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Plate-out Distribution of !37Cs in the OGL—1 Primary Loop

Noriyoshi TSUYUZAKI and Mikio MATSUMOTO®

HTTR Designing Laboratory
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Thbaraki-ken

(Received October 21, 1988)

In order to reflect eon safety evaluation of HTTR (High Temperature
Engineering Test Reactor), measurements of fission products plate-out
distribution have been done on the primary circuit of OGL-1 (Oarai Gas
Loop No.l) which has been operated in the simular gas flow condition
with the HTTR.

The measurements have been performed since 46th till 73rd operation
cycles of the JMTR (Japan Materials Testing Reactor)} in which from 3rd
to 9th fuel specimens of OGL-1 were irradiated.

It became clear that 137(Csg plated-out well on the piping at 400 ~
500°C. It was also observed that !37¢g released from the pipe at higher
than 500°C and deposited again on the pipe at lower than 400°C when the

release rate of '37Cs from irradiation fuel decreased.

Keywords: F.P, Plate-out, 137¢q Distribution, Lift-off, JMTR

* Nuclear Engineering Co.
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Table 2 Main Characteristics of the 0GL-1(1%)

Pogsible test conditions

Helium gas

coolant {Total impurity less than 10 vpm)
operating pressure maximum 30 kg/cmz-G

operating temperature maximum 1000°C

mass flow maximum 100 g/s

Neutron flux
thermal average 4,2 x 1013 n/em?.s

fast (> 1 MeV) average 8.7 x 1012 n/cm?+s

Nuclear heat of

fuel specimen maximum 135 kw

Max. dimensions of sample 82 mm (diameter) x 750 mm {length)

Table 3 Impurities and Their Concentrations
in the Helium Gas of the OGL-1

Impurities Concentrations Remarks
(vpm)
H20 0.05 ~ 0.1 .
less detected in
02 than 0.13 all operation cycle
N 0.3 ~ 0.6 |~
less
H2 than 2
CH, o5 0.2
than not detected in
some operation cycle
co less 4 25 d d
than
less '
co, o5 0.1 J
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Fig. 5 O0GL-1 Operating History of JMTR 73rd Cycle



gas (C)

He

of

Temperature

JAERI~M 88-—225

10060

800

600

200

0 1 1 1
0 25 50 75 100
alb c d e i
1 t
a: In-pile Tube d: No. 1 HX g: Filtor g h

b: High Temp Duct~1 e:No.2 HX
c: High Temp Duct-2° f: Cooler

h: Gas Circulator

Fig. 6 Temperature Range of He Gas at OGL-1 Loop from #46 to #73

Operation Cycle



JAERI-M 88225

¢~ Shleld

I

Detector —

Colllmator
Window

Fx{83}) Fy(8z)

Fig. 7 Sensitivity of Ge-Detector in Shielding with a Collimater

~

Detector —

i::) Outer Plpe, FA (8, x}
| ~Colllmator Window So-dx-rd8,

AxB

\
1 A
L Wi ~
VA
t T
A
P i

Fig. 8 Conversion Coefficient Calculation Mode113)



JAERI— M 88— 225

-y @ & © O,

@

®© ®® ®

O,
|

Plate-out Activity (pCi/cm?)

©® ©

o #46cycle
° #4?cycle} 3rd
A Fageycle
A #49cycle
o *s0cycle
m F51cycle

4th

fuel

fuel _|]

10°F
-6 | ! | I
10 0 25 50 75 100
Distance from Fuel Exit (m)
laldbl ¢ Jdl lel [ & ] I ]
g h
a : In-pile Tube d:No.t HX g Filter

b : High Temp. Duct-1 e :No.2 HX h:Gas Circulator

¢ : High Temp. Duct-2 f : Cooler

1000

800

600

400

200

Fig. 9 Plate-out Activity of 137Cs in 0GL-1 (¥46~%51 cycle)

(°C)

Temperature of He gas



Plate-out Activity (LCi /em?)

