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SUMMARY

H =
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I. Project Title
Reduction and Treatment of Radioactive Waste at HANARO
IT. Objective and Importance of Project

At present the radioactive wastes, either in solid or liquid state, generated
from HANARO are transferred to and treated or stored in Radioactive Waste
Treatment Facility(RWTF). However the RWTF does not have proper
technology to treat radioactive waste contaminated with tritium from HANARO.
Neither does RWTF have enough space to store it. Accordingly it is imperative
to have proper means to reduce the amount of radioactive waste generated from
HANARO and to treat them more safely.

M. Scope and Contents of Project

This study was performed to develop the methods to reduce, safely handle
and treat the radioactive wastewater, spent ion exchange resins and solid

radioactive waste contaminated with tritium generated from HANARO.

IV. Result of the Project

For the radioactive wastewaters, it was recommended to classify and collect
them respectively according to the level of radioactivity. This would be effective
in reducing the generation of the radioactive wastewater which cannot be
treated in RWTF due to its high activity. And some equipments were developed
to evaporate the low level radioactive wastewater containing tritiated water.

With the concerns over these equipments, three patent applications have been



submitted to the Korean Intellectual Property Office and one of them has been
registered already.

The ion exchange beds and processes in HANARO have been examined to
reduce spent ion exchange resins and it was proposed that improvements of
equipments and operating procedures in the field be necessary for the effective
reduction of the spent ion exchange resins. And new container was invented to
safely store the spent ion exchange resins. In addition, new equipment to fill the
ion exchange resins into the bed was developed to reduce the spent ion
exchange resins because the proper filling of ion exchange resins into the ion
exchange bed can extend the life of the bed.

The RWTF imposes restrictions on the solid wastes contaminated with
tritiated water to be carried in because it does not proper way to treat the solid
wastes contaminated with tritiated water. And solid wastes containing tritiated
water has been stored in HANARO. To store in the RWTF, the solid waste
contaminated with tritiated water must be dried prior to transportation to the
RWTF. A dryer has been developed and patented to effectively dry the solid

waste contaminated with tritiated water.

V. Proposal for Applications

Results of this study could be applied to the operation of the HANARO.
And some of them have already been adopted and used in the filed of
HANARO. Efforts to reduce and treat the radioactive waste in HANARO will

continue and will contribute greatly to the improvement of reliability and safety
of HANARO.
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CONTENTS

(G2}

L THEFOQUEHOR e !
3, SEALES OF the ATES e )
3, Methods A1 RESUILS < 4
4. Achievements and Industrial COMEHDUtON s %
5, Proposal for ApDICAHOR ~mreresimissee b o7
6. References ~-Nerrrrr s gkl 2
Appendix gl R O | 2



— AN T OO H = O I 00 O
L TS S s B o B s BN O BN IO RGN AN

=0

7

M

-
nn"nﬂ
R oy
: PTF
X =K
M

=1
T
x]g] ;‘q ﬂ

N
R ‘AT . . T

o
B

0
e

H
)

=0
I
ﬂ a
o) T

™ K

W

B No

3y

I e I [ SRR
H
el

A 2
7]

aA 7= A
%.
4

Ay -
o

o

3

=
.l

1
2.
3
. °]

1r1r1re.f.

o
A 34 o]ewsty] #H I

A 2 A H(o]
&
3

Al 3 %
A1
A 4
4
5
6

T T T I

_Vi_



=<~ RS

U EF B S EBHIE 7] 3 e 92
S A AXER)AT RCIAA S B2 WEG o 6
WAL H G 2k WE Y ETE HFETE e, 6

T E A

1 H5H T,‘}lg_]-’ EFSr H HTE 8 7] 10

2 FF ALZ AFE O] LAIBET] O] LI e 12

3 &% 1eF H5g olendy] AEw A3

(2003 ~ 2005 ) vereteerescsusstsuestssesuistsnisiiscbusienneiiesissioresssnesssionsisnenss 15

4 2 AT Z3HE ol2ndr] AR W3E (20061d) e 15

5 o]%ﬂ;:s:_].zr:x] %;87] ............................................................................. 16

6 1z Wz A8 o] S0 ET] FFE G A] weerererrerreie 16

7 12 Yz AFE o)lend ] FFEG A FZ Q- e 19

8 17 W75 Qg olemdy] MEE WaH(2004'd ~2005) -+ 20

9 AEF HAR AYFZ YIE olemy] AEE W

(20041 ~ 2005 ) vereereresrerestssestisinistisesuisisisisinstsitiesstsetsesesnns 20

10 17 975 Q3ke ol emey] AEE Wa} (20061) <o 21
11 7 AHAB7]E O] 2 BFT] Q] FEF rrerrrrrrrrensninii 23
12 A HAFA F 7] 8 AR TFR] e 25

- Vvii -



M1 & ME

0y A% sbed 53 EdE o9 AvEel e 48 A= Je ¥ P E
g A ol W e BES SRS W@ PAHAS vt 2
AFW MUE olgdtel A FEAM PAY 2AF BE F O/IE WEw

ofelgol gglovt shtzsl o] RASHIM, 1 ol§ £art /Tl met

; ee] FbshE FA Qo] WA E

AN gool BE HEe 3 gt Aol oed Hio] gomt o
A gete] shtzel ABF Lol

Webd B AT s St gAHE el Aue] dskel FAHE Rl

B AAAR Ayt S WA HVIES AsEY S e A A 5 9
7.

>
o
@‘
N
i
Lo
1
i)
14
ok
>
ox,
M
o
[y
o
4
ki
N



H 2 & e s

4 7R 2

FH=

54

of A ATh[3] Ewe] 3

o
%ﬂ

=¥ 7l

2 40,000 Bq/ ¢ ©]t}.

