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Semiannual Progress Report on the NSRR Experiments (10)

( January to June,1980 )
Reactivity Accident Laboratory
and

NSRR Operation Section

Division of Reactor Safety, Tokai Research Establisnment, JAERI

(Received January 22, 1981)

Fuel behavior studies with simulated reactivity-initiated accident (RIA}
conditions have been performed using Nuclear Safety Research Reactor (NSRR)

since October 1875,

This report describes the results obtained from January to June, 1980.
37 tests were carried out during this period; which are 6 standard fuel rod tests,
8 fuel design parameter tests (4 pre-pressurized fuel rod tests, 3 stainless steel
cladding fuel tests, 1 gap gas parameter test), 5 coolant condition parameter
tests (2 coolant temperature parameter tests, 1 rod bundle test, 2 forced
convection tests), 1 failure propagation test, 8 defective fuel rod tests (7
waterlogged fuel rod tests, 1 fretting corroded fuel rod test), 3 high temperature
high pressure capsule tests, 3 water loop tests and miscellaneous tests.

Keyword: Nuclear Safety Research Reactor, Reactivity-initiated Accident, Fuel
Behavior, Fuel Failure, Pre-pressurized Fuel Rod Tests, Defective Fuel
Rod Tests, Rod Bundle Tests, Forced Convection Tests, Failure Propagation
Tests, High Temperature High Pressure Capsule Tests, Water Loop Tests,

Progress Report.
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Summary of the Progress in this period
{M. Ishikawa and T. Ishii)

This report describes the major results of the NSRR experiments conducted
during the semiannual period from January to June, 1980. As shown in Table,
37 tests were performed during this period, and in total 449 tests have been
performed since the start of the NSRR experiments in October, 1975. The tests during
this reporting period consist of 4 standard fuel tests, 8 fuel design parameter
tests, 5 cooling enviroment parameter tests, 8 defective fuel tests, 3 high
pressure capsule tests, 3 water loop tests and 6 miscellaneous tests. The
outline of the test results is summarized as follows.

{1) Standard Fuel Rod Tests

For standard fuel rod tests, fuel rod elongaticn measurement tests and rod
supporting effect tests were mainly performed. These results in next progress

report will be descussed in detail.

(2) Fuel Design Parameter Tests

4 (four) previously-pressurized fuel rod tests, 3 (three) stainless steel
clad FBR type fuel rod tests and 1 (one} gap gas parameter test were conducted
to study the effect of fuel rod design parameters.

Iin the previously-pressurized fuel rod tests, a test rod with a free volume
of 70% forthe standard fuel rod was employed to study the effect of the free volume
in a test fuel rod on the rod behavior. The test results did not show the
significant effect, compared with those of the standard fuel rod. Either, the
relationship between burst pressure and burst temperature was not changed under
a low subcooling condition (coolant temperature 90°C), although the cladding
showed higher temperatures and therefore earlier burst time in comparison with
the standard test condition{coolant temperature ~ 20%).

Six tests were performed for stainless steel (s.s.} clad FBR type fuel rods
containing UD, pellets in the energy deposition range from about 80 to 370 cal/g.
UD;. The test results indicate that the failure threshold of the FBR type rods
1ies between 290 to 340cal/g.UQ0, and that the mode of incipient fuel failure is

(5}
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melting of the stainless steel cladding. An interesting point is that the
above failure threshold is much higher than that for S.5. clad PWR type fuel
rods (about 240cal/g.U0,). The reason for this difference in failure threshold

is now being investigated.

(3) Defective Fuel Tests

Seven waterlogged fuel rod tests and a fretting corroded rod test have been
performed in the defective fuel rod test series. The result of the latter test
is going to be reported in the next progress report. One of the objectives of
waterlogged fuel rod tests is to study the effects of a pin hole on the failure
behavior of a waterlogged fuel rod without end flux peaks. Test results have
chown that there is not significant difference in the failure threshold energy
between with and without a pin hole, when a pin hole (1.0mm in diameter) is in

the cladding in the active region.

On the other hand, a test rod have not ruptured unlike a waterlogged rod
without a pin hole, when a pin hole is in the upper plenum region. As the
Jeakage at the joint for a pressure sensor can be considered as one of the reasons

for this discrepancy, the test is to be repeated for reconfirmation.
(4) Failure Propagation Test

As one of the miscellaneous tests, a failure propagation test was performed
to examine the influence of rod burst to surrounding vods. A single water-
logged rod was arranged in the center of six dummy rods equally spaced.

