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Study on Optimization of FFD/FFDL System and RTCB Plant Operation
- Technique of Collecting Fission Gas Using the Cover Gas Cleanup System in JOYO -

Kozo SUMINO*1, Takafumi AOYAMA*1 and Akinori NAGAI*2

ABSTRACT

The cover gas radioactivity in the reactor vessel increases when a fuel pin
failure occurs or RTCB (Run to Cladding Breach) testing is performed. The
activity must be reduced to minimize the personnel exposure and to maintain the
reserve capacity of the waste gas system in which the residual fission gas is stored.

The CGCS (Cover Gas Cleanup System) was installed in the JOYO primary
cover gas system to collect and remove the fission gas. The cryogenic charcoal
bed cooled by the liquid nitrogen selectively adsorbs the krypton and xenon due to
the adsorption ratio difference.

The collection ratio for xenon and krypton was measured using fission gas in
the fuel failure simulation test and a standard helium diluted non-radioactive gas.
As a result, the collection ratio was confirmed to be more than 90% for xenon and
more than 80% for krypton by six hours operation of CGCS.

It was confirmed that the CGCS has a capability to remove the fission gas
effectively.

Reactor Technology Section, Experimental Reactor Division, Oarai Engineering Center, PNC

Maintenance Section, Experimental Reactor Division, Oarai Engineering Center, PNC
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\'? (A)

(A) icfit

x C G C S ©IUJRSft^^ffllSt-S fcO^*5o

stt|fcfcfctt5##;*®iK7<f ;u* (A) ©$ijffl

to

F D - C G*ig!fic$nS C G C S */<-#ZAa#V46-201. C G C S * / < -

Ls CGC Sf*

t , C G C S O g l l J

^ (FPEC-10) ^^S»jSiJ©T-ilfeL/Co

^x*ft^xlilJR7-f;l/^ (A) C

> El4. 3. n c

4. 3. 2

(1)

C G C S H I i R « F ^ * t f J © f c « > © S * ^ X » K t t . ISItB^lcfflU^R T C

(B)

Xe : 7.50xl04Ncc

Kr : 1.65xlO3Ncc

: 6Ni7hr (1001/min)

(A) iliteNrH : Ma x 6hr (360min )

: 0. 9

- 3 5 -
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(D X

7. 50xl04Nccx0. 9

ISIt

6. 75xlO(Ncc

3. 60xlO7Ncc

K

* FP

1001/minx360min x l , OOOcc/i

= 1. 88x10"3 (1875ppm )

1. 65xl03Nccx0. 9

100i/min x 360min x l, OOOccA

1. 49xlO3Ncc

3.60x10^00
= 4. 13X10"5 (41. 3ppm )

Ztl

X e

K r

X efc*

: 1. 875 xl05ppmx 1/20 (0.9375%)

( ^ i f p ^ Z 0 ^ ^ f S ^ T - ( i , 0.956%)

: 4, 130ppm(0. 413%)

. 0.419%)

(2)

• C G C S@iK7>f A, 9

: 2.5cc (X e51.1%. K r 49. 9%)

: 6Nm3/hr (1001/min)

: M a x 6 hr (360min )

: 0. 9

. X e . Kr

X e . K

1.25ccxo. 9
1001/minx360min x l, 000cc/l

1. 125cc

3. 60xlO7Ncc
= 3. 13x10"8 (0. 0313ppm )

- 3 6 -
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X e . K r : 3.13pptn

(;U X e i)<3. 23ppnu K r *<3. 05ppm)

4.3.3

(A)

(A)

ppm

4. 3. 4 C G C S

a) nmt)
K r : 3. 05ppm , X e : 3.23

Kr : 0. 419%. Xe : 0. 956%) £ffll^T> *t l -e t l2Hk -^ft 4

tzo mmtixit, %tix®M7 4)i? (A) m-nov-^um^^

B̂ mO. ll/minH-fo4mr£\%LLtzo igc^T. ##X[5]iK7 ^ JU? (A) Tffi*L

tzimtti&Kr, Xe£?&#X[5IiK7 4 ;b^ (B) (c^ft

GC S©-9->7°'J > ^ 5 ^ > ( • S t t ^ ^ »

;U^ (A)

(B)

0.384 (1 -0 .384 x 2 =0.232 12.

