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Semiannual Progress Report on the NSRR Experiments (7)

- July to December 1978 -
Reactivity Accident Laboratory
and

NSRR Oﬁeration Section

Division of Reactor Safety, Tokai Research Establishment, JAERI

(Received May 2, 1979)

Fuel behavior studies with simu]ated‘EEactivity-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 1978.
A total of 48 tests were carried out during the period; which are 9 standard
fuel rod tests (pellet elongation measurements_and rod supporting effect tests),
16 fuel design parameter tests (pre-pressurized rod tests and cladding heat
treatment effect tests), 13 cooling environment parameter tests (subcooling
effect tests, forced flow tests and clustered-rod tests), 4 waterlogged rod

tests, and 6 miscellaneous tests.

keywords: NSRR Reactor, Reactivity-initiated Accidents, Fuel Behavior,
Fuel Failure, Pellet-Cladding Interaction, Pressurized Fuel,
Cladding Heat Treatment, Subcooling, Forced Convection, Waterlogged

Fuel, Clustered Fuel.
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Summary of the Progress in This Period

(M. Ishikawa and K, Tomii)

This report describes the test results obtained during the semi-
annual period from July through December 1978. As shown in the table,
48 tests were performed during this period, and a total of 313 tests
have been performed since the start of the NSRR experiments in QOctober
1975. The tests performed durimg this reporting period consisted of 9
standard fuel rod tests, 16 fuel design parameter tests, 13 cooling environ-
ment parameter tests, 4 waterlogged rod tests, and 6 miscellaneous tests.

The following gives the outline of the test results.

(1) Standard Fuel Rod Tests:
The standard fuel rod tests consisted of 4 pellet elongation

measurement tests and 5 rod supporting effect tests.

(1-1) Pellet Elongation Measurements:

Measurements of transient pellet elongations had not succeeded

before because of the drift in LVDT output which was induced by
temperature rise in the sensors. In this period, Al,0; dummy
pellets were inserted between the top fuel pellet and ion core,
and also an insulator plate was placed beneath the LVDT coils.
This method successfully eliminated the signal drifts and brought
about reasonable pellet elongation data. From these tests, it was
found that the maximum pellet elongations as a function of energy
deposition are much smaller than predicted. This is believed to

be due to pellet-cladding mechanical interactions.

(1-2) Rod Supporting Effect Tests:

In an ordinary test, the bottom of a fuel rod is fixed to a
supporting plate in a capsule, with the rod free to expand axially
upward. In these tests, single fuel rods were held rigidly at the
top only or at the both ends (top and bottom), and their effeéts
on fuel behavior were studied. The rods held at the top failed at
almost the same energy deposition as the rods held at the bottom.
The rods held at both ends, however, failed at 235 cal/g, which is
about 25 cal/g lower than the failure threshold for the rods held
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at one end. In addition, both-end fixing of a rod caused partial
crush of the cladding when the rod was subjected to an energy
deposition of 270 cal/g. These results indicate that the restric-
tion of axial rod expansion gives quite severe stress to the

cladding.

(2) Fuel Design Parameter Tests:
The fuel design parameter tests consisted of 3 pre-pressurized

rod tests, 6 cladding heat treatment effect tests, and others.

(2-1) Pre-pressurized Rod Tests:,

In the previous tests, fuel failure thresholds as a function
of initial rod pressure, and the relation between burst temperatures
and cladding strains were obtained for the rods pressurized with
helium. In this period, tests were conducted for the fuel rods
pressurized with argon which has the thermal conductivity about 1/10
times as much as helium to simulate a burnup effect. The argon-
filled rods had lower maximum cladding surface temperatures than
helium-filled rods for the same energy depositions. Thus, the rods
pre-pressurized to 12 kg/cm2 with argon had a failure threshold
about 50 cal/g higher than that for helium-filled rods. The rela-
tion between burst temperature and burst pressure for the argon-

filled rods were generally the same as that for helium-filled rods.

(2-2) Cladding Heat Treatment Effect Tests:

The cladding for the NSRR standard test fuel rods is stress-
relieved zircaloy tube. In these tests, cold-worked zircaloy cladd-
ing was employed to simulate mechanical characteristics of irradiated
cladding. Fully-annealed zircaioy cladding was also employed for
comparison purpose. These rods failed at the same energy deposition
as the failure threshold for the standard test fuel rods (260 cal/g),
indicating that the failure threshold is insensitive to the heat

treatment of the cladding.

