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Insti tute for Atomic Energy, Rikkyo University, 
2-5-1, Nagasaka, Yokosuka, 240-01 Japan 

ABSTRACT 

Studies on fuel failure detection have been made since 1986 in 
Rikkyo Research Reactor. One of the methods is the monitoring of 
the trace concentration of fission products appearing in the a i r on 
the surface of the water tank of the r eac to r . The in t e r e s t ed 
radionucl ides here are 8 9 R b and 1 3 8 C s , which are the daughter 
nuclides of the FP rare gas nuclides, 8 , Kr and ' 3 8 Xe, respectively 
and have the half l i ves of 15.2 min and 32.2 min respec t ive ly . 
They are detected on a f i l t e r paper attached on a conventional dust 
sampler, by sucking the a i r of the surface of the water for 15 ~30 
min during reactor operation (100 kW). In th is presentation are 
reported the resul ts of an attempt to increase the sens i t iv i ty of 
detecting these nuclides by introducing nitrogen gas bubbles into 
the water. The bubbling of the gas increased the s ens i t i v i t y as 
much as several times compared with the case without bubbling. 
These measurements are giving us the "backgound" concentration, the 
order of which is almost unchanged for these several years,—in 10 
" 6 Bq/cm3. The origin of these nuclides is considered to be not 
from the fuel but from the uranium contained as an impurity in the 
reactor material in the core. 

INTRODUCTION 

Studies on fuel f a i l u r e de tec t ion have been made s ince 1986 in Rikkyo Research 
Reactor (TRIGA, lOOkW) in four approaches: 1) monitoring of f i s s ion products (FP) in 
the a i r covering the reac to r cool ing water, (2) monitoring of FP in the water , (3) 
the development of a "sniffer" device for detecting the location of fai lure fuel 
element when some anomaly is found in routine monitoring, and (4) the development 
of "sipping" inspection method of the fuel element. 1 '* ' 

In the f i rs t method, the fission-originating two radionulides, 8 , Rb, and 1 3 B C s , 
contained as an aerosol in the a i r covering the water in the reactor tank, are 
caught on a f i l t e r paper through which the a i r is sucked for sampling. These are 
the daughters of the rare gas fission products, 8 , Kr (Tt^2=3.18 min) and l 3 8 Xe (Ti^z 
-14.1 min) respect ively , which are produced somewhere in the reactor core and 
dissolved into the water. This method has been regarded to be the most sensi t ive 
for the routine monitoring of the fuel elements in several TRIGA facil i t i e s . 3 , 4 > 

We have recently attempted to improve the detection efficiency in this method, 
by introducing nitrogen gas into the reactor water to purge the fission rare gases 
dissolved in the water. By employing this "bubbling method", the sensit ivity of 
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ABSTRACT 

Studies on fuel fai lure detection ha¥'e been made since 1986 in 
Ri kkyo Research Reactor. One of the meLhods i s the mo日itoringof 
the trace concentration of fission producLs appearing in the air on 
the surface of the water tank of the reactor. The interested 
radionuclides here are 89Rb and 138(S， which are the daughter 
nuclides of the FP rare gas nuclides， 89Kr and 138Xe， respectively 
and ha¥'仔 thehalf li¥'es of 15.2 min and 32.2 min resp肘 tively.
They are delected on a filter paper attached on a con¥'entinnal dust 
sampler， by sucking the air of the surface of the ωater for 15 ---3D 
min during reactor operatinn (100 kW). In this presentation are 
reporled the results of an attempt to increase the sensitivity of 
detedin.g these nuclides by introducing nitrogen gas bubbles into 
theωater. The bubbling nf the gas increased the sensitivity as 
much as se¥'eral times compared ωith the case ωithout bubbling. 
These measurements are giving us the "backgound" concentration， the 
order of ωhich is almost unchanged for these several years， --in 10 
-6 Bq/cm3. The origin of these nucl ides is considered to be not 
from the fuel but from the uranium contained as an impurity in the 
reactor material in the core. 