K r £ X

(H7 3/24

150cc1f >
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K r :

150cc- t^>^5- l # ^ f c t > © K r © S

25. 19. x l , OOOcc/lx 0.00419x0. 384 = 41. 3cc

41. 3cc/150cc/ l . 19 = 0. 231

0.0288 (tfXtvfttirtii) / 0 . 231 =0.125

Xe :

25. 7 £ x 1, 000cc/l x 0. 00956 x 0. 384 = 94. 2cc

94. 2cc/150cc/ l . 19 = 0. 527

0.0241 W x ^ n M l ) / 0 . 527 =0.0457 Oft 5 %)

(2) 0

C G C S O K r , X e ©HIiR^^li . ^ H » t fc^SiJffl (ISItfl)

tzo K 2[sJ@©aSIMm-eiE]JR^^<|g^Ci*<^^ofc/cfe, 3 ,

lfcB#fcfi;:©j^£LT#;tf*@JK:7>f ;u* (A) , (B)

^ {.mm® (D^

4. 3. 5

(1)

, 2. 2

, X e

80cm/sec^-eSirs^-eiEl iRT^-So

(cm/sec) ^ , ^XefLfiu (mVh) % ^ * ^ © B I S D (cm)

273- 170 (° K) u (mVh) /3600 (sec/h )
U= x-

273 (° K) n (D (cm) / 2 ) 2

(A) , (B)
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PNC TN9410 9 6-216

(A) {c

1001/min (F 3 B

5 Silt I-

( B ) jc

( B ) |C*i

(A)

(A) ^ b ( B )

( A ) ^ t , ( B )

rrlzm 6 1 B#Fa1305»

( A )

)<$> 6

(2) (A) (c£

(A) (f

2.2.

2. 2xl02(cmVg)x750(g) =

(A) lc

(B)

(B)

o - ^ ^^7X04X7>r ;u^ (A) a ^ (B)

(A) JwJ?S.

( A ) ^ b ( B )

(H7 3/30)

- 3 9 -
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(A) \zts

720i —1651 = 5 5 5 !

(A) K

(A)

5551 x
1. 78g/l 0°C> latm)

1.39X103 :-186°C)
=fo 0. 71

(-170°C)

(3)

X e fr-

(-180—190°C) ^ C

)\<9 (A)

L t , 1bii7*W9L-7 4 h* (A)

> © } » ^ (-185°C)

( A ) * 5 ^ { i ( B )

fc t ) , * -

(-170°C)

(A) & £ l M i (B)

K r , X efr*IKSiL
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5. c G c ( n )

(A) i ;

(H)

5. 1

5.1.

( i ) © 1 0 g © ©

fco 05 . 1. 1 (c

(1)

(2)

(3)

(4)

5.1.2

fco{i. : n

>3feitBU^Oittilf^x ¥ ^ 5 . 1. 1 le

(A)

e n {C*J

(-180—i90°c) '

(A)

( A )

(A) (-170*0

- 4 3 -



I"
PNC TN94 10 9 6-216

(A)

en tmmizm*.3.
(A) i«#rafe

y (A)

te (-185°C) PJ

(A)

r ;u 3* > ̂ ' x*«:iRI8:©«£*li-eaiJ« L fco

(A) ©T;U3'>^xtfm

en) K

5. 1. 3 (R

( A ) x ( B )

tt^Stlggt^ ( I )

( n ) ic

( A ) — ^ ^ X 0 i K 7 ^ ; ^ ( B ) :

( B ) — <SIS-9->7°7- : 21/minkTF
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15. 1 .1
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CO
200

120

40

-40

-120

-200

PROCESS=HU i ANN=HLfi
T46-1OZ HI

jg_ _

T46-103 Hi
7-iJt'? <A>

-150.S-C

T4S-104
12/14 12: El
i 3/S

-197.4

Gl
10:20 10:50 11:20 11:50 12:20 12:50

95.12.14 12=50 43S (0=00 POINT) 12:50 43S H

15.1.2 (A)
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5.2

5.2. i

cm «.
fcrtf-U 5. 1 T-^

en
G C S

(A)

( I )

( B )

5. 2. 2

5. 2. UCTK

U)

(A)

4 H»IC

( A ) , ( B )

A : 750g. B : 5g)

(A) 130°C) fc

(A)

(2)

(A)

(A)

150°C (IftitfiK) i L ,
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(A)

(A) lc

(3) 3, 4@

K r

( B )

3, 4@ ( B )

5.2. 1 ( C ^

(B )

3,

Jl? ( B )

(B)

, K r T?
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PRQCESS=HU-I 12 = 06

C O

200

120

40

-40

-120 -

-200
15:05 15:35

Gl

4..5-10t - I

i£6

100C^

16:05 16:35 17:05 1?'3E 1S-'O5
96.02.05 1S:05 25S (0=00 POINT' 18:05 25S H

15.2.1 (B)
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6. %

6. 1 C G C S

C G C S ©

6. n

. X e £LL% K r

(A) © 6

s El 6.

t L T

ttfc\ 2.2.