(3) Cooling Environment Parameter Tests:
The cooling environment parameter tests consisted of 5 subcooling

effect tests, 6 forced flow tests, and a clustered rod test.

(3-1) Subcooling Effect Tests:

The subcooling effect tests in this period aimed at determining

the combined effects between the coolant subcooling and fuel enrichment

Vi
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on fuel behavior. The 5% and 20% enriched standard type fuels were
tested with 90°C water. It was found that increase in fuel enrich-
ment and initial water temperature reduces the failure threshold
respectively, and that there is no interference between their effects.
A 20% enriched fuel rod with 90°C water, for instance, failed at 211

cal/g.

Forced Flow Tests:

In these tests, a standard fuel rod was surround with a flow
shroud, and the water in the test section was circulated by a small
pump fixed in the capsule.’ The flow rate through the test section
was varied from 0.3 to 1.8 m/sec, and the effect of forced flow on
fuel behavior was investigated, An increase in the coolant flow rate
resulted in lower cladding surface temperatures and shorter film beoil-
ing duration times, indicating that the effect of forced flow is not
negligible even in a prompt power transient condition. The failure
threshold with a flow rate of moré than 1 m/sec is about 30 cal/g

higher than that without forced flow when a rod is surrounded with a

shroud.

Clustered Rod Tests:

The objective of the clustered rod tests in these periods was to
calibrate the test rod energies in a five rod cluster, consisting of
a 10% or 20% enriched fuel rod at the center with four 5% enriched
fuel rods at corners. The measured rod energies agree quite well with
predicted values. The energy deposition in a center rod in a cluster

is-about 40% lower than that in a single rod.

Waterlogged Rod Tests:

Four tests were performed for single waterlogged rods with 10 mm
long cadmium foils surrounding the bottom or both ends of the fuel stack
region to eliminate the end power peakings. The rods with water occupy-
ing less than 70% of the free internal space failed by high temperature
burst of the cladding, which is different from the low temperature burst
for the waterlogged rods without cadmium foils. This indicates that
the existence of end power peakings changes the failure mode of the

waterlogged rods.

vii
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In addition to these tests, tests for BWR type fuel rods provided by
USNRC and for development of special capsules with optical apparatus were
initiated. Metallurgical post-irradiation examinations including micro-
scopic observations, cladding oxide layer thickness measurements, and

element analyses for UO,-zircalloy reaction layer were also in progress.

vili
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Table Classification and Number of NSRR Experiments (Oct,'75 n Dec.'78)

Number of Tests
' '
Test Items Jgigéc.7§78 Ozgane??78 Total
1. Standard Fuel Tests
(1) Scoping tests 48 48
(ii) Fuel centerline temperature
measurements ' 3 3
(iii) Fuel elongation measurements 4 7 11
(iv) Rod supporting effect tests -5 2 7
2. Fuel Design Variation Tests
(1) Gap width parameter tests 3 13 16
(ii) Enrichment tests ' 17 17
(iii) Pre-pressurized fuel tests 3 34 37
(iv) Cladding parameter tests 6 13 19
- (v) Gap gas composition parameter
tests 3 5 8
(vi) Others 1 15 16
3. Coecling Environmental Variation
Tests
(1) Coolant temperature parameter
tests 5 12 17
{ii) Flow area simulation tests 1 21 22
(iii) Rod bundle tests 1 9
(iv) Forced circulation tests 6 0
4. Defective Fuel Tests
(i) Waterlogged fuel tests 4 50 54
(ii) Fretting corroded fuel tests 0 12 12
5. Miscellaneous Tests 6 5 11
Total 48 265 313
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1 o fe. REEITEREBREET 7 5 v 7 ORET ARAEN 260 cal /g U0, & LT,

Bk OBEHEOABER A Fig. 2 L5I0RT, HEORETHREOMBICETOM
BEESED N D OO SHLOES SERREO TS TERHEOBRED St &
Mo, EEEMEOZh EREOENART DTS -1 ARERNS 7 7 v 7 DRER,
MEHEOTHAE (FESXIITE) X0 8ol IoHOBBICEsC ekl

— 5 -
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’Jf:n

(3) L FEmerRER

S TICER Ui L TREAHMERICEOTIR, HEEDN 7 v/ ORESRRE 240
cal /g UO, ®iE (Test No. 320 —1)THL, BBLEWMEOBRTFTBA LN, &1,
mﬂﬁmmﬁémﬂbﬁﬁﬂéntoC@%ﬁ@%%,Mﬁ$®%ﬁmﬁﬁmmﬁm,mﬂ
BOREEE I RIIA S B ERE T EELSNDC Ems, AH3EORREENR L
-, CHETORREE AT TREBE ONEEFig. 2L61KR7T,

