREF— 2k tinhs, EUREKA ol PA-
RET ot &F L —HKLTWB L, %7 2.2 TRL
ek S ICEh T ERMFICEOTY 77 — b0 Bt



JAERI 1214 5. Jipimimiciis R RS 17

o =0.79X 107 T2+0.0344-T+6.35
[y =8600X )

— 22.564+ Ax X 10°
5 (X103) Ax; Gap distance (m)
o T b jcient
E 2.3k T; Temperature (C) Gap heat transfer coefficier
= .
~ 2.21 .
E §/
8 Iy
= 2.1 =/ : ,
8 =1 TS t=0.24sec  ¢=0.30sec
- §/ \ T t=021sec 1=0.22sec " S
L 20F &3y 0045 Py -
= / e
= / X g
3 19 Peak power 399 &
= / time =
3 L. 3 !
o 11 { J
L83 0.3

Time after transient (sec)

Fig. 20 Timz dependent fuel surface temperature proilz and gap h=at transfer cozfficient
at fast power burst (EUREK analysis for SPERT-IIT expzriments)

LN —H LTS Aah5AT, EUREKA -8k PlEMETAINAZ 2L DK, Fig. 19 T LcARME

RHORMCLUHEE P VEIEEEHALTIV D EFEZL

5hb. (App. 3 D

Fig. 20 IR T XA, BMEM ST 7 v FADzT e
STRRDOBEELEEF v+ v TOBEEER T, BEHR
EERICHELEIRVy FOEREF +» v THOKUKIRE
D EFICE > TRBITHMT 5. L URASREH Ik
I (¢=0.22sec) T3, EHABRFEHLARATELZ 7
y FNTORELZ L HSE3 I UABERL. FHEHRD
T T 2ME (¢=0.24sec) TR, Fv v 7ORME
HERFIEI—EOMICEL, 77 v FNTOHREARLDS
RRENTL 388, TOMLAKENTS 7 7 v FREE
BHMEEDHI EHH TS L, BREHAD & B HIK~
DIEEB LN, B4 (6=0.3sec) LHOF v 7w M
MRS B L, 75y VRMRELRAMRED XD
KHRELEY, BEHED SBHFANDLRIIER LS
3. %1z, otk TE, U0 Uy MAFR
OBRENENEFRBIGEOAA L1 - TL 5.

Fig. 20 ICRT & H1C, FALAICHE STEL B {EAD
Frid, BT LR S AREERR (1~10sec)
SEBINATEELREL. UL, F+vv 7O >H
T DD ITHER T ORARZ & B T 1T, ZOk
RIENREE LSBT, (ZEIC X 2 RIGEREDRIER]
RIS EROTEER D OMEILRITII LD HL .

* EUREKA T3B#E3#k 17 /"7 Anderson and

Leichter oX™® 2R H L T35, PARET #HciRFEL
RIT L DT ERITIE > T3,

EL7 5y FEMRESHIRT 2ETEMLBRSTHE
MOFHBENTHY, chBRENABICEL 2R
HREMRRE, LZROBEENICXOALERTH
B LT, CNETORIAPOWETEEZHDTHAS.
Fig. 21 (X, Fig. 19 I/RTMAEICENT, BHEHR
B2 %6 R B b Bl odi b B R & (i & B ghRiCorik
ULRITH 5. S WEA AR, RERICK
DAMICHERL, RERHOKRT EICRIMOTENIC
L DO HIE Lidd LT et U, {z#ic &

T

¢)

10

(=2} o0
I T

S
T

Feed back reactivity (

Time after transient (sec)

Fig. 21 Components of moderator feedback effect;
PMH and heat transfer (EUREKA analysis

for SPERT-III experiments)



18 2k bR Sh 3 sk R nEsh R

BEHBRBRENHORTHLAE,L SRE LMD 5T &
5.

Fig. 18 1T/ L7z o bR R OB HEIME/LIT B
T, SEM R T ERANE TRERAE -/ MEEIR B DI,
H Bl s A B R O W & ERC X 2 R OKITE
NOEHICELSDTHY, HRIERES NBGRO
BEATT—o0HMTH 5. Fig. 5 TRULEHERR
BICENT, ERORTSERERCHETEFBUL
FAREDBBbN T S DOREREN. 2 OREIIZH
Febk oM B R E U IR ICBLb A b O TR
754, HIEIFFGELINICERE B OB RSIE P A R
BEOKREIBLLE-T, CROPHRLEET H2DIC
REANBBAEHELET 5.

