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Semiannual Progress Report on the NSRR Experiments (9)

July to December, 1979
Reactivity Accident Laboratory

and
NSRR Operation Section

Division of Reactor Safety, Tokai Research Establishment. JAERI

(Received July 23, 1980)

Fuel behavior studies with simuiated reactivity-initiated accident (RIA)
conditions have been performed using Nuclear Safety Research Reactor {NSRR)
since October 1975.

This report describes the results obtained from July to December, 1979.
Fifty tests were carried out during this period; which are 5 standard rod tests,
11 fuel design variation tests (1 gap width parameter test,2 pre-pressurized
fuel tests, 3 cladding parameter tests and others), 4 cooling environment
variation tests (forced convection test), 4 USNRC fuel tests, 16 defective fuel
tests {Bwaterlogged fuel tests, 8 fretting-corroded fuel tests), 2 high pressure
capsule tests, 1 water Toop test and 7 miscellaneous tests { preliminary tests
for mixed oxide fuel tests and others).

Keywords : NSRR Reactor, Reactivity-initiated Accidents, Fuel Behavior, Fuel
Failure, Pellet-Cladding Interaction, Pressurized Fuel, Cladding
Heat Treatment, Subcooling, Forced Convection, Waterlogged Fuel
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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 July to December, 1979. As
shown in Table, 50 tests were performed during this period, and in total
412 have been performed since the start of the NSRR experiments in October,
1975, The tests during this reporting period consist of 5 standard fuel
tests, 11 fuel design variation tests, 4 cooling environment variation
rtests, 4 USNRC fuel tests, 16 defective fuel tests, 2 high pressure capsule
tests, 1 water loop test and 7 miscellaneous tests. The outline of the

test results is summarized as follows.

(1) Standard Fuel Rod Tests

A high energy deposition test was performed to study the effect of
the lower plenum space on fuel failure mechanism at high energy deposition.
In a high energy deposition test on USNRC fuel rods, the fuel pellets
dispersed into coolant water through the lower part of cladding but the
cladding itself did not disperse. In contrast to the USNRC fuel tests,
both pellets and cla&ding dispersed at the same energy deposition in the
NSRR fuel tests. This difference was attributed to the structural difference
of lower plenum. It is understood that since the USNRC fuel rod does not
have a lower phenum space, fuel rod internal pressure increased to breach
the cladding and fuel pellets dispersed through the breach when the pellets
had started to melt at the lower portion of the rod where there is an axial
peak of energy deposition. To prove this interpretation, a NSRR fuel rod
without a lower plenum space was irradiated at the same energy deposition.
But, an expected result was not obtained because of a slighly lower energy

deposition in the fuel than planned.

(2) Fuel Design Variation Tests

For fuel design variation tests, burn-up fuel simulation tests and

gap gas parameter tests were mainly performed.

(2.1) Gap Gas Parameter Tests
Argon-filed fuel rods were tested under low subcooling coolant
condition. Seme relations between gap gas thermal conductivity, ccolant

subcooling and fuel behavior could be drawn out of the results of these

(5)
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tests and the tests conducted so far on helium and xenon~-filled fuel rods;
From the results for 180 cal/g-UO2 tests, it could be said that the effect
of gas thermal conductivity on cladding gurface temperature is much under
large coolant subcooling condition but 1little under small coolant subcooling
condition. From the results for 230 cal/g-UO2 tests, it could be said that
fuel failure threshold decreases with decreasing coolant subcooling,
independently of gap gas thermal conductivity but the extent of failure

is slighly different for different thermal conductivity.

(2.2) Burn-up Fuel Simulation Tests

To obtain information on the effect of cladding embrittlement by burn-
up on fuel failure behavior and mechanism, fuel rods with claddings
embrittled by oxidation were tested. As a result of irradiation of
standard fuel, narrow gapped fuel and pre-pressurized fuel rods, all of
them failed at the time when 160 to 180 cal/g-U02 was deposited in fuel
rods. It has become clear that the failure was caused by PCMI because
all of the failed fuels have longitudinal cracks in the cladding.

Larger cracks in case of narrow gapped and pre-pressurized fuel rods
tell that gap width and fuel internal pressure have effect on the extent

of failure by PCMI.

(3) Cooling Environment Variation Tests

Forced convection tests of using a small pump were performed.
Following single flow channel tests at ambient temperature and pressure
conducted in the previous period, tests with a bypass flow channel were
performed to examine the effect of bypass flow. Two tests were carried
out under the initial conditions of the coolant flow velocity of 1.8 m/s
in the fuel channel, the fuel channel/bypass channel flow ratic of 1 : 1
and the energy deposition of 290 cal/g'UOZ. In the first test, fuel
channel flow decrease accompanied by bypass channel flow increase was
observed soon after irradiation. The fuel channel flow decrease and the
maximum cladding surface temperature was more and higher than that observed
in the single flow channel tests. Like this, bypass flow effect was
observed. However, in the second test, the maximum cladding surface
temperature was lower than that in the first test and single flow chammel
tests, and therefore the bypass flow effect was not observed although the

similar flow change occurred. This discrepancy has to be discussed.
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(4) Defective Fuel Tests
8 waterlogged fuel tests and 8 fretting-corroded fuel tests were

performed.

{(4.1) Waterlogged Fuel Tests

The failure threshold for low enriched (2.6%E) fuel rods without
axial power peaks at edges was confirmed., The test results obtained during
this and the previous periods have shown that the failure threshold for
fuel rods without power peaks at edges is in between 160 and 180 cal/g-U07
except the case of fully waterlogged fuel rods and much higher than that
for fuel rods with peaks, and fuel failure in this energy range is caused

by low temperature burst cf cladding.

(4.2) Fretting-corroded Fuel Tests

Fuel rods with maximum artificialiy-made-defect depth of 0.3, 0,4 and
0.5 mm on the claddings were tested in energy range of 293 to 366 cal/g-UO2
to examine the effect of fretting-corrosion defects on fuel failure at high
energy deposition. The tests resulted in the followings. Fuel rods with
defect of 0.5 mm showed different fuel behavior from non defective standard
rods in that fuel failure was due to cladding burst and the energy
deposition at time of failure was 130 cal/g-UO2 lower than that for
standard rods, and pressure pulses were observed in the coclant at time
of fuel failure.