The test results revealed that the pressure pulse of about 25 Bars at the burst
point resulted in the maximum dynamic strain of 3000u to the dummy rods, but

no significant influence to cause permanent deformation or failure of the dummy
rods was observed. Only influence observed on the dummy rods was the slight
dints generated by the collision of ejected fuel particles and by the contact
with the burst cladding.
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(5) High Pressure High Temperature Capsule Tests

In high pressure high temperature capsule tests, two single rod tests
were conducted to investigate the failure threshold; one at the energy deposition
of 190cal/g.U0, under the BWR condition, and the other at 205cal/g.U0. under
PWR's. In both tests, cladding oxidation, cladding collapse and slight bending
were observed, but rods did not fail. The new observations to be noted are
significant decrease of rod total length as large as 6.1mm under the PWR condition,
and that the extent of collapse was apparently dependant on the external pressure.

(6) Water Loop Tests

In water loop tests, a single fuel rod with four dummy rod surrounding it
was jrradiated. In the test of 170cal/g.U0,, DNB occurrence was studiecd at
the coolant velocity in order of 6,4 and 3m/s under the coolant conditions of
1.1MPa in pressure and 100°C in temperature. The test result showed the DNB
occurrence at the coolant velocity of 4m/s. In the test of 257cal/g.U0;, the
effect of coolant subcooling on cladding temperature was studied changing the
cocolant temperature under the coolant conditions of 1.1MPa in pressure and 4m/s
in velocity. The cladding surface temperatures reached 500 ~ 800°C at the coolant
temperature of 100°C while they reached 1100 ~ 1200°C at 148°C. This discrepancy
is very large as compared to the case of tests under atmospheric pressure and
stationary coolant condition and suggests the larger effect of subcooling under

forced convection.
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Table Classification and Number of NSRR
Experiments (Oct. '75 ~ June '80}

Number of Tests
Test Item Oct.'75 | Jan. 80 Total
~Dec.'79 | ~June '80
1. Standard Fuel Rod Tests
(i) Scoping tests 49 0 49
{(i1) %ggluggggﬁ£;1ne temperature 3 0 3
(iii) Fuel elongation measurements 15 2 17
(iv) Rod supporting effect tests 10 2 12
2. Fuel Design Parameter Tests
(i) Gap width parameter tests 17 0 17
(i1} Enrichment tests 17 0 17
(i#i) Pre-pressurized fuel tests 39 4 43
(iv) Cladding parameter testis 27 3 30
v) Gap gas composition parameter
tests 12 1 13
(vi) Others 19 0 19
3. Cooland Condition Parameter Tests
(i) Coolant temperature parameter
tests 17 2 19
(ii)} Flow area simulation tests 22 0 22
(ifi) Rod bundle tests 10 1 11
(iv) Forced convection tests 12 2 14
4. USNRC Fuel Rod Tests 21 0 21
5. Defective Fuel Rod Tests
(i) Waterlogged fuel rod tests 68 7 75
(i) Fretting corroded fuel rod tests 20 1 21
6. High Temperature High Pressure 4 3 7
Capsule Tests
7. Water Loop Tests 1 3 4
8. Miscellaneous Tests 29 6 3]
Total 412 37 449

(8)
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Test Energy Initial Plenum Vo lume Coolant
No. Depesitien Fuel Reod (em” ) Temperature Remarks
{caé/gUQ) Pressure Upper Lower Total (c)
(MPa)
231-31 165 Small

-32 199 1.2 0995 349 448 25 Plenum
=33 198 ‘ Vo lume
-38 197 1.2 245 349 594 90 Low subcooling

. exculuding gap volume in a fuel stack region
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Fig.212 ~ Burst Temperature (°C)

Comparison of Burst Data for Zircaloy Cladding from In-reactor and Ex-reactor Experiments
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Table 2.1 2

DESIGN CHARACTERISTICS OF STAINLESS
STEEL CLAD TEST FUEL

UO, Pellet

Diameter {mm)

Length {mm)

Density (%T.D. )
235

Enrichment Iin U (%)

End Configuration

Cladding

Material
Oustside Diameter (mm)

Wall Thickness {mm)

Fuel Element

Overall Length (mm)
Fuel Stack Length (mm)
Filler Gas

Initial Gas Presaure (MPa)

Small Dia.
Rod(FBR
Type)

