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(a) Weight loss of uranium oxide on SUS (b) Weight loss of uranium oxide on Inconel

Figure 1 Weight loss of uranium oxide on the SUS and Inconel vs. time using NFs/Ar plasma

(Flow rate: NFs 10 sccm and Ar 40scem, total pressure: 0.3 Torr, rf power: 150 W, DC bias:
-300 V, substrate temperature 300 C)
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Figure 2 Weight loss of cobalt oxide on the SUS and Inconel vs. time using NFs/Ar plasma

(Flow rate: NFs 10 sccm and Ar 40sccm, total pressure: 0.3 Torr, rf power: 150W, DC bias:
-300 V, substrate temperature 300 C)
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2 A A FUEW o Ade ABEHE FUAATE AN vl FHHA FUL A
T oglev ve AR wEel v ¥ 467 Mg Em Cs R St 22 A 9Fou U
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Adsomption of Phenol in the Radioactivate Liquid Waste
by Activated Carbon Fibers

Jin-Won Kim, Soo-Han Kwon', Dong-Ho Lee“, Hui-Jun Won, Gye-Nam Kim,
Chong-Heun Jung, Wang-Kyu-Choi,

Korea Atomic Energy Research Institute, 150 Duck-jin Dong Yuseong-gu Daejeon, Korea
*Chungbuk National University, 12 Gae-sin Dong Huengduck-gu Chongju, Korea
**Samyang Central R&D center, 63-2 Hwaam-dong Yuseong-gu Daejeon, Korea

poetking@lycos.co.kr

The effect of metal treatment on the adsorption of activated carbon fibers(ACFs) was
investingated in the context of phenol adsorption. 1wi% the metal ions cobalt(II), nickel(II), copper(Il)
and zink(Il) solution were used for metal treated. The specific surface area and the pore structure were
evaluated from nitrogen adsorption data at 77 K. The phenol adsorption rate onto ACFs were measured
by uv-vis spectrophotometer. As a result, the average pore diameter of reference-ACF and Cu-ACF was
in the mesopore regions of 30-40A and 200-300A with micropore. Iodine adsorption capacity of
Cu-ACF is much better than that of the reference-ACFs. The reference-ACF with mesopores is more
efficient than the other adsorbents for the adsorption of polymer such as methyleneblue. The adsorption capacity
of reference-ACF and Metal-ACFs were increased in order of Cu-ACF>Ni-ACF>Co-ACF>Zn-ACF>Reference-ACF,
in spite of a decrease in specific surface area which was resulted from pore blocking by metal. The
adsorption rate of Metal-ACFs for phenol is 18 time faster than that of Activate carbon(AC). The
adsorption amount of phenol on Cu-ACF at breakpoint was 1.8 times larger than reference-ACF.

This work, from a view point of their adsorption properties, suggest that ACFs provide a

promising tool forth treatment of phenol contained in the decontaminated radioactive liquid waste
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19 1. Manipulator °©]-&¢ AG43 43 4.

GEFue] gate] A7) wE FF A F PFC &9 Bx §sE zAste] PFC o did AYEEE &
HEgd 48249, 4=7F 005 ~ 100 ume HHAA 4A 274 BAYe] EHHoR BA SHYAT}
AASE A4S et on 98% ol44e] PFC &o] AN AATHS 2&48 =171 A3 4%
FANE Agsied, & d7E2A2 PE dA4FXE 34T WAYAR FFHA 3 FHA AAL 5+ AL
o} PFC 2AF A9 340l 23 H7ES A LAANINA &E, tdstn 284 349E 45T + A
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dA2Edd PThe AHEdtd ¢date AA4RB AYAE FYANE I3 2500 dd
222 ®The 2 PAHAHA Y8l4do] high radiotoxicity(Group 2)[ILO guidelines for the
radiation protection of workers in industry]® H-3, U-235, U-2385.t} ©f =t} o] 3k 9 a)Al
= 2783 ®Thel 248 FAA B dd A P ATE BEH Aol B AT
AE PThel 299 BAATZIZS 54 223D, A4 A FAA TS A
o digte] FHAME=9A B9, AF pipe, stainless steel, BDE, Z7|A3 JEE )2 HZF
o A e % ZT7sted 2 2380 At *Thel 27 53ty 540z 24 wgre 14X
10%dols, o4 W gatst A Wel We YAE P& F Tpp o2 @rh PThe LRHE
W&ty YA &= 3.83MeV 7 0.2%, 3.95MeV 7123%, U] ok 768%E 4.01MeVE HMEFTh,
PThel AW #9 A &3 59 X6 o8] 3¢ FAEA Hub(mucus)F, A E (cilia) 23}
HZ A (Iymph nodes)el Be 9FS mxE Aoz Bz g oys EHoz AIZY A
AW 2 F BAE A G4 PHE] FFEH oo & Aotk TS AN IE =5 2
Ld B4 X 19 Zon FHEE FULYES 2R3 A FUAS AEY 2957 B
Uebdorn], o2 o]fold YE U3 FAULHYEE A 043 Bg/em® 2 e

e Ll g 2959 2 54
405t 2% 2 2E2E
DEeA Ba| Agaa e |00 BR R 2E
Ld FHEAGHES)
AlE pipe AT s ez R 2 R
stainless steel Al gAH 5 2 1 d7A olgA BE
9E F7148 dul 2oy - 9% 2 dAR
T4 : aluminum frame, wood frame,
paper, glass fiber, 2 3
37143 2H 71743
s o9 d TAE
(framee A F3Z A2 8)

A71E9 FRE AY $de 4] 9% JRzdoR AGE gE AP 2 Fe,
e FYA ?5}‘3% AGE e Msed=rt 9% e A3, =8 AG A
V& 7heted A9 AAPT 54 o2 e 2dol X 9§ EEE FH P 9
At AGAFE FEAT ADNE FALHI B EHY SFEEHo) HAkg 5

= =
A= BEtAH(blasting) 7] &2 WAHY oM, 3 B €42 F 4 & Al (abrasion)
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AY AG AL AgelA AN 242 AR PR 2 A2 3, AG
238 F08 ¢ 4+ A 94 AG PEe el 4PN APl AgE ALAY 5
4 9 e ® 20 aokslel FEahdlth

2 AdA 54 2 AP

A 4 A 5 4 A gy

~AAS o € A= B4
A ®W | edge gAHd B34 348 | Bk

g4A | e AGERE wIFh - slegedE obu

- Bax HAE g

EDTA %2 t2 34 @ih‘s}a%

- gds gFHo B3 o d4A
= A H 9=
CR-1 }%(E‘__fﬂ] <A ol Mgt A & el
AAN EHH)

Starrett | Dipropylene glycol methyl ether + - £d8 FHo B3 oS dA
cleaner | water 3%2( pH 11.3) ANz A3 F ol

- f714 AHES £
AA | gaFdE AHE BV Aol $EF o2 &
17%) | (34 2 2 F9) A FHREL FAse A

£ o] &3t AA

Hog | FEAo] Hojy AW Fu] F FAH |- REgE Hd B3 g Hot
a3 |7 A2 #5575 A4 vt}

& MR AYAYE 2 554 AY AF E
A+ WAFAL ofds 2ot

HeEE
A 4 A<= (Decontamination Factor : DF)
pp = A8l WAls = (Radioactivity before Decontamination)
A G F o] WAV 55X (Radioactivity after Decontamination)
AGA FFEE AQUES v AGAF dE AEEY dAHoR AGEEL 52 A2
2 JEYT} stainless steel?] T EAN AFGE Lo M =4 e won HEE 98 1F
A4 ogo] AESE Aoz Fotdn AGA HES CR-17 e 43 &9 AT ¢ AL
2 dE=HAh 3‘“’45-“7% ? P Th A1gA4 84 2 AG Fd F34 423 AGAL} ALy
He Ao 3 FYPFUE BEH A9E AL F UL Ao Aadt X 32 AGAE
2 Ao ‘ﬂH‘V}“ﬂ A48 ALATE JdeEbd Rolth
E 3 AGAE AU AGAF
A G o)A Al pipe stainless steel | =91 X 39 = =1
AaA a B a B a B a B
AlH A A 48 21 66 49 53 39 28 16
CR-1 54 39 80 59 43 18 35 21
Starrett Cleaner 32 18 35 27 47 31 25 11
A2H17%) 53l 29 52 60 49 27 32 19
He ¢33 63 47 40 19 52 28 21 13
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ELAGA-F PA5sE HR

FAL F ! 2F
A @ Asax HAls 5% (Bq/g_) Xﬂ‘ﬁﬁl-r AF (g) i
Ad A Ag F (DF) | AE A | AdE F
“Nb 0.3961746 N/D™ oo
STS304 Hmpa 132.4422 N/D oo
- i 63.3 61.0
o] Th 4698585 | 1.273425 37
2207 3.688269 N/D oo
%Nb N/D N/D -
e Bimp 6.993143 N/D
= - . = 657 | 640
g}o) = Th 1937524 | 1.841289 1
17 0.1573852 N/D oo

* D.F : Decontamination Factor

** N/D : None Detection
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T3, pp.947~952

3) http://www .kakenlabo.co.jp/
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Process Applying Magnetic Abrasive Finishing by Use of Pole Rotation System”, Int. J.

Soc. Prec. Eng., Vol. 30, No. 4, pp. 317-322

A%

3

e

=1}
=

- 38 -

(b) Ad F

o 9 AH

1 dAvkE4Im)”, 20014

A7), 20019 HRA T

3]

%
Hl
o
=
ol
)

o
D
I
ity
)

0

i



2006 BZYASHIISES] EINGSHS =229

Equipment Development and Performance Test for Decontaminated PFC Solution

Gye-Nam KimT, Cheol-Jin Jeong, Hui-Jun Won, Wang-Kyu Choi, Chong-Hun Jung,
Won-zin Oh and Jin-Ho Park
Korea Atomic Energy Research Institute, 150 Duckjin-dong, Yuseong-gu, Daejeon

kimsum@kaeri.re.kr

PFC  (Perfluorocarbon) decontamination process is one of best method to remove hot particulate
adhered at inside surface of hot cell and surface of equipments in hot cell. It was necessary to
develop a particulate filtration equipment to reuse the PFC solution used on PFC decontamination due
to its high cost and to minimize the volume of the second wastewater. The PFC filtration equipment
was developed to remove particulate in PFC waste-solution. It was made a suitable size and weight in
consideration of the size of the hot cell gate and the capacity of the crane. And it has wheels for
easy movement. The ceramic filter was found highly stable within the high alpha radioactivity. And the
equipment has two ceramic filters (pre-filter (1.4um) and final-filter (0.2um)) for high flux and high
removal efficiency. The storage capacity of waste-solution is 10L. Flux and removal efficiency of the
equipment was evaluated in several concentration conditions. The removal efficiency of equipment

showed more than 99% and the average flux of that show 1042 L/m’hr at 0.3 g/L and at 300 kPa.
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The development, performance and evaluation of cyclone filter train for removal of hot

particulate from contaminated hot cell

Gye-Nam Kim‘o, Mathuresh Narayan, Hui-Jun Won, Wang-Kyu Choi, Chong-Hun Jung,
Won-zin Oh and Jin-Ho Park
Korea Atomic Energy Research Institute, 150 Duckjin-dong, Yuseong-gu, Daejeon
kimsum(@kaeri.re.kr

The present study relates to design, fabrication and evaluation of a novel cyclone train for the removal of hot
particulate from a hot cell. SEM (Scanning Electron Microscope) results revealed that the contaminated hot
particulate of the size 0.2-20 pm had adhered to the inner surface of the hot cell at KAERI (Korea Atomic
Energy Research Institute). Due to the higher radioactivity level in the hot cell, the as-developed cyclone train
has a manipulator for safe operation. Collection efficiency of the cyclone was measured for different values of
inlet flow rate and the vortex finder length. It was observed that the vortex finder length considerably affects the
collection efficiency of the cyclone. A higher collection efficiency was measured with a vortex finder length of
49 mm, S/D=0.64. An inlet flow rate of 15 m/s wasthe best condition for this cyclone efficiency. Collection
efficiencies were 70% for 1 pm and 97% for 10 pm, alumina mock particles at vortex finder length of 49 mm
and inlet flow rate of 15 m/s. Measurements of the pressure drop indicated that increasing the vortex finder
length or shortening the cylinder height helped in enhancing the pressure drops of the cyclone. It is concluded
that the flow in the cyclone is a turbulent flow on the basis of the Reynolds number (Re), and this turbulent flow

1/2

caused a pressure drop in the cyclone. Values of stokes number ( Stk ) decreased with increasing values of Re
and gradually approached a constant value at higher values of Re. As the temperature of the inlet air increased,
the collection efficiency was slightly decreased. However, the collection efficiency increased with an increase in

the inlet air humidity in the cyclone.
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An Annealing Characteristics of the Iradiated Graphite Block in KRR-2 Reactor

Gyeong Hwan Jeong, Sei Hun Yun, Dong Gyu Lee, Chong Hun Jung and Kune Woo Lee
Korea Atomic Energy Research Institute, 150 Duck-Jin Dong, Yusung-Ku, Taejon

nghchung@kaeri.re.kr

Executing an annealing of a graphite in a realistic scale will be necessary to eliminate the Wigner
energy and some other volatile radioactive gases from the irradiated graphite. A few reports in open
literatures, however, has been suggested a plausible clue to solve the nuclear graphite waste
management problems, especially in the respect of commercial scale annealing process for ~ Wigner
energy release[1]. The Wigner energy, as one of major considerations in nuclear graphite waste
management, derived from the rearrangements of carbon structures caused by the neutron dose will
effect a whole temperature profile in a mode of a thermal shock during annealing[2].

A thermal distribution of the irradiated graphite from KRR-2 research reactor during annealing was
studied to investigate the thermal dissipation modes due to the release of Wigner energy in inside of
the graphite block that is effected on its heat generation with an annealing heat source. A lump of
the irradiated graphite in a shape of rectangular bar, caused by the longitudinal irradiation dose from
the reactor core, has not only a radioactive content gradient in terms of surface effective dose rates but
also a Wigner energy content gradient in terms of distorted energies between the graphite carbon
matrices[3].

Fig. 1 shows two typical temperature difference(A 7) profiles - that is between an inside and an
outside temperatures of the graphite lump during annealing - of an irradiated fresh-graphite and an
annealed-graphite. At an initial annealing period in Fig. 1, the temperature difference, A7, shows a
linear slope approaching to 25 minutes in a batch-wise heat treatment and the maximum A7 was
nearly 110°C. The furnace temperature was controlled to keep on heéting up until the chamber
approaching to 300°C. When the furnace temperature was reached to a maximum, in this case 300C,
the furnace was keep up its maximum. After 30 minutes later at annealing the graphite block in

furnace the temperature difference A7 shows a rapid declination curve in Fig. 1(dotted black points).

120

LA ©  (+)High Fumace Temp.

100 (-) High Inside Graphite Temp.
° —— Baseline

% A A @ @ 115%C inner temperature

. V@ 160°C inner temperature
o4y | A Anncaling after anncaling
e (+) High Outside Temp.

Temperature Difference (oC)
between Outside and Inside Graphite
5
>
L ]

Time (min)

Fig. 1. Temperature difference profile between the inner and the outer of the graphite lump

in KRR-2 research reactor during annealing.
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The dotted black points after 30 minutes in Fig. 1 was revealed that the Wigner energy release of
the irradiated graphite was overwhelmed with the outside temperature. Thereafter the A7 of the
irradiated graphite was profiled the minus values at about 40 minutes at annealing the graphite block.
The maximum differences between the inner and outer temperatures in the graphite lump, since the
outside temperature is assume to be same to the furnace temperature, was shown to be about 20°C.
However, an another graphite sample having no Wigner energy content(i.e., this sample was once
annealed) shows a typical time lag curve at annealing process(red colored, triangular points curve in
Fig. 1). This graphite block, with no Wigner energy, has a broad temperature difference pattern during
annealing and finally arrives an equilibrating period at 70 minutes' progress later. Inside temperature of
the irradiated graphite that has some Wigner energy content, therefore, reveals a different type of
temperature profile because of the Wigner energy release and/or in aspect of an overall heat release
trend along with the ambient annealing rate at the given furnace temperature control.

In Fig. 2 a quantity of heat released or the heat released ratio(percent based on total Wigner
energy content) was shown to be a function of (a) the depth in the irradiated graphite block, and (b)
the time of heat treating at the same depth of the graphite block. On the basis of the results in Fig.
2 the time required for aging or completing the annealing process in a batch-wise heat control system
might be considered in bulk scale operations.

100 s "
—s
80 2
< ; 80
o T
g :
& & nf
= = 60
20 —@— Center-Half (Som, Annealing @250°C) —@— 30 min after @ 250°C Annealing
~8— Center-Quater (2.5cm, Annealing @250°C) SOT | —8— 40 min after @ 250°C Anncaling
—A— Surface (0.0 cm. Annealing @ 250°C) —A&— 60 min after @ 250°C Annealing
0 10 20 30 40 50 60 70 400 1 2 3 4 5 6
Time (min) Distance from the Surface of Graphite (cm)
(a) Based on time passed (b) Based on the distance from the surface
Fig. 2. Wigner energy release characteristics of the irradiated graphite lump
in KRR-2 research reactor.
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The Dismantling Activities on Bio-shielding Concrete of KRR-2
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KRR-2(Korea Research Reactor-2, Type TRIGA Mark-III) is the second research reactor in Korea.
Construction of KRR-2 was started in 1969 and first criticality was achieved in 1972. After 24 years
operation, KRR-2 has stopped its operation at the end of 1995 due to normal operation of HANARO.
KRR-2 was then decided to decommission in 1996 by government. Decontamination and
decommissioning (D&D) was conducted in accordance with domestic laws and international regulations.
The major D&D work was conducted safely by using conventional industrial equipment because of
relatively low radioactivity and contamination in the facility. When removing activated concrete from
reactor pool, it was installed a temporary containment and ventilation system. Under this plan and
procedure, we set to decommission this reactor on full scale from 2001. But this study gets within the
dismantling of KRR-2 reactor bio-shielding concrete. KRR-2 reactor bio-shielding concrete dimensions
are 9.7m (W) x 174m (L) x 7.8m (H) and approximately estimated volumes are 650m°. For the
dismantling of concrete, first of all we carried out the activation analysis on bio-shielding concrete. As
a consequence of analysis, we have expected activated and non-activated concrete and the cutting area
etc. This work’s goal surveys the activation mapping for concrete dismantling performance and the
sampling objects are inside surface of the exposure room and around the thermal column and beam
port nose part. The sampling carried out the method of dry core boring with diameter 50 mm and 400
mm depth. The sampling locations are 30 point and the specimen is powder type form every 1 cm of
the core. These samples were analyzed according to the location, level and depth. These results of
the exposure room activation are that the max. radioactivity is 4.68 Bq/g (main nuclide is Co-60,
Eu-152, Eu-154). For the analysis sample on the surrounding of beam port and thermal column in the
front of reactor pool, we cored 67 points. The radioactivity is maximum 200 Bg/g. We were going
to cut the non activated concretes to use dry type diamond wheel saw to start with, but we could not
use it because of the thickness of the shielding concrete and the deficiency of equipment. So we have
used the wet type diamond wire saw. And we cut the activated concrete with back hoe, crasher,
breaker and bucket etc. But we have the only over head crane of 7.5 ton capacity for treatment, we
should cut size down. This is disadvantage condition. Therefore we cut bio-shielding concrete in
accordance with Fig. 1. We divide 4" step in order to cut concrete shielding.  First step, we
dismantle top area, that is hunch, of reactor shielding concrete. Second step dismantle side middle area
and third step is rest area of non-activated concrete dismantling. Final step dismantles activated
bio-shielding concrete. These places are the surrounding of beam port and thermal column and as stated
above, the maximum radioactivity is 200 Bg/g. And the main detection nuclides are Co-60, Eu-152,
Eu-154 and Cs-134(a very small amount). The dismantling objects are about 50~60m’. Because of

high radioactivity, we set up the green house and we didn’t use the diamond wire saw in the same
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way cutting non-activated concrete. We cut this part with back hoe, crasher, breaker and bucket. The
generating radioactive waste amounts are 256 ton and we store them at 4m’ container (No. 34) and
200L drum (No. 59). The duration times on activated shielding concrete dismantling work were 22 days
(2005. 10. 24 ~ 11. 12) and man-powers are 44 man-days.

i

R

R,

cxiihe,

-

Fig. 4. The schematic diagram for the dismantling bio-shielding concrete.
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Table. 1. 238-Uranium concentration in the air Table. 2. 238-Uranium concentration in
the samples. surface water samples.