JAERI - M 88— 225

10

10

#52 cycle ]

§0G @ @ ®® © 08 G
0#53cyc!e

! f“\ : :54cycle
‘ : ~55cycle ¢ 5th fuel
\ \ 7, ° ~56cycle |
\ ; f " T37cycle
! : *#58cycle |

10 \ : _
by
\
\\
\\.
Temperature of He gas \ a
10°}- .
\\\
\\ S
\ I
‘ i
|
—
10’6 } i . ]
0 29 20 75 100
Distance from Fuel Exit (m) |
lalbl ¢ Jalfel [ ¢ [ ] |

9 h
a : In-pile Tube d: No.1 HX g : Filter
b * High Temp. Duct-1 e :No.2 HX h:Gas Circulator
¢ : High Temp. Duct-2 f : Cooler

Fig. 10 Plate-out Activity of 137Cs in 0GL-1 (¥52~%58 cycle)

1000

800

600

400

200

(°C)

Temperature of He gas



Plate-out Activity | /.l,Ci/cm2 )

10

10

JAERI—M 88~ 225

Distance from Fuel Exit (m)
loafo] ¢ [d[Jel [ f [ ] |
g h
a * In-pile Tube d:No.1 HX g :Filter
b : High Temp. Duct-1 e :No.2 HX h:Gas Circulater
¢ : High Temp. Duct-2 f @ Cooler

Fig. 11 Plate-out Activity of !37Cs in 0GL-1 (¥59.%63 cycle)

626363 1000
06) @ @ O O 06 G
o #59cycle bth fuel
. ::GOcycIe
& 761 cycle
a #620ycle 7th fuel
!“. < #63cycle - 800
"l
\
-+ 600
-1 400
- 200
-9 | | ! | 0
0 25 50 75 100

(°C)

s

Temperature of He gas



Plate-out Activity (uCi/cm?)

TAERI— M 88— 225

10 1000
O @& &
O :64.cycl.e
® 65cycle ; 8th fuel
A #66cycle
- 800
o
-1 600 ¢
Q
I
©
et
- 400 ©
a
=
At
y - 200
\\
\\\ [r=———— e ——— ]
\ |
\\ {
\
\‘L____,}
-5
10 | | | |
0 25 50 75 100 0
Distance from Fuel Exit {(m)
o151 ¢ Jal[Jel [ 71 1] |
9 h
g : In-pile Tube d :No.1 HX gq: Filter

b : High Temp. Duct-1 e :No.2 HX h: Gas Circulator
¢ * High Temp. Duct-2 f : Cooler

Fig. 12 Plate-out Activity of !37Cs in QGL-1 (¥64+%66 cycle)



Plate-out Activity (uCi/cm?)

JAERI-M 88 —1225

107 — 1000
O O®a &
o *87cycle)
e ¥68cycle
A #69cycle
-1 A #70cycle ¢ 9th fuel
10 - o #71cycle 1 800
m #720ycle
\ <& #?3cycle
\
\\ 8
‘ 2
\\
~2
1074 1 600 &
~ on
\\
| T
RS
[ab)
3 s
10 -~ 400 2
QO
[
E
=
\\
Temperature of He gas Y
-4 A
]0 - \L__..._._.\\ - 200
\\
A
Y | sttt S
\ |
\\\ :
\ I
\\____!I
-5
]0 l . l ] | 0
0 25 50 75 100.
Distance from Fuel Exit {m)
[elol o TalTel Tt [ |
g h
a : In-pile Tube d:No.! HX g :Filter
b : High Temp. Duct-1 e :No.2 HX h :Gas Circulator
¢ : High Temp. Duct-2  f : Cooler

Fig. 13 Plate-out Activity of 137Cs in 0GL-1 (¥67+%73 cycle)