N

I
)
M
of

o
U

wi

B

o N

o x| Nl |||~
+ ol Elo|lc|oc|o|o|o
— ~ | F|F|F|F|FT|F
TR EFEIge e g8
= NN |TF|F| TN
= =

M
u =B8] ls

No| > | + + | + |+
o nN calicalypcalypca

;/ N|IN|O| 0B

Ble)

H o|lo|om|~|o|x©
N SIS w38
Nl SR | R | T | S| T
oAl IS S CS R eSSy Y SS el

nmﬁ — o | — — — LO

b

L

Do 1 e
oy | <H =

= Xq %o

0 @L mja Jw ML A | <R

o2 | Tof | N o —_

NI T M U R B Mm mm

Tor _ .

& | e v |

Aol | w | = | m
| " RO | AR 4 | ol
b ithdt 31
S| T |G| T =]k
5N T Ak
g = ralcy

7% Al

EdH

}d

g

o
R

179} g

A 2]

=
=

7 7]

EYE

ol
TR

3ol

A7) e A

= A4 EYE

3t

SEER

Z}-
=

77

bl o Aot g

S

)

A7) =o] v T4

Al

o
T

A €]

Stz A =

s

REARA| 2 ALS-



g FrevE EdEe A7) A8 A7 2 J1esde 94 A ddas
ggow thest 2ol AaAd H 9

FEAALATaE 1939 H EJE 09 FFEYE EdES AANS I
# Awr)ES Fuay] 8 AL FRILCD), AH0 LHLPCEE )
A 5 EAE AAS woFY FANLe] FAALS T ATEZ Fshe] o
#[5~10], 1987491 KMRR(A shbz) S592 2 FAe gk d78 Fahol
F5 A% 0 A7 AFFa AHES ANsn 1 FHES A2 k)
19800 = 3159 2ol wel ARATAR FEOD EFE 9% AU
FAAE B2 9 T MERae 809N S8 2UE AA gLl )

st 714, AAA HEE s Ay 2013W 74 oF 30MCie] 74 % 2,300man-rem
A EAALe] T Fo] o dE o] ERlE AAAA(TRF)Y AA7F E719 ¢S AAls
Arh[12] T3 199%5dol = dEAFdy F5o2 TRF AA A4S fgk &
A Fuf T AEss EY AT 2 SAAAE A% HAs A=
st wp Jrh[13] €4 2, 3, 45719 AA ol =Y AAHFA 3 =

M, 20074 ol% 7bEd

o>
t
O
l
ftlo
i
X
-\
X
53
Y
fu
_0|L
£
—
=
=
il
A
il
of\
2
%0
o

g o]t}
T AAY FAVIATFAI Y] Ao m “ERE H7A
= A A77E JAPHATR4] o] HAA AT HXEE vFe A A AdolA
HAstE EYF A} derass dFHoz AHYysty] 98 ats 2 &3
714, CECE ¥4 &< /M#stes o 9l
a8y A7k EYE o9 SFESFH EYEs A7sH] g A4 2 7
A ol 9jel] shpE el e Al A A 2

AT AAE ALl gl Aot



M 3 & d7idsd s 3 Anf

A1 A AP 2] A
LA Ag

Shte Aol A wAEE WA ASE YA EA AR el 825
of = F AEs AFHAQY, 7 §% B m) L AE9 AFRAQ, 7 &

25 m)el AFHATHIE WA/ 2 A N ARWTF)Z ol Sk A2 whgo]
olste] Aelata vk,

st zol A WAskE WA HSY] b 2 5AL HE Fo AFFaS
(Tritiated water)7} 3E3tE o] = #AF7F Aok Holoh, xid] WA 7] &4
RS Ao ZAZAFA A A WA H VR At FEAo|Y] Wi
of AFEFasd od® WAAASFE AT F dE V5 #FL YA I
whebd ZAAdFw A oJste] 7] Fom T AYET Fube] glo] 5 A W
ARHAF Fo EFE FEE 4x10° By/m’S® A A FAs A ok oo wet
T ool ERE BES e WAATASE AN A BEAGAARS o]Fo] &
datrt, ey AA StUE AlEAd A= 2 o) EflE vRE e WA EE
7b FF #ASE o 2 APl W Z ogeS A1 g

AF7A WA HS A4 Bad A" WA HESe] EYE FEE 2AG
Az, A 5x10° Bg/m’el EBE $EE e #5F 9% dE Aow eyt
o 2¥d AWE 3t 5o WHoRE AHstrlde Fyrt A A &o] Leksirt

b
kA ol gk = & A fle] adiz Bdsta v

WA A Aelel A Aol T WA o] FolAok & whAlt WAL
Aol WA oAlolth o9 wHAste] Fels T4 E: AE elH BhaH 2
o Abgol FAHolokEe BEIAUS o} ¥ FEAF AR e PAgAFe
QY= A3 peslojol & glolth ol $lste] WA= W WA e
R 1E, BR FH Ot A gkl vhasolol Stk BAAMFY BF £

2 BE Ao a4 S oF Z AWE 5 vk EfE 5 29x10" Bg/L

-4 -



25 m*S A
7F 10 mL

P
T

o~
T

SRIEAEE

o

29x10" Bg/LQl HARA )

S0LE Alghst = o) 2y F5o & o] #Hvt

A
== st
o 4

T

EdE

)

EEIE ORI
SEREL

1
T

WA H 9= 50 L7 2SS

ba gl

ol
NNEAGALAE Bd EfE FE 4x10° Bg/m® ©]