INTRODUCTION 

日tudiesnn fuel failure detection have been made since 1986 in Rikkyo Research 
Reactor (TRIGA， 100kω) in four approaches: 1) Dloni toring of fission products (FP) in 
the air covering the reactor coolingωater， (2) 1II0ni loring of FP in the water， (3) 
the development of a "sniffer" device for detecling the location nf failure fuel 
element whcn some anomaly is found-in routine monitoring， and (4) the developllent 
of "sipping" insrection method of the fuel element. 1・2)

In the first method， the fission-originuting two radionulides， 89Rb， and 13・C5，
contained as an aerosol in the air covering the ωater in the reactor tank， are 
caught on a filtcr paper through which the air is sucked for sampling. These are 
the daughters of the rare gas fission products， 89Kr (T1〆2=3.18min) and 131Xe (T1/2 
=14.1 min) respecti¥'ely，ωhich are produced somewhere in the reactor core and 
dissolved into theωater. This method has been regarded to be the most sensitive 
for the routine 1II0niloring of lhc fueJ elements in several TRJGA facilities. 3• ・3

We have recent1y atlempted to improve the detection efficiency in this method， 
by in1rodudng nitrogen gas in10 the reaclor I~ater to purge the fission rare gases 
dissolved in the I~aler. By employing this "bubbling method"， the sensitivity of 
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detection increased as much as several times, compared with the cases without 
bubbling of the gas. The results obtained up to present is reported in this paper. 

EXPERIMENTAL 

Fig. 1 shows the schematic setup of the system. During reactor i r radia t ion 
(lOOkW), nitrogen gas was introduced into the reactor water through a porous exit 
in various flow ra te (from - -0 .2 to ~ I 0 l i t e r /min) . The depth of the nitrogen 
gas exit in the reactor tank was varied also (from~430 to ~100 en, from the top 
of the water surface) . During introducing nitrogen gas, the a i r which covers the 
primary cooling water was sucked by a conventional dust sampler equipped with a 
f i l t e r paper by the flow rate of ~500 liter/min. After sampling the a i r for 15 or 
30 min, the radioact iv i ty of the f i l t e r paper was measured with a Ge-Li detector 
with MCA, by counting the photo-peaks of 1032 and 1434 keV due to 8 , Rb and I 3 S C s , 
respectively. The data were normalized to the time of the end of sampling, using 
the half l ives of these nuclides, i . e . 15.2 min and 32.2 min respectively. The 
experiment without bubbling was also made, and the results were compared. 

RESULTS 

Preliminary experiments 

Table 1 shows the data in the experiments done in fiscal 1990. From these data 
the followings were observed: 
(1) The concentration of l 3 8 C s is almost always higher than that of 8 ,Rb. 
(2) The bubbling of nitrogen gas clearly increased the detecting sensitivity of 
these nuclides, as shown in the ratio of the activities when bubbled to those 
without bubbling. The ratio, which is shown in the parentheses in the table, 
increased about three times compared with the case of no bubbling on the average. 

Dependence on the position of the exit and flow rate of introducing gas 

The dependence on the position of the exit of the introducing gas and on the 
flow rate was explored in the experiments done on June 14 and July 26, 1991. The 
data are shown in Figs, (a) and (b). The experiments were done at three different 
depths, 427cm, 214cm, and 105cm from the top of water level. The flow rate was 
varied from~0.5 to ~ 5 1/min. What were observed are: 
(1) By the bubbling, the detection sensitivity increased as much as 4 or 5 times 
compared with the case of no bubbling. 
(2) As the depth of exit of the bubbling gas increases, the ratio increased. 
(3) The effect of radial direction at the same depth of the exit in the water seems 
to be unimportant. Also, the effect of on-or-off of f.hf cooling pump did not change 
the efficiency of collecting the radioactivity. 

We are attempting to continue the study on these effects more extensively. 

Annual change of the FP concentration 

In Fig. 3 is plotted the average concentration of these two radionuclides 
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detection increased as much as several times， compared ωith the casesωithout 
!~ubbling of the gas. The results obtained up to present is reported in this paper. 