L T ^

(A) ©

(A) ©150°C\

( A ) ( A )

- 5 2 -



PNC TN9410 9 6-216

no

(N

TTllB

G
K

G
•S-
K

I

H

u?
CO

u
o
o

ON

d
00

d d d p
d

- 5 3 -



PNC TN94 10 9 6-216

6.2 (A)

(A)

( I )

(II) )

JfXF

6.2.1 en) '
en)

(A)

cm ^
80 til50

(A)

(II)

(A)

(A) (c

^ (A) (A)

(A)

(A)

x 1 3 3 X e T ' 6 . 3 x i O 9

Bq, 1 3 3 mX eT*3. 8X107

2 i ^ ^ ( H )

6 . 2 . 2
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(A)

(A) ^> 150°Ct?

(1) *&#XHliR7-f;l,* (A)

\ CG

F F D - C G

(A) icJn^

(A)

(2) (A)

(A)

(B)

C G C

(3)

(A) ©Ja*ft (I5O°CT-

(A)

(B) 0. 2cm/sec)

r , X e

4 cm/secT** o/c £$B££ftTl
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(4) (A)

(H)

(A)

B t F F D L

(E) B

^ -S

6.3 (B)

K T

(B)

(B)

:£:$ ft E12. 2.

(100 ^ F F D L

(E) ^

(B)

- 5 6 -



PNC TN94 10 9 6-216

m *-< &*
N fj e
IO **T? ^
tr x ŝ"
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7 «± -=-

( I K ( H ) t i

(I) C G C

7'X F P

(2)

(3)

X e 7 >

(4)

(5)

(B)

(A)

0%J

(A)

ztiz

. C G C S ©ii l i icj :

Xe^ K r

6

>. ±

F P
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(ft)
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No. 68 (1988)

(2) mm M'Jftik ©*7/<-#X7§Kt&©IJ8&

, A36 (1993)

0)

(4)

(5) fig 1$

(6)

(7)

. No. 56 (1985)

. C46 (1985)

No.93 (1995)

^^m, F42 (1986)

> r!!^-^££

. F43 (1986)

- 6 0
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1.

2.

# - 1 (61)
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#111.

-2 (62)
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BXIiCic

mm
Na)

is * m

©

(2) mMM
V24-215©

(3)
V24-216©

(4) FFD-CGf f lK#* jh#V46-13

(5)

2.

3.

(6) &WkMtf*'^>v? (TK24-1) A n
#V24-202©

%-ii x ? y >?

( B )

i f So

5.

(2)

(3)

(4) UH^ty? k (B, C)
V61-62A (B, C) £

(TK46-101)

R - 6 0 1
(5 5 1)

R - 6 0 1
(5 5 1)

R - 6 0 1
(5 5 1)

R - 6 0 1
(5 6 4)

R - 6 0 1
(5 6 6)

R - 4 1 0

A - 10
(0 0 1

A- 1 0
(0 0 1

A- 1 0
(0 0 1.

A - 1 0
(0 0 7

A - 1 0
(0 0 7

A - 1 0
(0 0 7

(1) ®M3kmti**-vy (TK24-1) An
#V24-202£

(2) ^tfXSfjgi/'J > ; / (TK46-101) A
P#V46-215 i

R - 4 1 0

R - 6 0 1
(5 6 6)

ifr&A/BStf?

4 - - No. E-16

(TK46-101) i L

ft- 3 (63)
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HI?
( £ No.)

(3)

(4)

(B, C)

7.

(1) K^?[#ffl#V46-234

(2) #*xBfS-> V > ^ (TK46-101) A
• #V46-215 *

(3) «*afc&

(4) ^ K S (TK24-1) AD

9.

(l)

(2)

(3)

(4) H # X ? > ? A (B, C)
V61-62A (B, C) £ Tfflj £ f

f 5.

i f 5

-r ;l^AP#V61-70
-#) «• rr̂ ij i f s.

R - 6 0 1
(5 6 6)

R - 6 0 1
(5 5 1)

(4 1 5)
A - 1 0 4
(0 0 7)

(4 1 2)

R - 6 0 1
(5 6 6)

R - 6 0 1
(5 6 6)

R - 6 0 1
(5 6 6)

R - 6 0 1
( 5 5 1)

R - 4 1 0

A - 1 0 4
(0 0 7)

A - 1 0 4
(0 0 7)

A - 1 0 4
(0 0 7 )

A - 1 0 4
(0 0 7)

Etl 0 ~ 9 kg/cm

GM-11

1. 1

#-4 (64)
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(f i Na)
w 9

y ? A (B , C)

i. ( B . C)

(I)

(2)
o

3.

