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Semiannual Progress Report on the NSRR Experiments (13)
( July 1981 to December 1981°)
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and NSRR Operation Division
Department of Nuciear Safety Research
Tokai Research Establishment, JAERI

(Recejved October 21, 1983)

Fuel behavior studies in simulated reactivity initiated accident
{RIA} conditions have been performed by utilizing Nuclear Safety Research

Reactar (NSRR) since October, 1975.
This report describes the results obtained from July to December,

1981. A total of 31 tests were carried out during this period; those are
10 standard fuel rod tests ( 9 high energy deposition tests and 1- detailed
test ), 3 fuel design parameter tests { 3 gap-gas composition parameter
tests ), 3 cooling condition tests { 3 forced convection tests ), 2 special
fuel rod tests { 2 mixed oxide fuel rod tests ), 2 defected fuel rod tests
{ 2 fretting corvoded fuel rod tests ), 3 fuel behavior observation tests,
1 high temperature high pressure capsule test, and 7 miscelianeous tests.
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Summary of the progress in this period

(S. Saito, T. Ishii)

This report summarizes Che progress and the major results of the
NSRR experiments during a semianual period from July to December 1981.
A total of 31 tests, including one high pressure and high temperature
capsule test and three transient fuel behavior observation tests, were

performed in this period.

(1) standard Fuel Rod Test Series ‘

Nine high energy deposition tests were conducted. 1In these tests,
the influences of water subcooling and water-to-fuel ratio on the
mechanical energy conversion ratio were studied. The mechanical energy
conversion ratio was measured utilizing a spring as well as a float,.

In the test studying influence of water subcooling, the mechanical
energy conversion ratio of 0,03% was evaluated for the case in which
the fuel rod was subjected to an energy deposition of about 440 cal/g-U0;
under the water subcooling of 15°C. This value is fairly small as com- '
pared with that obtained under the same conditién except the water
subcooling of about 75°C.

To study the effect of water-to-fuel ratio on the mechanical energy
conversion ratio, two types of tests were performed. 1In the tests with
small inner capsule to change water-to-fuel ratio, it was found that
the mechanical energy conversion ratio decreased when water-to-fuel
ratio decreased. Another test to evaluate the effect of water-to-fuel
ratio was performed under 4 fuel rod bundle system (rod pitch was 40 mm).
The mechanical energy conversion ratio evaluated based on this test was
almost the same as that obtained in the standard single rod test probably
because of large rod pitch.

In the tests with a spring for the ceonstraint against water column
movement, it was found that strength of spring (spring constant) had an
effect on the energy conversion ratio, but, had little effect on the

fuel fragmentation behavior.

(2) Fuel Design Parameter Test Series

Three gap-gas composition parameter tests were performed. In these
tests, the influence of gap-gas composition on the cladding temperature
was studied. The test results showed that the influence of gap-gas

composition increased as the energy deposition increased. However, it
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started decreasing when the energy deposition was in excess of about
220 cal/g-U0,, and was almost negligible when the energy deposition was

near the fuel failure threshold of 260 cal/g-U0;.

(3) Cooling Condition Parameter Test Series

Three single rod tests under a forced convection condition were
performed. In these tests, data reproducibility and, the influence of
water temperature and gap-gas composition on the fuel behavior under a
forced convection condition were studied.

In the test to investigate the influence of the water temperature,
it was found that, even in the small subcooling condition, coolant flow
decreased the cladding temperature and shortened the film boiling dura-
tion as seen in case of large subcooling condition. As a whole, degree
of the fuel rod damage under a forced convection condition was milder
than that under a stagnant condition. However, at a lower stream posi-
tion, the fuel rod damage was more severe than that in a stagnant water
condition in which water-to-fuel ratio was quite large due to further
decrease of water subcooling. Therefore, special attention should be
paid to coolant subcooling when the results of the forced convection
tests were applied to a real power reactor problem.

In the tests to investigate the influence of gap-gas composition
on the fuel behavior under a forced convection condition, almost the
same result as that under a stagnant condition was obtained, that is,
the influence of gap-gas composition was remarkable at lower energy
depositions, and it became smaller when the energy deposition was in
excess of about 240 cal/g-U0p. It was also found that gap-gas composi-

tion had almost no effect on the failure threshold.

(4) Special Fuel Rod Test Series

Two mixed oxide fuel tests were performed. Tn these tests, energy
deposition calibration was aimed for a Pu0;-UDp mixed oxide fuel rod.
The energy deposition determined by chemical analysis was in good agree-

ment with that evaluated by calculation.

(5) Defected Fuel Rod Test Series

Two tests were conducted for fuel rods with fretting corroded clad-
ding. 1In the test to study the influence of defect depth in the cladding
outer surface on the fuel failure behavior of a pre-pressurized rod, it
was found that the failure time became later and the deformation of

cladding tube became larger as the defect depth decreased.

Vi



JAERI—M 83 —193

Reproducibility test of mechanical energy genmeration in a high
energy deposition for a fuel rod with fretting corroded cladding showed
that there was no essential difference in failure behavior within a

range of maximum defect depth from 0.3 to 0.4 mm,

{6) Miscellaneous Tests

Four cladding strain measurement tests and two hydrogen generation
measurement tests were performed.

In the cladding strain measurement tests, transient history of
cladding strain due to PCMI (Pellet-Cladding Mechanical Interactiom)
was measured using strain' gauges. The purposes of these tests were to
obtain information for the modeling of transient fuel behavior under an
RIA condition, and to develop instruments for the future pre-irradiated
fuel rod tests in the NSRR. From these tests, it was found that strain
gauge was one of the possible instruments to measure cladding strain due
to PCMI. The measured strain values showed a good agreement with those
obtained from the diameter measurements after the tests.

In the hydrogen generation measurement teéts, influence of the
energy deposition level was studied. From these tests, it was found
that hydrogen generation increased as the energy deposition increased,
and in case of the presence of break or fragmentation of a fuel rod,
hydrogen generation due to UO,-water reaction in addition to that due to

Zircaloy-water reaction was suggested.

{7) Fuel Behavior Observation Tests

Three fuel behavior observation tests were performed. These tests
were conducted under a natural convection condition, an air cooling
condition, and a forced ceonvection condition, respectively, using an
in-pile high speed photography.

In the high energy deposition test under a natural convection con-
dition, a rod was irradiated at an energy deposition of 3320 cal/g-UO,,
and the dispersion of molten fuel and violent boiling of water were
observed.

In the test under an air cooling condition, a rod was irradiated
at an energy deposition of 250 cal/g-U0;, and the break of the cladding
and flow of molten material were observed.