On the other hand, the behavior of fuel rods with defect of 0.3 and
0.4 mm was also different from that of standard rods in that fuel rods

failed at earlier time and pressure pulses were observed. However, the

fuel damage was almost the same as that for standard rods.

{(5) USKRC Fuel Tests

Repeatability concerning the failure threshold and behavior of PCIV
remedy and currently used fuel rods was confirmed and it was concluded that
PCI remedy fuel rods have the same fuel behavior and failure threshold
{260~.280 cal/g-UOz) as those of currently used fuel rods under the RIA
conditions, irrespectively of remedies (Zr-liner or Cu-barrier). Tests at
ambient temperature and pressure were completed, and tests at high tempera-

ture and pressure are planned as the next step.
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(6) Miscellaneous Tests

Preliminary tests for plutonium—uranium mixed oxide fuel tests and

fuel failure propagation tests were chiefly conducted.

(6-1) Preliminary Tests for Plutonium-Uranium Mixed Oxide Fuel
Tests
The objective of these tests is to examine the propriety of the design
and the nuclear characteristics of a test fuel container capsule developed

for the plutonium-uranium mixed oxide fuel tests {cooperative research

with Power Reactor and Nuclear Fuel Development Co.) for which preparatory

work is in progress. With the results of these tests, the propriety of the
capsule design, especially its good leak tightness, was confirmed. It was
also confirmed that the aimed maximum energy of 300 cal/g-UO2 is able to be
deposited in a mixed oxide fuel rod in a double capsule test arrangement
where a test fuel container capsule is contained in another capsule like

a standard water capsule.

(6-2) Fuel Failure Propagation Tests

Influence of fuel failure on adjacent fuel rods was studied in a test
arrangement having a waterlogged fuel rod in the center and six dummy rods
around the center rod. Pressure pulses associated with the center rod

failure were generated in the water but did not influence the adjacent rods.

{7y High Temperature High Pressure Capcule Tests

Following the first test for measuring reactivity worth of the test
section and calibrating fuel energy deposition, 2 tests under BWR condition
and one under PWR condition were performed. Under each test condition,
response characteristics of some types of thermocouples at high temperature
and pressure as well as fuel behavior were studied. The result of energy
calibration has shown that 350 and 320 cal/g-UOz/IOO Mw-s is deposited in a
10%E fuel rod under BWR and PWR condition, respectively. Concerning fuel
behavior, DNB pox‘t was exceeded at 180 cal/g-UO2 under BWR condition and
at 160 cal/g-Uozwunder PWR condition. Claddings collapsed over the entire
active fuel length and ringwisely along pellet chanfers. This has never
been observed in the atmospheric tests. It has become clear that bare

wire thermocouples spot-welded on cladding surface are useful under high

temperature and pressure condition,
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(8) Water Loop Test

Water Loop has a capability of producing coolant condition of up to
15 kg/cmz-g, 100°C and 390 &/min at the test section.

This test series started in this period. As a first step, reactivity
worth measurement of the test section and calibration of fuel energy
depdsition were carried out under the coolant condition of 10 kg/cmz-g,
100°C and 210 %/min. As a result of y-ray measurement of the irradiated

fuel rod, it was confirmed that 453 cal/g-UOZ/lOO Mw+s is deposited in a

10%E fuel rod.

Concerning HTHP Capsule and Water Loop tests, scoping tests are

scheduled to be performed for a while.

During the next period, forced convection, waterlogged, HTHP capsule
and Water Loop tests will be chiefly performed. During the next period,
forced connection, waterlogged fuel, HTHP capsule and Water Loop tests

will be chiefly performed.

(9
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Table Classification and Number of NSRR
Experiments (Oet, ’ 75~Dec, 7 79)

Number of Tests

’ L
Test Ttem Oct, 775 July” 79
~June * 79| ~Dec, 7 79 Total
i. Standard Fuel Tests
(1) Scoping tests 48 1 49
(il Fuel centerline temperature
3 0 3
measurements
(i’ Fuel elongation measurements 13 2 15
W Rod supporting effect tests 8 2 10
2. Fuel Design Parameter Tests
{i} Gap width parameter tests 16 1 17
(il Enrichment tests 17 0 17
fii, Pre-pressurized fuel tests 37 2 39
{W Cladding parameter tests 24 3 27
V) Gap gas composition parameter Lo . L2
tests
&) Others 16 3 19
3. Cooling Environmental Variation
Tests
(i Coolant temperature parameter
17 0 17
tests
(il Flow area simulation tests 22 0 22
) Rod bundle tests 10 0 10
¥y Forced convection tests 8 4 12
4. USNRC Fuel Rod Tests 17 4 21
5 Defective Fuel Tests
() Waterlogged fuel tests 60 8 68
(Il Fretting corroded fuel tests 12 8 20
6. High Pressure Capsule Tests 2 2 4
7. Water Loop Tests 0 1 1
8 Miscellaneous Tests 22 7 29
Tatal 362 50 4112

ta
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Fig. 2.2. 2 Conparison of Cladding Surface Temperatures

and Flow Velocities hetween With(240-9) and
Without (240-7)By—pass Flow
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(1) %t 7

BREBEZRE, REARBIOET L Y BRBATELARC, BIORKICHT L HEA
DEBOAEDHNEKEIETBNLADOERTS 5, 48, BREDNORERL LTHL
CBABEEERL, BIK & —RESrREBEL THLBRPEREBEORE S~ 2 P L AR
DENBE~OEBETTA N, RREEBEL 7 2 - FCLT3HTR -7,

(2 EEFE '

Fig. 241 CHEAGEERCETS AORE, BUBRE LUARIRSOREL ~ T,
Ay PAORREROABOBEOCEE T 22 —BBOBEERE (o120, HLRR
OETZ 6 A0 L I —BEBTEGTE- Y Fa kLA, PLEBRBE, T3 TORKBERR
OsEEro, REABRSENBLAG CROLNPREMECSS EOBEaANL, WAK(85
~0 0% OBIKBRE & Lk, BURBEFAOEE ERAMECLZ ryFOFREZOELFRITK
FANKEDYDTEKSOTECEBL, $NhEFRO 21 704 I —~REHBEOSH 1 FTDICE
e BT, 2ALLETCOBKRRERTHORSETLIHAENRIKRENEIC
EAsts L BT B &7,

(3) EBRER

Ay} — O EREAHE TIC 150cal g U0 , ORBBT2H, 256 cal/g U0, O%
BT 1IEO3EF A%, Table 24 1CREAAZBRABRBEROBRIZTD, RERER
OBBEEIRT.

