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Development of Optical Sensor System for Local Steam Leak
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Abstract The early detection of leaks from nuclear reactor safety grade equipment,
identification of the location of the leak and estimation of the amount of leakage are important for
plant reliability as well as safe operation. Accordingly we are deveroping an optical sensor system that
detects leaks from equipment directly.

Since water has the characteristic of absorbing ray in the near infrared to infrared region, near infrared
moisture meters are used as means of detecting the moisture content of food products and wood
materials. With this in mind, we are developing an optical sensor system for local steam leak that
combines a near infrared moisture meterwith a moisture absorbent material that absorbs high-
temperature steam.

First, the moisture absorbent material was selected based on a survey of the literature. Next,
elementary tests were conducted to evaluate the moisture absorbent characteristic of the moisture
absorbent materialselected. The results of those tests confirmed that this technique can be used as a
leak detection system.

Keywords leak, infrared rays, moisture absorbent material, moisture meter

1. 0DOooOd

oboboooboobobobooooboobogoon
boboooooobooobOoobooboooog
uboooooOooooooOooobOooboooboog
goboooboooobooobboobooboobooooooo
gbgoodobobobooodboboooao
gbogooooboboboobodoboboooooon
gbogooobobobooboobobooooon
gboooooboboboooobobooboooo

*0oooooooobooooooooooboooobo
T0000mMO0 0000000000

gogoooboboboooobobobooo
gbobooboobooobooobogoo
Oo0ooooo8gumid25uymddoooon
ooz2umd2yymdOoOoOoOoOoOoOoOoOooOOoOO
gbgooobobobooodgboobooooao
gbgbooobobobooodoboboooooon
gbogboooboboboboooboboooboooon
gbogoooboboboboooboboooboooo
gbogobooooobobobooooo
obobooooobobobooboobobgoon

+ 0000000 oDoboOooOoooOoOooOooooooDo



gbooobodbobooboobodoboboooan
gboooooboboobooboobobooooon
gboooooboboboobooboboooon
goooooboboboobooboboooon
gbooooooooooo

2. OO

gbuoboobodobobobooooboboo
oooooooo0o0oO0 145p md 1.9%4p mOoOo O
oooooooooo 1Yy mooooooooo
oooddlYMy moOoOOOOOOOOOOOooO
goooooboboboobooboboooon
gobgobooobooboboooooooooooo
gobooboooooooboboooooooobooo
gobooOoboooooooooboboooooooobooo
ooooObooooooboooooooo

3. Jogooo

gbobooobooboboboobobobog
googo 200000

gboobooooooo

1000

195

0000 o (cm?)

100

10 -

1.20

1.40 1.60 1.80 2.00 2.20 2.40
000y m)
00 000000

O0o00oo0ooo0ooooboon0gl145p mO
194y mOOOOOOOOOOOOO

oobooooboooooobOoobooobooonn

oboooooooooboooobooobooooo

ooooooooo |(oooobboo0oo | ooooooob (oboboo
ooooao 100000000000 0000 oo ooo oooooood oooo
0 mmgH-00 ooo ooo
ooooooboo 0.001 0.18 0 350 O oooooooooooooooooo O
gooooooooooooooo
ooooooboo 0.02 0.2 0 280 O goooooo O
0 0.07
ooooooboog 0.002 0.2 0 250 O oooooo O
0 0.005
ooooo
ooooooooo 0.1 0.15 0 100 oooooooooooo O
0oa
0o0.2
oooo —_ —_ 0 250 O 2000037.5Torr0 050000 O
gooooooooooooooo
goooo 0.01
0 0.003 0.31 0 547 O CaOl H:00 Ca(OH).0 OO0 O0O0ODO O
goooboooooooo
gooooooooooooooooo
oooo
ooooooboo 0.00002 0.5 e O gooooooo O
oobooooooooooooono
goooooooooooooOoooo
goooo

ub bgbodgooboo



196

gbogobooobobobooboobobooooaon

gboboooboboboboooboboboooo

gbobooooobobobooooboboon
gogooooboboboooobobooooo
bobooooooobooobOoobooboooog
boooooOoobooooOooobOoobooooog
oboooooooboooooobooobooooog
gbgooobobobooodoboboooao
gbogobooobobobooboobobooooaon
gbooogooo