4.

5.

(3) +:^ h 7
V 61-308©

(4)

(5) H t fX? y; A (B, C)
V61-65A (B, C) £
•5.

(B, C)

|g^ x-t JI

y? A (B, C)

(1) m-fi7,9y?A ( B , C)
V61-65A (B, C) £

(2)
i t So

6.

A - 1 0 9

A - 1 0 8

A - 1 0 9

A - 1 0 4
(0 0 7)

A - 1 0 4
(0 0 7)

(4 1 2)

A - 1 0 4
( 0 0 7)

A - 1 0 9

(1/8

ft* J:

GM- 1, GM- 2
GM-12. GM-13

1. 1

# -5 (65)



PNC TO94 10 9 6 - 2 1 6
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#£|2. CGCS'tttS

# -7 (67)
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2. i

No

7

(D

(2)J

(3) if

R-501

R-501

R-501

(1)

(2)

- (TK74-2)

' - (TK74-2) T C # V 4 6 - 3 0 1

(3) * ' > < 5

R-501

R-501

R-501

(1)

(2)

•

(3)

(4)

(5)

R-501

R-501
/ - (TK74-2)
rtTK46-301© v4

->

>-tr > h K

R-501

R-501

R-501

(l) #> &a £R-50i R-501

He

(1) R-501

- 8 (68)
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No mmmm

(1) CGCSt-^fflNFB
AttZ

(2)

(3)

(4) A>

R-501

R-601

R-601

R-601

(1)

(2)

(3)

(4)

-f ;U^ B

D-CG&5c#V24-202

(5) ^ i^^Sr tgg^X 3 1/ ̂  •> 3
DM A r #X^$c#V46-181

(6)

(7) MW&

(8) m

(9)

(10) A

(ID Jh

^TK24-2© F F

^TK24-1© C R

R-601
(#566)

R-601
(#566)

R-601
(#566)

R-410

RPU

R-601
(#566)

R-601

R-601
(#566)

R-601

R-601
(#566)

R-601
(#566)

ffifrA r if XMA

# - 9 (69)
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2.2

No

(1) TK46-301©§tlin#V46-302 , V46-303 > V46-304

(2)

(3) *

(4)

- (TK74-2)

> © T K 4 6 - 3 0 1 T G # V 4 6 - 3 0 4

(5)

(6)
5kg/cm2K-tr

-f >©J^E^V46-307
y

(7)

(8)

(9) *

(10)

(ID

(12)

(13)

, 246
, 247

,291

. V46-303

-T >©^E^fV46-305 «• 3 kg/cm2 ic-tr 7

3kg/cm2(C-tr

R-501

R-501

R-501

R-501

R-501

R-501

R-601
(#566)

R-601
(S566)

R-501

R-501

R-601
(#566)
R-501

R-601
(#566)
R-501

R-601
(#566)

(1) /<
(SR

IM
So )

(2)
2

(3)

"J -b 7 h U

)19 Att5AP#V46-201,

R-601
(#566)

R-407

R-601
(#566)

tt-10 (70)
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No

(4)

(5)

(6)

R-601
(#566)

R-601
(#566)

R-601
(#566)

(1) F P E C - 1

(2)

(3)

(4)

(5)

R-601

R-601
(#566)

R-601
(#566)

R-601

R-601

o

(2

(1)

(2) i

-f >©«E#V46-307 3 kg/cm2

(3) j

(4) A r #*&

(5) :

(6) H e * ' X 7 ^ > © K r , X

(7) He^'X^'X

(8) He*' A£y&ih#V46-239£

R-501

R-501

R-601
(#566)

R-601
(#566)

R-501

R-501

R-501

R-601
(#566)

-11 (71)
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No Hftiftfr

(8) H e

(9)
DM A r

3 U ? •> y ^TK24-1© C R

Ql) H e

02 He

03) He^'X^OOKr, X

as

OS A r

(17)

R-501

RPU

R-601

R-501

R-601
(#566)

R-501

R-601
(#566)

R-601
(#566)

R-601
(#566)

R-601
(#566)

R-601
(#566)

-170°C—

(1)

(2)

(3)

(4)

(5)

(6)

(7)
>©j^E#V46-307

fc-try
3 kg/cm2

R-501

R-601
(#566)

R-601
(#566)

R-601
(#566)

R-601
(#566)