Test 44 330—1 OFEB T, 154¢algUO, OEBEB CHRHAL AKERE. P.LHBRBE
BRENEAG600Bar WCBLABRATHBEL ., Fig. 242 CEABRORHNEERELZ =T,
RECESRBDEAELRCbA-THNLTEH Y, BREORIADRREO THI LK
1/ 30 BT -, BOOHMEEFig, 241 CRLAF I —BREES EF6OFRHMOSA
WTdh, TREAEIPLAELOCHOABLAIANE2 L 2ED # I —RBORETCH, AO
W HEML AUO, vy PRLBEANEHEL, 4, TOEBEIOF I —MHLH,
HMOLIEA - A BEELOEMICL s TELABE RN A, » 72+ FECEBLLEDE,
PR R EREORMT S 1 Bar{ BFAE#1 ), MM T2TBar (ENFH#2), TAHI T2 ]E
T66Bar Thot, SHKBEEARCORET I2°CELERLA, KRRV LI EEL LIUF
I RBOERFABOARBCHETE A -,

Test # 330—2 ORI, FMHAOCERTHEIN R -AABOT - 258/ £BDIT,
A—%f(151cal/geU0,) THZ-/, LALESFL, FLRBOREL340Bar L
PERL Aok kD, PLRABOWBREL R k. TOME, BEHIOREL LUER
CERBEBO LN R -, ‘

Test f 330—3 (&, KAZWENEBLADK, BBEE 256c2l/g U0, EL T
hottEBTHAE, Fig.243 00 KN, ESOBETEEzT~ T, T4 BEBRONABEEAL



JAERI-M 5011

Fg.zm&K%?o$®%ﬂmWE#SSMhrKiﬁbkﬁﬁfﬁ&ﬁ—zbﬂ@ﬁﬁ%
AU, chETORBEORRBOBKAREEROBRLBLT, HOHIFKRS 4om .
EARATLem £AICUO, ~vy b bEREACTILBHREL Tnk, KREFL
%ﬁ@@ﬁ&@ﬁmiﬁﬁﬁ®%3mn@%éﬁﬁbﬁoC@ﬁ@%%ﬁﬁ@&hm%f@ﬂ
ﬁcﬂft”ﬁ%fﬂ%éﬂkﬁﬂ@,%ﬂﬁ%fBBhr,ﬁfﬁ»ﬁ%fBQhrT@D,
ik,fiﬂ%ﬂﬁibk%ﬁWO%k0f$ﬁ%D%&ﬁm%okfi-ﬁﬁfZlﬂm
strain, SMEIT650 ustrainTh ok, TLBOBHO £ —EBBORmMCETO , ~
Vwbﬁiéﬁmﬁ%ﬂ&ﬁokﬁ.ﬁu%&ﬁﬁbfub%ﬁ#%%%ﬁiD%%@K@m
LTwWi,

£t EEO K ALEM G, Test 4 330-3 OBHFOBEDF THETELA (H100
gstrain VD EABOLR AN, BEERECL VAEINLREORBAEL LD - .
4) & =3

Test £ 3301 HLU2CEBERSL, 150cal/g U0, BEORBRRE THT LA
ﬁﬂﬁ&ﬂ—zbﬂ@ﬁﬁﬁibf%.%m%ﬂﬁé&%ﬁﬁ%&éu,éBK%ﬁLkaz
Ny ML - TENETFLBRET, HAOBEIELANWZ EM -, 4, BORRHE
EREOBSD, BARBNO BAC L PENREFFERTIRATE BEMEEATAL
%Lfm&m@f,@Wﬁ@%@umaAEE%fééﬁoiﬁ,m%%@%éibié<&
WOT, TORBRBTCHBHEOERBIELEANEZELLN L,

%%%%%(LzsmmvgdmzE&KL%%%@&E@E%MOW(@.%@@%&f
AL ADERICL ) FAREBINRE LA >ARDHAGLTHAE V. LAL, TOBRE
CHEDRE L BELEAMET(CRBRETS 20T, BRNTLERS, WHLABRRILL
LinE, BEHHOK TSN ERTEAVERETELL L OLEDN D,

# ik Test % 330—3 DERCETEBABBEOERC L Y, BEHARE - — 2 PED
wHErEIL TR ORAELALTTH, U0, *Vy FEBEHSECL D BEmm BEOKXK
%éﬂ%ﬂéﬁHT,%%@ﬁm%ﬂ%&mi%ﬂ%;5Kﬂvf~ﬂKM&6f-U02“
vy PEEERESD KR ICHEB LTwW(BRT Ay £ ~RCER T 52 &EVEBAINL,

BLL, AH CEAAbNASEORRICL Y, ERABTERAORERLE LRV L OB
%ﬁ%%ﬂkﬁ,%%m%@bﬁ%%KM%ﬁﬁ%%K%ﬁfé%kb,%%Cﬂ%@%#ﬂ
Léﬁ%ﬁ,%@K%%ﬁ%ﬁbk%ﬁ.é%mﬁgﬂﬁabfmﬁmﬂ%%ﬁMk%%Eﬁ
HBaTW{FETH A,