L DD OB OBHE L X MEI DO THRE TS &, 235 cal /g UO: DER (Test
No. 320—3)CREBESEHEORCECARLADS 7 v 7 OREVBED 5T EHY,
CNREESAEELTH A 0TI, R-THRHOBBRILELNL »Te 777D
ZeH R 24 0 cal /ge UO, EBROZh LML L O TH S 13240 cal g U0 DA
HEB LIS 590 Th-Tro COT LM SRR LEOEIZK 240 cal /g- U0, TH DR
BREL D 2 ICH 5T 20 cal /g UO, BBV ETA 5o BE LE EDECIEEERIC
ST, ERELC &S0, ChLOBEHEDM D BKEOT Lh, FEKOR
BUED (O RERIC & - TEEEICE D BEL, ENSREFONRIC X - TREHRR I
Eo A /PR CEICEBEDEEZ DNL, EROFR, 77 v 7 OREMBRIEYR
AED R ONETH D, KEREHTRPRBTROAEEE A ¥ b EBHL LD
LrORER LROHEAE ST EHDTH 5,

—%, 270cal/g+U0; (Test No. 320—5) R’ T, 304 cal/g*UQ; (Test
No. 320 - 6) DIBAICIE 3 AT THN Lz, Test No. 310—5IK & 5 MM E/ifrE
Tm%&m,MH%K¢KEUt§m?h50cﬂ%@%ﬂﬁ%&%éﬁu,%ﬂ?ﬁ%@
ﬁ%ﬁﬁ?%%o#mbBFm.Mﬁm%éﬂ%iﬁmﬁﬁ%ﬁ%w&ﬁ%ﬂ&ﬁénﬁ
B UFSRRAR LT 5, £1, BEHEORRE SKRBEROEL SRS 2hd. Ch ol
BRI R ISR IR O BRI D3 o 0 LETR TS DT H Bo

PLERAT & 31T, BEEORTHSRAICHR S NS A, SEERICRO BRI 0E
<&&@m7¢;7%%wumﬂgwxéﬂﬂﬁ%—xyrﬁ@<C&KaD,cmtbm%
ﬂﬁ@ﬁ%.ﬁﬁﬁau%&ﬁmiﬁiﬁﬁ@%Eﬁ%ﬁ@%%%kbﬁb<ﬁ%&iiéo
bmb,%ﬁ?ﬁ%ﬂﬁﬁz&—#miofﬁﬁénfwémf,$%ﬁ®;5mﬁ%uﬁ
AL, [T, Ak EFRAEEE L ZA<—Y LD, RIDEELLDE
EMICEE LT FETH S :
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Table 2.1.1 Test Conditions and Results

Energy
Test No, Support Condition Deposition | Post-Test Appearance
of Fuel Rods cal/g-U0, of Fuel Rods
320-1 Support of the both 240 Cracked in the middle
ends
320-2 Support by a spacer 'in 126 No failure
the middle
320-3 Suppert at the top end 260 Cracked at the lower
(fuel was reversed) portion
320-4 Support at the both 235 No failure
ends
320-5 " 270 Broken at 2 places
320-6 " 304 Broken at 3 places
320-7 Support at the top end 266 Broken at the lower
portion
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Fig.2.1.1 Installation of L.V.D.T.s for pellet and cladding elongation
measurements
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X
o STD fuel rod
4.0 x Very wide gapped fuel rod
— Calculation by MATPRO data
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Energy deposition (cal/g-y0, )

Fig.2.1.3 Maximum pellet elongations v.s.
energy deposition
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top end
j (supported part) Test No.
(cal/g-U03)
320-3
(260)

Crack

top end
(supported part)

320-7
(266)

Fig. 2.1.5 Post-test appearance of fuel rods
supported at the top
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Tast No.