EXPERIMENTAL 

Fig. 1 shoωs the schematic setup of the system. During reactor irradiation 
(100kW)， nitrogen gas ωas introduced into the reactor water through a porous exit 
in various floωrate (from --0.2 to --iO liter/min). The depth of the nitrogen 
gas exit in the reactor tank旧 svaried aIso (from--430 to --100 cm， from the top 
of the water surface). During introducing nitro&en gas， the airωhich covers the 
primary coolingωaterωas sucked by a conventional dust sampler equippedωi th a 
filter paper by the floωrate of --500 liter/min. After sampling the air for 15 or 
30 min， the radioaetivity of the filter paper ωas measured ωith a Ge-Li detector 
wi th M白， by counting the photo-peaks of 1032 and 1434 keV due to 8'Rb and 138CS， 
respectively. The data ωere normalized to the time of the end of sampling. using 
the half lives of these nuclides， i.e. 15.2 min and 32.2 [目inrespectively. The 
experiment without bubblingωas also made， and the results were compared. 

RESULTS 

Preliminaryexperiments 

Table 1 shoωs the data in the experiments done in fiscal 1990. From these data 
the folloωings were observed: 
(1) The concentration of 13BCS is almost always higher than that of s'Rb. 
(2) The bubbling of nitrogen gas clearly increased the detecting sensitivity of 
these nuclides， as shoωn in the ratio of the activitiesωhen bubbled to those 
without bubbling. The ratio.ωhich is shown in the parentheses in the table， 
increased about three times compared ωith the case of no bubbling on the average. 

Dependence on the position of the exit and floωrate of introducing :::as 

The dependence on the position of the exit of the introducing gas and on the 
flow rate was explored in the experiments done on June 14 and July 26， 1991. The 
data are shoωn in Figs. (a) and (b). The experiments ωere done at three different 
depths， 427cm， 214cm， and 105cm from the top of ωater level. The floωrate was 
varied from、0.5to --5 I/min. What t~ere observed are: 
(1) By Lhe bubbl i ng. thぜ deLecLionsensitivity increascd as much as 4 or 5 times 
compared with the case of no bubbling. 
(2) As the depth of exit of the bubbling gas increases， the ratio increased. 
(3) The effect of radial direction at the same depth of the exit in the ωater seems 
to be unimportant. Al尽o.thp pffprt nf on-or-nff of lhρηooling pump did not rhange 
the efficiency of collecting th号 racli0('¥ぞtivity. 

We are attempting to continue the study on these effects more extensively. 

Annual change of the FP concentration 

1n Fig. 3 is plolted ttle average conc守口trationof these two radionuclides 
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Table 1. Radioactivity in the air and the effect of bubbling 

Date determined B 9Rb (cpm)* , 3 8Cs (cpm)* Condition of bubbling Date determined B 9Rb (cpm)* , 3 8Cs (cpm)* Depth(m) Flow rate(l/min) 
April 16, 1990 11.0 12.5 (no Bubbling) 
Dec. 5, 1990 3.0 5.9 (no Bubbling) 

20.8 (6.3) 17.0 (2.8) 4.5 —0.2 
Dec. 13, 1990 8.0 10.1 (no Bubbling) 

22.0 (2.7) 40.7 (4.1) 1.8 - 5 
Jan. 23, 1991 11.5 6.8 (no Bubbling) 

23.7 (2.1) 25.8 (3.8) 1.8 - 1 0 
Feb. 6, 1991 5.9 6.5 (no Bubbling) 

13.9 (2.4) 19.6 (3.0) 1.8 - 2 
Average 7.9 

20.1 
8.4 
25.5 

(no Bubbling) 

*The number shows the activities (normalized to the value just after the end of 
sampling) of the radionuclides collected on a filter paper, through which the 
air was sampled for 30 minutes by a dust sampler in the flow rate of 500 ml/min. 
The underlined value is for the case of nitrogen bubbling into the water. The 
value in the parentheses is the ratio compared with the case of no bubbling. 

detected for the case of no bubbling as a function of calendar year, since 1986. It 
can be seen that the concentration detected in the air is almost constant in the 
order, 10 " 7 10 ~6 Bq/cc. 