042 Tab=va-ovsyBORIHRETHRAR(FEMS, MOEE, HEH)

(1) ERE®

BAEI5 AAEBEL D, BOF s BARBREERLOXRPRLLT, 7rb=va-v 35
BAMIVORECECEESREHETCHD 2HRAEHET B L AOOERSFEALAELL, BH
55&%%@%@%%%%%%,ﬁ&ﬁﬁ#%&ﬁbfméo%wﬂﬁébf.ﬁﬁ%ﬂ@ﬂ
m@%&&&:z%ﬁ®x7t»®ﬁﬁﬁﬁofékoanu,7»%&9Ak9@%ﬂ%&



JAERI-M 9011

BALDL V) EROBEREEESR, 72 =9 sORUCHL T _EOREETRITHLEND
DEMHCELIDTDE, 72 rOEKE, [EET AT LARESEL L FREHE & ESE
FETLRBAT b bRy, AMAESBELTAMRMELTNSRRERTHEHLTAHE 2
FrUABEHI T EAFTENELEELT, FACAR» 7 e+ OREN, REET > T2k,
Fh, CHEBTLT, ZEF 7 rRLRTLRBRBRBORBBEOCOTHEBRIMADOT & £,
COFACERELAZEH» 7 e+ T U0, BEZHEBRBRB L TERL ., “rx AR ICH
LT, #7 A~ OBFOZAEL L OB sHRL £ 22 TH, COUO0, BBEHEV
FERY [ FERER | K ECTE, ThE T, MTOBEFBESHEL T, 54O
FRERABET- .

(y TE» 7erO KIGESEDEE

) ZEH» 722 AEBRRBOREBAREOIE

fih ZRARBCERBRBT ELTHEBEIHABREO, IHNFHOBREHOER

v #of, »7 L OREEMEEZLBHOEE
2) EBRHE

(I EBRWE L UFEHE

FHERBCENTIL, Fig, 245 CRTLOCEABEONSRRERICAWN TWnDE KKEK
H7en (HEBEB) 2NEEFRELEL, TONRCSEHBELANNIORT yvaA@lis 7
vn (% 65mm, BE4mm, B3 H 40cem, REHHL000em ) EBIRAAKIOEE
Br7er L THnAk, BRBA7 2O LEBCE, NSRROEERUO, BRH (U-235
WEE20%) 1AERAL, EENCEERFEEOMKE N850 em EALL ( HE» 7
A NEEEMB100cem” V), ZORBY T ek, RBERBORRBLEBELROARE L
—HT AL O BROLTHABSERCERDY AT, ARFHOHFLS, AFORROBES LH
BRCEREEOMAETEAL R,

i, TRU/BOFHES L TR, HESRIOADRAEFLCH2MEAA( 0° L180°
HEIWC, Pt /Pt—13%RhOBEBHER ( EHRE 0 2mm) T ABEL L., 7, AHA
FerQHELLTH, BYRBRBEOFRLBEE-RIOKPL L2 7 A+ ARIT, T
#hy - 2BECABREBR1EE, $4, » 7 ERCHEIRBBERY HiF ., I b,
WEH 72O EBTHEHCE, KEATHAETLADIC, 247 vy « T2aWEBHELAE
F- o E BT, TOM, RE» 7t ABOPRREL J P LHOARTCHE, ES— 2
LN ENEY T .

(N mE AR

WEy 7 eaid, BRAMC, £F 77140« - 22AWTHEACTEZAELA. %
fr, MBS 7+ OEHITHRIE, ~V v 2RBABRET 27t v OK[EHTERBL 2. 7
HEBLCOATY, HE2UTHRARORRZIT, TOIBEHETHERL £, /&, SHERLL
THACEO ANAKENAEAE Y — o ( 2 2REMYC2OWT, BEENELHNERELOD
ERe®miEL &,
ih e _

FHABRT, EBATO0-106T700-42 TO 4AHOXRIL LS, TOOL, HLOHO



JAERI-M 8011

700~ 1EBTH, "ArRABHIFAZDT, ERPORGCEMECAERAEL £ ( HBRBE T
LY, ¢ 3SEOERTH, “rxHAORHC LY, HBRHIC160calg U0, 340
GM4FU02#&UZShmvgdmz@%ﬁ%&%ﬂ%ﬂﬁiﬁoCﬂ%@%%%ﬁ%m
A, WICRLUAHERCE » T, BESETEE, $HKCHRE - &, AKX 7t~ OBH
cELZEE AL

v muEEAR

BHERBED, RRABONE  TEREET-k. 3/, RRATOV-2ICHAN ARKIC
ST, EREOBECAD, FPOANET %, ERCHERL ZAAKY 7=+ K2NT
i, KABLOFETHERT LD, 707740 A—FC L o THBATERE T~ .
e, BICEBRMATIOV-AOBECE, vra=v a—KRGR LV EBRLAKRBREE~L
EBOCEBOEBERIC, #4745 vRAEAHERENT, RN A7 = rROBEED T H
L,

(3 FEBER

(h EEATO-15LF700-208R

EEATVO-1E, 77 e+ ACRBRBE ANANBEORRWORTEMETMET S
B TH-AERTHLH, RCEMEORESHIEI—$225 TH-7. AF. Al I (4
SREBEEANABES( RBAT00-2~700-4) OXERWO LLEMERL, FHHT—8
205 TH » e,

EBHET00-20, —EH 7 e RNOBBRREEETIHNTH > AKRTH B0, FPO
A RRCE( RRBOREBL, FLOOKHE A4 L0OMW. s %) 464cal/g U0,
TH o,

(i EBATLOO-3OKR

ERATOO- 3, BEOWBILY - TAETERNOHLETIE, KEHNEOER DT AE
FBEERIT, TALHERE AT e OREEER I EHB ANV EERRT HLDTT -
ERTHDH, TERCENTH, EEORABIYRBERTRETFEL TVWAERRERE (300
calsg * fuel) # LEL340cal/g U0, ORBETLL L, LOKR, BRANOES
B, Fig, 248 IOURT L0 CRBEBRABRARCABL . Tr, —HOREIHM
¥ FIR &L Tnik, .