JAERI-M 88— 225

IUOI,_ L B e I B S S B D Sy B U s s S Bt H USRS SR Mty by Sy = 145
_ - Nuclide = Cs- 137 | =
~e _2: 0. (MP=4) & [MP=7) 18X H40
S 5x10°|
= [ {7 435
= _ x:
P~ B Pressure % — o 6 130~
£ - sl
— —_— E
t B QU [&]
A3 5— 257
s, i P e
2 o' M=
=L 5| 3
b4 i 3 §—|5 §

..3- 4 2 a
E 5x10 i 2 d10
(%]
@
g | ]
Ll I [ I O I N N N AN N A N S N ! i

[ 1 HE |
Date 17 1819202122232425262728293031 1 23 456 7 8 91011 I213Al4

A .
1982Y.1M. 1982Y.2. M,

Fig. 14 Plate-out Activity of Cs-137 in 0GL-1 Operation (JMTR 57 cycle)

|
IX1O L. Tr T T T T T T ' T T 1T 1T 171117171 8 _45
- Nuclide = Cs ~137 e
o F oiMP=a) aiimpe4g) 48 = {40
E5010 -
= 135
O
=
= 30
" — o
- & 4 §
~ S
-2 S -
= S 2
= a @
S5:0° g &
< fhad o
o 410
2 D]
a 45
|i L] | 2 N S T I | L 1 11 | i1 1 1 11 | A I O A | | R | .

Date AII 1213141516171819 2021 222324252627282930311 234 56 7891011 12I3I4I5Aiﬁ
19B2Y.3. M. 1982 Y.4.M.

Fig. 15 Plate-out Activity of Cs-137 in OGL-i Operation (JMTR 58 cycle)



JAERI-M

88 — 225

1“6]_ T T T T T T T T T T T T T T T T T T T —~ 745
L Nuclide = Cs - 137 3
N; nt O ({MP=4) a [MP=7) 48> lao
€ 5x10
s
S 135
32
— ﬂ30 —
.'H_‘) Lo
) ——— o
w O 25 E
© 1x102 - >
o . -4
o @ {20 =
- =
= -3 s bt
= 5x10 2 >
5 g1’ 2
<t uE> @
E = di0 [a
= I i
! | I | 11 I I | ] [ J R U S IO A N O S (S N N A T A |
Date 9 1011121314 1516 17181920212223242526272829301 2 3 4 56 7 8
Fa Fay
19B2Y. 6. M. t982Y.7. M.
Fig. 16 Plate-out Activity of Cs-137 in 0GL-1 Qperation (JMTR 59 cycle)
={
1x10 C FN B B E B D [ L O B e e — T T T P 145
[ Nuclide=Cs-137 ©O:(MP=4) &:{MP=7) e
o b X 440
E 5x10'|
= : 135
L4
2 | —_
~ {6 307
> 215
o 15—425 >
S @ =
= 10’ H4 2420 o
= i 8| 2
S i 143 415 &
I -3 QL —
o 5x10 = o
= B 42 , 410
[& )
-+
= !
A d 41 © 45
[ 1 o) |
DateA!B 192021222324252627282930 1 2 3 4 5 6 7 B 910111213 14151617
H
1982 Y. 11.M. 1982Y.12.M
Fig. 17 Plate-out Activity of Cs-137 in OGL-1 Operation {JMTR 60 cycle)



JAERI— M. 88 — 225

i
1x10 [ —r—T 17 1T 17T T i 71T 1 11T 1 1T 1T &1 1T T 7 T T T
- Nuclide =Cs-[37 ©:{MP=4) &:(MP=T)

M~S

1
~
T

o

=

<
!

Pressure

Specific Activity of Cs~137 (uCi/cm’)

1x10° -

-3 —O
5x10°F MP7 Temp.
1x10° | |

Date 24 2526027 282930311 2 3 4 5 6 7 8 910111213 1415161718 19
a a
{983Y. I.M. 1983Y.2. M.

