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Reactivity Accident Laboratory
and
NSRR Operation Section
Division of Reactor Safety, Tokai, JAERI

(Compiled by M. Ishikawa and K. Tomii)

(Received October 26, 1976)

A total of ten tests were carried out during the quarter period from

April 1976 to June 1976. Experiments are in the four test series:

(1) effect of fuel enrichment were examined by the use of JPDR-II type
test fuel (2.6 % enrichment) and standard test fuel (10 % enrichment)
with 150 and 200 cal/g-U0, energy deposition.

(2) influence of the run-out power was examined by changing scram time

of the NSRR reactor.

(3) repeated irradiation test with a fuel was performed to examine fuel

behavior with 150 cal/g-U0, energy depositions.

(4) waterlogged fuel tests were performed to examine effect of the hole

in cladding on fuel failure.

Described are the results of the tests, test procedures, and present

status of analytical works.
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Fig. 1 Cladding surface temperatures during scoping tests
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Fig. 5 Test fuel after irradiation in Test 201-1 (214 cal/g-U05}.
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Test No.
10,6 11.0 7.4 sec
1775 1700 1675°C
{ ! { —
(— ' 201-1
f ] F L) (214+34 cal/g-U05)
1665 1620 1665°C
11.2 12.0 7.7 sec
10.5 sec
1680°C
{ s
— 200-1-2
' (211 cal/g-T0,)
L
1560°C
11.0 sec
Time at beginning of quenching 8.8 6.4 sec
Max. cladding temperature 1690 1600°C
Y — * W 111-4
(214 cal/g-U0,)
e

Fig. 9 Maximum cladding temperatures and times at beginning
of quenching at various axial points on fuel rods in
tests 201-1, 200-1-2, and 111-4.
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Fig.

T

Time (sec)

11 Cladding surface temperatue at #7 (200-6b) .
(#7: a point influenced by pellet axial expansion (Fig. 10))
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Fig. 12 Cladding surface temperature at #8 (200-6b)
(#8: see Fig. 10)
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Fig. 13 Cladding surface temperature at #1 (200-6b)
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Fig. 14 Comparison of cladding surface temperature (#3 and #8)
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Fig. 15 Comparison of cladding surface temperature (#3 and 4y
(#3, #4, #8: see Fig: 10)
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Time (%1071 sec)

Fig. 16 Comparison of cladding surface temperature (#7 and #8)

(#7, #8: see Fig. 10)
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Fig. 17 Cladding surface temperature at #2
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Fig, 18 Cladding surface temperature at #3
(#2, #3: see Fig. 10)

B T



JAERI-M 67%0

25 <(HELHEHER(2091) (KEH=, FEETR)
() E®EM o

BAFCEeT, RNEAL 26T L o A RIGESEAE Lase, RELHTRT 28
MRFIERBEARERB LB THSCELCE Do L L, RIGESZEEHBELTY, T
AREIEEE VA LI EAVWEE TS, Rz XRL T CEEYTBRL TIRWwrE2
i, *ORGEEHROKRE I, RBEOBHRIE, BEREOERSTETFCL L b, Hgr o8 L
{ & Bo

( VELBHESRZ, COBRBELIOWTArAFORELTENL T, 1HO v AHHT
HERHEHRCELZWVREORBECC(VELBHLABEC, REACLEVWELCE TT S
B, —ESrABFINARBAT 0FEo v 2ABFCE ~TRHBEOLEH#T LOR
ERbTrEeRATHC LEBMNEL T bo

AEFATOE 1B E LT, H150calgilU0, ORAFTSES bERLEHL, [
RBBOBE—-BEOBRGLELBLT, BAMERLOALEOAEEYCE - TRAXGFET 20
B, BREBEOLEHMAKE( 2adH, Uy 027 vy ORBRES 2FELHANLLE
& & Lra

