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SUMMARY

I. Project Title

Dry  Decontamination  Technology  Development for  Highly

Radiocactive Contaminants

II. Objective and Importance of the Project

1. Dry Decontamination Technologies Applicable to Highly

Radioactive Contaminants

The national nuclear fuel cycle projects, such as DUPIC,
advanced spend fuel management and transmutation of long-lived
radionuclides , being studied as a middle-long term research and
development project on atomic energy, are dry decontamination
activities on highly radicactive contaminants and a domestic
inherent spent nuclear fuel cycle development which has not yet been
applied to foreign countries. Because the dry decontamination is
executed in hot cell by remote control, it is very important to
apply the dry decontamination to contaminated facilities. The dry
decontamination activities on highly radioactive contaminants has
not yet developed for advanced states wusing wet decontamination
technology. This technology is required in domestic state to propel
the dry decontamination activities on spent nuclear fuel cycle.

The dry decontamination activities on highly radioactive
contaminants which are common bottleneck in dry decontamination on
highly radioactive nuclear material, are required to develop and
verify a process equipment for treatment of highly radioactive
nuclear material. Also, It is required to study assessment of the

residual radioactivity to assess the influence got to workers due to
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residual radioactivity after dry decontamination on highly

radioactive facilities,

2. Soil Decontamination Technology Development
The main objective of the study is to develop the soil
decontamination technologies by which the radiocactivity of soils
stored in KAERI(Korea Atomic Energy Research Institute) is reduced
to an exemption level, These technologies will be applied to the
site restoration after the TRIGA reactor decommissioning and to the

site contamination around the nuclear facility,

III. Scope and Contents of the Projects

1. Contaminant Characteristics Analysis and Applicability Study of

the Unit Dry-Decontamination Techniques

This report is intended to establish their needs to support the
dry decontamination activities applicable to highly radioactive
contaminants based on the requirement of technologies development
suggested from the national nuclear fuel cycle projects, such as
DUPIC, advanced spent fuel management and long-lived radionuclides

conversion.

2. Performance Evaluation of Unit Dry Decontamination Technique
1) PFC Decontamination Technique
Both anionic and cationic PFC surfactants were synthesized and
their  physical properties which encompass solubility and
electrochemical characteristics were measured. An interaction
between solid surface and commercially available PFC surfactants as
well as synthesized one produced via this study was investigated to

understand dry decontamination process using PFC fluids for removal
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of highly radioactive contaminants. On the bases of these results,
the dry decontamination technique using PFC fluids was applied to
the simulated specimen contaminated with particulate and the
decontamination performance was evaluated to develop dry
decontamination process applicable to highly contaminated alpha

wastes arising from dry spent nuclear fuel treatment processes,

2) CO; Decontamination Technique

The performance test and evaluation on the CO0; blasting
decontamination technology which is a dry process without secondary
waste streams and a non-destructive method, have been performed for
application to the back end nuclear fuel cycle R&D facilities as
follows :

- Performance test on the CO; snow blasting decontamination
technology as a laboratory scale

- Performance test and evaluation on the CO; pellet blasting

decontamination technology

3) Plasma Decontamination Technique
(1) Feasibility and applicability study of the unit techniques
for the facilities dry-decontamination and preliminary

experiments on the unit techniques.
(2) Process development study on the plasma decontamination.

Optimum process is investigated for the decontamination of CP,

FP, and TRU using RF gas plasma, Decontamination rate is measured and

analyzed under various experimental conditions: unit process parameter,
temperature, pressure, and the ratio of respective gas in a gas miXture,
(3) Plasma diagnostics and quantitative analysis of dry

decontamination by QMS and OES.

Plasma density, temperature, and energy in the optimum



process are diagnosed and. analyzed by QMS and OES.
(4) Design of microwave torch system

High power microwave plasma torch system is designed for

atmospheric operation based on the developed optimum process.

3. Development of Residual Radiation Assessment Methodology

for High Radioactive Facility Decontamination

Humidity around the concrete structure can make the
moisture distribution within the concrete. Moisture content of
the structure will change due to the diffusion process with
time. Radioactive material on the surface of concrete will
eventually diffuse into the porous concrete and contaminates
the internal region of the concrete,

In this study, we have assumed two different diffusion
processes depending on the different moisture content. One is
for slow diffusion process near the surface and the other is
for fast diffusion process in deep region. We have developed
the mathematical diffusion model for the two different
diffusion regions and the corresponding analytic solutions for

the two regions are obtained.

4, Establishment of the Design Concept of Dry Decontamination Process
Equipment Applicable to Highly Radioactive Contaminants

In the development of dry decontamination technology applicable to
highly radioactive contaminants needed in repair and maintenance of
hot cell, a study on the establishment of the design concept of dry
decontamination process equipment was carried out by considering two

cases as follows:
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-~ Movable decontamination process equipment aimed at reuse or declas-
sification of highly radioactive contaminants arising from domestic
hot cells in IMEF and PIEF, and

-~ On-site decontamination process equipment aimed at repair or refur-

bishment of domestic hot cells in IMEF and PIEF,

5, TRIGA Soil Unit Decontamination Technology Development
A, Soil washing
- Measurement of physicochemical properties of soils around
the TRIGA reactor, determination of distribution coefficient of Co®'
ion and the repetitive applications of citric acid to soils
- Investigation of the effect of pH and organic content on
the sorption of Sr* ion to soils and evaluation of the variation of
desorption ratio of Sr* ion against the change of citric acid
concentration
B. Soil flushing
- Investigation of the soil flushing model and measurement of
the input model parameters
- Fabrication of soil flushing equipment and decontamination
tests
C. Electrokinetic soil decontamination
- Investigation of electrokinetic soil decontamination model
and measurement of the input model parameters
- Investigation of the effect of solution pH on the
decontamination performance of electrokinetic soil decontamination and
the decrease of solution pH by the acetic acid buffer solution
D. Applicability of decontamination technology on soils
gathered from the TRIGA site

- Classification of radiocactive soils in KAERI, radioactive
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analysis of soils and decontamination tests

IV. Results and Proposal for Application

1. Contaminant Characteristics Analysis and Applicability Study of

the Unit Dry-Decontamination Techniques

The contaminants are classified as analytical and electronic
instruments, machine tool and machinery, system piping and tanks,
floors and walls, and technological wastes generated from hot cell.
Their characteristic is alpha-contaminated small particles generated
from leakage of high temperature oxidation-reduction processes of
spent fuels. This fine particles are generally observed to adhere
tenaciously and non-specifically to other solid surfaces, and can
not be removed by simple mechanical means, There is a large body of
physical evidence that suggests that their adhesion is due to
secondary valence forces between the particles and the substrate.

The most substrates are contaminated at surface of equipment and
facility, but a part of substrates are contaminated at complex parts
with some grooves and crevices.

The technology needs associated with decontamination addressed
the requirements associated with the efficiency of decontamination
technology, the reduction of secondary wastes, applicabilities and
the remote operation. And also, Characterization and decontamination
technologies for various contaminants are reviewed and analysed.
Based on the assessment, unit dry decontamination processes are
selected and the schematic flow diagram for decontamination of

highly radiocactive contaminants,
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2. Performance Evaluation of Unit Dry Decontamination Technique
1) PFC Decontamination Technique

Chemically stable metal pentadecafluoro-octancate (metal : Li,
Na, K, Cs) and N-perfluorococtyl-N'-methyl viologen as an anionic and
a cationic PFC surfactant, respectively, were synthesized by
chemical substitution method using the solvents such as aceton,
water, and ethanol. Their physical characteristics, which encompass
solubility and surface active effect were measured and analyzed. An
interaction between silicon wafer as a model solid surface and PFC
and PFC surfactants was evaluated from the results obtained by AFM
which can measure the interactive force between silicon wafer
surface and SisNy; cantilever. It was obtained that the PFC solution
containing Krytox, Perfluoro-1-octanesul fonyl fluoride, and
Perfluoro-l1-octyl bromide as a PFC surfactants displays a good
surface active effect even in the concentration of PFC surfactant of
as low as 0.1 wts,

As a result of dry decontamination using PFC fluids for
simulated specimen contaminated with radioactive particulate,
decontamination performances in PFC fluid containing PFC surfactant
was far better than those in the pure PFC fluid. The particulate
contaminants were removed very effectively and the decontamination
factor expected in this study could be achieved in the PFC fluids

containing PFC surfactant with ultrasonic cleaning as follows,

Purpose of Contaminates Obiects Final Goal of
Decontamination J Decontamination (DF)
Stainless Steel
Reuse >200
Electronic Circuit Board
Reduction of exposure Paint Coated Surface >20
Declassification Clothes, Tissue, etc. >5
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PFC recovery was carried out to minimize secondary wastes produced
after the completion of decontamination. The pure PFC can be
recovered successfully from the PFC solution mixed with PFC

surfactant by evaporation and condensation.

2) CO; Decontamination Technique

Testing of CO; snow blasting decontamination as a laboratory
scale showed that the highest decontamination efficiency
(decontamination factor of about 61) for CO; blasting was obtained
at conditions using a blasting pressures of 45 Kg/cma a stand-off
distance of about 10mm during 2 min. And also decontamination
efficiency has been enhanced by installation of pneumatic heater for
the prevention of CO; snow condensation (decontamination percentage
of 40-55%) and rotating wheel for the homogeneous decontamination
(decontamination factor of 2-2.5 times).

Evaluation for performance test of CO; pellet blasting
decontamination reveals that decontamination factor increased with
CO; pellet size, contamination particle size, blasting pressures,
and contact time, DF values for CO; pellet blasting decontamination
are higher ten times than that for C0; snow blasting
decontamination. The use of CO; blasting proved very effective at
removing loose contamination, but of significantly effectiveness on

fixed contamination,

3) Plasma Decontamination Technique

(1) Feasibility and applicability study of the unit techniques
for the facilities dry-decontamination and preliminary

experiments on the unit techniques.

According to the feasibility and the applicability study,

this technique is competent and adequate to be brought into use
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for decontamination of contaminated tools and machinery, and
floors and walls of the facilities. In addition, preliminary
experimental results demonstrate that not only TRU nuclides but
also CP and FP elements are easily vaporized in the plasma
decontamination reaction., Cobalt etching requires relatively high
temperature above 350C while Mo can be removed very rapidly even
at room temperature. In case of U0;, overall reaction in r.f.
plasma turns out to be U0; + 3/2 CFq + 3/8 0, — UFg + 3/2 (CO or
COz).

(2) Process development study on the plasma decontamination.

Optimum process is searched for the decontamination of CP,

FP, and TRU using r.f. gas plasma. In order to find the optimum
process, the reaction rates of U0, were investigated as
functions of CF4/0; ratio, plasma power, and substrate temperature,
Experimental results revealed that there exists an optimum CF,/0;
ratio for the efficient fluorination of UQ;, regardless of r. f.
power and substrate temperature, and that is around 4. It was
found that the highest etching rate of 0.4 um/min was obtained at
the optimum 20%0; mole fraction at 370°C under 150W and the etching
rate was enhanced linearly as the substrate temperature and r. f.
power increase. Additionally it was revealed that reaction was at
least twice enhanced when about 5% N, gas was added. Experimental
results CP and FP decontamination process showed that CF4/0; plasma
was also the best etchant gas with the optimum composition of also
80%CFy - 20%0,. Co had the lowest etching rate while Mo had the
highest rate. Therefore, the optimum process for the dry
decontamination of TRU, CP, and FP nuclides required the optimum
CF4/0; gas composition above 350C and 220W power. It was also
demonstrated that this optimum process could be extrapolated to

atmospheric high power torch system. Therefore, if plasma power
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and temperature were increased with maintaining the optimum gas
composition, dry decontamination of the contaminants must be

definitely effective.

(3) Plasma diagnostics and quantitative analysis of dry

decontamination by OMS and OES,

According to the plasma diagnostics using QMS and OES,
major reaction product of UO; in r.f, plasma was turned out to be
UFg and F atom and CO molecules were produced most abundantly in
80% CFy - 20% 0, composition, which is believed to be the major
reactants in the plasma process. This backs up the acquired optimum

process in the current research,
(4) Design of microwave torch system

Atmospheric plasma torch using microwave plasma was
successfully designed with the detailed specification of the major

equipments and instrument,

3. Development of Residual Radiation Assessment Methodology

for High Radioactive Facility Decontamination

The decontamination work schedule should be planned when
the refurbishment or decommissioning of hot cell facility was
required, To apply the humidity effect, the diffusion process
was assumed to follow the two different diffusion processes
and then the radioactive nuclides were turned out to penetrate
around three or four times deeper than the diffusion process
without considering the humidity effect., Also the radioactive
concentration level at the same depth shows one order of the
magnitude difference,

When the relative radiocactivity level below the surface

reaches 10% level of the surface activity, the penetration
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depth of the radiocactive nuclides except Cs-137 and Ra-226 was
turned out to be around 100 mm. To allow the unrestricted
access, concrete should be decontaminated up to 100mm,
otherwise the decontamination work should be carried out

within a short period.

4. Establishment of the Design Concept of Dry Decontamination

Process Equipment Applicable to Highly Radioactive Contaminants

The concept and design requirements of dry decontamination facility
for decontamination of highly radioactive contaminants produced in the
course of the technology development of dry process for the treatment
of spent fuel were drawn and the design concept of dry
decontamination process equipment applicable to highly radioactive
contaminants was established, The dry decontamination facility can
be classified into two process equipments according to the purpose
of decontamination, One is the movable decontamination process
equipment aimed at reuse or declassification of highly radioactive
contaminants arising from domestic hot cells in IMEF and PIEF, and the
other is on-site decontamination process equipment aimed at repair or
refurbishment of domestic hot cells in IMEF and PIEF. In the concept of
installation of the equipments, it was adopted that movable
decontamination process equipment is arranged in the hot cell after
modifying a hot cell used as the solidified waste form examination
facility in KAERI and on-site decontamination process equipment is

installed in hot cells of IMEF and PIEF.

5. TRIGA soil unit decontamination technology development
A. Soil washing
- Distribution coefficient of soil on Co® ion obtained from the

plot of the amount of adsorbed Co® jon against the equilibrium
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concentration of Co® ion was 0,48 1/mg,

- 91 % of adsorbed Co” jon was removed after the five applications
of 0.01 M citric acid solution, But, the reuse of 0.01 M citric acid to
the other contaminated soils was inefficient.

- Variation of the amount of desorbed Sr® ions as the solution
pH changes from 1 to 5 was negligible. The amount of desorbed Sr*
ions above the solution pH of 6 becomes to decrease significantly.

- The amount of adsorbed Sr®" ions on soil which contains organic
matters was 1.0 X 107 mole/g but the amount of adsorbed Sr® ions
on pretreated soils which do not contain organic matters was 9.0l
x 107° mole/g after 6 hours’ reaction, respectively. The desorbed
portion of Sr* ions from TRIGA soil was increased from 12.6 to
73.2 % as the increase of the citric acid concentration from 0,005
to 0.1 M,

B. Soil flushing

- Soil flushing test was performed with distilled water as a
solvent, When the hadraulic conductivity of soil was 2.31x1040m/min,
Co® ion concentration of the effluent after flowing 5 pore volumes
decreased to 1/20 of the initial effluent concentration of Co® ion.
When the hadraulic conductivity of soil was 8.46 x loﬂcm/min, Co®
ion concentration of the effluent after flowing 5 pore volumes
decreased to 1/10 of the initial effluent concentration of Co* ion.
Soil flushing effect is increased with the increase of the hydraulic
conductivity of soil.

- From the decontamination result of soil which has 8.46 x
10%cm/min of the hydraulic conductivity, it was found that the
initial effluent concentration of Co® ion in the citric acid was
higher than that of the distilled water. This means that the
decontamination efficiency of citric acid is better than that of

distilled water, 96 % of the Co® ion on soil surface was removed by
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citric acid after flowing 20 pore volumes,

- Comparing nonequilibrium sorption model and equilibrium
sorption model, nonequilibrium sorption model was better in accord
with the experimental values.

C. Electrokinetic soil decontamination

- During the decontamination of kaolin clay contaminated with metal
ion, the solution pH near cathode region increased as a result of the
formation of hydroxide ion at the cathode, As a result, decontamination
performance was decreased,

- To suppress the elevation of the pH near the cathode region, acetic
acid buffer solution was added to the cathode region. By the successive
addition of acetic acid buffer solution to the cathode reservoir, pH near
the cathode region was maintained at 6.5 after 43.6 hours’ experiment.

- By the addition of acetic acid buffer solution, 94.6 % of the
contaminated Co®" ion was removed after 43.6 hours’ experiment,

- The calculated values by the developed prediction model was

well in accord with the experimental values,

D. Applicability of decontamination technology on soils gathered
from the TRIGA site

- Soil washing experiment was performed on radwaste TRIGA soil

which contains the high radioactivity. It was found that 84 % of

the total soil mass could be returned to the environment,

V. Application Plan for the Research Results

1. Dry Decontamination Technologies Applicable to Highly

Radicactive Contaminants

Dry Decontamination can be used as the basic technologies in

design and operation of demonstration facilities for technology
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development of DUPIC, advanced spend fuel management, and transmutation
of long-lived radionuclides,

PFC dry decontamination and CO; snow blasting decontamination
technology would be effectively applicable to the decontamination of
detection/measuring instruments or high cost and sensitive optical
equipments in the DUPIC hot cell. And this technology is useful for
the cleaning operation in the semi-conductors and painting industry.
Removal of wuranium particle contamination in uranium conversion
facility and decontamination of inner surface area in TRIGA hot cell
can be effectively achieved by the use of PFC decontamination and
CO; pellet blasting decontamination technology.

New technology for the dry decontamination of the contaminated
nuclear facilities was successfully introduced and the feasibility
of its application for on-site decontamination was verified. Plasma
torch design report can be directly utilized for the manufacturing
by equipment supplier and for the commercial scale decontamination

project, if steady and intensive further study is continued.

2. Development of Residual Radiation Assessment Methodology for
High Radioactive Facility Decontamination
This result is presumed to be used as a basic bottom to assess
the hazardous degree on decontaminating and dismantling nuclear
facilities and highly radioactive facilities. The results to predict
the residual concentration distribution in the structure of
facilities can be used to obtain the maximum allowable radiation
dose limit and can be used as a basic data for assessment of

worker’'s radiation exposure dose.

3. Establishment of the Design Concept of Dry Decontamination

Process Equipment Applicable to Highly Radioactive Contaminants
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The design concept can be used as the reference of basic design

of dry decontamination process equipment in future,

4, TRIGA soil unit decontamination technclogy development

- Radioactive soil generated during the decommissioning of TRIGA
will be changed into the non-radwaste soil by decontamination,

- TRIGA radwaste soil stored in KAERI and soils generated from
the experiment in KAERI will be changed into the non-radwaste soil

by decontamination.
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+ Qg HAEE 7l /MEe] At An, 712 HAZHE dF0% o
d AL AGY = I BX7A] JpEEe] x| Jgo] & E
7]1&28] CFC-1132 2&%& ste 8 EIU E4E

]_
3ta ol7] wiEel B AAA A4 AFFHL U oled VIS

EHZI ¥,
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CFC-113 F Kt} A EHA 22 AAE vl BAF o= AAY £
= I oA 7AA] AHEFAHSE PFC(perfluorocarbon)& i}&3t=
dFF o] HFe] JUrh

(2) PFC (perfluorocarbon) =&

PFC A g7l 71&e] T3 FAIRE Wyo

E£5& I3 2 3 E4E TSt U] wfEo] BHEAEH

A AFGZFe MUzt ol 71€4 CFC-113 TR BT 24 FEH A
2t A2E U AAA0E AAY 4 d= T oA A4 ALEI3H
5 9lrH2.1.10-11].
PFC g ZA L= DuPont oL} 3M AlolA 7]ukst PFCA AMAA (o:
Vertel 245, PF-5070)& FH MHAZE A1-&313, oj7]o] PFCAH ARTA

HAE &% H7Ist Y AdEsE AU B2 F5IFHY 2

o
(K
&
(o
(o
fo

o

[0)

4 2ABE Nelsy) dAstel PRC 34 220E BYW IHY AU
of WWH L glch. AHEH PFC Bule] 3 W AL U oI A F
342 HyzPo 24 or}

PFC (perfluorocarbon) &3-2 u]=2] ESI (Entropic Systems, Inc.)oll
4 FEdow sy geor, = 34 U F2E Edoly Ax
ol R 2EH dxME, vl LEES WHLeE I AHEdEol
3 9l wHAlo] QlTh (ORNL/TM-12444, 1994).

ESIofAl+= BECo (Boston Edison Company)2] PNPS (Pilgrim Nuclear
Power Station)oflA] I3t vIAlY QG EEHN AFE, A7) W Az}
7171 5o A= By], B3 A W nlo]a2 2oy Fo W JA FF
28 2 AAAZY 5o A7 WUl ope} set BT U AA
E7 5 3170 thidEL] 2jAMEE 213 IEVIXE HIISEr] s A4E
gt A A 31708 tIE = 5719 scaffolding knucklesE A3}
3 SAe 2 ofF loosed 2EEE WHEHA dton, thtEY F3(1

1% Fazt cldEe Ad =8 I457, AtdfF, Sty

O ]

cm ~ 1

R, ITR 5o wpe tiesieith AW A} 3170 Bl 17708 tig
=2 FAY WE7|E (5000 dpm/1000 cm2) o|3t2 AYG (25&EE ¥ Ao
22 & ul s T AolF, 67l F zlolE, LTl 7 Al #o]
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2 478 33 o

tAEL AGASE 1.1 ol

g3} Aol oJsiA EHOBRE Y=}t

Al 1.160A 11.4 Eslolgirh,

o
Y Hr} YAhE 34 Agol Tg WA 1zl HREAY

o] Elof T AWk,
- 24 AR AAY Re e BY

o oy ZEE AUrte Ald &8 S50l AL o Tk
gl

FHoA BF|

o A FE 12 o]

oy

)AO

g L@ UL o

=13
]

sjefr o= ZA3tH

L .

of B3] A @717t o Yol ETh

™o J|AA ®
E

¢

AU FEE Pabsolut A

0

SATH.

o]

2
T

Ao AAY

<!

