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Release of Fission Preoducts from.a Fuel Rod with an Artificial

Hole through Cladding Irradiated in an In-Pile Water Loop

Nasumi ISHIWATART
Division of Reactor Safety, Tokai, JAERI

(Received April 27, 1977)

Iodine spiking from a defective fuel rod into the primary
coolant was measured, concerning main steam pipe breakage of

a BWR plant.

The fuel rod with an artificial pin hole was irradiated
in the in-pile test section of water loop JMTR-OWL-1. Experi-
mental conditions are depressurization and temperature drop of
the primary loop coolant and diameter and position of the pin
heole.

The effect of coolant water flow through the pin hole
on the fission products release was examined. The extrapolation
of the results to BWR is made by way of the amount of fission

products in free space of the fuel rod.
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Table 1 Irradiation Examination Program (Performed)

Exam. No. 1 2 3
Period From |Aug.13 1971 | Jun.25 1972 | May 29 1975
To Sept.3 1971 ! Jul.22 1972 ; Jun.17 1975
Number 1 1 2
U0, 235y (w/o) 2.7 1.5 1.5
pellet Fnia. ¢ 10.6 13.4 13.4
Height (mm) 14.7 18.0 18.0 x 2
Material Zry-2 SUs 316 Sus 316
Clad Qut Dia. ¢ 12.2 15.0 15.0
Thickness 0.7 0.6 0.6
(mm)
Faced to plenum plenum plenum
Hole Dia. (um) 20, 200 200 100
Number 2 1 1
Table 2 Representative coolant conditions at steady state of OWL-1
B-mode | P-mode
Pressure at the inlet of the
R 9 : 71 71
test section (kg/cm*G)
Temperature aF'theDinlet of 285 250
the test section (°C)
Steam content (%) 8 0
Flow rate at the inlet of
the test section (kg/min) 25 40 ~ 50
Flow rate at the clean-up
system (kg/min) 2~ 3 23
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Table 3 Behavior 6f radioiodine
) Experimental Ttem Experimental Time | Release Rate (uCi/sec)
From To Average | Maximum | Minimum
‘ AT = 10°C 20 Teb. 20 Feb- 1035 | 0.53 0.17
AT = 20°C 23 Febe BEER- 112, | 25, | 0.57
AT = 40°C 24 Tebe 23 TR 12, 30, 0
AT = 80°C 20 Feb. DT 10, | 24 0
AT'= 10°C ZS:ggb. 2i3f§?' 4.3% 14., o
AT = 150°C Ly lig?§§' —20.5_m 121 0
AT'= 150°C ié:fgr'm_i%;§é%' 6.;7 3 0
cool down* iz:ggb' zizgzb' 4.94 28.5 0
tp = 10 kg/em? | O Mare TOBT L o700 ) 14, 0
v AT (and AT') = temperature depression
AP = pressure depression

* The loop coolant temperature was brought back to the
temperature less than 100°C from 250°C.
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Table 4 Behavior of

radiocesium

Experimental Ttem

Experimental Time

Release Rate (uCi/sec)

From | To Average Maximum Minimum
AT = 10°C Zgzggb' ig:ggb‘ 9.13x1075 | 4.2,x107" 0
AT = 20°C zg:ggb. |23 5 1.2,X107% | 4.9¢x107" 0
AT = 40°C 23:§§b. ‘iZ:ng' 5.76x10'“, 2.6gx1073 0
AT = 80°C 25 Teb. |23 P50t | 7.0 X107t 2.5¢x107 0
AT'= 10°C ZS:ESb. ig:gib' 3.6,x107% | 1.57x1073 0
AT = 150°C 1g:§3r. ;ié:¥§r' 5.9gx1073 | 1.85x1077 0
AT'= 150°C Ty 12 MaT | 881107 L 9.15x107 0
cool down* i 6.8,X107 | 8.57x107F 0
AP=10 kg/cm’ (o Mar. | TMAr- | 7.9,x107 | 2.45x107" 0

AT (and AT') = temperature depression.

AP = pressure depression.