O]

™
0
ol

3T

otk whebd o

o~
T

=]
=

A A Az o] ofFo] o HA

A=y

=

A o} AL sl 7]
WAL G e] wA REA o) A

I3

23}

=

=
)

o
o
A

)

o

H
Ho

U

w

o)
M

E

H
OREE E N

A 2]

1

k]
p 4

-
T

7t

=
=

1.88x10"

-
R

< 1,690 Ci/day= ©]

2004 =

o

S A

O

=

i=i]
UeEtd Aoz 5x10° Bg/m’e EgE &

10" Bq =9 #oz eyt ek A F744 <

2003

-

T

1o

21_‘

ST
3t

gt

f

3]

glol WA HE Aed

Bg/monthol]

I
3K

il

1 3 m’ A Al

o
=

M

rvze)

s

1 & W&ol °oF 10%

RE

A
=

b A

T,
f

Aol A



i 2 styE A AARR)A TS RCINA Y] Edg WEd

A2 2 2 (Rx) RCI

20034 2004 20034 2004
2.46x10" 4.94x10’ 1.15x10" 8.79x10"
1.72x10" 0 2.83x10" 1.50x10"
4.26x10" 7.95x10° 3.68x10" 1.69x10"
5.64x10" 1.61x10" 4.36x10" 7.02x10"
3.52x10" 1.63x10™ 4.21x10" 7.15x10"
8.08x10’ 6.75x10" 1.19x10" 1.47x10"
6.99x10’ 1.55x10" 1.36x10" 1.75x10"
4 5.21x10" 5.11x10" 9.14x10" 5.39x10"
4 4.20x10" 3.49x10" 1.90x10" 1.45x10"
104 6.82x10" 5.44x10" 1.24x10" 1.32x10"
114 8.41x10’ 3.21x10" 9.99x10" 1.41x10"
12¢ 9.77x10’ 7.24x10" 1.04x10" 1.26x10"
A 3.10x10" 3.72x10" 2.36x10" 1.55x10"
a9 i 2.51x10" 3.10x10" 1.97x10" 1.29x10"™

9 Zu A o’ 4 EdE ¥EY, Ba
1 5x10°
3 1.5x10"
5 2.5x10"
7 3.5x10"
10 5x10"

« AR E S 2 EfE 52 5x10° Bgy/m® 71F




N W
™
—_ J) %o
Aﬂl ],A C,ﬁ_lr
G on ~ Wr T A_ﬂ Nlo HO|
Eoﬂr Mﬂol_ﬂvﬂﬂ%xﬁ
B &E A cl
il o 7o A R T
Wﬂw ﬁ%%ﬂ?& T e T oo B
= T 2w ® R 5 %7$Lﬂ1§£@
%0 i o — B oo o = ~ P s i o
‘N_!ﬂ Wu@ 3 = o} % zoﬂ mﬂlﬂqwm_]ﬂ
N | 0
o 5 71_m|1riﬂlo ol _zr.zowﬂﬂﬂ%&ﬁq;o
o w ol IR — ox 20 O o O RN
N of °f o T ChH A w S
TR ﬂoﬂﬂwoiow Mﬂ M m_mﬂoﬂ%aﬂuw
—~ B — i o . £3 ~ T 0
= ol s ﬂ@ihiiﬂw%u
b g N R £y _ B w0 o
w8 w P ow N xRN g = ™ z X FE N K
ul T g D 0 m;a7ﬂob;o DX
~ = ﬂ;o ‘UI W = o T x__m_ - il —_ d.ﬁ 21 AT ,Dl Gyl
N N 20 _37}31@1%%
4 RGN 2o 19 il B w T G
" o #ﬂ.mﬂ% il 7tﬂrama$ﬂ%
%W M@M%ﬂﬁ = = [ & W%&EJ%%.%
- 0 ‘M_lﬂAlMoﬁoMmLt i Tl [ = Mw%lxﬁ./l%otuﬂﬂm‘w
%o wow momﬂﬂMﬁﬂor u S %m%ﬂbl%ﬂs%
X ATO7ﬂE S Ee‘url_lq_zrli#AT:é
K call Ww WE S = Mﬁ T ol coa N L oL oy R
Zh Hu muwwmm,?ﬂ ol Njo Eﬂi@aﬂmﬂ%w&bq
_JI —~ 6\
w0 = mw 2o wo 1 =) %W o N ﬂedl.g ao l ﬁm? %Mmorﬁ
nmEj o S o lf " 5 o0 zolx
N . %%W.%% MM% OF 4k _ Awfﬂ_:%o_ewm#ﬂ%
" = ) Aﬂmuﬁ.ﬂrﬂ:.e — ol 1 S ﬂﬂﬂ_%ﬂllAm Ee]ﬂmﬂﬂl
o Mo I - bz T T Ul Zo - ™ =584 o
BT g =T b g < Ao M}%Eﬂﬂfmzﬂﬁﬁ
. 5o = ﬂoq@%gua@m Wl 50 i moevazu%Av;
T wr.ur«ﬁﬁﬁca;oﬂ o T TR
rl ! (ay o~ = _ OfATE .x%%%_ﬁ}
A E_®F ~ F o K A e
o X = o T o P LW Feg ™
BT m R NV E N !
o :.L ﬂﬂ o N ,O|L.o UJA .QI iﬁ Nro E# 17_A| FL
( H@VES,@HA D
H‘THUEWEMW_ZO
ﬂluﬁofaﬂﬂ
ﬂ%auwﬂ%m@%%
~ ™™



—_
o

n), )

EE=

A

T

LAl

.I E ]
HEARAT

(53 =<9 A2005-115463%)