Fig. 18 Plate-out Activity of Cs-137 in 0GL-1 Operation (JMTR 61

1x16l

T T T — 145
[ Nuclide=Cs-137 S
" 48> 440
& 9X10 | o (MP=4)
= L A (MP=
S A {MP=7) 7 35
= |
A
- | Pressure 16 -430
h.- OO0 Cl —
[ap] D o
[ _ —5'_"‘25NE
AT | B
g . Q oh
; ! 14 5120 =
= -3 = o>
£ 5x10 |- 5 =
IR 13 3415 2
E wy
2 @ 2
= i - Q-
g i MP7 Temp| ¢ I“'O I
o
41 "5
-3 A
RSN T S TR N

Date 14 15 16 17 18 {9
a A
1983 Y.3.M. 1983 Y.3. M.

Fig. 19 Plate-out Activity of Cs-137 in 0GL-1
Operation (JMTR 62 cycle)

'}45
140

435

Pressure {kg/cm’G)

o—a

cycle)



JAERI— M 88 — 225

Ixidl_ T T T T T T T Tt T T T T T T T T T T T T T T T T —~— _45

i Nuctide = Cs - 137 O:(MP=4) &:(MP=T) S
& ! 18 440
E 5x10°| -
(5]
.
= i 47 435
2 i
N Prg§§ure 6 430 —~
2 [L>]
& 5o3—25§
i a o
o . — f'
= 1x10°f 4 520
= F = 5
= i 32415 2
<r 1 'E bt
o SxI0f » e IOQ—
g | I, 1
o 1 -4 5

¢ 1 ! J L J J 1 L I 1 | ! | | ! 1 ! I | 1 l ! | ! I i ] _
Dote 262728293031 | 2 34 5 6 7 8 910111213 141516 1718 19 2021 22 23
fal A
1983Y.5. M. 1983Y.6.M

Fig. 20 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 63 cycle)

lxldl

1
Nu

.
~

o
=
<
[ T T

1210

5::1(53

Speific Activity of Cs-137 (uCi/cm’)

I I ! T T

clide = Cs~ 137

LR

C M

1L

T T
P=4) &:(MP=T7)

Pressure

Date 11 12 1314 15 16 17 18 192021 22232425262728293031 | 2 3 4 56 7 8

fay fay
1984Y 1. M. 1984Y. 2. M.
Fig. 21 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 64

w

~n

|

1

o—o Temperature (°C)
a—a Pressure (kg/cm®G)

cycle)



Specific Activity of Cs-137 (pCifem?)

Specific Activity of Cs-137 (pCi/em2}

JAERI—-M 88 — 225

1X10-IIl‘llIlFlliETt\IIWIIIITIIilIIT o 145
- Nuclide =Cs=137 o - (Mp=4) & (MpP=7} e
LF 48= H40
5x10" -
- 47 435
©
&
2
1x|(52‘
[ 3]
=
&
5¢10° a
Date 4 5 6 7 8 S 1011 12131415161T18192021222324 252627 28293031 1
fay . Fa
19B4Y3M. 1984Y 4 M.
Fig. 22 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 65 cycle)
tx!o‘_'{lflF¥II|I\![I[I11IIFIT$II18_‘45
- Nuglide=Cs-137 0 (MP=4) & {MP=7) 2
sz | W 487 40
5x10° |-
[ 47 435
1 30
. [-)
1210 = g
{20 2
o
=
_3 W
5x10 g_ 15 g
=0 &
1 5
1x10° ]
Date 8 9 1011121314 1516 1T 181920212223 24252627 282930311 2 3
fa) [a3
i884Y 5 M. 984 Y 6 M,

Fig. 23 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 66 cycle}



1210 ¢

5x10

Specific Activity of Cs-137 (uCi/cm?)

1x16°

5x10°

JAERI -

M 88-—225

L I T L

- Nuclide = C5-137

| ©.(MP=4) 21(MP=7)

2

Date 111213141516ITI8f9202122232425262?2829303! t2 345 6 T8 9
F985Y.2M.