Sample | Weight (g) mp (;0)“‘5 RSD (%) Z!_S\pt Sampl (/:Oilc RSD (%)|%*U activity (Ba/g)

D) ight (g)|  (ug/g 6 Qﬁ}y‘gy ample g/ 6 activity (3
Air-1 11.9347 0.0154 0.22 1.91E-04 Water-1 0.0335 277 4.17E-04
Air-2 11.9071 0.0204 054 2.54E-04 Water-2 0.0281 259 3.49E-04
Air-3 12.0610 0.0087 047 1.08E-04 Water-3 0.0057 143 7.11E-05
Air-4 11.9987 0.0092 131 1.14E-04 Water-4 0.020 0.38 2.49E-04
Air-5 12.0453 0.0062 1.88 7.75E-05 Water-5 0.006 175 7.43E-05

Air-6 | 12.0314 0.0038 1.52 4.74E-05
Air-7 | 12.1036 0.0077 1.76 9.53E-05
Air-8 | 12.0370 0.0038 240 467E-05
Air-9 | 12.0093 0.0039 153 4.84E-05
Air-10 | 12.0198 0.0051 0.78 6.35E-05

Table. 3. 238-Uranium concentration in the cement Table. 4. 238-Uranium concentration
in the soil samples. samples.

Sample | U |RSD 69U activity (Ba/g) Sample | “HSope |RSD (%)™ activity (Ba/e)
2-top 0.1634 2.66 2.03E-03 1-top 29174 0.16 3.60E-02
3-top 0.1316 3.23 1.64E-03 1-bottom | 25422 0.24 3.14E-02
4-top 0.1347 0.74 1.68E-03 2-bottom 0.1852 1.67 2.29E-03
5-top 0.1707 265 2.11E-03 3-bottom 0.2203 1.40 2.72E-03
6-top 0.1135 188 - 141E-03 4-bottom 0.1838 0.43 2.27E-03
8-top 0.0382 2.20 4.75E-04 5-bottom 0.212 1.85 2.62E-03
9-1 top 0.0568 0.89 7.06E-04 6-bottom |  0.2239 161 2.76E-03
9-2 top 0.0285 136 354E-04 7-top 1.0759 1.04 1.33E-02
9-3 top 0.0331 0.28 4.11E-04 7-bottom 0.3681 1.63 4.55E-03
10-top 0.201 2.75 2.50E-03 8-bottom 0.2119 1.08 2.62E-03
12-top 0.2536 2.75 3.13E-03 9-bottom 0.2029 0.45 2.50E-03
13-top 0.1144 2.68 1.42E-03 10-bottom 0.2078 1.27 2.56E-03
14-top 0.1148 191 1.43E-03 11-top 9.2068 153 1.14E-01
15-top 0.0643 187 7.99E-04 11-bottom|  0.4535 0.94 5.60E-03
18-top 0.0589 320 7.32E-04 12-bottom|  0.464 1.22 5.73E-03
19-top 0.0978 3.96 1.22E-03 13-bottom|  0.4056 057 5.01E-03
20-top 0.0537 358 6.68E-04 14-bottom| 05329 0.03 6.58E-03
15-bottom|  0.0457 1.20 5.68E-04
16-top 9.9741 052 1.24E 01
16-bottom| 57164 1.01 7.09E-02
17-top 4.0456 0.66 5.02E-02
17-bottom|  0.7765 0.16 9.60E-03
18-bottom|  0.0497 265 6.18E-04
19-bottom|  0.2489 0.66 3.09E-03
20-bottom|  0.1463 156 1.82E-03

- 52 -



2006 EI=EAISEIIIS8!S] EHStE)E] =2%T

AeATH 2AT 4dAEAA A ZASNE FA AP =
AtAAd g e

2 A &
G AdAE AR IEY, WAFGA FAAF FA4F5 199X
radwaste@kins.re.kr

AAHA LY ARG s Zn L2 FAH2IE FUEe BGEFT AL Fo] FAHH, o]
He AAEETLS AL 540 weh FAdD 9 (work package)= AlE3 & 4 Aok 24y 3
ARAYE AT FAA dutrez F4 WA F9 72 Argd AE Fdads 3
FHe 5L FELE HAFHY] fAAE B2 FAUE, A4 2 Aol 2aHH, FAH
A= wv g FAdDAs AR 2 FADAE TLY FE2E HAFHE AL g4 #
FRgolge GATA VSR E Tt G [AEA FHoE FIHI e sHASA
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97]A, DR = &A4F9 ¥ AFE (mSv/h), DLW = Z4A AFT= (o: 20 mSv/y), DCW =
AL AdFAER (e 10 mSv/y), 2,000 = SASAAST (A FAAZL, 2,0000/y), i = HF
dANMZ, N = AYgFY F75 EAste I3 A5, M = FE79 LGE2H EAss 9
Z9 7, CA = F71F BARAT 9 = Ba/m), DAC = FAEAF i FE=F7FTeE
Ba/m), CSi = ATy A2 715 ¥ 9= (Ba/m), SIR = oA & (o 10 °m/h),
ALL = AR F 19 ABAATE (Ba).

A AAHAA Y A FGNA FHE FALEZY dF = HFE F

H 33 2 ARAZ FEHY FH FHAA FAHD HIEE L

2] k. ool wa EAF A AYGHZ A ANkl IAAHA AFE=

HE £ e AAHA H=7t5 A (Potentially Releasable radioactivity Inventory during
decommissioning for the Public: PRI,)E 4] (2) 2 ¥ 2o # =28 + ot

c Qinvi
DG,

@i = RE - (0/Q) - (DCFpn; - BR)T DClugy)

714, 1 = AF dAWNZ, Qui = AF i AZF 42 Ba), Qnvi = AAAAE | FE7H53
A% {9 AxF (Bg), DCp = Lukdd] g A o;{ﬂ oFx (d: 0.05mSv), RF = B&715%
9o BE&(-), X/Q) = t71&4AA (s/m'), DCFinhi = AF i8] SFAFHAAA (Sv/Ba), BR =
ZEE (8400m'/y), DCFeouai = A%F 19 Cloud Shine A #F#4kA=} (Sv - m'/Bq - s)

f
2
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B o] ity (s S ) oo ] 2@ 1L SAAEAAN HAEE F A
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T
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Z - -AZY FARAIE =F L A2 daAE =8 U HAEEFY v 2 IS
2o Hrlyl ot Auld BEAEo AHLoE RAS(Radioactive waste Assay Sysgtem),
ISOCS(In-Situ Object Counting System)5 ¢ #EE A T DTC(Dose-To-curie) it
g olg3stq uguhgoes EAsgon, du/uE AF FeodE AP AZFe] ¥ #
Bo o5 24do] AFDTMFH #AvtdFzHe FAAAA HA=AAE o] &3td E4s3H

H %2 DBE H7|EEFEE wAsed Uy 2 A4S S §3td 2en FHF A=
QAE o] DBE ol &3t AFAS motstn SAHY Wy o2 W ol &t =&
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718 FHEE BEFSE Aol /Mg & Uoz HUHA
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jincA

vy | gaA | s ;ﬁ‘j} ;j];j] Agy | zd4 | @4

PWR 104 28 8 17 9 13 179
PHWR 46 — 13 - 14 -~ 73

A 150 28 21 17 23 13 252

Aoz $9Z2ade 34 AR GHAE FANBANY A=A} HEHES
Fth A B4 =9 A=A FAAAE AR BAANRDY AR B2 §7E
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PAHs e FANAAA A5 $AE D, 2ok $E key FTH SH o] AF T PA
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BTc, L Az ¥iCs 3o ABAL AT
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o] Afede o]E2A WHI HPste FAlY ZEIFFoY FTAALL B AHAde] & A
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@59 AExe} EPRI A= pebe] gk vlmd
A H A [2d%] #HZH
3% KHNP EPRI | KHNP | EPRI KHNP EPRI
PWR | NP-5077 | PWR | NP-5077 | PWR | NP-5077
¥c/ ®Co | 956x107 | 1.6x107% | 2.33x10% | 6.3x10° | 1.94x10" | 6.8x107°
®Fe/ PCo| 2.18x10 ° | 2.9x10 ° | 2.37x10 °| 2.9x107 |4.71x10 °| 1.2x10 °
®Ni/ ®Co | 1.84x107" | 4.8x107" | 359x10 °| 4.2x10" | 5.38x107 | 2.8x10™"
05r/"Cs | 9.94x107° | 4.6x107 | 3.87x107° | 45x10° | 7.39x10% | 1.0x1072
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B Mcs | 5.10x107 | 2.6%107 | 2.94x10° | 1.1x10° | 1.82x107* | 1.4x10™
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Nuclide Release Rates from the Near-field of a HLW Repository

Youn-Myoung Lee, Yong-Soo Hwang, Chul-Hyung Kang, Pil-Soo Hahn
Korea Atomic Energy Research Institute, 150 Deokjin, Yuseong, Daejeon 305-600, Korea

ymlee@kaeri.re.kr

To quantify the nuclide release from the canisters damaged initially or due to whatever the reason after
disposal, an in depth modeling for the nuclide transport through the near-field has been carried out by
ACGEQO2, which is developed based on the compartment modeling method utilizing AMBER. After
leakage from the canister, nuclides will spread out through buffer material surrounding canister before
migrating farther into flowing groundwater in the fractures possibly embedded at various locations of
the host rock medium, through which preferential nuclide transfer into the far-field seems to take place.
The objective of this paper is to illustrate the calculation results, with newly introduced compartments
such as the tunnel crown and the excavation disturbed zone (EDZ) as well as nuclide pathways, for the
nuclide release from the near-field of the HLW repository. Calculation of nuclide release from the
near-field is very important not only to show final safety of the repository, but also to investigate the
functionality of the repository system as well as in view of its design feedback.

Fig. 1. Near-field of the repository embedded by fractures and implemented compartment scheme for
nuclide flux calculation.
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from each release point to the single fractures or fracture zones in the near-field of the repository.
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Experimental Investigation on Diffusion Properties of some Radionuclides in
Crystalline Rocks

Chung-Kyun PARK *, Won-Jin CHO, and Pil-Soo HAHN
Korea Atomic Energy Research Institute, 150 Duck-Jin Dong, Yusung-Ku, Daejeon

ckpark@kaeri.re.kr

Diffusion experiments has been carried in crystalline rocks to determine the diffusivities of some
radionuclides. A rock mass can provide retardation and dilution effects by removing radionuclides from
flowing groundwater. Thus, diffusion into the rock mass is one of the important process for the
radiological safety assessment in the radioactive waste disposal.

The experimental setup was designed as a through-diffusion type, which was separated a cylinder into
two blocks by a rock slice. The rock disk was fixed in the middle of a acrylate column and sealed
with a silicone or epoxy resin. Rock sample was immersed in the groundwater for a month prior to
the diffusion experiment. The rock was sampled at the east coast of Korea, which has a porosity of
0.004, the specific surface of 1m%g by BET method, the density of 2.55g/ml, and the cation exchange
capacity of 6.8meq/100g. Both sides of the column were filled with the groundwater and the
radionuclides as diffusing species were added in the source side. Tritium and anions were used as
nonsorbing tracers, while, strontium, cobalt, cesium, and uranium used as sorbing tracers. The 1 ml of
solution was taken from the sampling hole at both sides to measure the concentration change at a
certain time interval. When a rock coupon is kept in contact with the solution in the through-diffusion
system, radionuclides sorb and diffuse through the rock. Because tritium and anions do not sorb on the
rock surface, they migrate mainly by pore diffusion. The apparent diffusivity of tritium is obtained
about 8.5%10°cm?¥s from the experimental curve. The molecular diffusivity of tritium is 2.4*10%cm%/s at
25T, the geometric factor of the granite can be obtained as 0.35. On the other hand, when the sorbing
tracers diffuse into the rock pores, probably the most portion of the solutes sorbs on the pore surface,
and some portion of the sorbed solutes desorb and diffuse again, or some of them may migrate on the
sorbed phase, which is called the surface diffusion. The apparent diffusivity of cesium is obtained
about 1.5*10"cm%s from the experimental curve. The measured Kq value of the granite is about
800ml/g in a separated batch test. And the molecular diffusivity of cesium is 2.0%*10°cm¥s at 25T,
thus the pore diffusivity of cesium is obtained about 7.2*10°cm?¥s and the surface diffusivity of cesium
is about 3.8*10"%cm”s.
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Table 1. RESRAD Input data

Item input data Remarks
Soil density 152 g/cm’ Density of Sand
Erosion rate 0.001 m/yr RESRAD data
Total porosity 0.43 FSAR of Kori
Effective porosity 0.33 FSAR of Kori
b-parameter 4.05 b-parameter of sand
Evapotranspiration Coefficient 0.352 Calculated by HELP code
Runoff Coefficient 0.045 Calculated by HELP code
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Modeling the activity of I-129 and Cs-137 in primary coolant at PWR

Sang Chul Lee, Kun Jai Lee, Ki Ha Hwang*
Korea Advanced Institute of Science and Technology, 373-1, Gusong-dong, Yusong-gu, Daejon
*Korea Institute of Nuclear Safety, #19, Guseong-dong, Yuseong-gu, Daejeon

Isc237@kaist.ac.kr

I-129, which is a low energy beta emitter (max energy = 0.15 MeV) with half-life of 1.57 x 10’
year, is a critical nuclide for low and intermediate level waste disposal because it is a significant
hazardous radionuclide in ground water due to its high mobility in underground water. Due to the
difficulty in direct measurement of this nuclide in waste packages, I-129 is generally evaluated using a
scaling factor between I-129 and easier measured Cs-137. The determination of scaling factor is difficult
because of the much lower concentration of I-129. Therefore, Theoretical approaches have been
proposed to estimate I-129 activity or scaling factor. In this study, mathematical models have been
derived to describe the activities of I-129 and Cs-137 in the primary coolant during constant power
operation in a PWR. The current model for 1-129 coolant activity is based on the primary coolant
activity model for I-129 in a CANDU reactor. The models, which account for the source releases from
defective fuel rod(s) and tramp uranium, rely on the contribution of chemical & volume control system
(CVCS) resin and boron recovery system (BRS) as a removal process. Figure 1 shows a schematic
diagram of mass balance for volatile fission products in interested regions. To distinguish the difference
in behaviour for each nuclide, differentiable correlations of model parameter between 1-129 and Cs-137
for gap escape rate coefficient, diffusivity and removal efficiency were applied for the rationalized
application to the PWR. The plant-specific source-related information such as gap escape rate
coefficient, fission rate and diffusivity in defective fuel, and amount of tramp uranium can be estimated
from the short-lived radioiodine analysis. Figure 2 shows an example of predicted coolant activities of
I-129 and Cs-137 with burnup. And, they were derived by using the measured reactor coolant system
(RCS) data. The contributions of tramp uranium to activities in coolant will be generally negligible
when meaningful fuel defects exist. The current models were validated through measured coolant
activities for Cs-137. The resultant scaling factors of I1-129/Cs-137 agree reasonably well with the
results of the test resin and the actual resins in French and US PWRs. It can be known that predicted
activities in current models shows relatively better agreements than ones in Lewis model. Further study
wil be conducted for the discrimination of SF in coolant and spent resin generated from the primary

coolant, especially based on the RCS data in Korean NPPs.
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Figure 1 . Schematic diagram of mass balance

* Measured '”'Cs

! T T T T T X T
10° 1 1
107 {7 : ]
= 107 1 f—vﬂv—v—rv—v—vvv*vﬂww~v—v—vﬂ~ﬂ-v—w+v—v—v--vv
= :
= 3 1
Qi 107 § —=—"?| coolant (Total) E
B ETATSI 12| coolant (Tramp) ]
= 5 i —a— ""Cs coolant (Total)
5 101 : 197, lant (T 3
< . : —v— " Cs coolant (Tramp)
<= 107 7 1
c
o 7
8 10" 4 :
o 10° 4 ]
s :
10-3 : A . A “‘-“_:
10™ X ; T T - ; . .
0 10 20 30 40

Burnup, B [MWD/kgU]

Figure 2. Coolant activities of 1-129 and Cs-137 as a function of burnup

_80_



2006 EI=EINEHIIEE!S] EHEEH3] =2294F

A2 B4 AF U JFE3F £ FEEX

ABE, A, x99, A43
F=dAHAT L, dAFGA /AT 930F 15044

nkyjee@Xkaeri.re.kr
S ATE2AHAoZRE TAE YA A E dEty HIE2EJS Hrtstax 4 dAL
o AAE YAA AT W AFE 24390 AFEIHL 44 AReA T 4
5

2 ERE =

ZATT W AFF=7 7HE dASEHASE A2 AdEes BHAFVE 9ty 55354 A=E
RCS sampling kit2 A 22 AF st o d

71712 Hl& BE 7]7] o] R 7] FEA o] g o3 FX AR 7 A L
Ag wdel BRI 3t 33 X AN ADE FrEHed, 1 A3 o 300 psig
Wtel A w4 I glo] AFHE AS At 4d oA RCS sampling kiteE 3H8E
AL AFAFH FAe =2 A48, RCS sampling kite] e ZEZRE 4d o]2nds
Ag &9 MG AlaAF el A AAHES 3t AFTEF S A AEAFH =de
2 YAASSFE 02 ~ 03 £/ming §£02 A7 308 ¢ F 2042 sampling kite] &
2 stgon, o]2REH AFS 23 YT ol BAAEHE 57 ~ 86 psid ~ 6 kgf/em) ol N
th AR AFEY A 428 HAAZRE 200437 20050 AAH AEE AFHIA L, A
Ad ANgae BAs Q47 ol 1549 ol dF 2 T dalgEgy Byl A AAE] E 9
FTEYE B39 AFTEE FA48YY. RCS sampling kit W ZES FXoA EXH
Bics/MCo AFpErlE JEHoR 47 00459 338 BYon, 5UF7] W 2HE F - AFY
HAMH 1B BE Y w5 2 ZaA A2 O YesFCo AF FEuE 27 172 354 2
0272 AafFPER Ogs #stE e ol