In the test undér a forced convection condition, almost the same
energy as that in the test under an air cooling condition was deposited

in a rod, and the moving of quench front was clearly observed. The

Vil
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velocity of quench front was larger than that under a stagnant condition.

(8 ﬁigh Pressure and High Temperature Capsule Tests

A test with a current BWR type rod and PCI remedy fuels (a Zr-lined
fuel and a Cu-barrier fuel) was conducted under a BWR conditiom. Results
of this test were compared with those of PWR type fuel rod test.

There was no significant difference in cladding temperature among
three types of BWR rods, However, cladding temperatures of BWR type
rods were lower than those of PWR type rods due to larger thickness of
cladding tube. Collapses of the cladding tube were observed in all of
the BWR type rods, but they did not fail. These results were almost the
same as those for PWR rods. In Cu-barrier rod, diffusion of melted

copper into pellet grain boundaries and gap inside the rod was observed.

As summarized above, a total of 31 tests were conducted in this
period, which makes a grand total of 548 tests since the first test in

October 1975. The classification and the number of the tests are pre-

sented in the following table.

viii
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Table Classification and Number of NSRR Experiments (until Dec. 1981)

Number of Tests

Test Item Oct. '75 ! Jul. '8l
T Ty Total
~AvJun., '81 | wDec. '81
1. Standard Fuel Rod Tests
(i) Scoping tests 31 9 40
(ii) Detailed tests 27 28
(1iii) Others 13 0 13
2. Fuel Design Parameter Tests
(i) Gap width parameter tests 16 0 16
(ii) Enrichment parameter tests 17 0 17
{(iii) Pre-pressurized fuel rod tests 49 0 49
(iv) Cladding parameter tests 39 0 39
(v) Gap-gas composition parameter tests 17 3 20
{vi) Others 11 0 11
3. Cooling Condition Parameter Tests
(i) Coolant temperature parameter tests 19 0 19
{(ii) Flow area simulation tests 22 0 22
{(iii) Rod bundle tests 12 0 12
{(iv) Forced convection tests 21 3 24
4. Special Fuel Rod Tests
(i) USNRC fuel rod tests 21 21
(ii) HTR fuel tests 3 3
(iii) Mixed oxide fuel rod tests 0 2 2
5. Defected Fuel Rod Tests
(1) Water logged fuel rod tests 91 0 91
(ii) Fretting corroded cladding fuel rod tests 26 28
6. Fuel Behavior Observation Tests 5 3 8
7. High Temperature High Pressure Capsule Tests 9 1 10
8. Water Loop Tests 6 0 6
9, Miscellanous Tests 60 7 67
Total 515 31 546
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A OIIEE Ui o7z, Test Mo 111 — 41 i, 46mm° a2 7Y KA, BBy F 23mm
DAKSY FAERICBO L RABOBKIED/HDOLOT, RABMERELEL T3 Mcal”
g+ UDz MWsec DEZE T,

(it =70 v7ic L 5HmEER (Test No 111 — 34, 38)

BTAEREICSERE L 723288 (Test No 111 —29) B W Tid, /S FEH9 8 X 104kg/s? DA
7y v SRR LT 0.06% 0T au ¥ — RS, SEE, NAERE 48 x 104 kU
2.5 X 10°% kg s? D2MHNITEATCERET-7. TOMEHE, 48 x10'kg 2DA T~
7 ARV EE (Test No111 —34) TiRT v+ — L 013% L 0D, BEERRICET
BATY v ML DBE L S 1275, 2.5 % 105 kg S2DR 7Y Y7 TiE (Test Mo
111 —38) |, KOFHSMZ S0 002% 0B TR LF —EHlE L -1,
R ORE ZHERICEVTSH, BEEEROEBAELEEALE ~TOHL Y, Hki{bidkIA
OEBE ST AR, BEALREZINIZ SO EEDNS,
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Table 2.1.1 High energy deposition test conditions
Fuel Coolant H20/U0, .
T Energy . ~ volume Stiffness
est g enrich-| sub X
deposition . . ratio constant Remarks
No. ment icoollng (Capsule 5
(cal/g-U02) (% g (°c) diameter) (kg/$%)
5D ?
TR
= sl .
@ 165.5 Without
) -
§ g 111-39 432 lO. 15 (120 mm®) spring
© 3
w0
40.
111-33 433 10 73 ( 600mi¢) "
O i
] o [ ' 9.1 .
-E' 8 : 111-37 432 ' 78 ¢ 30 mm¢) "
Hol g
91 =
= | 5 | 111-32 436 " 74 " "
=S =»
g
= 1.6
4 | 111-35 428 " 77 ¢ 16 mmd) "
S ' ‘
5 i
~ 40.4 Fuel cemnter
R Li1-36 hlé 20 7 (120 mu®) ! pitch : 40mm
v
[
= 6.5 Fuel center
. M - . t
i 114 " 8 ( 46 mmP) r pitch : 23mm
o 165,
E o 111-34 430 10 75 (1205 5¢) 4.8x10"
& mm with
2 ‘ spring
£ 111-38 424 w80 " 2.5%10°
N |
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2.2 BRSNS A-SHE

221 Few T HRNTA-HE (BRER FRED

1 # =
CMETERUIEry THR <54 S EBOHR, ¥+ o 7 AANSOREBETICKIE
T AREBIC L - TRAULGENSHLHICE -7

\\\\\

TOE A s CHABEIEE (Test No. 235 — 18) , BLUEBESERNRE (BHAL L THEN
BHAB 1B cal /g U0, TAN W AHABL G+ 2/ YEHABRBEEZAOHERER ( Test N
235 — 21 55 L O Test No 235 — 22) AEHE L 7, ‘

(2) EEBH
EERL, REDF oo TH R 57 4 —FRBEEIRIC, BERELETHROBETEy o 7
HR A~ 7 LORDIC0 IMPa0d% /s vHAELEZEDERABBELE L, Thidz7 L
2%@®k%ﬁﬂftw¢?§ﬁ-KﬁE%ﬁ®%m$T%%Ltotﬁb[TthZ%-ﬂl
1 ks VEABENT LB Test No 235 — 22 OHEEERE L TIT -7 6DTHD, ~) 74
I ADEHESREL A F O Test No 235 — 22 L & Ml U RN, F—OR MR SEH THEE
EraiT o7, ‘