%* The loop coolant temperature was brought back to the temperature

less than 100°C from 250°C.

s vmrane o
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Table 5 Behavior of radioiodine (and radiocesium)

Experimental Item Experimental Time Release Rate (uCi/sec)
From Te Average Maximum Minimum
1 June 2 June
AP = 2 . .
10 kg/em 10:10 10:20 0.9, 3.2, 0
(2.4,%x1075) {(1.55x107%) | ( 0)
1 4 June 5 June ]
*
cool down 14 :00 0:45 28.¢ 165 0
- 0 11 June 11 June
AT = 150°C 9:30 16:30 13.3 32.§ 0
(3.33%107%) | (2.8¢x107%) | ( 0)
Mode change 14 June 14 June
. . 2.
(P > B) 10:30  13:15 14w 490 %
AP = pressure depression , ( } = Release rate of 137¢s.
AT = temperature depressibn

* The loop coolant temperature was brought back to the temperature
less than 100°C from 250°C.
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of 1311 and 13705 in Period A

* Period of Experimental Item

+ 9:30 (Sampling for measurement of 13704y

+H 9:733¢(

)

Period (1976) b Released Amount {(uCi)
From; To; ; 1311 ]37CS
17Feb. 11:00° | 17Feb. 24:00 761 0.78
18Feb. 0:00 | 18Feb. 24:00 8610 3.77
19Feb. 0:00 ; I9Feb. 24:00 | 35500 4.26 |
20Feb. 0:00 | 20Feb. 24:00 32800 2.86
x20Feb. 9:30 | 20Feb. 13:52 5460 1.44 |
21Feb. 0:00 | 21Feb. 24:00 | 54200 2.83
| 22Feb. 0:00 | 22Feb. 24:00 67500 2.08
23Feb. 0:00 | 23Feb. 24:00 | 57100 |  3.38
*23Feb. 9:30 | 23Feb. 13:55 | 19200 |  1.94
24Feb. 0:00 | 24Feb. 24:00 177000 11.8
%24Feb. 9:32 | 24Feb. 14:48 | 230000 10.9
25Feb. 0:00 | 25Feb. 24:00 | 244000 | 17.3
x25Feb. 10:00 | 25Feb. 17:32 | 269000 19.0
26Feb. 0:00 | 26Feb. 24:00 | 246000 17.7
%26Feb. 9:30 | 26Feb. 13:57 69300 5.78
27Feb. 0:00 | 27Feb. 24:00 | 313000 42.5
28Feb. 0:00 | 28Feh. 14:30 83900 6.42
Mar. 9:107 7| 1Mar. 24:00 | 142000 49.7
Mar. 0:00 Mar. 24:00 | 191000 9.50
Mar. 0:00 Mar. 24:00 | 230000 7.22
4Mar. 0:00 4Mar. 10:00 166000 3.92
* 4Mar. 10:00 sMar. 10:00 | 209000 8.07
SMar. 10:00 SMQE:,za:Dd‘J‘_25%§99___m_“m_1"%é:1ﬁ
gMar. 0:00 6Mar. 10:07 | 110000 3.10
* 6Mar. 10:07 | 7Mar. 10:10 | 228000 6.86
 7Mar. 10:10 Mar. 24:00 | 165000 3.43 |
 8Mar. 0:00 SMar. 24:00 | 314000 6.91 |
OMar. 0:00° 9Mar. 24:00 341000 6.36
10Mar, 0:00 | 10Mar. 24:00 301000 4.04
IiMar. 0:00 | 1iMar. 19:40 | 238000 16.3
*11Mar. 9:29 | 1lMar. 16:35 | 518000 153
*11Mar. 19:40 | 12Mar. 12:27 | 403000 53.2
12Mar., 12:27 12Mar. 24:00 271000 8.44 i
13Mar. 0:00 | L3Mar. 17:30 | 264000 800
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Table 7 Release of Radioiodine 131 in Period B

Period (1976) Amount of Released 1311,
From; To, (uct)
24May, 9:30 | 24May, 24:00 58
25May, 0:00 |25May, 24:00 3950
26May, 0:00 |26May, 24:00 5770
27May, 0:00 |27May, 24:00 4590
28May, 0:00 | 28May, 24:00 10400
29May, 0:00 |29May, 24:00 15100
30May, ©:00 |30May, 24:00 16100
31May, 0:00 |31May, 24:00 ; 18400
1June, 0:00 1June,10:10 10200
% 1June,10:10 | 2June,10:20 75200
2June,10:20 2June, 24:00 32700

3June, 0:00 | 3June,24:00 65500 |
4June, 0:00 | 4June,14:00 49700
4June,14:00 5June, 0:45 1380000
5June, 0:45 5June,11:38 155000
6June, 0:00 | 6June,24:00 | 64400
7June, 9:30 | 7June,24:00 | 115000
8June, 0:00 8June,24:00 100000
9June, 0:00 9June, 24:00 124000
10June, 0:00 | 10June,24:00 | 114000
11June, 0:00 | 11June,24:00 124000
*11June, 9:30 |12June,16:30 331000
12June, 0:00 {12June,24:00 53600
13June, 0:00 [ 13June,24:00 71200
14June, 0:00 | 14June,24:00 124000
*14June,10:30 | 14June,13:15 142000
15June, 0:00 | 15June,24:00 99200
16June, 0:00 | 16June,24:00 117000
17June, 0:00 | 17June,24:00 33400
18June, 0:00 | 18June,18:00 38600