)l
=
A3hE AQ@ AL As)tc}. Perfluorocarbon £ufj& &3}

—

o

<)

BrA}
- Grease

mjolc}, whep

.

dH|7IEo] ttge® U

[&]

Zx

—
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Fabd dztet SAlel AAET

-)
[«]

3 S7lEd] W2 Hang £

e}

T
T

71&°l

A FHsAol gk,
abd YRE AAY 2

al
=~

A
(Sonatol Nuclear Decontamination Systems)zls A AT AA/A=



< &S] A AFEE FA Aol 2AsA EE TE
o2 AT S dA 2 AASE 5 UL A

- AF YA online®E FRY 4 Ak Fl5o] A2 2
[e]

kd
o
o,
N

Fe’t 271 & AREsto] 3 uiAZRE WAM UAE A
Ao 2 ZA/AAY = & A

ESIZ} #1213} SNDS A @ A2 A ) AYE 3 272 v Zrh

AIBZR A7) : W=50cm X D=35cm X H=30 cm
XL &9 = 1000 Watts

Z @8 Z3& uwjA] = Perfluorocarbons

ZF8 ABFAA = Perfluorinated organic acid
AT 2% = 50~65T

321-& Y 200 GPH &2 & I+ AT

N
1

=lo Mo ¥ rl X
o

A &3
A 5<% = 5~6 GPM

TN 23 % loop : MAE 2 AlE loop
ghe]d WAMd 42k on-line 3

SNDS&= T2t 22 7lsE Zie F 718 S:" 33 loopdd AE %
A3 loop® gt}

A% loop : A & AF tankZHE MY HIE o|&slo] AA
&S M% pre-filterE AH HgZo] FF3tH A4Z A 2
A= &o] HAFA Ha A%l ABHrt. Jgzol &jo] 7}
AHAE AY 27 g5A Ha A3 92 F SHBHZ 9
AY A7l L HezE FISHEA A —i—%%t} g2 <3
223 wte] F 7 B3E AR St LA ES A gl o
HdEZERE AA"R AA (B A7) 7]-?-— d=2] &3l
1A FR3E AL A F3FY T2 Fol 24" AR
oA AlF A371E T8 S22 & HFRAA A
B2 FRE 2dE0] TelFHTA AF YL AL Hrt
13 loop : Al & A% tankZHE MY HFZE o]-&ste] MF

=
=) =1
LAE pre-filterE HHA H4Ro FF3ME FFZ YoM 295

& g »E & Jln
l

oX, FIO b,

3:
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2 &o] HE3IA Hrl HgRo] o] 715 AMHUAH HF ©=
7t A FHA ABES2 F eHEZ 3 MH A3 U
ZE TASHHA A 3™t Y &3 U XJut ity F vt
A 3 AL T FAH JAE HESRAE LEEC] EUHES
2 A A"

- A2 g Hao 3 2o FrE o= SNDSolA AEH oidE
< 712 A2"rh o] N2 AFR AR FUdY9 S v 5xY
FHHETH O 2 SEE gyl o) ojFojd. L2 AHojole
tdEe] B4R E wu oj9} Zo] HEH A do HEA =HH i

o] =71 guje] HIFGHKETL EolXA E Holn, olF s thit

o] SUHLEHN tifEc] ATolA Ud&d o guje
FHaztgcoh ZHEE A YolA FuH &AL F7] 499 HAy
of HAH A7k &5 ol 23l 4ot

£ oo o oo
R
2 —lm

i,

MIT Nuclear Reactor Lab, oAl AlA]3F ojB]A ¥ o}jA] Sonatol ZTHE 1
AlZE olufof Axpgule] 2dH WA EAE AR AdY 4 o
Qi 0.22 pm FUANYE AHESte] §oF2o WAlbeE 99.5% 7hA] A
A = aglvh. 19974 44 71x] 27709 AR SHLEE A slact. ¢
AEE ZHFLE AAY HEES YAt @A AAaste] 2fAREo]
7testalcth

Bartlett Services, Inc. 2} Entropic Systems, Inc.= %50 F DOE2]

&7 Aol AAFHAY thF Y 7E2EE (247 % 247 % 67)E HEARY
223t A A2} PFCEEE A =23 Ael7leS AF8ste 19974 4
|72 2708 HEE Azisigen, 2¢ UAEC] AHoE AAH
el &2 YA QA8 ZLTo2H xrgo] 7Hed =828 AR
Hodch oo ZE3 MFH AR ARBAEAE LEALS s
fluorocarbon ©]31 ¥RHIX|E3+= perfluorinated carrier &gt} o] 3t

=83 AFEE 3 8ol Uy ufAEFE AAH JAES 0.22 m
polypropylene HEZE ZA#A AZ5tgtia R I3tgEct (98 Waste

Management, Tucson, Arizona, 1998).
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ol Gz Lol 2T YA LEBEE A ALY 913 PFC F X oll= DuPont
Jut 3 AtollA ZHdgt PFCAl M8 A (o : Vertrel 245, PF-5070)& 5
H AHAZ ARSIl glon, o 7|0 PFCA ARMEBZAE HIste] Ag
239 B3 FANTE A7V AN glen, e ARG A
AF7 wle £2 HAH}E RS gt} ('98 Waste Management,
Tucson, Arizona, 1998). E3I Z&EEH Sof FA43H 124 2E9ES &
2l 2/53tR 02 Aesty] $3te] PFC 332 XEuE B3 39
ol MEL glom, AMEH PFC gufe] F3 W AL 9T o
0 ZH3¥e) VY @7V BuEes susw o

(3) COz ZAMAIH
Co, BAMIEZI&2 84 Lol e FHLE A 08 B4

I?% 50~250 psig® 7}IUEH ZI|L C0,E o]-835ted 3 mm 37|8] A

0, WAL =FE o BId BANA ALSHE Algolth. oLt
S o|Fole ©A] A He dHIIES dutd o3 AdridEs EH
o2 FE "ol U2 dAE EolBE Ade g3 dste= HIEA
& BAZE HA derh o] i dnlEo] HojAH 2 Aol A
A s AAEE ASsle FYAA RolFe THol Basih 14
U J71F e A ohE dntAlE 2 2l

Co, BAAG BAE FA F REOT 74U YA 0, § Sl

ool we2 uiRel P& U BABAL o) Ake AN A

o

22

AP E 2 %3}¢‘§1‘. *ﬂﬂ}“ﬂ iﬁzﬂ , B ZERIEEY 5o Ado 23
A Zew oA glrh
1981 o} 2} Savannah River dF &A= A w7 E3ka} 2=} &
Hashsln, el 44dat dade SUAY B ofUe wapd
22 Wa 2 IS Jlsde Han ¥ 4 s AQ o 2o
A8 AFrles AFS] AT A7 T=aRE s Pri2.1.12]).
ol ZEI M= JIE /MLE AMErles B, MEL Ve A
ko] WA of 71&S ARFES AUstat st of A The
@ Bestara Addol A¥, eA=en 0 BAHG & oA &

o oEe e

o o
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2 Agred e Zx Alg o sfdde] g A7t o] Fof T
n]=2] NDCA}HNon Destructive Cleaning Inc.)2} TTI Eng. A= 19904
109 surry PWR(Virginia Electric Power)2] AR IA|7]7t Fol CO; i+
A B L A28t toold A A EstATH2.1.13]. A FZA3} Table
2.1.204 @& 4= gl5%o] hard tool?] 100%7} 1000dpm/100cm’]8}7HA] =
dxlo] B3& waEF gt o|et #4 chain falls, power hand tool ¥
Ao HEH Ho| gl ANILAT «FHEZY FF, WE T F7
B 7] manvay 2E So] ZF o T AEF AL o] F 3] 108H$71x] ¢
a7t Aol 23 BEEo MargEdon, {FAF IS AFE]
3~5mrem/hE Z33bH wAStA Eol gl HEPA HUE| wto] UAFsoT].
Winco ICPP(Idaho Chemical Processing plant)?] ¥ T* AR (fuel
storage area, FSA)Q ZHE A AF RM stainless steelo] thsl A EH
& el Hy} sly] )8 RA}gr Az} FSA stainless steeld A E3to
APLs= Ho] Jled o= ElYsm, RWMCol| A &3t= Zof vls) o 7
A Aoletal AEx|gITH[2.1.14]. {74tz {714t R & EA 7 FSA
stainless steel®] Ao AFLEH 4 glor} Co, EAMA|gH = ¢4
Apy g ICPP H| 7| EA 2]duloll A3t Agrlgoletal Hasiolrt
3] Al E AMS3E A (chemical dipping) o\ AsiHdy Sol ol
Aol Agdel el ety A@olx|gh, oo FItA 2¢o] soft

crudel A$ €0, EAld @l EnH oS HgY 4 drka Bastych

A Ao
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Table 2.1.2. Decontamination results in Surry PWRs

5 7 A B A ZH(min) A8 2 2}(per 100cm”’
Hand tools 1 « loose 29¢ > 1000dpm
« F2|A, oil, HAl 4 paint
2-3 - fixed 2¢ > 100cpm
Power tool 2-3 - loose 2% = 1000dpm
Chain falls 10-20 - loose 2948 > 1000dpm
Special calibrated
] 1-3 + loose ¢ = 1000dpm
equipment
2-6 « fixed 299 = 100cpm
Valves/Pumps parts varies + loose ¢ > 1000dpm
- fixed 29 > 100cpm
Instrument/gauges 1 « loose 2% > 1000dpm
« Fel&, oil, HAl 4 paint
2-3 - fixed 29 > 100cpm
Monitors 1-3 « loose 2¢ > 1000dpm
Cables & hoses 10-20 ft/min |- loose 2% > 1000dpm
Resipirators 2-3 - loose 2% = 1000dpm

ORNLOJ A= 7l41¥  turbine/CO; pellet7}7]|& A3t HE7&g )
wstsl Qi) o] T2 OlolA = dry ice pelletE <3| A wheel® 7}
FA71E 2ERE AT AFEHIE ¥ FAE AUshe ol JE
o] 7t 7lol &7t ThFol uld) pelletd] &=, Fayd &= Aozt 7t
SR oflux] o]-&HolA 10u] o]+ ‘& olri[2.1.15]. EF FHA
lanplt 7 X5 BujE BYshA 2= Added ot d7r= Iy
=51 olt}

Winco(Westinghouse Idaho Nuclear Company Inc.)ollAl= 3}&AE AR
T Ade Y 4+ 9 AGYeR +4H ALy, sRALH, o,
A 5 o AGHE vARARE A3}, loose 2PA AN E A
3, EeAEy W 00, ARG Fol ufe Zapdoleta sty =l

=31
fixed & loose 22| A A= X3 AF P 242 AP Ho] TS

1
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olgta ABANE Rustgri[2.1.16].

Wincool A& o3t Bl AFAUE ZAZ 3t, BRAHEI} YAV =
AL AMg3te] Y A d7E 3sigich. s v o*}*e} LI PA ]
AMEE AEAz}, 0, pellet®Al A7 AA 2@=L AE
A% (everyday type cleaning)ol] &I}Aelo] ZAIE T + "HJH A A
AAHEE ApgE A¥AZ, o] AGHL WA 24 toololut xE] AHHe
o FapEYo] W ATh ol AFAPE Bl o] AFHL fixed 2HR
Th= loose @9 #A|A Rt &a:zojeta AEX| gt Iz AY Bt
Co, EAREHog W 2 fixed QEE AAHO] HHEJon, HzF
Ql uholo] Felxjeir}. Cs, Zr 522 2@H SUS 304L tooloju} zjzof cf
3] Ho] AEANE @7 i 0.125” L 0.080"2] pellet died AME3IA
125~150psi®] o] Aughe RojFgiri2.1.15]. Iyt Hrt £2 A4
TS A7) siE AGuide AESF @SRl utet ¥ die size
7} AAEojol sith. o] @M ICCPolA Azl ARE3IAL U= HFAAEHEY
tha A@Hog o] AEL Tl COp pellet EAME Ul 23t H3AA A4E
2ol AE 4L 4 9gdom, filters W enclosure o]2lofl& ojufgt 23} 3
J1EE wAA]F|A] ko] EQIF T NWCFolAdE 7|2 HA|gHY] A<
Z0]31 CO; pellet ARG AAE A3l 7|& ABPL2 BY== sodium

vaste?] @& ZAA7I2A sk ok,

rE
_\,L
riu
e
'S
lo

Oceaneering International Co.+= ROVCOz(The Remote Operated Vehicle
with CO, Blasting) T8 =3 TAIE uletdS A2 AEY +
ol AH|E 7iurslgdth. ROVCO, T2 3 2vhA £8 Fof ROVCO, A7} 232

I E ulete] @7} coatingg AAHO T A&IA AEY 5 ULl HAHY
T} &, Eag glol 4 9t loose 292 98% 12]3l fixed 288 75%E A
AL 4 glon, oA E2et 23E YA ofsf 52.5 ft'/hre] AHL
EE Ushjglon, Algciatel 85% ojidel tisl F&e] rhssidla w7IE A
Ho xagl gAu]go] $ 0.72 /ft’ g FrEgiTH2.1.17].

#9] Tecnubel AK= ‘91 olg} CO; blasting ABHE AME3I7] AR ©f
H A S A% Ysizia ginh. &, w78 4% 7] (supercompactor), Al

o o ujel Mettrology table, Hot cells, Fertilizer production

lo
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plant @ JET (The Joint European Tours) vacuum vessels 5of tfs] Ag-&

Ayl om, AFAIN= Table 2.1.32} Ztr}H2.1.18].

Table 2.1.3. Recent CO; blasting projects-nuclear applications
Material
t
Facility supp:;elng contaminant DF Measurement
contamination
. ) All fission
Nuclear service Painted products 3 to 158 Wipe reading
centre carbon steel
Direct
Fuel plant Concrete/epoxy U0z enriched 12 to 35 1re?
reading
Fuel plant Brick/painted UO; enriched 53 D1re?t
reading
JET Culham Inconel/Inox Ha Wipe reading
Research centre Painted Co-60 0 to 14 D1re?t
reading
carbon steel
Research centre Painted Co-60 1.8 to 73 | Wipe reading
carbon steel
ISOtOpe_ Stainless steel |Various fission 2tob Dlre?t
production, reading
Cell 27-28 products
1 t irect
s © ) °pe Lead/epoxy Various fission| 1.3 to 3.6 D1re?
production, reading
| Cell 28 products
Fertilizer . Direct
Stainless steel Ra-226 10 to 100 )
plant reading

polypropylene
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o AGARE TAHY oL FYAA ot 77 B
stol M APhdBol AIstel ol Wlolth AdE

o

F= AGAZ, =79 Fel, ALEY L AduidE] EHALE Fol
wheba cherstAl Bk tidEL] Fajolul &4 glol Ad¥ + ot
FEo| A Z3loF SRR AN Ee fiPo] 2 Zlo] 3ol

F714Qd At HFo 2|

)
2L
2,
n2
o of o
e
o
>
op
et
ol
o
2
=3
H
-
Lo
4

P Alguge Eelay Adelet FEIE sted Wi T
HES AGstel 254 H71ES AFEsI] #13) ARgste AEe vt
At FA] ZFol nlgzt Aefe] AvkAl(Grit)E
Bo] go| ¢zt FEAUAE ol &ste] AFRIE FFATe ARY
Holth, AMEE duAEE &Fuu, FtRAY L upduEle]lE 50l
A=xIE2] Ao wel Eetay AU oie ZaAd Jleol
4 glon}, Aeuke 2x s7|ES UABAATh T dnxiE AHS
22571 & Aol EAVE HlEE AEF Ao A
B2 ARt 4 H ALY + otk dupAHEE ofF FE
g dxt(ell, UEEWE ARY ZF A9E A= Ane ¥

[}
AZ $ gtk o] AHEwEe F&olu A ESY XHHEY ANSE

2 AMREle SAle Fiol mhel AAlH A FURAIER P
2Eich, A4 dopAlge of 5 MPa FE Tyl F2 AMRHE A
T oF 350 m/sec7} HE3 Ho® oA vt o] AERH] &3 &€
A He AGASFE 200~300 F=7F Heh FA AvpAE2 500~1, 000
MPa2] <=¢to] B @3ty HEAlLGEE A 350 m/sec7} AWl AnpAle]
2717} dotE Aojste MU 15~20 meshd] AnpAHE AHESIH A A
1 ol syl 2 vbA, ¥WHOlREIE 33 100 mesh o|3te] 22 dntAlE

o Rt FHEESYS @A AU

o] AHEL FEo| Ax, FW Avpr} wiEH, F54
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Az #k ohvzl AEFY B FHEo| Jtedty, A FiFE]l
2] Azxsto] Fijo] wAdsha] otom, AupHe] FH4ut rhsste oyl Aty
A= AH&E= 7lgolth

o] AMGgulHe Tt O 2= xR tl¥t micro-hammering & I3t 24
o 23 918, 28" dutAol &% EHe] e dd, i 23}
w71 &go| UABE 7Hsd Fol Arh

(6) grit FAMY
grit EAAE7 e ned F2

W g3 H$EE Fd FE4E 3 YA L¥8E AAY + dth
Eolu}t 71t 27] medium of] ¥ sand, alumina, metal shot 5¢] &

ol E Ste FARSHE HElE ol 8din EHede #dY AARY

'r‘

=% fae=EAY 24

) o] 71&S HELOR o] g0 sHedtn, o4 ftf B 1-3 ¢ 2 u|&
o] £8drtl grit TAHIA7IES ¥lay HEAzto] B2 A& FH
L2 AgeidERe] destAL B BE Edof| F&o] 7Hedla A
HE olth. 53] HBEY 2d2H] ¢ Lot el glass,

transite &-& plexiglassel 22 duixfo] &3 2" 4 U= xfAo
E A¥A Ydrh

(7) shot ZAHAIA

shot FAMAG7|aL EIAUE FEHo|L FE2(AL] Ado] F3
¢ 7leEA SRIE, 2 W 5 5o f3 WA A AAN AHRH
 Slth. ®HE FAlo ©@A, AF A AZA7]= FU17F Hegle
o2, dupxirt ¢4d dEH JHEA HFUYLE F 53
A BZu 7t Aestaizt st o F FHE upe} 0|53
Al Aoy Y25 FHOE EAlEolZch dn }ZHQ—} ¥ debris=
Aunpae] 2jH-E2 FIAAE #13] Ze|FX li F7=5e] Zc}. shot &
MG e HEOE o] go] JsElm o £t @ oF 8 § o u[go
A9 %o ThE FAMAIEo] vl3] vl @& ul-&o] Ect. Iy dFe
2 Zgo] &olstn, FXUAdo] glon AIF FHL siRe] ARH A
2 JdAZIchH

=
L

KX
.
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(8) €& AntA4
dg(wet ice) AuIAE Wy dulA2 & AHESH AY
2] 27l Eol dol AFE ATt Frlol o thEFHA 242 280
scfmO 2 otE ¥ el 60~250 psigs AMZZIT) o] AP HS ufAE A&
Heje] ES A&ty wel] tiE 4R Fo] a3 EHA] derh A 4
3 i oF 24 gal/hre] E9] %‘*“E‘U}. APEES FAI=EY olFH
T, =23 tAE EdIe] Az, 2dyd 2 dAE F2HA I
of whe} chEA Hrl.
HAE = e 2¥¥ Eolth gy dAns=E

o ORNLoflA] AZ&3F X+ 11 gal/hre] Eol WAstAT)

(9) Strippable Coating

odxdHe nEAHOR UYUF 2AEHLE LA uAl AA
=]

st masel it EwHed 23

=)
chloride 94- Zto] 3H§._—\?: %Xa]‘% HBEE AME3I=

G e Ae ez FEsiel dol AUAA WA o
.

o] et RE el 29 % Aol ol sbsdith Self
strippable coating & TIEA0] o Edolgt Fgo] shssin F&E
W aEuke AASE UE 48Y 4 Atk 53| AatAdel A4
of B WEF o T LEA 4 TS golFE
A7kstel 23 IV Al WeAS A VAL F db APFHAE
olct.

(10) 4 AnbA

4 Qe A A L Fgint AA(E), Qe o
05 TS TSt ARVTL AAY Mol Pete] fAFE
W HEPA H)7)A AEAES A8 wEel AdA 71F 2de 9
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L4
o
L
o,
2
N,
ok
)
s

gidol girt o AEYHL Eoil Edol=ut ¥

2 Aa"e] ANY Aejold LIRS g 4 lck

sidolut foldel BetelEe AM8eA %3 TR dukal(ol, AU

genlE 4E, AT shlol= U Azhd)e B2 A8
QuolE JPIRY AA BT UEAAS BHoT 4 dAupdd

olgstatt. AATIE AL FHN Af% zholx +Hol AL &

duol AEEE Ze dAuiAE 7] ¢St o8 7HA|
Aotk 2 A BHE o] =(BC)7E A H
opld 2AL 8§45 5.0 m/sec, dubA] Z7] 0.5 mm, &

< AH&3Th JPDROJA AT @A AALH A3
1222t Fofl AGAST 100& LAt T 304 eI R
JPDR Au#( 2959, 1x10° Ba/en’, UEHZ 2,0 o)) AP A
It 124 Fofl A EAT 30 ATt 1 F Aot
WA A 24417 T AEE A3 oF 1,110 7HA

do
N,
-

2
=
e
B L
d

=5
2
2
L
Ug‘.,
¥
1
13
1>

=
=)
2
off
ki
oo
o
=
®

il
£l
2
_?l',
[
P L
o
oj

& AFsE Adzuel dupxiel AdTirES
Z& it AN dAmest AdAle 3
o AQEINE 4L 4 A o APy
k=)

oﬂ

O W

A, a7 d B3 F54 UF ERAde] Jhesta dAEE
k-]

JIEeFo] A u]-go] HEE FHol oltt. mFolA= N-Reactor W 3
AHH Plutonium A2 F-Fol tidt AFAEE 83, 21T

1A o] 20 o]de] AAATE . AEEHe dukAEZ+= 0.25~2.5

mm Z7]8] BrAZF, AHJYAZ W JE} 2453E So] At
dry %I%L AErled n=d F2 = 32 E EHo| ¥4"H 2

BUAE EEFHLE AASH=H AH&E 4 3t} lead-based paint
chips, PCBR &R}, asbestos Q! njA|3t F3] Wit ER ] AHAHo A}
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¥ <= gltl. BE HEPA filter 7} FH]¥ A& zﬂ.‘g
d F HNELE JZAF L7 EAA FAE
&2 2o olgo] sslin, 2@ ft' ¥

S
T looselAte] Sdolst HEY 4+ Yirk

2,
=
=~
o
oY,
2
2
2o
X
rl:l
.

L 23y e dE AAe
A2y Ajdof A wWAEshe Zﬂ"“ . 7““@} 5%3]7} rekais i"é’%“ﬂl

o] d&, "= T °JZ}‘“4 1_%1%01]*1 N 7H%‘6}5’- sich. °l
g S EE opdste] A FF UL SR Sl mel
EEm, tE®FQ Je2E /t23RE A% AAVe w38 24
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Fig. 2.1.1. Carbon dioxide pressure-temperature diagram,
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Table 2.1.4. Critical point of supercritical fluids,

= 32 Te/C Pc/bar
CHy -82.7 46.0
CzHy 9.2 50.4
C02 31.0 73.8
N20 36.5 72.4

CHCIF: 96.2 49.7

CH3OH 239.5 80.9
H20 374.2 221.2

Co; o]2le] YA FAE TR3PH & EEute] oyl 2YA FA
o] <& Ao 28t A} coating, Ful WIE-& LunjE2 o]8, X4
Aol 23t {7152 AEs] Fo] o]FoX|a I Z&Fok= Tt
dct

Ukt o] B¢ ZQA O 34 EAS
R

. 8318 BAL YA S
el 1ol e
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Fig. 2.1.2. Removal of oxide-layer by supercritical COs.
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l & o dAFHAld dve JIeEA BT *‘*‘01] oJstd 2
A =5 ARBIS)E =43 7FA(1 torr)E EaRn} Helshd UL 60%
7b B F5EE CFRt 0] E3VIA(L torr)E Zel=ul A 2]3hH Co-60,
Uol Zyz} 30% W 65%0]/do] whajzho] 3wkl oL o sHE A AF
EH A4S - 20"4 BrolE 22 A= AE

<,
a
)
ks
%
n
P

A8 gle AXAYE 7Ry JsAEE By

EZE SEROE o] £31R] 2 A - Ao/ 7 "?:}3]'01]*1 e Zﬂ""ﬁ}%
ol o
E WE3E 0F;, CIF; 59 132 ut
£t L olef T2 1A kg JlALE FetA o g EorAdsln =
do] o FH AbEE UjHe] AlE o4 AL HAFLo] Yri: B
A Zo] o] FHLo AH3tgo] glor} 1T AM3H dubFEel Q9 Ed
AL3E 2L JI5EE Rasta

ojAte] YA Co, Ao SelRnl AEH e dJdg R AR

& LR 3UlRTi= olFo] JHsdt HIELS UL E 3 279 o
TN Al F3slaL gt o] Ay AL rhe gl
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o UCLA/LANL(Los Alamos National Lab. )

- x}ololl A Plasma jet(APPJ, 13.56MHz)& ©]-&3te] F& TRU ¥}
&9 WA SIZIE(LLN)S] AFE F3stden ojuf feed gas
2= (F4/02/Heg AHE3tTE X Rl o 32 u]-§o2 YA
S 7] E2] A FolLt weapon-siteo]|®] -3-&& 98] LEHE APPIE
dA ol alch
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vaste} EJAEE A A/AFsIATh EIF HAE Este
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AFolrl.
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st o {rlE2] 79 99.99%2] effective destructiond W g},

o ORNL(Oak Ridge National Lab,)
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g, 22l F497] 8 (netal scrap)d] £-§o o]&3lw gt} E3
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Electrico]] Waste Processing System® & ZZ3}gc}.