@) EHEERBIUEE

Fig. 2.2 1%, %#EA 146 cal/g-U0z @ Test No 235 — 18 OWRTREREEL,
LRILEEBBEOAN YO LB ABREC LBER (Test No.205 —5—1) OEREIENTZHDTH
Zo H1700 C% TOa L RIZFBALE OB E L B0, £0%, ~ )Y LRABRE TR ER
HENRSEL TOLFESREICELTERMIC 2 v573 501, F€/ YHABETE
700 THMA B EEE FRAEPHICHDY SHBICERBECELLRIC 2y FILE S,
kS, ALRLEORE FREHICH L TF vy THARSOFEPENLY, RRE
ﬁMmm/gﬁbzEﬁfdﬁkﬁﬁu%mﬁﬁt%u%ibﬁ%<ﬁw®?,%%ﬁﬁﬁﬁb
THEHF v v THARSOEBRFRA S0 EFHG NI -1,

ks RESLEIIE I KX HEVASD, o, EEOES LB E £/ v EAME O
WEFRS L DR (- T B, ThiE, TR B LA DNB B4 L EWEICE Y, Bk
BN LARELBNT LT b, L =T, COMBALTLLERRDH 560
EFELOSNLL,

Fig.2 2 2 (%, SEEH 105 cal g U0: OBEOKESEHERELLHLLDOTH L,
U5cal /g U0, OBEEFREI, RT0 CETLRET AR LAHORFEIESSVD, TOR
@ﬁﬁt%ﬁ#vvfﬁxﬂﬁ@%%wﬁn,ﬁaﬁﬁﬁ$@ﬁﬁﬁﬁﬁﬁﬁiﬁmkéﬁﬁﬁ
£ '

ﬁgZZBmw%%%%ﬂE%%ﬁ%KﬁbffmvbL,#t/Vﬁi@«UﬁAﬁA%ﬂ
®%%%ﬁﬁbﬁ%®f%écZ@%%ﬁﬁﬁiémﬁﬁ%ﬁDNB%ﬁb%wﬁib%%ib
e VSIS, oy THAOEBETRASE VS, RBREOMAIHCERIRS (L
@,%ﬂ%CM4PW%T%%ﬁﬁK&HéQLﬂL,%%Eﬁéémﬁk?é&,ﬁkvfﬁ
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Fig. 2.2.1 Cladding temperature histories of helium and xenon filled
rods at the energy deposition of 145 cal/g-U0;
2000 —
195 cal/g-U0;
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Fig. 2.2.2 Cladding temperature histories of helium and xenon filled

rods at the energy deposition of 195 cal/g-U0»
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Fig. 2.2.3 Comparison of maximum cladding temperatures of xenon

and helium filled rods as a function of energy
deposition
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2.3 1 wERAR FEE@k, AR QEFER)
n & =
LR, BHMEES T A —5 & LB HRER Test N 241 —5 OFFEE L LT Test
No 241 — 5b %, Fiz, BESEHREH FTDF v o VHRARD OEEEHLEEHNE LT,
t s Y HREHALREICE FE Test No 241 — 1, —2 &L 0U— 3%EML 7o
@ FEBAH
W IRER U - X Ty, BAMICIEFig. 23 LIORT £ 5 6HE LEERO TRREIT
5> Tb, 7705, 10 BERFEOEBSRHE 1 AXZAE 6mm O Yo £ EIRBEE I,
CRENHOEE R~ 7T LA 7 N OB EIRE RIEE 0% DA ARSI MR A iR
BT B ET B, FHlNE LTRAENICLZAHMEE, KEERARES LU FF S« 7
£ R 71T & BEHK ADFROME ST - 1o ‘
SEIRABRE A N5 A — 4 & Lo Test No 241 —5b IEWTiE, WELERE—2ICLD K
BA G CETLIELTHHEHEL, T/, Fry THRENF A -7 L U7z Test No 2451,
o k- 3BT, REMEIC T & YA REAME AR, BIEERKE 20T, R
H1L8mss &L TIT -7,
(3) FEBREFRL IUEE
(1) Test No.241 —5b
COEBRTIE, BHFERE 60 COBAOBRIHAOEELENS onic, 60 CHKESFD
oD L X VETEOREE 245 cal £ U0 THE L/, Fig.2 3 LIEKAERTRIES
NEWREEEEEBERESDEHCE C 60 COGEHIMERE DFFIE/KRDTIT » 72 Test No 103 =9
OEB LG LTRT, £/, MU, BEHEBSOABOILKEFig. 23 2Rt L6
DEEB MG, BEMRAEODRR 0 COERICBOT LAY L, BEERSREL M,
IR B I I A ST 2 E NS - 1 d70, BHBHHOABO L SbeE L LTI
EEORE AL VBRI EMS -7, LipL, Test No 241 —5bic&B0Th, MMERER
wmo g T bLEEOE I A L TURICER Liclars@is oh, Brs
2 F LS5 RO TIT- 7 Test N103 — 9 D& X GBEOEBLEFALVESDL
Bootre CAUL, WSS AR O BERERIC o T}, B THEM S SN, PR
HTIAEM Y Ty LESETTABICLEEEZ LGNS, AERICE OTHIES N7
amm@éwﬁmﬁi7m~%tf%atoLt@qf,MM%%%@tmzkﬁ%@mMﬁ
Erid EIE RGBS HNT10~20 CHE - T A HT75h, 60 T Digd icidasifl
HFBH AT » TS EBRMFRENT I~ BHIBEHSZT LOREICR EL TS EREAN
W EITIE B,
SIT. EEOBFE OELEE ST, BECEHRES 5 VI PWR BERENHT,
%HM@AD%79—»F$% foE FiICBVThH 4mill { bd 2B O _Ligl L TiEHpA]

%«  TestNo 240 — 15 % No 245 — 1 ¢ &AL D,
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M7y — VEEMSAOSREC K E CRTF L, FRALMRIGHITET S LFA b,
BE-T, WENHEEREREEBOEHNFEICERTAIBAICE, BEMOY 77 —EICDOL
T, BRDEELATNETHHD,

it ISEHVKER 60 CREOHEIMRERSE LTIE, §TK, Test o 41—4b & LT,
%%%1%cﬂ/éﬁ&®%ﬁ%ﬁotoC®¥ﬁ%%%ﬁ%f.%%%%%ﬁ£%%ﬁ%m
HLTTay b L, B UBEKBREDSLKEHOFHR LN/ D% Fig. 28 31K,
IOFO b D, BHMRESSEETRE PRI A ZEBEIRBRPEVRESDOLB LD
GETHHT EhDir b,