(cal/g-U02)

320-1
(240)

320-4

(235)

320-5
(270)

Pressed Portion

320-6
(304)

Fig. 2.1.6 Post-test appearance of fuel rods
support at the both ends
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2.2 BENS A -IHBR

9,91 InEMkERE (FEM=, WREE WES BEFSUD

(1) HEBEEH '

B & TOMFBEERIC 80T, BMEBMBIRLEZ 7 4 — 2 & LTER AT Y
WIE S6E L3 s X ORHARE S oBFRAH S i L, BICHHHEFOREERE S
b £ U0 B8 £ ORI TN LIFAROF — 5 & olsiieat 2 > T2 Y
3 MEHEOREREE, ASHOBMNSEBEOERIC KT TEELHE DL LI, FRY
Wh a4 BB, 27 UL AREBHBHIC 0T LRE MEOMEICEILIEBERNS
rEABHE LTERAT o2, O

LHIZ RO TIE, EROER L DEFERORESRE SN0 -RIEE RO ERF K
Sl FIC BT SBIES 50 AN DT, <=7 » 7B O—EF 2 EE T 570~
) A H AL DBEEECENT AT YA REROTRAROE S OHEA LEERLED
T ARELNT AHERIICER L, HHTInE TRBONTL 2EERCRETRE &IE
HoBEFLeERTAC L E L.
(2) FEREER _

AfAE, T VA R A A L IH R S8 A 3 [T » 7o BTENCE DT Ar 7 R0
PRV R 4 1 BT - o8, CAUREIMBINEA 12 kg /enfeg & L, HEEII He #/ 2MED
%‘3%&{%*45&?%%§U?:%{§®§%§9%&lﬁl-~®204ca1/g-UOg (Test No. 231—30)
bt AR RER L7t o 2 AT O e 1Tz, M EREE SR L 12 ke
erfegd L ¥#EA 221calg- U0, (Test No 231—35), 232cal/g*UO:

( Test No.231—36), 263cal geUO; (Test No.231—37) & LTEKBEAIT -1

Test No. 231—35Ci2, @ABOESRE RMESEHT T2/ TETI6~0950C &
#240, Test No- 231 —30DEE&ME00~830°C L3 2 & 100°CHI#ER <L - fas,
BRELZBER LIS » 70 MOFHEME QB0 LHIZH 20 BT, BHBOT S8 ZRA2
BRIETH -0 KRRRO K% Table 221 1R . -

Test No. 231—36 Tid, ZREAE IS4 232cal/g- U0, & LTHEBRAFT 70,
Lir L, SESEEORSERIZ850~890C T, &rLA, Test No. 231 - 350%H&
EDMEC, BVEHIEIE L7 - 1o BRHERE ORBEE 0 RS L URE IRAD TSI
J£ic4 30%T Test No. 231 - 3508A & UETAE V. ARROHEOT M, HHE
EHORSEEMSES - 203, BEHETS L VUK TS &, BEEBNED L5 Test
No. 231 — 350BAL DETHL, COHdEBEEOS(OABRIBOF + v 3V E7
v ABETF LORESIFREGRECHY CEE LD LBDOOLL,