PLEBI S o B e s T 5 C LICK 5T,
JFREAS 10sec FREOREHRNICEVTIE, REHN
FEIIC B DN 2 BOEM R E SR T~ TREM I
HBICEDHDTH ST EMBIERTE B LT, ZRIK
X BEEDRD T REM A ORTHLEI O SUSER
HAEBBRTA2EDTH BT ENbP3B.

5.2.3 FEICKIHRORBD EEKLER

5.2.1 TEBWNT, HIEMFENS Im/sec 25 5m/sec
AL LSBT, SERPZORATO
FREBERCRBEAEESBRNC EERLEL. 2O
C &S b A FE S BT s IR R R T
By ENEERERICOAERTNE, BEAL
HOERTRTE 2, AKBO TRBAMREZD
B OEREN A NOICKRF 2R, 4.2 OFEITHT
LHELTS.

Fig. 22 13, 2.2 Cii~/ kST HKE (RUN. 43) 0ff
PR e, R UAHTRINMITEE bm/sec IR UR
BAOHEHE RS LHTH 5. AXNEERI T~

PMH feed back reactivity (¢)

0.4

Time after transient (sec)

Fig. 22 Coolant velocity effect on PMH feedback
(EUREKA analysis for SPERT-III experi-

ments)

JAERT 1214

WKETCHBbNERTHY, ERETOBER 2.2
Tz X HICiRE 10% LINTH B, 4.2 THREF L
XS5, FHEBOEAONRYEEEN ARG RET
FNF— E() WA Ui LERL, W& 5m/sec O
BARIREIC OV TOENY 1k H 5 b 0 Ol AR
P(t) WWHEU UREMAERLTHNS.

Fig. 22 ILHBVT ELRAERTREAR, HRARERN
RN B b 2 B Fe R MBI RITIZ E A EERI
WZ ETH B BOBOORMERIGERI 2. 5¢ (0m/sec)
BXU 2.0¢ Gm/sec) ThH Y, FaEd Sm/sec IFELLZ
ST Xk B IR HEM MBS RO BLERZ L § A 20%
T Upg &g,

Wi 5 m/sec RBKFTHEASIN L AHDMFED LR
T%V, %7 SPERT-UI-E BFLOBEE S Im
U EF—RBAFOREESINTE C EZ
EZ B &, AW ORT IR BEM MERORDR
AW, BSOS BLARESVE/ACHEYTLHOT
HAHr5. O END, —BEAFICENTIE, HIFHE
WEM MBS BB BB FEICK D BL T AESIILD
INE L, BREHDMER RO X ICBRIRISETE RS
TERFBLONII.

VIERMOMRETED B L,

(1) BHMEESHNIENICEZ 28I T Y

P AR K &L, BERACHTEEINS
V.

(i) REHAECE DN S MEMEESERRL, I
43 10 msec FEEE OIM-AITIT T~ CTEI R Rt
MBREEZELTHELIAL .

(i) EpsedEmcsEtmAsh R, HHE0HAICRER
FTRVF— E@) ICHHIL, FESEINT SIC
B> TRIEMS P(e) IWH U LZRT.

(iv) BROBKFETERAINTOZHEBETI,
S I R S B RS b Do b n Bl SR A ek 9
ZEARBHTNEL, AHROKETH 53E
MR RsEE LN B T L.

53 MHFRY e OXE

4.3 OKRETTIE, HFEHERGEMNAZIRE, BOEk
DI BN THEFEEY a0 WCHALTHENT 2UES
B AR LE. ANTR, CORICOEERERLE
DN TR ZNA 5.

AIEN TR A2 FEERIZ, RUN. No. 60 (10 msec), 62
(20 msec) BLV 56 (40msec) T, WIhbUGKEHH
ABEABROTHEH—4ETH» 5 O RERTERT H 5.
EUREKA i X 253, Tale7 IR LI
FROEACENTHEmD TRIERBRE-FHLTL
5.
Fig. 23 i3, Lilf#iricBlb N iR e el R D ik



JAERI 1214 5.