Retech Inc.
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ol SI71EY Aggge]l o Ay 1E Hzo E3h
PlasmaE ©|-&3to] migdge] F2& H3ps}r7] $13t PRISM(Plasma
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o GTRI(Georgia Tech Research Institute)
- 100 kWe}l 240 kWe] 2742l Plasma TorchE o]-&3t H|7]|E2] Ao

AFE 435l 9ed, dxjEe HIJIEL 2|3, PRISM(Plasma
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o Europlasma

)
9o, BORDEAUX-FRANCE AdnBl= 7|& 42z Moo F2]3 Ay
F71x70 Fduleltt. o] FAE T EAIZAFHIIES LY 400
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Community®} ¥+74] VIVALDI(Vitrification and Various Valorisation
of the end-product)gt= HAE 4383t Qlct
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Zolt}.
o A7 Y)3} (Tokyo Institute of Technology)
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ZolHE QU A S/l ) edHe 7 3
W zal o@¥A By @ BUE A} sk AEGAN Rt
gth. Zel3, A%, HYNE BA, AR FASTE 19944
o 1406] PHS] supertund 7|3 HE3I0] W3Sl AFAelL L@
A} ol NAY AP superfund® A EFD MAjelA HU7FE 3
1= 4%e 2 geA gtk

ll‘
O)’

2 2 AlA oiE(1940del) " @E 712051950 - 1980
A7t FFRIE g, A=(SF £r0) stk 87 AzRE

2F)2] 50

28] BAtegRE e A3, B, 5% IdE AR, HAEE
AR RAISlY] EFERIE #HE, HI A HAEH ?1’1‘ d HHE FEl,
HelFo] ZEREEF A%, o Z 23 4 fx], 957 A48 #2
d#e] A ol $% A E(nuclear weapons compleX)OI °Q st

Zh wiAlmict /% A E9 WA SZE F2 f3 o] wAE A
T} 1989 d 7|, 307) o]it FollA 130 o7) site Eo] LGt F
28z o2 Hanford Site(PAIE, Purex W AE, 2929, R[5}
4~), Savannah River site(¥Z, HUXIE, Z|3}l4), Idaho National
Laboratory(S| 7| & A &4, #H71E A ‘X]@' stetaje] ZA) 2 Rocky
flats plants(hillside, pond) %©°] gt} AF7] AR A UAE = A
EAZEA 2 55 fEbe, EFEF, AET4U den, febE 55 Al
WtAlg]l = 222 polychlorinated bipheyls(PCBs)<2} %{—:}—é,"—.?—] S5 53
ojth. X3 AR AR A UAH 24 EAUE WeS EHY FekE
=3, H3A, o4 Aol ddrh g, AR ZAMA] UAEHE= 24
EAZ fe2hE, &FEE MR T YdE(HERAE &), 24 A8l A=
o 3tebE Ee] A UAEEs EAE G % YAbsE @R & 33

of

2(olE 3 U¥E ol IuiE TSI Ui WA UBE 3
QHE 4 DIAFY PAbse TRUTL YTI] REE A= A w4d
242 EREE U 2 $ohs 5 44AES WA WA B Yo
H, 8% 23 @ #4 A BAHE BAS Sudel 2 B, ¥
A, 718, SulY FEE AW B 2go] Uk AT AW U YFu
AR A UAE BAS Astl A% 0@8 237 U =, A 29
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chtAlelz sichgEch 58], =Z3kA SN 2 19969 8¥€ nm]=¢] Flour
Daniel A} &3 ¥F 57t Hanford sited cleanup & A+ A5G
Lo cleanup H]-§&2 509 US$E FH3lx ol mF Ax 289
49 HEY BEL2 1995dL 7|1Eo8 & of 75

g S| BE BAET 7|7to] BRFE AFEL 2070828 o &EHc}
LAAY cleanup B[ EF
1E 2 Wabs ol3tE ¥ AUR] FL 2o

of whel Watd wIZ7IE] Fu], Az, AHE vl zjo|r} )y
Aol wtel ZA HEE 4= 9lon, 7 &
2 78" A, 759 59U 28FHE HAE H
Fekstod 1700 & - 3300 & US $ Alo]& R uF 3 gt maHE &
21 UPATE QPR QE cleanup FFEE Fof it}
o] ¥ x4 site cleanup H]-82 DOE 7} 2]3 9] % ¢
= HESIAL cleanup 71&S Wi, 4% Fo d= YA
A% oihs AWl ZoE uthHch FPATLE Qubks|ate] A
" cleanup 7]&& HAU 8y Aoz o9dH H|E cleanup
AlZlcth, 8]31, ANL, Oak Ridge National Lab., Sandia National Lab.,
PNNL, Los Alamos T2 FHATaoA WA 24 Eo AG7&S A
ul Zof glom Oak Ridge National Lab.-& 1996¢ HUJA]22] © gEx]
(K-25 site)oll A TUR FRO Ag7e A
st om, 1997do= 8% AEAZS 35Tt

o= DOE oA EQF A gzt #Hste] el ey 7y 83,
|4, HASZIE &, Az X, 3Ud §I1E L uk 3uy S8
of thd Ad 8%, F7IE uig AE ¥, 208 x5 &, =
g, Ala®l B8 9 {4, AE Az, AA] v]8Eo U3t SEXE 3
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7}, EoF M|E(soil washing)
1) B8 2 718[2.2.1]

EG AX¥YS 28" BUS Aoz RE Eesle] gdx HE
TFY F oA Edo] F3H & UelA A A Uy
ojth. AHpolle HEA], EWUEAEA, pH XEZY 2 HA3A7l QFJE
o] AAE ¢ls) HrHdch

2 FRAME LEES EYSERE Ul WHoR A AR,

ul

| & w24 wolyl( attrition scrubbing,
2eh} Aol A8sts WA F4D) 3} 2 AR FHE HEAA
& BT} e B Eorel] $Ha ek
AP vt T/ F2%, YA 9F, SIIYEE o9
H

=3 (o]
HAY WU shtelARt njFel 2 A

A= Z2lol 23 B AdY MEL iRy {F71/F7] LAEE]
=T H o HE, AE 9 §7] BEQ gt AFPdtiE Al 24
gich BpFo] Wi, AEU FEJ R S 2 Uz} ¥Ho B3
Aol o3l Eofgictes Zolth 39 Eepge o, 2RANE 53 2
ol TEEHE TRY AYEE vIF Aol Y3 Ealste=d ZF o[t n}
B4 wobd W F2 4t =] HelE FHE 2|4ES AA
2, o] WS EQ o Al Aty o4& AT APE 2 4
e 2D FAZ thA] Y&H $ Qi)

S FEIR 29 EQ( F5, viFEd §21E 9wk s 7o)
o] ZTUH defolTA v LT LEE =4 )

=g dge Qugos ma olf AAreE BRUL . =g
AHPOERE BT 2d4E 2] YWE He)rlee HgalA}
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744 A2 WAz e st
- AE 3719 =gl B39 §718E AA I} oYk,
IRAEY

A B MFHEL Gl FHe 1A AFRE A g njZolA
At o7 AgHr} 1986 ~ 1999 ¥ ¢t E 7]&L n|= DOE 4t
P 2dxge] BHdE& 23 48" Je F studch EQG Ay v
‘o] AFstm BHFE st WPFY shuolt) 1996 dxo: n=
FAloubFoll A TR FRL AdFo] F W A¥HACLL AzAz 2
E& gato] ALEE UL EQL 3.5 g/kg B2 YoE QodEgdly
AAAZE Bt aatqoldet. AelH EUE W] HEE 0.2 g/kgolgde
™ g A 6 E2] Eoo] AelE gl

) AE v]§
EG AFYY HH v]&2 ¥ =274, HF @ o ot o
] HSER| g Bube v]8-g X3St 189 170 $ Yoot}
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U}, Soil flushing
1) B2l 9 7e[2.2.2]
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Soil flushingS ¥R A|@7|&oltt. B F52 2¢EEY &3I=E
Z7lA71E B AL s Bo] Ede] AZFHAU AeHE A £
A2 A3t FUE F UEF =5 —’F%} T
o2 aEH I F F& Aol FEUS

sHssicta A akg Eojob Tt AZH A8t flushing —r‘% 28 E°

2yEo] gon AEE L W& o] WEIIES UFAINI] st A
9t TRELEE FuiAT)I] sl AARAE flushing FFolA THA
AL&8te{of Tt Zﬂ 4% flushing S 2HE AWFLAE Felste 2
e B 2R 7HAg AR F2 dxtolth. NS AstA =HA
229 2L &3 ¢ Jjel 2ASHo] U
5] A Eojop grt. zjA¥H flushing 224
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}. £ 7142 V0Cs, SVOCs, , AEA 52 Ae &
th2 7lgol sl HI%OI '77}011:} F71513tEe] A &S
717] 913ty AABAHAI AHEEVE gy e, flushing o
2pH 2] BE|zety 4AL WA Z £ ok & Ve w2 E
B tiadet Hele] 7] € 7 2 3
OM gl FE7E 2QPE + Utk THede
A g%
Soil flushing?] L4z &5 A3ste AAl= thaap Zrh
- B3pgo] W EQE AeElshr]st ol ¥k
- AMBAALE Edo] 2 £ JoRE EY RE ITFE Lo
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th A¥H LR, soil flushing o] HAE APz AFEHI siME
F2] Fdol st 27 stolld AHAA 9 ofA e do] BT A7
E]o] Ao} rt EPA olX= olF 7hHsdt soil fushing FAE |3ts}
gt o] FAle ZASII] o R3MHIE AFA A AEHEF %
A= et AF7HA] FEHLE FITH o= AY drh

T}. Air sparging
1) B ® 78

Air sparging 2 B3I Y Adrle wielth. 2dE0]
UE 3 AARES 2 3 njloz FIE FAUCh UZHE F
7l HEE EY HE T £ F2 3 YIS R o|Fth oI} F
71e 5& 2985 ZU|15EA( vapor extraction system ) ol|E 21t

Utk Y 3714 2@ES AASI] A8 air sparging 3 3715 E

HE 87 ARITE o] Jled Astedt B Abole] FEHo] FIHH
A

JENE RRAISIAL Aot 2dE& Rrp wWol AASH] g8 fHo] AEF
A= gt
2) 387

Air sparging < VOCs W AF( fuel )& A E3t=u] A=)
2 Aol Uiy ARE AMAF gich,
3) At
£ 7€ d843 a%g AUt Adxke o3 Yt
- 2859 Zo] W EFFR|o] ozt A o] agE|ejo} jitl
- 27159 BEL EF EX]2 R4l AYSIEE A ofo} gt
- XA YE T3t VY EEOl F dFsA 4& 5 Urh
4) A F
Air sparging & & ¥ 2 ~ 3 ¥ %¢F n]= DOE Hanford site?]
AzA oA AFH AFo|r}
5) Ald Hl-&
Ae]" A3t XY 1 ha o 371,000 ~ 865,000 $ o] A ¥}z
F3Hrh
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g}, AZ £7] $2(vacuum vapor extraction)

stripping o]l % U3 A gt} FEICE 7,1 2|

HOE LteA] o H] ZHA|HAZE Eo7l=E Zasd olgg FF
BrEHC X3t RN HEATE B SHEHEE LE9E 5EE
A3l A" £ Jjed dR 429 d F Jleojtt
2) &%
2 JlEodAd P 2EES 2™ VoCs, SVocs U dF
oltt. & Jigg HIEAIIW u|EAHFH V0Cs, SVOCs, ArEA] W R

2 7€ FHEEH BeE Astes A= o3t ol
- A3t ArEd Sd-o 3 AVt mtaE sHedel slch
&2 i F( aquifer )of tfsir &&o] Wzt
1) #9147
592 o] Aol AREEe] gom FHZ v|Fo] AiE At
Stanford tj¥oA & 7|52 HY( in-well sparging system )3}o] 7jut
Zolm AF DOE 2] 2@x|Yel 3E&H oFo2 9lr). StanfordolA i
wE 7|42 AL vapor stripping 7]&3 air-1ift pumping 7]&& &
&3sto] AHgSh= Zojrt

o}, n]A3E ®¥k87|(bioreactors)
1) B & 71e[2.2.3]
2 7l&2 oA A&t ol oflth F&H R|3lgo &
Aot LEES 7 FTFY nAdE I FEE o ok A, A
st g X| 8} 22 77 AT AR oA 2Ed AsteE FUI7t



Y ZWol Uold &3Hrh Ex, A u]¥E X ( rotating
biological contractor )&} JZ}7[E AMEShe HEA O] dojA] nAEE
2 £%7d AAIY( inert support matrix )of $|X]3}A Hr},

2) 3874

2 J1&olM I3 LFGEL SV0Cs, U8 U nAEe] s &
3 Thet BEE 7Bt £ Jled A3 tiside W &313 o)
T} PCP, chlorobenzene W dichlorobenzene ©]%d | (isomer)e} 7S &
275t 3RS ois] AR FER ofe] Mol HEHoT S3yEY
cl.

3) Azt

= 7led A4 g Aste dxl= e gl

- *317‘] THELEHE WA TAEES A2 B2 HE= oo dh

- =Y 557} ¢ £OoH njAEe) L 3K toxic ) mHch

- %"45} A 2R 3uUd Edo] U= 37 o4
< oF7IAIE 7Hs2de] dth

- F9 2ETF dod nE 3 £=7 243 Hojxy 1 A
to] o2 4% 3 7Y v]&E FuixLch
2E ndEo] FAREEI] AAo] $4H T HAH o]lEL x|
A A 1T}
REAES
71e2 Ad + Add ¢ EA dH52 Ao A}LEole 3
WL 7)golnt. EI Adujel ARE YA FE 4 ch ciE J)&E
op7IA 2 PR shed dele A1k A5 BHe] =AM xsENS
FE 2HdEY € Sxof A3 A ¥ o €3} nAE o]
A7l vls) RI-g& =} wEc],

) AE v&

Ad v FAddol] Exfzte 2B £F W %0 3A 2
STt AETH AHErled w4 FFHe) uwls] B Ax|FHo|t)
9,300 ~ 13,900 m* ¢] EHHo] BKE WAE 71 AXES g o] A3}
=u 225 += ¥]-£&2 80,000 ~ 85,000 $ o]t}

2
ng.
>
r\l

of¢
===

ne
kol
X

r}n: —l> il
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H}. Bioventing
1) 32 2 712[2.2.4]
Z71E FYgol 2s) v] I EoF U2 A4V AEE E
% U atd =7 FUHTL AL Ftel wiel B W njdE2 4
F718 BE=E F7M7I= 8 Ag7gclth. @A njdEY

o]
HEEE FAISlo] FE HEE 2 JledA AEEe F714

&t
2) L&A
E yles dE, g3} g2 82 u), AA], WE BEA 9 2
B

F7IERIER 29¥ =YY A& 43He=E AREE] sl vF & Wy
F71EE SAFIA] R, e AR S FU1EY 4=t delE
algled AHE 471 QB ndE 52 Fu 2 ndEdl FUleel &4,
B5H 4 e Aol Stk £ Tled ofF AF el ARt BEe sty
F7IEE AASHAY BEGE g7l #ET 7ise] H Zojrh

3) A

2 71&Y F843 25& APste dAe o Zrh

- B 71AY] FHEE Z2AS] A AR AR B d¥el

T3y Eofof il

(B rlor

- 2 7led] 4l ¥FE Fe I T EY AdE, FH=Tt
e B F2 AEZFE 1 0 olve] #|skert Exfshe B-folth

- FUIEY ¥ st F2o F717F Bk o] EAle ZA
Ade F718 F&del os) sidE + glrh

- BEY 271 ded ndE 3 dee]l AREHE Ege] AxF
v WFLE Hhgo] YHTH

- Eof oA uir|Ale] g A7t Hestct

- ghef Bz Al dAAG 718 «BACE SR detid 4
2 H3EF ZUE nAE Fdle ZaEel = ¢lrh

- 227t wod A G e] dojict



4) =903

= 7led I E83 G gdon Fu= A T 4 Ut
53] & 7|42 soil vapor extraction Wz} 7| AJLETE ZAdFo]
At oBEL Sk T2 Jledt 84 B 7148 ARt 2 E
H{3ke do 285 A7 24H mjdY 33 B3 Eoke] E
goll ZA o] &3ict.

5) A& vl&

1o’ o E4E Adshed] £05E M5 Zule 10 ~ 20 § o
th A ge]gol L s dAEME 2EE e W 5=, EY F
e, ¥ *}01«] Aglel B+, FUFY S L wivlA HE] v]go]
cl. 7led 5] avte] Aulyt WestA| gon AUz Bt

=
g deER b W AT A EX A2y FXE 9E F

A4 a7} Basie,

BEIH E3ME #3] vEE7] Uolld AEEE EXS UFE zzbolh
LR 2Zto] &% FIIE FAEFAIIE I Aolth ZFol tjg wiE
AES A% HEE7lE bench FEE AMEHTE AR F2 AHEY AL,
dad Ao UF 27& vt 23 7Hs3 MF &%) (shredder)
7v A8 E T A3 A Ae FHulgp A UE Edols R 274E
2 g9 grh ol Fel Ao oisiy =& 2FY "eE gt g
2dEe 9IstE AdS AT BEYF Hi) == 30 ~338 °C o o
BEA o] 3] U¥H d2 AE P 2ASE RAAHA

o2t wleglolE Z¥ AF&3 bench 7RO Ao tisl, ) &)
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E HajAZicin RaE3 gt EoF o INT U
B FujzlFe] FdAo] HiHct. MNT 9 =7}
20 ppn O] O R Q¥ EQoAM HMREI|FY] oW FFH= HAY S
it B g},

2) 4874

2 Jled SZEQ INT, RX, HVMX o %’—ﬁ%‘qsi ZLEH iRt F

7o 7IREES A7l dloll AMgHich E3t, WA BaiFe DOT, PAH,
PCB W PCP &} Zo] E3JA|7|7] o8& Edo| thsixE &&o] 7153t

3) Az

2 7led 843 E5E ARt dxkE ohg3) gl
% o

l‘

r

- B¢, FFHE 2 &£8A] Vo] INT 5571 o™ F-8&o] ZHAHT]
- RLEES BMAAE HAH3 VEE nEA]F)A] Bl

Zlotstel A4 Mg, HHol olg wbg oA

4) U \:110151
2 7= g "oy volgHe th3t 2.
- 28 B, EFE Y &AW LB 5
- Al F o7EHo A& HF FUEo] U3t 29 F9H
- &St thE L¥9E
- Bof 5ol oid BEIT 24
5) 384
E 7led 208 ol oA ot H&EH o= AL ¢rh o
= ALEFTY i FEH I TdFE FR AZFAo] SR Y
t} Z7] INT %——:7} 1,844 ppm o] =0 30 A+ FH LA ¥ 1,267 ppm

o=, 120 €7t HEAZ F 1,087 ppm 28 ZHAE| YT A BEijL&L
41 % ol HE N LPEE AR 30 ppud TEAF|2] Balgo
2 F7HEAd a3t @2 y¥E2 At
6) A H-&
1o’ & 2L Adsted 285+ 75 s 98 § ojth,

L
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o}. Biofiltration
) B W AL
Hof o3 F71%

174 #7] L4EE2 BEUo® 3 ¥ B
A EHH o] 2HES EGET FAUCH FAH LEELS B &
sk oAl s Zsidch. 53], 5EE FFY | olE 3]
Helz FUAAZ F M3 JH2AE FAAE 53 3gE S50

2 Tel"tth. Biofilter & H-8¢] st FAel vjad of 2rtx %
& 7R k. &, njdEo] MAREZ o F5o] UFA &
A"t e, A7 o]FRA| ¥ ( mass transfer zone )& X o] ¢b3(
stationary ) AJTiZ o= E7] wjEo] ®©e] ZolE IA &Y 4 Urh
o2yt Sfof 7]Usty Fxpdulnjel HEHIE 3A Y 4 Yt =
3, dEo] ©x ZeElEE Ao ollzl mHE = Jlgolr].

2) 2-1_9_)3

ClE AESHE whHz) npEUlA|E biofiltration & 2.9 EQ] o]

BE Folxol A o&3rt. HAE 2ol FA|HH, biofilters Al
A2 RE AFH 2EEEL FIELE HIAA AAZCE  Bio-
filtrationolx] SR Z 3l= oé 2 4] €273} vocs &f AR EZ o]
th. Y23 vocs = A€ ¢ Yxnt d ZpFolct

3) A3

N
m{>
lo
L3

%M4 B5S HTste dAe o3t Zrl
&% biofilter 8] A7|o] o&§ic},

1w
fr
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Biofilter & A\t 20d F¢t R71ES] £3llo] 42H o= AeE
ok A2 FE2t Aol WHASA AHEHL Lot} nlZ oA
ool AL Heolx glrh HofY AA 2L §A3H] 93] &
, PH, 2= 9 T 28] 43y ZAEC] ZAIE oA o} gt} mAEo]

T EAsHA =HE filter off Bo] WX Z=AY wsl: FL7} glem
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2 filterE 2|3 W22 M F3lojo} st}
5) A4 ©-&
LEE 1kg @5 ~10 $ Bsloln},

2, B9 Z7] F2&(soil vapor extraction)

) B 2 718[2.2.6]

714 FLd Elol B B3 3 &;80113 FHitEo Ue
T UES F& FH AFE dojErh E A= wivA He A=
E¥HLE. 8 J]€¥  in-situ  soil venting, in situ soil

volatilization, enhanced volatilization & soil vacuum extraction .©.
E od#A gtk SVE & u] Z3A Y Eo] HLEE 4 Ad7Eo|
oh EeRRE WSk JAE 2ABe AW F AAS o3 He
Ho} Atk 1.5 n Zole] Eool tja) 42 Wate] 2T 22 AlLE
A 91w Holel Eel tsjAE HIHoz HAgHch odx e
Adey Fel, 2719 24 9 FABH QA BE2EW Sy
2] 3= AMEE A £ gl
AZE HolFel wret Aetert A2 WAUE Ae wWAsla v x3
Aefe] ZolE FuiAlzl7] Slal As4 Wt W=
Fo| 2UEBS, FAEI WS EQ 0@E 9 miix
§ol5tA 317) $13) F71& FUshe Zo] o)

) 384

2 7lgdA ERE 3= 2GEL V0Cs ¢ dEERolu} 7
&2 Henry A7} 0.01 B} ALY Z7]¢0] 0.5 mn Hg o]*g] :?"] g
H3Eo] H &AL S5, AUE ¥ L ERY 2y Bxxe o)
SVE &] Zgo] 3L i) SVE ¥ £8( heavy oil ), PCB & 2o
dioxin F U ZF&4& A ASIA] E3},
3) Agr
< 7led A4 A AstE ARE et gt
- B0 HESIALU SRl A =HH ( >50% ) Z)o] cizl
FHE7 AAFEE 3 AF( AGH] AE )L HolFook 3ty SVE

§i'd
to
g
W
B
ey
tlo rlo
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o] JhEol U d¥E nFch

- FAET} A Hshes Bl thal 233 Alole] Aglst Holo} &
Tl O33x] ow o4 AHosfe wWAsle J1H EF0] EF535MA Heh

- 71 8ol ALY v A" EQL V0Cs of tis] Ftsol
AZA He AAGEL] HLE ZeIiTh

- WEE I FFI BH WE FABE A F oo} it

- WiZIAl A A3 gAste A5 AAY AR T BAERE A
/A EEofo} 3irh

- SVE & E3x| o] tfsir= nlE I} olrt,

}L N

Mo

35 dlolH
E AE MdAsI=Y Lo ARE JS wuk ol B whyo)
EFgdS sHsty] sl sl R 22 dYo] desirh AdA F2Y vt
T % 4t &3 228 AA SE71 Z3Elol] o]EH SVE o
2 7HEE oA 4 glth SVE o &3] SEEo] AAH X, wrer e
Ag HBAE WHA TR Rrhd Aot Z2 e BELUIE&S 3%

SHe WetE ALestejof jiTh
5) g vl-&

SVE 2] H|&2 FA|5A, Fx] A7, «l R e U
A3 Sl miet Apolzt ¥t 01313} °‘7<} BH 2 ol BF
< oAIY $37] §¥3 IF=E U FA Fdo 351‘— A|Zto] A dn

gol g3 Mt} Bﬂﬂzﬂ A2 EL v Ro] AR JYg oAt 2
Fo] AYPHE FU¢ B 94 A5 &30 AE A Ayt ayF=e
Agug2] A5 2471 Hrh 1o’ o B A@sh=t £8F= H|&
210 ~ 50 $ 2] Heloln IUFE FEE Aol AYFHOZT 10,000
~ 100,000 $ o] AQHC}

2}, Landfarming
1) Zel W sfaf2.2.7]
LandfarmingS 283 EUS Eo FH Ll F 780
= %

2 HYA HIEe 37171 38 FLHES )
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e JESE HYrlE otk 2dEY IIAXEE HAHATI 3
thee] B¢ 2o 2AE oo Trh

- FNUR(BN F2 B AR 23)

- At EA(te BHE MRSl EQE EYSAY TS =
golgol 2 23d)

- Aol A3 2 AR R ) 24)

- B¢ FE](EY MAE HI/BIAU B Sl o3 24)

2) 3873

2 71&S FEARe 23 H3HeE AHzd =2 v,

PCP, coke waste & At=A] ot}
3) A3t
E 722 de43 2% Agshe dAs o3t Zrh
- thHE FZre] Wit
& vhold EA|7F UASIE LEES I wE
F7H4 ulgo] 229ch
_ V0Cs Q@EEI} ZHas}
= 2t 3ol oA o|th.
- 2A1gt 2 U LEELZ olE°] VYR FiE 3] 2
d& WA BEE HA g FHojof Frh
- HA]E YA 7= E-o tisiE 5EE F247t 27"l
- ZgolRo] EastA HE ndFe] U J¥S unlAL 2dH
EQOoRRE X|3loE F&ol&o] H&E o] Folrh
4) 8% dlolH
E3], Hdgadel g5 dAdY Aol s & Ale Fglol At
grh. i BEIF A {FABHA, HAAZR 2| FoixH

lo
6
i
Hr
o2

A2 [ AE 3ol 27t Zlo] Hr}

fr
i
¢

&= & il
LHAEES A3EHA] ¢ EME Wzt U, AARES L4¥9E
Felel 5=, EQ Ful, =, £%, A2 HUT 3 ¥ 2
+th.
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5) A Hl&
1o 8] ES FAoA A gsher] 2% vl 30 ~ 70 $
o] Wejolm mhjo] APt A 135 ~ 270 § o] 2%}

7} F7] R (air stripping)
1) 34 %@ 71e[2.2.8]
= 7led @ Adiyol ohn &S] spdEdct 2ddH &
o] F71% HA&she EHAE FUMAZ 3 A3ts-E7E HU |7
ES5o] EHch Z71E Eolyds= v( aeration )2 F packed tower,
diffuse aeration, tray aeration % spray aeration ©] Qlt}.