]
-
=y

ol

i)

glom 7hdel ut

(0]

an

hvi|
=

3717}

S|
ax

o A ut,

w
=

7hEg oiR

B
o
o

ofy
Hlo
K

G
A

iy
-

oy
fite)

Mo

<)

<

A659154

=

=1

=
[}

<,

A 2005-115464

Ry

9

=
=

(53]

ﬂ;
Ho
IH
ol

BH 2|

_J
M0
ol
I

Tlll
Kl

o 4
ol =7
___Ewm

W] 10




)=A 2] A

A 2 A H(o]

<

A
=
|=3
=
3
8&_
o]
7]

i

X = o X
. T re ~o X o
A O - Ao o
= = I T 0 =X Do
_ UJA Ot fIfe) OL Q X ,MH _ k) ﬂDl _ ‘__lo _ Eo HT
o o O B IR alg = M o R = o
HM Mﬁ ;i = o " i T o E R - ﬂ_ou - o
o N R T = 2w g
Mo o oo W A T T RE B R
T 2wy BEX¥ R M oo w
© = o9 = B XKoo -
T ol o ™ o
wm 8 X ° 7 . 3 _oL N T WL
W 5w B o Tgo o TR g COE
= =5 o B oW E b
- N © < == % S IR
= - ay Il K w — B
[ peECY HoT T o) oF N .HL
(@) < — N d.ﬁ ;ou W Po glopﬂ ﬁo ‘_Ny|
N i ) o Ao S T Wy
E B N = ”_ﬁi N N $ = = 5 o _A,uo TN =
X i H L 0] F oo
= N b m M
P B W B " ay
B e = A wW K N — M
_ o T M 3 oy v Noms o
Bl Lo W w Yo% T o w
=z W X o L AT
Pogp T o M e A T &
o e g T D gy R
SN S £ e I S e el -~ op
W T O o by Q- = .
W M] = WU o w& o M = an M - X]u o_wu M Nfo
) il s B _ o | 63 o o
W oo Vo ok < MM N oF Mf Mﬁ ks hF
MG wo o T gk A O oA S
— Al oR K —~— -
W o K= T o NN Mo o ™
i ~n m X = AJn A
T o m° =< 5 P M H =~ ey e o
—~ o o) :.L 1,VvL N = ﬂw_ud I io io ,UI W ,.:ma E oy
R AR T
= . owor 2R Ed..%& EHEHW = " 5z
X 5 N =0 ! N W ) ~X
%m%%x% FTEE AT & @ owm T
Dmli_ﬂh RS- S = < B 1] B | . o AR o
X =) - ) HL il o\ | Nr
o™ T B oTw " WA H o ol 53
S e WA T T TR N TP oA e

P @ 4 qlow, fab Al 954

= A10408259)

=
[}

<,

A 2005-33779



130

100

120

8

)
i

/4

—

N

[e)

54

110 :

s

100 : W

1]

150 :

)
Mo
K

A
oy

jat
JH

DA

170

ol v &

180 -

T

200 : ¢

ZO
N

o

_10_



Bl

o] 21517

_éo

~
B

—_—

- & A37E o] Zulgy

olo
oy

rvze)

X

&
N
w.o
X
)

~
B

ol A o]

2471 g2A A, AR

KeR
T

o)

[e]

2§79l A}

—_

- o
&t #H5A

-
T

A floz o)L w3tk

713

=
¢}

WY

v}
=

719l

of

HEALA] A 318 o] 2ugkr]E Al

Aol A=

e

o
b

T

[——
"o

_éo

Fol @ A171=H,

L

| 7+s

=
=

o AR F9)

&t

b1 9

)

A A

BH

_Z#O
ol
|

N
A

el

227} 50 kPaoll o] 2 A o] & 37

o}
H
LEX7F 1 uS/emel o] 2 ol 2n A E

of o] 2 g7] Aelete]