2 ERIEFPLUFEREH

KEB[CHAZARARAEL 1 0 FBHBOEBERB TS 5,

LEEBRS L MK S T e A CEFL, RARGE 223 Vr0o v 2@BHESE D
BLfToke B4 ABRA, FLEBSTHFALTROSAV ABECRBREVCLRL
A< aB2COREM, K4 0AMELARL LTTo%e 2%, RARIDE22 3 Mo,
(85— CIL@EMRE Lz v, SEARECHRESELS] L 5%RME (~150
cal/g U0, )RBLALLIICEBRLELEODTSD B,

KBRACE, BAMREOBECLELEPDTNET 50 6 ZOPt/P1-13%kh RHE
5, PLURBBOMFMBECLTAET 2R0OERH b 7/ RBEGUF TR T TR,

s HoEHATE, REgosFnNe LFLEERFAOEEEEENEN, /S F AL LU~
{78« =25 THAE LR, T, ¥BHEOOEKROMBTOLECL 2EMLET =
7 AN 2 — %Rl THIE L Ro '

@ BRERS LOER

Fig.19, Pig.20& X X Table. 3 CERBREL R T, SHEHKEE L alBRME,
BEAMETE—BICBILL, ZRHEW L 2D KREDoRSE, 77 » 2 BORBRAEL 22
feo

Fig.1 M AMBO R EHESOMmH 0T LICRD T ARENOBELE S 2
HECHELAZLO TS b, 1AE-C3 AT TOTF— 25 RbL, BEHKOKTRFHED
A RBHREBRE(Z>TH Y, 3@ELL5HEECOF—2CdtnREENLTZ V. &
¥, BEMEEREOEHELCDWTR, T¥7 « 71 YOREOCEBLAFREDb 2RO
, Fig.19 CRANTWAH1IEE+LH3IBAEO AV 2ARBPLLAHT -~ 2AELNE
EiERLTnEV, '

Fig.20/l s BOMER TH, ¥EHaoLkaos nUBELIlagke 77 740

- 28 -



e e e

JAERI-M 6790

A A HNTHELARRER LA O TS, 25, ANCALBORDC, FRO
FfET1ERE L ARBRE (200-3) L2\ TH%E LR AL TW o

Table.3 E5EO r 2BHEKRTHITor, ARRAOEELBOMNEKRERLLLD
THh, 2%, BECEALBOLBLE, MROARRFET L ERHF LAARKRR (2003
FIP111-3) 02w TOHIERER, » LERBRELL 255, 34cal/grUOLT 1 ER
HL, 211cal/gU0, THRHF LAABRARK (200-1)&214calgU0; TI
FMEBHLARBRE (1114} C2nTOHIERFR S NFL TH 5L,

RBBE R ) AT 2RO ERRORD, SiANMEORMELCET 27 - 21K
Bl oo Gl , BRENV y 07 7 v 7 ORBOFHBLELIT2TnER N,
Tm“LSK%éﬂfthO%ﬂ@T";&20%43$Ull%4@7“5g%ﬁ?
BE, (HELEHET o ARBRART 1 HBHORABKRHAI VI RE(ERLTHAEL L
Brbs Fig.2od, cmli&%ﬂgGFM@%HBﬁﬁ%bk)ffbfwécé%
AL TW b,
it,Tmnm3K%éﬂfm&zomqwfmﬂa11r4wf—ﬂ&mﬁbf§,@
MOMARE LN, ( VELBHEZKE*ANILIHNREFI2EN I LERRLTY

Ba

CHRELAALAEB O BB~ 2B L L FAAOERESARE(ZLIENI T L
3, REBHSHEO A4 2@HPCL o TRELRTEERL TV,

cweEdFig. 19 RTHAAREOBEREZEHO v ABGIC LBALERBC LT
Lo TbHEbnd, T2bb, gAdoBHsREAoEH L e LT eInd, 450
R EZ ARCEEENDEBLCLAF v » 7ROEL, #LUERLKCL 5HETOMKNT%
LU CRMEEADELTSD bo
Wﬁﬂ&@@@ﬁ&ﬁ%%%bﬁ5%%¢ﬁ§ﬂ@£%%xof%ﬁ%ﬂn%a?nﬁ
EHOKSHE1 BAFLFZHEEO 2+ 2BHEENTHEEL TR D, TORERLAL
EHLTnhaWwWEE L LN b,