KERFITICE S EBNSHRET 19

TABLE 7 EUREKA analysis to SPERT-III E-core experiment for reactor period

Test No. RUN 60 RUN 62 RUN 56

Inserted reactivity ¢ 123+5/(121) 110:-4/(110) 104 +4/(104)

Initial period ms 9.7/(10) 20. 6/(20) 41. 6/(40)

Reciprocal period sec”! (100) (50) (25)

Peak power : MW 410+41/(458) 97+10/(103) 35+4/(31)

Energy at peak power MW-s 8.54+1.1/(9.1) 4,.5+0.6/(5.5) 3.1+0.4/(3.3)

Peak power time s ~0. 227/(0. 22) ~Q. 37/(0. 33) ~0.6/(0.57)

Compensated reactivity at peak power ¢ 24+3/(22.3) 12+1/(12.7) 8+1/(7.8)

PMH at peak power ¢ 4.7 2.3) (1.4)

PMH rate to total feedback % 21.1 18.1 17.9

Exprimental data/(EUREKA analysis result)
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Fig. 26 Reactor power and energy release of 19 MW,
1MW, and 50 W, initial power condition
transients (EUREKA analysis for SPERT-III

experiments)

TABLE 8 EUREKA analysis to SPERT-III E-core experiment for reactor power

Test No. 60 83 81 _— 86
Initial power MW 1x107% 1.140.1 0.9+0.1 (8.0) 19+1/(19)
(1.0)
Inserted reactivity ¢ 123+5/(123) 125+4 117+4 (121) 117+5/(117)
121
Period ms 9. 7/(10) — — (10) —N—)
(10)
Peak power MW 410+41/(458) 620+60 330+30 (537) 610+-60/(534)
(498)
Peak power Time s ~0.227/(0. 22) 0.117 0.135 (0.104) 0.110+0.005/(0. 101)
(0. 120)
Energy at peak power MW-s 8.5+1.1/(9.1) 11+1 7.8+1 (11.2) 17+2/(13.5)
9.8)
Total feedback at peak power ¢ 24+3/(22.3) 26 18 (24.7) 22/(23. 6)
L1
Moderator feedback
at peak power ¢ 4.7 (4.5) (8.2) (13.5)
PMH feedback rate % (21.5) (21.5) (33.3) (44. 3)

Experimental data/(EUREKA analysis result)



JAERIT 1214 5.

5LTRWVAELDD, ARENIDOHEEZObDILEN
BEOHEAE LTI,

COEEF T 7 —RBEOREILOBRFATEE, B
W71 50 W, 1MW oAl BRSEERER 260°C
BRO 2TC TRFEMIL, K —0.667¢/°C D F 7
5 —EHAEFEO O LT, ks 1I9MW olhé
12, PRBIESEREA 591°C ICEL, Vv 777 —REIIK
—0.416¢/°C L1730, WFOMICIZ L6 5D &b 5.
b URIGERBEDREN F Yy 75— ROATEREND
13 51E, TOLSTHERRFERINCEDSL TV RIRHR
HT &3,

Fig. 27 13, LAt b N RISEMERIRICD
WTHE LIRTH B, SIS 50 W, 1MW obig
ORI LA EEMTVOIL LT, YA 1I9MW
EOMTEES VHESBEL TS, 1I9MW O&h
BABENIBABNT, Fv 77— RBKIBICHEK
AU, HZEMEGEM IESIES K & LT A1,
75y FORIRSRICL 2 RIGEMESRS £
S TW5A, &I, HWAEMNMEED O RAREL KL
fHEETORBEIC, Fo 77 —%R%5 8 < WEM RS
B(FE & UTHRMEMEH MEGIRE) BE LTS 00,
REBHHTH 5.

WA 19MW O RiEH ) ORI ZE LIS, —ED
EREBICHE » 1 AELFEB OO (Fig. 26), T
DORWEESBEMRICE 5 ISEREOKRTH 5.

BERNOXESEARET ZERDO—DIC, HIFER
RED L5218 RIGEEMSH 5. SPERT-II- E
FLOEE, FEM 10 msec IG5 ISERIZRIR
WAL EbHH 20¢ 1T LABEI. Lich-T, W1
T 1I9MW B4 L5, BAEMERICAELBK
BERMEDRR, MREARAUECEARIGEREH O
UofiEd st s0TRERNOMENICIT X DD
TRHRMREHE L85, ChicHUT, FIH50W,
IMW OB &I, &FGEORADKRT Uitk R
83 msec %) W UBEMEEDBBT2EDTH 5.

Fig. 28 |3, € O WMMERESDROBELZM|57D

19MW 50W

0.5} | 05 |
— ' pl/u!
@ 04l g y1 g .
= B Prot 04 = '/pdop
z 5! el
5 03+ g 0.3~ - 2
g .
(=]
T 02 0.2 - /
o
g il
g 0.1 Oemp 0.1}~ ./_§~—_fz,,,-,_
&) j o Pl : Prod

0.1 0.2 0.1 0.2 0.2 0.3

Time (sec)
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11T experiments)
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Fig. A-3 Nominal 25 fuel rod assembly.