—_
o

o
B

20 HERH AT

-11 -



V1 [ 1000-Qv-2bE—HX ‘ON BA0
ON 133HS(
d3ONYHOX3 NOI 40 A,SSv T4 3NON 12 RF] i | d
DIVNYH worowd] 1 - N I
2
SLNLILSNI HOMVY3S3Y ADA3NI JIWOLY Y3IY0H 8 ™
@.ddvy NOISIAZY 4D NOILdI¥IS3a g OXHAAE NAND[ 3Lva AR - m “
oom'sr 3NSST LSAld RV OA [ NavdIA [c2v'as, | O
= T ®
AN
N :
z
5 8
=
=l
M~
DO ER
3
(0 3
| ssejan |__ R
- o
ETETINEERRS g o 2
- 3
g 2
S2M-S% 31vd 130ddns .
S2A-S} 31¥d 1¥0ddns — 1 O
S13-84-9P ILYd ILvDdAIS I 1 U
N3RS HSIW 02 C ] *
G2M-£3 dvd V14
+
08P 3LvTd LaDddns
981 108 NDILYINIIEO 371ZZON
AIHSVM/A LN BLI0E BW-93ET
S3 X 05 X 0S7|WOE 0 o¥2Y | 2 130ddns | &1 I @ ' 99
3LYOAS ‘009K 1SNV b/E [TP0E4 ¥D 28IV | T d9a/M IATYA IN3A| 41 582p 31Y7d 130ddNS
T704_S0HONY .
SIA/h S X 06 X Doy | WWOE 40 ovev | € 93| €1 soe 008
N 9E€ 00 NIZIS
140ddNS S3/% HS3WOZ| TP0E <0 0v2y | 1 NIZNOS NISTN| 2t
9SEE 1B TIIHS -
1¥0ddNS S3/# HSIWO2| TWOE 4D 0b2Y | 2 N330S MIS3S| T
} } FIAIVI/A
0097 X ¥0 X ¥0-S3 WOE 49 ov2v | 1 SNVL NOILO3TAD N1S3d| O
¥DLO3NNDD 39N "0STR SOLOENNOO/A | |
1SNy /W3S wold osis S| TOF 0 OveY | @ 3804 3AIX314! 6 081
31Y9 'AS 0094 ISNV “b/€|T506d 40 281% | 1 3IATWA NIvad| 8
ve 30NV 009% ISNY L2 [1b0ed D 28IY | | IATWA N¥NL3S | 2
Tvg ‘3ONVLS 009 ISNY .2 [1v0Ed WD 2819 | 1 IATWA dNIAVH NISIH| 9 Bog 1¢ d0¥0 JNSS3éd WLI0L 081 Jp/E ‘0094 1SNY INA 9-N
TIwd IONYTI4 009 ISNY .2|Tv0ed W0 28Iy | T 3ATYA LFILNA NIS3¥ | S 20 o 3ANLYYINIL AILYA | NADHS S| Lb/E ‘D094 ISNY NIV S-N
R u%«ﬁ b0Ed 4o 2819 | 1 IAWA L3un0| s ALIDDT3A FITANIS 081 .2 009% ISNY  NIVdG NISTY PN
| ‘o008 ISNY .2
gmmuﬁwq PN poes o 28w | 1 IAWA 13| € wupog HLd3T NIS3¥| NAOHS SV| .2 '009% ISNv| dN3XvW NIS3a £-N
135599 QNNOA 1waids B P >
L LB/ WOt TSNy et [1P0ES @0 2819 | 1 4300 | 2 [ a1 ONISNOH 051 [2/1 1 ‘0094 ISNY 1311N0 2-N
3A QLS 3dld L1 | p0E 40 ovey | 1 eI 2 1L INNTOA NISIY 0ST L2/1 T "009% ISNY] 1371 N
3718 WIILYK | ALD NDLLJTNOS3T N s/64 yv1 AD14 NDLLYOLINNd [ NOILO3C D3| 3718 NOILJI¥OS3T [ON 31ZZON
VId3ALYW 40 1114 NOIL¥3141234S NOILYOI4I23dS 371Z2Z0ON

_Z#O

_12_



_z_o

© 144 kg/s
: 59 m/hr

&

oF

4r

. Amberlite IRN 150
53

z=
[e)

TA]

B

- olenl

71 L

A

Mo

TA]

w5
e
o}

2003 F-E 2005 714 9

&}

2 3l vERR AT

=
=

o7 P H FTolA ¢

b7l SAshel

7}3

g

hyz

A =

=] 7}

F7k @A, e el A

A gkol A Ta

o 9

of &A7}

1
¢}

7]Zko]l Y& grok(ef 19), A

e
==

AN AEE(0.2 pS/cm)Y A

=449

ko3
T

B

fiTe)

)

K

)

el

A Az 3] AHRohm & HaasAh)7F

g

]

(e}

800 mm=z o] 3t7] AA Ao Z FA

ol M ARG AL

=9

=
R

glo] wojA vk A v

-
T

A A zB A A -3 Hd 60 m/hr

—_
o

pK

b s A= AL, o]

Bt

o)
=

t}

< 2 F2e 2 kg/s(FE 81

=

o A~
TR

2y

~

Z
Tl

B

ot o] e

|

o]
g oA ue we Aow AU wekA

)g—

of 7}s & o]=u%7] WelA channeling &

A3

& 7t

s A

gk g

fite)
</

X
of

i+
=K
el
i
o

o}

A ol o] 37| U

aig
o)
»AO

jgxce)
of
_ZMO

™

X
+

Wr

il

, 0.2 uS/cm ©]3le] ANAERE

A WA

o~
T

uhe} ol

th 1go A HE

Ly

s}

_13_



& F e sd AAE A
3 A|2005-115460%) o] FX = 1
S gy ERk ofye; thE o2l

- 14 -



= =2 &7 35E

MEAlEdE EhiE

HEF OEE

—parzs]

1
” .I.-.

tH

—wng

e mGe

e lroalr

1]

o1t

=5 BT

B e el

H-bld G- Bed-1l EES-E TR DR D e el

=]

paTes”

& o2y dxx W3l (20031 ~2005%1)

43t

A

ZO

=

4
+

L
R

TR

Hot Water Layer Conductivity

(O IxR/(M RS FxiE

- [
— o | |
i i i
\\\\\\\\ T e ——
| | |
| | |
| | |
| | |
| | 1
| |
| |
| |
\\\\\\\\ [
| - |
| |
| H |
| K |
\\\\\\\\ B N
I ol I
| B |
| o |
| ° |
| 2./
| o |
| © |
o
| S |
I S |
T
|
|
|

—— outlet#2
— A= Al

~—outlet#1

2.0

0.0

(wo/s—-0olw) TR

06/6/30 06/7/30 06/8/29 06/9/28 06/10/28 06/11/27 06/12/27

06/1/31  06/3/2  06/4/1 06/5/1  06/5/31

06/1/1

oy

| olewdy] Adxx W3l (20061)

43t

s

_Z_O

B!