(i) Test Mo245 —1~245-3

AN 245 ¥ ) — X3, BEMHRGD FTE v v 7HXEIBPREERICE Z 5T
HE T EABNE LTI -7 Fig. 23 413, AERTIT-/z++ 7 YHABHOEETR
EEEAR CBHRES LUORRABRAES A~ VA HABROBS LERLTRLEDT
"R 5. LMD, REMEH 190cal geU0z BETF220 cal g U0 TRF v FHRESD
S B E AR BT E CERA, 280 cal g U0s KR BE, 49 L bBEIIRT
1 BT Ehibind, Fig. 23513, BHEERSRELARABIIMLTT oy PLAB®OD
T£50H¢®Eﬁ@“U9AEA®%é.%h@#tjvﬁk®%é%%¢oC@ﬁﬁﬁﬁ
pobh, 220 cal gU0: UTORBETE, ~)vaBALse/ YHADBELTEAE
HESENSOICHL, 240cal /g + U0 BLETCRIBASESE LRV E bbb, LD
k5, BEBAH 240cal /g » UQ: DLETH v v 7 HADEERED TN E (5 HEIR
ﬁi*¢f@%ﬁ?%%%ﬁ%&%ﬂtoC@%@HC@%@%%#®FFH%E%&%ﬂ&
Vybﬁﬁ%%%b,ﬁ%ﬁﬁ%ﬁw%LT%E%H%@&%ﬁﬁ%éﬂé@%?%%&ﬁﬁ
XD, KEBRNERT, COLIHHALy M —HBEOBMERFSBHERICL ZBEFLS
ﬁ%@®?mﬁwf%.E%ﬁﬁ%m%#®%%&ﬁﬁﬁU%ﬁ%fibé%%ﬁbfwéo
DI EORED S, o THARSOEECDNT, BHRHHERETE LT HBIEKPITE
HABOEE LR, THbD, RABSILENECBETIKETREND LD 240cal/s
gﬂDzRLKﬁé&%%@ﬁ@L,it,%Etéwﬁmﬂﬁﬁg%gﬁﬁﬂﬂwﬁﬁ%%
L7e
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Fig. 2.3.1 Comparison of cladding surface temperature histories between

stagnant and forced flow tests under coolant temperature of
60°C (245 cal/g-U0jp)

241-8h
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Test No.241-5H
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(stagnant, 60 °C)

Fig. 2.3.2 Post test fuel rods irradiated under forced (Test No.241-5b)
and natural (Test No.103-9) coocling condition at coolant
temperature of 60°C (245 cal/g-UCy)
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Fig. 2.3.3 Maximum cladding temperatures vs. energy depcsition
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Fig. 2.3.5 Maximum cladding temperatures vs. energy deposition

under forced coolant flow conditions of 1.8 m/sec
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3.4 Comparison of cladding temperature histories between helium

and xenon filled rods under forced coolant flow
{coolant flow = 1,8 m/sec)
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2.4 BHAHHR

2 41 BEoRMmEER GREM=, s, SREAR

1 # =B

NSRRIZBW T, NI TEKEH v VB (UO: ) BEHOKEREH LR L/0H0
ERPIRAEDTE/H, CRRIAT, BbTER7T v =94 -v 7 VRERED (PuO;
—UQ: ) BB OBHBEBIC B T 2 HERDT A48 /15F - MVRIBIREEE @) LoXEHEL
LTHE L, RLEBERUERN 7o LTEREEUEBEELED TE/, ERE, F 1
HEER (FRF0 564~ 57TEE) LE THEER (B8 FE~ 60 F) »oilib, F KR
T BT, NSRR OEERBRIE & 6O FHEEE T A RARILMBHORE L F VM EE
L7, BHE L EWEICRIFT T 29 AOFAOEEEHLMCT 5, FITHERCSVLTH,
YL SR DB & B0 EAE T ARARIMRH OB L S EEEE TS LR, X
Loy FEBEICATHHCMBH- LD TV =T 4 28y b ORI EEH S

S IMERE LTI, & 10RBOEBETFEL TV 30, SHIERTOHILMHO 2E O XK &K
(EEANe 701 — 1 RTF 701 — 2) AFEM L7, T 2MOERE, HICABRBEOEARTRIE
45 LAEBEHE LTIT-72b0THD, ERANCARITESEREL, RORMEEE (U,
29py ) OEABEATMT 5 E & bic, HEREBICIREHEEINEFRE L, REBERY
D OBAEOFMEIT - T

(2 EEHE

AERICA LRI E OHE% Table 2.4 1 KR T, ERITY - TE, BE1X%,
HER AT VR UDNT H 7T e kb 2 BEREOR[T R A7 €2 (1 —N - DBRKZRHKS
) I L, NSRROTRHEERFLIC T v R B A BEHCE Lico ST - 72 2 M ORBROR
Bi&ftA Table 2 4 2 WRIE L TRd, 4B, BEHORAICEINOPtL/Pt —13%RhAE
WAERDMAD (FhEh, BEEHEOTRERGPRBS S« PR 275 mm BN/ ArE I
), ERPOBERESEGHORT EIT -7

FEIZ NSRRIBHIKHEWT, 2EA7erd3bAEA TerOAEEEL, NEAT
L AAEOH LR BREA DRE S Te R EBIC i Ui, BRTIR, AT A 7L ERE
LTHE I 0 L, A - HEREAHM L%, BEE UM L, BEOHSM <V o P 2EH
BRICANT, BEFICEUMA LT, BT, Cok, FEFFELEE « SeERiERREEICE
VT, BRI N ARBES EORHORKIMEEIR EFR L. B, BRTEGISRS,
DM RO BENC ] T 2 SRR EEAERFTH 5.

(3 HERER

HEEROMES A, Table 2 4 2 1R T, ik, BRICR LIBHRARE, KIAICR~L5
MEBORTEECEOAETH S, BIRLA LI, EBN 701 —1 T, MENT 113cal ge
(Pu0;z —UO: ) ORBEBASAT:H, BENEETORORSEERY 0 CTHD, BERE
DI (LIS s o 7m0 E 1o, EEN 701 — 2 TUd, #BEHT 183 cal” (PuO:2 —UO:z) ORARET
Ay h B REORSER IS 1200 TEE L, BRDREAE TR, THREEOEER O
HEPEES N, 55, OTHORE MRETHD, BRORERLID 1.
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@) AR EE OB EH R :
FEAN0 701 — 1 RO 701 — 2 DK &, ZNZNG 1g ORBAZ IEFOMD L, b

BT AT - THEDZEE TR U 7458, FEEBN 701 — 1 OFRHC >0 TRFEE 1728 x 10
fissions /g, FENo 701 — 2 OEEHT DO TII T 2706 x 1013 fissions, /g ODEAYE S
Foo 1B D OHKISEES 173 AMeVE LT, NSRREDHAEAMS (MW, s) B0
BERBRERD DL, 2EBRCOVTOPIMER 2 T4cal /g /MW -s £U 5, 1EH, O
[, BB & - TR 282 cal /g /MW vs EBHTEOSDTH o720
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Pu0,-U0, Pellet

Diameter :
Length :
Density :

9,31 mm
10 mm

95.4% T.D.