Number
Composition

Reactivity insert rate

TABLE A-1 SPERT-III E-core static characters
1. Core
Configuration approximately cylindrical
Diameter 30in.
Active height 38.3in.
Volume 2.21x10%in?
Composition
Water 6.7TWt%
Stainless steel 22.5 Wt%
UO: 70.8 Wt%
Enrichment 4.8%
Stracture-to-moderator
ratio 1.05
2. Fuel assemblies
Number (Operational loading)
25 rod assembly 48
16 rod assembly 12
Overall dimensions
pitch 0. 585 in.
Control rods
Number 8
Composition 1.35 Wt% boron-10in. type
18-8 stainless steel; 0.186
in. thick hollow square box
Average scram time 0. 350 sec
4. Transient rod

1

1.35 Wt% boron-10in.
18-8 stainless steel
15%/sec

TABLE A-2 SPERT-III E-core kinetic characters

1. Prompt neutron generation, effective delayed
neutron fraction

Coolant inlet

Effective delayed

Prompt neutron

temperature neutron fraction generation time
(°F) Bt ! (usec)
70 0.00718 15. 55
250 0. 00724 15.78
500 0.00725 16.31

2. Delayed neutron fraction, delayed neutron
decay constant

Delayed Delayed neutron  Delayed Neurton decay
group o fraction constant (sec™?)
1 0. 0352 0. 0127
2 0.2014 0. 0317
3 0. 1858 0. 1167
4 0. 4006 0. 3142
5 0. 1437 1. 4007
6 0. 0333 3. 8803
3. Feedback coefficient, peaking factor
Temperature (°F) 70 250 500 500 (20 MW)
Doppler
coefficient (¢/°F) —0.72 —0.56 —0.37 —0.23
Temperature
coefficient (¢/°F) —0.40 —1.97 —3.99 —4.13
Void coefficient
(¢/void) —50.0 —42.0 —-35.0 —37.0
Peaking factor 517 5.2 3.6 3.2
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TABLE B-1

DATA SUMMARY FOR COLD-STARTUP ACCIDENT TESTS
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TABLE B-2

DATA SUMMARY FOR HOT-STARTUP REACTIVITY ACCIDENT TESTS

ivity

React

Maximun Measured

Compensation

Fuel Cleadding

Surface Temperature at Peak Powver

Time to

Peak Power

Energy Release to
Time of Peak Power

Average Primary
Cocolant Flow Rate Maximum Reactor

Reactor Initial Reactivity
Peri Insertion

Test
No.

Primary Coolant

Inlet Temperature (OF)

($)

{sec) Rise (OF)

\MW-gec)

Pover (MW

(fps)

($)

(msec)
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[a) Test was terminated by scram while power was still rising; peak power taken at time of scram.
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Fig. B-1 Experimental energy release to the time of peak power and reactivity
compensation at peak power as functions of reciprocal period for the
cold-startup tests.
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Fig. B-2 Experimental, IREKIN, and PARET calculated energy release to the
time of peak power and reactivity compensation at peak power as
functions of reciprocal period for the cold-startup tests.
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Fig. B-5 Experimental and PARET calculated reactor

power and net energy release for hot standby
test 81 (1. 17 $ reactivity insertion).

1000 | l I 1000
100 100
; '
H z
@
g g
Q10 o
j :
[ 4
2 2
¥ -
-
1 h
PARET Cakuloted
. eeeeoee Experimental ]
| ] | 1
o1 o1 0.2 03 .
TIME (sec) =- 1203

Fig. B-6 Experimental and PARET calculated reactor
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power test 86 (1. 17 $ reactivity insertion).

35



36 B T E D ER SN 2 BTV A

App. 3

EUREKA 0¥z, BBEKNEFVETEBI0EF

FUCERG, BRICUSERMBERELT, Fy 7 7%
Rofhic, RHAMRERR, K4 FERBIUBRHONR

MRS L T FR&BEBNICKRD TRIT L7 S dH
5. BN RUCEREDRERY 3 ETHIB &S5 A0,
AHMKEOEB LB, SHIMMICEZ D s BEE
{bO=HTH %%, EUREKA HEICEN T, Tl
NBEHRICE > CTHEBREARD TS

THbb, HEMKRHRECEOTIE, HE—EBX
UHEBBERENNRTTEELT BEUHEREHECE
DFLETFTT v alOE K AP(t) XKD B &,

4P()= S(Pg)dz+ s S (0-v)dz

+Sl (g;’>dz+s (%v)dz

-+ AP+ 4Pour (C-1
HEEOFBEADS D, KF + YIUVADWRE v DOFf
rze{b &,

a'U[Ni_@E_g (D,

o ot 6tso<az )dz
@-D) XBILY 2-2) K&, BRF+ 2N TEDA

ORHEOELEREBHI Lic (C-3) ATkdoh 5.