541

100

95

10

Chamfered

S8T304
6.5
045

279

135
Helium
0.1

Large
Dia, Rod

954
100

95

10

Chamfered

S5T304
105

040

279
135
Helium

0.1
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2.2 Rﬁfﬁiﬁﬂiﬁ._

221 BRKEHEER
' (KTEEK, FEER, FLKM, (IFHE, #EH BE)

L HUsic. |

Cﬂif@ﬁﬁ%ﬁ%%@#%,ﬁ%ﬁﬁt—i@é%%ﬁ@ﬁmﬁﬂ®ﬁabémﬁﬁ
E?K;@;‘»’(/J\‘F’Eﬁﬂ@ﬁﬁﬂfﬁd) HH5F90~110¢cal g+ UO THBL LGt —
%, WEBHET E— 2 OmNBAICH, ré%*%ﬁ@&ﬁbéMEﬁIMcﬂ/gUO‘fé
ADIEHL T, %ﬁﬁﬂ%ﬁ@ﬁﬁbém@ulsmqsocu/gUOfééctﬁbﬁgﬁo
bﬁ#of,ﬁ*%ﬁ®ﬁﬁ$ﬁ@ﬁ%mﬁt—ﬁmiofﬁ%ﬁygﬁxﬁé%Q& R
LT AT, TNETORBHN C— 2 DBNHEO—BORRTH, KBAN & BARKER
RITRDRTWAV, 3k, BEEABHERS LATAbNAKT TS L, £ORD, S8
HBEHD E— 2 DEABAOBAREHARHICTT 2HALOEE, RUTLBKANO
BEZHOBHECER T AN EL T, THEBHESRBRANET 2HNT, 3EORKHK
BEREFT R -7, TOH L2 AR ERBAMEBRAKBRERTH Y, | BATLBRABHER
TH 5, -

(2) EBRFEK

%%%#@rmw221mﬁtbfr?oHﬁkaﬁiﬁm HHBBBINT N S AW
Tﬁ%ﬁéﬁiﬁ%ﬁ%ﬁ@?éb ﬁﬁﬁﬁt@%bwmj}i P HBEELANWRHTORRTSH L, 2
%ﬁ%@ZO%ﬁlSﬁL@IKE@ﬁ@ﬂé%mﬁﬁﬂﬁﬁﬁmﬁﬂ%ﬁ@ﬁ%,th%
41&1fﬁ%%%¢%@@&%mﬁ&1mm®ﬁé£Wﬁ%@féb Test #413—12
@ EE T V?‘A"‘B@?ﬁﬁmt@@{%fa‘mm@f\‘éféﬁft%#fﬁ& o HmE, REGBEKBLCFE
ﬂ/ﬂﬂio‘fiﬁofuﬁ. ?gkﬂt—*ﬂ'T—7KJ:9’CﬁLﬁ.o

(B HRBPIUEE

() EBAM & RARRE

Table 2. 2. ZKE:EE‘LH% BABBERORRL, REASXBTHA -AXEAR KRRE
%ﬁ@‘ﬁ*%&’éﬁkbﬁbfdﬁ“o FETHLLAEL ST, %#‘“BVCE&?L(E@ElOmm) T FIT
& — z(Tmt%41}* ﬂf@ ﬁﬁ%ﬁ@%%aﬁﬁ?wb@lﬂ)@ﬁﬁmﬁﬁ@%%
Blfe, TOROBHIE( TH Vfﬁtﬁfﬁl_%_-)fi, noise level THH, MAEEE
H100CTHotk, £/ BIREFBCH 7+ »ERT56MPa DENRANEI N, 3
t,%%&@%ﬂﬂﬁ(mgzzmmﬁ%héiﬁw BEOXEAFLZFLELTHOLT
D, Eé&i%Blmm"éoﬁo ﬁﬂ@%*sﬂ\%ﬁﬁ ATHEEIN Tk, —F, £EBIv
%A%Kﬁﬁ%(ﬁg3lmnﬁﬁﬁk¢ X(Tut%4l%ﬂ2)f@ BRBREFL 95