OTHER INFORMATION AND CONSIDERATION 

As to the origin of the FP found in the reactor coolant 

It is important to investigate where is the origin of these fission products. 
What seems to be plausible at present is that these fission products come from the 
uranium which is contained as an impurity in the constructing materials in the core 
such as aluminum, not from the fuel. There are several reasons: 
(1) Some FP, such as 1 3 I I , are found in the cooling water of our reactor1'2) and in 
Musashi Reactor,S) which is the same type as ours. It is to be noted that in the 
latter reactor, where all the aluminum-clad fuel elements were replaced by 
stainless steel-clad ones, the FP can still be detected." 
(2) In JMTR Tokai, the FP ( 1 3 ,I) found in the primary cooling system was identified 
as from the uranium contained in the amount of as much as 42 ppm as an impurity in 
the beryllium reflector.7' 
(3) It has been reported that the "reactor grade" aluminum manufactured about 
thirty five years ago contains 1.7 ppm uranium as an impurity." 

Cases of fuel failure in TRIGA 

Table 2 shows the cases of fuel failure which were reported in the literature. 
- -!8'1 -
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Tabl e 1. Radi oact i v i ty i n the il i r and the e ff ect of bubbl ing 

D'lte determined B9Rb (cpm)* 138(5 (cpm) * 
Condition of bubbling 

Depth(m) Flow rateCI/min) 

Apri 1 16， 1990 11. 0 12.5 (no Bubbling) 

Dec. 5. 1990 3.0 5.9 (no Bubbl i ng) 

よ主主(6.3) 17.0 (2.8) 4.5 .......0.2 

Dec. 13. 1990 8.0 10.1 (no Bubbl ing) 

~(2.7) 五色1(4.1) 1.8 "-5 

Jan. 23. 1991 11.5 6.8 (no Bubbl ing) 

....fbL(2.1) 25.8 (3.8) 1.8 "'-10 

Feb. 6. 1991 5.9 6.5 (no Bubbl ing) 

13.9 (2.4) 盟~ (3.0) 1.8 "'-2 

Average 7.9 8.4 (no Bubbl ing) 

20.1 25.5 

本Thenumber shoωs the activities (normalized to the value just after the end of 
sampling) of the radionuclides collected on a filter paper. through ωhich the 
air !I1JS silmpled for 30 minutes by a dU5t sampler in the flO!I1 rate of 500 ml!min. 
The underlined value is for the case of nitrogen bubbling into the ωater. The 
value in the parentheses is the ratio compared ωith the case of no bubbling. 

delected for the case of no bubbling as a function of calendar year. since 1986. It 
can be seen that the concentration detected in the air is almost constant in the 
order， 10・7 10 -6 Eq/cc. 

OTHER 1 ~FORMA TI ON AND CONS 1 DERA TI ON 

As to thp origin of the FP f~und in the reactor coolant 

It is important to investigateωhere is the origin of these fission products. 
What seems to be plausible at present is that these fission products come from the 
uranium which is contained as an impurity in the constructin話 maLerialsin the core 
such dS aluminum. not from the fuel. There are several reasons: 
(1) Some FP， such as 1311， are found in the cooling water of our reactor1. 21 and in 
Musashi RE'dctor，SI which is the same type as ours. It is to be noted that in the 
latter reactor， tl1here al1 the aluminum-clad fuel elemenls t~ere r号placedby 
stainless steel-clad ones， the FP can still be detected.ω 
(2) In JMTR Tokai， the FP (1311) found in the primary coo1ing system tl1as identified 
as from the uranium contained in the amount of as much as 42 ppm as an impurity in 
the beryllium reflector.'】

(3) It has been reported that the "reactor grade
n 
aluminum manufactured about 

thirty fiv世 yearsago !'onl.1ins 1.7 ppm uranium as an impurity.BI 

C:lse日 offuel failure in TRIGA 

Table 2 shoωs the cases of fuel failure whichωf>re reporlぞdin the literature. 
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This shows t ha t most cases of the fuel f a i l u r e occurred in the "pulsed" r e a c t o r s . 
(These data have already been reported on the occasion of ref. 2.) 

CONCLUDING REMARKS 

To be sure i t s saftey, most research reactor f a c i l i t i e s have the monitoring 
system for observing the s t a t e of the fuel elements, called CAM (continuous a i r 
monitor). The present study will be a useful information for constructing such a 
system, which has an improved efficiency in detecting FP. We hope to develop such 
a system, in which the routine monitoring for fuel element will be performed semi-
automatical ly with high, sensi t ivi ty . 