Test No. 231 —37 T, BI3EO T ATy # A MERESEEIC 6 O THIEHTRIE L2k
S DT, AN Y s H ZREAEMEE THE L BEED 26 3cal /g UO £ BFHIH 5
Lic, ZOE, BESEFAEE 00— 950°C (652 AI2Eek%R) FTEREL,
ZOBWAPHICEBEBF LTHLNFRE Lz, WiRIE - 2Rh% L 22WTRED, %
ORSDNEIZE A 15 9kg ot ~gTHEIEICH LA 33% D EATH -0, Fig 221
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EAEHENE SRR B A REE A TEEOBERS 4T T, ANCE L TERKO
BEHEN OB THLERW 20O THEC Ehd bR LS KHBETEORAEOR/NE (IE
1mmEX33mm T (Fig. 222), 1, —HACNERERICBSOTRONSHE
B EERAREO-HALARLET RLNEL T,
WEBED LR Fig 2220BEICR SN S &) ICHARIO B FEIHICE D TRICK
S, WIBETHY 80BIET L, MAHOBEROEMET VI Y 7 ZMETHEERD b
O EWEE LT Fig. 223108 T,
(3 # &
(a) WEfH L &M
N T o TEE O —REAEE T A B ICEBREEEO T VT Y A RERA LT
BB AT, ~U U AN AEBOBE EHEET o7, Fig 224 i EBHERICEH
LTRmEDE S SMEROERIC DL TEE LTI T, ARIOBHL LT
BHEA 12 kg onteg & LIzEE, BB LEOERAY ¥ 44 2 TRK 200 cal /g U,
THIZOIE L, TATYHATIZ232¢cal g UOLILE 263cal /g UOLITTH 5.
263 cal/ g -UO,DIEEORE UBBORRON SO T/HINT EMLTATVHZ
MEOBAICHER L ER 0@t bo LRDR, ~ 1) s RN HE L
50~60cal/geUO,E{ 135, HH, R LE OO COZAPIHNES 12 kg/cnf
gOIFATH Y. @ﬁﬁ&miﬁfimv1<5%@a%bnéo
WEIRHE U X OMER T v T ZINEDE S, «UvAﬁXMEKmﬁbfmmUm<
1A ORBEROEESIERSRESFARREO~Y v o H AMEDHEGICH LTHS
SN Sin kB, Fig. 225KHEIC O THEERSRELRRBICY LTRT . T
N&TENE 1 2kgenf »g TH A% A—REEICDNTHET 2 LHEBEIHERSR
ﬁu7wﬁyﬁz®%élw«45mcﬁwoTvaﬁzmﬂﬁéﬁmﬂuvAﬁzm
%LﬂG?%%ﬁ,C®¥«vfﬁl@ﬁ&%g®ﬁﬁﬁﬂwzmﬁm$D&VvFﬁ%ﬁ
CEIE LTHES A MEET A E, ZOROL v FORDIES, REEORE LA
e S 5 NEITE ~TELEF » v FOREEBRCESE L LTOBRELZLELLEDT
Hba
(b) BHERORBEERE EHOMRE
ngM5mmﬁm;ﬁmﬁ&f@ﬁWE12kg@ﬁ-gm§®fﬁﬁ%mﬁw5%ﬁ
WEMmfnm%églsg/mﬁg%&ﬁ%qtoC®EE®Eﬁ®%é,—&mﬁ@
BOHNDBRENC & bd VRETORRINE HETEHE L ORREERETET
ThS o B THE - T Do Lin Ly, BEEORHARE ST TO DO L& WEL
BOBAS« DREEEEL LI, COBRADLSN) VAT R ET AT Y HAMEDES
OB LENVELLIEBERSEELZEE TS SROLIICE L. N YAl ZADEA.
HEE 195 cal /g U, TRUEEESEEIZ 950 ~ 1000°CTH » ps Rt BdR e ¥
209 cal/ge UO; T13 980 ~ 1000°C &2 DMK Lo —J7, TA I ¥ HRDHG
BESESERENSTE ~950°C ThH - ki liE€d, #HB 263 calg- U0 T
900 ~950°C L71 ~-BBITIREHAE Uic, k), HEERIREABLT IS0
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~1000°C IC ¥ 5 NEH 1 5kg/onf» g BEDOBABEBIWE L, € OBKRIME,
REECE OF p v FHRICRRE LITOEEZL S, L L, F#EAICRETS &, LD
BT~ s ZE, 195 cal/ge UO: OB A, BRALLT VI Y FROBR LD bH
BEEERG 50°CHOC ST REEREE Lidh -l ZoZAOREES
#4% & Fig. 226RTLICMEOSE, BEHREEIZ 950 ~ 1000°CITE LTV 545,
FORECRERET LS THEBHRMRINATRB00CAUT LE-T 5. —77,
HBTIHBROECHEEEEE 2000~ 950°C ORBREEC CHY, O aBRFE
DFABETILNEDENCEE LT &iCLBEEDNE, COREFHOEE
B oy THRERRBOEECE TS5 AN bNTHY, TOEKD SREKFIC
BRAE EENOBBEATE ST AL EREB L, HARAR K ODILSELERT

kYo

227 MAMLEEHONRR GROS RREL BEL BREN)
(1) #£gEM | _ .

BE NSRREBTHLOGNT O ABENL, FBETHY, ~— v « T v 7HHERITE
PR TE . Lichs » THRENE(G Lo RM £1E8 L ERET LI ER, RROLEEZE
4 AHBHAES HENEL OGNS, £ TRERMAE LIV A EEROBENEE
2ETEHELEONZRAMILEEZOYI VA4 ZRHOTRRETL -7,

%K—&%Kﬁﬁﬁwﬁm@%ﬁmméﬁmﬂéﬁm5i6%§%ﬁ&5tb.%éﬁﬁ.
Ltywﬁw4%&ﬁﬁﬁbt%ﬂ¥ﬁ%ﬁﬁotoﬁ%ﬁ%éﬂtwé%&%ﬂm%%m
Imiéﬁ%mﬂ%%iTétbéaDﬁ%%ﬁmqfwéobkﬁef%éﬁ%ﬁﬁﬁm
BB DR & NT, —BEESSH ORI LTNEDT, RE-TMHBERZRTC L
EHRR SN S,