ERERCHLNARBEELR BRI FO DDA TE DL 5,

1) “rxBHBoEEdREOAEEEFHCF ToME

2) (LDELBHOAAB—BIL DS PANCKS 2BHRELRS TC Lo

EROL S, ERFBERCHROARLLOOHEEZHAFAAELBALEOD B 4D &b
éo%bf,C@:5&ﬁ%%ﬂsECT%&%@MNwx%%%ﬁwﬁﬁ@%%ﬁﬁﬁm
L, ¥+ 97 ¢ 382 2 AFHMT ARDHDTEHEFL BN Do

AERCHE, AEBHEOS LV » P EHHL THEL THEWO T J » 7 ORERAA
Hb s, KE#S D, 150cal /gelU0, BETSEBRERE LTS, AAFEEAT S
TéEEEVWEEZSA L S,



JAERI

3 E 1st Pulse
DEG [
(E+33 L.
)L T T TR TN S DR S R
Q. MSEC (E+@3) 14,
3 F 2nd Pulse
DEG E
(E+93 B
e_U I S VR TR T R M W B
2. MSEC (E+@3) 19.
11 [ ird Pulse
DEG .
(E+Q2 3
f
E P e et Py AP APy
1& [ S NS TS N S SO W S
0. MSEC (E+63) 19,
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Table 5 Results of dimensional inspection of
failed and deformed fuel rod

Failed Fuel Rod

Test No. ) :
Position*! of Max. Split| Length of Split | Width of Max. Split

401-3 115 mm 110 mm 19 mm

401-3b 72 mm 92 mm 13 mm

411-3 48 mm 60 mm .g“ ..8.5 mm

Deformed Fuel Rod
Position®! of Max. Swell Deformation of Max. Swell

421-3 1.8 %

55 mm

* : Position is defined as the length from the bottom of the rod

to the center of maximum split or to maximum swell.

Table 6 Summary of test conditions of test 401-3 and test 401-3b

_ ‘ Heat Deposition
Test No. Injected Water | Reactivity .
Final Tome of Failure
401-3 4.18g (95%) 3.76 3 141 cal/gl0s 101 cal/gl0»
401-3b 4.33g (99%) 3.71 % 137 cal/gl0, | 130 cal/gU0,
Table 7 Summary of fuel rod internal pressure
Test N Maximum Fuel Rod Fuel Rod Internal
0. Internal Pressure Pressure of Time of Failure
401-3b 1,300 atm. 1.090 atm.
411-3 960 atm. 885 atm.
421-3 810 atm.
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Table 8 Input data for sample problem No.1l

Heat Generation Qg

Outer Radius Ryax

Thermal Conductivity of Rod k

Heat Capacity of Rod

Film Coefficient on Boundary

Initial Temperature

Environment Temperature

100°C

100°C

8.6x108 kecal/mhr
1.0x1072 m

21.5 kcal/m3hr°C
478 kcal/m3°C

21.5%x105 kcal/m?hr°C

Table 9 Comparison

of results sample program No.l

Time r=0cm r=1.0 cm

(sec) | (centerline) r=0.6 cm (outer radius) Code

0.10 150.00 149.88 104.46 Analytic Solution
150.00 149.36 105. 33 HEATRN-FEM

0.50 348.61 315.42 109.68 Analytic Solution
347.34 311.36 109.89 HEATRN-FEM

1.00 567.01 452.10 | 112.99 Analytic Solution
563.81 447.23 | 113.07 | HEATRN-FEM

1.50 730.13 544.59 115.12 Analytic Solution
728.45 539.55 115.14 . HEATRN-FEM

2.00 846.15 608.95 116.58 Analytic Solution
847.27 604.15 116.57 | HEATRN-FEM
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Fig. 33 Finite element layout of fuel rod
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Table 10 Tentative NSRR test program in FY 1976

Test Parameters

No. of Tests

Objectives

Detailed failure thresholds

Scoping 41 Tests with PWR condition
Tests with high pressure capusles
Power distribution