4. 0000

boboooboobobobooooboboon
gbogoooobobobooboobobooooon
gogoooobobobooooboboooon
oo

ooooooboooooooo
oooooo 4000

oooo
Booo

000mUs3M) o 000

N\
oooooo o~

\% 4—oooo
j ooooo
ap
d p

7

oooooo 0000
oooo

ooooooo oooo

d £
pooooooog p
d b

1200

oooo oo
1300mm

z

gooooo

goooooon,

0Oooooo ooood]

oooooog
oooooo

ot
o] A
ooooo

oooobooooooo

gooooooooobbbbbooooogg

oood 2kg/cm? ooooooooooooooooooocoggn
oood 0.5kg/h ooooooooooooooooooocogogn
ooo oooo ooooo ooooo oooo
0000000 (0350000000000 (305w mO00000000 |0000000000000 (0000000000000
ooo 0000000000000 |0000000000%Ced |00000000000
0000000000000 |0000000000000 |000010°010Rad0000
oooo oooooooo ooooooooooooo
0oooooooooooo
00000000 ({02500000000000|000000026027pm| 0000000000000 |000000000000OO0
ooo ooooooooooooooooon 0000000000000
0000000000000 |0000000000000 |4x 10on/cm0000000 |000
ooooooo 0000000000000 |00%%.8%00000
oooo y00ooooooooooo
ooooo
0000000 (0280000000000 |0000000000000|0000000 0ooooo00oooooo
ooo 00OoooOoooo0ooooon ooooooooo
0oooooooooooo
oo goodooo




OODOCHINO IR-MIOOOD ODODOODOOOODOOO
goooooobogn

5. Oodda
51 0b0o0oogon

ooboooOo0ooOoobO0oobOoobO0oOonn
oboooooooooboobobOoobOooooo
gboobodboboobooodoboboooan
gbooobodgboboobooobodoboboooan
gboooboobobooboooobobooooon
goooooobogoobog

511 0000

gboboooboobobobooobooboboon
goooooboboboooooboboooon
gbooooooooobOoobOooboooboog
boooooooooboooobooobooobooo
oboooooooooobooooboooboooooo
gboobodboobuoboobodboboooan
gboooooo

5.1.2 0000

uboboobooboboboooboobobon
gboooodoboboon

12
11

Qgoooo

I I I I I
-20 0 20 40 60 80

oooooooooo
ubobooobobooooo

[ RN U RS IR N |

52 000O0OO0O0O00boobod

ooboobDooooOoDboobDooboOoDo
gbooooobobooooboooboooobooon

197

gbogooodgboboobooodobobooooan
gboooooboboobooooboboooooon
gogoo

521 0000

gooooooboboooooooooo,obo
gboooooboboboobooboboooon
gooooobooboboboooo

522 0O0O0OO

oo0oDo0oDoOoDOoOoDOoOoooobDoOoDo
oooloooooooooooooooooooo
gooooooloooopoooooooooooo
ooooloooooooooooooooooo
goo

pooooooood
5
T

g oogoobo

[—oc—00000®+--000000B-0--000000

o0 bDoboOooboobooo

53 Juobooogoooboo

ooboooOoooOoobOoobooobooonn
oboooooooooboboooobooooboo

531 0000

oobooooobooobooboooboonn
oooooOoooooooooooOooooo 10g/
0000000.5kgem?000000000000O0

532 0O0O0OO

gboboooboobobobooooboboon



198

pooooooooo

0

pooooooOood

]

O

80

70 +

60 -

50 +

40

30

| | I I
8 12 16 22
gooooooo

0000000000000Mm3000,0.5Kg/cm?0

20

oF
=

50

40 -

30 -

20 r

10 +

0 L I I I I I
2 4 6 8 10

gooooooo

00000000000000Mm3000, 0.5Kg/cm20

o
)

gbobooooooa

gboboooboobobobooooboboon
goooooogodg

oobooboooboobooobooobooonn
gbooooooooooboooobooobooon
gbooooooooooobooooboooobooon
g

uobobooooboooobobbooobobobooa
gboooboobobooooobooboooboooon
gboooooooboboboon

gboboooboobobobooooboboon
gbooooooobooobooobooobooon
gbooooooooboooobooobobooboooo