COBMEERECAE LAHERAORKOEAGIOR, Fig, 246 T, HEBHREC
oAt 2 AOBENZ, W3 AL XHAOE 2% H1I00msTH1T750°C DRES
BETHEREL, FOEBCHHAL L, KRE, “r2HHIBEBEFRACEAEL, 1 SBELCH
BEEEGTSCLELA (BEEBAH0C), 3k, #7 erORELCDONWTH, S R
AENEOREEAE (, BN LLHREAO LRERAEL, W15 HRCEEEENL3 ke
Semi(F -V EYCE L. HTEArORER, COBRBLIAM1I3kgom’ O—EEE
BEL, POBKEOBTE—BLT, Bbatohks CRLILE LD, Ar2H TRERS
30 MERLABATORE( ¥ —vEIR, Hllkg em’ Thot, REH»T=rETF
FCHOATABr—oOEELY, REHC L -THELA S 7t »RECEDHL|UL 22
Grml, BEEN(F—vHE) ¥ 13kg em’ EHRL A, Ak, TOES—VOEEL



JAERI-M 9011

LHMFL T, KBIOREZE AP - o

=R, TRy AN A—RAERANVWTHBY 7 tAa~-TEFREL AR, 7 1O AA
FBHEBOOLNTZ D -,

i) EHEATO0-4OHR

EBRMATO0-IOHERTE, RBRRABOBHFEERC, BARNA»» 7t r»HOEAHRERL,
EBMIOFNISERINDLEVIRENELADT., ZOBRBICHTINAESRG), BEO
WEBTBCEOL SR EBEL AL T EHRETA2ADLIC, BRALEWEAGO RAETHAR
BECE: bEBRY, ERMATO0- 4L LTEHLA, TNITONSRRERACLLE, B
BETEAFCHTS20%BHU0, RHOBRAL 2 ERHNZ50cal/g U0, THLOT,
ERMATIO0—4AKEFNTHE, ABRBBIC253cal g U0, OREREE LR,

O, RBREE, Fig, 248 CRTLOR, FHRBBOLESRUELC L -TRE
(LAEDOOHWBIREEC AL o, ZEL, BHEBTO~NVv » r RAMEBECHLETLEHS TH,
AT CED TBWAEBRO (M Waisting) 2EL Tk,

EHERBCAC LAHEHORESO XA 0O E, Fig, 247 WKKRT, ARBBOERS
EEEER, "ArAHIREBL 1D TESELN1600°C CEL, TOBH 1~ 28 600
O FOER R AR, GBRT (2727 I 0L Twna, KR, “2+ 2 ENEERFE« ICL
AL, 15 HEERCBEEM45°CRELA (HEBIN30°CY, 4, » 7 L NEE
OESR, ICRboh b 50, #FECAANARBRO LA I UCTHERIEL AR E Z-
TwWEY, CARHESCHAODL R VAR TS ), Hb 2L/ 1 XOBBRERITAERT
BLLHAINE, b, AWs 7+ BTEACRIMTIAEY - CvOGBEELCHE, TOL %
MBEROFEAROESEZRLONL TELT, ERATO0-30HBE LHUL £, LENL®LLHZ
AEQ FRF FTEEOAIAVRRbNAE, CAOLOZ EEBBLTHELAAY 7 £ »RENDE
b AECBEETE LA, COBEDBEENOEEEE. Kekg em® ( F—IEITS
., A, ILECH T eArREDOHETEETLADC, “r2HNTRBREE3I 1IEERL T
HEWMEBETLBIC, AR 7 er O H RKEAATC LA T A - IBAENEROH
FT, #7 e AEDFAE Lk, COBERLIR- K ENFHOHREL kg em® ( 7~
vEITS® -k (Fig, 249 ),

(4) BHPLUFEE

() FBRY O ST

KEEAH 721 OA2ERMESL TLHRFOEBYORLTEMER, 8B AZL TH -
$220CT»50, CORBLCILIXKNEBO Y 7w rEMARAAT, ZEr7 e r@a&ELT
3, FIEEFRERREAEELY, —$ 225 THLT 0, SHOREERIDODERT 4,
i, 20%BRORBHEET» 7 e+ HECHFALABSRDEMEL 15~20¢ 77 A&
Bh, ofbid, nThIERPCETZRLEMGE FOMRBRE(RORERNE $35)2% T
b LETH->T, MBHE AV, &t EHECI > TFHLAZEY» 7 » ORIGEEER,
—$ 20 (RBEKRBHDITH D, LEORABLBDOTREA—HERL £,

CEATEARCET S 20 ZBHEUO, BREORBEOBEMER, FLOKE x4+ ¥
10OMW+s %0 464cal/g U0, Thokts, L, —E#7er( KEEAH 7 £r



JAERI-M %011

OBEYCEHTHRARBORBRS40cal/g U0, CHNT, ¥ 1 4BENETS 2. KRR
*ﬁ7twﬁﬁ¢ﬂ®2?7Vz%@ﬂf&»&ﬁkbk%%%ﬁ,X?VVX%®%¢ﬁ¥
W EIC L »C, REANORBESRLTHIEL, BHECL-THTFRATETHAL
CTH LA, BRLARREORIEL, FALABRPIELD IR IIETE A, TO,
ﬁﬁ%ﬂ%%%@%ﬂﬁ&%ﬁﬁ&@kﬁ#%.ﬁ%@ﬁ%ﬁm%mﬂ%ﬁmkm1.ﬁﬁﬁ
FTNBTEN T e A ERCENTS 6w/ 0Pu0,-87w/ o000, ( RARYF ¥ ) OHERD
HER B L THWASAIC, BK300cal /g fuel ORRBEREEREALTEL LW
YRBLEBAI LN TER,

