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(1)Session 1 Radiolysis & ECP modeling for LWRs
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(3)Session 3 Other Applications
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(2)Session 2 BWR application.”PWR/CANDU-PHWR
application
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(4)Session 4 Fuel and Corrosion
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Radiolysis Modeling

Water Chemistry Distribution

ECP Modeling
Corrosion Potential Distribution

Crack Growth Rate

Modeling
Crack Growth Rate Prediction of
a SpECifiC Component Takagi, Water Chemistry
Seminar (2001)
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Coolant Radiolysis and Electrochemistry !
October 27, 2005 Jeju-island Korea
" sponsored by Atomic Energy Society of . j‘apan

HE- ﬁﬁ&:z’* LAt A—ICTI—9iav T A n—¢&
-7 m;ﬂ#ﬁE(ZUDT)

I.?El'.l'.’ﬂﬁ 5» Copyright 2008, Toshiba Corporation. 1027 BARFHERUKEEHE  BIEERHRE

YRalb—La FEOBE

0ﬁﬁlﬁﬂﬁ$&BWR1ﬂ¥$lﬁﬁé7}ﬂt$® B 5%

Radiolysis Model

~.

Flow Rate, Hydraulic Dia.

Mixed Potential Model

Water Chemistry

Corrosion Potential Distribution

Takagi, Water Chemistry Seminar (2001)

TOSHIB
...E..wﬂ »» Copyright 2008, Toshiba Corporation. 1227 BARTA¥EOKLEHE Ba@EMHARS



UEalb—2a FEROME

S KDBSHRT RIS (1/2)
U Water radiolysis
n,g
H20 — eag-, H+, H, OH, H2, H202 (1)
U Secondary reactions
H + H — H2 (2)
H + OH — H20 (3)
OH + OH — H202 (4)
H +H202— OH + H20 (5)
OH + H2 — H + H20 (6)
OH +H202— HO2 + H20 (7)
U Generation of oxygen
HO2 + H — H202 (8)
HO2 + OH — 02 + H20 (9)
HO2 + HO2 — 02 +H202 (10)
Takagi, Water Chemistry Seminar (1999)
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 Decrease in Oxygen and Hydrogen Peroxide |

Enhance the recombination reactions:
O, +4H* + 4e = 4H,0 (Cathodic Reaction)
H,0, + 2H* + 2e = 2H,0 (Cathodic Reaction)

Increase in Anodic Reaction of Hydrogen |

Enhance the anodic reaction of hydrogen:

M= M"* + ne (Anodic Reaction)
H,=2H* + 2e (Anodic Reaction)
Takagi, Water Chemistry Seminar (2001)
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S KDIEHRT BRI IG (2/2)
O Hydrogen injection effect
H + 02 — HO2 (11)
H + HO2 —H202 (8)
H +H202— OH + H20 (5)
H + OH — H20 (3)
n, g OH OH OH
H20 =2 OH = H202=HO2 = 02 (12)
H H H H
U Back reactions needed to be considered at high
temperature
H — eag- + H+

H + H20—-> OH + H2

Takagi, Water Chemistry Seminar (2001)
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Decrease “Reduction
H2 H2 )
Oxidation Oxidal
Reduction c tD -
Current Density Hrentipensity,
Takagi, Water Chemistry Seminar (2001)
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plant design
(dimensions, dose rate, temp.)

v

s procedure validity check
Lab. data —Nradiolysis model| Plant DO data
y <> (D0>10ppb)
% model validity check
\@7 input: 0,,H,0,,H, X feedback for self-consistency
( \

Lab. data {— ECP model | |¢==yPlant ECP data
\_ model validity check

procedure validity check
+ Radiolysis model validity affects the ECP mode.

+ Consistency of whole procedure is needed.
Yamamoto, 6th Radiolysis Workshop (2006)
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€ 4 reactions were selected which related to OH
radicals to evaluate the effect of the rate constant.

Reaction X110 Base case* X 10
R(1) |OH+H,=H+H,0 1.27E+08 1.27E+09 1.27E+09
R(2) |H+H,0,=0H+H,0 3.07E+08 3.07E+09 3.07E+10
R(3) [OH+H,0,=H,0+HO, 3.91E+07 3.91E+08 3.91E+09
R(4) | Oy +OH=0H + 0, 1.27E+10 | 1.27E+11 | 1.27E+12

*:N.Ichikawa 2™ Workshop on LWR Coolant Water Radiolysis and Electrochemistry (1999)