4
+

KN
L

TH

_15_



(ORI E===\;

@ 4K S97

=

@ HI0IHA

_16_




)
~
B

. Amberlite IRN 150

© 1,124 mm

o
==
S

=
ST
2~ X‘I

7]
D 7.05 L/s

a2k
: 112 m/hr

=
&

. o]
. o]%ﬂ

a2 6 e AT

A A=

ul Al
= =

A=
ol wl§ 2 Aew et

-

ki3

g9 =
7} dojd 7}

i
o

al

G
o
o

X
of

-
K

N

A e T

-

o] &3ty 7}

1 %-(sealing) ©]

]_

S

s

vl =]

15 493 23, 71E

doj oz

Aol

o

-

aFof A

S

7}

d Abole] ®lEo]l Y57] wEoltt,

10]
Z

kel
=]
H
L

o
K

9/]
iz A=A 9

1—}5 O]

[e]

]

°©

o

g

= =3
=

T

g skl M =

1

E‘II__

=

=

Tl A ul

=

=

whe} ol 1

1
T

8ol A H

=

M

7

9/]

=
=

Nr

.

R

2ol Yepta

, O]:[L

w7 e, 4T 5

o)
N

Al

—_
fi%e)

—_
o

- 17 -



of

A= o] ZnlgkFA] T

3, A sk v

P

~
2]

ol

o
R

3

sAl A1

717} W g el e,

S

Al A

% xS

a

o

N
B

aEuy dA o9 2

A A

dA = o]

S|

ol A 2A,

o
T

F71% v

S

upeba] kO Z $lof A

o

!

ol

A oy

1

=3
- =2

Ey_]__

=
=

H]

LHERU 21T

bol tha ezt vpobdl Ro® melth

S

=
=

o

N

Ak Ao H

ool M=

=4 =

ol A ul

_18_



$710
- SHEL 1D 644
|

- ()

158
134
»
=
O
b}
.
»
.
.
K

2
| 3
I | 8CO 381
818 l
i 00 |m 'ﬁ G
28 1D 538 -
/rsf'#:rm
E e
g -
4
g |8

9568

) ) Sl

32 &

t

42
&
f fl@
J

|
3 <
S
™ (9 o-r 5 05506
95 #569.6.¢
454760
SCREEN DiA_517.6
9569.6-41 DETAL_8

DETAIL_A

O™ 7 12 WA A3k ol udky] JtEY A 2 O-9

_19_



HES {micro-Sfcal

HES (mlcio—5icm

g3hg olZugy] Axi:

O O A MY ISAE OHG OGN QT 0N
»

"

L] T ¥

B0
L]

PANA [SHG O 0 aEN
L] T T

312004 ~2005)

_20_

HAEE

il

3H(2004 ~2005%)

WA L S



HMEE (micro-S/cm)

Primary System Conductivity

2.0 T T T T T
fl | | | |
inlet | | | |
— outlet I I I |
| | | |
— EXI= Ml | | | |
| | | | | |
| | | | | |
| | | | | |
1.5 I | | | | | 4
I | | | | |
I | | | | |
I | | | | |
I | | | | |
| | | | | |
| | | | | |
- ! ! ! I 8/7 10:03 1xF& 3} |
[1/27 st B = x| [3/16 Ho222 TAl 2F | ! HE YX|/2AX2 v !
R e | i T T T T Ao oo o /8/50800~8/612:02 [ T T T T T T T T T TToT T
| o eemesaEd :
| / | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| 1 | | | |
0.5 | N | | [ | | i
| H | | | I |
| | | | | |
l | / | | / | |
[ 7 | | | |
| | | | / | |
| . I )
AN P I e PN | 1 ey |
~WJ‘ LH"%“J | L e st v L-n P \‘ |
0.0 r ! ! . ik . !
06/1/1 06/1/31 06/3/2 06/4/1 06/5/1 06/5/31 06/6/30 06/7/30 06/8/29 06/9/28 06/10/28 06/11/27 06/12/27
At
- a N _ -
a9 10 123 Y2 Aekg olwdy] A= W3l (20061d)

-21 -

(1)/ Mx1(0)

q

d
o

A2



o
e
o}

olo
=y

rvze)

-
4

a2}

] o]

2] %

&Lt of

-
R

& ol 2ulgY]

oy

. Amberlite IRN 150
53

z=

o

)

: 12 m°/hr
: 127 m/hr

&

I gFE a9 110 YeErd e Fa AL
- olenl

o5 L

il

Mo

TA]

s
e
o}

\

°F 40 cmol &3

1
T

]

Z'O/] ]i]‘;_o

o

slidl, ol emalvle] Holt 563 cm ol AW, A o] LB
4

i

=
o}

)

o

B

o

N

("1 60 m/s)E A

4r
of

b

fite)
XO

\

;ﬂ

A A AR A

P
T

AAZF W

3L
g

| o

7178 @A el A

ol

—~
fi%e)

- 22 -



— (& - % 0008
u..m 200-dMALVH | pizex [XE3 - |#lo 0008 ¥ 0002
i - £F Z1¥ [delo0002 4rw000L
- e Tom o “W @ (53 R
. ™y S0F | Wiosit w021
N33HOS 1371N0 “13INI Vi Taow T0F | whozl  Ww 06
Five | SOF zZ0F Bloos  wwe
>_mm< xm \ — . Z0F 1oF Hlod
T Bl | B
o WERRRAR folahdad