#* Period of Experimental

Item

— 15
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Table 8 Ratio of Released Fission Products

Experimental Item

Ratio of Released FP¥*, %

Irradiation Period

AT = 10°C 0.6(1311), 0.8(137¢cs) A
AT = 20°C 1.2(1311), 0.6(137cs) A
AT = 40°C 15(1311y, 2.8(137¢s) A
AT = 80°C 2008311y, 4.5(137¢s) A
AT'= 10°C 6.3(13'1), 1.3(137cs) A
AP = 10 kg/cm? 20¢1311y, 0.9(137¢s) A
AP = 10 kg/cm2 3.5(1311) B
AT = 150°C 67(1311), 16(137Cs) A
AT'= 150°C 83(*311), 6.5(137¢cs) A
AT = 150°C 23(1311) B

#(Amount of FP released into loop coolant) x 100

{Amount of FP released into free space in fuel rod)
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501 JMTR Fower

\
4

! 1404 OWL-1 Coolant Temperature
120- at test section inlet

(°C)

o] , L

&0 —
(kg/c?) s OWL-1 Coolant Pressure

184 '
12
(cps) €1

NETo OWL~1 Coolant Gamma Ray at test section outlet

.
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Fig. 2 Simplified JMTR Power Run and Temperature, Pressure and y ray of

OWL-1 Coolant
50 MW
40
30 JMTR Power
20
10
H 1 L Il | ] l i I | 1 | ! 1 | | 1 1 1 | | | H 1 1 i i H i J
300 - o¢ .
280 OWL-1 Coolant Temperature at Test Section Inlet
260
240} FJ‘ - i ) l_' H
80~ Kg/omPG OWL~1 Coolant Pressure
70| i L _
60 |- ’ | ]
50|
;‘uo"cps OW[ -1 Coolant Gamma Ray at Test Section Outlet
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Fig. 3 Simplified JMIR Power Run and Temperature, Pressure and y ray of
OWL.-1 Coolant
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Fig. 5 Dimensions

135

and specification

NO. Name Material
M! Upper plug |SUS316
2 lInsuicf;nczr AR50,

3 |Pellet S UQg

4 Insult;t;:xr 1;2203
5 é’ropper - susséz
6 | Spring l__"é“gg“ 7
7 |Clod 'SUS 316
8 Plug " EZSUS.Blg
w9 Stopper - 8US 304
10| pin-hole | Dia. 0.1 |

unit, mm

nsions and specification of an artificially pin-holed fuel

NO.. Name  Material
1 :Upper plug |sUS304
2 'Insulater | AL,0,

'3 Pellet U0,

"4 Insuloter | Af;0s N
5 Stopper sus3o4ﬁ
6 ' Spring 1’25‘:863'
7 Clad SUS 316
8 Plug ' SUS 367
9 |Stopper SUS 304
10" pin-hole | Dia. 0.05
unit , mm

of an artificially pin-holed fuel
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Mel BREFESHATEFFLEHTRE (D (1972)
A rlale & 0 Ol 3 v R ok
(R W) VST T

L HERHERYOHN AL~ 0y 2T 3 I E - R LA RETEE 5 £ 1T
BHOERE, HEOBKFT 7Y PBOTHENKASLETFHISH, ZOXINEERIC, £
LTEDERDFHERMOEBRIC, MBS ORIz v R0 SN BEICRT EEBH 5 E 0
THCT &iT, BEICHT 2R 2 Y EORHBEOHP L L 20 REEESHD FHID Fhic
BER—OORETHLEEZON L, REOBAFFLICZITHRE L - ST S 2 8, KN
SHERTL, WS o RoViEL kv,

2 RgAElEE (R, AR ET ) i, AR I123mm, BEX8495mm P annlssg
BMAEERI, A4E1063mm, EX1466mmaUQ, =L v ¢ (235EMELTH)AAN, &
DOEBC200BLU 20000 % | HEONEFHEDTH B, EFHLE, IMTR OOWL -1 1
BEOWTI9TIHEEA 138009 H 3 BOMIRE Lrchl, HEMHRER, PRANERS,
FEAT71kg.cm’ , BF 28 8°C, BHUKHSE 2 5kg /min £ L TP FHHS x 107077
cul csec Thoto, BAEEET S FOBRMETHIC, o 7HEKEER L, SAKDORE
3 LAV — 3 SR IC E DAL, THR=Z Fox b Y —i0 L0 (S
SUL) 2RE L, —F, RKOpH, ERZEE, BT A BEELATL 2, KD
v EDRERERD > REEMEANIC ST 2 TEEHELHEL 12,