Air stripping oA U LESIEFE B2 Adfo|Fo] U
Agict, 2 ¥bHoll A& packed tower U} aeration EY I LjollA] =|sH: A
317t 38-dct. AP A packed tower o= ZHU A HE 2494
& AEY 5 =S § Aol spray nozzle o] $xj3lH, B ZE
of §3ste] F71& TN + AEF HIV|7F F3Fe] glon ¥ 3}
o= AEHE E& 8 + & §Fol7t Ut Ao FAEE B
£ Aul2e AA Z2E&E FuiAI7] A% Frvtdrle 9 A =4
7], S Al A, FUNE 27, B 4% H7E AHe AE,
olAl b ZAZ] A Fuld AR F2 4 abst Ay gich
Packed tower & % 1A Ax] F2 olxalo g 2tHc},

Aeration tank &= 22@G7} T2 BlIANE Iy vHEE YolZo] u}
gt 3Ed ERIES AATC T 5719 €717 ( manifold ) of &
3 EME2 FXA glo] FVIet Bol AFY 4+ UEE dA=HAC
4 EZY AAo HAY HEZ ATE BFE £ UEF AW
(baffle) 7} #ZHc) AF23% aeration tank 2] 91A & packed tower(
5 ~ 12 m ) of 83} =77} ZcH 2 m o3} )&= ZHo|t}l. Aeration tank
28Y w&EHE FJ)E packed tower E FE wj&H 2] Az
QT WY Asuch

n o

—

Air stripper & &4 F2 FIWEo] 71dFog 432 g3 HE

EHEE batch Ho2 715d 5 glvh. A=A vollA E3A7IH 7
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T 280] 4B HEE Ao vl batch M &) o] 43t
oz &= &
2) 387
< Jles SEFH VCsE Zeste o oj&"rh =g,
71 2@=9 AAdE wEEHolth Air stripping & A3 A
of EIHAA ofdAE ZAshe A= Henry soltt dtzoz
0.01 atm.n’/mol Bt} & & 7Hd A4 B &g A8Y o sivh. &2

7les AME3Y EE2FE dI3FoE EiEE APEES  BIEX
chloroethane, TCE, DCE W PCE o]|t},
3) =3k
2 7led H843 AeS AR dxbe ot 2l
- F71E3 n]dEel s Myt 2E8H Jhsdo] deBE A
& StAL FI1H R ¥ AHFHstelof gt
- &°] Z& uj VOCs & Henry A%, ®oll AM2H F3xe & 2
THE Leistojof Frt
- A2oA 3ol W FHUEEL HUE 3l E AFFE o
A AlAoF jirl
- wi7IAE A gl stojof il
4) 3% dlolg
0] 4.6 ~ 6 m & AYEAQ packing tower AMRIIH AA &
of o]t} §F Wz air stripperE 3 Hzjo] AFE AAs)
T& 7td, F7/9ANIE FAAITIAY B8 TtdAI e o
0] otz HZIAE Az3t=d AMHEEHE 71E FAE &
HoR A18Y 4 9r}. Aeration tank & A% chamber L} trayE
Zreel el F2 3718 wel TFUel A3 wobd & gon tank
Ut AASEE Aol 4% ]Z]% F2 d=folrt,
Packed tower BENL] air stripper & 7}E Al WAELE Q8 Ex
FAA 7L 24( fouling ) Eo] F7] %“—7—01 Zade @igolrh. 2
2 W maved Zol FFTol TRE FE GEY a3, AsA

2E A A EHAA mdFo **%“ﬁoﬂ uhet g

¥

2

M nR o
2 o rfo
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2 7l £2F= F8 H[&2 A3l =, FYo
U 13 Ar|Zejrt. 2 EER, ‘o ZHele ¢l
g 2|3t HE U ufj B &S AASlojof Tt} uiFe=
o 4 ~ 80 L HLY £33k 7IR]&= HILe] nl¥ 0.33 ~ 2 HP, 80
~ 290 L B9l 3L JIA|= Hxe] mEg& 1 ~ 5 HP, 380 ~ 2270

t HZ g2 5 ~ 30 HP ojth. $87] REg
o} -& air stripper A7 0.3 m ¥ 1.5 HP & 7}# gt}
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3. Fule] A7 BF |
EqguZRAYe] 1995 d 14 59 PE=Ath PPAAE EFege)

2ol A% F7Hta 93 F4BAAY 5o Edode]l 4HL

Egode) Akdeld U oA EG A4 Sol VW FYAA welA

Ag nlAgesA EFRAL Brt AAZeln AFYos 3

g Rolth.

ZoUEoE, 1) BAVPVE EQRA BY 72AYS FUS,
¢ UL P4 2o, EYoAFURANE A 53PS
FAES st 2, 2) EFeAPWANN AAE AF F EA Aol
NDFD EGLAYAZNE Stolok st FAHOE EYOPANE A
A 3 AFE WAES S 2L 3 A S S Sed i

= Y EB¥8L ¥ 915% ‘}—t— Z, 4) E“i‘”«l "él—-‘-—i} 3ol
mhel Eted eyl EdedusEe Astn BAEAY © A%
52 =xAk= 5%*3%15_7} °l NES 25_46}% S ESFURA R
£ BIAY EQRAUAXGoR Hia, EXY o] 5L ANY 4+
Q=S she aﬂolt}

ESTRARAYAING L 19959 129 299 tiE8 148483 2 A A
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SAnEug Aol ZUeq WUANLE oF 2oL, EoE
FAAEE St 5 EgBRBY 718 Hr1He= Adstdrt
A 220 EFL@BTo] FeE o] °‘—‘=tﬂ EgedEge 1) 7=

B Y O I3E, 2) 3 9 2 5¥E, 3) 89l W 2 ’E, 4) 2
g 1 FRME, 5) ¢ 9 I 33E, 6) 67 AFIYE, 7) RUIUEY
E, 8) aa]ﬂia]H]OIEl‘: HlHd, 9) AJUIRE, 10) HeR/, 11) &
F(E - AEA A), 12) 7IEl §] EFH /A EXEAN EQSEY
A& 95t 53| Jrﬂl%} WUt ot Qg BFFHU] HS

Ed2 3] ok o]ZRE, AP LAEYe] TAFlAM AF
5t SHE A 1220 TIUF =7} ojulsitl. WAlAY 2EER] AHEs
ety A EADG BEE 7S FEslolory Aex vty

rOl
rl

dut BHAYAM, LFEY e BIH Ve ui¥aY] BH
eoiEta, Z3d, dFAATed, A, *igtﬂ, St 2 F73+,
5, A SoA dFE +3sha Urh

iz uloled, IFAMIe A4, el
&, AZAT4, U BGRF d74, AFdE dHE, FEAT4,
AR AFE, ABATL, KIST 59 747t LHEY AFGHA d7E
FPFA Aoz A gt

A EAHE(F), AEARI(F), FAEY7e dFLolA

OL

)
p

1
B>
&
A
N
r‘\g
2,
1

xr Ao
Sqel 20019 49E AdsiRen, B 2EEG A
et BAE J1E Y ATE 1996 d 2re PIAA AT Lo
A %uEo] Qrh WAAA ] A7 AAEFE, KAERI 7h BAF Co
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A B} Aol tigt ElgEo] YF( FIE 1/8 o3t ELE HA)H
gdorg pilot @ AA FR AEFHE /MYstes Aol AAZ Holsl
th KAERI QlA] AZz:e] Ma-gare] E3tE 3 = EAE 2 2 2008
dA7kx] WAPdsiZ1 B AR dside ESTVIES Ao A8Y
"ot gt Aol 25 AEu] Azdo] sHs3tyl A o2 oF 3,000
=#olt}, EQAgel= of 16 dgdo] &2, A AFE3te ol oF 26
gglo] £QFHER Ago] wlE FZ ol o 10 ddo] € Ze=
e

4. NNENYE AslzAte] ojdt Bt
Qut atdoll M Zl&e] ALt o] gol s EYl F2% U RUIEE

odEE A3 FAeb QR Akdel Apuz ol el s PpsoR
o@y Eore Hi wold 7oz oML WAL FALE VA
chgt Balo]

njZol e WaiE AT SHY BRI Y Aol s we A
3} Aol A7 2@sle] dold HUlE Fme olikg Fabsto] of
Mg PR AP $Ysta vk THE, SAlY A2y
ae wAse) AL Aeleld Ushd 7B Mz BA 3 shis 34
R g Aalel nlAE FBE TS A3} PR 0@Y =
g Azlste Roldrh

WA ARG APl F24 2@ EQY Bol uls ofse olf
£ 234 29 B sl 2@Es F3) olgelEA WS TR
2 vk Mot YA 2EEGE AN AsAe AY A =9
ol Exishs A WEY HEE FHE ZYstio} s, MY F
A Abes) AUD 2234 WA AT UE FE BAV BB AV
gz £9lol FUHE NS Brstelo Wrh am, wAEE 23 W
Eel e Hadsyl o3l Py 93T mspHo= AAUI Bl

HEAE AHE-gslok st 7leF A7 otalrh
EQS $#A3] B Avle EAe 20AM7 Sold AAAE &
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AlEE L olth mlF2 ¥ F 70 do
7171 ¢l8 =gt oakE TR}t 9l
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A 3 & doe sl 2 23

A 1A AGdAY Al 29548 9 ANAE e
283 371

1. 71 &

2YARs AlAdofA e LEEL] AHE I3 AEY fA 2 B
FAlo] AEREE B3l WAy EHE EFo HIA ¥FE LA
2, e e o LI EY AESSte] 3 & HIIEY A
7232 9% Aol Aot AEAG(EZFAE ) FEAE (o]5A
d)eE tiEE 4 3on, JEE LEEY I (YFEH, UYFE
M), 2954 (loose 2F, AP LY), AEY Pol= 5& ALY
T E oo} gt}

2 Aol AEF ddw A e FFE(DUPIC, SFRRAC] &2,
}ZHE, PIEF/IMEF) ©he|ZFoll £85+= A4 9 ]Sl thd 54

AmU B £ ool wet 1 ¢ W Hao
o] 33 W AAY AdTiPBel Ut 2@EHE vl AY 27
& Hsiglcl. olo] AT ool AL 48 AT A

A4, olAIBS BARE, 7l Hge ATy, o
5 0%31 om—& Leg 7140 B SRold 2P w Brist

2. 9343
7. AGE 24
1) Dupic BAR AHZAH 33
DIPIC ¥AT 7lgride BFHAd HAFAFEE 317 fside 2%
AEAdo]l "asty, 53] o] AL dAs EFA AEF PR 94
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EE ZIVEAE A5 diEel hot cellzt 22 W ANs A A ELU
4oz zAFoo ste 7led 54 wiol HEY I o4
& Zt3ojol #WTH3.1.1]. TFUAF AT LU= 2 ¢3H o &5F
AFEQ SHLE Y ZARIAH AL (IMEF) & H]E35te] oln] EF¥FHIL Sl
ZAFEAE A A (PIEF : Post Irradiation Examination Facility), Esl&
A g gald Sl7IE HE[AA(RVTF) 5 7] 23 7HeAl o] zholA]
olo} DUPIC A" AHRAHZ ]E'Ia} }‘])éa &3l ""@ ottt

of gol RARAFAEE ERIRT] Z‘-*}ZHM@*]’S@]
AEZ S ©I[ &Sl DPIC AT £, £ZA,
& ARt APEE +YTc} o|FA A=xH 3—‘3"131
1 AABCHES HFHOE LR oA =UAIEE +8Y oFoltt. H
AR ARAEF o F4FAA d YEHAYE 7Hs T IMEF M6 3t
AollA 433315, oo o] Erbeyt 23 W FRAAL HYPE
24 52 o|g3 Al@o] sHs¥ PIEF 3k, IMEF 3td 2 33t Ao
A 43ich DIPIC ¥AE ARFFF AN U= HIES 3
gt Axjof uhe} s stAVo] 3 - B3y YEARE AYY F
gste] PAPIEZIE FE|A AW monolith &2 F - &4 w7|EA
AAHZ A AR oFolrl. DIPIC VAR ARAHo] F5H F
DIPIC 8 W EH 52 55874 Weste shvt2 F2 PIEF A%
FZRZ A AXY AFolrh

DUPIC ¥dg AZFHL 5712 2y EoF &, ¥ H(decladding), &
w2 H| (powder preparation), pelletizing, ¥FAFTE A Z(fuel rods
manufacturing), ¥ F thd X2l (bundle assembling)l & FTEIH = gl
th EZ o3t FFE A st FAHAAL A¥H U {FAES H]
= "asdich M6 3t f AXE I 28Eojo ¥ ARAEE FEIIE
E35le] Table 3.1.10] UEepd nvie} 22 ojejrix] FZ w7 LQs)
th. M6 ] ] vix]e] 71E23A HEL LY Alel manipulatorZ}
A3 SR E FF LY oS FY AH rack L SI=F u)



AFgdon, AAHCTE ThEstdl FFTH(Mb)Z 2PF (Mea) F
Bolol S wAsATh e@THe 23M AZFYANY THe=
B So] ularg vt Qo] AT Belshy) ols) Bel ¥ 4
sttt 7 79 1708 AQRE B U Jet SRR ASTES w3
steieh.
Az Y A 74 % B4 thes ok
o YA s 2 AEE AW
dlE chg sAslel YAREe AEHL UY AT dEEe
Sl
o g WE, BuNel % 42N Ax T3
3

THE dREE 450 CollMd 4t3AA hullz BEUE EE. £
2® Ere tia] 600 ~ 700 °CollA A F HF3}I 1700

Cole A

o AEF U YA A2IH
AR pelletS HHAE Fo| Y JAYAE T UBS Lasers
o]-&3t.

2) SF AMcie] 3%

AHEFEHAE AR FE] LAY EL T TEE ETFH
£ @33Rl 208E A4, B d FIE Folth ol 2EH
A, 2w 2 LAHIE 58 teE fA B4 A AE flE Ad

o] "WastA Hri3.1.2].

Ag g LEEE A AMSTYAE XAlo] BeAEY oA
Hot cell, i Ald 9@ Fu] 5o @AAE oy 2AEZ Al E &
o] §x B Alo] dAsh= V1A, A FF H U SUE T3 Zol
Ed3] 0" A AAEE o|F3to APo] JheT olEAHE Y &4
EE &7Y + 4tk

A A iy LEELS AHEFYAE AAd e A Add =
TEE welAde] 2 W whe] A sl uhel w9l Al el A
x5 9l Fu] o] EIHLL
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Table 3.1.1. Major equipments of DUPIC fuel fabrication process.

%y T8 Js F2 AMY -] [
- capsule &%
PWR Rod « A}S-F PWR ¥ g ES : 8 rod-cuts
Cutter 25cn® Hxl - basket &-2F
: 8 capsule
PWR Rod + Rod-cut ¥|-E3
Slitter slitting
- Slitted rod-cut A&}
OREOX o
o ) VA
Furnace a )
- 21 dewaxing
Powder |- &% nlEa] 2 ¥
Ml |- RUsded R 2Us
| pwa) 22 a3
Roll - A 2]-8-%F: 5kg/h
° CEw ojulyy W At - AYELAS): M)
Compactor
1mm
-2 o W EFY
Mixer - Fresh U0; &7}
- zinc stearate 37}
Press - FEA A=z
Sinteri c2Z:1750%E50T
interin _ i
- Bl. 2732 2z (2t} 2000C)
urnace
- Ay 25kW
- AZAUE
Grinder AZAA] AAFAAA feeding
» container
- AR/ GEAY ZHol,
Pellet QC| FZo], A%, A, HUE,
ERzE 9 A 53
Pellet
Cleaner s AAMA W Ax
Pellet «1788]  trayo]
Dryer 4042, 3%
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ASFHAE AT BT AL AW AFAH ABS AR

Aut AP A utility Au]E EsHe deFY, F8 S8 IHE 7
Bote A o, ARRFHAR 5 D AY &7 HFES AT &7 A
F TR FEEHAE, AT FIHUE FREEAN, T E2 Fa 7]
& Zerh
o ALEFHAR £58719 £ A s
o NS FIAT AL sty, A & AAAH
o g AR AL A
o ETIAT B At U &y &
oA RITIAFT XAt He]TA
o JUA F2E X MU= A& =X
upetA o]l 2 J1eEE TSI T AP AHE W ], & 7
Zt2] 71%& €9ste Al E 2 Ao HAAE= A 5 A
5ol EAAE thd LEEE EFE 5 ol 53] Al oA A

AAE = 3t R 9 9 Fof ’ﬁﬂlg% 7}%‘ 9—"30] ASHA = F
8 AAMA Y thide] Hrh ojuf EE 3t il uiet2 AHHo] &olst
E & stainless steel ® glo|d FojQltia Er},

AREFI AR AT FFo QoA F2 JeE Ze AL ¥y
BE AEAY sy, ZA 4 AE A YAdEF L A, A" A
|FIdEEe] A, Hyg U FUIE 93 dAe A, AEFYAER
e S5 YAEE Y 4 &8 A/ BHE A3 S5YHAR A

AU FE5AdRY &8, F2 U canister UFS 9 Az FoiF
L2 fA/ERTE AT A U SHIEY 45 U S AT A 5ol 9o
o, o]Z¢] 2@ AIoFS Table 3.1.29} Z}.

Ald W o] /2] Eas WAV EY S dadolgia o
A gt olfel: 71A & AI/A2F 5 cierdt Heje sy xE )
AHE 7HsE 2 oS R ohvel U {2 Beale] Y Fofl uAyS)
F2, o5 9 Ad "ol 59 J1E S| Eo] WAL ol Uy 2
HEE F S7 ddE2 S7IE A AEE ZHE BuUd g ¢

e oo
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2
AL
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M
L
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2
L1
e
2
lo
_é
n2

3 T YT WHeE Aed
U HE, WH, 717%] &, AR FEF T Aelg Jhe¥
ZHE A G ALE o]Fdte] ATH AL =
YE FEZR] A Gt QAL Tt

g E=2] AFAELY HE o] FFo] FRH Fol 3iA
Al il s7IEe] WAZHrh o] F¢ 3
A tiFE dRolA 2dd 3 2H A Hu|e} JEl Al =
|dstA =Aqt Fgo] 7Hedt 71A E A=t Fu] 52 A&}
AR o]t T AEE U FFYARsY] F ol ubel A¥

FAeR YA gt

o A

¢
0.

(R N fr
02 e & r@‘ do 2 y
X, % =
o ox
i) 44 i
olri
s o
2 A
fr i,
21, o

A

Y
q
rir

3) +& W AZHEH FHI[3.1.3]

- o) A =
- ofzh B

- goold BE
- wh

e Hot Cell ™

(L) Htas 3%
e Hot Cell ¥
e Hot Celluf RM-g= W uwj
- 23 Az A
- AsjAE A
- BHFSHA
(2) o15AHE g 28=
o ZHE-E iy

- T2 R EE FA W owia|
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4) PIEF/IMEF
ZAFFAE AL Z 1985 o EFF o] 1987 RE 2[1Z7] AM%
FTHARE thY2E HAE2 ALEGAFL 235l mid 171329
AREFIARE Al oyt A} Joig HAAPEL st gt
[3.1.4]. A=Y AP JYATFAE, d8F 34 vinpy] g w3
A, AR HIYE EHAE FLE o]F ot
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Table 3.1.2. Specifications of hot cell in advanced spent fuel

management process.

Dimension . . Major
Item (LXWxH m) Major Functions Ma%oSinggi;ng Process
Atmosphere quip Equipment
o Down-ender
®S/F assembly o Fuel clamping tabl
unloading {®5 ton O/H crane o Rod fmp ng e
Consolidation| 21x8x10 |®S/F assembly |#3 ton rebotic systen reeren
Cell (8. 7-tight) 1nspec.:t1on bridge transporter e Rod basket system
o S/F disassembly ® Servo-manipulator Rod £
e Fuel skeleton eM/S manipulator ° transter system
cutting e Fuel skeleton
cutting system
5 ton O/H crane Rod . hi
P 20X 6 X8 ® S/F rod cutting ®]1 ton robotic :P Chu,ttmg m.';c 1ne
retcr'eeltlment (a.7-tight) ®S/F rod decladding | bridge transporter .Stmc ing mach{ne
7 ® Air voloxidation ® Servo-manipulator cr"eem.ng machine
X ® Oxidation furnace
o M/S manipulator
o Reduction of S/F ®3 ton O/H crane |eReduction reactor
. e 1 ton robotic e Electrolyzer
Metallization 9xX6X8 powder . .
Cell (@, r-tight)| eSalt recovery bridge transporter| e Adsorption column
’ .o R o Servo-manipulator | e Vacuum pump
®Salt purification .
®M/S manipulator ® Scrubbers
® Smelting of e 3 ton O/H crane ® Smelter
Spelting & IX6X8 metallized S/F ] ton robotic ®Casting machine &
e 1ng . ® Casting into bridge transporter| tools
Casting Cell {( B, 7 -tight) po R .
storage form e Servo-manipulator e Canister sealing
e Canister sealing oM/S manipulator machine & tools
Radiochemical 12x3%X8 : g::;:rl‘iciri*\e/zaratxon e] ton O/H crane e Sampler
Analytical Lab. {{ B, 7 -tight) analysis o M/S manipulator |eAnalyzers
) ®10 ton O/H crane ® Decon. equipment
® Equipment decon, ® 3 ton robotic (Ultrasonic
Decontamination ® Remote maintenance . : )
& Mai 23X13X%X7/9 i bridge transporter Hydro- jet, etc.)
intenance . and repair of K R
Cell (8. 7-tight) equipment and ® Servo-panipulator | ®Remotely handling
crane ®M/S manipulator tool (cutter,
e Transport cart wrench, etc. )
. ® Decon, equipment
. ® Equipment decon. L
Intervention ) ® 10 ton O/H crane ® Repairing tools
13X11X7 | eContact maintenance . .
Area p . ® Transport cart ® Contamination
and repair control system
e HEPA filter, fuel
Waste skeleton, soi%d 3 ton O/H crane o Con ror
compaction and 9X16X8 waste. compac }on ® E/M manipulator - Drupac 1i
packaging (a, y-tight) e Technical SOI%d ®M/S manipulator m'sea 1ng
Cell waste compaction e Transport cart machine & tools

® Packaging &
shipment
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9407 :

A Al
A(6EA), (whebdd @ STAINLESS LINING, ¥ : PAINTING)

2| E 3k (4EA), 57 @ 85 cm

© 6.5L X 1.5W X 3.5H, (m)
: 4, ,0L X 1.5V X 3.5H, (m)
© 2,0L X 1.5W X 3.5H, (m)
3.0L X 1.5W X 3.5H, (m)

- WA (2EA), XA - 15 cm

9408 :
9409 :

1.2L X 1.0W X 2.5H, (m)
1.2L x 1.8W x 1.5H, (m)

(Lh) St Ui A

9404 :

9405 :

9406 :
9407 :

9408 :

9409 :

ALSZZ(ZZ 9 Zo]), HAFZAZ7, ot 27
9, X -RAYS A7, i3S 537

ARG A A7), AEEE AHAA] Axh, Fal),
RESIN F4917], dd8E AH A 37|

AlZ A% (MOUNTING A& % JA8E HFH AA)
Melgl oA dcls](44]), A]E MOUNTING, GRINDING,
POLISHING, 3t 3129 H7|1E 9

AT 22 AR, vEH ARG, 7EH 43S
ARG, IEH FE AY

AT A=A 537, ddss dagduiasy Ay

(2) ZARNAEAAL
(7}) 3rAd(8EA), (uleb : STAINLESS LINING, = : PAINTING)
ZA2E SHA(TEA)

Ml :
M2
M3 :
M4 :

M5a :
M5b

7.08L X 3.0¥ X 6.0H, (m)
7.03L X 3.0W X 6.0H, (m)
4.72L X 3.0W X 6.0H, (m)
2.32L X 3.0W X 6.0H, (m)
7.14L X 2.0¥ X 4.0H, (m)
4.76L X 2.0W X 4.0H, (m)
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M6 : 23.70L X 2.0W X 4.0H, (m)
- 24 (1EA)

