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© Horn Cooling Water System o !

e Water cooling of horn conductors

* Water spray onto IC = collected in drain tank = pump up

e Two independent pumps for water circulation
e Water supply pump
e Water suction pump @ 7~8 m above horns

e Supply and suction flow rates are balanced manually
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© Horn Operation History (B
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Water Radiolysis

e Beam exposure to horn cooling water produces hydrogen gas
e Water radiolysis

* J|onization and excitation of HoO molecule by beam exposure
* Primary products : eaq, OH, H, H2, H2O2 = Final products : Hz, O2, H20Oo

e Production ratio : Hz, O2, H2O2 = 1.3 : 0.1 : 0.99 = very small O2 production

e H>O2 naturally decomposes, yielding O2 F1 y(X)E aiBHREOKORSHRAETE U 3103218
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Hydrogen Production and Recombination

e Measured production rate
o ~260L (4.7%)/101° POT @ 485 kW

e Hydrogen removal by recombination : 2Hz + O2 = 2H20
e (atalyst : Alumina pellet with 0.5% Pd
* H2 produced inside horns — Forced He (+H2) circulation through catalyst
e H2 production rate greatly reduces to 5.8 L (0.1%) / 101® POT
e However, H2 still gradually increases — He flushing once per 1~2 weeks

e Hbsconcentration:1%—-20.1% .
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H2 recombination catalyst
Alumina pellet with 0.5% Pd
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© Hydrogen Removal System (E

e He flushing to be performed once a week (or two weeks)

e He flushing system
e He buffer tank (~5.5m?3) in TS machine room
e Pure He gas injected to water tank = Horns = He buffer tank

* QOld He gas stored for a week and exhausted to outside = short-lived nuclei to decay

* One He flushing = 2/3 of entire He gas can be replaced with flesh He gas
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© Hydrogen Removal System (Cn

e He flushing to be performed once a week (or two weeks)

e He flushing system

e He buffer tank (~5.5m?3) in TS machine room
e Pure He gas injected to water tank = Horns = He buffer tank
* QOld He gas stored for a week and exhausted to outside = short-lived nuclei to decay

* One He flushing = 2/3 of entire He gas can be replaced with flesh He gas
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© Hydrogen Removal System (8

e He flushing to be performed once a week (or two weeks)

e He flushing system
e He buffer tank (~5.5m?3) in TS machine room
e Pure He gas injected to water tank = Horns = He buffer tank

* QOld He gas stored for a week and exhausted to outside = short-lived nuclei to decay

* One He flushing = 2/3 of entire He gas can be replaced with flesh He gas

Exhaust to
He gas outside
sampling A
[
He+H2 |
Helium — — —
. Circ. pump f ! f J t !
Water [° O

S ©

e S, Suction

> O He gal_s Suction He gal_s pump He gal_s

Suction sampling | pump sampling sampling
Surge tank oump ! t | : | :

i R i At m—— i I Y 7
| t ; ' ! ' Lo He buffer :ank
| | -
N AAAAAR "[AAAAARA "[AAAAAN]| ! (~5.5m?3)
| He+H. He+H. He+H. |
| || |l || || || L1 |
l | | Homn3 | | Horn2 | | Horn1 :
' |
L J

Helium vessel



Prospect for 1.3 MW

e Operation criteria
e Keep H2 concentration below 3%
e H> explosion limit in air = 4%
e Prospect for 1.3 MW
e H> concentration < 1% in 1 week operation @ 485 kW = < 3% @ 1.3 MW

 Current production rate can be acceptable even with 1.3 MW beam

* But there exists some problems that need to be solved for a safe operation
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lon Exchanger Effect on H2 Concentration
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Configuration (old) (new) (old) (new) (new) (new)
Beam power ( kW) 330 390 470 450 475 485
H2 concentration (%) 0.4 2.5 1.5 4.0 1.0 2.4
Production rate
(% / 101° POT) 0.173 0.683 0.215 0.832 0.299 0.137