PuQz/ (Puls +U0s)
(239%u + 241Pu)/Pu :

U : Natural uranium

Zircaloy-4 Cladding

Outside Diameter
Wall Thickness :

Fuel Rod

Fuel Stack Length :
110 mm of Pud;~UC; pellets (11 pellets) with a 11 mm
natural-uranium oxide (U0;) pellet at each end.

6.33 w/o
73.9 w/o

1G.72 mm
0.62 mm

Design Characteristics of the Pu0,-U0; Test Fuel
for the Test Series of 701,

Filled Gas : Helium at 1 atmosphere
Table 2.4.2 Test Results for PuQ;-U0> Fuel
Energy Mazimum
Test Reactlv}ty CorelEnergy Deposition Séi?zte Fuel
No. Insertion Release - in Test Tuel Temperature Failure
¢ (MW-s) (cal/g- (Pu0,-U05)) p(oc)
#1 220
701-1 2.35 41,2 113 #2 + 150 No
3 . 150
#1 : 1180
7012 3.28 66.8 183 #2 : 1170 No
#3 : 1150

(Notes) #1 : At 27.5mm lower than the point #2.

#2 : At the middle of the fuel stack regiom.

#3 : At 27.5mm higher than the point #2.
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251 BEEGBEEAR (GHER FamE E B
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AEBROBNE, BAESC 7Ly 7 v VEREOBEEREA S OBRBBOBIEL 2 W EPHE
EEH BEMEOBALEDLIYCRLLINEFHLNMITHLLETHSL, SHABHEICY 2
) TEEARKEG A » THRERIREL & L, BEAE AR L & O ECHER B I R TR
NAHC EABEE LI INEREIEER 1| (Test No 115 --36) &, SRBBHEBTORBEH
AP~ DLHOERMBEER 1B (Test No 1156 —27b ) Ot 2BIOKRAEA S 72 v KR
AR Lo A

@) EHF* _

Test No115 — 36 D FEEIL, KIGHERESH03, 0465KL00 5mm &LES 3ROEHR
WS A REEIEANTE 1 2 MPa i L, 3 B -MEHARICERE L, RME 192calg -
U0 TR L1c bDTH B, TO 3B —WHARTE, 3HROBBR A 72rdln o FE B2
mm OMEL® 3 HESEC@E N, HEDROWENDLOE—FETRE Lo, sSARREBHE
—HEHER O 94 B LB T,

Test No 1156 — 27b OEETIE, HESICEAES 03 mm OBEREREE b >REHICREER
369 cal g *UQ: %53 12,

B8) EBRERLIEE

115 — 36 DITHREIER T, BB 3 AL balH L, MENEOEHORT £ Fig. 2.5
VioRd, HEBLIT KRES NIV REEF A>TV 5, HBEXMREREEL 0T ~
1050 C, 4Ty Fvy 72 TORMNIELLAI~2 1T, REGESDEVICLLRHTERIE S50
s Fro BEIHROBENL, 3AE SREH NS BEANOEZE UTHY, BFEEETER
HETI143% CRGEXQ 3mm) , 116% (H04mm), 114% (@0 5mm) &RFEHEKS
NS DEERE ot

ﬁ%%uﬁﬁﬁﬁﬂﬁEM6éhé£ém,ﬁﬂ%ywﬁm4®ﬁ§%ﬁﬁﬁﬁ(d+ﬁ)K
MM E R EEICE L, BESETLTHELZ60THLE, KRS HNSORBESLT
DEEMABLEREL, 0 pERELRE (UL bDEELLND,

115 — 27b OB REMBHER T, BT RA B8 cal g U0 (£FHFE 369cal g UO:)
DB S TEE L foo AR EREEREAL 6msec, JEArorald 41 bar Th- /e RilElD
HEETI3, MARIIEIL 0 4 mm RBEOBE® 338cal, g U0 £NHV332cal g «U0: @
B THE U T, AERTRO4Amm AMEOBELEREE TEEZ (LD, KULRPET
S A S EDBERESMHEONT, ThOOERER, S, IOSRRBERMETE, KEREK
EAA03mm E 0 dmm OEEEL, BIEEROBEESLRT ISR O LEE TS

A IENTO BEREES SR A N EBRE AT T, BEEHEEMESEO RIaERS &
BLENEORES AL DT 5,
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26 ZOho=RER

261 WHEEEACRAE (GBER, M B KEEK
1ny & =2

AFEE o~ ) — X xPCMI (Pellet ~Cladding Mechanical Interaction yiTd&
STHE UZHBAEORENERLAEL, BEBEEOT T bBL RO VT v 7O
AT EBR D1 b DEFEBIRICE 5T 5 C EAANE LicbDTH 2. EMEMLLERR
Test % 206 — 35~ 38 © 4[HTH B4%, FIMlCEHM L7 Test No 206 — 31 ~ 34 AR E TH
LDT, TITEDLETELRT 5.

@ EBH&*

FRIEBECES - UELUOBREMZHMN Y, S BHEBOBELELRETSEVSA
T - fro EEMEHIKDICIEMNIT OGN EDT, B - VAWBEICESR, Fikotohic
¥ -BAERMN LI, 34, BEX-VERASEELRRET 2L d I, B -V, EBEA
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IO EERLIEEDTH D, T, BEM -7 KN AN TOHEEREEREE 100
CILELTVEN I EDB D5,

@ % =

1) BEEE
Fig. 26 2Rt Lo, HAEERY 2728 LT05, IO UBEEDORRS

ET <Ly FOREECERNT 260 THL, BHE - ZIGELIE, SEICET T HEHER
. WEEEABHRIGE LTV AL, BIVETES I BLERATNHLEEERT S
Ly FOREEICEBEDEREL LN, #-T, CORFEEFETERED LFTLO
BHE SHRRBNEEHTHLEMEIND, 777, B E S ABBREEAEETT
ZBATHELETVNADT, E—Z{lIEPCMI K LAEHBOAR S ERE LTVH6DEHE
Zbhb,

2) Fvu TIBOESR

PCMI It A WEEOEHEE I UARDO T EAH ORI v v 7IRICHE (KT 5, Fig.
2631, BEBCRIEFTF v v THEOEBERT EDTHEH, ¥ v TROWNSCHELIC
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A= s iE =470« A= HAVTRIE LEERP OB LD0TH S, ARDS, BF -
AEORIEORE L, ERROEMMEE bIC, PCMIRLA2HEEORLEEREIROT L
DEFA Bo '

L% HEFLEDICES - VL 0BBRRMAZLOAEHATIER, KERAER L
Yo LCES—VLADSOESRTAERELNT AT EETELTY 4o

Table 2.6.1 Specifications of Strain Gauge Adhesive,
and Dampproofer

Strain Gauge

Type : Foil Gauge
Gage Resistance : 120%0.2 Q
Gauge Factor . 1.72%0.02
Dimensions : 0.27m% x g, 9m¥ (Grid)