- 81 -



2006 BIREAS IS8 EHEZE] =ER29%4E

AT T FHAAPE A4S AT LIBS 7[€9 &

choko luf@hanmail.net

ANz Fo Tdgd I AHEY FAPEEe=A LIBS(Laser Induced Breakdown

Spectroscopy)®] $&dT77F A2 223 APH Yot HAZFAAE AT AL F7EAA7)

HEF T ToE dFEL AARY] At AEHA FEHY AAGHI] V&S H 43 A
PFE EF7|2 353y Aol &3t ALE Jou, FYdAE ARG} 2L NdYAG #HolA
BY471e€ 7 84 44 2 A7/ A5 44t B dFAAE FLHAT F4A
AE TEE AAZ #ZAE7] Y93 LIBD(Laser Induced Breakdown Detection) on-line ZA]7] &
£ MEstATh #olA o] 532 nmeoli Repetition Rate 10 Hz, # o)A olux] 60 m]el

NA:YAG #olA 2AIRE ALt AFES Azstgon FolA 28 05 mJE EFo] A
ol ALg3tg . Fosgigo] 307100 kHz ¢ Piezoelectric AN E A B A Rate] 4=
FAANES A3 LIBDAZE =43 Breakdown ProbabilityE A& 3o 2] X214 &9

AFege 95

- 82 -



2006 BIFYASEIIISEE EHEE S =E2%ET
LRDPS As/44d< A& AA ¢ 4+

ﬂ%i-ﬂ%ﬂ'%iq
AAHEA 7=, AAFHIA # g% 1508 %]
ssb1125@khnp.co.kr

FE3LAL AATAY HIEAHATAE LAEY7I o]2wEAu Y LRDPS(Liquid
Radioactive Demineralizer Package System)e] 1oy fAEz 7] A5 A3= 3% LRDPS A%
Astz AAFAGH I E T B oz ge] RS2 gtk weld 2 dFoAE LRDPSE
FYEE A G AL MAToZN AATAY HIIEXHIHAT) ALHA N15E B
=& 3tz LRDPS®| E4FPo2 2HEa T3S J437] A4 978 334 I3
TALA TAE AA HY HLS T 7 Ho A AT FeUdr] sl 4dH FR
AA G AA 9 272 SIES(Selective Ion Exchange System) A 8AXE Azt AL&3stgrh A
dol AHgd F™Ed3 F2] 2 (Microfiltration) PHILOSEP RCM-8060(2}# 3 28m')o] a2, 3]
FHi 2] o (Ultrafiltration) PHILOSEP HUF-8040(%# 3  35m'), U=+ 2)=(Nanofiltration)&
Film TecAtY NF-4040(2rd3d  76m)o]ls A4F 2 (Reverse Osmosis)e Film Tec. At
BW30LE-4040(=+ & 7.6m')ol™ ATFE SIESH X o] A4ty o]udxE 4 I933LAL
oA AlE3tE RdE o] &3tHTh XA H HL Chemical Waste Tank$ HTDSH & AHg3}
Ao HAELS Hlo YeElUATH
ﬂﬂtﬂ** Hoe 2008]8H AZHI FHF Fom FFIAL AEAHEIYLL lkg/on,F L

% 654 /min, $FH5F 504 /min ZH)Pgon dAE 25%/308 02 Pt Yx2ant X
% Aoy = -‘?—3}-’?3 FYH 134 /min, FH5F 454 /mine] FF2A3} 8kg/are] 4

o8 FH SIESH A dl& EA4&T Fol2, g0l 2 Eo|2ugdFAE 7 53
5 "4“—’1’ Fo4E 452 604 /ming FHL2 TFIY AFsAT. 24 TAH
$3le] PH, A==, TSS(Total Suspended Solid) & HWil%s 22 A3}

B

_O‘L
L.—\i

0
o,
5

%
o{x
29
gL
30
ok 3R 4rﬂ
i
41:

Chemical Waste Tank$} HTDS#H & MF-NF-RO-SIES ¥ 3 UF-NF-RO-SIESH|E=® Z+z}
Agstgon 1% sesgga Ao AARs £27 w5 vehidc a9ndee 499
el gelosielne SnsUA UEE AAHYer AFRAANE 8 grlel o
o gelN AADE Sl

X1 9#E3d Ao Ay
H PH Z3 324 (ppm) A (Bg/ce) WA A F

B Mn-54,
ERE ] 6.79 ~ 6.99 15~ 21 1.11E-01 .
Co-58, 60

Mn-54,
Co-57,58,60,
Fe-59,
Sb-122,124

AEENYPERA| 654 7 662 376 2.719E+02
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Trickle bed Reactor for the Hydrogen Isotope Exchange Reaction

Seungwoo Paek, Do-Hee Ahn, Kwang-Rag Kim, Minsoo Lee, Sung-Paal Yim, Hongsuk Chung
Korea Atomic Energy Research Institute, 150 Duck-Jin Dong, Yusung-Ku, Daejeon

swpaek@kaeri.re.kr

The CECE (Combined Electrolysis Catalytic Exchange) with a hydrophobic catalyst is a very effective
method to remove small quantities of tritium from light or heavy waste water streams because of its
high separation factor and mild operating conditions. This paper deals with the experiment for the
hydrogen isotope exchange in a trickle-bed reactor packed with a hydrophobic catalyst and the design
of the catalytic column for the CECE to tritium recovery from light water. A hydrophobic Pt/SDBC
catalyst which has been developed for the LPCE column of WTRF (Wolsong Tritium Removal Facility)
was tested in a trickle bed reactor. The catalyst column was packed with a mixture of a hydrophobic
catalyst and hydrophilic packing (Dixon gauze ring). An experimental apparatus was built for the test
of the catalyst at various temperatures and gas velocities. The difference in the deuterium concentration
between the inlet and outlet gas samples was analyzed by using a Gas Chromatography. Catalyst
performance is expressed as an overall rate constant Kya (m*(STP)s'm™). The overall rate constant of
the Pt/SDBC catalyst was deactivated with the operating time because of a slow condensation of the
water in the pores of the catalyst. Kya increases with the hydrogen flow rates in the range 0.4 to 1.6
m/s at STP. The overall rate constant may be high enough for less demanding applications such as the

CECE process.
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Figure 1. Temperature, relative humidity, and absolute humidity relationships. (Each line on
the figure represents a different relative humidity and shows the absolute humidity as it
varies with temperature)
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Figure 2. Adsorption process in the zeolite 13X sorbent bed with 1.6mm pellets.
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Fig. 1. Photographs of the fly ash filter(A) and filter basket(B).

Fig. 2. Photograph of cesium trapping unit in hot-cell.
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Fig. 3. Count rate for fission products of gamma
radionuclides as a function of distance from
basket bottom.
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S AAE AT 2, dAFIA FAT 95 150
nkkkwak@kaeri.re kr

FAZES ARFLAFT M Qe BT Q= EE FESAYYIAEA, ANS 16.1)2 o] &3

FARZEDSS ded ndAe] =2xUY Agd 02 PAg A2®Cost Fos)o 22
E4¢ ALY dgPnsE TR FEddzdnd F48n g 2a/gen
EFFANE 7 3.3/1, H/D=1(D=50,80mm)%] 2 n3AE AZxsdHx, I&F= 2G5 (pH = 6.02,

2
2
PR

L(conductivity) = 1.01 nS/cm) ¢ &4 34(pH = 8.19, L(conductivity) = 51.0 uS/cm)E o] &3}
Aot ASAEL 7 AgHe AgAEatel ot T"E??H‘d W, 53 =& xUANgY g2 I
EA4E vusr|s 5Y AdEEUAAAE AHY AAE AFAA AP & 335}9&‘4 WAL

ARz ozt YCse AgRen Az nA x7] dAlEZe

12.897 ~ 14.444 nCi, ¥'CsQ A $olE 12949 ~ 14341 uCiolUth. Z+ AZA Pl =& 3
A, AEuAL D AEFE HAA oW AEAE Ao by A

o 7zt APGEE datd YContCse] FHAERE L T o2& 45 wusdoh AP
dAmstA ] Yo o Cse] FHAEZELL FY AP HAAE

HAEE g 729 Se Bgon, IAEA/ANSI6IA Y FHAZEE LS ANSI6L AldHeol
IAEA A @¥ol ulste] ¢ 108 A =(Table 1-18%) E st

Table 1-1. Leaching behavior of “Co and **Cs by IAEA/ANS Test Method

- rEEWA Cumulative Fraction
Test Method A E A 2 73 (mm) 2 Leached x 100

o) Co-60 Cs-137
Demi-Water 50 19.34 5.0311 9.2863
IAEA 80 50.84 4.2708 6.4175
Sea-Water 50 19.44 3.4625 6.1547
80 50.17 7.0226 9.0885
Demi-Water 50 115.19 50.9024 56.1334
ANS 80 298.37 36.6467 41.8576
Seq-Viater 50 112.48 58.6053 63.6599
80 300.74 38.0453 42.4140

(Leached Time = 90 days)
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Fig 2. Cumulative Fraction of CsLeached
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Fig 6. Cumulative Fraction of Cs Leached
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2006 ERYNLEIISSE EHESUS] ELL%T
719 Ao e JFFAS FIF45 5F

A%, A5, 557, A5, AN’
FHYSEEE AFA YT HJAF 12917
BRAALAT 2N AN FA4T ST 1509 %]
3%% =) uk }\7]C§x1 FE HAFAZTYF EdF 4189 R
kckang @kaeri re.kr

2 dTME 9% g4 97 ZdAed 99 PbY, cu¥'agm Nit olee ©y @&
ol e F2 SAS nFUY. 97 2E AEgsdoztl0 M FAJUES g8
AbE BT A B EHEANLS A E-97|E, Fourer transform infrared spectroscopy
(FT-IR), X-ray photoelectron spectroscopy (XPS)E Al43lgon H|EHEAT 727z
TKAM Ne T2F3 4oz 334 sigc. 2 48247 97 %49 Ao e 94 84

3L phenolic ¥ 22 A4E T #5717 FHsk T
olHE @7l ®E A o3 FrtE EYW #BBU)d wEt dr] TuN YAEAEe] THA
A YR TET FFE FH5o] FUt AT o BYZRY 225 TS Qaw

e 29 @57 A 9L e Aoz Aggn

g EWo) carboxylic, lactonic 1]

Tablel. Results of Boehm titration

Acid Base

Carboxylic  Lactonic Phenolic
value value pH

(meq/g) (meq/g) (mea/g)

(meaq/g) (meq@

Untreated-

0.080 0.369 0.169 0.636 1.063 7.79
GAC
Basic-
0.010 0.472 0.070 0.552 1.330 3.87
GAC
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o
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©
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©
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Fig. 1. Pore size distribution of granular activated carbon .

Table2. Surface area and porosity analysis

Sper( m¥g) V ot (cm¥g)  V mioo (cm”g)  V meso (cm’/g)
Untreated-GAC 1,100 0.5673 0.2646 0.1449
Basic-GAC 1,105 0.5492 0.2739 0.1909
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B =Bt 14 A2 =9 H 2 14C AL BELS 3 A BZEE FAY BASH] 9%
TEe ARG, o8 o]t BRLNA AHEE E4E A& Fo ‘He NC AES
ST, Hoh Col 94 FAULEE HAREALAN FAZ AEAE TIE B Bl T4
Ho] glon, *Het “Ce o]T A FHU2EY Yo o5t YA == *He Yce
T A WA A7 E AT & o wEbA dAFETALY A HYES AAAH LS}

ML r°"

AU, F e AZY AR HIE ARF 34 ZAS YME °H MC e e 2T

dg7t ot ol B WAL AF EL BN YA E AR da e 3EH gHe 58 A

Ag 7les o2 dvh $£4 0.1M FA £93) CarbosorbE& Z+Z 20 ml¥ # 38+ Bubblerel
5 a

229 AgaAn A4t dAFY 4G ANEE HAT F o
ZoH A =2 A2AA *H 2 “Col I &93} Carbosorbdl &3t ztzt £
A ok 28 239 °H 2 “C $49¢ 47 43&Y (Gold star) EFE T AFY AAEB
A% 7] (Quantlus 1220, Walac)Z #At5< ZAdAct. RE 4 229 °H 2 YC Azzge
2% A= AN o EFLYL Agsd 2AsPEd *H 2 MCY 23 E(SQP(E)
|Za&101e] BAE 27 1o Ytk A2 F o2 ddioA AEdE EAH AlE T A2
EAld *H 2 MC $AlEs 2Ae AxdAh *HY =& 31~86 Ba/geld e Mco A%
¥ 441~863 By/g2® HEHU Ao A" 24" ANEE AAARE FE ATFAA
100 Ba/g °lstds & + AN oz 1 ALZ ANAFAFTHE o] &3t LML
gye ANazre *H 2 YCe A aRHez EAY £ AT B A7 é»F b S
A AV B AAAREE 9% AFE, e FAEY G H2E ARG 33 BAE A%
7z

NE o *H 2 Yce EMste | 89

2
i)

=]
=

o
@rw
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‘m -
ai L 14C
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—_ R =099712503
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Fig. 1. Quenching curve for YC and *H
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A4S, 454, Fu4
F=TEAAE(F) AP FAH7 <4
HAFGA 4T 935 1508
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BA A 718 frE] S (vitrification) FAE T3t 2AW fE s HAE NEAFA 3
Ho2 Audr] wWEd AASt AFE nEY PAAAAZE e Boo] 1970dT FurRE
A AANM dEedE e gon 19903 o|F2E F - AEY YAHHINE AP E H
SHoz A&y A8t =83tx Yt %E]i}% I EDS T8 faAdEEES RYT
1°}°ﬂ dtHos ARAIII o] FINEEES B4 AA o] Y=E FFHo2 J}

= @7 A58 Arsolt Be A% 7}‘r-fﬂ*15 FE7F BA VB A2 Az A
73% 7P 2 olfE TARERE A FEAINA XL B ol A|Hoz RESY F
ol FAEE 2 T Ade) T3 EAE °T1]3’-§} A2 AR F 7] PEoi. duk
Hoz2 AZZ dE FInsAE 1 ARz F ZAel diste 23 33ty AN
B7F w3 ok mEkA Tr"/]_’ﬂ'xﬂ"ﬂ e FAEZ] AHEFA =
2EE IE AFHo - A=AX AF £ Hr e Favh Aok

AToME FAHCRZ AFH IESAFHY Soxhlet AFHE o435t AxHBA7|1E Lo
MR F - A FALAYE FPusA 254 Fredn 1EY HANHE S

HE&H AE AR 1 ARE vwedrh Soxhlet FEAY S8 Y 229 A
TEAW INE d7400A +8 9o 1 d3E 59 15 A2 S ustA 227
4% ¥ St

Soxhlet IEAE Fcl= AHAA7I&Ho] 1 F 73t 4F(AGBW1, AG8W2, IGIW2,
& DG2)9 #E HE3Ah AGEWIS AWAL(RWB) HFA e Agetols, 7tayzdnz)
(DAW)7} dAstA €38 #H718 A& fols AG8W29 IGIW2E RWBS} mwAbAg
(CVCS) # 7], AE&etelE R DAWZF €A% H&2 38 #7272 7L 429 DG2 &

e 1099322 748 DAWE F28sl7] fla ALe fezAolth Soxhlet AEANPE £3
dgol A&£HoZ B2F J|5E /A F58 FAE ALsE A2 dFY F42A0M AY
3= &4 (dynamic) HEAFWHelth o] B4 AEAPPL 22de IAF FLo2 fus
Al EEe] AE FFEdo] dwpkF 24 XS e £t Soxhlet FEAPS
st 4% 9 R nsAE 42 5x5x10mm 2719 HSAAZ AzHYoH o £7]d Be
F BT SE=2 A AASAT 32U & FHRFES F 200m/he] FEoE AR A%
Moo= zad gk AYIITL 1, 3,6, 10, 17, 30¥ ¢ FAAR 2 S ngA A 8E

= WX F AYEHES FHIY HF 309 5 FYnFA Nao AYEAEL uae 2
Z(E 1 2F=2) DG2 FEAE Y AFEdo] 32024g/mo2 M ZFon IGIW2E 164.4g/m,
AG8W2+= 1172g/m ol AG8W1<& 106.8g/m' 2 Uelxtth Z+ A|zte] we 7‘“"@%—% a4 1
of HEtS. AEAE FAEA S DEPPANLANE FESE g8 ARG 2 229 B
JHGP WAKI : 1oOg/m , GG WAKI : 460g/m’ )¢} H st om AxE#A7|&d] ML 4
T e g8y AndL fAF AU Addos S5 & F JUTh
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%17 FR49E A0HE A3 SAE@/W, g/m’d)

AG8W?2 IG1W2
. Weight Loss Rate ) Weight Loss Rate
Time(days) : Time(days)
(g/m”) (g/m".d) (g/m") (g/m’.d)
1 4.05 4.05 1 5.62 56
2.96 9.6 3.2 2.96 15.45 5.22
5.8 21.8 3.5 58 30.44 5.25
9.67 38.1 39 9.67 50.6 52
14.54 60 4 1454 77.74 53
20.42 80.2 3.92 20.42 110 5.4
30.3 117.2 3.86 30.3 164.4 5.4
AG8W1 DG2
. Weight Loss Rate . Weight Loss Rate
Time(days) > Time(days)
v (g/mD) (g/med) g (g/m) (g/m’d)
1 4.834 4.84 il 146 146
2.96 11.1 3.75 2.96 421 14.2
5.8 21.6 3.74 58 85.1 147
9.67 35:3 3.65 9.67 1344 14
14.54 54.7 3.76 1454 184 126
20.42 732 36 20.42 2435 11.9
30.3 106.8 35 30.3 3224 11
350
BOO -m-mmmmmmmmmrm oo
- e - AGEW2
“g 250 - - IGIW2 |
= —& - AGEWL
) e
St —a—DG2
w 200 -
@
(o]
-l .
- 150 1 o
)
— .-
g 100 - ST et SR
BO -eeeeesplonrernenccn o BT a A T
0 —’_r B T | T T T T
0 5 10 15 20 25 30 35
Time / days
13 1. Soxhlet A FHE o] &3 zt TR FYH AzbHse] e AFEAE(g/m) W3t Y=
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ISO FEANFHYE o] &3 529 AN E e agAe A5 37

AAQ, AAS, 4FZ4, FH4
FFEYAAY(F) 4GB £4
WAFGA FAF 935 1509 A
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g 7MEdAE 87t AR HZEY] A WFAR2 AAED M 2 olfre WA
5€ B3 @A FEANINA F VI AA BEF F dE A= dFE A

dodez Hojur] wiEolth. dAHESAAIsde dAHLALGA TAEHE AFAA
(RWB) 2 A (CVCS) # 57, zeolite E 7HARZ A (DAW)E FEl8et7] Astd F 7HA
FRFYE ALedant A HA FHRFEd AGSBWIL RWB H5X 9 A LgolE, DAWZ} 44
A E8E #@E fE8E fEleln F A FRAHA AGBW2E RWBS CVCS #HFA, A
SetolE 2 DAWZE 433 H &2 E3d #H7E s fEelth F FERAE) AF 2 A
ANE AFE Z=(GlassForm LDE A FLEZXNES & 14 Yehidch ML 5 FF
TR 3 54 HUME YA FAHE AFH FEAIEEA ISO (International
Organization for Standardization)Z 43 3}%t}.