‘Yamamoto, 6th Radiolysis Workshop (2006)
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@ 3 sets of g-values were selected from the

viewpoint of g(H202).
e | H* | H | H, | OH | H,0, | HO,
g(1) | Gamma | 3.41 | 3.41 | 0.87 | 0.60 | 486 | 0.31 | - Toshiba
Neutron | 0.68 | 0.68 | 0.52 [ 1.52 | 1.80 | 1.22 | - [Hitachi
g(2) | Gamma | 3.54 | 3.54 | 0.94 | 0.56 | 3.48 | 1.06 - Tokyo univ.
Neutron | 0.68 | 0.68 | 0.52 | 1.52 | 1.66 | 1.20 | -
g(3) | Gamma | 3.50 | 3.50 | 0.90 | 0.60 | 450 | 0.55 | - Studsvik
Neutron | 0.65 | 0.65 | 0.45 | 1.26 | 1.77 | 0.85 | 0.05

g(1):Y. Wada et al., Proc. 8th Environmental Degradation of Materials in Nuclear Power System Water Reactors 574(1997)
g(2):G. R. Sunaryo et al., Radiat. Phys. Chem, 45, 307 (1995)
g(3):H. Christensen, et al., Water Chemistry in Nuclear Reactor Systems 7, 2, BNES 138 (1996)

‘Yamamoto, 6th Radiolysis Workshop (2006)
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€ Dose rate at the downcomer
— Base case is the typical dose rate at the downcomer of BWRS5.

X1/2 Base case X2
Dose rate (100eVsec/L)
gamma 0.64E+17 1.28E+17 2.56E+17
neutron 2.30E+19 4.59E+19 9.18E+19

# Gas transfer coefficient
s AC, =-kC, +Kk'C,
s K':x1/2, Base case, x2
= Base case : currently used value

Liquid

Gas transfer coef./s*!

Base case K(rel.) K'(abs.)
100 23

Yamamoto, 6th Radiolysis Weorkshop (2006)
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. O Hydrogen Downcomer . D Hydrogen ! Core
'3 @ Oxygen o @ Oxygen
g, | OHydrogen peroxide | s CHydrogen peroxide
® g 23 e e e
s 3
g g
S’Z e R E e | B e R ‘g’2 ---------------------------------
g g
c
g1 84
[ = c
3 3
o 0
g(1) a(2) a(3) g(1) g(2)
g-value g-value
* Normalized by the results of g(1)
« At the downcomer, ratio of the dose rate (g/n) is high.
* g(H202) of gamma ray affects the concentration of H202 .
Yamamoto, 6th Radiolysis Werkshop (2006)
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€ Parametric study for key back reactaons :
-H > e +H+

- H+H20 - OH+H2
400

— Both reaction added _
= [H + H20 --> OH + H2] added

—> -+ H+] added
— bas¢c

300 FERRNEEE

20 [HININEENEE dleg L

Conc. / ppb

100

0 0.5 1 1.5 2

H2 in FW/ppm
Takagi, 5th Radiolysis Workshop (2004)
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O Hydrogen |
et mOxygen
3 6 -l - nHydrogen peroxide| -
[}
>
2 pliscEan e R(1):0H + H, =H + H,0
5 4L BN |R@yH+H0,=0H+HO
"E" - R(3):0H + H;0, = H,0 + HO,
B 3 ErEsnes | g R("):‘:’;‘+OH=0H'O2
E 2 [ P . |
g
8 1}
o
P R WO S A DTS ST
Fi S SRS N
S T I e &g &

* Normalized by the results of base case rate constant
* The effect of OH+H2=H+H20 is significant.

« Accurate rate constants of key reactions are important.
Yamamoto, 6th Radiolysis Workshop (2008)
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Water Flow Dose Rate
Pattern l Distribution
Modified Water Radiolysis Model'|
Water Chemistry
Hz:oz:Hzoz i
—>fiiGaified Mixed Potential Mot | shroud

Downcomer-

region To the
Riser Pipe Recirculation
system
Jet Pump
Takagi, 5th Radiolysis Workshop (2004)
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. 200 T T 200 -
TN : 90° o 2 ’ = ‘ Ve e ek 3 _
A To the recirculation B150 | b & 150 _.'.-\ pbiEe e
g —n || ‘ R O e
= 100 e e SR R 0, ﬁ 100 |- SRR i Sl Ll 0,
Z ] ' H,0, = L H,0,
] : o
£ 50 oo g 50 [ S
S A S !
\ A
O Hom U - 1
0 2 4 6 8 0 2 4 6 8
Distance from downcomer inlet/ m Distance from downcomer inlet /m
(1) Around Shroud (2) Around RPV
Jet Pump Horsantalviaw Water chemistry around Shroud Water chemistry around RPV
. . 0.4ppm H, in feed water 0.4ppm H, in feed water
Vertical view (:2PRIH, ) (D:EPRIILE, )
Takagi, 5th Radiolysis Workshop (2004) Takagi, 5th Radiolysis Workshop (2004)
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