017"°00 "ON3 T1EIHS NOILVIOVH VAHOX =

3LNUISNI HOYVISIH ADHINT DINOLY VIHON %

QddV | O¥HD NMYO _ SNOISIAZY  |suwis| v

WJa VLA

- [V] vsns NIOS L3N | 81

- U] voesns NI N0, L1

NATYE /L |1] vousns INAHY] 91
zn v vorsis I

[MATvE | Ve |1 | voess ANV | 71
| Ve 1 YOLSNS 3dd N | €1

e 0IX0I0H_(§ | ¥05S0S AV 9N | 21
05065 | € $0LSNS | u

@ [1]  vocsns 008 01

I | w3eE oNdvd| 6
05 T vy ] vorsns 3dd 3un0| &
bospareal 2| ¥3 RS W 3UN0| ¢
OZHIS vor (2 YOCSNS 3did L3N 9
lospool| 2| V3 Yoy (9| »ousns ELrTEL
T i - 1| vorsns 30N1d A8 | ¥
D" ONY-0| €

oszs (T FOCSNS JONVIS ITINENIORY | 2

v/ VST 1| voksns 30N 00| 1
e Rl o C ALyl v NOLGRDSHD | ON

WWG'| < HIQIM JUIM
wwz1') - ININIJO 101

N33¥3s 1311N0
«8-8, NOILJ3S

$OESLS * VIMILYA
WG| HIOIM 34IM
wwz 10 - ONINIJO 1015

R

N33HOS 13N
V=Y, NOILO3S

%)

€D
@)

N3383S 13TNI
v

[owa NO.
_|l “AERI-WP—-002

wgk7)e]

i

TH

_23_



20043 7}A] 7} e

1
T

Pz Al ol A

O]

Al 44 2AA = A

ok 2005

7o AAE
A3k, vl

p=1
¢}

=K

o

oyl
I

)

il

;OL

FAA A" A el 9

A A}
= o]
o]

= =
o T ©

=29
=

=
[}

ol A7 = A,

oz T4 Ytk

o

pIR T A Ll

L7178 vl i@ AR, 7HAA A=

= =
T

’

Hd

’

47

HIARY 2 Al DA

il

k)
pA

YA 29 BRe 9

£

BRI NSSE Y
aAH e A = el e 714

™

)

R

o

- 24 -



50

15

| —30

0000 0000000000000
OO0000 0000000000000
0000 OOOOO0OOOOOOO

OO0CO 0000000000000
Q0000 0000000000000 "

)

OO00 OOOOOOOOOOOO0O

O000 OOOOOOOOOOO00
0000 0000000000000

OO0 OOO0OOOO000000

//,—63

63a

65a

I~ |

45 —

@

40/

85

51

65

70

90

i

]

A BALY #H 7
DA 150 LA ALY #H7]
5] ¥

1:

ol

10
20:

 7HE &

2

2

30: W&

40: ¥

A

_—

oy

|

=

ujj 7] 4

53

&

6ba: A W7t

A =71

Ne)

.1!
.?_H

=

0
i~

_—

¢
o

_25_



AHE dolr

bl &

S

= MEge s Ay A

]
s

o
WHH S

AN

o
AA

ol

To

Eo

)

il

o, WA E s B#d 59 33, A5A

11 A, A9 7]

= =
,_'O

4

A

3 17, A%

E
=

A WA H e B

3t

il

128 &9

o

2

R Ak EAE-2

J

—~
file)

el

ﬁO
)

m]
B

el

_26_



M 5 & A7z ntel &8 =

B e 299 Ay AAH SR PARARY A
shole WA 7B A A A
) 23E Zol7] Sskel #9d
2 Axd v gom oA ol wolEd AF AWsm Ak

F g BE Je, dA5A AY Vg, deA SAEs F017] AR
ol =

o
=
ok

>~
=
o
o
N
2
k)

mE

- 27 -



o 6 Z&

1kl
Kl
MO
ok

[1] U.S. Department of Energy, "DOE Hand Book Tritium Handling and Safe
Storage,” DOE-HDBK-1129-99 (1999)

[2] A= A4, A H 7 A Y A2 &9, KAERI/MR-438/2005 (2005)

[3] Fetrlei, AR E Sl B3 715" Aehrle alAl A12001-2% (2001)

[4] Vasaru G., "Tritium Isotope Separation,” CRC Press (1993)

[5] St YA AF L&, "SFTFTY A5TL EE8d+,” KAERI/AR/170/83 (1983)

[6] ol YA A4, "TF w4 S R ATFaAA T s

KAERI/RR/469/85 (1985)

[7] =l A AT 4, " aA7171s 71" KAERI/RR/545/86 (1986)
[8] S AdAH AT &, "AT A A 7= KAERI/RR/1264/93 (1993)
[9] g=rdxEg A7 2, "ol KAERIVRR/1435/94 (1994)

[10] St AAHAFA, "HY Fuj g g S o] &gk Ahsrh AA
KAERI/TR/1852/2001 (2001)

[11] Srstol YA A4, "KMRR FFda] 2 Aol a4
KAERI/RR-642/87 (1987)

[12] =t =8 FA7l AT, "9 dAE157] AsFh AASSE A
KRC-87N-J04 (1989)

[13] AFATH, "HETra B8 282 Fo @ ws3y s
KEPRI-93N-J02 (1995)

[14] st AAHAF4, "EF W7A 2 AsTas Agris AL

HauA 2AdF (2007)

_28_



e |
T5

Al 2005-0115464%., 5= A 10-065915435.)

- 535 (Y Wz
“E7lo o3t F A=Y WA HEo Y AEE Ae e L AR
- AgAe TEF (Y HE A 2005-0033779%, 5= A 0408259%)
‘N TR ol2udrx =, g d BAgo)T
- AgAe TEF (Y HE A 2006-0025590%, 5= A| 0432283%)
“WNZzfrdo od" uA ALY #7299 AZXA=R”

_29_



ik ,‘_;-:l.ll-l.'.-{

- BT "|'I

g o 3

CERTIFICATE OF PATENT

5 A 100650154 B RAME.... ~ASwOLE
[FATENT HUMBER] ujlm nEd W 2w

- B e

““""’"”"E;?Tj'ﬂu 3 ATH WA dsal s e P

970 % marerees
EFUAEE TR B
del 47 H2g o

| ETE S
FRaANes] MW

f2) @ TEIANY, of ool BEFRAR] FF
Hys8 FEYUS.