P [ 4P(r)- S (p: g)dz——f-LS (pivdz
ol Lol
— APwi— POUTi]/SOPidz

_[4P(t)— 4Pi(2))
Slpidz

1345 EUREKA T2 4P(2) %, BEZIOEEHEK
SOBVF » VANVOENREE UTEHREIE TV S.
Fi, Fy VAN CERTZ2HIMORERICONT
i, BREEZZRERICT7 2 v PLT, (C4) RNTHEDS
NaBHKkz v z2rvE—0d, RHEA v V28081
5ztTna.

HHBAOBHMEAGTER, &F + VAV EBOTHRE
1AL ORB LV ERELT, Txr¥F—RFNH»
SIRATRD 3.

oh(t, z) , 1 0h(z, z)

0z %; ot

€2

(C-3)

(Qur(z, 2)+Qemulz, 2))
Aw-p-g

(C-4)
LT, (£8E Qur BXU PMH RH#E Qe 138
DED
di"":(Tc- Ty)-A-H(z, £)]Ay

(C-5)

JAERIT 1214

EUREKA I— FD#EEY

dQPMH

=nemu p(2, t)/Aw (C-6)

‘6&‘30, ?&fxé%ﬁ H(z, 2) T2\ T, BEERK GELEK
BXURER), ¥77— ik, B SRR K
RISV TERENNB LCHERL ORD 3.

BEEEMEE Tc BXUBMHARNBESRI, $8E
FHH—K BTN, S, BERNEX v v 2 8TL
CEHET 2, '

pCo T =div (k-grad T)+Q(R, 9

CT, BEERLICBT ZERLMR, (C5) A
LiEoh3.

FIBERAFEICY -TR, KM THn3E LD
ic, E.R. CoHen T kX % Modified Runge-Kutta H:iC %
WT— S B EREZ BT 3.

EUREKA OXR &9 2H RS EOBRRERZ £
i U7 #K45F (PWR, BWR) Th 5. JF.OuFEEHMNC
HASHER (F+ v AN), BHMICKEAK 19§ (£ v
v a) BIEECHEL, BAHSH RKEESERDER @
MMERE, EABRKOHEZTES. BEHARORES
Mg, RBEHEA 25 58, SHEE (NEERHE RO
MIERE, (REGAR) CHd CatET 3.

1%, EUREKA o#ifsHitEiIc3saiReFve iR
LT3, UGEMEROHFEICEL TRFLEHED
FETORAME L ICEMEREICERNE e 5 A

TEHHELTHWADT, REEBLESERUREREZRD A
NIBEEEAHEELE T3,

EUREKA X DEHE LD 2BHRUT, B EWRHT
EITREHAN QR HEHEMLE L T 5 X 5 IMRIBE
FIRNT 2 & IR SR AL O BRI IC R LT
3.

€-n

HEEZS
A REGTRS, Avw; FEEE,
Ce; 134, D.; %MWmERE,
[ BEEE, g; EHOMEE,
h; TVANY, H; 3n&EFRE,
i; KRES, K; sRilEza g,
i Foek, 4P; 7 v ARIESRE

APw; AOEHHEE, 4dPour; HOFEEE,
Q; MEINREERE, Qur; LHAE,
Qrus; PMH R#E R; MEAEERES,
t; B, T; BRINTREE,
Tc; #IRFEIREL, Tw; BHIMRE,

v ‘(%wﬁﬁig) TIN5 7\[:10“4!)632’
z; BT ARE, p; WK

TPMH ; PMH %ﬂ&ﬂj



JAERI 1214

App. 3 EUREKA o~ FoifsE

c o

i

INPUT |

l

WRINP

|

I state |

No

+ At

| FIDBAK |
!
[ vykMAIN |
______ FLOW, INTEMP
------ FURUPT
ATREKA
_' é TOTDK
n_ﬂilo | TER CUSPR, etc
At=not
[ mEatra [ stAaTE |
!
[ FrrEMP || PHASE TEMP |
l
[ FiDBAK |
1
[ okriT |
Yes llakeu —5k|l< €
No M=2
| PRESDN TRAHT

[ t=t-ac |

Fig. C-1

EUREKA main flow chart.
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