Enrichment 26 High heat deposition

X Gap heat transfer
Gap Width 13 PCMT problem
Gap Pressure 7 Failure mechanism
. Mechanical energy behavior

Waterlogged 28 Effects of defects

Bundle 14 Vicinity rod effects

Flow Channel 6 Channel effects

Total i35

— 667
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Table A-1

Reactor Type;

Reactor)

Modified TRIGA-

Characteristics of NSRR

ACPR (Annular Core Pulse

Reactor Vessel; 3.6m(wide)>\4.5m(long)>;9m(deep) open pool

Fuel;
Fuel
Fuel
Clad

type

enrichment
material

Fuel diametsr

Clad diameter

Length of fuel section
Number of fuel rods

Byuivalent core diameter

Control Rods;

Number

Type
Poigon material

" Rod drive

Transient Rodgs;.

Number

Type
Poison material
Rod drive

Core Performance;

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

Max. peak power

Max. burst energy

Max. reactivity insertion
Min. period

Pulse width

Neutron 1ife time

Experiment Tube;

Inside diameter

— 70_

12 wt$ J-ZrH fuel

20 wt% U-235

Stainless steel

3,56 cm

3.76 cm O.D.

38 cm

157 (inecluding 8 fuel-followered
contrel rods)

62 cm

8 (including 2 safety rods)
Fuel followered type
Natural B4C

Rack and pinion drive

2 fast transient rods and

1 adjustable transient rod

Air followered type

92% enriched ByC

Fast Pneumatic

Adjustable: Rack and pinion
& pneumatic

300 kW

21,100 Mw

117 MW-sec

3.4% 4k ($4.67)

1.17 msec

4.4 msec (1/2 peak power)
30 usec

22 cm
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Fig. A-1 General Arrangement of NSRR
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Fig. A-6 Heat Deposition in a LWR Size Test Fuel Rod
Contained in a Capsule with Water as a Function
of Inserted Reactivity in Pulsing Operation
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Table B. Summary of the NSRR Experiments
(Oct., '75 ~ June, '76)
Test Fuel Test Results
Test No. '..P;i?e I(":}:ic;;i Fuél Type Enrichment Single/ Fuel Sigi:tzzl
: (¢4)] Bundle | Failure Integrity
111-1 123 9.14 Jp-11 2.6 5
111-2 | 126 | 2.29 " " "
111-3 127 | 3.29 |Standard 10.0 "
111-4 135 | 2.41 " " "
111-5 136 | 1.91 " " * 0
111-6 140 | 1.61 " " " 0
111-7 | 175 | 1.43 " " "
111-8 268 | 1.32 L " " 0
111-9 236 | 1.59 JP-T1 2.6 "
111-10 | 237 | 1.23 i " "
200-1-1| 182 | 28.63 |Standard 10.0 "
200-1-2| 183 | 2.36 " o "
200-2-1| 179 | 5.96 | " " " -
200-2-2 180 | 2.04 ST A A RN B
200-4 181 | 2.36 " " "
200-5 189 | 2.09 " " "
200-5b 246 2.03 " " "
200-6 187 | 2.00 " " "
200-6b | 247 | 1.95 " " " 0
200-7 191 | -1.83 " " " 0
201-1 243 | 2.25 " " "
200-175 5322 3.38 " " "
232-1 155 | 3.46 |Wide-Gap " "
232-2 | 186 | 2.50 " " "
232-3 . 188 | 2.22 " " "
232-4 184 | 2.00 " " " 0
232-5 194 | 1.68 " " " 0
232-6 195 | 1.83 " g " 0
311-1 197 | 5.37 JP-11 2.6 B(S)
501-1 Tse T s.2a 1T no s o T
::}Eii;g' HE PP R . W BT B B
401-3 | 171 | 1.56 | " woo o
401-3b | 252 | 1.53 E " " 0
402-1 168 | 5.58 " " "
402-2 169 | 2.27 " " "
402-3 176 | 1.56 " " "
411-3 265 | 1.53 " " " 0
421-3 264 | 1.53 " " s
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