M7 : 1.45L X 2.5W X 2.65H, (m)
(W) st ufjF A
- ML o: QITAARR], A4SFAR], AFEAEA, AN F

2], X-4 ZAAPgA], A85 JAFHA
- M2 Be Anty], 4y, BRI
- M3 : mAER], oReEEZds, dunpr)(l), dnbrl(2),
o

- M4 : BlolAIE

- Msa 1 2ZAARY], HIAZAHT], dto|L2IT, JtEFAER
AZ2E AE, QAEEEHY], 8 ESHI

- Msb : BAUAAAYT], dlo]AIZ, FAAAAHTI

- M6 : AR ARI|7|(DPIC AR A=)
- M7 ¢ 24380, naRdxr], dESXT]

A7) dee] A g 2], & A7 s J@Rtte Ade 28 o
Aol dAEE A Y Fu Fol FAAA Y LEEE
2 it 53] Al UelA daby EAS 3Fche F2 3ol tiE A
s 2@ A 7S5 At s AxEE s uF Zd 9 R Ay
EL2 7 240] AsiA Hi £ AAAE thge] Hrh ojmf AW
Aule] 42 BElole 12130 zAgate] FIo] /e FEE X
oA HET F AGALE olF3te] FAYPALY] BTt THe¥ rES
A @ 3fch

Al g Ahae] R BeAole Thake] WAMdE 7Bl W™l o]
ol 1A @ AI/AAF T o Feld w7 B A THeT
©@ cjarEegt oplel @ RA B4alY Y Fol dAste FA, ¢
B g 2w gr) 59 71E si7jEo] wAdich ol Ud 2 dide
Z 7] dAES H7E A LR ZulE BUA 4F B ZZE 7
A HeEAY AAe DAL AE F T PHe= Ad vk
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2y ®H=, 8B, JA £F, Az FEF 5 AolE ey 2@ i
= o2 5E3 Euld A ALER olFdte] AT AAg == 9
Y& FE7HA] A Gt Aabg Pt

EY A7 Ex22 AFAIEY B9 o] FFHol E8H Fole A
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AE 28] thF-2 @FolM o™ st &9 o ujet sje}l Ady =
dE AEsA FHAIT #FEo] Jhed JA W Az ] 52 A&
HAAEE o] 53 The Ade F3sl IFYAFeY F ol whet A3t
3 EEs FARPLE AfaHE T

Ll A4 EH*O‘% =5

ol BBBRG W EUE Agoke AT S4B
of AY B PEU Azel met B4/ AuF, AARAEF,
28 slo]= W WAF, 4@ U 6, Hot Cell AW ER EFY
2ol AQF AEHAY, YRS ALY + At
= BRod, A4 Ade] o5 Wasg AA]
U A B Fos FESAL YA iy R B8 i o
=5 R93}o] Table 3.1.32} Table 3.1.40] R¢Fste] Leh iy,
£/} dulFE DPICOI} XpAlth HelgBols dds £y 3]
T HFYA, 24A/YEA dolot A7 53 A, Pellet FA/UE
/R ZE FFAN, PN B el 59 F7 2 Baguloln,

O

thRE g iy LEER EFWTh  J1AE Adul(Hot Cell Pu) =
) 298 AU el 23R AzPuFIL £ "ol Aa

2 molZ o AR Y ot Ao 1Y =3 2 o=}
thgol Hm F2 Z2e FFA Gt &9 EY FHZE, 89 A
g 3 A ujEATL olo]l &3rh 2§ U LEES FE 204 2
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Hol| tf3t A FcrhA2 Hot cell stainless steel linerse} &

2!
y
[o

b= = tiEHch Hot cell 23WH7|=2
€do] Z-&E& 91T AErleol 27"l DUPIC AR A=

Cladding hulls, A}23F g 9 &

H OEQO

i E8

A,

oh

i

B

Table 3.1.3. Classification of reusable contaminants,

IUAHs Aot &7
ALY A AE]
o - Floor ¥
38 | way/aa ) AAAF ] mojzm | Floor %
A . o sag| Rl ¥4
‘ﬂo;’ Hp EE
HAREY NER| o cutter, Rod slitter, DUPIC Hot
SRR, 2AA/ )
DUPIC . - Powder mill, Roll compactor, cell
N UEAAL & . . .
MAF s 1 Mixer, Press, Grinder, stainless
Azza| A FAEA b Pellet teel
23% | ye gaze de. e eaner, Pelle T e
c N rier iners
53 A
Consolidation Cell 4dwj,
Pretreatment Cell ZdH],
Metallization Cell Adw], Hot cell
SFX}A|T] | wabEtEt 249 Smelting & Casting stainless
Ze|2A | A Cel1dB], Radioanalytical steel
lab Ad8], Decontamination liners
& Maintenance Cell AdH],
Intervention Area Adn]
MNEF}
na, gol BT, WS EASE | ot cell
T =
Rl manipulator, 0/H crane, ’ stainless
3t e o g2
- manipulator, B w steel
[¢] . [+] = .
Hot cell handling tool e liners
APXESE 3], A F
A7), oAy,
X-AdglarEE247], | Yd88dxtr], RESIN PIF/IMEF
24 W HESAY], | Y7, AlHEA A, Hot
PIEF/ | SlolA3mx gA=e | &AL, oA Exly] cell
IMEF Z37], 9433& walz|z], A sEr], stainless
37, 53/3H olEEl g A, ¢dnlr], steel
ARAIR 7], 2458 | HAFU7], AB22 3] A A liners
R b Rl 1A=
547
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Table 3.1.4., Contaminants for non-reusable equipments.

B Adol £5
A
% Ald Adu] Hot Cell ASI7|E ;}
A4
. Scrap H|7| &
. MASE A% 27| . Cladding hulls
DUPIC . .
Sz | OREOX furnace . ARSST He 9S24
Q’;;g ~| . Sintering furnace . TRE HUE
° . Z3ARE HIE (%38} end plate, A=}, g F)
. 7[e 2 Fo] & patches F)
. Oxidation furnace
. Reduction reactor
i . Electrolyzer H A A YR
SFX}A| Tty
. Adsorption column . &, A7, EehAE, paper
#e) 3
. Smelter
. Casting machine & tools
. 23 E HIIE
I= R R=] >
. B3E AR A
&g/ . o
s | A€ 3R A 544 3 4
Ol . = = - . 'gx =
R EEE Rl
3% o= . ¥R, R, FolRF
. F38E HNE
. Cladding hull ¥ 32 E w7 &
435} end plate, Ax}, ¢h )
N (45} end plate, A4, ke
. ¥ UElF
o, 3%, FolR

M 71 E(%3}t end-plate, Az}, s ), 7ZIEl SIZIE(E Fo] W
patches 5) To] 33, SF AAci@e]ZRolE w F2=] @ U F,

o7, B ScLE, 724 59 VIE Sol Tdrl
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T} Al @ An|e] S@EA
1) DWPIC HARE AHZAH
DIPIC AR ARAFL A_F PIRYIEE ZI|ELE A=

AXNZAHo TN ARSI WAREALL ¢ AMSF PR HARE 7|E2
2 200kg-UZ} H&E 2L 98 EYsHE vH|RAF U0EH 80kg-ULE
—’r’-*éﬂt} ot WEAL e A A58, 2, d4uA, &7
, 7FERads], vy d8E, nUdR chd, A8, dEth, AR
I 7l AP B8 UAEE IE ol Ao

DUPIC @ T AZARL PIEFAZeRo] AAZFA AMEF PR AR
E Apg8 PIEF Sbdolld A8l Ay, IMEF M6 3tdolAe] s &
Az, 24 AR, 8L U chAR 5o Ao FEFH, iy
Hol 29 gL staoa o]FojXEE AR AXAZ HAT 2
g2 A *l"é:’% shdvie] FujFn] Hof 2gHct @ 4 qlrh

PIR HARE ZJ|EARE A3t 2%, AA AGAITAHA A3
3g 137] AASE(623M2) 3} AHEFUAR | EF AJH(AL7-D5)8] ¥

Z EXANEYE UAdRES s 4 el FEHe] HF

28T OTLE (C0-60, Cs-137, Mn-54, Sb-125 5& & 4 glom 9
EH 292 95% o]t Co-608 FAHTE oo s YRS AW
7S Cs-134, Cs-137, Co-60, W Eu-154 52 2@ Fo] F2 ¢
F43te B3] Cs HEo] Al 22 9oxo] S A3 22 UEhK
b

DUPIC AT AZTAHA wUBshe YAdHI7| B2 Table 3.1.5%} o]
Ry = ek

7)1 7] B2 Cs:0, Rulz Xe, Particulate (base:Us03) &°o] F U4
Ao, ol HINELS TRAUAZREE wir|A] AelFEel s =3
Hrh

_l
ol

2

rr

¥C oflo O Az ¢

1
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Table 3.1.5. Waste source of DUPIC fuel fabrication process.

H71E ZJEl HE &
g IF(T, K, I, CF)
714 H71& REFEE ¥F (Ry, Cs F)

At

Scrap M| 7| &

Cladding hulls

34 HIE A3 HE W By

TF-2F H7E(AS end-plate, ZH=A}, ¢hiE F)
71} H7]1E(2.¢g £o] W patches F)

Al AZAN 2] dupx], I AHIEA,
I IE 5

2

A =&

DIPIC WdE AZEHE bAoA st 2SI/ BL cladding
hulls W FR9|7]E, dirty scrap waste, A2 ZE] W ZEFx Ho]
onj wgere] oRES Axei,

Cladding hull, dirty scrap & S|7]A] 2}¢le] H|=Z
Zaof HA|SITIZL capsuleo] Yol ZHH IS

71E —<|'=-’1‘— 7}1¢l intervention caskE ¥tA ArH-2] dooro]] ALHAIH AH=x)
gk R HIEE 1de] of 43 == S

8 o%eld WA DA RS AZA4 3, PIEF L 1S 3
FA At uhel 333

DIPIC AT AZIFF2 AAIFFoBE LHRHo 7 shdjolA IE
¢l A7 E2 YAASHA] Y=rh whetd staue]o A U AR
o AH, gl MG, HARAE AT SAST T AE A2
IMEF = PIEFS] 3FZE At wiel oA s7]& ARFE AT A=A
AR F oS RWIFZ o] et
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PRSI EE 2V|EAZ AMste A%, A AGHFAHA AET
g 137 JQA88(62M2) = ARFHAR ¥ FF AJH(A17-D5)8 ¥
HATRE dAdEBe AUsir] o2 Aej oFEHo] FHA
WL oS Co-60, Cs-137, Mn-54, Sb-125 5& & 4 dod &
W 92| 95% o] Co-602 F/dHrl. olo] W3 VARFS TS}
A9 Cs-134, Cs-137, Co-60, T Eu-154 5] 2@ Fo] F2 2dS
Aot E3] CsZo] HA 2949 9xolAE XX|Fhes RALE LB

fo o

1=}
1_.,
o]

=

K

4o

2) SF ApAchsz]33
olzx} W mlA YR} ZO0E o]Fo]Z w2 Van der Waals ¥ H F
71de] &3] Edo] WeHEEth olE ¥ UAES Edo] FHAT]
=823 23 ZAFQA Folth dEH, Y HHe o5 e
920 un 2718 YAE QALLIE AFEH] oty A
,000 g o]4to] Weasith FaFe] Az A& 1 dyne °J3tE
A Qatel AW w@AAE e Arke @ 4 Aok ¥R o
2 gd=xie =77t B4ESF °S AXA "ol
Ll % EE o 304 WY BoT EAslY o|F ARLE o
S0l EHo| 2AHE YAEE Sdole B AL
qRdos Aagel ) ol F5A Wk o5 A A ol
Z J|3E Q93}lo] Table 3.1.60] =531}
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OJE,ODI

Table 3.1.6. Contamination migration mechanisms.

o| % njx olE Wi
| eqEe 3am0 aAY 83lEe] Qb IR ST URt 52
71 A HloL o Z=a 27 pl 9202 QIdlo] A"l
o LAEL BREo AL EuiEe] e JelE EXch YA
2 WS ES 3Y AW B TUS °‘6}°°] A"k
| ER EA R g4Eelas 2aRe 2% WA B
- Ha AP FFHo o) Al




19793 u]=2 TMI(Three Mile Island)®ld&9] A}l A] Aluksl oFe] @
FH 2o] Y2 FEH Kz 4 ddE 3F UdeoE WEsHglon,
J

olE sty AE TIE uigo|u HH Fo] WA EAE 4=

2, 7 3le) WA e@FEE uishAl ushsth ol npz
HHe B4y ofBA] ZRoT HIEo glou Al A3 WAIELo|
AEA FE T UG TIeE ERRIo] Autare] whapd B
o] ARY Z2E Urhgrh B3| siEHe] oY TANE EEoly

Ae & WA S e 17332 T3 E vid o2 Ry Uste A
o2 Fxact oLy td dMYAE vlxst A3E YeRi AT
PNLoJ A= 1990 d DOEZ] X|$d3}o]] Hanfordoe 9= Hot cell® 3249}
325 Qe AGA] Z2IRE FHstATE. FHo| DFH YAEEA
HASE7] fJ3te] EAEE EFHLZRE UYFZolE Holx 2.5 cn ¥
dAohstg o, o] ZoloA JESH= WAMs2 2.5 cng] AHEE ¢
o 2M Ayt EHE EIE AHE 33t YA E4&
st A= ZIE UE Cs-137 & Sr-908] IEZolE &A31Y
EHE ZIE AWE rlojolEE AHxh/|E o] &3t dFFAR
gt F o] ARAIA B43tdEn, 53 A3 A Eue Cs-137¢]
B¢ AA G F 50%, Sr-908] F-§ 30%7} HRJAE Fo ExjztE Jo=
UElgs, 2¢dzZloj: 1.0 ~ 1.5 mE UEelon AEEE ANEHT}
Z3E Y2 E57F o "wol ® Ao Uelyrt AEFOoT HUEHR
o] ¥ FITEx: MHJEE AAStL EE TIAUNEE & 1Y A A3}
A Aol 7Hedhy ol#3t AR Zole riE JUAHAHAAME H|x3
AAE RqFcia Bty
SdolM= Gundremmingen {ApbdAA Al E32E HNES A
12

23l ZofAREZMEE 243 A3}, Cs-1372 Co-60 12|31 n]ake]
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Cs-1347} 2FE UF-2 AFHE AL WAt on Cs-1370] F Hha}
S¢e] 90w AXSHETh IR Ee] WEZUS K Cs-1370] Co-60RT}
AFZol7t FHS st EwolME oF 250 Ba/golT oF smzlo]oj Al of
100 Bo/gg RYTh WAHHEe UEZol: ZIwEe =4 = ot
%, =277 % 2B 24l o8] AP, Cs-137¢8] AT o]}
2 olft AEe BE S35 A¥Seld 2 o Feis Exs)
A BUEY AL RAEA WS WET 2] wjRoln Ey A
#olee LEoIU UEF o|RUE dzelyolns 2ausye 28
ol UEED oleaBHE AoT AT 4 Utk AFUol: Waks

o] M7lol dare WA g Ao uehyrh
ol4e] ATE okt BE, AxYAMY TS Yrs AT
= L

HAPY MRS 322 Cs-137, Sr-90 I Co-60L.F UlElytom MEZlo
]
AHg712ke] whet thEZIARE o of smP =R FAHY 4 Ut}

3) Fr ABF ZEel/HTFAR A A4 Adrle
BT LEe] IS SFE 4 AT WYL e 517 of
ol 714 LHHFE AAY BE ¥Fo] TYUF Y 93 IFHE EHE
Ao2 FAUCh UFLS & BHOE GpRE ol Fel Exishd, 100
C olstol SATEE FHH ogdo] wor U FAYY AL B
ch slEbEE FHL 500 C ol 4] LolN LAHEL ALY 1y
o Hejolx, SFel RE #Fo] Tuum, EE Hele} 24 Felt
2E9 0@ Aot Feud WL thew Pl
- 9Ed ARE
» Volatile FP : Xe, Kr, Br, I
* Noble & Semi noble Metal : Nb, Mo, Tc, Ru, Rh, Zr, Cd, In,
Sn
» Lanthanides : La ~ Lu ({ApH3% : 57 ~ 71)
» Stable fluorides : Rh, Sr, Cs, Ba
- TRU, U,

_82_



» ZIAS] HAgo] glof FEF o@HTHE My AR Eard
7]._‘—_-_)30] .‘:r_-_._

78k Zol ) FYUARFT] ATAY B3 L Adule] Exomn
Q.

B Ad oy egdne] 54

KX
o UFE AETHARE Dol AT o7 B

AHE

US43 A QJRES st AA
FHAE 3F FHE Fol +EFHE TRU 242} fission productse]
o3tk ulAl U= ed3t 2 oux] WalMe] ol walztH o

Yo% U 4 9.

thdo] e g2 Hae w9
H)eld, Z17Ivt #82 3
AE A 247 € 5 e A2 Folut crevice T Yol &
218 Aer zivtEn ol g 7]A ER(base material)o]
7] #1813 attackol] 73t stainless steel AEL] EX A,

4+ b
ne
ok
>,
ot
fo
ne,

o
oY,
o
i
b ng
y
2,
2l
o]

F Ydude P8 CUSHe oSt et Tt
e DUPIC ¥AT AHRAH F3
- SF ATA] : Te, I, Ke 59 vi7]1a] WA
- A3} 3| ZA @ U0, Puls, Cs, Cse0, Csl, CsOH, RuO,;, RuO,
S2] 32 uj7]A] 9 Hot particulate
- % 7% R e
o SF AT 2
- SF &%z 33

& Pl

FA : UsOs, PuO, 52] Hot particulate
€

i UsOs, PuOz, CsO, RuO; 5 Hot J=}e] AL

_83_



- AEFHUAE FEAR TH 0 BN $EP ASTYAR
Bkl RHFoHT U, PuSe] &8 2, CsCl, SrCl, 5o &
4@, Lil, Lijle § 9294 4429 LisgEol 134 29
el EE wislA AE LPEE EA

o TEABGAT 33

FAFRoln A4 U guie} Existe Amldo] &7 o]

. SFujof] &x|3l= BEE 3%, & Mo, Tc, Ru, Pd, Rh, Ag, Cd,
In, Te, Sn, Sb, Actinide, Rare earth, Sr, Zr, Nb
- HgAy 3X
. Xe, Kr, I, Ts 5& vi7|A ez} &84 2584 2344
TRU(Am, Pu...)&} Cs, Sr 59 FPE&H3 E3EY
Phaseol 2]3t 313 @ &g e|
e PIEF/IMEF
- EARE AEAEL 4708 IR ESAY 2702 YR FAdE
o Sle AME ZIEAAE oA A5 HyAgFo
H A EE st I EEA S S E7AE 23
g 7 Adste] o8 Jbx] APAAEE Fxlshe, I Al
vtk oM AR Al oyt dnjRFRAHEG U
1738 % ALEE 52 FHUc
A=} *l% Ald2 6702 E3E sty 1709 | StHE T
dElo] oloem Jdg AxE 5 At HAH A4 A
e B A4S 2R ARFUAE 03 A Fol vaEE
TRU 848} fission productso] 2]3t m|A] Ux}d 4|z =
=] wpapde] ofsl WARH HFoE LE|FEE Foz F
gt

BN e
o2
o
ou:

_84_



g ede DAY 950 FL slal Fdes wad
th @S £ WA Bl JlA¥ 4 e, 7} dat Hox
kel AP B9AE A UOBEE 10071 ol4e) farl o
T Qo7 4 gk o] W 49 o HeyuiRe] AYEAEL B
Atk 31, e F 7 QA AGERAEA B

(1) 299 337, ey 9 WAl by 43
(2) 2FR=}(substrate)2] x§& gl FrHA g
) 2d8d
WadEde] EHY £ F8
T-2F A thERA] ATt WA 2|3 e 24
WA 28] BE e 4ol
tha] 3.5x107) Ho
HAAS7] oL &
g3 ZFolmgdow

*é)i%ﬂ%, el W
%%J_E%OH 223} =

"o‘*}*é-%li—tf o] W Oﬂ <3t

ZE0|E W YA @2 FRYeE FE F3Eo 2dRaje] AHY 4
itk o] 2@L AAS] HAME 2EE ST 5HT A A1
o] HQ3sicl,

_85_



EHede] g2} A
Zol Fasith, EHS A
o 2¢o] & gol3) AEZ A
= AgA el ch3t A AP 23
oz BARE, F54, §71
o &gttt F&HEEHY B o

A

A

E ARSI 2 @4hA7E o] Al d¥It E 4 Qlrh ol i A
J

En&
2,
o
of
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23l A @ olct,
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o2 o] 7t} FastA A
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oilgl w|JIE, Eetxy g 22 R71RE g3 AHENE
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sith Iy Fgo|2aaRlo] uls) ol&
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e,
o
o
9
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X
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e o] 2R T2 HA mi WA wlay nELY] WA olRg
BEUIE dHdFH &4 = 9gdon

Atzto] ols] A EH 4% 9ltl. 283 hydroxyl, carboxyl @ silicate

CAR HEFAUelA AR Adule] EHE o e 2AE UE
o Zirt.
- HIEAE Eololop At Al tIFHELL AR AdEod
= gith
- 7he T AL ERE oM dHl
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2) Fo F_EHE
ofE FFe ol EXH WA T2 ¥ AMF F2 ¥E

53] oA FAufEol Azt A Raisicl Ho H &= A
2 AR 2RY FEHoh @2 AA ARREI e HdEEXe
WAt A9 107 uCi/en’, B %y BAIAY F$ 107 pCi/en’olT). o] 51
BA = WA B TP E2REH AA - olFHAH = UE 2LEE] ©f
b et Al #ejguie] EAo oiydt EHY FHojH g
A& 2zl njet 2ES oo} W

WabA e ol 2B 2 ¢ (fixed contamination)?] 2| ctfd] &3]
= AAY 4 9= 2%¥(grossly removable contamination)?] ZZ KT}
o wrh 4Nl FFF YR “"%‘ﬂq;‘% LEEY B ALBE 4=

of
%4
P 3
O
1

o AR = o{Zx}.
wjollAe] A=y &
3.1.72 Zo] HE ¥
EY Y Y3
3.1.82} Zrc}

ok
N

e glsl=s wad7], AR oy @ 54, Al

j=3
9 2d4E 53 2e AAME St Table

SE ¥ 2dESd wE AFLTARE Table

tiabd AdeT e
A Hold A B uis} go] Libaks AWAE AgTi F o
ARF7Y AT B Hul AdZZ) FgoHol wra}, BRALY
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olAdes HEHACLE IHAEY B YFU
3| & hot cell®] FREoILU A olFo] £ =

2 tiado] Hrh o] F¢ FUF FL u|F7|F g wWE A
thu]ste] Al dAES] 27 AA - Zi'td,‘%_}ﬁloﬂ*i 2o At

F&o] 23"} olof Ri| 01—4—21]“91 $ FFolM e A Ho] gold}
2] o3 Ejet o]Fo] vlaF £ AFE FuU =7 o S3EH
FE2 28548 =& ot Jf& AqE7&S LY + d& AIHUE F
3 AL AGAUl Aol o|FofRtt. o] o|FAHE tHLEE H
gl uoll A AEF ALY Huju =3, 2FE AEE ¢ls) WAt

Table 3.1.7. Classification of radionuclides according to relative

hazard potential,

Hazard class Radionuclides
Sr-90, Pb-210, Po-210, At-211, Ra-226, Ac-227,
I(very high hazard | Th-228, Th-229, Th-230, Th-231, U-233, Pu-238,

potential) Pu-239, Am-241, Cm-242, Cf-252, other transuranic
nuclides

Ca-47, Fe~59, Co-60, Sr-85, Sr-89, Y-91, Ru-106,

I1I(high hazard Cd-109, Cd-115, 1-125, 1-131, Ba-140, Ce-144.

potential) Sm-151, Eu-152, Eu-154, Tm-170, Hg-203, Bi-207,

Th-232, natural thorium, natural uranium
Na-22, Na-24, P-32, P-33, S-35, C1-36, K-42, Ca-45,

Sc-46, Sc-47, Sc-48, V-48, Mn-56, Fe-55, Co-57,
Co-58, Ni-59, Ni-63, Cu-64, Cu-67, Zn-65, Ga-67,
Ga-68, Ga-72, As-74, As-76, Br-82, Kr-85, Rb-84,
III(moderate Rb-86, Y-90, Zr-95, Nb-95, Mo-99, Tc-99, Rh-105,
hazard potential) | Pd-103, Ag-105, Ag-111, Sn-113, Te-127, Te-129,
1-132, Xe-133, Cs-137, La-140, Pr-143, Pm-147,
Ho-166, Lu-177, Ta-182, W-181, Re-183, Ir-190,
Ir-192, Pt-191, Pt-193, Au-196, Au-198, Au-199,

T1-200, T1-202, T1-204, Pb-203, Hg-197
1V(low hazard H-3, Be-7, C-14, F-18, Cr-51, Ge-68, Ge-71, Sr-87m,

potential) Tc-99m, In-111, T1-201
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Table 3.1.8. Contamination levels and decontamination requirements.

be tolerated in a
particular work
situaton

(Must be in a
clearly marked
radioactive work
area)

of Unsatisfactory
Condition will be
sent to the
Principal
Investigator(PI) if
decontamination is
not completed
within one week

Type of Contamination Levels(pCi/100cm’)®
Contamination Low Mid High
Alpha 5-10 10-100 >100
Gamna or High 100-250 250-1000 >1000
Energy Beta

Low/Intermedia

te 1000-2500 2500-10000 >10000
Energy Beta

Should be Must be Requires immediate

Decontamination| decontaminated decontaminated action. A Notice of
Requirements |promptly, but may |promptly. A Notice | Unsatisfactory

Condition will be sent
to the PI.