oobooooooobooobooobooooog

gboobodboboooooboobooooao
gboooooo

54 OJOOOOOO

O

bobooboobobuobooodobobogan
uo

gooooooooo
g
T

50

40 +
30

20
10
0

oz 4 & 8 10 1
00000000

pooooooooo

[

00000000000000mI3000, 0.5Kg/cm?0

0 50 100 150 200 250 300 350 400
pooooo

[——00000B »-0000G-4--000000

0000000000 0.5Kg/cm?0

100

90
0O 80 r
O
o 70
O
O 60 -
O
g 50 F
O
O 40
O

30
= :'--—-'—"’"--—-t _____
o Y -
O N g

10 -

ok

-10 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400

0oooo
[——00000B=-0000BG-«--000000
oboooboobooobooboooo

541 0O00OO

oboocoooooobooboooobocoooooon

gbgooobobobooodabobooooao



50

012 000000000I30000

199

100
] 90
0 40 | o 80+
g O 70k
O s B owfT + —— —— —
g 0 sl
0
0 L
0 20 o 40 - = . = -
o O 30k
O g ¢ % 20 -
0
o 10 -
1 1 1 1 | Il | 1
09 04 0.8 12 16 2 0 3 5
) 000000000o
0D (kg/em?) [EOONOOOwT 30000D
D10 o0oooooomaoon 013 00000000000000000
50 50
0
O 40} 40 -
0 0
O 0 L
0 ) o YT+ - —+ 4+
0 0
O o 20 F
0O 2 K O
0 0 L
o now
0 - 0
0w 2 ol B
0 = — = = =
0 L L L L L ,10 | | 1 |
0 04 0.8 1.2 16 2 1 3 5
00 (kg/emd) 0OooOooooooo
[0 0O0ON.00 0000+ 3000000
0ll 000ooooooom3oooa
014 00000000000 00O00000ad
50 50
0
O 40+ 40 -
0 a]
0 0 30
0 30k 0
0 0
g o 20-+ v + T T
O 2t 0
O 0 L
O B
O 10k ] 0
0 O r o
O O = — —£]
| | | | | -10 | | |
Oo 04 0.8 1.2 1.6 2 1 3
00 (sg/em?) 0000000000

[0 00N.OOOooo+ 3000000

Ol5 0O00ooooooooooooooo

0-0-0kg/em?0000000000000O0
gooooo

55 0b00Oo0oogooo

gboboooboobobobooooboboon

542 0O00O0O0O goooooobgo

oooooooloolioclzoogooooogg
gbooooooooobOoobOooboooboog
oboooooooobooooon

551 0000

gbbooobooobooobooooboooobooon



200

gbobdoboooboooboobobooobooon

5.5.2 0O0O0OO
oooooooi130140150000pooooon
obboooooobooooooobooobooooog
bobooooooooobooooono

5.6 UOUOOood
obobOoooobooboooooobooon
oboboooboooobooobooooboooon

56.1 00O0OO
ooooosooo3ooooooooooon
goboooboooboooboobooboooo
562 0O0OOO

gbobooooobobobooooboboon
gogoooobobobooooboboooon
gboboooboooobooobooobooo

6. U0
boboooboobobobooooboboon

gbgboooboboboboooboboooooon
gbogoboooboboboboooboboooboooon
gbhgoooboboboooobobooboooo
gbooooobobobobooobobooboooo
gbobooooboooboooboobooboooog
obobooooooooobOoobOoobooooog
obobooooooooooboooboooooo

gooo

010 J.A.Dean:"Lange's Handbook of Chemistry",
Mcgraw-Hill Book Company

020 G.Joos, "Landolt-Bornstein™ Springer-Verlag,
Vol.40 19720

0 30 G.Joos, "Landolt-Bornstein™ Springer-Verlag,
Vol.20 19600

0400000 OO ooDooooooOoroooo

gbs00000* ooDooooooooooon
Blcs000000D000000O000000
O 0 O Vol.11, No90O 19690

ooooo ooooo ooooo

ooooo

000000o30000 ooo ooo
goooooo™

03000 O 0.1kgf/cm20 65.5 66.2
ooooo™

03000 O O 2kgf/cm20 34.2 33.8
ooooon

000000o30000 ooo ooo
ooooooo™

03000 O 0.1kgf/cm?20] 27.5 27.7
ooooag*?

03000 O O 2kgflcm20] 46.5 47.0
ooooo

000O0oo0oo30000 oo 000
ooooooo™

03000 O 0.1kg/cm?0] 18.5 18.9
ooooag*?

03000 O 2.0kg/cm20 44.2 43.5

*1 000000000

*200000000000000000000000000
ooooboooboooboooogoo