2.5mme x5 ommW (Basge)

Temperature Compensation : 10465 °C (Self-compensation)
Usable Temperature Range : —70~200 °C

Adhesive
Hardening Condition : 1~5 min, at Room Temperature
Usable Temperature Range : -50770 °C
Strain Limit : 8%

Dampproofer
Material : Uncorrosive Silicon Rubber
Usable Temperature Range : -18 v 260 °C
Hardening Condition : 2 hr. at Room Temperature
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Table 2.6.2 Experimental Condition

Test No. Eneiizlﬁz?ggi§ion' Type of Test Fuel Gapﬁiﬁfth
206 - 31 204 Standard Fuel Rod 0.095
206 - 32 | . 257 Standard Fuel Rod 0,095
206 - 33 149 © | Standard Fuel Rod 0.095 B
206 ~ 34 104 . Standard Fuel Rod 0.095
206 - 35 200 Wide-gapped Fuel Rod ~ 0.195
206 - 36 255 Wide—gappea Fuel Rod 0.195
206 - 37 201 ! Narrow-gapped Fuel Rod 0.050
206 - 38 254 Narrow-gapped Fuel Rod 0.050
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Fig. 2.6.2 Typical Histories of Cladding Hoop Strain, Reactor Power

Cladding Hoop Strain (ust)

(]

and Cladding Surface Temperature in Strain Measurement
Test :

Narrow-gapped fuel (Gap width : 0.050 mm)

Standard fuel (Gap width : 0.095 mm)

wide-gapped fuel (Gap width : 0.195 mm)

250

Fig. 2.6.3

300 350

Time {msec)

Effect of Gap Width on Transient Cladding Hoop Strain
(Energy Deposition : ~255 cal/g-U0j3)
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3t O : Peak cladding hoop strain measured by strain gauge

= ® : Average cladding hoop strain from PIE
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Fig. 2.6.4 Measured Cladding Hoop Strain
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2.6.2 JRFEBEEBARE S (Fel¥EHE, SHBE, WH 80

1y #® = -
%ﬁ@%ﬂ@mmn4ﬁﬁﬁﬁwmﬂﬁﬁ@Lk%émﬁUOrﬁvvhﬁﬁﬁﬁ&m&@@m
RERISIC & TR TR R S B AR L OMEEIE SCT B I, ThETRES
LT 20 % 5 AR KRBT U, 3EOEREEHL T Ean (R ehen, Hl
6, OWEEDY 597 KL AHE, RUBMEBEOBK L , SHRINLOT -2 EMET 5
r, 2EORBEER LK, 20 Ib, 1HOERE, BEBEOSMENS-72bDTHY,
Mo 1B, ChETIEBLAIRRIVGESICEOERBEMGLIODTH Lo

@2 FEEAHE

00 HIBEED EHERIRERIREL £, PARER 1000 cm® OB 7 eI L, AEICKI 850
cm? DEE < WEKEA NS @ ESEHZERK 100cm? ), THERKEKL T LD
HITICSAA T b DEEBIE LT, ~ VAN HBHERICE L, 58T KBO5 5, |
BE 0L (EEN 700 —7) T, HBRHENC 320 cal /g U0 OREREHA fo F72, 2
BIHOEE (EHN 700 — 8) KBTI, REMEIK 1Bcal /g U0 DREEEGL I, &
Bl LT, PEHRET RERE, NR TevRKR, RURE A7 e vAETZETRTH
BIE L 720 '

8) FEERFER

EERNe T00 — TIC BT, HERMEHC 320cal /g - U0, ORBEEZG5A, TORBR, WHEE
iﬁﬁﬁﬂﬁﬁ%%ﬁ(Pp@t—m%Rh)MNwzmﬁ%E@B%QZ@&Mmﬁmﬁmﬂ
1700 COBE SR LTRIE Lo S/, WEH 7 2LOR AR, v IR ERLENY
BAoists FRARL, #115BEICIZ9 5kgem? (- VH) ICE Lz, @il DR O
$3% Fig. 265 T, BEHEOBMEL, Fig. 26 6(d)ITRT &5 AHICHH LTHY,
WEEIC EARRIC L B Y TROBESER R Shis

EEN0 700 — 8 THF, RERMARHC 198 cal /g-U0: ORBRESAFER, WRERMEERLIE
L2 T T R 0, 8 FPHE IS A 1250 CITiE Lise 7 7T ANER T Y R T B R AY
0 2B OIAICBAT 3 kg em? (- V) OENEORESGR S Nz, COBLTORE
% R ORIEE AR 850 CTH - 7o ENBRABTHEL, AMECEToS /0, T
®%%bmﬁfﬂwﬂﬁﬁﬁmma10@&Kml7kgﬁm2(T—VE)KELtOE%ﬁm
%ﬂm%ﬁu,%ﬁmﬁﬁb,@OQW%K&<hﬁ$UTmt(&%E@ﬂ%ﬁﬁ?%S%%
HE) . 29 b, R#icEnTi}, Barck WHDKEXIDSLLOPESTED A 131
mm),CQ%ﬁTﬁEEﬁW%LTDtOW%D@k%éﬁ,Eéﬁ%Smm,@ﬁ%Z3mm
T@atoC®&%§®W@%%ﬁ,mﬁﬂﬁﬂ®%émﬁgn%%®f,%ﬂ%mmmﬁﬁ%
FaENTOTREYED S Do

Table 2 6. 41C, CHE TOERBEAERL UGRT, WFNOERICE TS, HREEDN
Li-#h 7 e v@ORETE, Fig. 26 51flRL LS5, waerZEAHo LRPBERISATY
Z (EENo 700 — 4 DB &IC DA, THFAOESIC /4 ZBREL, FARSOEMEEEET 2
TN AL, A O IR 6 kg tm? BELHTSND) o OENEMDS 5, AT KD
BIZIE T L » T FIOREATERH SN0k C 5B REDHEINE, RITR LIRICE 2 0.5



JAERI—M 83—193

kg om? ENE L, BODIBBE—KRIEICE > TRETEKEN AL LE D EE ALNB,

COMEINLZKENFICHIGT2KESFORE, RICHLT D, F/c, Fig. 26 7K, #
72 VREAD FRER OREF R REBOHTES, BEBARICH L TER LA 75 72K
T, 1L, F370T oy b6, AREEHOE S FILERN 700 —4 0 F -5 3RV TH
2, Ao dLEdiT, #7erNEOERERR, BREOMNEE LI, BRLTVS., 28
cal /g *UO: (EEENa 700 — 6) DI FORABHAEIC ST, BELBROBERER > THD
zEps, FAOEME, YrioAHBELAORBIRLZKEORECERN LTS LEEAL
5h 5, 1, B340 cal g U0: (FEENa700—3) ORMBICE T}, Fig. 266(e) i
T LS, BERBRA(EL TN ETE,S, Yrhal —kRIBIMATUO: —KRIEICK
ST HKEDRE L, H 7 VHENRKEC ERLEODEEL NG, 7, 320 cal /g U0
OFRHBE (FEBNo 700 —7) KBTI, BEBER4DCal L TEh, Yrhod KRG
MAT, ETFOUQ: —KSITEBKEDRENEI - bDEEZL oh, A7 LVAL FAE
2, FE2ERBIEIIEOIREPHNIESL T -TH S,
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{d) Test No. 700-7 (320 cal/ngOz)

-

[ .