o i

E1LF FRAY 24 2 AUNIER ARE F2 EHA
Fu 49
AG8W1 AG8W2
Si02 43.14 41.14
Aty F5 20.44 2456
B203 9.97 10.71
AlOs 123 12.76
sty EEE 6.94 2.33
Hol g% 5.57 6.71
7]} 1.64 1.79
dx (g/cmg) 2.67 2.65
A= (poise)t 67 22
A7) AEE (S/ecm)t 0.31 0.66
AL E(T) 758 721
7-day PCT(g/m% Si, B, Na, Li : < 2
|yl Z loading (wt%) 40 20
744 84 33

T 1,150CoNA e gy

T EEHEe FENYE Ad¥4dH oz Hutsy] YsiA 318 FE (raw chemical)& AF&3HA
oF 600g¢] 2l vixl(glass batch)E TEJTH Z FrFIE A DA ZA T ssretE w) X
2 ZTag 44L& ¥ HAE Z7F(clay crucible)o]l %71 "o} MoSix &EA HIVZE o] &3t
L150C= 7kgd3tx 1,150CoA 45833 FAFATh7E Adol 448 (quartz rod) o2 &5/IAE
TAsA EFsFI L A A7]20] 2ol 1,150TCA 158 T £63 g EAdE=] Fo W
Z+at ek AGBW1Z AGEW2 FH falo tidt &4 F3 o ¥ eI e AE ZHA v
01~02mdl HFHE Bol2 §&FE A& 7 PTFE &7]e ¥3 90T 2=dA Ad=
FsAT EFE 1, 3, 7Y, olFE F 13, 6F oo+ 45wtk 13 u#sP o, FEF
Y2EEH HEH] UL Fod4 AEEH +HHEF &(Cunulative Fraction Leached, CFL)
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O3 2o AE 2710 F 0d A= FEG0] K MIA G o]LuENEE doA ¢F
g FAsES A A& pHE T/ LT pHYF S7HstdA &S =rt SokstA H
Atk 2 of dAdAE AE2E F2 dHEY Bd 384 SFEY AAd Y3t fI &
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1F fFErtd 998 ALEsle #EE £838tE A288=2(Cold Crucible Melter: CCM)&
WA H IS fEEe 8822 EEe] EH3EE Fdo 53 FnAE A ste
AHEE T Itk CCM2 Fo] utdFHoln §2 B4 ZHAA vl§ Lostnz A& HH|Z 9
Hg&ol AA 7ldsEn Ik CCME a&FHo=2 &83ln CCMY HALd =1 FH7 439
FElngA 58 feiMe CCM W £67219 445 54 oo &3 vt AFHe|x 7}
AF AF7F 23tk CCM i FA419 A%s 2 2=FS A3y At £ dFodAE %
Maxwell 2ZEgo]E o] &3tAth 153 J9 LS & Fluent2 AT A$ ofF 2 A3t
(time step)& &73lH B A7tz "] &o] 2890 I8y Maxwell2 CCM ¥ &&73 &
2 2 CCM AH A7 23=EW A7), A71F 59 EXE 53 83 AZEYojolrh
Maxwell& o] &8 A$ AR £XE 78 F o, FEIde FolAe AFG A, A==
A& FAE F&Y BAAE o)Ly f2ad FH0 e AV 2 4= AFE FE F
Utk o] o]gstel CCMY FEZYEL EEY, CCM UH9 A7|F BEE 938 § Jon, o
£ 48 e-Physics ¥ FluentZ AE3te] BAF I=E 448 & Qlth

Maxwell& o]&3te] CCMZ} FALE gAdel dis] 2d3e A3k B 2d3o] AH8d &
F 2 BEAXE ¥ 13 2.

oX, ..IEOED

W 4 A4 A
HFG €9 F 3+ (kHz) 272
AF(A) 608

H§-7& 78/1,000

878 A7 HE=(S/cm) 0.125/10
FE=2ZY =ol(mm) 250

CCM #°](mm) 250/160

2dy A34E 23 14 dehddoh 28 L) & AP X 2 3718 YEhH

lo

g & AAd. FEZY 2A A71Fe 277 4 anE o] YFo
ARIES 4Y + U& Aoz wudEd 293l A3 A7Fe A
= se JlFoz  WAAe T A7 EeE
FERL A ARFFL 29 1D 2ok CCM ¥
H
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3 B FAEH 879 AVNAEEE 47 1,000 £ 10S/cmE ¥3 AZAE 9 oo me =
7174 X 9 Ohm-lossol & 23+ 17 1), 28 (g9} 2L & F YAyt F aHlA
AR & Hure 371998 ez gtk B 298 A3 Maxwell 2ZE ]2 CCMol| o3t
AA71EE EM3ted 2o ¥F 2 Ao 6§34 5 37 € £ d9es FF Fluentol
A A7 48 A 2FE AAF, AFHoE HaY F JdE 52 98 A=7 E F JdL&E
g F U B Zdgdies CCM UF &8 739 ArdExs dyg oy diayd &
CCM F+¥Z A x5 499 A el Fd5Ah Maxwell 2ZE ]S o] &3 =
43 HAZAFAE A9E 9 dA CCM UR IS B 715 Aoz Frke ¢ dden gH
ZHog & e AFAE dJ Wty Maxwell Z2 IR AL F+ e FEH ArnE
3, A3t FF o] & e-Physics E Fluent=2 AZse] CCM WE &&FolA dojus At
AAES BAIE § e I=8 94T Ao
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T AL BAEANE FHAFTAAAN FE5DH I4EA

BSd, WY, Fu4, AFA, o134, BuR
=48 (F) AAEa471&9,
* Ao EHX(F)

T AT PAEHENE FE3 BHAA LAHE Off-gas 29 2L A 93
FEIE 284 ANFE FAAT AF2 ARG BHAN 712 AdUAH TG ok
Hog ¢do] sbestdon, 71X gHHsE §F 150Nm/hr 71522 WI-06 Al&oHs=
S0mmHz0, W1-07 Al @A £ 125mmH20, W1-08 A @l A+ 150mmH:00)8, dx} =788 o
T AT F& BLIE L Off-gasel =ZA7bo] Z713e) wel Q& 2he Aoz U
%oer, ole FFF/ AW g FF BAZ6] 9 Ao 9oz BHudEd. xIl
SMPSE ol &3 R2F4PE Fd YAkar] BES 243 27 100~700m L7 990 A
ET countTE Bow, wi71AF EHY AFFEE 1278u/mE EAEHAT. A2 595 37)
AGAA AH8E BE S A Ho] Zgty] fEo] SIHA HIE Yo g} 258 e B
A 23 F5IEY AR AC) 23 o) AFelAN w1 A =EAzko] @olA FA el (Steady
State) =2 o F 3ol oj# Yt}

Table 1. Specification of the Sintered Metal Filter Element

Model No. SIKA R 3 AS SIKA R cu 3 AS SIKA IL 3 AS
Material AISI 316L AIST 904L INCONEL 600
Dimension(LxQDxID) 1183mm x 60.5 x 54/50
Thickness(mm) 2mm 2mm 2mm
Support layer membrane 0.2mm 0.2mm 0.2mm
Filtration Area 0.2m’ 0.2m' 0.2m’
Porosity (%) 32 32 32
Permeability coefficient 1.8E-12m’ 1.8E-12m’ 1.8E-12m’
Temperature 540°C 600°C 800T
Filtration Efficiency(%) 0.3, 99.9% 0.3¢m, 99.9% 0.3¢m, 99.9%
Pulse Pressure < 12bar < 12bar < 1Z2bar
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Fig. 1 Number of particle counts Measured by SMPS at the outlet of Metal Filter

(Metal Filter Area=3.8m?)

500
5 y =448.6x - 165.33 |
= 400 | R=0.8871
E LA
E 300 |
Q.
S
QA 200 }
o
2
3 100 | o
o -

0 L

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Filtration Velocity[cm/sec]

Fig. 2 Effect of the Face Velocity on the Pressure Differential
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1. A&
944 225 (Secondary-Loop) %7124 7](SG; Steam Generator)e]l IHd AX - A4 =
A9 AAE AT FFAPA SAHE JAFHIZ L Z7)2H7] ABe] AAR wa A=
M et T F Aok olFA LYY YAHIEL F£o] L9 2 o E(Chelate) 2
A+&5 & EDTA (Etheylene Diamine Tetra Aceticacid)7} 243 HE gy m= HE8-31x] ke
A2 oF SASHA Eo o8 oz A HEAd ALHE YA A
TARe2E APy e en, A5 e W FLo)LSo] F5Hol glo] o B =w FPo
AA 55 A43H7129 Hu2 978 AFne AR, B@s o3 A} olze Ao Hee
AN n=e Arles 2ev4 2 AYFho] LFHE ul, #A & e £EERe 1T
W oRT ZaHoln FAHoZ )5S AT F Y= AN s)&e] Aol 2TE T Q)

SG A AAE A 2l FAe D) Ade QEINE NG Sz Ay, 2)
SEFENRI, 3) 5T TRA2Y R 28R AxA2H, 4) Wtz JSFH B2 FHH
o, 28 12 SG H4AYAY A& Fepzvl AN2d9 ALy FHzo|o

De-Mister
HEATER\\
msaj . “ I {Drain
s ik i ] %

7
Plasma Touch *

2 _[wvw]

i 229 | e
97

BOIZI2ZLIEE
SYSTEM

cooling tower

HEATER «

¢ ARG
A2 = B2 NIAZ3I BRI

e : (2 B3 ARl
- T
AsH BE482 BA=22 m

Digm =R

28 L S71EA7) st g e A2 150kWhe of3 Fehzu} #x]

A4 SG SeAHA BAHE HLAAAAL mAlD

AN(E 142)g o83 150kWF otz
L ER VP E
£ 1 24 S e 24
- Niwds TI= =
T XN Epy EE === u % EDTA 55
93% 2.5% 0.8% 0.9% 2.8% 108 0.18 mol/L
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d
)
£
Z
40
= Ay
olo 0 glo DR
& & B
a9 2 H A 24¥d a3 3. E=rAE S59A9 LAY AR

APA 150kWF o2 TF=vl FAAAGHE FXE o] &3 TOC/TN AAEL #4z
97.2%, 51% FFoldom (¥ 23%), olue EDTA 29 Eid&L 100%= ety &5
°ﬂ E TN AEL 520ppmol $low, 2412k B¢k pH 1204 @713 A3} o 52%°] AARE

< 24t 2 dFdqAE dHA2"E 2 v #4718 B3 A2EE - E F de LI A
i%‘% =9dteg a2 Agaed Hulsdo 434y F2U|E 58 2AHE $5FY #E2
TOC/TN Z7Z} 5ppm, 80ppm e 2 "¢ dAHA F4& & F UK 2, 33=).

2. 7t= 5 Rk AYEe H)

oA HAHE Wrts Head FrhEde E 3% 2ok wirt2d = B4E 29
NOx, CO ¥ HCN 7t Azg 9% F71 Aoyt 28 Ao dddn.
X3 # TAE vt A5 58 HUY

T| 5123 =74 54 A% (ppm)
iU B - 3 B N H] al

3= (ppm) |F&AE R | Eudy] Fo| 23y | 238 5&

NOx | 150(12) 17,520 13,825 1,914 86% @ HETEF

SOx | 100(12) 1,217 446 43 90% : 120m’/hr

CO |300(12) 25,500 30,500 22,000 28% @ WSt 2w

HCN 10 249 286 43 85% 1 0.74m/s

V. 248 2 &5 dF 4§

4R L7 FFARA FAHE 2FEe /FU1E 2 FEE5E TR
A& A8 150kWhe o2 ZFetz=wt ZAE ol&3te 1 AYSAH H EE&S 337}‘5}9%‘4. ‘IQI‘7]
E 25%, 4 08%, 55 28%E ﬂ%?":} 7127 gt A g g o] & H
7 150kWE FX & BT 75L/hre] AEa e s vehdie 2oz yegen, ame {71, é_”\
o AA e A7 97%, 52% FE o2 vYERoH, HF FL7] A2dE EYFOEN BT
e RS £ 9+ YAtk FF wHHE wzk29 NOx, CO, VOCs 2 HCN A&
g wizte ARAXNE FItR AXsA Fa7taE SAWMEIE o2 BT AFelnh

V. 3a&3d
1 AAALR [BgEg=zels o] &3 GEINAG A4HVE A 7|&€] BiA, 2005. 8.

2. National Low-Level Waste Management Program, Commercially Available Low-Level
Radioactive and Mixed Waste Treatment Technologies, DOE/LLW-240, October 1996
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Fyete St % AEY PAAA/IBE S nses] A9 S8 A A
AE 2004do] A5stT. & Aule A2 EFo] 18~Wkg/hHA, €7 QPN BAFE AZ
9 doleaBFA L AN FIAS AYT BAoE ¢4 5657 FAAAEANAE ol

9% A F AYEE A8 $uAE T nEY AVE FULSA BT WTA
24 FFA73, FHANA AEDE A 2 MEtaE B NE TALS Y VIT S
=S AANLG FAFE HAS AT 2 AR WAE
WA AZAY RS BEAQT W, 43AvdE e ¢

(e}

MA Age AFEAA AR AYe FAs] AAS FFTORA PP Ansc

27 FASAMAE A BY AAE AT A9 L 35 A9e AA wgsgon, 44
4A NEE WgoE T2E R 1AM B Y STE IesAch duld 4% 4% &
A4 BnE 98 L, 7D 9 F8 Ve dFos AANES Hgon, A4n £k g

oz
Ho
2
X

ry

gulstel SYHoR £98 ¢ UAED HYth TW, YAL PEE A Z e
Fol met 4] BETHo2 gt J171E WAL, SR 40 25247
g AHgs] 4T  UAES AQTh FARNLE A1 BAL Yol AAY] BRo] w2
s3] A8 SYHeE 29T & ART ARG £,

ol
FreElstdule]l 223 A4 B 9dF § FEYHE &3 A Hu] §FE 1S9 ITH/HI}A

£
o
of

5
2
2

#7718 #23 AHE A% F
-

L2004 H7E S&S A

At A w71 QA AT T2 TA il

1A HFATF, 22 A7E AYAT, TALARAAT, sALEAT 5 AASGAG
Felsdn A4S d8d Foe HAE 2 WA AeAdEe T8 HAFHoE Ao <

AR e 4T dAoltt AU IE HET F F8Av=A 44 24 HAVIES AHE ¢

de H7E AR MR ZR¥E A AR 5 Y A= A
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(TBP-TOA)/NDD-9AE &3F5Z A A2 Tc, Np 2 U9 Hdd3 &3

olds, 44, AF%, 458, A4, ¥IY
T AAHAT L, HAFGA FAT G9IF 15044

AH Y FE 219EA4 BYEA(Np A3HA 0.006M KoCr:07 )& o= (TBP-TOA)/
NDDel 9% Tc, Np, US| 23 gF&34 ¥3F 7|42 Re ZAdd g3 Tco 9F3%F,

AHAS 9% Npe| #9 5% 2 oddte] % U9 94%% 5¢ 247 A

1. Al 3% [(30% TBP- x% TOA)/NDD-1M HNOs; =% 7]

TOA, [%] 0 0.1 03 05 1
1.0E-05 1.0E-05 1.0E-05 1.0E-05 1OE-05
7 [M] 1.0E-04 1.0E-04 10E-04 | "10B-04 | 10E-04
i 1.0E-03 1.0E-03 CLOE=03 30803 01 10k-03
1.0E-02 1.0E-02 SOTEOBOR T TO0RS02 0B 00
2. 43 2

Fig. 1€ (30% TBP-x% TOA)/NDDANA %84¢ AasE g me §714 0 A2
FEZ 27] AUBE F7hl meA FEo F78%3 T ol: TBP @ TOAd &% 2

Zo] 747t H'+NO3 +TBP & (HNO3)TBP % H'+NO; +TOA & (HNO3)TOAZ, [H] 5% Z7}l
Wt A4de F&0l Z7H9Th 23 TOAZ F7bHE F 97} TBP 95 woh $%0 wed of
£ TOAS 9% Ay F2o) 7A@

3. Tc, Np 2 U9 FF&
7t Te %

Fig. 2-(a), (b)= 30% TBP/NDD % (30% TBP-05% TOA)/NDD] 23t =84 (Npe At
A E 0.005M KiCrOr E) Wl Fats = wsle] M 72+ 949 F&80)th Tcd A% 5
AAEE IM o3t Ao & AT AR Aoldlth 30% TBPY Z$ 0.8M ol xE Fis
= F7t wmE FE&ol FUMEIYIE IM ol ¥l ME #AstE ® wrele, (30% TBP- 05%
TOA) 9 A+ Hibsm ZF7ld wel #Z4sz Qth Fig. 3% 4= FAAdEE 1M, (30%
TBP-x% TOA)/NDD % (x% TBP-05% TOA)/NDD A4 TOA 2 TBPS =& #Hsld W=

Z Q&9 FEgolth Tco A% FEA(TOA, TOA)Y ¥ Z7lo wet Z7stn ot 1%
I E AT 2o UY &fFe] Ax, AE7 (M AE) 99@re & FADAAMEY Tco
F& ¥&& H +TcO4 +3TBP; ©(HTc04)3TBP, (HNO3)TOA+TcOs <(HTcO)TOA+NOs ©] 2wl
o]},

