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Abstract : The concentration of silica is required to meet a certain level because silica affects fuel and
materials integrity by forming a zeolite layer on fuel cladding surfaces. When the established Feed and Bleed
method is employed, nuclear waste increase and the corresponding amount of boric acid is constantly
consumed. This study concentrates on minimizing the amount of nuclear waste and consumption of boric acid.
Using five different membranes, operating conditions such as temperature, feed water flow rate, boric acid
recovery and silica removal rate were examined. A silica-selective removal system was designed based on the
above optimization procedures. Three-stage system was designed with two characteristically different
membranes so that it could correspond with the different situation easily. Compared to the previous results of
the Feed and Bleed method, the current method showed that the amount of nuclear waste was reduced to 7%,
and the consumption of boric acid to 15.7%.
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749} 74 42 (Pressurized Water Reactor; PWR)el
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e e "l wlE BA%rE 24 HuMe
Feed & Bleed (5459 BE54E FYLH)E
AV B4 A% Boron Thermal Regeneration
System; BTRS) % g€%20]2x#7](Deborating
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2.1. Bench scale &#
211, 2 A% ¥ 25 M3
RO%Y AZ3A7L #AE E4& HE&S ROY
o] A2 2 dHehol w} bench scale A|¥E Fo=
e 2ol 5% Be Mk
o HydranauticAk SW CA 4040
- Membrane type @ Cellulose acetate spiral
wound membrane
o Film TechAt NF 40-4040
Nanofiltration SW thin
film composite membrane
o ToyoboAl HR-5155
- Membrane type :

-~ Membrane type °

Cellulose acetate hollow
fiber membrane
© Du PontA}¢] B-9
- Membrane type Aramid hollow fiber
membrane
© Red China*t®] KH-8-ROS1
- Membrane type - Cellulose acetate hollow

fiber membrane

2.1.2. RO ’éﬁ’&ﬂ

RO 2A3#Ax 10~50T +AHHYAA HY2x
+05C2 dAH ~n-7~1§ Alﬂ AHEgEE 1~
50Kg/cfolth. AHg-f3e 0~28 L/mino2 AAS
Aar, 49x  olate] ‘—’%"%““‘ 2 e #}(Utra-
filtration; UF) #e] 2¢tX g Ngg #3838 + U=
& &gtk

FAAA B2 flexible tubeE AHE3l ThgE
A7e 4dd, B4 9 FR] fE7t §olHdEE 37
o RO HEAAY flow diagrame Fig. 13 #th

Level SW
Therm. oup.

AUX Feed Line
AF Purp

Fig. 1. Schematic diagram of RO test loop.
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¥e HAigsigen, T 26~30TC, +AUH

19~20kg/cm’, BFH% 5~6m’/hrolq AT
0171*1 SHLETL SFPol HlE] A5 AL walF
28 AL £EA7H AN, FX AAY d(EZ

5= —1

5)el 46& Aolth.

(o]
42

kS

3. 21 ¥
3.1. Bench scale RO&X%|2] 4sSAIH Znt
3.1.1. 2ol ¥ 20|12 EFE29 HAS

Ado] ALE3 57] RO tisl Y(Raw Water)
Z2] Na®l 87§ Q4o tig AR g Ael &
2 AAL Mes AdsHS Pristdon, Fau
22 Table 13} %t} HydranauticAb SW CA 4040 %
£ ofol& W gol2o AHAgo] v wony HYH
o] —}3—51015 Xﬂ}] o] q-}” Iﬂoix]x] LB‘/\}:‘:}' Film
TecAt NF 40-4040 =& 17}o] 23} 27}o] 9] viA| &
apol7t @AY, SO AAEL 9% FEIAL
AG7E L3 go]E AA&e] ¢ wgten, A
Qe 20 Kg/em #3204 BEEEAAE °] M E2e A
o2 Jehsth Toyobort HR-5156% +4%4E 20 Kg/
o Bl Aie] AL Mg Fon, o 2l -&
& o) EkAT HydranauticAb SW CA 4040 “‘}1’_13}
= op7h wiskn, AEFHSIONe AAEE VY FE
2 7}4 =itk Du PontA B- 9““—4 BETE ]7‘11{7:
0% olAtoln Aelsl wlAER EAAT, THYH]