* mMEBHAE—2 Vsaﬁﬁﬁﬁﬁ%ﬂﬁmﬁbnaﬂvJﬁzﬂ sABTOE—7 B,
v EREBGEDRGEESE . BBHIC— 2 o0 5 & 2 B LT, EERRASE (10 BBE) ©
AEy SERO NV, ME 2.6 HBEC SO CBRLAEBRBETS L,
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MPalZL72$OD, *OWRBALHETL, HATEEMSEALT(EE 1300C) MER
EAEILTOREARERBRR RO AL o, $72, ERECRBORMEL, FRA(Fig 2.22)
KaL7 L o, 2EECBICL > TRALHKEET25Y, BELWELATELNL AR -
™
EOERAMEBARBEROKEEE, AELOENES (Testfhad 02-30 )BT S
b, REBBICEELT TS e0BKREBESHERRILOANWER L EE—RL TWLHZ &4
A, ThROL, RERCESE lmm BEOHESHSS 2T, WEHAC-7O0RENAERT
: b, BRKBEOREESIERAPENEELBE-XTHIOEFLA, —~F, BRIV
‘ AHCE BT # T e, REREECEL THAACEVCEEERE (R o7, L
LY, BREREREE 7 A 72 LHBRRBRMTH 7 vF 2B OERBTOY -+ (4 4
Fu L BOY v ) BENRERTE L, TORD, CHASTHEESECL TRARANETH
NTHEERTTAIFETS D, TOERT T > THEL W,
(i) e KER
Table 223 KELBABEROKERTRT, ABCHALNL LT, ZNETORERK
REER T, BER N -2 OEANBE (Test#402-12)%, H5HF (Testhd01—
40) &, & HEHBROZERREI110cal/z VO, RETH ), BHEFORBAERL 2 7+
AMENSOBEYERTH > T, REBARBOKBEESICHL T, WL Y- 7 OHEL
BELREBT ELRANLOEEILARL, LLADNL, SEOBBL Y- 272BELLR
B TOREBKBEEER ( Test 44 02-35) OFRARARCELONLZLIIC, ZNETO
HABKBRBNER G RE(RREoTWAE, TabL, BHERBTORBET 17224700,
b, BEHNEY— 7 DEABSOBSBKRBOBELMEETSHLL, HEANORBAL
, ( THMI7 v >+ 2ECTHE) &, 36MPa tidbDKEroz,. Ak, HESROHATERE,
| BLUB 7 e FEACHEL TR, BORLBERKENERLERTD >, BEHBEIOWED
| BT 2L TnE, EBEEOREBERE (Fig 223)WCESNA LI, SEIOERBBLE 2
HOREEAKBEL D SWHEILBA I, BBOABATHBESIBEL BT EACERH
; L, TR, SBRTERECEABCEAL TEBI200CC3&EL, HAFIEIE2EMCD
| oo TEALL o COL 9T, SEOERBERDC N TORLRKRBEROBREL K E (
Bz BAREABECS ALY, SHOBRBRNESE (Fig. 224 W InI TORERKBRBRE
L EHERE(ER>TNAL EEHBLRET A EFLbNL, TabDL, RERECFL
‘ DERC BN TELATS, ChE TOREBKREERCHNES I LI EALDD
i, PWICEBREOHREE(H100MPe) T THEL TERBRCELSOTEDLY, &
Eit 7 2 MPalt 8 TALBLARICENZETLHED, 36Mpall 2 THTLAHRCERESR
LTwnb, 7T2MPa CE L A~ BATOEANRBRTORERPARE TS 54, ETHE~NCBREA
EHEHT AT AOBRWO Y - BECOFRRIBREO -2 LTEALLALDT, SHRAM
SHATBEEREL LABRBRBREr BN THEERZTR I TETS 5,
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Table 2.2.1 Experimental Conditions

Type of Amount Pin Hole Total Energy
Test No. of Deposition
a Test Rod Water Diameter Location (calg U0, )
) 259 Axial Cent
— ] -2 I8 xial Center
413=1 111 ow-Enriched %0]% 1.0mm of an Active 203
$End-pelletf; Region
413-12||Type’ 2;:9} 30mm |Cpper Plen-| 513
8vol% um
402-35 327g - 203,
/ %l%

« Low-Enriched-End-pellets Type Test Rod
Al)l specification of the rod ig as same as that of a standard test rod,
but only enrichment of the both end pellets in 2.6% in order to reduce

the end flux peaks.

Table 2.2.2 Test Results of a Waterlogged Rod with a Pin Hele

Amount| Pin Hole Energy Deposition|Max Red|Max Capsuli Clad Temp
Test T
e; of Diw (eal/g. UO;) |Pressure Pressure |at Failure
O
Water Location [Total| at Failure |[(MPa) (MPa) (c)
259¢ 1.0mm Noise
413-11 203 167 56 100
{vol.% me Region Level
259 3.0
a13-12] "8 i 213 |NoFailure | 195 0 -
T8vol% UpperPlenun
222g Noi se
402~ 30 67vol% —_— 199 152 Level 53 60

Table 223 Test Results of a Fally Waterlogged Rod

. Amount End Flux| Energy Deposition (Max Rod | Max Capsul] Clad Tenp
Test ( 1/ U0 )
No of calsg 2 Presrure| Pressure |at Failure
Water Peaks Total at Failure] (MPa) (MPa) c)
| 327¢g
402 - 35 / without | 203 172 36 5.3 40
Yvol,%
324¢g .
402-12 / without 155 111 102 5.5. 65
98vol.%
325
a1-40] _E7 | with 149 | 117 96 5.9 50
98voe L%
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a pin hole

Fig.2.2.1 The test fuel rod after irradiation in Test 413 — 11
’ - (78vol% water logged » 203 cal/g. UD,)

a pin hole

Fig.2.22 The teat fuel rod after irradiation in Test 413 —12
(78 vol% water logged , 199 cal/g.UD:z)

Fig.2.23 The test fuel rod after irradiation inm Test 402 —3 3
(99 vol% water. logged ., 203 cal g.U0;)