(2) EsRBE:

S288iC i L - KL DFETC % Table 22217 3. BEME & LTRERMOBAKOOTS
w|iftco

AN THRER, BRERFOSRKTET 10 45MIKMTLTHEe, T0TFCL
t%@?&%DbtﬁﬁTMIﬁwm;D,ﬁt@ﬁ%%ﬁbtgﬁmﬂ@WEﬁxo%E
WEE SR o, BICEHIBET LThb,

%éﬁ%ﬁ%ﬁu,iﬁ%@MI&EHK%ﬁﬁ%ﬁME%Mbt%@T,ﬁ%i%ﬁ,
59 0CTHRMNRFE LT dh bo T HICK DEHMSEE S, WAL LAHRITE > T ED5,
PR ANIIET LT 5,

(3) EERHER
1) & hn T B e L ek
%ﬁu%%%%?ifé%3@ﬁaotoif,MI@mbtﬁﬂm,%ﬁﬁ%TMﬁ

%%ﬁ&ﬁpfﬁﬁ%&ﬁﬁﬁ@ﬂﬁ&?ékm,MIﬁmwﬁﬁﬁ;D%ﬁm%6bn

2 LBbNZENREE (185cal/ g UOy) TR L1z, RICH M LEEM B L2

AEBRELOBE L UDVEDROAR B I, EERETERBEOEULR VEVRRE
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( Test No. 200 -5, 264cal /g UO )TRH LIz, ZDLE, #1260 cal”
g+ U0 THY, HoBEDsNE Licionic, SR LE N EITAEE LTRINADT, ©
SEOZEE 243 cal /g- UO, TR L7z, RBMREE LHT Table 223 i, Rk
mE oA E A Fig. 22TICRS .

Test No. 217—1 (185 cal/g*UO;g) TRBEEORBMET-RICREORILER
Li-bt, RIS #is e RN S EREED oh Y, EEmEIER(Test No- 111-1 2
179 cal,/g*UQy) DIBEADSNE L ED DRI, T BEtk, 7o740 4 -2 %2ER
LTAEDEL AN L iER4 Fig. 228 1C7F 3. CNIAGMIC 45 B TOHEH
MAEZ 1 bOT, F-WETHORIKER LTE Y, Y—RBERTLOT LBOE L.
L a4 EERE (AR 179cal/g U0 0BG LART D L, BRESEENO L
%, wAMOBEMUEI mm, fo@ITEES -V T065mm ThHL DL, &
R TEEAE T2 e NN 0.8%, 0.2 mm, 035mmTHD, HERFILD 6D
powPhE <, FHADENRIPPREP -1

Test No. 2172 (260 cal/g-UQy) TIRE FE~L v b O LIRETHE Lo
ﬁ%@@&VVrm%ﬁﬁ&ﬁ%mm6@f¢®mmotaavﬁﬁumcfﬁo,ﬂ%
i 4 0.5 mmOES TEE LBsR onre, @REIEAN DEAR L, U0y &Y
a4 ORERBEICEE SN, HEoKFE Fig. 229 (a) (bITRd. &7

BEEA EERREBPRMET LOROEL S Sh . IhEXBERETH~ LT
5 U0, & I huADERSE - % €T, MBEOEM, BRICED—HILHELTOS
b EEbh, — 4 REEORESHICOLTHFIg. 22 101RT LS K,
%) (Test No. 200—5, F#E 264cal/g-U0;) L& LTHRBREH100°C »
5 150°C (B ¢ 15 » TN A28, AEEEMEITHHE 254 cal /e U0, » & B REE LR
ﬁﬁl%W@tUﬁ%ﬁ%%(T%tNaZU%ﬂ)%%é@?ﬁ%m%&ﬁwif,%
KOBEERL ORTHREIRMUEHTHE I LHI DA L.