3. MHEBRBERAORKRIS S, ERORS ERIh s SRS TR, v — T HHIKE
TNENII2 QB LT 21 SHERL, B2 oL FOMELTE -7, SR LRKIZDN
THEL R0 T, AERERL, 071 <&EXEEFE130 (#2cm), 64 <pH<83,
03T=/EHETr 18092 ppm) THY, RRFPOESY 180200 2~00 3ppm, Kt
URDEMAERHEOBERIZ, BA0T2%, £/0029%, FH045% (SHEM TH-
7o RIGIEAEE R 14 AEE 20 BHIMN 2B BDENRNE 5L 2ERA 8M( 40,7 8) 71
P, AMORBICEOTRAE LAY BEOEMAHEESOELRL, EhHE/NE E bic'*' ] BeF
BHEATLPL2E. 2 LT BESHNTARL 2[@TH- 2, MMM, E2BHEHE
TFickid 2] OPIERBROBEAMIT, HHBEE®R20B880074CI Ssec THO, MIEK
HEAKKERL-OBRBHREOIRBOTL0OLCT Ssec Th-tro ENETIMEICES T
AU BEEEOEOEEHBEOEAERN114Ct /sec Th-1. BWEHK THEE, B
KA OEERRIZHIOETHD, 20O OFEEMIEEL324Ci sec KELT,

KERKE, BEEs vEOSE - BEMOBRELS LUK TEEOMME 2 Y EokH %
#i2, JPDREBVTHERLAHREZEZ KT L@EMNER L. v~ 7O EOHKICE
DEHEHOMNFREIBHBATH D, EAEMESNEhotohd, ELEHCE S
DOHRHBENIHAS IR T X1,
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Mix2 BRLP2WIIEFFELEHETFHE (D (1974)

K —7EBHRAMNICEFAF P O -"*"T &% Cs oflE

(JREF  ®eg) ey Ty
L BKEBAFCESOTRFAFRCHEESSEEFL TV EES, soEEERcHELT,
TR ERO M RS SCBRTEIRIC, BORERY (FP) OB lErasiclkx
fégémﬁéo%ﬁ@xﬁa%é®FP®mﬁﬂmowrm,f?wz-Bﬁﬁﬁﬁﬁé,C
DEEI LTI, ARETHFEFRREEFEOKL—7 (JMTR - OWL — 1) itEIhT,
BRBIBIF 2L EHU LI BT - EAKBOT T, ALRBAAEES £ M7 ookl stk % 1
HLTHLERIC, v—7—REEKOBEER & FHickd AR IR S KA RER L, Rk
hp'™ &M CsEREL, ChoDEBORMEBIIC DO THRABESHET 2,

2. HBAI4THETHTHH»S 8 BOBOERR

DEEFNT, W~ T —KEHAER 2 L9514 ggiﬁ w1 g 187 G
RERM U7 N ODMKEJPDRAGERSE 97 2000 | 025, | 0068x 10+
FIWMA L RIATLHSLHETTT &C 7 7 2040 | 018, | 012, x107*
ERE Lice B U RTHERHA FL%045 ) [ 7 7 2115 | 020, 034, X 1074
WEOEA 2 LERERBAL 2. BE LESHE 7 7 2210 | 0. 28 061, x 1074
¥ (CRUD) ReoFgFEH LTI nEo 77 2240 1 0.32, | 070, X 107"
BISEIC B U 7o IRRIEE (Filtrate) 13, 77 2310 | 029, | 063, x10™
10~100mé QB BNTED'T (1Ci/ 78 100035 05@>q0j