Rod Pressure (MPa)
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80 —

reacto power

Time (msec)

Fig.2.24 Transient rod pressure in Test 402 — 35
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231 WAEEER
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(1} #t =

BIREEERDY, RAOHBICL VBN ELABEL, BETLIREED B NLFRH
EMOHEEDEETHE S, DAL, FOREOEBTEALDLEEDLLDORRT
BB, EHEICHESEENSEL, dORBRENBFRICETLTEL b, BABNORE
HARARED L TROMEL LS, AY, WHKGEE BRKEN 1 AOBEC A § —BE
FEEL, PORBOSER<—2 rRELZBOBLAE~OEREHE 1,

ri, SBOERE, MBPOERTHLABCERRRE (256cal /g U0, ) 55X AL
S hb bF, BLBRBERELAZT TV, @HEARCREBI Y, BENE L OB
BOEFLIRIALFRON A o, BEEACKD, CHEE—FHETRERHEET - D
T# b,

(2) FEERGK

Fig.2 3 1 CHEAEBERC T 5 F08EE LURREASEOEB L 71, <~ M VOR
R LR ORBORKET S I ~BREOBLEERELTHAD, FLRRORELLT 6%
OF s —BBTREGTASY Fréli,. POREBE, CAETORKBHEROBRILY,
KEZBEBEAN BN OROBARBOBHRBRBPIRAALCHLEOREL, BADOR
KB EFER L e, BIBRE P LB FAMEOZry BE2EAL L, &L PLEROR
O ETAEEORLRENEBCEDE, B yHLURERERD 7,

(3) EEBRHER

254cal /g0, DERBTRF LT - R, PLAROKEIRB 1050kg om’
FTLEL, #O®900ke, em’ T T - BATHALAZD, U0, <V ti#H2ES
HEHATICHRE L2R T TRELBERENCERL Tk, KRBT OBRBOERLFARC
FREBRG S T e FEBICELL, COROERR LBERER 3 SmS s Thot, AHICER
AT hR, # 7 enEBTLT kg ew’, FUBRBOBEBORETH 25 kg /en HEHIS
N, 3#BICF s —BRBCELABEL, FLRBOBBEOCANVE s £ —REOH
OB T23000ustrain, REHOx § ~BREORMETLI800pustrain TH 57,
BEOBRKTCES FLBABABCETLIRHAKEEO LAEREZ68C TS -,

£ BEOBEE, PLURMSHBLABCES »AEEE L I —BRBHKERL TTE
B L UHBEOLLEHRLAZUO, “Vy b EOBRICL » THLURARSG R ALY, Bl
T -7 3AOEBEFABRBEEAERER N AL > &,

4y # 2
M L A TERE L A ATORBRITL Y, UTOC EARALLT A -7, TADD,
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S LE e FAELOERBE Sy FARELCEWTBLBRCRAKRRESOBEELEL TS, AL
BREBEF L AESCE, BURBOREICHELLAZTO, ~vy FRTFITLLITES LR
?%Lk%@%%%i&%%@@ﬁﬁ%féﬁ@fﬁ3vﬂ®%i%ﬁgﬁﬁﬁﬁﬂﬁﬁb6
N, BAGEOTHEERAA L BN L SBEIN, Table 23 1 CERERO KT,
Fig.2 3 2 LABOHBONAEONARZ =T,

iﬁ,Fqlaa,4mﬁ%ﬂ%iﬁm,%mafiw%ﬂmﬁ%ﬂéﬁﬁﬁﬁﬁﬁu,¢
ERR AR R AET AHRE DL L ~ TRETHOTRAZL, HENLLEHTLEERE
OESOEE, HENIEBELAUO, vy b &BHEKEOERC L > TELARIAOEER
L AhEELLN S,

Ft, ABETORBERATNE £ —BEBLLARBE Sy VOB ETHY, S8R R
MCEBRKNFEBL, 34, va2 7 FERIDTARTCLY, PLOBRKARBEHRLCL -T
G as Y PROBHKGHEINA LI REETTOR - RAGER, v25 7 FEOBOR
BT T AEBSEERER~NTOFETS A,

@: Test FueL Rop
)

£7) : Duy Fuec Rop (WATER-7ILLED)
(O Duw Fue Roo (ery)
P

$/6 % STRAIN GAUGE
T/C ¢ THeRocOUPLE  FOR VATER Temr.