A0
%V_‘%

Table 1. Specification and Test Results of Membranes

oF & A Fe Hstd Cl R Si0:2] WA&e] A

z2

%43¥ Na, K, Ca ¥

74 8olAtt. Red China KH-8-ROS1%
1 Mge] AlA&L Fig. 29

Vet Ca, Mg2 96~97%9] AAEE BYLH,

10kg/cm’
28 &

]34l Na
S0} &

T

1=}

2 K9 AA&L A3 3
<EY AALE SO > S0 >
Cl > NOs®| #Aoln(Fig. 3 #x), SO +HY¢™

100
. E; '/Xd
——
/ Na
®
T K —
o —a—
é Ca
2 -
E 40 Mg -
20
0 . v v v r
2.3 5 10 15 20
Applied pressure (kg/cm?)
Fig. 2. Effect of the applied pressure on cation

rejection at 25C.

Hydranuatic Film Tec Toyobo Du Pont Red China

SW CA 4040 NF-4040 HR-5155 B-9 KH-8-ROS1
Membrane material Cellulose Th""F’?m Cellulose Acetate Aramid Cellulose Acetate

Acetate Composite

Type Spiral wound | Spiral Wound | Hollow Fiber Hollow Fiber Hollow Fiber
Element dimension “ " ‘A ” " " "
(Diameter X Length) 4" x 40 4" x 40 6" X 175 12ecm X 40cm 4" X 24
Oper. temperature < 40T < 45C 5~40T - 5~3T
Oper. pressure(kg/cm®) 15 ~ 40 10 ~ 30 20 ~ 30 10~ 25 10 ~ 19
(Max. Oper. Pressure) (40) “n (40) (27) (20)
Permeate flow 24 ~ 86 30 ~ 82 10 ~18 13 ~ 32 21 ~42
(4 /min)
Cation rejection (%) 94 ~ 999 57 ~ 8 98 ~ 995 90 ~ 99.8 90 ~ 97
Anion rejection (%) 97 ~ 999 10 ~ 28 ~ 999 9% ~ 996 83 ~ %
Silica rejection{%6) ~ 96 26~ 3 ~ 98 93 ~ 9% 8 ~ 91
Wl A 7 @ A4 %, 1997
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E 6o —* —
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g 01— ol -
-
NO3
20
0 T T T T
23 5 10 15 =20

Applied pressure (kg/cm?)

Fig. 3. Effect of the applied pressure on anion
rejection at 35C.

Aske) 2 Gaelel 9B%el% AAINLY, SOy, Cl
2 Nl AAEE ehYHel A3y B4 7w
Aol golentt FHsgon, 10 Kg/or ool
HePHSIOe AALE 859%~91%AT KH-8-
ROSIZe: FZAANA 45 444g B0z A

2ol RO %% Nano %9 FHEAS 21 glom,

Y BIge E1 AdEs ERge HmE o}
AL AsHle] ofF HPH Aoz HrHAT

1.2. 32358 ¥ daipg
TAYE, e, AR 59 4F £dzxd W
of }& 5/ RO%e] #4358 2 HeAAL A

Table 2. Performance Data of Membranes

Boron | Silica dif};:rceor:/cir()z’/o)

recovery(%) | rejection(%) (Boron-Silica)
(NFFihZO—thgio) e I
D(uBf’é))nt 4] ~ 81 B~ R H~ 60
e e R

100 7'*r7

90 /(

80 Z

70 r5
60

——
50 -\ / Boron recovery |~
\ / —w— Fa

40 \\/

Recovery (%)

Permeate flow
o / ‘.\-\-ﬂ\‘ 2
20 / & ~ .

r————————v T T 0
0 5 10 15 20 25 30 35 40 45
Applied Pressure (kg/cm?)

Permeate Flow (L/min)

10

0

Fig. 4. Effect of the applied pressure on the boric
acid and the silica recovery at 25C.

100 9
90 /P Lg
80 X .
70 H

60

RN — |
.._\ /z' Boron recovery || 4
40 —— .|
% Permeate tlow L3
30 /

20
10 4.,._‘;// 1

0 T T T r T r T T 0
0 5 10 15 20 25 30 35 40 45
Applied pressure (kg/cm?)

Recovery (%)

o
Permeate Flow (L/min)

Fig. 5. Effect of the applied pressure on the boric
acid and the silica recovery at 35C.
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\ / Boron recovery | |5
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Silica recovery -4

Recovery (%)

Permeate flow (L/min)

/;?\‘\ Permeate flow | | F3
65
\ 2
60 ;
o Ik
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Applied pressure (kg/cm?)