Depending on the

extent of the
contamination, further
use may be suspended
until decontamination
is completed, The PI
may be required to
report to the Radiation
Safety Committee
stating the reason for
the incident and
actions taken to
pinimize the risk of a
repeat

8 HZE AISHETIAY olfol HYY YA
g AU =3 a3 AWIE

=0

$zo02 Aol

5ol =&HC}H2.1.4-6].

Adz B3] 2 FEY PulE CIHLE ¥ Ade) S g3} A7
of wol £2%H Tgol FRe] RAAY Awow zulel g xe
T 4 Atk B AQAEY A8 74 Zrol A
EFgd e Zolo Br). A4 Euoln g BRI

K
FIBAME AR E4171 FES] Yol AN [ Fou}t FZol o3t IF ¢



HE WA AAME G} o) SHede] FHEESE ddoA AnmE
vie} et AAE FHolA EH, Alde] 3 HAH o5 HIlE,
o7 vlg, AFLe vg, Hule FEH AJel, € HPAAY A
53 22 oE AAI BAFHEE TdediRle Y4l AdRvle F2
27 REEH, H3l= AEaE d HA HAY Fol o EET oW
Zu1e] Z9 UF L8R =7t Asl Zujel Jix|o] uls) xjALE-striel
2% HEo UF W2 FuJt 228 4 ot ¥bdHe F, AA F2
Aol &olstAl 317l #s] Holz FEFLoE olz3t FHu|E A Est
Zol "oy 4 ity "eglo] mf-g w2 &7 HAde A 3
HOo g Elggol gtk dE 9, WA 29Ul L8R GodA ALE
& =71 ] background levels7hz] A @d B 7} ¢l Aol 7t
ddeF o AY SFAE | BRI A& EH, 34 A
of A2} MF ot Haof 23 Fule] AAL LdFFINE FHFH Aol
TgHoltt. U AF Al FYE Q= Fatel) ohE A4 A E
A3t Zo] Wod A9 el o wAL Azto] A9 ¥k,
AP EHZ AT AFT AE[Go] 209 wizix] AFS Av|stE A
o] uighAsirt, ol Aurt wlwa AjZoletd, Hu|E w7|she= RAKEr)
Agshke Zo] felsict. a8y I Aule KEFLEY npxge eyl
thd, A2 o2 oAyt ZapHolrt, 2EH Aue] AHEL vl
Joteln, AGH]E&2 M2 Fu| 2 oiAu]g3t gyl HEu|E
of tisl H7ix]ojof Ftri.

F27F HFSIAL aTteln AstA @™ |7t AKUE F Hagt
FE|7t 7Veste s g AG3te Aol Y olch AEH Hulo]
3 Fele HA St 2do] gojsirt. EIF A@u]ES £Eu]Le
A ztell &8 Kt ZA AgHch ek FulE AAoAM AP Aol
7hssithd e &3l - AA L A 6L ARY £ A3 nubE
AE €Y 5 e TF o5& 4 5 drh

e 2 Fabd 4171 UR mol EE 7] sl d3] Fe|Fojof &

< 5 th AAdE AAFFolU FHLE AT o|Fo] FHZ
drt & IA 9™ HHE AMEYT Y2 583 AFFEI HGE,

2 1
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A4 S :
AE Byl 53] 2" 2gol ohd Zfof dolA, AEL IAA Bibst
3 ZE7E gel £0d 4 gith A, WAl E9E EF7] slE) B2
o= 7t AgEn, TFYANsE F AT A3l spray-coatingF]
olzlth. ¥ FFolL} FHPAtolA 2 @] olEE el HEEH
ek

A4 RE ALRLLS @A F2 ol FFY HEAPo] o] Fo
A g o= BuIt 2ol AdAdolu e T2 F4T AE
A o] Fo] Arh AEHEL £8° UYHY B4 Pu] 2070 Yo

At HFAAE F YA %07 B3 443 HEEE #AE V)
2% AHRE AAAE hot cellE FAOCE AP TAYL AHR
okch,

FI713 o2 AHo]l FFHE 53 Hefe] APAE HEE hot
cellZ celld] WAME97F 10%y/h =l kabdAe] falggos
58 ZE&AA Auel WET} o] FojA o} sy, WAMLEIE FE
g @A Ay 4 Qlojob grh, w3 FU|F o] W MY o7
Alahg TES 5 A AAE ok Bt

s

e

hot celll] vessel?] UHEH-L mjuE vessell] 2] ulxlad F9]
Hrl of & WA E98 UeRC] vessel Udols AddA4LR 7]

F st ZFYR IPE] FAFE O ©hehs] n2H QHdE9 o
2t F7k5HA | oled ZYsiA 1 dukE AP Al g
=& o3t o] B3 2dEoE AW LIS b=

=, silicates, chromates, plumbates % niobates 5& {3t} E
3, A 7teEs] 2 FPEHe FRol=U FAERo
ot Zr EJIEo] Fasith o] Az} Si, Mg, Mn @ ] F&52 v &3
A eABE B opg} A3 ZAIYHE  aluminosilicates,
ferrosilicates W zirconates & AAXA]FIt}, o]g st THEL cell

n'g 1.5kg o]l BEAE Uehin WAls wE7} 10"Baskg olidoltt.

[
(i
o
ox,
o
fr
n
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2 eeubg, 3, v|AZEEol=e ARAR
Az, AZTREI @ FAZF ol doud o& FAZE FANA
"} ol 3t mEwte B, HIAHOR ¢
siA A GA] ALA T} 57——}“—'1‘% {3712 B3IALL, Holx 333
ol ojsf 1z} A AU FEA s LAy Rk &3
Hel AFAHRE 7Y + glrh
hot cellS Z3] & WA &
e

2

sty Rol|stm AR o2 D2l QHASIA
3
=)

o& ]'1.1

ko
=y
oX

Aol FHl= hot celld] F
st waga B o wyl, Baf B AR Fol FHlRCh B
dol, wad, GiTA, AEA B THE ofy shx FHA, AEA, ez
plastics Fo| o] TAlolN Q@EL FA AMgHTE o] THAFR
rust spots, WY AR[E, dEXI 71ELZ YPFHF spotsz}t ZZ
A A7} o]agE =3t BRE visible deposit W spots= HE A zglof &3j
o o AxgHog He HAHCTEH o]lE 3l brush, wire brush, steel
wool, floor cleaners, rags, maps, sponges, A%<, bentonite, &g
tuff(-S3 ) U o FHA7L A" 5 alch

AR, wieh, HEy 22 HWHI FHE floor scrubberE AE-3{A] nj
< HA @A) VLR d&EX WL trichroethylene?} Z2 &7
Sufjo]l oj3) EF ez AdH]

antzg oz AgRlygad EHS Az diz F7IE A AHH
th ol2jd AFR2E B3 U, Pu 9 Np2 &3liEo] AAY F uj&8Y
o=z R 3ed 4 grh

3 F2] Ag2 APEAo o] FAabitzt EUES AMESIA AtE-|Y
ZA (reduction-oxidation process, Redox)oll &J3] 3Id < glt}. o]
7 Sof AP £3E0] AIBES 4I3}A|F silicates?} niobatesE 7
3 Ru, Ce 59 ¥EE AAH gufdo] ZY ol FelE JAJ/A
th, ¥sral 22 27} d4% &304 pernanganate & ¥t E tIE
Z Q3% B & oxalate ZTH LR, o] THL &Abxta} hydrofluoric acid
o] EYEo] olof A HL3I= Wyelth. HF: Zr, Nb @ Put 2E



g8l silicatesE &3AI7I=t] FAlol HClol] nl3] F<Exfdof cf
& I

oth +AH tiie] euA=

N

Hsstct.

hot cellu] Put HEAMHES AASHE dols thest 22 AUS
Ae d&HoF AMEIA o]FolFrh:  0.15wts MA -2.2wtx HA[EY
(0.22% NaOH + 0.45% NasPO; + 0.6% NaCO3 + 0.1% M|A]) -0.22wt% oxalic
acid -1wt% NH.COsH -10vol% HNO3 -0.08wt% NaF -36wt% AP-& -2 7wt%
sulfaminic acid -10wt% oxalic acid -0.1wt% NaOH -0.6% NaOH -oxalic

acid - H0; -&. 28U} 4tz dzele YR ES R 0834

HAES AASH=Y wlzzFolct s, 7] W AAE AH&stAU
B, Fagel, uietAF A W AutEUE AHEI J1AH AGH
o] o ‘A AE rjeld 4 olcl. ¥FAZF2 ammonium oxalate,

ammonium citrate B! H,0, (OPC) ol o3 &Aoo T AHFHCE UF
0] &L OPC-2¢, 3] NaOH 4 oxalic acid-A|A] EYE] 23] &3}H S
2 AgH"Hch Fe FEAALY Adols Asx Hargoo] AREHTL
FeETe BE AALEYL 2gutE EYste] AMgstE AIH o= A
¥ SHJE ZHS AEAHA, HIEAHAL SulEE L =3 57
ZIES BABt A gEe] & 4 gl ol A AAF U 2A
712 2Fo] £o|3 &8 AEY T A 4 STk

nrob @ HEo] EHo w©ehs] FxEe] 9lx] qrhd FAb7le] 2% &
I ZIIEYES AT Yol & olth air-bornee] EHAL ooj=
£& WA I)E= 2¥9ELX polyurethane foam, glycerin, strippable
paint @ adhesive foil@ AFg3IA Edlo] 1A shel ol ALk,

Trel celld] A uvNEHo] AHUHAAZLE liningEo] JUtid A4
o] fo]& Aolt}, %I =EFHE strippable paint® EXIle= A=
AGEt dolq Fel3t 7] ggelrt.
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of. AQ7E vz Q B}

U8 S33 DPIC, ASFHAR AMThe] 5o ANNEE @
A4 ARe AsAE Dbs A4 D AP 27H, A
FA% BFoERY 2QHE A4 U Pult 2Pehr U PRI A4
B2 o]FoW UAYY ks AWFol oy edHTh AldY
| 9 Raaols AQAGS B3 PAbs 2AE W FAx AT
ZanAckste, Aulel ABE D WA B AE9] 9T
29l W71BS AR ANAE Aol BaHolth APk A4
AA7E A4 HelBAE AWse AMIBE AN AA Jl&e Feol
EEEES

olu erEelA QFehulet Zol Labs AMolN WASHE AAriA

LHES RERE, ¥ 2 A dol=E st AF W Azl T

o

A

o
=2

1%, 714 BAF, AT vid € ®¥AF, gd/mie 72E 4 hot cell
AANER SRS metd & doldes EFE AAuidEol cfst

(o]
of AE7les] 23S TsiaL, ol TAY A§ Jed A AEUE
%
l‘s._

O A 9 A=} 71717 Ad7l«

AS 2 A BE] S22 ¥lad avteld, AL it LAEEH
ANE-gol 7Hs3trl 2l Aol 2R Aule] &Afo] glojok st
B]2] 7]l IthE fA|FHojof jiTh.

HE 75 Ad7IeR daw dnAeE, dry IF AE, ZHL AY
W PFC Agol A= 4 gl olF AF71&2 oA 7| EL U] A
2l glcke Bl glrh Aoz HEEE ZH2 A Polrt PFC A Qo
Hl3] gtaw AnpAlg 2 dry AFAGLS wiZIA A E AT ZX5 2
THARE A Gu]E2 FEs] AfsIvial dHA glth. PFCE 7HFeo] vl
A a7t =Hfe] glet Ad F o3 U FHRFP ) PFC AAE

A g gz vg "HolMe AY dFsicia & 4 ot
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AS W Azxpgue] 2F EHe] Hdole ol HEV|eo] FEHLE
g 7hssith 2 24 Fule] o2 A2 AU UF AREE
SollA HAstE €2 WES AT vz 4 TEJF St glo] Ul

2ol 0@ JHSHE WAT £ gtk F27F SUY AP UR
SEE A AT dre gas 111“8}0101: gt B3 ga

AupAE @ dry AFAGL AQH ] £F EE head FEo| P2
et 2B Agol ASHEE ANLEES A2l e A

eth olo] Wsto] 2 W PFC A2 AEA W &3 A
AH&3te] Aol AEE sYtRE Fefrt FRSIAL ottt SR
& @ AxPEIE w2 ddY AelE fAshEA 22 A7 &
o2 Hgo] 7hssitt Zeg2 2&F TAE FUAII= E-EA
) BRAEZA PFC 2 E iA=L glen, PFCy Ze2 Aol Hl
3 HH oAE YAE B EAHLE AAY vk BRuES gk

o]e] AANE FYslo nla B AE ofefoll Helste] Fsleir.

A S~ S ] ﬂl[o

BrtE Ao ol x| 7] & g JedE | dFzx3

A BN & wbd/ A el Az | st
gy AupH¢ O O ® O o
Dry ZFA & O O O O ®
=2 AY O O O ® ®
PFC A ¢ ® @ O o o
A) @ : o N
) @ : 4 AL GE, Aevt &ol

O : W3 AY &, 7I1HAz "R
C) @ : - ZAH : O: HAF
D) @ : AGuiAY thFEZS] F2E 5 O I8 A}

E)@: 7Fs: O: 87
F) A= PFC A&
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O AA A% AdAe
AA BAFE 27 % gEol met A A AN BER ERY £
gtk &, Wlad 439 IR L A $ER, F¥ FANA, B

AR U 47523 ’?—ﬂ_H]i} tig 2 lt’éﬂl"‘ 0/H iﬁﬂ?l Solth mlet

238 FFFY A FEFE FE L AR KA B A U
e LEEEHA FTFe H—‘?‘—:‘?_— AH&-go] 7Hedt dbdHo] A EEFE=
7IEEH At olg¥ FHL dAds}
7] Y13 AQreRE OH}‘rE’_ AutAl, grit doiyg, AFAniA)
d, PFC HE W ZUA o|at3igta AP So| HLH 4 2r}. o|tsiet
4 duopAlgd W PFC A @7]&o] loosedt 2 @& AAo] Ry
Sto] grit AnpAE 2 AFAuAE L vy aZHe QB ¢
Tatoltt, o] ®WIH2 A7t £ HFASTE d& 4 U ¥z
ST FAe FEE HE Jhssicie Aol glont dnty xiAst
olAH7|1EZ WAdHrthe W]l drh W F3 U JA EEHE
greasel} oilZ EUH LHAEE U ox|7} gon, olujol: o|At3}
grd dAnpAd, PFC A 9 XUA oit3els Aol ALgH 4 glo
L, 2AA o]atsivta A Fol vl HIH How x|z At}

B FEANA, 38 ZAF ¥ dFxz2 dulEs gAdes §x=
do] HRstA = ojuf 27} Wag FHEL XA YF
AF F olEdte] AEE ¢ LS 23 AFIIL AA
A "Hrch cfFEe] FAVA, FF A W LF=RZ Mule AELe

hot cell Whe] BRoIA o Folx\7] Hr} leld Bele Aerles
£ oolatzttia dnbd@ @ Yo RAFE PFC Adol A& she
ot

a7 2 e oH 2 ol B EY olatHuia dupxy
e BAEE PRC Alde] g sHedtn, olmjels HAlEE PRCe
B 2 AAgS 1% $A7} A Holok ¥ Wt et
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ol’del AIE FYsl vl FIIE AE olelol eIt =53yt

105 [ |V e | 798 | G
Ad7le S [ ML 1QSA glﬂf}] s [ Xsﬂ zﬂ)iL g}%/gML
ot dnd | O O] O | @ @ @ @ O @ | @
f5 AnpA g ® X O O O

Grit Aot o X O @) O
At [ X O O O

PFC A Ol @ @ OO0 @ @ & e
Z YA co. HE O O O [ O

A) @ : o % O 5

B) @ : Hgl &o] : O: 5 AFA e : x : #HIE U3}

C) @: uf-% BAZF ; O: ZAA

D) @ : Grease W oil A% &7 ;

O : Grease W oil QB0 Ak

@ 50 #hs

S: &% IR U A FER M - F-ulE FUA, FEFA Y
2

23 v 5

O A w3 2 =Baf{ Adrle
A 4 BaARe AEE Y L S8 ez /39 %7

o] EAo] Ay AEIeE EsACt. AL oigS A2
H ol d A F Foli E8 tidE a0 2AEE g 9 #
d x| Folth

olE wi# W BWIAFE F2 UF Edo] 2EF] g3, F= HA £
7] @ 32 StolA FFHE FFLERE YRR wio) vlaly 2
gl edEo] ST uletd R EHo HE et AU
dAstact. o] F3ol AR AArjeE2E A &3 4dn} (rotating
brushes/ honing)#| ¢, grit AntAld W A siulgo]d EEAHrotating

cavitation water jet)A|Qd So] AFE 4 Qlt}h
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57 &4 o 2 g Q7sts 2= 9
el Fe Be MG 4B, ARt FIg 2efshe B
o} m grit duA@S BE 53 e FUL B

Aasjol sk AAHA FHo] go] F2 HAF UFEHY AL

e wiwe Adols AR Ry b ol HlE ZHTY

W o]gle] REE AAT} FolstA Yrh W E E4b Adele Eol A
£F o] FAlNPHoZ slAt B thal PFC 522 chA|SHE FHEol ThHsdt
2, =3 ujBe] Aol FAEF HAY sHs Aol vk DOEY
ZAl BAo] w2 Y2 AT *11-1101%1] 7+ 9 vtAZF Fo] &3
st A crud/abEt, “i‘1‘°“i Az FHY zElds ZF Edo|

U/TRU/FP7F ZES 24 #4714 BAE ¢ by 5 384 F@
L odEL Ayl AA% AMGuel dsiA maH R HAT sttt
BI53 il

01*0‘91 AE 2%t vl B AAE ofelol Felstel +5319
t}l.

ol % = A o_] _L_z

AR | ot 1271 & AR edg | 4732

N 2kl A )’ Hgg® | st

Ag7le p | T | P | T | P|]T|P | T|P]|T

gl duxed @ @] O 10O @ @010 @ @

Grit dotA¢ ® @ X x| O]l O]l 0101010

Aasuegeld 24E | @ | @ @ @ OO0l 0| @ | @
e O L

B) ® : Az 8] » 7| A/ ZAAA] PR 0 X HIER 2t

C) @ : =% FAH O P BAA

D) @ : uiFel 37 ; O : vl Felol AL

E) @: 7ts : O 7%

F) Eadls 2 ol PFC 218 7hs, P AT #ldF T %3AF
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O ¥4, viet 4 J 225 Adre

He, viel 4 Ay ZREL FE hot cell U - JEE itz
AE-E g L E] oS FESIGTE "R AL stainless steel
linero]il £-8 T2 3 E QEXIHOTA AP A tfj4 o ¢

Ao mE AF7ed HEH FHAM LIS HPsAct

abet, ¥ gl HZo] FAIQe] dA] AL3E FHLEHI Y= VeBE
ojatzletAs AntAlY Jlezt AHEHH A2} (automated grinding) A Qo]

H, 2 ol= grit AubAld, shot dAupAld W 3t BARAEe] &
et Ad7leE AYE = drh olaisigls duiAES dA Rz o
7Feste, F7HE A olAZIE U EAI7F gleke Aol gon, 23
g BRG] 2EE oldelE AAT PR £2E& ATH = oA
AHE 7HE 5 e EE" F0A A gstejof str, uiriAXe] 2
Z7F =X 3"t A da AL AGAY v Fg #HAas)
+ glou, J1F 2@& YA A% MBS = AU 27
Th. Shot dmpA|@2 HA=zZf] Fhesta &3 UAo] githe Aol gl
o} AL8H shotE ZARSHA F=]stojof Fct,

ol’ge] AIE TSl HlaL FIRE AIE olefoll Felste] F3IAT

¢

i ol o

B | [oeE] L Taeas [aazy
AR & VLl A | et
o]AtERke dulAd o O ® o o
AEEE dAAE L O L J o o
Grit AntA ¢ O O @) @) ®)
Shot upA4 @) O O O ®
29 EAAET e O O O L

N @ Ek 25Ot

B) @ 04 Ao glg, Helgel: O Wy A9 92, /AN wa

Dubel, o, WAl B8 O uld) 22 g
L Bs O Brks

®
@
C) @: ol ZAH : O : ZAFH
®
®
EAMA &= PFC AR
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[] Hot cell A&

Hot cell LAWIIEL tIFE 8 o224 AELE B S
2 93t AAE AE JlEo] &£7HLL Ayl EFE A AduEE
o, odded AEed ¢ FE s AAAGT e 2T AE
238 08 Qokstod Table 3.1.9¢] LERAGICH
Table 3.1.9¢] &% #|g7]&F PFC zﬂ@‘cﬂ AFEE] = PFCE H[ZA
A2A et oz obysta ArAAR] it WETH AAM(ES
[e}

_?r

oF 1.68]) EHo] ¥ ogdqdzto] tiste] 2 AURAE 7 & F U,
Ax 9 FAAPo] Yol(E : 72 dyne/cm, PFC : ¢ 20dyne/cm) FEFH 2
AgAo] L43t2 BAl ol Bolste] & WRE ot M=/
T tgt MG FLo] sissith ol Fled Sdol 23iA PFC
AL A= @ AZAHY], vlx=&4 JAZAF, wdRF, vk @ AA
W] o3t MPTHLE Fggol 2 Jlgolth

Co, EAlAlY 7|42 sand blasting, plastic bead blasting % soda
blastingZ} m}x7}x|E2 71427 F& ¥ inert 7IAE TAMEC X
He AASAU AAe A Bk o] %, EH F4& FE A
aake] €0, AAtelrh. Bl HAR dry icedAHE AMESte 532, EW
2} 2E A olg ¢zt 2uiE SEHrke Zojrh E“&—pellet{} =
U=t mje &3 dAdo] Y 0E ¢UILR TtAR S
7tk Co7t 3R 7] wiBol, dry ice BAMIEE 2 23t S7lEE& 84
AF1A] et dold £ARE A2 AAL L9E Eolth

o] V&L UARZ] Rojsla TP 2F R Aol HF/gol
e3tn, v]l2d A W 9u|7t FHrie Aol drh ogEE Ve
A Exdo] oJ3lA €0, EAAGHS AdFEG vt =842 A%
AF 281 BEFeE Ax 4 AERFY AMEreEA A¥E + Aok

——

- 100 -



Table 3.1.9. Selection

of decontamination

contaminated facility and equipments.

technologies on

Decontamination Technique

MEZ )

L

Hb)

FW4 )

TWS)

PFC (Cleaning, Ultrasonic,
High
pressure, Rotating cavitation

Jet)

CO2 snow/pellet blasting

Grit blasting

O

Shot blasting

@)

Dry vacuum cleaning

High pressure freon

Vibratory finishing

Rotating brushing/honing

Automated grinding

Plasma

Strippable coating

Supercritical CO;

1) Analytical and electronic instruments

2) Machine tool and machinery
3) System piping and tanks
4) Floors, walls and ceilings
)

5) Technological wastes generated from hot cell

a) Smearable loose contamination

b) Contaminated with grease or oils

c) Fixed contamination or oxide incorporated

@ Preferred/Probable
O Potential/Possible
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ET20p A2 FAHL ZEZ0RE o & ol EW o4 Iy 3
8 HEE Bd REE0] miE 2 dA/AAES WA 284U W

A HF REE AdEFe s JI3AA AAE o”"°]t} Co, Fe, Ni,

Cr, Mn, Mo, Tc, Ru, Rhe} ZH2 wWrapgd FA AGE(CP)oly dEA A
Z(FP)e] 1x& HAd 29 AANE A E“‘i}%‘ (carbonyl
compounds)& FHE F gt EF 7|4 ERokE AH&Sla U, Pust 2