Fig. 2.3.1 Assembly of Fuel Rods and Measuring Instruments
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on Nod4 and 6 dummy fuel rods

Fig.2.3.2 Appearance of a center fuel! rod and dummy reds irradiated under

the energy deposition of 256 cal/g UO;in Test N 330 — 4
(Fuel failure propagation test)
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Fig. 2.3.3 Transient Behavior of Pressure and Strain (Test No.330-4)
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Fig. 2.3.4 Transient Behavior of Pressure and Strain (Tést No.330-4)
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3.2 XERBEHIUEER
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(HmEEHT, PHHFT, ERER SHEBR ARAR LE W)

(1) & =
ST nTAr— 7 OBGABY#L, SHrDREBHEREHEL . BRI SES

FAlffn, RERSE, SHHRES LI CSAMBREETRELLIH, BEHEG TORBERE
BEZRETCONTHR~NRZ,

(2) =B HE

Fig 4 1CRT LT, 10 %@BFEREELTHLLE LTI —REBLAZ HLRCERET
AETERTTo/M, TestM211-2 TE, DNBRECHTHLHHMREOLZRT AL
Fnl, BEMEN, BES 1L 1MPa. 100C &L, FA—REET, SHFMETL6 05,
A/ s 2L U3m s EELT, ERBELENWTRBEN 170cal/g U0, 852 T3 HOS
A A BERE T o, Test 211135 L052111-4 TR, DNBHOBRKEEIC LT THR
MEDH LR ETE—&L, 772 —FZ83C( Test 42111-3) LT3 57T (Test
#H2111—4) ELTRBESR T, BEFZHEL A,

Table 4 1 CHEEBOBHRH TR T,

(3) EBERLIUVER
(I} WAHKELBEERESEY

Fig 4 2 CRMETCRALZBOGRETREOEECRET =7, i ®EH 5.7 ms OHa,H
BEREIEAEERCZCT, BEREMN2Z OO0 CLELABRRACETL Tnd, &
38m/ s E+AHE, DNBREF TS TEEZBIBEING, T bbb v 2RHEE, BBE
REQASZBRBERT BAEABEREECELTWAOHBELND, LL, EHBREEH
BHEECEL, $h, 22 FHEIFETA(LELAERRIEL T, AT 29
s & LABeitt, DNBEEFRTEESEHVAEONS, Figd SAHBERORGEBE
EHFEOBEBRERT IO THAHY, b bREDENSECERHIEERIC L5 REQREY
KA EMb Db, HESTn /s DBE, £HAUATHZO0CERL, BEOHEFLLS
Mg Ronand, 38m s OESICE, T/.CHL2EENWTDNBA&Z®EA 300~500C
CELTnDE—F, T/CH34 TE S T sOBELRALBEOCREEERLTA, HET
20m/s & LAaBEd, T/-C#1.23 bl ARERMN_EOCESLALRIKCHZI0CTSS
i, T/CH4A4T50 0CIKANWEEETRL TNSE, COBRABECHES RN OEDNB
REDEINTHY, BHK L > TDNBBEL 2V EL AP oY LD TEL, LA
5T, 3~4m/ s Ofi#EiE PNB2ALILARANARE TS o PO THFALLN L, &
B, KEFEBRDMEETCE, DNBE 140cal /g U0, M EOBBETHREL, Figdd
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TR+ L5 164cat/e U0, ORREGTRHEBERMBEL 1000CCIELTEY,
HEHMEEOMBRVBRENL EBD L.
My #EHy S22 EEHEEREXE

Test 42111-3, 40 NTEAR Y7 7 —rBEORBRBEEBCELLHREE LD
C, BEEEH260cal g U0,, BWANET L1 MPs OFHT, HAMRBREET TH LT 100
t(vff—»§83c),148@(ﬁfﬂ—»£35t)abfﬁ%%%ﬁﬁoﬁnWﬁ
wE AT LT AL, Fig 4 5CRT L BRERER S UEERH#EMSHCEELE
MAELhA, BEBREREETLL, FigddFET L Ay 72 -ArEH B8 3ICCHELT
500~800C, ¥7 7 —~BE35CIKHMLTI100~1200C&400~700COMBEVD L,
—E, KEF ARV REHETCR, ELEBREELAASSR, v7/-ET5C, 40C (5]
LT HEERERERFNEFA1000CH L F1200CBETEOELALPAA100CT &
B, BHEoT4m sODBEHKEHET TR 77 —rEOHRERRFLEL L >2TND,

FEOLYC, AEMOEBOL S ABRWEHIEmES T TH, BEIM A~ OBEEVEFTCR
BT, EREREETIOCHNREHRES (SRR 7CLAHEO I~ 1.8 m/s
CEE) TUE~NTHBEERELSE(RD, LAt - TRHOBAL EN{EL LS O L HE
A,

CHWT, MEORBER, E/111MPs BE100CORAMRHFTEENT LSS
caf g U0, /MW.-S8 & Wk L, FOBRT o (LEAMNERC L ARBENEOHR, 181
cal /e VO, ThHAHL LHBENER of, SHE, BEOETHAT 2.