S

(e} Test No. 700-3 (341_ca1/g-U02)

Fuel rods after the tests for hydrogen pressure
measurement

Fig. 2.6.6
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3. JRBLEE) W BLEER

(FEgie =, AN, RINER

() & E

NSRR ERIZ BT H 7 £ VA TBERKICE-TOAREREA AEMNICEASEETHICNDS
LA I NE T IEFT-70, SPEEASHRKTICEY 3 SRABER (EBRES 600-6)
AEEHGHIC BT AEE (ERBED 600 — 7)) BLUKBERIC B 2 MEbdmER (ERE
2600 - 8) £TE AT KB PEIAD KO MEORT 5 7 — 7 4 v Aty

(2) EBREH

FEITNT Fig 3 1 ORI AN TAREES B A /01 A T2 2 HOTIT - 1005, REE
B 600 - 74 LUF600 — 8 TIXMEHEAMOBTASKEERH 5 W II/KDMEBTRE & 5 FDili
BEABNOEBRERSLEE Uiz, TH05, EBRN 600 — 7 T HEBRMEHEZ NE 25 mmD A
WA 5 AERICIY, 0 IR LY FTHOT AL DIT LI, BB, ARV AEDONY
23— FREGE LT AEFGICIER0NM OLAEN 7 ABOBRESRT, 7 2AEOMmITL
S TENELOLBIT . T2, FEN 600 — 8 THHABREERMNC MO £ v 7EZEMH, A
% 16mmd A 5 RERICINS F BREHED BB TO RS 1.9 m,/sec & L, L OBDRARTE &
PROEBRAES Fig. 3 2i1CmRT,

SER MBI EBIC L AT 3 cm TH 5D T, L OMIRICI0% (N 600 -7, 8) X
1$20% (EEANo. 600 — 6) EBFEiD~<L v F (H& lom) 3 Z0 ETFRHEAC—-+ 7% W
FAEFDIERESER Ly M4 AT O LS M4 8UE LSRRI Lo, FEEREHE
ELTHEBEEEERERELCCKE (ELEE) MERORES, WET, »7ervALkat%e
Bt 72,

BEBICBTARMBS LOSHEE FEOREEES Table3 11TR7

(3) EBEE

EERFH S 600 — 6
AEBRTIEABRMENTH 330 cal /g -UQ: DSRHMBE 5 2, FRMAEIOREL, /K& OHE(EA
DRREABET L EAAME L, Toiz®h, UdHAREIBTHAAEFHRHTEEHNT
WEEEMMICES 0.2mmoOEE D TH -, EROEE, v 2 H1REBR ICHERIRE b
ML, FAETEBCOROBEARONI, 7, BEOMELAARIIR TFORBECEED
HT$WkHMT@otOm&ﬁ¢%®m%ﬁﬁ%ﬂﬁ@®ﬂﬁﬁmﬁufﬂmLh%?@@%
HED, LR HRER S PEEERERABSTORETEAS M, FORI IV F LI, B
BBOBETEEICERE T~ ERN 600 — 4 0EEERABHOPTHLNBOTHD, 71, K
WErricomis %, fofmbooREORH R 6N,

REE B O BB OMIRITRDIED TH S,
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0 msec
8.04
16.3
43.4
57.9
86.8
95
126
154
213
224
277
320
401
h84
770
1.02 sec

1.06
1.70
2.44
2.77
3.47
4.27
4.52
4.60
4.78
561
6.44
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mooR o ¥ H

Fr vy a7 NRE

FAHCFCHEARA S

F ZEITHEESH L, $930msec #E<

< 75 h (WEETEERE~ 20000

F AL CHEARZ S

BREDH L, KEELHEERT S

T/C#2 1700°C%x4am L THR

T/C#4 1700°Cx4ER LTHE

i BRMERL S

RE[ARE

ZHOKZIARE

RAeKIAOILER) T 5

R Lo gelean s h b

ANEusiagd, bA

M EABRCECEREIERI N S NEEKEbRE
TESOREERE
BERTMOFREOREINIPERICLDEL L, HWEESE > TLAHSLEN
i iy ?

FHREDBOEAIBREK SN, EA

P RAS b0

e MR R O EEITR

7k D K B

SRICHE R L5, KEUKUEDFHE, LAk G

F M IWBATEC LS,

hRFEL, ETEEEFE

{7 oD K E R <

2 WATic REHED, T O o OHRSE <

2 BETOFEWMIABO TNES L ED, JaDREEGEHLLD
BEAEBIISNS

Figs. 3 3, 3 4ETHERY, $HETEES JUKBORME(LERT, (HEOZ LT ¥
U« v FEED|RRIMAES) WEERENEAOBRER (#1~%4) @/ Y24k 360 msec ik
(#1, 2 4), 590msec (#3) i 1700°CHiHk L THIB LA # 5 CREHE LD 5 BIRE
Uy FEEER) TE 105 BMBICEA 1530°CE D 654 RO 7 Ty FHRES Nz —H, K
RIS # 12 524 msec &1 200°C AR L THIBL 7243, # 21 1.26 BRITRS 90.8°C
(4T =624°C) %#THERL 7o
# 7 NAERE— 27 177 100 msec BiZE 1bar TH -7
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EEHOBEORET, EB% BiEhic~) 20— 7@ L THE L RERUBEROBE
%z hah Pigs. 3.5 ~ 3 TITRT,