)y REH 7 4O REOFELHE
'%%ﬁﬁmﬁmﬁﬁﬁﬁftwm,ﬁ&%ﬁ@%k%%%&BMMaV@fmltﬁﬁb.
BKko0kg /om’ FTOBECHLDL ICRITLTED, SAOFHAR T, BK 340
cangoz@%ﬁ%&ﬁifﬁﬁ%ﬁ%ﬁﬁégkﬁ.ﬁf%»ﬁf@*ﬁﬂ@&ﬁ&t
ok EEIORAELE, RoTH15kgom” BEFTORBNSELHAZENLAS
Bt b @O, TNETHEEREEALCENTHHAT L, R 7 v OBREETHI T
e o, BB, BHERFABLC 7 a7 74 1 2 2RV THRIEL ARE D 7+
»®ﬁ§®mﬁﬁ6%,w7t»®ﬁ%§&d%(%b6nf,%@@iﬁﬁﬁ%f%koé
LT, BHMCIT-ARBr 7 erD~7 v 2 RERR, PLUBARLI S BBBLTIT- X
WEE 7 S r® FENREREESHEN LT, B2 7+ O RBEHORFICBL T HBEOZ
WL AR TE A, MR LAZRYOENEE LSO THEN T L, SERE - RIELAR
S, BROBASRIVYBREZRB» 7 tr LT, THZHRELBEETETHL
BHTE D,
iy vrpe1-KRECLBREXERE
EBRAMETO0-3HLUET00 - APBELALGALLOIT, RBRRABORBBEEARIC, 27 tr
RO BERB e AEND LRFED, COEAL —EECEL AR BSHR[IIND T
ERBE LI E ok, BERATO0-3 LU T00—48ENT, HEOCHRECHRBEABTEL,
&%@%%K@%ﬂuﬁﬁbfmﬁm;tﬁ%,cmﬂftwﬁﬁﬂoiﬁﬁ,%ﬂmﬁﬁ@
ﬁﬁa@%%t(%t.%of.mﬂW%#BmFPﬁzébmﬁi%ﬁﬁﬁ%@ﬁﬁ%amq
AADLIAEENCEHEAVWC EEBELATH L, COELEROREGL, SRwES ( 2o
HE 4 ) ERHAkEDRIGD SREATAKECHLEELLbRD, vra=7 &, BRRITE
BIEEKE AR ABGRCL - TRIEINALT (, HATRETZCHQRTEDLLEL L OIT,
ZrO, BHERIN G,

Zr+2H,0-2r0,+2H, o)

AL, ZrO, BOAMCIBECTHBLER, a - v+ IBOEBRIEL L, R¥EML
T00-3% LUET00—40BNWTELA S 7 rAEADCHMIE, THhTH 13kg/cm’ &
LU 6kg/em’ ThY, COENMIEARAAORECLZ OO LEFEET S L, REKR
B EAEN0058E~r { KAEFTTL3 L) L0027 (RAEFTTO6 L) &b,
COKEORERICAETE Y v 3= sORGEEFORCEANTHET 2L, TATNEE



JAERI-M 9011

HEHRRWO 1 5B TBHPRERLER TR ELCE B, TOHBAM BILRD F HE
i, BEONSRREBRCERDVLRDAEBHRILBROEZGHELBO TR -T2 ( £&R
HTO0O-ACHET ARBAEHORBESOEBHERILERD, FTHNTHEZEE Y,

BMEDZ EDL, EBATO-3HLTF 100 4ARENWTERAINARYE 7 O EHE
A, vrd a1 —KRIEL L > THELUAKRIACLBIOTHEERERTDHTENTE S,
E, BEONSRRERCHBAXE, #» 7 e+ NEGHEBHOEKEAHV 28 LEREVAED,
KEAZORBEC L2 # 7 e ArREAOEMIEE« kg em® tERLEBLIREC I N,
—gHTd, AREOFHEEABROCIL O, BREDEMEZI/ NI ABE (5L RAEBE XK
DEBEALBE), P4 - KRECLB2KEFAORECE-T, BHANENOEMN
NBEAIOELEDTEE, TROERELTEHEALENSDLINEL DL, XL, EFHABORE
BCE, 27 e ARETOHENLE D - TS, REOBBEDHCUIEZBE 2, BHELEWER
EHL AN EEHRBTLIEHNTE 2,

243 WE-—-BREFHER(KERT, sNERE, EE#)

(1) F455%
NSRRERC VT, BESEKS 7 e 2B EKr— 7T EBRORITICE S 2n, KEE

A7 A RBRETOARRABLERXBCBLAL . TRCENARBERBEEIL R TWAE,
REOCHBEIFEOERAT ALLHECH 4, RERE, BEAFHFETLIIE-T(BHT &
DFAINLZOT, INblT2 72 2FHET AL, 2L2EESROEZBEVLELEL
B

COMBOBHROC —FHELLY, 2o TRB—7 7+ ACEHAOBRB T EITL REREH
FTAHTEEHECOATHRFT Lk, BTy PAEETEARBRATE—-(HHECLEL VAEHD
FEOBBLNENOT, TITORAMBEHL, BAHBATH-—ZHNDIALBNEZEET R
HHZERD B,

NBRREME Y 7 LA DHRETELLCNARBEZDVHAENAZ IO LFTLLONSE, T,
E—BE N RCEREBORMET A ok, BHCEL T, BEHERLID 45 2 — 28
HEFOLEbT, RBENABRRZCOWTINS RRTREBREERTTA %, T 2T, NSRR
Ceds BEEROBRTPLC, BHESRLOKBEROFECONTE T,

(2 EEFEE

Fig, 241 00RT L O, HHEMB40mm CA4RSy FAEREEY, TERELT
Taofk, BIECHIGELTH, XVt RBBEFHEIMA, BEEORBR, #» 7+ NFHTF
HARC=ZEETHL, vy P AP TERIME, Fig. 2411CFRT LT, =vy b
CREZTAHR=V > P TREBFICEAL, ROFL =251 OAFEAN, BREBTN
TRELT y BREZHAEL, SN TEFERIAZzROAL. REBORBRERE, REYARES
O¥2r00724MeV, "'LaD 1.596Me VO 7 4 € — 27 OWER, Ge BN UEBRHE
CEOHBL, BCRDLATVE y BEE ~-RE&BOCRERENLLORD A, # 7 At
FRAMEL, 200 L0 7trACRIMNT AT 274 ¥v0 y BOBETHEEL TRD %,