[Teis B T CERTFY THAT THE PATENT [ AEGETEAED ON THE FEGISTER OF THE KOREAY
PTELLECTLIAL PROPERTY OFFICE]

2006 129 12W

_30_



g @

A|OIER
AZNUATE
CERTIFICETE OF UITILITY MOOEL AESIETRLTION

= 5 A 0408259 ¥ 2 R e

[FEHETRATICN MoMaET| ’:’dnﬂlm s W a0l
mmmmﬁ mE o

actal WAl e or v DEecE
48 FEs o clEugsa] £, e d Uegs)

HEA5 3 soweasn oF tre iy womeL mEET
SRR AR L] 160122-Dwwnnnn
e 47 Wiy 10w

A5k2) pemm

FRAGEA AN

f8] AtE THRANY, o &do] 4245 %R
THENEE FHMIL.

(THER 8 TD CEATIFY THAT THE DEYICE (8 ASSISTENEDON THE AEERTER&F Il CORSAN
NTELLECTLAL PROPEATY OFFICE. |

oed a3l s

_31_



1:5' l,: ll =
ABNAZTSET

CERTIFICATE BF LITILITY MODEL REGISTRATION
5 B A 200432283 & RlfRiaen (TR

.u-ﬂ..-m: Hmmm o =

T e
- THE had cds 14 B4 A7EY A2EH

&) 541 51 2} [GWHER OF THE UTALITT MDOEL MOHT
ATl 160122 {lverers )
g3 #4947 HAF 1508

R EEER|
o e W

9] mete rAgAchy of whet 4EAHERAR
SHAUSE BT,

ITHE ETO CERTIFY THAT THE DEVEE & REMETERED On THE AEGETER OF THE KDFEAN
INTELLECTUMNL. PROPERTY DFFICE.|

woodw 1YW 139

_32_



A]

A

SEENCARE B

bl
ha!
53
N
2
Z
o+
- M-
B- B!
o} o Ho
B N B
T X &
1 L) #A ~
i . -
N ) m_
BH e o
iy ]
— o
N
,w._ meo -
3 - am
.
m T e
W ) T
N Y iolo
,Hﬂ ﬂ_OI %o
Mﬂ
.i m ,._mo
1] a -
|z )
A9 il
i & oK
™ = ~
x| & X
" < s
o

;O.ﬁ

2007

Cm.

o~
T

A

3

HIMSHF

Al

=
fLE

1

A Al el A 2 e 7t

o] Az

h=}

=

2]
H

=]
=

)
ESE
Aurel] o

WAL 9 7]

))

32p.

AR

belt= AL 7]

©

o)

370(0), HlIE7H(

2~
=,

H o] A

td 7]

Eu
yul

-

St WA R B

S

22 (1522054 9)

T AR
A7

A

=

ggromm stz 9

]
ZS|

el

B

|

o]

)

[e]

19718 A 7|les% 7 A

=,

=

=, WAL )
A5, Ao LIS, WA 1A A7) 2

9

(10ko] o))




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring Org.

Stamdard Report No. INIS Subject Code
Report No. Report No.

KAERI/RR-2733/2006

Title / Subtitle

Reduction and Treatment of Radioactive Waste at HANARO

Project Manager . . . ..
Sung Paal YIm (Nuclear Chemical Engineering Division)

and Department

Researcher and Hongsuk CHUNG, Kwang-Rak KIM, Byung Gil AN,
Department Min Soo LEE (Nuclear Chemical Engineering Division)

Heui-Joo CHOI (Radwaste Disposal Research Division)
Ho Jin LEE((Nuclear Material Development Div.)

Publication . . Korea Atomic Energy | Publication
Daejon | Publisher ! 2007
Place Research Institute Date
Page 32p. Ill. & Tab. Yes(O), No ( ) Size
Cm.
Note
Open Open(O), Closed( )
Report Type Research Report
Classified Restricted( ), ___Class Document
Sponsoring Org. Contract No.

Abstract (15-20 Lines)

At present the radioactive wastes, either in solid or liquid state, generated
from HANARO are transferred to and treated or stored in Radioactive Waste
Treatment Facility(RWTF). However the RWTF does not have proper
technology to treat radioactive waste contaminated with tritium from HANARO.
Neither does RWTF have enough space to store it. Accordingly it is imperative
to have proper means to reduce the amount of radioactive waste generated from
HANARO and to treat them more safely. This study was performed to develop
the methods to reduce, safely handle and treat the radioactive wastewater, spent
ion exchange resins and solid radioactive waste contaminated with tritium
generated from HANARO. Results of this study could be applied to the
operation of the HANARO. And some of them have already been adopted
and used in the filed of HANARO.

Subject Keywords

(About 10 words)

HANARO, Radioactive Waste, Tritium, Tritiated Water

Radioactive Wastewater, Spent Resin, Radioactive Solid Waste




	표제지

	제출문

	요약문

	목    차
	표목차

	그림목차

	제 1 장 서론
	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제 1 절 방사성폐수의 처리
	제 2 절 폐(이온교환)수지의 처리
	제 3 절 이온교환기 관련 개선 방안
	제 4 절 고체폐기물 처리

	제 4 장 연구개발목표 달성도 및 대외 기여도
	제 5 장 연구개발결과의 활용계획
	제 6 장 참고문헌
	부   록
	서지정보양식