* Hy production rate rapidly increased after lon exchanger replacement

* Moderate production rate for old IE, but water conductivity increased = IE’s lifetime

e |E resins may be degraded due to oxidization by H202
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e Water conductivity
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* A strange behavior during dual |E operation
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©O Effect of H-0O> (&

e Hydrogen peroxide (H202)
* Production rate is close to that of H2 (H2 : H2O2 = 1.3 : 1)
* |t corrodes IE resins = degradation of IE with presence of H20-
e (Can be decomposed naturally : 2H202 = 2H20 + O2
 (atalyst can accelerate the decomposition
* Resultant O2 can work as a source O> for the recombination
e Measurement of H202 concentration
* ~10mg/L ¢ estimated: ~500 mg/L @ 3.9x1020 POT
 This indicates that most of H-O> produced was decomposed

e Even this small concentration of H-O»> can affect the IE resins

Sensitive to 0.05-5mg/L Sensitive to 3-700mg/L

ion



Problems and Countermeasures

Problems
* Short lifetime of IE due to H202 = |E replacement causes high Hz production rate
* H> gradually increases due to small O2 concentration

* Dissolved O2 in cooling water (~1.9mg/L)

* (Can create superoxide Oz (eag- + O2 = O27), which can accelerate water
radiolysis = dissolved Oz should be removed

Countermeasures

* Need ion exchanger resins which are tolerant to H2O»
* (2 degasifier to remove dissolved Oy

* Inject Oz gas to solve the lack of O2 for recombination = Safety control is an issue

15



Problems and Countermeasures "

Problems

Short lifetime of IE due to H202 = IE replacement causes high H2 production rate
H> gradually increases due to small O2 concentration
* Dissolved O2 in cooling water (~1.9mg/L)

* (Can create superoxide Oz (eag + O2 = O27), which can accelerate water
radiolysis = dissolved Oz should be removed

Countermeasures

<

Need ion exchanger resins which are tolerant to H20-

. . To be considered
O2 degasifier to remove dissolved Oo

Inject Oz gas to solve the lack of Oz for recombination = Safety control is an issue



© H-02 Resistant lon Exchanger (2

e H20: is problematic for nuclear reactor business

* H20O> resistant ion exchanger developed for nuclear reactor
* Pd-doped ion exchanger can decompose H>O2 and = Pd works as a catalyst

e therefore can extend lifetime of ion exchanger

[ Award Paper \

Prolongation Technology of Life Time of Ion Exchange Resins
in Nuclear Power Plants

T. lzumi et al (2018)

Takeshi [ZUMI *, Makoto KOMATSU ?, Tatsuya DEGUCHI *

'EBARA Corporation, 4-2-1 Honfujisawa, Fujisawa-shi, Kanagawa 251-8502, Japan
’EBARA Corporation, 11-1 Haneda Asahi-cho, Ota-ku, Tokyo 144-8510, Japan

(Manuscript accepted July 20, 2018)

Abstract

From the viewpoint of the minimizing the corrosion of the reactor’s structural material in the nuclear power plants, the
ion exchange resins are generally used as one of purification system in order to keep water quality clean. Hydrogen peroxide
generated by the radiolysis of water exists in the reactor water and it accelerates the oxidation decomposition of the ion
exchange resins and finally, it becomes the cause to shorten the resin life. To solve this problem, the application of Pd doped
resins which can decompose hydrogen peroxide catalytically at the surface has been considered. It was confirmed by the cold
test that Pd doped resins overlaid on the ion exchange resins or mixed with the ion exchange resins decomposed hydrogen
peroxide contained in the reactor water and inhibited the oxidative degradation of the ion exchange resins. We report the
results of these tests.

Keywords: Pd doped resins, Hydrogen peroxide, Ion exchange resins, Nuclear power plants



© H.0. Resistant lon Exchanger (o

e New resin

* Resins produced by LANXESS and its performance proved
by EBARA

e | contacted the person in charge of the new resin and he was
very interested in the application of this resin

e As a trial, this resin was put into one IE bottle for a test

* 4L of the old resins were replaced with new ones

 To be tested during next beam time

New resin (~4L)
is overlaid

50 L in total
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© 02 Degasifier System (8.
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Summa ry JI//Z/"*)’J-P/.I ~
Beam exposure to the horn cooling water creates Hz, Oz, H2O2
H2 is removed by Hz recombination using catalyst

H> concentration is currently < 1% per week @ 485 kW, which can
indicates < 3% even at 1.3 MW

It is likely that ion exchanger resins are oxidized by H202 and lifetime is
2~3 months

New ion exchanger resins tolerant to H2O2 are introduced and will be
tested in next beam time

Dissolved O2 in the water can affect H2 production rate. Oz degasifier is
under preparation.