ERES 600 -7

AEREARERATIC B 5 REOMAEENS DT, HBEIH 250 cal g-UO: & L
BEREIL T 2 MPa £ T LTE W, SEBE/ VA% 82 meec THEL, FELHE
GO L0, BRI LA EEEOS BB RBBo AR CHE L, SRR
116 msec CFP R THRBETCEAAEOY 7 » 7 A DY, 151 msec TREJFERTEICH
WL, SR LSO FESE EENBE L, £1, sYv R 478 msec & T18 msec TR
PEXTEICRE L BN T ~BET5008R 507 BEHETIZO®R, Rshis 20
PO T b% 1000°CER - Thoico Figs 3.8, 30 CETUHES, MEHENIE, WHTREEE
O LA 5T, £, Fig 3 10iCidBEEOBEEBORT %, Fig 3 1LKIIERBROMRE
ONEE TS, MEZEREFCHIBL AN, SBEHEHT LT, LL, 47 AR s
AR LBl L, hEUBR &AL,
HERES 600 — 8

AREERZEEHESHE T BT 2, 7y FEORZOBEECENE LI OTHELD
m/sec, FEEH 250 cal /g UQO: THEMZEIL 225 2= BE Lo

WEEOREEL 12 1200~ 1300°C TR DM TR EITIC b X505 13 ~ 1.56 BEETS
st Test N0600 — 4 TR/ Ty FRETTHLLED, TOREADSBFEELLY, HWH
HHFORERTIH? TV FRTAD L LEDHTI 2 v F 70y MSBH THAICEES M,
s rvF ey OMEIIETNTEY 2 4em,sec T Test No.600 — 4 DIBAD 0.29cm,sec
BT S &K 8RR E C, BREIHROBE A S IKEHA TV 5, KEO LRI 11TC~165C
BT HREOEA & BT S E &, $/, Test No600—4, 600—6 HTHRLNK
BHOTEVESELE LN A1, AR - DICRRESEEESHERICENI E &, HER
ERCEELTHWAZ LIRS0 EBbhd,

Figs 3. 12, 3. 13 CEFHFEHT, BEHME® SEMEEREORMER%F ~T, %72, Fig
3 14 10 BEROBEED 2 = v FORT, Fig 3 15 CHEROBEEZRT . MEHIRERICS
WTHBHR L - 1o, £ SR onrs
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Coolant Temperatures in Test NO.600-6 (O~ 10sec)
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Fig.3.3 Transient Histories of Reactor Power, Cladding Surface and
Coolant Temperatures in Test NO.600-6 (0 ~1 sec)
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Fig.3.4 Transient Histories of Reactor Power, Cladding Surface and
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before irradiation 0.033 sec

0.405 sec 1.887 sec

3.933 sec 5.091 sec

Fig. 3.5 Pictures printed from motion film taken in the Test No.600-6
at 550 fps.
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Fig. 3.6 Post-test Fuel Red Observed through Periscope
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Fig. 3.7 Appearance of Post-test Fuel Red after
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Fig.3.8 Transient Histories of Reactor Power, Cladding Surface Temperature,
Fuel Rod Infernal Pressure in Test NO. 600-7
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Fig.3.9 Transient Histories of Cladding Surface Temperature
in Test NO 600-7
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hefore irradiation 0.084 sec

3.10

1.444 sec

Pictures printed from motion film taken in the Test No.600-7
at 450 fps
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Appearance of post-test fuel rod in the Test No.600-7
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Fig.3.12 Translent Histories of Reactor Power, Cladding Surface Temperafure,
Coolant Temperature and Coolant Velocity in Test NO.600 -8

257 2007 2000;
O N
& o 1o | Failed Coolant velocit
£203 1= ]
- g e
13 -
zi545 |5
2 12 18]
2 1.0151004510007
= - o 1
2055 &
s Jg .
Q Q S5
S S 12 |
0- R
0 O L T I T I T I 1 T 1
0 2 4 6 8 10
Time (sec)
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before irradiation 1.013 sec

1.502 sec 1.858 sec

Fig. 3.14 Pictures printed from motion film taken in the Test No.600-8
at 225 fps
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- Table 4.1 Characteristics of GE fuel rods

Type of fuel rods tested

GE reference type fuel rod (8x8 BWR type)
Zirconium lined fuel rod (Zr—lined)*l

Copper barrier fuel rod (Cu~barrier)®2

U0y pellet
Diameter 10.57 mm
Length 10 mm
Density 95% T.D.
Enrichment 10%
End shape chamfered
Cladding
Material ' Zircaloy-2
Quter diameter 12.52
Wall thickness 0.86 mm
Zr-liner thickness ~10% of wall thickness

Cu~barrier thickness .01 mm

*2

Element
Fuel length 135 mm
Gap width 0.115 mm
Plenum gas He (atmospheric pressure)
%#] Zr-lined cladding fuel rod has a zircaloy cladding

with a metallurgically bonded layer zirconium
{(~n75 um) on the inner surface.

Cu-barrier cladding fuel rod has a zircaloy cladding
with a very thin layer (5710 um) of copper plated
on the inner surface.

_55 —
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Top End Fitting Bottom End Fitting
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Iry Spacer Spring Holder S8T Disk Pellet SST Disk
Spring Iron Slug Cladding

Fig. 4.1 Schematic of GE fuel rod

Top View

Capsule Center

i .
GE-Reference

l ' * (Unit : mm)

Fig. 4.2 Configuration of test fuel rods in
test NO.1207
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Fig. 4.4  An example of transient cladding surface temperature measured

by T/C #6 at the elevation of 33 mm above the fuel center at
the corientation cppeosite the capsule center in the Cu-barrier

fuel rod
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T/C's between PWR type and BWR type fuel rods under nominal
temperature and pressure of BWR conditicon without forced flow
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t 20 mm

J

Local coliapse observed in Cu-barrier fuel rod
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Fig.4.10 Ridging on entire circumference of cladding
observed in Gi-reference fuel rod
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Table A-j

Charactaristics of NSRR

Modified TRIGA-ACPR (Annular Core Pulse Reactor)

(3) Fuel;
Fuel type 12 wt% U-IrH fuel
Fuel enrichment 20 wtt U-235
Clad material Stainless stael
Fuel diameter 3.56cm
Clad diameter 3.76¢cm  0.0.
Length of fuel section 38cm

157 (including 8 fuel-followered
control rods)

62¢cm

Number of fuel rods

Equivalent core diameter

(4)

Control Rods:
Numbeyr
Type
Poison material

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

Rod drive Rack and pinion drive

Transient Rods;
2 fast transient rods and 1 adjustable

Number
transient rod
Type Air followered type
Poison material 92% enriched B,C
Rod drive Fast : Pneumatic
Adjustable : Rack and pinion & Pneumatic
(6} Core Performance;
a} Steady state operation
Steady state power J00KW
b} Pulse operation
Max. peak power 21, 100MW
Max. burst energy 117MW-sec
Max. reactivity insertion 3.4% Ak ($4.67)
Min. period 1.17 msec
Pulse width 4.4 msec (1/2 peak power)
Meutron Tife time 30 usec
(7) Experiment Tube;
' 22cm

Inside diameter
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