1985Y1

Fig. 24 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 67

110"

Specific Activity of Cs-137 (uCi/cm?)

1x10°

5x10°

.
Nuclide = Cs—-137
0.(MP=4) & (MP=T)

T

'Illl[

1

11

d

| r T T T TTTT
2 m\ﬁ_a__ﬁ__o_ﬂf’&%‘&\ﬁ_ﬁ_ﬂ_af
s

17

Pressure

J

[p%] wd F-
o—°  Temperature

Duie 34586 783101 I213|4!516I?|81920212223242526272829303!

1985Y.3 M.

1985Y3M

cycle)

{x100)

{°C)

o—= Temperature

L

i

|
&>
{kg/cm2G )

45

40

Fig. 25 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 68 cycle)

o
Pressure

I
o
o

.
(o]
o—a

(kg/cm2 G }

Pressure

o—a



JAERI - M 88— 225

(x1g° T T T T T T T T T T T T T T T T T T T T 7 S 45
= - Nuclide=Cs-137 O {MP=4) & (MP=T) =
E i 187 440
3 5210° - W
S L , 17 435
- - Pre
N T e {6 s
a4 s MP4 Temp. &
A 45 T 425
3
o
S 410" | 14 220
= [ o g
z i {3 2415
— B @
2 5x10° =
< sxor 12 o410
© 1
g i 1t °45
(=N &
@ - )
[ | g 1 ) 1 ! ] i 1 i L i i ] 1 il ! | | J 1 l I ! ] 11 .
Date 7 8 940111213 141516171819 20212223 2425262728293031 1 2 3 4 5
A Fay
19BSY 5 M 1985Y 6. M

Fig. 26 Plate-out Activity of Cs-137 in 0GL-1 Operation (JMIR 69 cycle)

110’ T 1.1 T T . T3 T 1T T T T T T T T T T =T T3
. [ Nuclide = Cs-137
L [ O (MP=4) & (MP=7} ls
L -2
Q K0T W
A B 147
~ - Pressure
™ 0-0-0-0-B 3 DO 0008 16
) |
8 45
S -2
- 1 X10° |- 14
= i
-50- i N 3
< s
© 5x10 [ 1
: |
=9 11
w
— |fl S IS NG S Sy T [ S S N PO I | S SR A S I S N T |
Date 181920212223242526272829301 2 3 45 67 8B 81011121314 1516
o : s
1985Y9M. 1985Y.10M.

Fig. 27

Plate-out Activity of Cs-137 in QGL-1 Operation (JMTR 70 cycle)

{x100}

()

o——o Temperature

145

40

135

1

30

1

25

1 i 1
— — n
[ ] o L]
o—-= Pressure

i
o

{kg/cm2 G )

Pressure

o0—0

(kg/cm2G )



JAERI-M 88— 225

=1
S s I R B S ma e e e e e B e o B e S i o wan R
[ Nuclide = Cs-137 8
[ o (MP=4) a:{MP=7} B:
510 - 1%
E i
L 17 35
3 |
_— Pressure
~ | . -130
0 e
} o~
v . PR
S 6’ il S
[re— [~ on
;- - §~2of
Z 506 o -
g a1 2
X e @
= = o
S “42 AIC
& I
%' 1°
N OO SN N N T S N NS N A N N N A A S N N SN A Y i

Date 13 1415 1617 18 1920212223 2425262728293031 1 2 3 4 5 6
A .
1986 Y. 1. M. ESBGYZ.)Z,M,

Fig. 28 Plate-out Activity of Cs-137 in OGL-1 Operation (JMTR 72 cycle)

[.O N T T i T T T I 13 T T T T T 1 T T T T 1 T T T 1 T 1 1 8
[ Nuclide =Cs-137 o :(MP=4) a:(MP=T7) s
aF +  (MP=8-1)x |MP=8~2] —49 X 445
5¢10
I 48 40