Table 4.1 Test (Conditon

Energy Initial Coolant Condition
Test No. Test Rod|Deposition | Temperature |Pressure | Flow velocity Objectives
(cakg UO ) (cH (MPa) (m/ s)
2111—2--1 5.7 Efrect of
109 100 coolant veloc—
— 2 174 1.1 3.8 ity on DN B
Single Rod (183) occurence
—3 2.9.
1 0%E 100 Effect of
21113 257 1.1 4 Coolmt sub-
Single Red (183) cooling on
| 09%E 148 fuel temper—
21114 257 L1 4 ature
Single Rod {(183)

() shows saturation temperature at L1 MP a
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(RHEBR, B BE, S@EHT)

(1, Lo

NSRRICEITAERBEERCBARBER TR, RBEATFICHT L 7 RICERR
AENTLKENZECOHBNREEVBEAINTHS, CNLHENOBERRIRE CHGAKD
HMEERCLAZRTORER LUCBRERBCE RECERICLAEELLNTNED, &
ENEF{ETHFHD LRBEHT LA ROKEORED BB ONWTEAESABEFHEZINT
N, FCTRHES T A ROBBEALLLTERDKERY 7t r 2RV EFATOT
REBEZTV, HELA A+ F-OFEETHRITL .

(2) FRERGE
SEERICENLA T A Fig, 5.1 CRTCE(RZE120mmO T 7 ) v B TR RE L A RE

bR L, MEEERBEORBIOREOERAFECS 77+ T A7 ERT, #7 2N
NOKEC TR = T BENCEAL T ok « # 7 22 ROKROFBMABE? » 7 THA
L, AECr7rOENEN 72 rBREUELR. 7 7 e ROFHEI T N TFARB LR
BOTRABEN A, BEBCERBLAERY*EQ 03MPa~09MPa THEL I 0 om'TH
5.

(3) TREBRERESE
() # 7 & REE

5 AKE 09 MPa, #AKKI 0 cm’ ORU T 7 F» T HBILAHON T 2 VHORTE
Fig 5.2 CF+ . EMA AP BEACEKINAHATLIERAOTLRA LD K E O B
Zvng LPL, #ADAKFCHHINE EAADZTBREZTDEERL, HADEBRCHEZANAR
ML o EROAKESER P RICEBL ETLNS, FEBRTH 2 6 ms BICKADTR LUTHE
L, (BE®)., BTOEBLONTHBE, COBAT THEFRAMLICAEEBL TS
rEpHL, AFEGELHTITETALHLTERETHD, KBTI EVCEBCEL 4 8msEITIT
BEHAHPKRTZ EL{ ‘D ER S, rOBATREFR T TRAECEEL TWin, BELE
BCSHEDEERECNMBEREIN, b ~6 HOAKACERFLEA INA. RO BEBITH O &
WD BT 2nThALDE, FHEBENTZT AGEEEEL B L ERLRAE( EAD) &
26, @FO00ms FICKE~EEL, BEARTRELR.

EFREEREEMFCAE INAY 7t ROFTELRT Fig 53 iRt , # 7 e~ WENIC
DNThAE, TORTTEINS L ST, Efsd = DERCHERINDS ERTCHEHRENZLET
BRAEL, cOEACEKEHas HECSHOEN -7 PEAIN L, DL
mwc@(DELEU%EW@FW%@T%@MSHTM%%@T@ég*f,ﬁf%ﬂm@
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BETLLE, KTOKEINAARDBEETACHNKES ERAL, EFIA-FAEDE
BIZFBL YA HABEHRFIN R EERL TWNS, #A—-HRAEBY -2 CETLH EH A
—HAGHCERCEL, s HECKLRETL, BAIARBERMET S5, 2T, K
FPEZ ALY - 27HCET S, COFARRRAVPBOIBMLAFTHL, HUBELKEO LR
BUTHRBICEE > TSARF I - H20BBREBBYERIN, ChEH- TKPRFH A
— AAREGEET H, COBRELES~6EEEINTORMEL L 6ms To, KADC L
THRECL > TRETHAFORENE -2 T EBRCLLIKACEG T3 2+ ¥F—OHERIC LV E
MESEHEET L, A 77 22+ BRAFPEQCY—7RBLEEEFEHBLTE—-2HZRL TN,