Test No. 217 -3 (243 cal/g+U0,) T, BEERTEEIES15T70°C (T/C
#4)i?iﬁbtﬁ&ﬁummotoﬁﬁﬁmmﬂu,a&ﬁ%ﬁ%m%&ﬁﬁ(%m
No. 2001, 241cal/g*UO,) & @kic, SHEEILE JURIHITBRILERO MFEL
PINIY A fu
2) FoAiEsta B IR SR

FHRIIRABAEL TA SEETE 7, FFEEMEORE LE VECEBTSID,
BRI s B BMEEROBA LA (RREN 260 cal/g+UO, TH& L7z (Test No

Y18—1) o« COBRBEECIASEICY 7 v 70RVY, REPCHH LIcOTS S
B REE (240, 237cal/geUO;) TR Lz, ERFESLZE LT Tabel 223
o, TBEBEBREOCAESFig 22TIETRT,

Test No. 2181 0#EKED 7 7 » 7 &z, A—-RRETRY L7 EEHRIREL
(Test No. 200—5, 264cal/g-UO ) THEUKT 7 v REBERLT, BIFEHLY
ybmiﬁﬁmmﬁim£5oﬁﬁﬁﬁFm.mwmncﬁfxﬁmﬁﬁﬁmﬁbfum
HOOBAMNL BN, Sty MEELTRZ 797 HSRCMC ] - THED, ARHMEAREO
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Uy EHARTHIE VEE L EHICHAL S, CTHLOKT TR S M CEBH AT
BICEOTHW LIz BA (Test No. 217-2)LRBRILTH 5. HBEREREERE

iHFig. 22100TRTL HICMOBEMBR B LAL-BRLTHAELVA S,

Test No. 218 -2, 3RZhFNREHE 240, 237 cal g U0, THRH LI bDT,
DAL BT L, SEARIICE(ED RN A St BIRREL . HEEOR
EEREnd, Test No. 218 —2 THEREMNI550CTTH-fo0itd L, RIZERAE
U4MmV@U%)@%@WI@EH%H@%EEEMIHWTféb,Fm.aﬂﬂ
T LR ER 260 cal /g UQ: & SR L & 5 IKELIEIC &L 28 EM O REZ BT
b RN F CINPY g R AC RO

4) % = -

Test No. 217—1 (%% 185cal/ge U0, ) TER Lk > T EmIgEN 7Y
AAE T 1 ER TR AMBRESEESOERCRIZTHBICOVTHEHATES13
PR N E NI REAR, COBRE LT, O EORRHEERERENSK1200C T
PR L, MIELOZERIECIE-TLE-Z EMEZLSND, IV EPRMLEAL0
FEEC, BEERE L LT, WEAT 10%BEOEN LM Eb b LFZ o0
%o '

PR L& MESRIM TALEM AR, At s AT R & bic, BRI SR L TR
EhERAD LNT, HE L LK 260cal g UOLRIRTH B L Eisbd 712, Fig. 2.2
1110, BEBMEHERREORBES, EERE & LB LEBLRT.

BLE, BATEIEMEEER s LTHE LS EDDNORHEBEE T a8, Tho
BUEOENC L BEEE L DI X DGR, WERSPRKBEEZRA 0, B
EETREEESE S 2EHE0 L L TERTIO OV EDDHELEELZ SNG, —/ FN
Ao BERRTIEER, —BICITHE00°CTH B4, MEEESNSRR ZBRO XS
CIEBICGEGEA IR, PUUBOERETHEENT I T LNTFRINL, LEB-T
HEOT(nE, MBEEA 5 24 — 21 LTHERNET T2RETTRNE LT Y,
MTELCRIBOZBA E D SOORAL ZVF —TE LT B8HNHT L LE
PNB. SEOEBICENTHAML LI HEHOTE (Test No. 217-D % Fig. 2
2.12 TR, z LR O BREAT D ORI O BETE AR L, AREBRSGRE 1200°C,
IS TRk LA R EBE TH A0, HERAS(REL, FHY 5 LERE110mmE
BILIE-T b,
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Magnified

Fig. 2.2.2 Post-test appearance of argon gas pressurized
fuel rods (12 kg/cmzvg)
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Fig.2.2.3 Comparison of diametral changes of argon gas pressurized
fuel rods irradiated at different energy depositions
(Initial rod pressure : 12 kg/cm?g)
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Fig.2.2.5 Comparison of maximum cladding'surface temperatures
between He gas and Ar gas pressurized fuel rods
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a) Test No. 217-2 ¢) Test No. 218-1

Zr0s
Oxygen-stabilized
a—-Zry

Prior B-Zry

UOs~Zry reaction
layer

b) UOy-Zry Reaction Layer in Test No. 217-2

Fig. 2.2.9 Post-test photographs of broken face and UQp-Zry
reaction layer of heat-treated cladding fuel rods
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Fig.2.2.11 Comparison of failure threshold for
heat-treated zircaloy-4 cladding fuel rods
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Fig. 2.2,12 Grain structure of cold worked Zry-4
cladding after irradiation
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Fig.2.3.2 Transient Histories of Cladding Surface Temperatures of