4. Np &

Fig. 2-(a), (b)elA¢ Npe A3} FZe Texts vz ASsH, 30% TBP 2 (30%
TBP- 05% TOA) 25 AAEE Z7HNO; 5 Z7hel we Z7letm glod, Fig. 3¢ TOA
S Hste] mebx= Ao WEEtA ko (Npe FE8&=87+2%), Npel Atsl 3Zo¢] TBPe 9|3
FEZHE NpOy” +2NO; +2TBP; ©NpO>(NO3)» 2TBP=2 %% ®g ¢ % gt 283 TBP 5%
S7tell mEl Np(+6)e] F&&0°] 71 H& Fig. 49 A$E TBP 5= Zvld w& [TBPI7F =
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74k | 719l f&ﬁ}
%4 U % 7E A% 35
Fig. 2-(a), (b)ellX EE B Ze] UY & T3 Tche 32 A% th2A v Np(+6)9}
T AEE et Fdstd fAMER & AFE Bolm Itk 30% TBP 2 (30% TBP-05%
TOA) EF Aibs= S7HNOs sk F7hel wet UY &8¢ F7hstn don, Fig 33 2
°l TOA &= Wstel] wehrE Ao wWalsix] doHUS F&2=89:2%), U(+6) E3+ Np(+6)3}
Zo] TBPYl 98 F=HE UOS +2NOs +2TBP; © UQxNOs) 2TBPZ FZ3e <& 4 itk
U+6)3 Np(+6)¢ & AT Aeojdo2e Uol NpRtt ti & 58S Holxm Ju= 3
olth. o]+ TBPel thi &% o] U0 >NpOs: 22 U-TBP 7+¢] 5= o] Np-TBP Bt} Al
o2 Zud 7]Q%th a8 3 Fig. 49 Zo] TBP ¥& Z7to] wa U+6)e 228 =7t=
TBP &= F7tel w2t [TBPIwt 3748 b 719%th Tc, Np € UL A28 7]g} 94= TBP
R TOAS g BuiAlS gho] BdHoz Hol BF 10% o3k2 352 HUTh ok e
A& O FEZAE o8 FFF A A AL B3 283 AAY 5 o, o5 X0
Te, Np 3 U9 T5ZFd X 9 A9 g1e Aoz Bl
% E £
g 04 -é &0 ‘_'5' 20
H H g g
g o3 g " ‘::“
= B 3 s
:a £ i~ 1=z, |
g e g § e
§ . Bt £ £ [ g
b C::cenml:n of H’::}, n :::L;s ph‘:; IMI‘ ) ¢ " Cance‘:vancn of nitric: a‘c: ™) * Concentration of nitric ackd [M]
Fig 2-a Extraction yrelds of each element with ntric ackd concentration Fig 2-b Extraction yields of each element with nitric ack concentration
Fig 1 Nitric acid 1sctherms in 3% TEP-x3: TOAINDO system 1n 30% TBRNDD xM HNO, system in (30% TBP-0 5% TOAMNDO-xM HNO, system
4. Tc, Np & U9 ¥z 9%
3 so)7% Tc 99, Np- 237, U,
L (5M HNOs) | (0.IM AHA) | (0.01M HNOs)
£ 15 {6 1,095 1,046
£° Np 237 670
r TRU am 211 0.02 04 6.1
5 La 04 0.1 5.8
Ce 0.4 0.4 36
: : ] Nd 0.2 04 6.1
Concentration of TOA {3] RE Sm 0.1 0.1 6.9
Fig 3 Extracton yiel lement with TOA concentration i Eu 152 0.1 0.1 01
T (a0 TBRa 1MHIO, system Y 0.1 01 01
Cs 3,728 5,784 0.1
oo Cs Sel Sr 139 666 0.1
£ Ba 842 4,622 0.1
H Te 99 105 3,712
§ = Re 480 2,832
S Ru 43 494 317
Pd 0.4 94 79
3 i g RoE Na 223 1,070 13
e - Ni 8,574 4,084 0.1
Concentration of TBP, [%] TE b‘e 3’419 3,851 Ol
Zr 5
Fig. 4 (Exxu’;c‘inzr‘xoyn::iTgl:)a“cg;l:‘l;e:(N;h“T:::nnunllalbn n 1\10 191 1‘317 1,41 l

229



2006 BIRUNSEIISEE EHESHE =22%F

A

g

Aint

3

Mo

Fa5A949 PAFE Fa

AT - AR - oAF - WSS - AYshe - AT - A=
BRAAAATE, DABIA $4T GUF 15084
«T87) 2 A AT, DABIA F4T ol F 5204

YA FA92d EEE 292AL ARAAPY HA=F
gg3e awg =0 A48 4ddA A, F
gAsE, 9329 29 +44 F2E AHA ALARA 7
3 HFEaS 59 09% g oz

2 2 slee By
S

o2 A zmww . 5
BEE G447 e eage A7
F2Ado2 24T & de AW

22 2 3l7] 93 CECE (Combined Electrolysis and Catalytic Exchange, %
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o AHHEE 29 §50 Zds Folao

2 ATl A Tae Fxolqe] EFEL AL 93
2ol A2dg AW A5adn. A2 AT, HAE 3
FRATAA, FLoA HE0] 2A NAE FoHEE 400CHA LAt Bleed valved: 443l

2
FFoE 1¢E FA FIFUL 2%kg/om® A €2 F AU F2 F9 2L MFC §% 2HE
z Ay 3

9.6kg/cm®) 7 H%(0.3~0.5SLPM), :Lal bleed - #(20~100cc/min)
AH& F3Y3HUh(Table 1) 714 AE-E Hiden Analyser HPR20 Z @] 7 ZE 27
O 23R F4 Qo] FAHGoH, FF Az AA £ HFFig 3) A4¥E 59
CECE ¥A o3 sF5FaF Agrle ASAEF stz o

AgeRdxp Ad 23 =24
7ts A Faa = 2ol 13F33 Z aeE AL HA 53 HbE
s|H 7ts I¢E A 2714 T39S 4589 2 A 400 CE o
feed T feed 27} 5 0.3~055LPM 38} 65~9.6kg/cm” = A 3
bleeding /‘]Z} bleed¥ 10~90cc/min HA WBEE 4
TT TasAYes A AAE 23¢F $425 AFEN7IE AAT 24
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AHEE ddE Ul $FE 2 29T 4 FdFTAHNA ZAHE FEIEFER o] F HE
T4 AFHA FElgy Az nsirt oiws] oy $m old tid M= nIWHe s
»gw o AR 742 A&

ot "5 ANLOlA Abd A Eete]EE o] &3 HEEH Hdg
7bsAel /M w2 WHoez 3EEn Ut 22 AE IHAGE /HXE w4
loading® AdH 02 e MAe FAo] AP ER A FAHo] FHHO=E
7R B dAFEe IAHGEAT AHEEHE Eol: WHPoe=Z  GRSS  (Gel-Route
Stabilization/Solidification) ¥ & #1¢F3FTth o] W¥ L sodium silicateE 2 3}E 2 (gelling agent)
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FIARHAT2AN ALHn Qe A48T Az AAHYTHY 3 ANFADA A
2AE ALCI-L0 498 A3 AEF] 4 7M5% 1A= BEE &0 AT 2
°|th. @W71€L& Cs, Sr, Ba ¥ Y& 2& n¥d4 d2d YHES 0P F45= G524
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£ 8§69 52 55 JS¥HE dARAdA FHAE o83t 2FAYEA Aot oy $EF
A

2 TRUS #elstt 78 $402 nAdTe 225 ARA7D, GA&T30 vFe] BEg
%5 2 TRUS A%A74 BA7: 40499 343 128 2% 2 TRUS Z3d 889

(salt, LICI-KCD<S Z2(=900C) Z¢(<500mtorr) A Efe] ol=2Z(Ar) E97)dA4 AREo £&
" &&549<s AASE cathode processE AXA Bk £ AP u24§ AEIH 3 o
1S 92 5T FHS A FAZAY Az=" Mg 9438 1kg-U/batch TE mock-up
A AA 2 AFRF AfFAIA ATAEE A Aot FH 9 Fo FHL N4 A
712, anode, cathode, 7|&# = potentiostat, data 7|2 o] FoJ At AZF9 AL sus304= A
Ztd A28 anodeol $2HE FY3H AL, molybdenume 2 A ZFE YE Y cathode Ao St
e AFZANAG 7IEHAFE sus304 rodE AHEEAT AF2AL 50T TEE o= Z(Ar) B

A7 A salt 9kg (LiICI-KCI:59-41mol%)ell $-2F 500gE FFo2 AL&3dtd A7dAF 25AA

FLE170mA/m)Z 276min ARAAG. om F33 g3 HASEE 47 14, Spmo 2 3
A, I AT FYE WANY] A% FAY WAL ASSAT. AFAAATH &
o 2

FEtEel FAYLRE FEA AAES IR YL LA A AFA A AFS
oo 4
=

coupling®] A EHlE FEs4.

e

HerE A
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2006 BI=EIAISHDIE8!8] EEt=[)s] =E2L94E
Mock-up Z A9l A cathode processor A3 23}

T4+, 935, 3, ALE, g9, oA AFn ALS
S AAHAT S, NAF G ST dAF 1508 A
krs@kaeri.re kr

U

FradFes 2EAHEY] st AR EAHReE $gFE 2L 2$FE(TRU)S B8 %
TRUE €89 &< 2% JE¥H=ZE AR A FHAE ol &3t 2FA A Hr} ol &
2t % TRUE 283e F2 FHOZ 50T nAAT 3w AFA 72, 44 &34
Plge] FESTHE 2 TRUS AFAA 27 A0A4E 245 329 g% ¢ TRUM
ETE §8 9 (salt, LICI-KCDE T2 ZAAE 9 ol=Z2(Ar) £971914 AZEo) 234 884
< A|A3SE cathode processE AXA Hth B A¥L 1284 A g JE= 94
Jr3H FEe AT FALAY ANz"d A2 989 1kg-U/batch FE mock-up XS A
Al 2 AZF cathode processord o] AEANEE A AFAFo|t), WY FAYLE cathode?]
IAAT AFAA 29 SFFS A EFE saltS T(=900T) ZH(<500mtorr) 3 ER <]
o2 Z(Ar) 7oA HAEe TEH saltE AASE 4¥L FY3% 3, 1300CAA ¢35
483 W% FHCWETS L F3F 59 43 4L 4ANFS F9F AT F5 9
ingotE AZ3HAT 2 1L AAFAA salt TL L FE &3 APL F3) AAF FX

o AFE L AGAL FuE 2719 233 o] WS F3FE AR

=1
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2006 BI=2EIAIS IS5 EHEtL)S) =2potx

CECE ¥4< 98 43z ML

AR, W5, AR, AW, AFA, dE
FRAALAT L, JAFGA FAF 90F 1508

minm@Kkaeri.re.kr

HFAAZY YARF7ITEH EFFE FLA4Y SolA 2AHsE EFELS AR E AR
HTO FH=2 #3do. watA £39d d4o EaF #7129 2§ 2 B$AAY9si=s AL HT
o2 A8 + & CECE(Combined Electrolysis Catalytic Exchange) 3¢ 7jgo] 275
A% CECE ¥4¢& aA Evjuggs A7esfzz F4H glon, £ dFdxE CECE &
e A3E A% A2 EY ALe FAsAT AV|BAzAAE 2 ZBFYA 53H o
e EfF AFES 0.9 HTE E3)3tx1, dolx HTES Pd-Ag Permeators} 2 AA Ao
2 FFEA "ok olE e B dAFdAME FAs AR B AL L£FL 8L-water/day =
ARt nZ2A A LY FA8 FANE dASGY. nEA AHAZAE Nafion 117€
AbESta, A FulE el 24 AFAo] ZF Ir0;, SFE Pt ZujE A T A
At WA dFe BEolE Porous Ti meshE AMg3led A7]E FFstz, AAE 7]
7 AYIIES STk A AMGE $£ARAF 05NmI/hr, 4 £E 99.99%, A Fi 4
1~3barol Att. oA AZd nEA AP P A RAAAE 476cm’ 72 A= A
A N FAFReH, HA-AFel wE Fa By AP FPsPh. A3 voltageo] o
current= M2 AdFHo 2 YUty S & & JdNoH, YAFLRRALL 67VEN A
F 9 1.68VE Ye o, 5]EH A2 230V FFAA dAHoz F5HE FAsP. A4
Svjngg e A4 FA F5EE AW A7 JY FA Yok

&
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2006 SIFYNSEIISES ENSEUHE =2
AANBAFTEITA ASANAY &4 AdE G53FA A

A3, A7F, olLE, 34d, o443, +24
FZAAHEATA, QAFGA FAT dxF 1501 A
jhku@Xkaeri.re.kr

FZAAE AT LA E A B F T H(ACP: Advanced spent fuel Conditioning Process)
o AES P8 ANALL ZANNGAAY Ao AN ou] AL Nz ALGAH. o 4
ZANEe FAATL FARFAL F /e A2 FAHA glow, A7 dddE 4TI
A de7t Ao lnh Aol AXNF AFALL Auk FAFHE g HAFo] 139 FA=R )
8 2agy] WEe FAe FHIH ZFH HAE o]Eo (rear door)E FIHA Tl FAHZHE
U Ax 5& dEdE F UAESF Hol U
o] AFA A FAZG ZANNGA L HAHE e EF FFTHOE Padirac 75871

FAE BAY golxoj7t 7] wEel AFAMHAA 2T HALHE o g T

o gith. WEE DY wdel AR AR AAAANEY FAYS Tt A
< 3A & GFAH AZol7] i HIEEHE 2 FAAHVER AYde RE YA
2 2AFE FUA77] "R 29E HUOF 4F3td, AVIEL H28 stojopdt ok
£ AZALL B A WEo] TAFANE HXT Felely] W2 A HFo] dEe] 7}
FAE AAT 5 g AFolth gy AAATYTEIA AFALANAE 71E9 AN E

FAA %AE dAS, AFALAA 2E A HLHE ZAAA ALY
7

14 HEEHE 4FT F A=E A2de T, ALH 45FAE AL

RV 7Y
re e Jp
2 et
¥
)

o,
H,
N

AANBZTETA AFTALNAN 24T HFGe e WS £58718 A ZAHAAEA
A F7 A HZE &

242 E AH2EA 4FE F 2 F4E AAsa, FA 4R FIZE (roof door)ol LA
718 $9871E AEAZD F HALHIL 23 vl AdE AE
g 2 (Monolithe) 2 ©]§3te] AF=E sgch wetra AFAde HALH FFAE 7€ =
AAANEAL L A EAZTY FF R AFAN2RE R FABY glo] AWE ALE T
VE=F sk

&4 Hgy A dZEHE GFse FEAUAS 457 F=(press head)E 7N
AHEHE TES A8 5 T I AW ANELNE7] vaAE AFA 7= TRt
Zagd o2 FAHE 4537 74 R dA
Zg A 27717 A &4 ZeE 988 F2EA 459 729 A7 E2E vhaAdd
¥ fiME Zolugo e gFo] FpFolth wety dd AdEE Lo|PFoE 5 9
of stedl 958 T2 EAN 2719 FHZ(buckling)dts ghol w¢ Atk metAM FHYFS
29 FAF(crush test)& HAA FX o) HAd ¢F84Fo] 38U L At meA

1

S0

o
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2006 B2EAILEIIS SIS EHEEE] 2R

Y 45 HALFE 38802 Ay, o] XNt A YR HAFHojop stE F ol
2 A HollA AA F ALEe] G GFFVNE AHSIES FYAIEE A gsE Aoz 3§
o "o ddre Av|s AAFAT. FA R AXNHE ¢HFAY AVE EFol 1558
mm, & 842 mm, AFFFO 2] FAE 410mmeolth. FFT7E TFdE TGS E BES
4 £23F FVIEF7IEA 3 HPY &£%FE 7HAH, E2¢4E L 65~8 ke/arolth. T ¢E5 4 F
AddE WAo] 310 mm, 2EZ37} 516 mmEA] 4589 ¢=HS 7=
3 HLH G4 A7l ¢ HEEHE U ¥a g2 ¢Eei, 3 A9
Hta Al 4709 BE AR GF3ted BE F AoA HIE vaAd AL FE 25T F e
stk std FEelE 97 245 mm, Zo] 330mme YFF FEE Ho] 3, Hl2A =3 45
TEZ WE ZolE 403 mmEA ut2A el HE 1745t Eold Futl 1AW, 4EFA )
A 45d A Zdole 83mm AEEA GEAAE AFLSIE 4719 HUEHE I A wpaA
o B& & A3, = 4FHE ALE} AYHD = T g HAVES 9L 5 A7 g7

o #H7lE TAFE ofF FHHoz AARY & Y
dolA AHEHE XY ZHE & Ay 458 F 31]7]% A& H}ﬁ;ﬂoﬂ ge Bae] oy
2 HZEE waAe 32 AHolA A&s 45T F oulaAY F4L AZY £ Y7 97
o #AZE ] gtFelx e ¢ l ol Ao FAd
] ot et ZAAIE A

_I
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2006 EIZEAIEEDIS8S EHEIZ08] =229%4E

g5 e BEEAZH A FM FF

AEs, A714, B34, ol s, 1P+, Y=
FAAHAT L, dARFA {FAT G9IF 1509 A
+ QAR ER7Ied, dARGA 8T 9ZF 15084

dhkim@kaeri.re.kr

-

2708 M24 nFHEEE 0|43 TS AT YANHIEE ey 9% P28 &t
8719 G35 FoA oA FFS dotrgith LSA-T £+ LSA-IN, SCO-I2 E7FE A8
o] 20~200 mRem/hr¢] DOT-17H =& (F7 620mm X ¥°] 890mm)el HAE #HAAFANE =
H 8E udte 8712 AATHFL 32 o9 F FHE 964 Eojth WA AHE Yo
35 mme] ©27E& AT ol#d AHAE ¥ Je®u ojlet Lurg|e] FERAR
qEE FPot =4 2 1AL 100 mmE WEZ7]1E 2,980mm X 1,540mm X 910mme]™ 3}
HA S ¥ 271E 2,050mm X 1,610mm X 980mmelth. 7]e] A4 2 AFE % 4 =AY
o 8/ EA TS MAX 35 Fork-Lift PocketS X8t F2E9 HZ Ao FZEL A
Bata G5 4FEaRE Hdtd Z@E FAsAT. AA BES dA4Hoes AEE 3}
I ol Fo gzt WFo R 200 NmZE AZAG o|Fo] Mutdoz 3w o AAsGt oy BEE
of 2ZFgA e} FAME AHEFHAY 2ZYgMTE AALFAY 447} e AHE AFE A
AR GatEolE 30 cm2 Y3l g JFHYol AEE At 4 mAFe FY BE
ol IAA(PCBALS] Model 206C)8 FastedA YalEAoAe BEAFH S FQ3H. =3

H3t FZ0)Fo] BEES 7] A3 E2AE SAsY .

EQJQAHo] 7bF At $aFAHd e M Wy ste BEAFHe i A
"ot F kA F759 4 S AHEsE A9l Bolt Force 4l o8 2E

ol ¥lste] 713 2 E£E AFHE HolAwt b Aol Hlste FFge o 2e e B,
Table 12 2EIFH ] Hoigtd g vebdich oju) M E A&eA = A4, BEAF

ek Hagel Adige] /Mg am 2ZYPgM g JANE ZF A1EF A4S I Az F
2379 Adigtel 718 At Bolt force 48 2Z PGS A48 AL g2 9xd Hdle e
HagE Bolv 2Z YoM HAME BT AMSsE A 9dE L AUge 294 2299
Aol 3t BE AR WE F/A e Aoz AlRdE

93t 374 o]F BEEE ZV] 93 E23E 243 gAE ALK &= AL EEE
7] A% E239] Hugko] 476 N'm, H 24 gko] 137 N'mol® B #F L 2735 N'mZ o2 # %9
Hgte 743 ad. &, Bert & ZIx geth 228 gMe A1 88 A9 Fulgko] 334 N

m, &gkl 205 N'mel™ FFE 1777 Nm2 2ZJ4A %} JAHE 25 A28 A dzk
306 N'm, H2:3k: 105, B 205 Nmel wsted Adigte o axw FFRY A2ge o Fo.
= WAt o an. 239 4 @ 376 g% WAt A AL L & 3tk FHS A
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2006 S=GAISBIOIS8!5] EHEIEHS] =S4T

el meEM EES Ao wE FAX BdWFFo] TS FIEA Ha o2 A EES
27198 E23E 72 9.

) ] e —— 3 2 e 150 r R —
—Bolt Force 1 ——Bolt Force 1
130 | =~ Bolt Force 2 ~—Bolt Force 2
i
110 - : = = *Bolt Force 3 100 L = = *Bolt Force 3
~ ~ Bolt Force 4 - = >Bolt Force 4
90 r
gl g so
Q o
) g
RN || o
el g Ko e,
10 0 05 06 07 507
-30 -
50 L -100 -
Time [sec] Time [sec]
(a) Not use a washer (b) Use a spring washer
150 : ——— 1sp e
— Bolt Force 1 —— Not use a washer
130 3 ~Bolt Force 2 130 P . .
: = Use a spring washer
110 & s 110 + = - -Use a spring washer and a plate washer
3 e Bl Forcerd se a spring washe: a pl 0y
9 - i

=
(=]

Bolt force [kN]
W W
S &

Bolt force [kN]

10

Time [scc] Time [sec]
(c) Use a spring washer and a plate washer (d) at the Bolt Force 3

Iig. 2 Bolt tensions obtained from the force sensor.