Fig. 6. Effect of the applied pressure on the boric
acid and the silica recovery at 25°C.

100 / 14
95 \\ s e Al
90 P 10
\\ o
85 ] Boron resovery |.L.g
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\\ / Silica recovery
80 —a- 6
/\\ Permeate flow
75 f \\: 4
70 / N 2
65 T T T T : Y T 0

0 5 10 15 20 25 30 35 40
Applied pressure (kg/cm?)

Recovery (%)

Permeate flow (L/min)

Fig. 7. Effect of the applied pressure on the boric
acid and the silica recovery at 35°C.

Film TecAt NF 40-4040 %2 BAFaHgo] #¢
1 $ALE AFA BinGe deiRidgel F
7hato] Aol geprtw Ae7hA 1 &e] ot A
& chFig. 6, 7 #x). &g, dFIFEERF/E
)2 F7R7E dertrago] 43 FUtet
Aot w FAao He

W

A A

H‘J ol ol

AF3FEE 0~-60%2 A

o] Fatg Aol7t 15~30% FELE

o HrhE Ao

Toyobort HR-5155%-& Azt Agel 97% <
o]
&

Foz wjg HAY, FAFHe] FreH BaNHE

=)
=]
-
[}
o
=
=

Y
-

m

Ardel A 7@ A4 3 1997

iz

ot
=

70 1.6
60 \ //2“1,4
50 L2
,A\ P N
40
30
—

——
Boron recovery [
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Stlica recovery
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4 - “Fo.2

Permeate .flow

Recovery (%)

©
@
Permeate flow (L/min)

0 T T T T T T 0
5 10 15 20 25 30 35 40

Applied pressure (kg/cm?)

Fig. 8. Effect of the applied pressure on the boric
acid and the silica recovery at 25C.
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Fig. 9. Effect of the applied pressure on the boric
acid and the silica recovery at 35C.
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03\ / Boron recovery B
20 G = - &
Silica recovery Fos
10 —& e
\\}:ﬁ”te flow
0 y - A= + 0
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Applied pressure (kg/cm?)

Fig. 10. Effect of the applied pressure on the harig
acid and the silica recovery at 25C.

100 = (4
90 )z

N A
;Z \ /;-' 2.5
| P~

50 / T o—a 2
40 —.-— T tis
30 \ / Boron recovery |
——
20 ;\\ Stlica recovery | &
Permpeate tlow 0.5
10 m/ 1\‘\11\‘_ ----------

0 T T v v T
0 5 10 15 20 25 30
Applied pressure (kg/cm?)

r3.5

Recovery (%)

Permeate flow (L/min)

Fig. 11. Effect of the applied pressure on the boric
acid and the silica recovery at 35T.

qE AeAle HeEgt $3gel dA FAHYUY
(Fig. 12 ¥ 13 #&=). #HLE 25~35C, 4%
g 10~20 Kg/amdllA B43FEe 90%Ua =4
FAE oy, a9 At £3E zolm 70
~80% F&°) 7bEsrdch walA, bench scale A¥
A2 BAeFe AHest AAY Red China
KH-8-ROS1%e} 7H3 2§s Ao Hrsidet,
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3.2. Pilot plante| & Z3}

A 27 dAgdAdLe) AgFadR ARz

=
P N
8 60 . res o
> E]
g 50 - ] 2 2
8 "'\ /Zf Boron recovery O
g 40 —— “ti5 @
Silica recovery &
3O AN ] UG TECOVEDY | E
20 )27\0\ Permeate flow | M1 &
ro0.5
10 c/ Mo +
0 T T T T T T T T T 0
0 2 4 6 8B 10 12 14 16 18 20

Applied pressure (kg/cm?)

Fig. 12. Effect of the applied pressure on the boric
acid and the silica recovery at 25C.
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30 - o G
Permeate flow ri .
20 m/ ~ r0.5
10 ————

e —rN
0 2 4 B8 8 10 12 14 16 18 20
Applied pressure (kg/cm?)

Fig. 13. Effect of the applied pressure on the boric
acid and the silica recovery at 35C.
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