< TRUES] B9+ E4£33E(fluoric compounds)& BA3tE 7] Zat

ZubE o8tk oA Y EepzulE o] &F A Ao Zeizn}
Ao AA A AR A oW 2 JHE AW 24, F oW FA
= =Skt sk Aol Fefznt A A Ao Hiolrh, Ealzn}
TAS Aol Fdsle] 2 HES A ASH, 74.1’6‘] AEY F45¥d
AES 28 Bl H8Pol 4T BPE HolBEA JAFAFY
AF/aiaRe 254 edEY A 7IeE JF=HAch

Bl A93E +4

SUelld FEHoE Jpdsta e EFFE QA FdRF7
(DUPIC), SFxtAeitz], HFHB 59 AHel3H-2 2Yibs A4 Hot
Cellofl A} AAZ=o] 23lA] AHe|He FHLT AdY AL ¢ &3
Al Al "W s 2PehE(TRUY) 2 Ed AGE o3lia tjiEo]
APAs duiEFos ook oyt Alde RAE SsiNE F7]
Hog Agste] HAAR/AE sfdstolof oy, AN B4 W a2
A= Adste Wrks ESHE WFolof g}

Ageld duje A ol&Ad dulet EFAE HulE ogdc). o]
SHEEE = 2% AN, FE 5), A83y 9 eANWIE
E°] F71 =, AL Mu]E Hot cell Lﬂv—ﬁ} Hot cell iof] 327 X
o RER £
tF2el edduls FuiEHoY URe] oA EUFelE RIE o
lom o Adulel el wiel HYUY HAHS AFst] WAg £4

it

o

g 7122 olt= stFolo Atk WAARL 1VAZ ARl 23
A Azt st 23o] Jtested AQsk, Wl wal 2vAe
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AdE & + srh 1A AEFHL 2ol 7l&3t viel Zo] o, 1
&3, EW H=E4d 2@E] thsiAs PFCHA AE,
=2

2 1

Ax3] Y @B thsiE Sepzn} '
B

3

2

= zA 84 Adre

P AlgdE e FI He oldAd duld Beele o4 Adul/

oAl RAHE Fo 7ee The Pt
dgulel "z} RS AW 543} £F

Fgulel ol %
A

- iAol A3t AdE3H

2o ogR SIS de|AYol glojA H4Hd 24E AA
U] % ¥ S Aotk 2 dF=8 s7IEe] vEd
gola, EEAFELL dX3HA] oY) wigel vTAEY Jleg ol&irh
532 542 A, SHAY, AR Yol W dAL HeHH

3 £ 471 folrh. olFAA i dule= AFEEH], S84

A AAFTHLS At ALsA Hoh Agdu HEA e dARA
FA7lgol 3liM AY W Az E= F7HHE7E Fol ZHHLL
APgAbs ANAE7IeS e9duEE @G ol$AE d
2 FEHE, =&Xd Adde R AAEsI&o] 7H Fsta agal
T FHES SR LARAIE folste] =&XH F AEVeE A5t
on, o 7le2 AA ANAGIIeEE E&E + vl EH H|x=F
3 2EEY A AR LEE AAdde PFCAErIeol 713 gt
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T 2R3 L AL EAE T folste] F AArIeE ABIAL
o, edolu Zgola § RIILEE AHEE ¢ f
AH@rlgol mH ot ER e
AA7Ee ARt AL A% FH A2 A 5 o

t}.

el Jlee A HFA WARM AF L A=, AEGF
29 2aabs WE W Exe X, AVEE st FF& £ 0I5
o] Wity 92 W —‘H?& F7MAE & Tol TdHh Aﬂ*—17l &
2% F4U AL AHe osiA &3 AF

A AL, ?i}—% hot air& FARRtCH
Axl 2L 8" Perfluorocarbon (PFC) -&<jo] Axx2]
22X} fluorocarbon 7] ARBAEAE AV &S SBAULEAN
duz AHsle 2RoE AE T 2siM 2@F EHA &4 F
o= uxlr} Wolx vie} Batd FEl gxES Fuo{ztfeln} dejoi
atzp e Ea BREL Bl MY gz Rtk AHE st
z71802 oH xS A 5 UAY 9F AT THest ok
sttt PFCE W] 3i7tol7] uwfiol ZAAA ul&& s, 23t w7
o) e oAsy] slsiM 4 2 ATEITE AHEH AFSS 7
A2 AAL T 34t AFge] 24ulE FASY] #st FIHHL
AR g A 2F UH7H°—’;‘:-—‘?-: H 7hgict.
COE AR AL dry ice pelletsojiL} QeI LEE & z‘ﬂ- thod i 2ho)]
o8] WAHEE dry ice snow 5 2| 3 miAE o] &3k WHLE 09
gujE e HA3 P 4L JgeRy UAsEE ERgolu
ouz] Agmzte] E&¥Th  pelletA Ae dAAE AT
macroscopic pellets®] &S $E&%o] TAH & ¥ ANNAZA oy=R]of
o]&3}n, dry ice snowd] A$ =Zefe}l wrawid FH APHe
snow Q1z}e] mElel AgtFatel] oJ&slct @A Ed-pelletZt FEol
Yxlo] osia TAY] COE & JtAR $3AIF]7] wWe] €0 &
A GEe 23 HIEE AR deth FHo=RE FE A

@A T do ol s EAsI FASHA Hrh

bt o2 o & rﬂ
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o] 258 9 AWV E UEEHL FEIHE AEE ]
2] A Ao UIHE QEAEE R Y
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I
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B33l o]$AEIE 801 o W 2oE wArh

U aAAEsle 4 W 2YBEE 52
TRU(Pu &), &3} 22 503 249 dH7]E(Hot Cell, th3 Blove
Box, Hot Cellxj&., W&EEH )9 AAAE 7l n]=(PNL, W.H., HPSI
5). ¥=F(Harwell), A& 5 AAFoA F2 TRU/ Y} 71 A
= AESIERE BIHLSE Jlad Fol 9o, tifEE A8FY
Adg FAAA A UYeEs LEE0)7] T $EH TRU/UI} LAE
o] Adof tht AFolddrt. v, AMEFIAR XA oA E W
A LEEo] UASHY Atabs QEEY tiyt AETleNEE 27
FetAe] glch
AYAbs 43 =Y AMARTeL &Y ElA Aldv&olde
2T AGREE] AL, AEATL oER LEEES UFLE 3l
MEL 7lgo] A/PEER e FAolth. o] AT MUEI e
AAAE 7le2e PFCAYE 7le, 7ha3 9 7ta3/ 2 s/ &k
n7lgo] ©d ke HYFH i Ve & & £ Adrh. Aoy
LEEY 2 EH 54 W i3Sl wet Adrle H &L =
o, 22 Z¢ ¢ FREE SRAE FHLE FdFEe] M)
IYAbs AAAIE7IeS 23HuEE A EAAE} olFAE Ay
o, =239 Aol CoEAMAA &0l dFR3l0] &olstn
chFgt 2@ BxY Aol H&gol Fdtm, wlaF A W Pt
ol gl =&Xd F AE/|e2 AAsnt ol vl
A Fdol &3l CO EAMAEYL AldHEz} vt =249 JA%
AF e PR Ax W ASFY AEVEEA HEH 5 Ut
EH g4 2959 AE nAE3 LEE AFdE PFCAHE 7| &0]
AAZAE D HgsrlEA e st folsty F AdrleR HAAsAUc
PFCE v fAIZH Hetaoz ysta ArjFAge] 3y, U
27t 33 A 9 FHAYH| Yo} W] FAZo] 31 A HE
o] golste == #u ofulel vl &Y W iy AF FBo| Jhs
sttt ol Jled 5ol sl PFC AlE-E HA 2 AFAEy], v

d
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g Zlgoltl. Etzul FFL Aol Fustel LAELS A
Aste, A3s] 1Y FEHEH A3E 294 HPo] HEHo] 43
58E& BolBEA JIAZAFU AT mBEFY 134 2@EY Ad 7
== A3

Ageld 294E2] 540 utel AFH ALrI&S vl g o] 2y
Al AAAE 53 ME=EE =&35tdch

FAZ Ve AddnY HFA dAZA AF U Az, AT ¢
g Pabs HEF U 2 23, ABEE flste] 3% J1EH |5

A 2 A ANAY dedAE 4% B

1. PFC A7 &

7 A&

S 53HA ZFTEZAA YAEFY] (DPIC), AMEFIAR A
tie] 5o AMAEE 9 A3 MU fside 1YAs AA
W HFARZ 2FEHY, AU o2y S9EHE AL 9@ Ay
£ 292HE 4 HEYE BAEEER o[FW UMY Ak ¢t Fe
s 2gHTh AYAbs 2 HFAEY AR 2 B Aoe Ag
4L T8 Yrbs EHUE HFo APal 9B daA| Aok, AP
Hle] B wl A A= AHHste] Yals E9E YWFojo}r giTh. E3I
A 2 e A Alole W 2o gabs o3l w7 Eo] WA
o] el AF-E U U I EY AEF o] 23 uF9] HNEY
S M E AERGe] aFolrh, EE A Fchit A 27t A

A HelBPL AYss AMelBE AN Ad sl Fgo] eFH)
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AR AldolM 2" 4 ol Adul H FRELS FHJShe AHEF
daguy ALEY 3 oo wet 2 & W 5o &2 £ glrh
P MFES AIEE ol sl o JAEEIY ASAdN] F2 A
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e A" AFAH], Hot cell ¥ W vlg 223 FAHIIER £H3

gor, g chdzt Adedel utet FEHAE, WFEHAE U
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FA w718 AEAH JlesA A AGEEe FH8go]
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TYAE/ZUA FA[3.2.1. 4]/ 8k=0}7]£[3.2.1.5] 8] Trd E= E3}
Bol thd Jle & & + drl Adgy 2dEL 2x ¥H =
W i Fol wet AArIEd] &L viEn, EEe AL vy 3
Hrhe 53A9 3HLeE 745 Ach. a¥abs A4S =
2ol A ofF AF 7] ©AlolN, XZ7IA] AXA L& o]&S AF9]

dntd o g EILE A 33HE(Perfluorochemicals: PFC)& H|=o] 3311
FEAZEo] 2on, HArEAEo] 3 By Sdo] gl B oy
oz HhgAdo] wol oo ¢hFsty HAdo] =) olF3I EelH,
ey 540F st PRCE W, We, BF, AWEY, $%, 9%,
AF, sof, gof Sl o] ARgER gith,
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T Mg HEINE HYHoE AYPAI|E PFCA AW-AEAI Holh
A A8IE Aol €2 F4v 4502, Al B2 F4E ¢
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43 setH o s AP 8| Apd Aol B gleonz &
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=7 83 AA o ERAYE o 3A gaAd 5 gL By ollsgl
718ule] EAFYE A7) &2t gl o)’ PFCA AREA
Al BEZA} BAL I CFC 11359 o244 Eq] 3 7
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3 2 AP ASFHAE AAE] FHAAM WSS LA
S om QEEY AP st gAd BT odFEE R L9AHE
2 e PFC HAE ARgste AAAEVIEE FE&ste] AEITE
35& FIIstelth

( HEgA|[3.2.1.6~3.2.1.8]
C-F& oiwts] AR T/ AYE 1T 42 FRAY FHelgle FY

AxpAL 0.7240] AU ol HHH o2 FUARE Alolg steric

[y
g
]
o (@]
i)
g
5]
(@]
-
2

=
=
23 o]Fo|A PFCE T2 ®tafo ZIRISpeAof H|Ste] H]FO] AL

2z g3 28| glon, AR o 2Ea S TPl AU,
aerE EbsppanbE o] 23t WAlAoe] bsich At} e oy
EA| ¢ =

5 ¥
| ke F2] 4 AP fA AATL KolEF 7] HshM=
t7lgtol A AEge] ZFAo] 35~150Tr 4w Res AL 9l
om, PFCE: 100C ©]3}te] Edo] W Aoz Ueht girt
Table 3.2.1.10], @713 A2 o= o} &4& A dodA &
43t H9d #&3E Uepd CFC(chlorofluorocarbons)E 7 Aol PFC&}

] 2L shgirt.

CFC: 7 BHdd A Aoz B3 tir]Fe] 2&2 Fste
A% oA, 19909 Clean Air Act ¥l 2|A tj7] § LU=
2 RE 33Eo] 19954 1249 31 HE Adato] FA|Hof whel AHg-e]
A3tEl 2 glth, 1 CFCY B4 zt= tia] EAE HCFC(hydrochloro-

fluorocarbons)o]t} HFC(hydrofluorocarbons) So] @FEI 9len,

A

ODP(ozone depletion potentials)®} GDP(global warming potentials) 7}
CFColl uls] M utth ol& PR TR 47 SAFLE 84 CFC
of Wlal ure Aol Hobd Ad Bzt mi=A WAHch olof Hlste] PFC
= Ao 2t Easte ol Y Azte] £9¥ch 53 3=l
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uhEtA e dA8ol the 2600-50000 dolu} H FEe] I3 ¢FI Eo
Th olgt Z2 o FHLE A W, we, BH, AWEA, |%,
BE, AF, 5, 2of Fol FE o] &F glort PFC A7} AT 2
wete] Ay Edolels WEE AU gl

Table 3.2.1.1 Physical and environmental properties of fluorocarbons

Class HFC CFC PFC
Property® Vertrel® XF|CFC-113 |PF-5052 | PF-5060
Formula CsHzF1o CoClaFa | CsFuNO CeF14
Molecular Weight 252 187 299 338
Boiling Point, T 55 47.6 56
Vapor Pressure, mmHg 226 334 232
Freezing Point, C -80 -35 -90
Liquid Density, g/cc 1.58 1.56 1.68
Surface Tension, dyn/cm 14.1 17.3 12
Viscosity, cPs 0.67 0.68 0.67
(ot bot Ling pornt). cal/g L0 | 351 21
Specific Heat at 20°C, cal/gTC 0.27 0.21 0.25
Dielectric Constant, 1 kHz 2.41 1.76
Flash Point Closed Cup® None None None None
Flash Point Open Cup® None None None None
Flammable Range in Air None None None None
Atmospheric Lifetime, yr 17.1 100 1,600 1,600
Ozone Depletion Potential (ODP) 0.0 0.8 0.0 0.0
Global Warming Potential (HGWP)® 0.25 1.13 27 27
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Elad7y} 283 71 PFCA 3}&Eol -SOsH, -COOH, -NH,, CONH; T&] %
22 Zg7S etdog Aylshd PRCA AREARAZ Hed old =
g 3}atd AT AR 2gU]|e] ety HF o] wel LT &
A7tz a2 PFCA ARBAA FolMd perfluoroalkanecarboxylic
acids &} perfluoroalkanesulfonic acids7} 2}3 QP =HoA 41
ZRog oA glrh

ARG B4 Aol AU FHol o3 wjUe T

g uyarhe Fdoltl ARBEAL 4Rl AFpHE o]FolA e
o, ASREL O] BEEAZ FAEEC Qo aba, A F, AHII
z B TN AUEEYAE AHEHT

B3} ARZgAolN a5tE 845 IUsh 4T shute] 42917t
Bax12 x#8Ho rt. E3 AHRZAdAE HE3 (perfluorinated)
AWEEA = B2 B3} (partially fluorinated) AREZAZ £
g3y, e ARZEAdAE &5F] RE F471 E4% AHE0]
glov} BiEa 23 AdBAANM £5RE B4 $4 UAE F4F
o] gl BANUAY] x| 47t ARYEAY FHol d¥E Erh FE
A B3 AdgEAds M2 ¢8sia] de F Y £FFE o]FH 39l
om oA vlAdsE (critical micelle concentation, cMe) &} e AA)
2 Bold 2 ofUzh nlA A Mol Holdg Ushdch EY wste
£ et Aoz gule SAEE FrhAAE, AV wE
g wHa, AWHe 2NN BHue HEE BaATh

ARGPA L] a5RE B2 ohlel & AWE wiHIUCH
AHol w3 B3l AQEAEAV ZES U o VA
st zict B3 AREEAE 34 21 S 20 oV/m 013}7}7‘1 b
2 4 9o e ¥ SR Expdoltt. E3 ARBEAE 7
AolA Ed AL Vel &, bzt @r)ent ohzt 4kE A=
o2 7hFo] ninrhs Holth
L gtagrl 2 ZIEeaA ARBYA R A
Hog LYUsle T2 FEE AHEY Z¢ &Y =X

FE o 3A AU EE &F FUIELY ZHAYE A=
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A g ogs A AASH] gl ol&8 FHL2 oAl 4z}
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o2 oA QrH3.2.1.9, 3.2.1.10]. o]Eo] 2% AYHL =
A717} 1im (107%cm) )31 Z-¢ HH Zvlsich 2k 1) glxie} H
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th. 2l 0.1mdl ARt oA ot FHATH LS LAt FAof vl
100,0008] o]% Zm, AA| A& M3t FPFoTE o3 YAES
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Al 4=pe} A FH ol 2HESte A¥E " @A Ao gl

X

@ mlAxte] A ¢a][3.2.1.11~3.2.1.16]
th7] FolME E@el AWSER ohst Halo] FHH AH e} T
A7t A TEAel T W MATH AN ual Yate w3}

e
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@ 2 EEe) 4T gl WE Fol Aojsh: L I3 o
< Aol s theds] &olstAl A7} 7hssicth &,
AzZte] oAt FRATY Rl whEHo] ¥ IAA 2
= SRt o]l ¢Ao] 1m o]}y FEo|=
AL A" FAAE B8 FHA Jhesivh AgelA SEol= E4HA

1=
W3t 25 Yxte] delylol sz,

l

_9.
r&ﬂ

ok weld o FA7 23 achd, gAE ajele] o
ol S0 ABAEE A AU Vol AT 4 A BT LA
7] AL YAt Bl ThE B T u]7E 0.15 o] Hof
of AT} olet B AEEY Wb wWIEL w484 njEAN B
th Alste,

2 EROERY o2 AA FHo] YoM NEHA g
AETH ARG SdolA mlM AAEe] PREA EaHTHe HE o
gote Zo=, 294 nld Sdol LEA AWYLAS LA AL
gosA BEHOT UAE AAY 4+ Atk LEA ARBEAY 55
& B4L QA Felo] w2y THA 8uist 2 WSl 1A Ewo

12 Relg SAAATHE A3} 1A Edol sldHos TN T
e ggolde F= Wel o3 2AY 4 lrked Atk =Y 28
sht 2QEAet 22 A8 20 Jgstel A8gons o4d
o Babg 2147 4 At O ¥4 A B LW Qi
ol th 2AEAE oy guijst o] glthd x| Fxo] og
Fo] Ui 4= giTh

(W) PFC RAlo] olar Al 7g

ABH 2dYA AA PPSE Tl (CFC-113)0] F2 A-EE o
gk, T AGFF[3.2.1.17, 3.2.1.18]t cirst Hi7lE 9 AY o
B2ol H8Y + 9 FEE sl AU A7 A, AR FRER

o

S
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A

A
e

o ad
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ol
BRZAE AME3IAL ot I3 Ze o %% }-\—]?5}

HaE Xst] R/ EFHo] ohd thdo] glo] Eﬂ/’*ﬂ“"‘i PFC7}
WLEGITL PFCE Zel2 npizix| 2 oA ejol2g o]gdt gAdS
AGA AL GEA AFATI 2ol uwlel HPFHo] el 4 gt}

ZeE2 A G2 Fdolvt et stollA U LPES AEsten a3
Aoz HEEATh Y T BAAEL 14 B G E) O

3 oRE =22 WEE 1.565 g/cn’E

A EHrtl ¢ & el A 0.694 cPolil ERAAYHL 17.3
dynes/cm @22 27k B2l 69 % ¢ 23 %& ©] 7] wjRolct wxy 2
Al E2 LETt 2 g vlsiM AE Ed WS 2 AuUAE
ZHE o glen, AEI 52 £ vj3] FEIF 2 Ao HF
227 oS vt B2 42 ZUAEE e A 9L 52 wHA
e Zte &Y vls] 22 BAE €Y A EREY 4 Jrh A7) o
Axp 71718 wiEA AFsHd o] AMREUY 2 olfEE 2
A8, A714Ad AR EE tigt 2 AIYH W Ay x5t T
B wiEoldlrt. E3 Ty w2 Zubatd (35.07 cal/g) ¥ A H
H (47.6 T)2 o A FHo sy o &2 vHL 2= A=Y 29
23 wEA Z2E 4 don, d&3ed ZRHe XL B3 Lnjs=
PR A ALEHE - UEE IfHoTH wrAEE VB wAlake 3]
47t d 4 Qlth

E3}ek3HE A (perfluorocarbons: PFC) 3 tfglhs] B84 E= 33t
oz gl =23t nstAE AsjAdgo] S43itt =3 Ba
ol Figol ul-¢ Yt H|Fd E-E &3 o] ¢gom, H|Fo] A
3l EdAo] ) A2 ohE 184 Edo Azpdo] glow, E)
BaE FHolE WIS UIATE o] 23 walde] st

C AA7Ie2 712y ZY2AFRT} 24 EHA 2L JxE f
5 ZHHOE AAY 4 e T tiA A AETHEoE sUE
dlen, F2 F&Hv] 4 FRE Fdou} AR} AuwH odH =}

N
9.