—39—



JAERI-M 9011

(3) RBERLIUER

)y =~vy PRREFEID

M%@rﬁﬂ(ﬂftw*bﬁ%ﬂ“ﬁﬂ?ﬁm)aﬁﬁﬁ(ﬁ?h»@ﬁ%ﬁﬁ)@Zﬁ
ST oNT, FRFR 3AMEL &, WERRE, FETFHE=— FOitation CLHEE
582 % Fig, 2412 13 KR ¥, EHHEHEOHBRIL L W—KERT, Citation TLN
ﬂ.&vaﬁﬁrﬁ@QWE%ﬁﬁﬁ@.ﬂ7%w$bﬂﬁﬂﬁm&&f,%5%@g<ﬁq
TnhH, EEFTHREABIELRNT & 01H L& & afe,

ih = & &

SRR AEERT Table 24 300K T, NAEORBBRLAZD £ (—KL, FH382cal
Sg U0, ThE, BHEORAMNT1044MWs THHOT, B -RREKEHRE
{Conversion ratio)ﬁ—lg’a?fzﬁ&ﬁﬁcal/g-UOZ/MW- 8 EB D, THEFHE T

CitationiC L AEtEEREDL L, PR EORBBEYHETLE.,

— four
9 tour 4 single
single

; B —R%¥LD Conversion ratio CEHIE 43 Bcal/g'UOZ/MW“s)
;M —REAZ T O Convertion ratio OFEER

T

q single
q {four
Wooere ¢ BB RME BEOCHEMLR(5275X10 W CC)

W ;mﬁ—-%ﬂ%%f@%mﬁﬁimﬁﬁﬁ%(5.919><102°W/co)
s B e, T =3.89cal/g U0,/ MW+ s & %5, rOBEEEAELEOBREZHE HT

B0, pEVL(—BTE, EWA LD,

iy #7 erRAEEFERAIH

@ H & BFH RO HECOWTHRE Lk, BHFACHERSRT Fig, 2414 €5, BOFmPEET
S, B2y JTBCELTHEAEFATE), REOTHOF T 2 TR E~7
#T%TmécCﬁﬂ,ﬂ@ﬁﬁ@&r%ﬁBﬁkéﬂéﬂT.ﬁb?%fﬁﬁ£~iﬁf%
LEDTH B,

vV ZEEF? 7 e+ ER~OILH

Fig., 2415 GREFNE—REEROCitat lonlC tB~vy P RNAUTFESFFBOTE
gme Ry, CHICLAS, BRETHRTHEFETFRAMOTHALCTEAT NS, ~Vy
NOH T FLEEARTE, FETFRSPLATH - HEER (T E, BTNV
PR ETFRESHAL LS ETREREBHO Yy FEEXL DD, XL 7 T £ M HRTECH
HFORRGEEE (ARECTRVBBLCRDTES D,

RCBBBLCDONTHBE, Citation KEDHEINARRBERR—RREROW,,,
£ 4084%x102 W CCEE B, MRe AROFET, BRETE—AN TORRIORAE
%%a%.m$#%ﬂ¢%f®%ﬁ%%ﬁﬁTé&qh“H&OIML@-UOWWMWst&
5. NSRRELTLERBALNELLLIMW: s THEH 5, RERCENTHI50 cals
gdmzﬂﬁ@%mﬁﬁﬁ%ﬁ%tﬁﬁfééoM$~%ﬁ¢%n.&$;$»¥—®%%&
MY L ARBETOERR, RBEILOMARRIET - TRLNLLEELLE, ©O

BERE+AZETHEEELLND,




JAERI-M 9011

olltp - - - - - - - 08 {0cg )| peiley} 69 c¥e S-¢07
1s0F 1ong
- - - — — — — ¥'s (0981) 11 00T 66T P-10¥
paddor 10MBM
T 08 L6 — Ly E €€ — 6€ 9°L8 g S8 982 £-0¢€¢
gL 59 89 0~ 0~ 0~ 0~ 0~ Lee 0~ €8 151 ¢-0g¢
69 €E 9 — — s Lz 99 969 - 06 ¥S1 I-0¢¢
ex | e# | s | o# T# c# | 1# Creg) | (aEE) | (s @ |(“ond ie)
poy
ajoN (D.) . woljog| 1emf jo [£110070p LR
pod (ong o9 jusdelpe (ureiisl) poy [ 1eg) poy 19ng o1 [dynsde) Je|sinsssr]g wn [ or) [jusjuel) [uo1trseda(q
antzrodwe] queioo) fuwumd jo ureirls Pussslpe srnssary 0INSssL] |[TEUIBIU] 19 1M 19 3BAL £8 1oun

S9[DNsay 180 Jo Livumng 17Z ®19%L




JAERI-M 9011

@) - Warogued Certer Fuel Rod
: Dunmy Red { Water - filled )

Ol Dumy Rod(air-fi“ed )

_______ C; z - (/E Pressure Sensor
- S/G@ Strain G’ause
C/T  Thermacouple
j
4 o
" Grid Plale
I -
i
|
ﬂ J
. h Water Column 1
‘ ' Velocity Sensor
! e
L_ —‘:%\‘,: Fuel Cenler
. ./_'7 \ 1 )
N E S 2= il
T g s F
—r -1 7 D o j
l Sty .
C/p #2 \ i et
N ’l , iyl
Bin Feel Titernal || W} [V
L | H‘euumsmspr__ B
alll ]r R
Cp (Battom) =1

Grid Pldle .