78 120 0.42, | 055 x107*
mORKELT—EREH D IRD, KOS5 5 T10 o1z | 0sa X Io™
I Ll DL 1cBKkEDERSICEL, 78 200 041, 046, X107
#86k (KT £LT) AMA, BILMELTS [ g 305 039, | 042, x10—
5CCH IS8 L, (RICEITAEE L TKIB 78 400 0 28, | 038, <107
I LA, WEERA A TAGTE LTI 7 8 445| 0 057, | 032, x 10~
B K] DPIREEESTHS THX 77 2145 0 27, 053, X107
N7 bOX RY - (GS) KEDP AEEL (Bff. pCi ./ /mes

too KRR | ERARILFiltrate 1 £ (1 + 1158 1 0 Om2ERINALERERS) i Cs
B’ (Cs Cl ELTyEmA, MBKLOERI S CREIAROEKEAR 20~3 0mL IS LI,
Fe, Ce, ZrDKBILAIL LD 2~ 2 v 7 Litnbn@ERICEINPS 85 M2, NaOH
BREROTpHER L 0ICHEM L, Cs ,PCLOILBAEAR S Bz, ik Cs DALZINEAT ¥
TGS LD Cs 2HIFEL 12,
3 =T —REHAFD] &Cs DRIERERE EoRCTT, BEREE S SATK I
B En 2D oBE L Cs DENEHEL IES, =T —R K DBRE B ITEF
PIEERICER LT, Bl b2 Ramga T Cs OMEIARbATN DS EE2RL T
Zo M DRINBE, HNMICEETH S, AHKEE: TH 19 : 00, EFEAEE 1: 00,
78, "Cs ONWEBIER, TLLTAMRFLLTERMEEZLE 2 PEROAFSED
BHER, Cs DUEMROREL, F&LTERORBEREDSHEE,
*» (1) JAERI —1135 (1967) , QBALELEI6EBEL 2K 24%
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W3 BARFAREMS L KEDMMSR, (b2, (2T, REYE) B55(1976)
K =TT & B AT R ok Ak o B 41 28
EHRE, BHAN  AEAR, LAER, ANE MRS, BNE—L
B WR 0 FEKEWE B, RFFRAKOENMERL, SHRMEED 5 T4 1
KHRICEF P st s s, FPAMBKHOBRBERRAT 208, IMTRAL—-TIREBT
—#HO ATLRESEEN = BE LT 508, SER A7 —~REDKEALEREE. BLU 0
—T—REHNKEBELBTIRIEZHEMGL, FPOREEHALUELL, EHBLIUERED
EEBRER LB ENAF P oBahic i+ 28 Akt L1,
B 5 Ly b (95 235 MAE L5 %, (HE1345mm, H& 180mm2 E R
FULR - ZAF—ABEET (AL 150mm, B4 06mm £EH130mmREHRL, 7L 4
BEHEEhRICRER (REK100em) 1EEFTERE FPAMES LTHERL .
JMTR - OWL — LIt T, MEARBESRH (AHKEHT1kg /em’ , AHARE 250C,
HBHKARE 40kg/min ) TLILO ATREHREERE RH Uic, RIEET - B/, 504
SH208»,56H 17TATHE, Hidic2@oEdis (6 H6H~T7H, BLTEAI10
A~14R) mE LI, EHEH (71 —>61kg/cm’ , 61kgcm’ 2% 2 4 BefEkRE, 61
e Tlkg emt VHSEERI6 A 2 ~3 BiCiofe 64 16 HICHBEES (ARUKRE 250C
- 175C = 250C) 5 EBAET - oo EABLVEELSHFSORERDOBHKPDLH K31
(#Ci /mL) BET £ v A 137 (ACi /mL) ARTE L 1o
E9F 131 8LV 0L l3TDEEREELS, T Tho2REES LT RMT OFEK
MELKHI, B2, a. EALTHEGOND OLERh®E= 1.1, #Ci "'l /sec, b. [E
HEEHEHE (4hr )OEHKME=1LE, #Ci '*'1 sec, c. 6lkg /em’ AHIKIENROL KT
B=78x107"2Ci"™I,d. 6lkg /cm’ HHKILHEOFEHBEOIAC ¥'T sec, e iR
BEEERO FAKREE=05, #Ci 1 /sec, {. HEEEIRERD FHKHE= 69 2Ci"™1
Ssec, g- BHABREER®OVEEKNE=182Ci 'l /sec, &,
D AOMoENERIEY, Y OFBERZ L6 fFBALI,
@ ' ECs OREEBICENT, HASKELTERLERT L AMEH L0
® kr—-Tickd ATRERESEHEHOES, GRECMNIRBEET ST LT 4hDE
B, F&LUTKESREOENE L&) HELNERELTED, COE(LOEER
SrhiEF R, AEKEE, GHKIENRZ EONFIHT 2 ARMIMRICRKENEZZL S
hb, BKHEHFOFEE EELEO@AICE 0TI, HEREE 7 L+ a0k stk
ALOBHKNCHBITT 288 12, £& LT, ASMMEECRE (BB~ b, BHK)
BLUEH (BHA) OFELE &1 5T L+ AhORTEHEOBERICLE7 L ARELD
i sb D EEES NI,