From another point of view, as an active source term of the short lived fission 
products easily available during reactor operation, the present study may afford an 
interest ing example to be performed in relat ion to the reactor safety, such as on 
the behavior of short lived FP in the water. 
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This Sh Ot~S that most cases of the fuel failure o('curreo in the "pulsed" reactors. 
(These data have already been reporled on the occasion of ref. 2.) 

CONCLUDING RE~ARKS 

To be sure its saftey， most research reactor facilities have the monitoring 
system for observing the state of the fueI elements， called CAM (continuous air 
monitor). The present study will be a usefuI information for constructing such a 
system，ωhich has an improved efficiency in detecting FP. We hope to develop such 
a system， inωhich the routine monitoring for fuel elementωill be performed semi-
automatically with high. sensitivity. 

From another point of view， as an active source term of the short lived fission 
products easily available during reactor operation， the present study may afford an 
interesting example to be performed in relation to the reactor safety， such as on 
the behavior of short lived FP in the water. 
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- 488 -

{
U
U
¥
v
m
}
 

10-5 

-6  

10 

69Rb:Max.value 

11 :Avcrage 11 

028 Ĵ ERI-M 92 

10 マ

10 

A
U
U
¥
明

υ司
}

ロ

O
明
世
崎
』
#
ロ

ω
u
a
o
u
u〉
司
副

U
得
。
司
旬
伺
出

-12 

10 1991 1990 1989 1988 1987 1986 

year 

Flg. 3. Radioaclive concentration of B9Rb and 138C5 1n the air on the陥 ter
surface of the reactor tank as a function of ~alendar year. 

-488-

Calendar 



Table 2. Cases of tw\ fa i lu re in TR1GA 

Location (Country) 
Type or Power 
(Oatc of Criticality) 

Pulse 
(Peak 
Power) 

Claddini 
Date 

In Use 
cl ad. 
(fail
ed ) 

Oi scovery 
t 

Sta tus 

Date 
oc
curred 

Ref. 

I Hainz(FRG) 
250kW(1965- ) 

pulse Al Al 2 elongations 
2 leak gas buble 
2 swel1i ng 

1970 T- 721 
(1970) 

2 PaviaO taly) 
2S0kH(1965- ) 

pulse 
(250HH) 

Al Al 8 elongations/ 5 years 
(2 removed from core) 

1970. T- 721 

3 Ljubliana(Yugoslavia) steady Al Al 5 elongations 
( more than 2 cm) 

1973« TOC- 6 
(1974) 

4 HiinchcnCFRG) 
1 HH(1972- ) 

pulse SS SS 1 swelling ( 3c.) 
(Release of FP 

1977 TOC-11 
(1978) 

5 Texas H H (USA) pulse SS SS 4 deforaations I982« TOC 15 
(1982) 

6 Helsinki (Finland) 
250kH(I967-) 

pulse Al SS 1 cracktFP detected 1981 TOC-15 

7 GA San 
Diego 
(UAS) 

250kH Dark 1 
(1958- ) steady 

23 SS 

48 Al 

1958- SS 7 ben t >1.6 mm 1982' TOC-15 7 GA San 
Diego 
(UAS) 

250kH Dark 1 
(1958- ) steady 

23 SS 

48 Al 

1958-

Al 1 leaker 
2 grew >1.8 en 
3 ben t >1.6 mm 

1982' TOC-15 7 GA San 
Diego 
(UAS) 

1.5HH Itark F 
(1960- ) 

pulse 100 Al 
70-100 SS 
65-100 FLIP 

1960-1962 
1962-1973 
1973-

SS 54 bent >1.6 •• " 

1982' TOC-15 7 GA San 
Diego 
(UAS) 

1.5HH Itark F 
(1960- ) 

pulse 100 Al 
70-100 SS 
65-100 FLIP 

1960-1962 
1962-1973 
1973- Al 35 bent " 

(including 1 leaker) 

1982' TOC-15 7 GA San 
Diego 
(UAS) 