R-601

R-501

- 1 2 (72)
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No

(8) B-170°CT— R-601

(1)

(2)
\

(3)
1

(4) x He^'x

(5) H e ^Xt^r|l^7X^>K
5 «k 9 {=•*• 5

(6)

(7) H e iiT.^iST.WSLr? 4 )^9 A{&i£»FJ$#V46-238
e ^'X^tm^200cc/min Ĵ SB

(8)

(9) H e * '

(10) H e

(12)

R-601

R-407

R-407

R-601
(#566)

R-501

R-501

R-501

R-501

R-501

R-601
(#566)

R-601
(#566)
R-407

(I)

(2) H e

(3) H e # B ^

(4) H e #
T'H e ̂ ^BS«500cc/BinJCiSSt*S

(5)

(6)

R-601

R-501

R-601
(#566)

R-501

R-601
(#566)
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PNC TN9410 9 6-216

No rnwm
(7)

(8)

R-601
(#566)
R-407

R-407

(1)

(2)

(3) *

(4)

302

290

(5)

a
(6)

2

(7)

(8)

(9) H e
T?H e

(ID

<< Jl?

R-601
(#566)

R-601
(#566)

R-501

R-601
(#566)

R-501

R-601
(#566)

R-407

R-601

R-501

R-407

(1) LN

(2)
303

(3)
291

(4)

D - C G & T C # V 2 4 - 2 0 2

(5) He if:

H e * ' :

R-601
(#566)

R-501

R-601
(#566)

R-410

R-601
(#566)
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PNC TN94 10 9 6-216

No

(6) H e
H e i1

(7) H e
H e H

(8)

(9) M.

00) I

B

(12) A r #

(13) ^^cr t ©ff W O . 5kg/cm2 fc fcbv A r

(14) F P E C - 1 0

as) c G c s o^<

R-501

R-501

R-601
(#566)

R-601

R-601
(#566)

R-601

R-601
(#566)

R-601
(#566)

R-601

R-601
(#566)

A r

12. 1
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PNC TN94 10 9 6-216

3. 3

No

(1)

(2)

(3) f

(4) ?l

(5) *

(6)

(7) * ' > ^ 5 7
$ titz C G C

(8) #:"<

(9)

(10) ?

01) ji

03) #y

> V46-303

- (TK74-2) 5c#V46-301

tliPiR-501
- T;

~ (TK74-2)

R - 5 0 1

R-501

R-501

R-501

R-501

R-501

R-501

R-501

R-501

R-501

R-501

R-501

R-501

(1) He*'XMKr, X e R-501

(I) R-501
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PNC TN94 10 9 6-2 16

No

(2)

-

(3)

(4)

(5)

y - (TK74-2) 5n#V46-301

-7

R-501

R-501

R-501

R-501
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PNC TN94 10 9 6-216

2. 1 C G C S

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

V46-201

V46-206

V46-207

V46-209

V46-212

V46-213

V46-214

V46-215

V46-217

V46-219

V46-221

V46-223

V46-225

V46-234

V46-239

V46-241

V46-243

V46-244

V46-246

V46-247

V46-250

V46-208

•TP /V •N I*-1! *i^ y "\ ' v y i\ / \ 1 1 j \

>f|p 7 7 > * S I H J T X . S ^ ) V S J\ i l l 1 1 7 i

TK46-1O1AP#

TK46-102AP#

TK46-103AP#

TK46-104AP#

TK46-105AP#

TK46-106AP#

H e tfxfStf X01K7 ^ ;l/^ A&fthh^

H e ^ 'X#^7X[HIIR7^ ;l/^B#t^ih#

^ p xv >̂ * ) ^ | T ^ *^ **f /W s £ j J^ J,\J 21/» "CT*Q y 1"

Jr? T7 Tf I rjl ify / V \\j £7 R T ^^ /*TTI * ^ N J A ^Py *1 £

A T "77 ^? iT'-'rTTT^
x \ 1 'V >̂ N 17 > 'TCJ J/ 1

™

FO

FO

FO

FO

F O

FO

FC

FC

FC

F C

FC

FC

FC

FC

F C

FC

FC

FO

FC

FO

FC

X

X

0

0

0

0

0

X

X

X

X

X

X

X

X

X

X

0

X

0

X

0

0

0

0

0

0

0

X

X

X

X

X

X

X

X

X

X

X

0

X

0

X

—

0

0

0

0

0

0

X

X

X

X

X

X

X

X

X

X

X

0

X

0

X

—

r

0

0

0

0

0

0

X

X

X

X

X

X

X

X

X

X

X

0

X

0

X

—
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