Fuel Rods with Various Fuel Enrichments in Case of 75°C
Subcooling '
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Fig.2.3.3 Transient Histories of Cladding Surface Temperatures of
Fuel Rods with Various Fuel Enrichments in Case of 10°C
Subcooling
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Fig.2.3.4 Results of the Combined Effect Tests
(Fuel Enrichment/Coolant Subcooling)
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Fig.2.3.5 Dependencies of Fuel Failure Threshold on Fuel
Enrichment and Subcooling of Coolant
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Fig. 2.3.8 Maximum cladding temperature and
quenching time versus coolant
velocity at 190 cal/g-UO»
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Fig.2.3.10 Transient history of coolant velocity,
cladding temperature and coolant
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Test 402-25
(152 cal/g°U0z, 52%)

Test 402-26
(151 cal/ge°U02, 36%)

! Fig.2.4.2 Test Fuel Rods after Irradiation in Waterlogged Fuel Red
! Tests with 10mm Cd Foil at the Lower End of the Active

Region
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Fig.2.4.4 Measured Rod Pressure in Test No.402-26
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(Test 402-=4b)

Fig. 2.4.5 Split of a waterlogged fuel rod without
Cd foils (low-temperature rupture)

(Test 402-12)

Flg. 2.4,6 Split of a fully waterlogged fuel rod with
Cd foils (low-temperature rupture)

(Test 402-24)

Fig. 2.4.7 Split of a partially waterlogged fuel rod
with Cd foils (high-temperature rupture)
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BEER - SEBEN 7tV ERTH S, USNRC B IZPCI (Pellet Cladding Inter-
action)WEE LTHESNEMCHHIINTAR L 40T, COEBECHT LB ORKE
EFEHEEORBICHEEDORER L HBELET ELENER DL ODOTHS, &, AREEN T+
wEBZ, NSRR OREROASE 572 VERICH LTBAFOEGERES X 0B Lo
Sl O BEERETTNS 6OT, BAMEHE LTI 160kg onf, 350°C ZTHEMIR .
SRR 1979 EAHIC NS RR FOEBALEE O TRABORIEL bEH I HBEARE
BitE T 2 FETH S,
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Table A-1

Reactor Type;

Reactor)

Regctor Vessel;

Fuel;

Fuel

Fuel
Clad

type

enrichment
material

Fuel diameter

Clad diameter

Length of fuel section
Number of fuel rods

Equivalent core diameter

Control Rods;

Number

Type

Poison material
Rod drive

Transient Rods;

Number

Characteristics of NSRR

Modified TRIGA-ACPR {(Annular Core Pulse

5.6"(wide) » 4.5 (long) » 9" (deep) open pool

12 wti J-ZrH fuel

2C wt% U-235

Stainless steel

3,56 cm

Z.76 cm O.D.

38 cm

157 (including 8 fuel-followered
control rods)

62 cm

8 tincluding 2 safety rods)
Fuel followered type
Natural Ba4C

Rack and pinion drive

2 fast transient rods ancd

-1 adjustable transient rod

Tvre
Poison materisl
Rod drive

Core Performance;

a) Steady state operation
Steady state power
b) Pulse operation

Msx. peak power

Max. burst energy

Max. reactivity insertion
Min. period

Pulse width

Neutron life time

Experiment Tube;

Inside diameter

Alr Tollowered type

92% enriched B4C

Fast : Pneumatic

Adjustable: Rack and pinion
& pnewnatic

300 kW

21,10C Mw

117 MW-sec

3.4% 4% (84.67)

1. 13 msec

4.4 msec (1/2 peak power)
30 usec

22 cm
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Bold-down device

Control reod drive R

Water level ) Bridge

Vertical loading tube

' ~

Offset loading tube ~

Experiment

Reactor pcol storage pit

N1
detector]J% E Reactor core
I ig=V L
Core quls.qﬁ'ﬁ#,zg Capsulg‘;m_Ji
P gl _u. L-‘-"‘—“-—-]
/ d Ei ’W Core ?upport

Neutrcn
radiography roon

iy,

|
LI

.

5l »-1

Experiment
gripping device

Sub-pile rcoom '

Fig. A-1 General Arrangement of NSRR
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+

Fuel Element

®

Bank Control Hod with Fueled Follower

®
@

Safety Rod with Fueled Follower
Transient Rod with Air Follower

Fig. A~2 Operational Core Configuration
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in a capsule with water as a function of inserted
reactivity in pulsing operation
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