2 HW Hark • 
(1960-1973) 

ff 100 SS 
100 FLIP 

1960-1971 
1971-1973 

SS 1 leaker 

1982' TOC-15 

8 

9 

10 

Vi enna(Aus tr ia) pulse Al I swel1ing 
i gas bubling 
1 FP detection 

5 elongations or bents 

Dec.1981 TOC-15 8 

9 

10 

CA OUR Oak-RidgcOJSA) 
(Fuel test 1979- ) 

steady SS (Incoloy 
800 ) 

SS 
(FLIP) 

1 pin hole 
( / 45 elements IK year 

1983 TOC 17 
(1984) 

8 

9 

10 Bcrkclcy 
1 HUM 966 1986) 

pulse 
(2800HW) 

SS SS 1 FP detected 
(removed from core) 

Oct. 1986 TOC-18 
(1986) 

* reported date 
1) Nearly all resulting from high power pulse development losts ( up to * 5.00) 
2) Nearly all resulting from pulse development tests 

」〉

m
-
2
1
玄
由
旧
日
∞

Table 2. Cases of fu~1 f~ilure in TRIGA 

loc.Lion (CounLry) P.lse D. Le clad. Di scovery D.le 
Typc or Power (Peak Cloddinc 1 n U.e (loi 1. a oc. Rer. 
(O.lc 01 Crilicollly) POMer) ed ) S 1. lu 5 curred 

1 I H.inz(FRG】 pulse AI A I 2 elon，.llon. 1970 T・721
250kH(1965-) 2 le.k c.s buble (J 970) 

2 .wc 11 i n， 
2 I P.vi.{t loly) pulse A 1 AI 8 elon，alions/ 5 years 1910・ T. 721 

250kH(l965-) (250HW) (2 rc・ovcdIroo core) 

3 I J，j ub 11 ana (Yu，os lov i 0) s leady AI A 1 5 elon，alions 1973・ TOC. 6 
( ooro lhan 2 co) (l9Hl 

~ I Hunchcn (FRG】 p.lse SS S5 1 swollln， ( 3c・】 1977 TOC.ll 
1 HW(1972・〉 IRclo.sc 0/ FP (J 978) 

5 1 Tcx.. A l 11 (USA) puls. 55 55 4 delor・ati ()ns 1982・ TOC.15 
(J 982) 

6 I Uclsinki (Finlandl pulse AI 55 cr.cktFP dclecled 1981 TOC.15 
250kH (1967 -) 

T可1 I GA 50. 250kH Hark I 23 55 1958- 55 7 ben 1 > 1. 6 .岡 1982・
日ieco c¥ 958- s I..dy 唱個・.......... -・・・ーー.....ー ー 晶ー・....・・ー・

(UASI 48 AI A 1 1 leaker 
2 creH >1.8 c. 
3 benl >1.6 ・・

1. 5HW lI.rk F pulse 100 AI 1960・1962 SS 54 benl >1.6 .. 11 

(1960- 70司 100S5 1962-1973 ，ー....... -・.ー'‘...................・ 4・.........ー，

65・100fLlP 1913- AI 35 bcnl 11 

(incl.dlnc 1 leakerl 

2 HW Hark I " 100 55 1960.1911 S5 1 leaker 
(J 960・19131 100 fLlP 1971.1973 

8 I Vienn.(Auslri.l p.ls. AI 1 swell inc Dec.1981 TOC ・15
。，.sb.blin， 
I FP deleclion 

5 cloncations or bents 

SSSS B・s8.00。3叶t 
9 I GA.ORR O.k.Ridce(USA) S ludy SS 1 pln hole 1983 TOC.17 

(F..I 1..1 1919. (FlIPI ( 1 45 elea.nls 14 year <1980 

一一1018crkeley pulse S5 1 Fr dc lec led Oc 1.1986 TOC.18 
1 IIWCI966・1986) (28001l¥;) (re帽O官巴dIro・core) (J 986) 

!
品
∞
∞
l

• r.porlcd d.le 
II Nn.Hlv 011 rc."lIin<< ("川 hir.hpOHcr pulse dcvelor・e向110515 ( up 10 S 5.001 
2) NCi市rlv.11 ，csullin， ('0・pulsedevelop・enl lesls 