Table 1. The maximum and the minimum bolt force.

Bolt Force 1|Bolt Force 2|Bolt Force 3|Bolt Force 4 |Average
Max. 103.4 79.6 124.2 97.9 101.3
Not use a washer
Min. -29.3 -18.9 -28.9 -26.6 -25.9
Max. 73.4 80.5 94.0 61.0 77.2
Use a spring washer
Min. —13.7 -14.9 -16.8 -42.7 -22.0
Use a spring washer Max. 36.0 76.3 41.8 131 :5 71.4
and a plate washer | vjin | _14.6 -26.1 -18.4 -21.6 | -20.2
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2006 SIRYASEII|SEE] ENEEHS] =SR%4T
A5 WAAVIE AF 4571 LS A8 2434 97

olie - AEA - o)A - AAA - A5 A
A& (F) 2 1A &
Ist1211@hanmail.net

8 %

RGNS v:°§?:}°ﬂ o] HAAH7 e HALE GAAoln], A E3 e B Hu 9o 454 HIEY A
oz U AdaEEALE did 457]9 9PE ol 43ty AL 7E(Reduction)H 3 Yot H7]E
o3k 24 (Back- Sprmg #4718 }OH F7HVoid-Space) 522 78-S AA FEA77] ofE Aot B dAFdAe
O Fele] WA 71 2S AFUE D(Vacuum Shrink-Pack)dl #& & 38 2o 7|8k ¥38 74850~
80%) A F AFAAY ¢F7)) =28 vuEE B2 24070 37 P4E AT 45715 MEepIgE A% 49
By IS it e S
LA 2
4R GA 2AE H7)18-E 454 (Compactible)? W]454 #7]12(Non Compactible Waste)2 +2% #7|8 £fF =
E@22%) de} ARF F A8 FHE Zoy] 8] =3 @3 AHsE Drum Compactor(10~15 Ton)E AM:- 3k
slom, g 715E H712YdE HV1BEA 2 =3 EREERTA=H)Y wbrE 2egle] HrE 9gE(EY, 3%
A BAS HEGle)E AHste Yv dAolth HrIEL 45 & Fust 45T Zo] HHAL e o] & Fol, A, v
d o] Bon Uutd ddle] ¢57|8 ARt R °]3H Azted Y 27t 2 =8 JFHEF ARuE 371 5l o
3 A7 Aeko 2 AFUS B(Vacuum Shrink-Pack) Hdahy 2 7gjastel] s 47 stz gk
28 2

7}. 2343 9(Vacuum Shrink-Pack) 7% @3 .
D g - 2elddse g B vjs] 4d 7bsds $712 d7|E U4 2 =3 B3] st gloH 9
& ‘?}"“HH A U5 (T0kg/cr ~ 120kg/on) & EF LANMEZ L) H]3] Yol Hr]E & I8 P72
A 1% 4% 9(Vacuum Shrink-Pack)g 71estA =1k
2) WA wA d3

o

7=

O Azt YFAHVE FHYE 24 39 (%) Drum)
S = 03 | 04 | 2005 | |20
I 200 |
Fo|F 4 % 39 150
- 100 |
W& 3% 3 52 5
HdF 124 7 116 0
S
a4 | w | 3 | 20034 2004 20051 | WE
¥ Az FEAHE AAFE AA FuA A2 oF 40~50%S AA
3) AFEF 99 74 2 JF  AAE A g FEREoE IS oEIM  amwe
FRe9 229 7% 2
4L g3t 2o - ==
h 43 U Fele 4R A1 3T 13 i
FA5E 55 Zajogd 962 H7)2 W) {g}
w2} Free SizeZ AZ7Fs YN OIS
AR )% FFUE YT A712E $8 F 134 i
A% 27 MBS FREE AT ANE 0B, WesA AR e S
) AT WH - QEa guo AFS GERA AL 44 &E &= B(Vacuum Shrink-Pack)S| PEE

(Check Valve Type)



2006 BI=EINISEITIE8!3] =S =22%4E

*h AT VL : A1EE $69 Bo] A%a) W3¢ A + 3l Vacuum Pump
4 @ g 14 92y

D @ A5 A% $371(10~15 Tonke 4#2~67k %ob £ wago] BOR, E# Drum Capping] 3712
Hoz A% 24 SEA

o

F

97]% 4 (Back-Spring =7 AZA AA7Y Drum Cappl
2) AAF A= WA 43em)ol AL A5719(B0cn) Bk Fol H71EE 4E Slo] 9 A
3) e 4l o71%o] SRR Ha} AY AEYOE A% = ¥4 9

=

A =g UA | e
o A% ¢4%9(Vacuum Shrink-Pack)o|-4A] 371% A% &3 27)
B AR A 437000 vidl 280G-8)7 £, 58 9H9718F B8l Y £ 0RO dedE
80%cl o2 H7)E ol 2A 719 & glch

I

CEEE]

FAEA

s712 2

uE A3UE W L

HUE 1ELE H/F M

AZ As x T
3 4% 49 2% 23 | eAE |2 XiZE T}

7 AREAZ1E AR : A1E Pl ek AolgYe 100 -
70
o g PEASTEGE SO S BET 4R )] | w 02 98|
CHe (298 [udR] BE | 3oF [ede | o | Opm
T8 & 40% | 40% | 30% || 54% | 70% || 8% ] |, | o | R

498 14 A1E 980 AT odd N L o

YA A AN e | . B PR
448
A 15AS 271 2 A9A 242 QRAYo] Y] g ANAA AR A7 2 =] ANy Fus
A% wHe &How AT, s Holof & Hoko2 ¥ WTE (Vacuum Shrink-Pack) AHEA] AN H7)2] o}

2 71E W] Ho5o% ol e AE4a3E Yehd + Yed #F B jH BeE J34E7)(Vacuum Compactor)

L 3 AFH W72 A=
2. 97 FAA PAA B AHQ003~20009 %, durE AR T34}
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2006 BI=EAIS IS8 &8I )s] =229

WA DA A7 9] A2 AT AT

F54E, A4, oj34A, dA3, A8
FFAAHAT LS, dAFIA FATF 935 1508 A
nsyvang @kaeri.re kr

L %5 78
4 AEEL A7 S VAHLE ey NaYzEy §4¢ AT o AL HUE AAY &
24% A Fo2R 87 dud Eo7te H7EY ¥E =8z, 2 Z2HE AA AVEY &4
< ¥A gARtE ot gEAHE 2A4AMHY Jg Art AR Fe B ZHHo
A4 48 AgH I ok AFIAEAAM 2AHE T AEA ZAAIEY 70~80%7F *F
A7t 7hedty H7EY =Ho] YF Xl“‘?s}" ‘&6}&1 FHA2E FAG F IAY I3 F
37;! Ee ¢57 % °‘%%7]a E4AE 5 e , 34 R 2y 4, JAE T3
3 = €38 4=A48 T F 8o ?J’?Z%EM] *}%5]‘—:— L2 45894 1500822 thF3t
“1 AHS & o] 1002 TRt wiE AYYSF, 2 oY dE IFdFold doh 4EAE @
4 & F de F8¥e 3~103 =0t U AAHTALAME 71EY 108 ¢F72 13 ¢
%3t *3’“{1 HAZIZERS 20008 €% 21AAS7I2 A ¢F3td FaAHEY HF T
AZFE Z2A713 Aok =3 dd #3149 H HE 608 4572 453t e

){4

2 27449

A4 Ao AR E AL DAANN2F YRR JHA4 A2 FAHC Yol oS
£F4A g A% FeulE o 40~100 ;«Eom 274 ol gol A7 FEEAI} 2
B ooluz A7 BRY EE wgHel 4& 27449 YHE ABAA, FF +5 L ARA
o BA BHE BEAA FEZ VT2 NES ARG AAFAA FA F4E04 NAH] s
o &7FHe 4t v} sr)2) BANAL, WA AdAEe FEF 24, Yy @
e wolA RAG B2 0 dQe 29, WA AAEE As AL B2 FNN 277]
2% Be AR B4 Fol A7HD 9] o8 Ader] 9F AFAL DA Yok =
A SA1get 2718 Al o) gHE A% 2ol WARAVIZS 27AY BAL A
A8 28, BN L 47189 Hgol dom B3 28EN} 2 aF4ANE LA
of Be tAd FuAd dFAeel HPY B ol D2 AP A Aol gk FEAAY
o9 Aoz vk ® a4AE FE)n 2AAOlY Balv} oL HAP IS B

27 AL A 5 A7lE ARS s T2 FHE #2u Aok

3. &%

ZY2E AR JAH R oS A4 S wydE AT I g O 7]AHo] ofyet

dHo2 &S HIe £54F g st Wiol Ytk )AL A= Ty FNad=dArtE 1

A2 wo) ol AR dEo] HaA FHYolEE wEE Aoz dAE F97)
< FEHAVNES A, £8(smelting) X33 F HA5E A B &34 olatde &

At AAEsE BHolt E£8HdAE HAVE T €F HAAHIELS AAY F Y=

FRAE °]‘3} 017;3?_ EEH:L Xﬂ‘ﬁoli}"’ ?5} ,\9— H71ES d2 522 39, a9

i IHEL“‘:F‘ Aot 2 23 &% 113114 %—i‘—gl WAbs 5 =
Zlddc. =3 o) FA OMOII Z AARA FAE Co-60 T AL EZ disfA
olg] FolM FUsA EF EXZAIY R EXE PAAHEAZRE Y PapA
A aa] 3 Ewe o277t A FaEE s(LY AVNAH E :
2ol #8AYE #E AR T ofe HUBY PAFEE 2T EHY MAMNZEES W
= AR 71 F glo] dAolx oY dE e AVIEA IR 94 Hu gt

4, 313t4 7
1). A1 E 313} (Cementation)
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2006 Bt=EAIS IS8 EHE=3 =229

AFME 3P F, AFES A EY nsggoez s 2ol ARBlEx Jon F=
IAE Wol THIn A=e %a}z], FEHY, 27A, JeundFA F& Asted HIso
oy AgEHE AWEE ASTM type I3 ASTM type Hol® A @EY st #7129 FFu)=
20~30% AEolth AWME J‘ii}] WA FF o] Sr, Pu, Amgl ASolE dFo] AHMEY] &
Z23tHol 7] WiEe] F24 Cs, Rudl ZA9oles dF9 IE&0] AF3] Eof oo gt o]
23ttt AHMES} #7129 g@ IH 0 2= in-drum ¥4 in-line T FAo] o

2). o}2~ZE 313} (Bituminization)

OfAZE ngFAHL HIEY 13 wARA of2TEES ALSE FAHOEZA 100T o4 o}
2ZES} YAV ES EFAA FAIH, ol FHIEWel FHE FE 995% o]Ato] &
SE T YA H7 55 of2BEVL AFETC gAAM Y4dd HF 3’“"4 e R OV‘%
E 60%, H71E 40% A=oltt. HF ngAY TRAFELE AWE u3ARG o AHE 3
sAjol vla] Z=rt 2ow, B3 FEA FEENS UEUE Ho) ddez AFH: Yt &
A AEHL e of2BE udFAFT WEHYA AL FJEHTA, extruderTH L wratEuty

o] Blrt:

ox

5 A4 Ag&

2dE 7171 Zul e AEe FelAN dFT A % 22 AEAY = o
A7 E AR T olU Ade Ao]&E BFHo= ?EJJr FA HAZES 2ol B #
g 5 HAFE ol e AL BEHoz e Abed 4@ 294A=s vHAY
7ke] FHd Bfele HAZSA G AAHE e AEEsteordth 2o WAAH B 2
BFE Sole LA Ade doA o glew Zizke e AEF] 343 #H7]
=9 ARAQ AEAY} FRHA Fe F HFHA AdE T3 HrE TAFE Hx3)
g 5 e 7leFHo] dyYH ok Ik AGVIEL 4 2ok BE vlEo 2FHE FFF 7]
EEOFREAM 2o dAHAPANA FERA AR AdE et o] N&L JAAAE A7
PAHZIE A2E 8 2] ddezA AZA A4 ARZIEAAN B AFLe] A
soj E 71Ee d8stete ol &35t glrh

s

i

-n‘
1

6. At
AeA Pl E A% I AWE Aolo] Bzvlelas BANA, $A72E APPSO EA
ZEUAE 2o AYUEE I9A02 Jid $894 LGS Frhavloa duds s

H(300~1,200rpm)3tE B ol=et HAGE Alolo] nAF o}AE HAAI| L, WAGES TF
Aoz ggdiel HAdze Hiloz £REE A AvHe oo e, gAsE 4B,

e FYst USEY QG0 JFUE Aol AFRALE Do BASE ol2FL |43
&4 Aushs Pty dod, 2EATU Solol BuEM, BB Aol A ojag B
ANAA =ZA 1 BAES Al §4352 2o deud AUt §34 TAE

(A, FAEAY F)oE AURE dANA AFT
Latst 17184 Adste tade, Ay sEee Jduy
A A2 920 AYUXR A2 & 9N ISAdo2A AN gA 4T 0O 2%

= = e ALL
A7l 2 ddo2 gAaES Adstes I 174 ddse] Ao
7. T A 2
7t FaAFd e Zedgd Solu s, %E @—8— Ul &Ee] gle AeoA Fe 223}
= A7) doh B EYdEd 52 ¢EAY T A 2zyo] AN dAE gL I
A gk A o5 ¥l £7]18 EFEY] Wel adE You By AxFoes zF g Ho
Y2 FE3t} o]g} o] 037‘2‘—4 ZolRY ZgaE R HEL £

A s71 Aol A7l ¥ BA Aol $9E Fase PEe Aga
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CEA mAZY A TAd 3 FAA 7] E(Spider) A ¥ &7

A6, 299, FUY, B4, ol 5+, o] R+
FYARY(F), A7 = FPA WAT o&oow% WA =Y 3%
SHYFAEAN2(F), 7% §A4 FYAF $A42905 29 4095

whitepinel ] @hanmir.com

A 2

AR FALA 4 Finger Aloj8 2H LAY oM =M= 2 28 X AAE ¢
S AL-E-E ™, 12 Finger Ao 52 3 ASJEA ] 9 47 EAE Ul o] A=A 270
A2 el A H o, Zﬂ‘ﬂ%—%ﬂ‘ﬂﬂH THE 253 28 Aoz 4L F
gk AABARAE FEA FFA A4, 92D 625 AEY FEEH, ARFIFLHTY Ao
3o 74 & nBd 1049 F8E AEF dAH AT(AFTAALRIA 4234) o] @&
d A w2t F3E 9B 337 AL 7T Y AZ(Full Strength) Alo1E 3
A A Y F AEE PAEHZE A A 28" EAES Bgstd W45 FHGA A&
3 A AFAALNFS AFAZ 71 e A nAt gk

flo

2
AojB ol FA HEL Spider (4 Finger® 12 Finger2 T+%), Control Rod (Finger), Crimping
Nutel™ 73719 Aoj8o2 FAF o] gt}

1. CEA 2A &4 ¥4 2 Spider A7 TA

ol

Cavity ] A2 MolEIZ o8| | CEAAA UE A7 & - ;
A e o TRl D ol T ]Si)iégr glgp | | =St Spider

¥ Spider =3 &< HEAAZE o]& RWBZE °]F

Tiftg o83} RWBS]
AA A Fare] B,

- 128 -



2006 SZYASEIIS S EANESEN3 =229

AR F= 23 F 4F QUWFRE(Upper Guide Structure) 1% 3t FEJT2E otzty)
of & Ao, FFFZEA ESA(Extension Shaft Assembly)$t CEA(Control Element
Assembly) 2 HS Ald3ch 228 CEAE #Y ToolE AHE W 30mAE 74A <3t
o Crimping Nut A|A # SpiderE 9% 3 8" ¥ €712 £ X3} Spiderst A
d Aojee st vz 2o AHEF ddstde BHAdE F2 2y gtk AAS
Crimping Nut 3 Spidere Abd A Zg A& 25 2wk §7)Fe) Yol L ZA A 3t ¢
Al Mg ZAH=e] &9 2 gt A A Crimping Nut 2 Spider 6~8717F 3 =24
HAAE HA7E ALAE QANAZLZ o5 BAH

2. 3 Z A3 A

1) dxstold =3 F9Y9 2 dANAZL 9403
327] AGALAEA =37 ) R ANAFLRY X7} Je AR A B A7 AgH
Aol o] Fol- Room We] F7HgAMAZEE ] F7H50 uSv/hr—150uSv/hr)dte] ¢,
EFEAAAY AFPANF S F7F A7 4ol HATh B A 457 A LAA A o=
Spider % A& 71et WA H B9 A2 FgF Bt

2) AFAAZE o] &3 23olf =7 o]l F
AEAAARE o] 2Fo|t] =8¢ RWBE o533t olF Al &dztet =datolo] @ &}

3) =30l o]%F AL Cask9 A|F A&

3%7) A8A AQeLHE £ A AER 5§ Casks o 2To|HE =dol FYAT} &
o2 A AYR o 457] AsH AYNA £9 Aol P BHL ned 23o]
o ol Cask® AZshel =@l FY A oF Casksl 338 AAY o] FYuE 3

a4 &

s T 9 EFA% | W7 Spider | Al Spider | .~ - o o] 58 7]

T T | mnmSv) | uzdws | gzdwgs | CF AMEIE | gg00e

337] 8% 5.99 26,000 50,000 10,500 20,000

43.7] 82 421 22,000 50,000 8,500 20,000
AAAE A 2y F 28 PALHAIE Ao dis] FY A FES AA F9 2 3

EZ Spider A3 A&wd Az &, AYFL W7, AFAAL AESo2 LA A
PAPFE 30% A= A s9n 2813 Crimping Nut, Spiders AF=d AFA Hud =2
AFor HAARHE BA=H] F3& HAas) s gt

A7 A o1 % (Full Strength) AAFHo] 10422 o glo] &F o9} EUd z2ge] wrEHO
2 99 o= idd. age A 3

d e ASHoE PRy, FATAYE NAYE =239 223 HE F 54, RaEd
A7 L Aol AEFozH P TEIWALNGE Az

=RAS S

e
N
FIF
b
XN,
M,
il
Pk
|o
fr
>,
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2006 BFRYALEIISES] EHESSHE =2
rate, oA A4 A7E A% 2 ARs =9
ollxg %]X]:x;, ﬂ%’}l’, E}}\J%

shlee8 @kaeri.re.kr
FZAAHA TS, HAFIA AT A F150MA

2 o

stzol A WAL | ZE AYTH 549 942 H7 8 overhau) N F2 24B
oA BAA A7 &S B4E A2d S, FANAY G A7Ee] A4 R £FE Aok D,
ERAAE BA 7129 57 2 SAS nesd] AddA AY, A7 oA 2 olg 3
&% 4%g 2 dh,

r}mz

1. 3AHd A71E 24 3%

Suzod LA A5 1A W72 24 %S 2l Jdehhgich 2006 24 13
uAlg #H7| B ke 309004 2 FHEE AWud 744 88004, w7k 80004, HA
72000, AR 25002 21 FANANLO] 44002 0lch FANANE A/ B F= By
oz weg JA1gelt Axd A g Av1ge] B4 7}+Eﬂ o] Alge AWRd, 7
SR BAFL 72004 2 THE 9 2 B Fol MEHNLE & F ATk
o]= 2005 3FE overhaul 717te] A7|ste] WE AuAH €2 22F IAZ HUIE A F
dol FFHRX7) HEoIh