-
E
=]
~
L
=
[ —
ar] w
— ™~
] 1 g
v
— s
o S
Feand @
= -2 =
= 5xi0 >
% o
< e
o
o
=
g ]
o
[=%
w
-2
ixi0

Dct% 56 7 8910111213141516171818 202122232425 262?28293031Af
1986Y. 3.M. 1986Y.4. M

Fig. 29 Plate-out Activity of Cs-137 in 0GL-1 Operation {JMTR 73 cycle)



JAERI— M 88— 225

Z JuLod T 3ulod

BuLansesy ay3 3e S}, 1 40 AILALIOY 3no-dield 1g "HL butansesy ayl 3o sj,¢; 40 AJLALIOY 3no-32e|d (QFf *6L4
uig yg Wi owe g Wy P apka pany |-190 e B WL e s Wy pg epka jan) | -150
£2 2L b2 0J 69 B9 29 99 59 $9 £9 29 19 09 65 BE 4 9 06 ¥% €5 26 58@3#23 31262 Y1Wr U2 10/ 6969 9 W EIHITaLE 19 09 6 95 25 95 95 V3 £¢ 25 15 05 6k B¥ v 9% b 819k H1WD
rr+1rrrrrr1r1r1rrorrrrrr T T T T T 07 rTrrrrr1rrr1r1rrrr T T TTT LI L R L
- 1.0 - 10!

S

-
Y

i
[e)
{
o
(W3/197)  ALALOY  ino-8iD|d
T
1C’
"
°
(;wo/107) AIALDY Ino-8iD|d

—____——__‘—__—b.h____h_»H_W—_ O— I Y O T U N T T O T (0 Y T O 00 I A Y AT O O | O—




JAERI—M 88 —1225

g JuLog p quLog
Buldnseay 3yl 18 s),¢; 40 AJLALOY In0-83eld €€ "Biy BuLanseay ayy 1e S),p¢ +0 AILALIOY In0-231e|d 2€ "Bld

W6 vig YL o owe ws Wwe o pig apke jany | -90 we ue W wg YIS Wy pE Bk ey |-90

31 U ea oa o y M y — T F—— T | [ —————
£222 14069 8929 93G9 ¥9 €0 29 19 09 65 85 46 95 56 4G I8 26 13 06 67 B¥ Lo v ob 928 HIWDE : £12212046999.999CO 9RO 20 I90ABSUS IS DS CEPEEG2C IGO0 6P LV OV T BIOAD Y WP
___“____—__ﬂ~_-q__u__m__~w_q rrrrryrrTryTy o rrrryfyrrrrrrrrrrrrrora

ol

1

!

l9 .
(QW9/10T)  KIANOY no-2iDig

1

!
{;Wd/10™) AlAlOY  Ino-8ipid

N N S O U N N S T T T O Y T O 00 A O N O O O | O— OO I N Y VO N T TN NV T O N O T A O—



JAERT—M 88—225

OO I N T T A A I |

| T N T W I |

[ 3ulod
Buianseal 3yl 3e S),cq 40 ATLALIDY 1N0-330|(

pig 919k3 180y | -190
£ 24 12 02 69 89 /9 99 $9 ¥9 €9 29 19 09 65 U5 45 95 S5 #C 56 25 1S 05 6¥ OF ¥ B¥ S aofo MIWP

0l

ol

0l

0!

0l

Ol

€2 2412 0L 63 65 19 9959 9 £9 29 |9 09 65 99 16 96 5G b$ €6 26 1

ry¥@ @ rrr1rrerr1rrrr1

(,W2/197) Aualoy  ino-ajpjd

9 juLod
fuLansesy oyl 3e S$J,cp 40 A1LALIOY Ino-d3e|d HE€ ‘Bl

g 9Pk jan) | -190
S OR GF BY L¥P O¥ CH

Aok WINr

0l

0l

0

(Zu.l:x/!g-d) Kialjoy  no-ain|d

ol

0l