(i) FrER L OHIE

FREBROGER LRAL AP TRFREROMRE L LBRFEL TH 5, FRERO—H
ELT, BB v ¥ -OREEZELZINERBEROBRT Fig 541KTT. DB~
DNE% 3 MPa CMEL, NEFig B 1 CRLZEEKS 7 «r RICERL, KIGE 323
PATH A ABHLASD THL, A ABECFEFEBRATRABRES AL, ~“r 2B
b8 0ms BICH T e ANOKD (27 rEH) CHENAENSBH IR, COE
N ERSCEINERLBOEFTFOEEVECET 58, KENE—~BETTABEFOTF
BICEANKPESNBEE LA L, UBEBTFOEBREL TR AV, KFEEIZE 30ms @
AETS ~6 BIESH L%, HOOEN A2 2L Il ms LTORMMBTEZHO Y— 270 8
AN TWE,

LEDC ECFREREFATHERE EHEBLAVW BT Hr, LALAPECEEIL S
bIC ARG BT 5 FREBR T KO 3 AP IFENER S MET 5,
EICHEEFRCELAIB—~OFENEOKER, B2CH 1 OENECHEATELLEE
HMIOMME DB B, 30 KAOESICE VELABRPEAROEBRALE TS 5,
COBEREC DN TELZAE, B—SO0OFWOOEAEONEIHERB Y >ORTEEHEEBEALOK
X ACRFEL TRALELLND, EZACTHENBEIE - RENEO? 7+ »BTORE
BT#b, -7, COFENBOERBEECODWIRETHE, FHERTHY ST 2
Y, FHEBRTRAT Y vARTHARDIL, »7 e rOBRMEEETH & BREREIS
EOTUVICHED AL &b, FARRTE (I BRLOABHPR( Ao SDEHL BN D,
BBIALODWITIHFNAERTHERINALOCKECO YR Y BHC LA O TS Y, KEIT
YR breFaAllLAMBELETENS,

iy ¥=x b reiFaflnbBELM

HREBBOBELOLI 7t v AOKAP CX b »RICETREL TWAZ &P HELEER o
DT, COHEBT—RKTET AL, BALTHL, Fig, 55 WWRLAZ L (ARMOK
MHBAHATLP, ODERAATEA L vRICHFL LTSN B58254L5 L, BB HENA,

- —g+~—P - —P,— — — (1
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ERDEL, CZTAR 7 e~ OFERH, PR A~ —FXE, r AEARE, xZXKHOZE
i, tdFEHErd. FARBORGHETUORTBAZERE Fig 5 6 ICRT, BITAERE I
EBRERER(—HLTED, XAEH T2 > F A+ THETELZ &b ok,

4) BEri*a£—FM

FRATORBBEER TRESINABARBIT LIS & 4 % -1, BEME L ITBHE T 2
M F—CEBRIN, CNAPRLDEBRTE—RBIUEEcA A X¥—cHENTWHWERD TS S,
Rz 5% —ORBBELTH, #7222 NOEGALMO4OBELLNS, (UKHOEER
ThrE—, QUHA—HRAOERz A+ & —, QKBMOUB=F+r¥—, WH7ErDExH
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Fig.5.1 Experimental acrylite capsule and measuring instruments
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Fig.52 Water column behavior in capsule (1)
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Fig.52 Water column behavior in capsule {2)
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Table A-1 Characteristics of NSRR

Modified TRIGA-ACPR (Annular Core Pulse Reactor)

Reactor Vessel: 3.6 {wide) x 4.5™(1ong) x 9™(deep) open poal

Fuel;

Fuel type

Fuel enrichment

Clad material

Fuel diameter

Ciad diameter

Length of fuel section
Number of fuel rods

Equivalent core diameter

Control Rods;

Number

Type

Poison material
Rod drive

Transient Rods;

Number

Type
Poison material
Rod drive

Core Performance;

a) Steady state operation

Steady state power

b} Pulse operation

Max. peak power

Max. burst energy

Max. reactivity insertion
Min. period

Pulse width

Neutron life time

Experiment Tube;

Inside diameter

12 wt% U-IrH fuel
20 wt% U-235
Stainless steel
3.56cm

3.76cm 0.D.
38cm

157 {including 8 fuel-followered

control rods)
62cm

8 (including 2 safety rods)
Fuel followered type
Natural B.C

Rack and pinion drive

2 fast transient rods and 1 adjustable

transient rod

Air followered type
92% enriched B,C
Fast : Pneumatic

Adjustable : Rack and pinion & Pneumatic

300KW

21,100MW

117MW-sec

3.4% Ak ($4.67)

1.17 msec

4.4 msec (1/2 peak power)
30 usec '

22cm
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Hold ~down device \

Control rod drive

Water lavel

Vertical loading tube
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Fig.A-4 Peck Reactor Power and Core Energy
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Fig. A-5 Radial Thermal Neutron Flux Distribution
in the Core and Capsule
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Fig. A-6 Heat Deposition in a LWR Size Test Fuel Rod
Contained in a Capsule with Water as a Function
of Inserted Reactivity in Pulsing Operation
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Fig. B-1 Standard Water Capsule
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