Fig. 2 41 Measurimg Instruments



JAERI-M 9011

Fig. 242 Test Fuel Rods after Irradiation in Test Na 330-1
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Transient Records in Test No.330-3
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Fig. 24.4 Test Fuel Rods after Irradiation in Test No 330-3
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Table2.4.2 Hydrogen Gas Pressure in the  Capsule

Max. Capsule Raﬁo of Zircaloy
Test No. Energy Pressure Rise Reacted with Wofer*
(cal/g - UQy) ( kg /em? ) (%)
700- 3 340 ~13 | ~ 15
700 - 4 253 ~ 6 ~ T

% Assumed . governing equation Er + 2Ho0 — Zr0z + 2H2
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Fig.2.4.5 Double capsule confainer for mixed oxide
fuel test.
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Fig. 2.4.6 Transient instrumentation data of Test 700-3
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FNERGY
TEST NO. (cal/g UOZ)
700~2 160
700-3 340
700-4 253
Fig. 2.4.8

Test fuel rods after irradiation in double capsules at 160, 340,

and 253 Cal/gljoz.

Fig. 2.4.9

Pressure of the inside capsule for Test 700-4
measured at the time of hardware disassembling
(31 days after irradiation), showing 3 kg/cm?

of gauge pressure.
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Table 243 Measurement of Energy Depesition
Fuel Measurement | Energy Deposition | Average Energy
ue a3, R De i
Position (calsg U0 ;) (Gali"/’ﬂ;é.lljg)ﬂ 3
0° 39.3
ST—-1 39.0
ac” 387
0° 37.1
ST-2 379
90° 38.86
0° 37.6
DE-1 380
90° 384
0° 38.1
DE~- 2 377
90° 37.2
Avera,g.e (cal/g U0 ;) 3182
e [0 Mive
@g &L
CH s Ay
: . Co wire
b |
1

F

AARLLSUL S LAY Ly b

\Cununu W

f——

ig. 2410 Four Single Rods Configuration
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Fany

H H Co wire particle

FPellet for Flux Distribution
Measurement

Fuel Stack

Fig. 2411 Pellet for Flux Distribution Measurement (mm unit)
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rie. 3.1 High Pressure Water Capsule for NSRR Experiment
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Bare-wire Thermocouple and the Measured Temperature Histoties

in High Pressure Capsule Test (Test No,1111-5)
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Table 4.1 Dose Rate at Steady State Power Operation
Measuring Reactor Power (W)
Quality
Position 30 50 100 300 1,000
y (mrem/h) 0.5 0.7 1.5 5.0 250
Nimrem h) 0.3 0.4 1.0 2.0 6.0
FO1
n, (nfem®es) 1 (~10)|(~10)|(~15) (100} (350)
Total(mr emh) 0.8 1.1 2.5 7.0 3L0
r{mr emh) 0.1 0.2 - 0.5 5.0
N{mrem-h) <01 0.1 - 1.5 6.0
P02 ;
n, fn/cm +8)Y|(~107Y| (~10) — -~ -
Total{mremh ) 0.1 0.3 — 2.0 110
P04 y (mrem/h) - - - - 0.6
P 0.5 r (mrem-h) - - - - 0.0 4
P07 r (mrem/h) - - - - 0.2
PO.8 r (mrem~h)} - - = = 0.05
P09 r (mrem~h) - - = - 0.03
Table 4.2 Dose Equivalent at $1.8 Pulse Power
Operation
Measur ing Dose Equivalent (mrem?
Position 7 e n, nf
FPO.1 232 X X 370~1540
Po.2 X X X %
PO.3 X X s ®
P04 b X X X
P 0.5 X X X X
P 0.6 X X X ><_

¥ : <20mrem




JAERI-M 8011

Table 4.3 Reactivity Worth

Coolant Condition

Reactivity Worth

It em
at Test Section (%>
Loop Test 20°C, 5kg/cm’ g 2.1
Section P
100°C, 10kg cm »g L9
210£4£/min. ( 4m.~s) ’
TA 1.3°
Transient
TB 125"
Rods
TC 23"

* measurement with reactivity meter
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Reactor Building 1st Floor

/—.—'-—\
o AN
[ llpo.1,2 II[ x PO.7
A " Loop
Hold-Down P4t Out-Core
FQ.3 Bridge
X |Bescior pool ¥ Section
PO. 6
. v P X pO.8
RE
T ol X PO.9
— &
O |
| |
b ——— .
O

Loop In-Core Section

/

/i
3
L4 X
XPO.2 PO.4
Hold-Down Bridge
XxPO.1
- Experimental Tube

Fig. 43 Dose Rate Measuring Pesition
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(3) Fuel;

(1) Reactor Type;
{2) Reactor Vessel; 3.6M(wide) x 4.5™(long) x 9" (deep) open pool
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Table A-1 Characteristics of NSRR

Fuel type

Fuel enrichment

Clad material

Fuel diameter

Clad diameter

Length of fuel section
Number of fuel rods

Equivalent core diameter

(4) Control Reds;

Number

Type

Poison material
Rod drive

{5} Transient Rods;

Number

Type
Poison material
Rod drive

{6) Core Performance;

a) Steady state operation

Steady state power

b) Pulse operation

peak power
burst epergy
reactivity insertion

Max.
Max.
Max.
Min. period
Pulse width
Neutron 1ife time

{7) Experiment Tube;

Inside diameter

Modified TRIGA-ACPR (Annular Core Pulse Reactor)

12 wt% U-ZIrH 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
Naturai B.C

Rack and pinion-drive

2 fast transient rods and 1 adjustable
transient rod

Air followered type
92% anriched B84,C

Fast : Pneumatic _
Adjustable : Rack and pinion & Pneumatic

300KM

21,100MW

117MW-sec

3.4% Ak (34.67)

1.17 msec

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

22cm
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Fig. A-1 General Arrangement of NSRR
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Fuel Element
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)

Fig. A-2 Operational Core ConfigUrafion

Transient Rod with Air Foll‘ower
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Fig. A-6 Heat Deposition in a LWR Size Test Fuel Rod
Contained in @ Capsule with Water as a Function
of Inserted Reactivity in Puising Operation
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Fig. B-1 Standard Water Capsule
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