IR T W 7E WANE

2003 2004 2005 20064 38
e

a3 1 dxd 1A BAE H7E 2 1E

2. 1A BAAL AZlE AAEH

A BAATIEE ARE FANARE BF 45 R =S| ol2rAK d¥Hes A
B0 A% GAAFTN FRET LR T AAH AR ¥EAVTe AFA =4
o 49 o vt AAF 5 Ao Fal 2 Ausd =y ¥ Ik AR F AN
8¢l 75 AL AdsA ANEFE st S 9n. =8 Mod AZES FANANRY
07182 BRee] odHA FES U
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2.1 FANAGE A7E

TANANG A7 &0l Fe A Ad 2 ANE ALFH FA A Adste FAH
A 2] FAdGIAD H4d & YNE FANLAA Adse Aoz A £ gt oY
g A A A HT B B Azbo] AAFe] wt WA FE7F AAE #A E Ao
2 dAHER BgEde] ALY FANAE AF/IELR Jide] dE Azt 9 Zapd o
10 uSv "k, Feke] qgd A F JZYAAFo] 1 man-Svalte = AAHI Qo 7 #F
e T2 71FL2 ANHT oy, R LdFHAA TAsE QREC] A4 HIEF
T8 B FFA Co-60, Cs-1379 Wi AF 5= 71&0] wulgd Aot} Co-60, Cs-137
AfAE A% IAEAY FAAA 7§22 42 01Bg/griwe]l ANz Yoy F d4F 5=
o] &= 01Ba/g € ¥A FEEF AAHT Aok FUdM LAsE HIE F ved HIE
R 7IEFE T AVEE FAHANG AVIER A 29HX FES EFm Ut

3. A WA 7€ Az dF AA

TS oA dAste PAAAZ B i AAHAE #IFR L AFE JF s 7
e 3 Y dAolt. 2HER #HTY ZYFIATH BHYEF RF AT F= Ao @
a3tk A HVE B H2skE Y 2X2 Bed TFAY AAE #Y AAS FA8
oA TRAE AAG F HYT F USF dh AALEo] sMEF AAY BES AGPEY AL
SR ZIEA ot HEE . HUELAF A3 IS vlEsin AR AAS T

PAAA7 Z Bl AFHE AU T U= A/ BFY BAL Ha FES I

BT EYFolA da7e ) LA
s A e 34 L?Tﬁ@}ﬂﬂz |2y 2 azvs aw e
= =32 3 BOX - A7E TR 2R FANANE 4712
=T =i 1)
4% A FPOX AN | og wog ArE 2R
W72 Azs 5 I3
AAF 5 W7k B GSE HYE ARdd
=9 33F 323
23] 7153 #72 Adg 23 & A7
A7E YEA
14

Sz 92 ARAYA A PAY A2 Bae A
g A AR A4 © AsE ARs fAL FUs
A2 A Axe ANE 0718F FaEnE
2 X4 AAE 2Yste] PAY A7 E
8 9 A7 2 Ae A DA AN
299 elsn @}

gtslz] fgh weto g "WhALAY H1E A
2 7 zA HIE

d g Aok =3}, FASANY HI 2 EF
S ogstn 9t gdozr ALY HIE A
I A7le LR Y=z oA
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2006 BREASEIISES] EHESHS] =EL%F
3 BAAAZIE =99 dF AunF FrEet

FHS, 7T, "ol 3E, "ol A A
A dAE BRI, dAZGA T84T 9IF 150
FEgered, dAFgA FAT FAF 373-1
taewook@khnp.co.kr

T AT WAEAVE viFF =H AF AuF b
AH718 200816 R 32088 74 =@ A HEHF 3
o AF AnFe Fristn FAG)(DTM) AF9 4
ol &3t AF AuFE H/HE & U 1Y =9 il
mSv-h? %3 =238 Tt FZo] olg g =¥ Afole Frtd FE2dF) AF JuF I
7 =8 FEHFAY A o] oy

A v A =dd dob AR H =
&3t AFATZFE Brler] e =9 1Ad™dAY 871, 229
o ol = dE AF HuF FIPEge
HE o] &3te A% o LAls SEEG o

f
39,

o] Atk

A o A Sy =3 W AFe =AuE ¢ @ MCNP =& MSshield 59 Z=
£ o] &3y @9 WAE B = FdAA Y SN EHE JEUE IR E =5 dA =
H EZAANNE oz FAMFS 233t =3 U Avld &Y YA S 74 Ed

2 Ao EeE =8 W HrES o g Z0]7]

Y3t =HL AE3 3MY segment®E E&8 1 7+ segmento] et HFzS
AFo 71HFFE A AA =l diste AdEHTste AHESAT

F FAJNAE o] &3t = o HAEFE Hs] s =9 W HIE
o Zutd wEAF 2AHE FIof otk Hr|EE AF 2N E AVIE SREE AR W

o

AR AA do dolHE FEsgon, 248 Avk ¥E YFE F TANFEC WD
=g wgsted Yo, PCs, "mAg, ¥Co, ¥Cs, Ce, ¥Mn, PShe] HFo] tF =AUE A
3k ol F AT YASFE AV FREE 3 YA T 95% o4 T Ax A
22 Yehgr

FuAe B A7182 FYH) dm LA 1 R 24 £@ wEsht ool 48 o
ot Wed @ o] A= AR P YL T 4
Zopol AHAoE AT Y= A0E AFHAL. FEAde AdE, g

of AHA EH dvkm gsel Agsaon, AFAE @A LIS 9
s, ABHY At B2 ALY st =39 A Y AFHE Aoz YA
o,

A o W Bawgde F
| Astel BBEA 1Y B AOE 3
& olgsted 4EX AZNE M Yo
2Y=8 Prisg.

FHAAE A% Hr) oA Aelo] EH A= APE Ao 150%e] LA TS ow,

o = = i
2 9 ASdNE ERNL 2 7 9

N
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ol
3
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AQztel dE BeHd 43S 98 AT AAdY B ole EFA ZF 2 ¥Csel A3

8% ~ 25%° &7t e A
ek S} GEAE v

o4 FAde YF YA
gog I =L giloz

WAL Ay 2 o] x g dlE

18 54 H49 9% Az

o2 Yyt =3 A HYE o8 97}1 X]“é«l BE AHFE
A3 Jg% 2= Hd 60% °lstd oz yERth

o5 g AEZEMNAXE o]L3 A
SF eIt EAE Aok gk A 01%% 3
H 2 4-Pack &7]olth 0|5 & AFRAIXE ALL3HUS 4¢ 7P ehd
& dFolH, o]F & AFTEALAE ol &3ty AF AuFe F/1E LS o

Ar #yzZ=adel Ysd S el 5
1224428 olg3d Brleat =L
g
ECIE T

mﬂflﬁl

% 91 22298 Avss,

| AFRAIAE 834 BT A} 2@ 43 o
g o14% A% AnF PrPEe Asst waste o
3 BAULE S22 4 e Aoz pedn
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2006 BRLNSHIISES EHEES =E29%E
Az dEE FRE AT TAF YR 48 A7

54, 8y, oy 3
F A, A By BHTE -2 AgugdundTI3d £35165
gracemi@fnctech.com

HARHZIE AEANE S BASE AR T FAAHACIEY AE FH7F &2stA o] FolA
I gtk MEHEo] =8 7 F #nide o] ALSE AFHE Jhed AEUY HNEY HL
e A8 FASNA 2 AAARL Lol =gHT Sk 53] 200 FE =H W&E AAd o
d EAENS dAdHoR Eted HE R 589 FHAA HFAA denz HFEY
2 Azt kA A2 tlEA g H(attaining a representative sample or master sample)”}t
27EY AlgY dEAY B IAe AAAZ AHAY AVEY TAE(GE) 53 B WA
LAY, HAZAAYEASE, RIA7E, de27]7] 2 ALAT, S48 2 A54 59 T4
7180 AL F glon, A8 EARZ(quality assurance) SHME i Fo 3o

Agel dEQ FRE 3 THdHez 27 DAY A7 olFAAL U T B¢
HEEe] 3 FE LEEYY] Ad £ F4XHE A% A3 TgECIH, ol A3 H= A
H TEaPo=FZ NRCe MARSSIM(Multi-Agency Radiation Survey and Site Investigation
Mannual, 2000)# PNNL¢] VSP(Visual Sample Plan, 2005)7} 1t}. IAEA-TECDOC-855 (1996)
dqME TANA HE&e BBAES HIFEA] A AEAFH 2 SAWHA AP dude= gy
H71ES 7 2 28 me TdsA RSt e FEsrt F8HE A d94
AF 295 2A%q Wte s SASAoF doha AASEE Ak H 2 EPA QA/G-5S (2002)¢F
IAEA-TECDOC-1415 (2004l A= L QEFe] EFHAQ A9 A8 g FHE 98 &
FEWHES 2452 Jlu BA AHEE FHF] 95t 27HE A8y HF 2 FH A
A=Z2 AFez gk

SHe B¢ KINSS 3 HzZIE AZIefE - HAAEHZIE FAA & g
(KINS/RR-144)°ll AlAl€ TAst & s 2gto] givk. w3
AAE TLaA st AFAST A2 UiFg AT BAZAHAE o
< 598 F/Y #AVE 2
Ag3te Aot 47 BaAdAE Adss AT F AF A& Fol 200 kg EE 200 L9
#7718 % 1 kg B 1L 9
ZAZF Wekatn, A WAE e E ESFHET ALt weteg EFde 1A HY
A H7lE LAY (waste stream)7t §lo] ohF, 2% 2 EFF3HA 2 E RI A7|EF 2
< el HL3ar)de Tt gloh 3 KAERIGIA = 47 #2438 2 Ha3 s PAA
LHEY FANAE AT A=AH £ BERAE Aol A&F 0 Aok B A 4 =

A7 ok AARA Tl 41 YR Arst AA NEEL vl 47 AEE 5 3

i

f

e

EEFZE4 7 (sampling design)® FA 9 #H(bias)E Zo|HA ZHTES ET 4+ U= EE
o & 2 ZA #g Aoz HHY BERAY], B, AHFIL B L HelAs 58 2AY
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o 4y olgHE EEFEHEANE d<UYFZE(simple random sampling), VYRS
(stratified random sampling), #%3%% (systematic sampling), #%3%Z (judgemental sampling),
% -$-5 % (adaptive sampling), B33 2% (composite sampling) S°] gt} AAZE A7 HHEL
53e FHE Hg3m, ug, A 284 52 1Hsd TR3EY wyy gRe avg 2
A B 2R AFRALE Fatd EEAAY 0FS HAASla BEHAS QYT 1
d 12 WEA FE a7 E LEELY SAENY FAA o4 ESFed 29 (hotspots) S
271 S8 SAHAEHA 434 E%7) ¥ (adaptive sampling) ™ F A8 =75 A7) Y (stochastic
geostatistical technique)& H& ¢ AIZANFH HAY Aot 714 Fo|F, 71494 ZelrgF,
HI7FAA S, HI7EEA ngEA, dg8EH, f79 9, 2oHd, SEAN 2 2R A9 HoE
ToE o]FoX RI #7189 BEFAPHOZE AZ B4 (hierarchical process)o] E3® =3ta
HFEEd AE7He] #de] stvE #9FE2e B9E Y ALEsE Ao g2Eg (2d 2).

Norning ()

53 1000 1500 2003 2560 2000
Easting (m}

I 1 LHEYY SARME A% BEFSAHA 94

M.«
MLZ £
g o 4
7 W) |ox o
H
') o e
Xz A2 X1 Xa K A

2" 2 OFE 279 FHE /HNE ETA RL AV B U BEZZHA oA
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BAAREHNE ZNAZGALY AP ASAAN &% nF

A A 8
FZAAHGAV &Y, NAFIA FATF 745 199A
radwaste@kins.re.kr

LPYFE A 404 7H7to]l WAAH I ES dAAFAGeH, A FAFI FATHAAY
2 JEAM0] £98 A% B AFFY EE 7B ARG R AHOE o
He Ao dadr. wd FF U FU|AY Fod diF 4353 FrIAge] ToF WAL
7180 e AN AFAAY Fe] o AHelgn & F Sl

¥ 12 WA HEHIE Z7) A Ao B3 TAEA2 Position Paper (2003)9} Technical Meeting
(2005)91 4 =29 TEAE (F71AFY 52 2 Fu), AF7|L, ANALY £, #E WA
FE ZAHQ o 5ol st T AFe utgs guH oz HEF AFHE 24T Aol

E 1. SAAANE FNAF A FRE A 2P B dF dv =L

e a0 A=A O
TEIAAAF (@57 ANE, AEFHAR) P
ANAF |- 22AF (12 A71E) e
24 9 99 |- 2047 A2E A8 415 A7E) NEN K
e A% AAAE A DNFA ASFHAR) Gl
TRAAR (A AT AL 52 o) _ o
ARAT |- ZAAF (: A4 A3 59 3 N
25 CAAAG () A3 AN F4 4 23 mo el S Rales
- 2% A (A% o) Fe) wela mA) -
AL A% F ARG A51E BUEE THEAE A5
g |PARA IR E ARA A1E IR BsRAY AdsE
Ry |reE rag e 2 9z wusy A%
2T an yriaAAduad 2 4342 A8 |- PR Aol o
cAF21257] AN BAY SAANE 5 FzA Ba
TAA/ERE/871S HAA |- AANE AT TAEAd A% TN
- A7 F AT E Bu3} e 9
ANAF |- AU PANTE A A 5w CAAe e AR,
dY g2 |-EeANs 2 no CEw g Aaws Qs wAzd W,
cAdEs 2 ¥4 AN $ARTY 27 AANE Aw Fe
cguerag D AAHY (AL 3+ )| T4 271
AN A4 250 2 29 - 299 99
AL ABHA 2 DA
ANARA |- BA AANE GE AT FALD 4 8 FAAA SolA
AAH Wet |- ARG ALl e A AT L As AN | AuEE Ao
L B9H . 4ERE AgEd BE B9
AT BEEA (AEAEE TR =)

$etee] ASE F7449 AFolt B4R} 2T g ARF A%

2o @ AEFUAE § FAHA FANAY F87
=

9
N
o
1,

A

_,d
30,
o "
o

= 24¥QY. ARG BRNZoRE BAW B 932 A% YNAF 2872 (F5
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2006 SI=EAISBIIS8S] EH S N3] 24T

o 3AGel mE FAA v&i
el e Aggrle A

& gRE A5 ALY B2} AAAAT AN 3
AZNE Am 59 Faqel Jumoz
18 Aoz qpad. we 10 229 AYLA, 1S8E, 71E Ad) g FEAE A
T4, 714 HA4Y} Fol FAA Aol A & Y= Aoz BAHAL

EF o] =RINE PAYAINE F71AF Aol UE FAN THE 9 AEARES A
sy A% BHOZ, AN LA
AuFHE FARGT. SA 3]

["_4.4
g r
oty
4z
N
PN
[
&
) i
i

=2

TR A TAA FE FRl uX e G A
A2005-182(FAFH WAL E A=FA)o FA
17

z
B
>

l“_,

g 93 ARsE A e A71E L000=H e A% Gd o) Agse AEe
B7t gz AT Alnf¥ess 27FE 29 (TNT 1g2=

Zke] AT giFE
A (AAHA H7 29 3A) A3, 714 B2 +4 7153 £&<& NUREG-11409]
EEF (o 4F54 100 %, 71E 0.01-1 %)& AL 7IFzde=E Yr|gdAE F,
& 1 m/s (AAYAA AL nd A 7 8713), AL2RE 2950 AFA7AR ] AZE 100 m=
7Hg8tath. A7l AlvdEled diste] ml= LLNLelA 7123 HOTSPOT Version 2.06 Aitz=
g o) &3ty A EHE 295 4FE Frlego

rulm
kel
At

e
ofN

l Small Explosion # Large-Scale Fire

B R B R
Q
&
; T e
3 LNE-13 —-~ 7
é 1.00E-16 % % 2
TN R e ] 7, B
L0E-18 A ... B ’ B = . B .
LOOE-10 é : % % % Z % %//
- ‘ ) i }Qlc;;lionxzcl;t.ie -A ) =

13 2. BNNAZANAAA FE F GAALA AFE FAHF B33 (mSv/Ba)

" 20 =G upep o] P FUAF FAAAY &A= FEMF FAAA] £99
dolate], 53 AZA AN Zd 2 sALAA CHe FuAF BAARE PCooltt FCsel w]
dl 2318 2 Aoz FrHEAT olHF FrHEAE F% 2L FAAmA J)AG FAH L] 2
AF (o "Hl 9% o] P o2 Fohgel J1Ag Ao, olE AV AAA M F <
Arbele] 74 EE A AP ARF ATA FEAAAM Aveled JEHE d2 248

g gaUyol 38 At Aok

=

N
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WA 7129 A 2 AR ANA Z AT A3l A 6Pt

A A s
SR A E A, dAFIA FA4F FAHAF 199F
radwaste@kins.re.kr

ARZANA PARAZIE FHE FE 24 2 As2ae ngE BdE A (2
W, o dsEs 59 WAL 42Y 5 on, AFAA ARQIAY &
Wel Be A7V Tl FBE w Ak B3 FH E= A4 A (G2, AE 57
BRos B4 A9t gL Sgel 02 FAHY AP

_,,
32 it
u)
>,
2

AY B oohls A% % 2w FAY SRAAE BAS HA W SEERERRT
ARFIAE 25 - A2Y %y L AFA TFE A5 AN A FE 2= A2

o2 A% &9 HPEGo] FUdE AtdlZ Eag v gloh

471 EAA DG #AH3}Y NRCE 4 A9 Generic CommunicationsE 27Hsle] AbgAte]l =X &
73921, 53] Information Notice No. 84-7291 A= utaAo A 2 FHE 7194714 &
248 "dFHE B 28 7IES EELH (STP)A THE MR F471A9 2L
€7] MEFRY R 5% o|HZ Aol It E AFE THIAT T EAAA Fa7IAH Y
EAFE TIFHY 5%2 AT e Ve WAL AANHA Fkoy, o FaIIHY F
2 7hed S wWiAlEY] A% EHo® HAAE AoF FAHAC

o] =EAAE AFZAA IHA A= QA =95A A A L 2ukgx
718 &71U5e Z1AL2A 7t oo wE dAA =99 Implications
o A F271A 2R JMeAe] AdFez & A2 4 FUIEAE FFF Hol
Z (IRN-150 HOH® &74"497]) AHNE u3A¢ setdoz ¢hgstd 5599 77
G2d H71E8)e U HZIER AA}AT. o E HUIELS 2" F 30¢0)
7] (DOT-17TH =%; W74 572 cm, ¥°] 8446 cm)oll FY - 2% (57 2AZR A2)EH, &7
Wi (7)) W3R B 47 UF F5399 10%E2 7HE8tdnh AR 2 o) &8
He A7 18, 28E &7l €AV AHE F AR dFdAdn gsAT. A
H 87]9 wALAY3e 1996 National Academy Press7b #H7FsE NAS-NS-3119¢] A|A1 =
PWR 24 #7189 AF7e A83A0 (& TRUE “Np= 714). ¥4 Bd=xAE 53 2
H71E FAREN N G & (FFHE 100 eVe #HAMAAUA & BAEE H £24¢ 71F)

ru\

< FR3AYg. E 12 4899 2HE Gu & 2AEIAE BYFa Yot (8 1 Fx).
X 1. 9&3d =4Wsd 02 G #
A= =77C A 55C
CooHaz 2.14 2.26 3.32
b ) Ca1Hag 2.16 2.38 3.32
ZA CaxsHag 2.25 245 3.28
CaqHso 2.16 2.52 3:22
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°f =EME FAAEANEY JATH AL Hrier] 8 ALE Be RdsS FoA,
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A Probabilistic Biosphere Analysis for Derivation of Pathway Dose Conversion Factor

Jin Beak Park, Joo-Wan Park, and Chang-Lak Kim
Korea Hydro & Nuclear Power Co., Ltd. (KHNP), P.O. BOX 149, Yusong-gu, Daejeon, 305-600
jbpark@khnp.co.kr

In this paper, the nonparametric distributions of the biosphere pathway dose conversion factors(PDCFs) used
for the groundwater release scenario and intrusion scenario analyses are derived from a probabilistic biosphere
analysis. The statistical characteristics of the output distributions are obtained by a MS Excel spreadsheet with
the @Risk probabilistic sampling add-on module, allowing probabilistic sampling of parameters.

The biosphere model takes account of three potential receptors points: a contaminated well, a contaminated
river, and contamination in seawater. Exposures are considered from multiple pathways, including ingestion,
inhalation, and external exposure. The biosphere is assumed to have a much shorter time constant than other
portions of the system. As a result, the biosphere can be represented as a set of steady-state, radionuclide-specific
PDCFs that are multiplied by the appropriate release rate from the far field for each pathway. The biosphere
model consists of a set of algebraic expressions on water concentrations, soil concentrations, water ingestion,
crop ingestion, meat and milk consumption, soil consumption, fish consumption, external exposure, and
inhalation exposure. The overall pathway dose conversion factor for each radionuclide is the sum over all
exposure pathways and environmental media. For individual exposure scenarios, a limited set of the equations
may be used. For instance, there is no fish exposure for a well exposure scenario, and for the ocean or lake
scenario, only the fish exposure is considered. Input parameters for the biosphere model have been taken from
literature values, suitable for application to this generic analysis. Distributions for input parameters needed for
the probabilistic analysis of ingestion, inhalation, and external dose the biosphere analysis have been adopted
from Yu et al.[1] and NCRP[2]. A number of key elemental parameters are assigned lognormal distributions. For
the generic biosphere implemented here, the dose factor are chosen from ICRP 72[3] for each radionuclide.
Ingestion rates and geosphere dilution factors used in the analysis are shown in Table 1 and 2, respectively.

The statistical outputs for each PDCF for the given set of nuclides are shown in Table 3, calculated using the
@RISK spreadsheet model. The statistical results of the analysis are presented in Table 2. These distributions
can be implemented in the probabilistic assessment parameter sampling process as truncated distributions,

typically as triangular or loguniform distributions.

Table 1. Ingestion rates used in the analysis

Ingestion rate Distribution Values
milk (L/d) triangular Minimum: 60 Maximum: 200 Most likely: 102
meat (kg/y) lognormal mean: 100, geometric standard deviation 1.15
vegetable and grain(kg/y) triangular Minimum: 135 Maximum: 318 Most likely: 178
Soil(gly) triangular Minimum: 0 Maximum: 36.5 Most likely: 18.3
water (L/y) lognormal mean: 6.015, geometric standard deviation: 0.489
water by cattle (ms/y) constant 30
soil by cattle (kg/y) constant 220
fodder by cattle (kg/y) constant 3650
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Table 2. Generic dilution factors applied in the biosphere analysis

Exposure Pathway Generic Dilution Factor (m*/y)

Well 250
River 1000
Lake/Ocean 10000

Table 3-1. Well PDCEF statistical output.

Outputs C-14 Co-60 H-3 Tc-99 1-129
Minimum 3.80E-13 2.13E-11 1.86E-15 2.66E-13 2.08E-11
Maximum 6.27E-08 8.78E-05 1.00E-13 1.29E-09 1.12E-09

Mean 8.27E-11 1.88E-07 1.17E-14 6.58E-12 7.14E-11
Standard Deviation 1.99E-09 2.83E-06 6.73E-15 5.48E-11 6.01E-11

Variance 3.98E-18 7.98E-12 4.53E-29 3.00E-21 3.61E-21
Skewness 3.11E+01 3.00E+01 3.84E+00 1.80E+01 9.64E+00

Kurtosis 9.82E+02 9.33E+02 3.79E+01 3.72E+02 1.36E+02

Table 3-2. River PDCEF statistical output.

Outputs C-14 Co-60 H-3 Tc-99 1-129
Minimum 1.11E-13 4.90E-12 1.86E-15 6.67E-14 2.08E-11
Maximum 1.80E-09 4.43E-06 1.00E-13 4.58E-10 1.12E-09

Mean 9.76E-12 2.92E-08 1.17E-14 1.47E-12 7.14E-11

Standard Deviation 9.88E-11 1.91E-07 6.73E-15 1.52E-11 6.01E-11

Variance 9.77E-21 3.64E-14 4.53E-29 2.32E-22 3.61E-21
Skewness 1.58E+01 1.64E+01 3.84E+00 2.74E+01 9.64E+00

Kurtosis 2.64E+02 3.31E+02 3.79E+01 8.13E+02 1.36E+02

Table 3-3. Sea PDCEF statistical output.

Outputs C-14 Co-60 H-3 Tc-99 1-129
Minimum 5.08E-13 1.66E-14 7.15E-18 1.82E-16 3.52E-14
Maximum 5.89E-10 1.91E-11 1.41E-17 2.64E-13 1.43E-10

Mean 2.85E-11 1.02E-12 9.95E-18 1.29E-14 4.52E-12

Standard Deviation 4.17E-11 1.49E-12 9.98E-19 1.88E-14 7.39E-12

Variance 1.74E-21 2.22E-24 9.97E-37 3.53E-28 5.46E-23
Skewness 5.28E+00 5.11E+00 3.13E-01 5.24E+00 8.61E+00

Kurtosis 4.94E+01 4.43E+01 3.20E+00 4.85E+01 1.34E+02
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A Source Term Modeling for Near Surface Disposal by MOSAIC

Joo-Wan Park, Jin Beak Park, and Chang-Lak Kim
Korea Hydro & Nuclear Power Co., Ltd. (KHNP), P.O. BOX 149, Yusong-gu, Daejeon, 305-600
p3j9w@khnp.co.kr

The longevity of covers and vaults are much greater than that of metal drums, so drums are not generally
given much credit for delaying releases from near-surface disposal systems. Once water enters the drums,
leaching can commence. The rinse-release waste forms immediately release their inventory into solution, and the
radionuclides are advected into the backfill, and thence to the boundary of the vault. The uniform-release waste
forms release their inventory from the waste form into the backfill within a specified time period at a constant
fractional release rate. Mass transfer of radionuclides from diffusion-release waste forms into the backfill also
takes place, giving rise to a diffusion-release source term. In each case, the radionuclides entering the backfill are
transported to the lower boundary of the vault by advection and diffusion. These processes, identified and
subsequently modeled by Sullivan and coworkers[1], form the basis of the well-established DUST computer
code. A near-field analysis module of MOSAIC(MOdular Safety Assessment code with Integrated Concrete
analysis) code has been developed to provide similar leaching model capabilities to DUST, while enhancing it
with additional capabilities.

In this paper, a diffusion-release source-term modeling by MOSAIC is discussed to compare its results with
those from DUST. The problem that defined in IAEA's Vault Safety Case (VSC) is used for code comparison.
Consistent with the design scenario description of VSC[2], the disposal facility is a set of 20 concrete vaults
located above ground level. The waste disposal area contains two lines of 10 vaults. Each vault including four
200/ drums contains 4,692 concrete cubes in array. Approximate dimensions of the disposal area are 170 by
210m giving a surface area of 35,700 m? 150,000 m’of grouted waste is disposed in standard 200/ drums and
placed into concrete cubes, and grout filled in between the drums. The facility has a total of about 750,000
drums. Each vault has internal dimensions of 9m high by 20.5m wide by 83m long allowing concrete cubes to be
stacked in an array 4 high x 17 wide x 69 long. It is assumed that the near-field barriers degrade with time. The
drums are assumed to remain intact for 100 years and the concrete cubes are assumed to physically fail after 300
years of closure and chemically degrade over a 1,000 year period from site closure. The cap is assumed to be
maintained during the 100-year active institutional control period, but then starts to degrade so that it allows 50
% of the total precipitation to pass up to 500 years, and no longer limits the rate of water infiltration after 500
years. The near field barrier is also assumed to be degraded chemically after 500 years, so that the distribution
coefficient for degraded vault is used for the safety assessment thereafter. Before and after this degradation
switching time (500yr), distribution coefficients listed in Table 1 are specified separately as the non-degraded
and degraded value for radionuclides of interest. Table 2 lists the radionuclide inventory at facility closure and
decay chains considered in this modeling. The release of these radionuclides from the engineered vault and their
transport through the unsaturated zone are calculated by both MOSAIC and DUST. Figure 1 shows radionuclide
release rates at the water table as a result of transport from vault through the engineered barrier system
and the entire un- saturated zone. It seems the comparison between MOSAIC and DUST are very good
for slightly sorbing Tc-99 and I1-129, but MOSAIC predicted lower peak release rates for relatively
stronger sorbing C-14 and U-238. this points to the problem of sorption (the two nuclides seem more
sorbed in MOSAIC than in DUST) which, in turn, points to the transport regions outside the vault,
because the release rates are really sensitive to sorption Kd. In DUST modeling, no degradation of the
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vault system from site closure until 500 years is not considered. But in MOSAIC modeling, time dependent
sorption coefficients in the near field can be addressed. This enhanced feature can be used to model groundwater
geochemistry changes due to alkaline plumes released from the dissolving cement waste matrix as well as the
concrete vault structure.

The capability to treat waste forms that release contamination by all of the leaching mechanism provides
MOSAIC all of the technical functionality included in the venerable DUST code. Moreover, certain additional
functionality, such as proper treatment of time-dependent sorption, has been properly implemented in MOSAIC.

Table 1. Unsaturated Zone Distribution coefficients for Near-field (m3/kg)

Concrete Red sand/ Brown sand/ White Weathered
Calcrete Gritty clay Kaolinite clay Granite
Element Nene
Non- Non- Non- Non-
degraded degraded deg;ade degraded degraded degraded degraded degraded degraded degraded

C 2.0e+0 | 2.0e-1 | 5.0e-3 | 5.0e-3 | 5.0e-3 | 5.0e-3 | 1.0e-3 | 1.0e-3 | 5.0e-3 | 5.0e-3
Tc 1.0e-3 | 0.0e+0 | 1.0e-4 | 1.0e-4 | 1.0e-4 | 1.0e-4 | 1.0e-3 | 1.0e-3 | 1.0e-4 | 1.0e-4
I 1.0e-2 | 1.0e-3 | 1.0e-3 | 1.0e-3 | 1.0e-3 | 1.0e-3 | 1.0e-3 | 1.0e-3 | 1.0e-3 | 1.0e-3
U 2.0e+0 | 1.0e-1 | 2.5e-3 | 2.5¢-3 | 6.8e-3 | 6.8e-3 | 1.4e-3 | 1.4e-3 | 3.0e-3 | 3.0e-3

Table 2. Radionuclide inventory at facility closure and decay chains

Nuclides | Inventory (Bq) Decay Chain
C-14 1E+13
Tc-99 1E+14
1-129 3E+10
U-238 5E+10 U-234Th-230Ra-226Ph-210Po-210
1.00E+08
100+07 ||——C-14@USD | e

—m— 1129 (DUST) p
—a—Tc-99 (DUST)
1.00E+06 11__se _U-238 (DUST)
—%—C-14 (MOSAIC)
1.00E+05 | —8—+129 (MOSAIC) |_ _ _
—+—Tc-99 (MOSAIC)

—=—U-238 (MOSAIC)
1.00E+04 Jr=——=——= e L

1.00E#03. - == “ = x ==z === = / .......

1.00E402 + ~ = = — = = = == - = -

Near-Field Flux [Bq/yr

1.00E+01 - — - — — — = — - — - -
1.00E+00 S
1.00E+02 1.00E+03 1.00E+04 1.00E+05

Time since emplacement [yrs]

Fig. 1. Comparison of radionuclide fluxes at the outlet of unsaturated zone
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Table 1. Classification of fracture zones

Width | Interval 2 Safety distance
Order | Length (m) (m) (km) T (m“/s) (m)
Regional -5 100
o e ot 1 >10,000 >100 >4 1x10 i ittt Taeiliey)
. 50
Local major -6 -,
froc2 Al |2 (1,000 - 10,000(5 - 100 1 -4 1x10 (to, deposition
unnels
5
3A 500 - 1,000 1 =5 E
Local minor 1< 1x10 7_8~ (to dep. holes)
fracture zone 3B <500 p 1x10 3
(to dep. holes)
Bedrock .
fracture 4 <10 <0,01 = <1x10° -
system

Figure 1. Schematic of Korean Reference disposal System.
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System-Level Test of MOSAIC: ISAM Vault Safety Case
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A computer code, called MOSAIC (MOdular Safety Assessment code with Integrated Concrete analysis) has
been developed by KHNP for evaluation of the concept for low-level waste disposal. A significant feature of
MOSAIC is to evaluate explicitly the degradation of a concrete vault as a function of time. Intercomparison with
those results from other codes has been undertaken, in which includes a system-level test with the IAEA ISAM

Vault Safety Case. Characteristics of the test are

- Multiple layers of differing materials in the unsaturated zone,
- Sorption in the vault (K¢ values) change with time,

- Flow through the disposal system begins at 10 percent of its full value, then increases linearly between
100 and 500 years.

Documentation of benchmarks carried out between Amber and Ecolego for the vault safety case is presented
in Maul et al. (2004). The description of the conceptual model presented by Maul et al. does not precisely match
the ISAM Vault Safety Case Description (IAEA, 2004), in that diffusion and dispersion in the vault and
unsaturated zone was not included. However, Maul et al. provide results for a complete set of radionuclides,

demonstrating excellent agreement between Ecolego and Amber for their benchmark exercise.

As expected from the results of Maul et al., a number of the radionuclides peak after 10° years; the more
mobile fission product radionuclides and uranium isotopes peak before 10° years. A comparison is presented in
Table 1 of the arrival time and peak flux between those calculated by Maul et al. and those using MOSAIC. As
noted by Maul et al., comparing the peak is a stringent criterion for such a comparison. Excellent agreement is
achieved between the two analyses for all sets of radionuclides, particularly since the models are implemented in
different ways, and there was no possibility to check input files or the Ecolego and Amber model
implementations to ensure consistency between the approaches. The largest observed difference between the
analyses is for H-3; this difference is attributable to minor differences in the approach to represent the linear

increase in flow during the period 100 - 500 years specified in the problem specification.

The release profiles from the near field were used with the MOSAIC far field to calculate concentrations at
the well for the ISAM Vault Safety Case as specified by Maul et al. It is necessary to use the total well pumping
rate (8300 m’/y) deduced from irrigation and non-irrigation uses specified by Maul et al. to convert the

geosphere flux to concentration.

- 158 -



2006 SIREAISEIIE38] EHE =3 =229E

Table 1. Comparison of the results of Maul et al. (2004) with MOSAIC for releases from the
unsaturated zone. Dispersivities were set to zero in the vault and unsaturated zone in this
benchmark of Ecolego and Amber.

. Maul et al. MOSAIC

Nuclide Time (y) Peak (Bg/y) Time (y) Peak (Ba/y)
C-14 2.9E4 7.9E5 2.8E4 7.6E5

H-3 5.0E2 7.8E-4 ' 5.0E2 5.5E-4
Ni-59 1.0E6 1.4E-2 1.0E6 1.5E-2
Tc-99 2.5E3 1.9E7 2.8E3 1.8E7
1-129 7.4E3 1.4E6 7.4E3 1.4E6
Th-229 1.9E5 3.5E-2 1.9E5 3.5E-2
Th-230 1.2E5 2.0E2 1.2E5 2.0E2
Ra-226 1.2E5 1.2E3 1.2E5 1.2E3
Pb-210 1.2E5 2.0E3 1.2E5 2.0E3
Pu-239 5.1E5 4.7E-12 5.0E5 4.4E-12
U-233 1.7E5 3.3E1 1.7E5 3.3E1
U-234 3.5E4 5.1E5 3.4E4 5.1E5
U-235 7.2E4 7.0E0 6.7E4 6.9E0
U-238 3.5E4 5.1E5 3.4E4 5.1E5

The resulting comparison between the Ecolego and Amber analyses of Maul et al. and MOSAIC results is

presented in Table 2. Good to excellent agreement is observed for all radionuclides.

Table 2. Concentrations for the ISAM vault safety case test problem as specified by Maul et al.
(2004) compared to output from MOSAIC.

Nuclide Maul et al. . MOSAIC y

Time (y) Peak (Bg/m’) Time (y) Peak (Bg/m’)
C-14 2.9E4 9.5E1 2.4E4 9.2E1
H-3 5.0E2 9.3E-8 5.0E2 6.6E-8
Tc-99 2.5E3 2.2E3 2.5E3 2:2E3
1-129 7.4E3 1.7E2 7.4E3 1.7E2
Th-229 1.9E5 4.2E-6 1.9ES 4.1E-6
Th-230 1.2E5 24E-2 1.2E5 2.4E-2
Ra-226 1.2E5 1.4E-1 1.2E5 1.4E-1
Pb-210 1.2E5 2.4E-1 1.2E5 2.4E-1
U-233 1.7E5 4.0E-3 1.7E5 4.0E-3
U-234 3.5E4 6.2E1 34E4 6.1E1
U-235 7.2E4 8.4E-4 6.7E4 8.4E-4
U-238 3.5E4 6.2E1 3.4E4 6.1E1
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Optimizing Long-term Ground Water Monitoring Networks for Waste Disposal
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At many waste disposal facilities including nuclear waste disposal sites, the presence of toxic or
radioactive wastes between the land surface and underlying aquifers poses a serious and ongoing threat
to public health and safety. To reduce the risk associated with these industrial and radioactive
by-products, a long-term ground water monitoring network (GWMN) design will be required.

The GWMN problem addressed here is the design of sensor network supporting ground water
observations, such as may be associated with optimal observation and management of water supplies or
subsurface pollutants in the ground water. The GWMN design problem is a good potential application
domain because it represents a trade-off between the availability of data and their reliability. A common
ground water monitoring problem is concerned with the location of contaminant sources, when transport
model parameters are unknown or known with some uncertainty, and where monitoring points (which
are costly) are to be located to minimize model prediction uncertainty for a given budget and collected
data. Inverse modeling strategies ha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>