1

W

n&

st b
fr
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& Al
fluorocarbon §7] AHRBEAE 7]—3]' L2olg —:__'F—%A] _Q_qu L
AR 2R @ TR N od EdoA & FoE YA
7} WolA Upel BEArE A AEL Fuoziutolu} ghejoiztuia 2
e 3HL B3t MH %Qﬂ‘bi—r‘ﬂ Eelsla, #HFo=z wWAddE PRC
guje ZW 9 5 FTRHLE 5o H AAEYUTH
olu] AF¥ upel o] PFC %—'3-% HE B oAgA FEFAF=U
of Wt APTAL weAA Ho, 2SIE ol &ste AATHI LU
B2 o] g3te T kx| o] UntEoeE AgHTh olE el ML

2 Qe 5& thest 2ol Jlstt

01

O 229 AEFH[3.2.1.19]
ou Jlae AR BR BoldA M AE gA dFEel 23 PH
3HA ArgE T EEL AAsE & oA WHE HlasiA
?IE% 3} QAL M 2H oL 1EA AAo] el £F HAPE T
A & glon stax, 83 guje] AA sHsditke Aeolth o FF
o] ZIhshHAME WER J|&d FLE A3 Aol HlF, ¥F 5Y H
QB = me Uzl 223 A x| Aol BUSHA o FojR|AL

e
d

==

xS
¥

zev HAPZTR dold B oo ol cavitationo] T2
gt gL st= Aoz A3 gtk Hal(erosion) A|E WHLE o
223} cavitationd] ZE, &% 492 Fube U FEE ABA4
spatR o2 Zgsta ot edute] uiFo] ¥ HAE AL
olty. E3H 2} cavitation T ool & o AT AFE
=3 2evtE PUY & ddo] HEY 5+ ARE s17] fAst A%
2u|7} Zpolor & 7|EF 2] FAHE YL oE &3 Fol MHE
Z20% A A FuF (18~44 kHz)oldA F7Hd v &% &9 (2
5~10 Wen®)olld A7t 7HsE ojok gtk Zlolth ey @xi7kA] &
ou MR eyt @A FU=rinE Yy 4 gUrh. &% (sound
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field) WolX A 33 &L&Y F3o 713 4FL F= Axt: A4
ZEA oA el A|te] AHolla] udAlSt= cavitation @ acoustic
streaming© 2 4A QAT M FHo olE AT} YA 2L 3§
=2 FASHA ArEelxA] ofx gl

FEH 2492}2] cavitation T} thEt 7]2Ael g
A FHFoisirh 2] AAL cavitation 7]E L]
7 2hE stolAe] HAlER oflzsl A7 B 2
< HEshs 7IEZ Qste] WPt S 2AERT ol
A A cavitation I ZE e} dixe] Eald AR
7F YA k. 2FFA AEES FIA BAZ FA
& Stolld LI o]z s FAZA it o EA
AFIA Hol 24 o LE &oltA ¥ ol ¢
ol2] R MITAE UL ASAAS B}

23 A By " AR oAy AP ZEHoT 2@ EL Heof
2]E¥rh. Cavitation®] 2h& 3tollA dute] 7|AA mzje} &3 38
8] Z& stollA A A eAE ] ety T argo] FHo| oA
SAlo] WABsT] w el Tt Zo] Ml 7iA| Z|EHQ J|Eo wlgl BE
LHES FEshE He|slch

- oM 34 shFe A-gol uigh Ay

- AIEE FHe] 28y

- MR A ete] 313t AJZ ARG cigt ZA

A Wz 71Lo] ZASI] 2P E-2 cavitation-resistance 217} noncavitation-
resistance U7IZ FREIL, F Hz] J|&Eo] ZASIAME #H3A ®&=
ofstAl Aysta e AU 712 ZRED, A Hm] S0 gsiE A
Aot FEtH e 2gshert AE5HA] e tE BRI

oAE LHE2 A7l FT UK JERe] 23 ERHA ¢n
H T2 2Yste] I 54E vehd £ gith 24, 2EH5EH ¥4
H o2 grease o] AMFo] E Kor SAHTPE o] 242
cavitation-resistant ©|HA AMF FAz} oFsiA AYES dom A
Aot A oT 2AEIA] Uu ZoE ERHTL olE JEY et

—_—
O
g
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b

AL o2 grease IS &
Uehie, Z2EA MAI LS l 3j| &
N2 cfAst, A3 ¥ TES E’z}@ -’F‘- A 23 ez} AElo]

1oy 29 Yehhz g

Geld 283 Agsie se Hia

QA AZ3 EHE= E31

1..):!1_.1_, -

253t A8 H§ 399 2L 7HestA
siETh AAE Edol @&l FstA Helgol lewA AgAet 3t
st3 ZHgo] o1 MA that EZ Q) cavitation resistanced}t ZFAL ¢
Z cavitation resistance® ZtrlH o] QHEL 2283} HALE AA
g 4 ¢lch

M ESHA B F v LEEE 47 X 7IEo wet ety o

Table 3.2.1.20] +F31t}. o|2} o] AH 29 &L 7+ AA
FAIRE i H o2 n]23tA 5SS

goted AMEE 4 gtk 2|0l olg T2 FF & o3 EF

-
3
S zewm AW Weds AR + 9T A%A U 2 AxE 4
g 4 drh

Lol oA EH g2 cavitationZ} acoustic streamingS 27|

= 23 2ZE stellA 7ol FHol 27171 5 mdd dnt YxE Lo
Lol E7te B¢ ol" 2731 SFolA 2A E- 7oA Ji&a
Zitt, o]’ 7S cavitation T acoustic streaming $£Jol acoustic
radiation pressure’l olE Axte SHAL &A= AR due

& 4 olrh
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Table 3.2.1.2 Classification of contaminants,

Contaminant Classification

Noncavitation-resistant, weakly bound with
Dust or slurry )
. cleaned surface, chemically noninteracting with
after etching
detergent

) Cavitation-resistant, weakly bound with cleaned
Grease films i . . )
surface, chemically interacting with detergent

Lacquer films, Cavitation-resistant, strongly bound with cleaned
dyes surface, chemically interacting with detergent
Polishing Noncavitation-resistant, strongly bound with cleaned
compounds surface, chemically interacting with detergent
Cavitation-resistant, strongly bound with

Scale, oxide films |cleaned surface, chemically interacting with

aggressive liquids

Noncavitation-resistant, strongly bound with cleaned
Corrosion products |surface, chemically interacting with aggressive

liquids

. . Cavitation-resistant, strongly bound with
Pickup, resin . . . .
. cleaned surface, chemically noninteracting with
deposits, rubber

detergent

253 A 71Tl VL A= 8 TR AAES i FElE
SAA Fig 3.2.1.100 £5s5ith 226l4 e WRE 427
o Qatso] EW oemel w R @A JBS nAEAE Uehd
1= 3

Cavitation 7Y%, acoustic streaming &% U A2, BIx} ¢tge] =]
AR o SAY A5FS Y 57 4 Z=, A = 84
2 2R B beol oJEjrt. UNHH o T Xy AFL 3FHoR ¥
g1 uiA] ol 43RS niAe] 331 Ed == fdo By 54,
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58] gale) 2xol Jbg GEYTh 2w MAel Uodd eduel
3, B2 2% 8L HYHoE BHA WAL A LF Gl
4 galo] SEHE AAEY 2 A8 AN YA

Hydro-abrasive
destruction

L A 3 A A 3 A A 3

Peeling Emulsification Erosion Dissolution

Cavitation

Radiation pressure

Acoustic streaming

Static pressure - > Specfic effects

3 A A AAAA

Chemical activity

Surface tension

Viscosi
L Sound pressure kA
Density
Frequency Vapor pressure

» Physicochemical properties
of liquid

Sound field parameter Temperature

Fig. 3.2.1.1. Influence of various factors on ultrasonic cleaning

efficiency.

@ ¢ B4 Ald-3%[3.2.1.20]

IYEAA G olF3te FAHE Aol J18te] &2 AWY (shear
force)& 712 FHORRE 22 584 24 UAE A Ast=d
o9 & 3}3 ol

28] fAlE =58 TAY u 14508 JIEEe] BAEH, olFf
A7} A2 turbulent FAZFE T35 ¢ laminar sub-layero] =
it ghef o]FfAe] £=71 laminar sub-layerofl Al uf-¢ WA Hi,
HEHARLe] W2 Mg oz mlFo] HAxtYo] Qxpe] FAHE RISt
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2| E3hd dats AARA Rt
=E2 B3l EAE #2071 A9 oy FdoN Ushis Avae of
ol HUEo] Qi SuH AN Agstd ANY 4+ gt doEe
C g tltes thast e zAstld Aisigen, sl

- FA} ok ¢ 7 MPa (1000 psi)
- =4 =8 AA 0.7 mn

- PFC &<¥ : PF-5070 (C/Fi, H|2=1.7, - E=0.7cP, B.P=807C)

A& Aatstr] 13 PFC 1gb&At A

ol =zte] mX]= 3¥ (drag force)e ztz
3.2.1.30] =AFo2 Yepjgct

ng,
N
o A%
ki
)
. UlO
»
o,
51
do
2

Fluid : PF-5070 (Perfluoroheptane)
CrHig
Fiuid pressure = 7 Mpa (1000 psi) Specific gravity : 1.7
Dynamic viscosity : 0.7 cP
Boiling Point ;: 80 °C

2AP
vV=_C, T = 80 m/s nozzle velocity

Particles to be removed from surface

Fig. 3.2.1.2. Geometry of high pressure spraying decontamination
system,
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HAESdFH 7 =258 54 o SASE V & =&xlole x4
P, fAe] W= p W &HZAbg Cof &3t
v =y 2 821
~ 80 m/s

For 5 zm particles

”
Fd = Cd : diz, pvs =~ 2 dyne V  Free stream velocity

Vy Velocity at position y

Fyq Drag force d, Turbulent boundary layer thickness

Cq Coefficient of drag Y Laminar sublayer thickness

dp Particle diameter v Kinematic viscosity

Fluid density

Friction factor

Turbulent boundary layer 50-100 um

—— T —————
-1‘ ——:%;——.;—
Velocity profile Vy

1/7

v v(y)
v X
dt

Fig. 3.2.1.3. Induced drag on small particles attached to solid

surfaces,

H 3|74 (volumetric flow rate), Q & th23} Zo] A4ty 5 gt}

2
Q = CcV ”j" (3.2.1.2a)
. xdi [o4p
Q= cop 4 (3.2.1.2b)
~ 0.024 L/s
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A7NA d2 =E F 7, CcE $=(contraction)’d4:, C= CvCcE BjS
(discharge)At=o|t}t. FA]2] Reynold Number7} 40002 Z33dH S3=
RA3] R BASLE Hute] FWo] EAMETH &

R = dYo (3.2.1.3)

714 d = A Zolola p = Fxolr},

WR AAZ2 Ed Alolo] kS 27 sub-layer T, t. & the3 2
o] Axtd 4= ot}

t, = 5y \/—f— (3.2.1.4)

foV" (3.2.1.5)

A7 r.= ZAONA shear stress, v= HA=(kinematic viscosity),
= Moody diagramoilA] 2] n}&lA}(friction factor)o]|c},
2ol % su-layer $A7 A7 5 m Axiel wmstol i, Yl

7t 83 7 BAS JAHL &= Fuls o3 o] FojFt,
V, gy
AN V= EHOZHE y AzZY &=eltl V& A{FIE 5 EE=
=& &Ezolth. EWelM o] 5 m Y=ty 2, & 3.2.5 me] Ag
oA V,= 34 m/s o|t},
FE A U WY Ero AT Y gxtel P Yty A
dp, YAPe] AHT RALE, pet §%, Vyof nvlagich uwiehy 3y

Thezt Zo] Ay 4 gt

Fq= Cayd} oV} (3.2.1.7)
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~ 2 X10° N = 2 dyne

7| A Coqx= ZA3A<Ql Reynolds number®} TAH drag coefficient@ ¢F
1o]t},

ZHE dAte] FEH 2 dNbH o= | dyne o|stoltt. A ¥ ¢
2o FAEE XIABEZE A o5t Al E EoiA U} AA
Hrl

(Th) PFC M FZolA AEA 35 2 dARAANE

PFC ZAAAE2 H|2A [FARE Freon AEFEL MR miHE CFC-113&
g5l ittt W AEU FHOBRRE J|AY U ety og Yapg
QPES AASE Aotk of BTRE A&HoT HUIAES AXT
| E 2G5l AIFULEN AES BT 0T Holxme| ALt 33y
o2 ZIAA QLAULEETE LAEES AHASA HE HEE ol§sia
ort. Ag F 3 fujs nlAl(micro ¥ sub-micro) oz} FIEZ|AZE
oA ste] QIxld LEEE fol3lAl Halsty AAstE AT L4
LAEo] FHE7| At LujE FRIlA FFRIY 28 BREL
AEta T F7le SF3 A AMER &L VA UEA
Eo s JIEEE Wzt o] 3] o]FojAth ALt o
upel Tl AEFES BE AR = Z7)9 &40 glol AFH
2 +5EHLE AEE YUY 5 J=F dE5d &7 UolN 3",

PFC A2 HESFAH L2 u]Z2J 2] Perfluorocarbon (PFC) &ejof A&Ex2]
SLFEA fluorocarbon §-7] AlHBAZAE HIIF 8UE SHAZLEHN
LHBE AFIE THOE AF Fol: o ARBHEAE A A ¢
=428 carrier liquid& AME3t] A& olojA ARAFIE dHA
IR oT AN} (Fig. 3.2.1.4).
g FHo YA 2F FHA &Y FOoT x}7} WolA i} £
A gE JQAEE Ay dilEe|et 2 2 FRE B3 AF &
dozHE Fe|gth AHE StH FU|FE AAxH ARE AHEY +
AAY IF 27t 73t of ¥irh

A Fdo| F2H AAZAEAE AASH] st ADEEA et A3}

2

- 124 -



ol Sz AAE AHESte] MY HFIL MG ol EA A3
I ZEAEE sHA Ydotok sta, H 4 glow AWEAEAE ©EY
3 AR &t 2 JAE JHAHo Tk AFel A AAEXA
UL AR Tl EAo] FHE IF AL dEeet 22 AF

e 7ol &3t SUE AAE 5 9don, xF &, T x:= b
(pervaporation)3} Z-2 ZEF3} H HbHol 93] 3F43c}[3.2.1.1-2].

Dirty Surface (with particulate Contaminants)

Filtered ———  Dispersion
Washing Liquid P
Separation
‘— Particulate Contaminants
Filtered ] Suspended in Wash Liquid
) .. B Rinse 1
Rinse Liquid (To Recycle)
I— Surfactant/Rinse Solution
Filtered Rinse 2 (To Recycle)
Rinse Liquid

I——- Surfactant/Rinse Solution

Air Dry (To Recycle)

Clean Particle Free Surface

Fig. 3.2.1.4. Schematic of PFC decontamination process.

PFC= |3 S17to]7] wiEell ZBAH u]-&& 2e3ste 34 W q¥E
st Zlo] uigtsirh. A" MH Y2 FfF AAE AR F FH3ln
AH g =2uE FA|SH7] 2iste] RIlHoz ARBEAe} wjfYE
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Algieh g ARz wFd ARBEAE AT LEA, n] &2
ARGEAT Solgs ¥ AFAE SRl 23 ofF HA He¥ & -

29 298 £ AAdeln, ol g gL AHYes ABS
ol =
—

(1) PFC M E= 34 ¢ Eesety 54871

(7}) PECA ABZEEAS ¢4

OIHE, B ofste So gulE ARgsle] I AWPLE HIAHO
QA3 T EAQA o] PFCH AR " Ael metal pentadecafluoro-
octancate (metal : Li,Na, K, Cs)&} ool &4 PFCH ARG A Q]
N-perfluorooctyl-N’-methyl viologenZ 314435ttt

Z  N-methyl-4,4 -bipyridiniun iodide 1.19 g& n-BuOH 50mlof] so]3l
perfluorcoctyl bromide 1.55 ml& L,E}%I:}, o] £& 74 ¢t FH HElE A
Bl F AeoE Hoj=RIrh ES At} o] HAELZ n-BulH 15nlo]

43 Fal H G2 AA %L%(*"a‘ & 7Eth

‘L

N N Y N N NWer

X Y

1 (R:CH; R CgHiy)
2 (R CH3 R" C16H33)

3 (R:CHy R:CgFy7)

®sl n)RES 2|5} hydrocarbonA] AHEZA] N-methyl-N’-octyl-4,4 '~
bipyridinium dibromide& tle 3t o] gAdsidch F, N-methyl-N"-octyl-
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4,4'-bipyridinium dihalided X3}¥ NaBr8 o] Y31 L] Mzo]
=gt os fAs] vid wizlx] 39 ol ke AL AF:
NaBr3} u}Zl Nal& A|A3E7] ¢l3] WA A=z, Agd godo] MgSo, &
T 4o Holdle & AAUTE oJjo] CHCNE YolA N-methyl-
N'-octyl-4,4 -bipyridinium dibromideE &3jA]Zit}. o]AL AE 5] Luj&E
A ASIH N-methyl-N’-octyl-4,4 -bipyridinium dibromide”} A37it}. o]

= @8 224 5= 4 MR AHEZE Sl FAustgrt

(L}) PECAl ABZZAL] S35t BEddoly] Aat 4 24

= AFE T THY AFEEZAY 23y B4 g3E U A
HRAE ZHold 23o)n TSk

M metal pentadecafluorooctancate?] &3|=& ZA}stgdom, o] B
o] FLdof t3t L& bg/L o3t v A zigton <h
¢ g3l=& 150g/L, 2|3l +&Y/E EFEdo] thgt &3 == 100g/L
FEE Hla3y F& ¢ + Udrh

I3l metal pentadecafluorooctancate?] AHHTAZ2ILE XAlstg o,
olx= w3 i Ae|Ee AV|3EIY A ezt o] pentadecafluoro-
octanoateZ} ARBF2EE =X AMECZH HAsigr) Fig.
3.2.1.5 % Fig. 3.2.1.60] £ ubel go| WY U Az A A
HEGA 7 ARAYZHo] L 2 EE o] Ao AR w4
Ae|Ze] #cj UPvAo] pentadecafluorooctancateE AMR-3}A] QS

wheb ¥ gt Z3} 50nn DIPPHOE ol F3he o 4= glglrh

(th) 32 FhoA el PFCAH AHZE 2L =}

TAEHI} PRC W PFC ARBHA 4T 48 Boiely] sletel 2wl
A EHOZ AR M| goly EHE AYsigdn, o] EHoAe
PFCAH AHZZA] AW FAHEE AFM (Atomic Force Measurement)®-&
AHg38to] SigNg cantilever®t Ag|E gjo]m Alojo] g3l e &3

2Astodch
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70; A -
2 ]
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=) - 1
_840# -
8 30} i
b - b
B 0r ]
o 10F .
c Lt :
T T T T 1 70

600 |- J

5 160 __

—_ 1 w

o ~ - =

o - 1 ©

c 570 -—m <130 —

° 5 | i 2
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gSGOL— || 120§

r \ _10_'_,

= 50| ‘% =
| I 1 1 1 M 1 2 ] 0

0 10 20 30 40 50
PFC conc. (mM)

Fig. 3.2.1.5. Photoluminescence spectrum of n-type 0.4~0.9 Q -cm
samples etched under various amount of PFC (A: 0
mmol, B: 2 mmol, C: 5 mmol, D: 10 mmol, E: 25 mmol, F:
50 mmol) and an ethanolic solution of 25%

hydrofluoric acid., (UV lamp 365nm).
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1 i i T T T ] T T T T
o O N
sob - O. ——PFC |
— SVANR® —0—PPFC|
L 0r g -4~ SPFC |
g. 60 5 i!_l ]
g8 [ A O .
SofF O T ]
=30 [ \ RN O 1
e ook O— & :
o 2071 | \
c 10} T ]
[ S TN TN T T L}j
0 10 20 30 40 50
PFC, PPFC, SPFC conc. (mM)
(b)
I 1 1 I ! 4
600 |- -
=50 T -
= 580 :. D\E\\
2 570 |
o) I
Q 560 | |—o—PFC
© L | —o—PPFC
= 550 |- | &~ SPFC
L " - N 1 L ] " i L 1
0 10 20 30 40 50

PFC, PPFC, SPFC conc. (mM)

Fig. 3.2.1.6. (a) Plot of peak intensity versus various concentration
of surfactants, and (b) Plot of peak wavelength versus

various concentration of surfactants.
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AFM #u]e] SiNs cantilever® x| I W E%Al?]f& 7=
cantilever2} Ag|E gJojy EH ijolof Qo] 23l XE ¢ A
A7l HFo] zg3he= AL HFH(contact) “Eﬂﬂ "t S Aejol
9l cantileverE& FE|A|IF|H AHY, o] xgE &Ity AE G
2= 8] FF(non-contact) AFef7} Hrh o] oA UeEhte AY2

antalo g Kzt (adhesive force)E LIERTE o] FEE L cantilevert

_2

A EHirlolof £A3l= ZHOZ FZ electrostatic forces, magnetic
forces, Van der Waals forces, capillary forces Sof 2}3] 7]¢lgicia
oelx olth

FAEHolA PFC @ PFC AEZgAel
22 mWow dug dalg delne I
3142 Fig. 3.2.1.700 $F3tach

g A Slstel =Y

o 3
% ‘o
& F2 (ImX1m H )8 ARM

2500- # 1 \
ot

400 200 300 40071500 600700 "800 M. . -

Fig. 3.2.1.7. 1ym x 1/m AFM image of Si(100) in the air.
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Fig. 3.2.1.72] ARM 3t} w9l UolA ¢XE vlRol7ig AlgZE 9o
HEHO| olF AL eox|z] 2 AEljE Tyl FoA ZHE SiN,
cantilevere} Az|E o] xlo]e] force vs. distance curveE Fig,
3.2.1.80] #Fstglrt

=R Al E ol® Ewol PF-5070 PFC Bolnkg &3 S8 PF-5070
£ 0.1 wt% Perfluoro-1-butanesul fonyl fluoride (Krytox)E& Z%gt
|8 &3 F ZAHY force vs. distance curved ZtZ} Fig. 3.2.1.9
m
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Fig.3.2.1.8. Force-Distance curve in bare Si(100).
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Fig. 3.2.1.9. Force-Distance curve measured on Si(100) wetted with
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Fig. 3.2.1.10. Force-Distance curve, measured on Si(100) wetted with
PF-5070 solution containing 0.1 wt% Krytox as a PFC

surfactant.
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Fig. 3.2.1.11. Comparison of Adhesive Force, measured on Si wafer in

the several PFC fluids.
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coated specimen, (e) electronic circuit board, and

(e) polypropylene laboratory gown.
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Fig. 3.2.1.13. Result of erosion test for aluminum foil in ultrasonic

cleaner used in this experiments
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Fig. 3.2.1.14. Decontamination factor (DF) for various specimen

contaminated with ‘Particle A’ in pure PFC fluid,.
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solution F’,
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Fig, 3.2.1.17. Decontamination performances for various specimen contaminated
with 'Particle U’ in the solution of ’‘Decontamination
solution K’ according to the concentration of PFC

surfactant, Krytox K157FS(M).
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Fig. 3.2.1.18. Decontamination Performances for various specimen
contaminated with ‘Particle A’ in the solution of
‘Decontamination solution F’ according to applied

ultrasonic time.
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Fig. 3.2.1.19. Decontamination Performances for various specimen
contaminated with ‘Particle U’ in the solution of
‘Decontamination solution K (1 wt% Krytox)’ according

to applied ultrasonic time.
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Fig. 3.2.1.20. Decontamination performances for various specimen contaminated
with ‘Particle A" in the solution of ‘Decontamination

solution F’ according to applied number of ultrasonic cycle.
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Fig. 3.2.1.21. Comparison of DF for various specimen contaminated with
"Particle A’ according to applied pattern of ultrasonic

decontamination in ‘Decontamination solution F'.
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Fig. 3.2.1.22. Decontamination performances for various specimen contaminated
with ‘Particle A’ in the solution of ’Decontamination
solution F’ according to applied number of ultrasonic

cycle,
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Fig. 3.2.1.23. FT-IR spectrum of pure PFC and recovered PFC from the

solution of ‘Decontamination solution F'.
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= I A7} FHLIlEol H3 T AFHI Qe Co, EAAE
7ol tiE Jled % ol EH 5& RAIded, AdEs IS
A8l Co, EAAIGAAE AHEsto] AGEZAUHEE S+3slgict. co, &}
A BT e Co; EAHAS] FFoll ubel CO, snowel CO; pellet HAF A&7
€2 UEs 5 9o, 2¢o] FE3 o3tA FAEH dAE ¥ A
COz snow ZAMAE 7ol &3] &bl wbdH, w23 cehs] uxd ¢
dRd Yol 2ed ¥ B-F €0, snow EAA|F 7] SR TH= €O, pellet £

ok Mt © Ho Ho
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A G Jlgol AR RoE &A gt mietd & dFolAde F
252 48 B3l olol tiyt BFE A EIT)

Z Az AL A=l doH,
AL SIS AT A A

o

Itk olg gt BAHAN C0E MBAR AHS3He AL uff ZIFHo }
1930t =yt Ak €00 AZ7} 7ssA EHol WA o] &EI AlF
3t olg] oE ZFH grease AA, SFY ZTJEE ol olo], 70dche]
dry ice?] IHEALE o]&% ESE A AWHoIL pelletP el &34
EAo] o3t EAAMNLRE EF st verle o2t IF 1980ty
Zn} OSHA, EPA HA¥o] izl API|EEA dry iceE o &3 AMER
TAle] dFRAL BusiA o] A7IE AFSA dry ice EAZIE A
& 27t o8 Ay AYEHeH, dry ice pelletizerst EAF FA
7} 2t} A Ao SAsATHS.2.2.1]. o] BA] BAMX = BAAFEI 2
3 3rtgdoen, 200psi o]/l yzo] 2FF oL I F COp 24t
J1&o] WAHe wigl, LUE dry ice pelletso] 7IUE o] 7|&0] A
¥/ A WX shaved block dry ice Rt} ¢l AF&I}7} L-4=3to] QUHF
g 2 wHo] ooy om, x| FER FXH|Eo] uolx|n, FHIT
LE AAVEL 80psid] LM E vl ZLAHA EAEIE E&
2 o)A = ath3.2.2.2]. pelletsS AH&3t= AxlE= 2 AlFdA A
2537 gom gk AgA ARgo] YR AulE chEE AFGHAR Q
BE 3 qlch

1) COo, Ay
CO,2 AJ23 APHOELE dry ice pelletsoju 2e|¥A2E FT
T sixte) 25 BAEE dry ice snow T2 T4 mediaE ©]-&3t:=

u}
[o]
¥, it C0E o] &% A@y T2l RUA AJeje] 0. F ]8T AEH

.|.4
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5o} Al 7 wEew wsjA & guk ojm Wil A8HWA A
2 000 gUiEAe 43 nBYCE AL Lo TH YAHE B
Ao} o Xl A te] o) E3tc),

pellet A AP ZH-¢ LAAAE $I¢ C0; pellets?] &2 FESHTO
#HAE 4 9 JAF oyRjof &J&31H, dry ice snow?] ¢ :=ZHE|

of I FHol 2EE snow Rt BEHE ALF o] of&sith.
olof Hkal o4} COE o] &3t AAP-Z AtolA] CO8l Eufd Aol &3}
o, 2UA Co; AFGHS C02 553 2UA FHAF A e]&3ic].
@ pellets

pelletsAe] AF LFAAHE 93] macroscopic dry ice pellets& 7}
&g Ag2, 8 4 7AAH FFo 3] o] FXicl.

pellet AoAe 8 T4 A=,

- A3t 2719 pellet A ZR(B)

- -3 2 pellets?] FA

- pellet®] T3

AR oL GETkAY A% T

- Al hdEol pellet &AL
® Snow

snow XAl 717 FE A €08 s3] &t BHE dAdaz
o} €08 &uid Aol 23] A|gdo] o] FojZrt. snow HFE] Aol o
F8 VAL FdAoltt. FAREES C0. 71} A ntEE 14

=9 4

A" 71e3t A &2] large snow flakes EEE AM8Sl= F 714
snow A|F7]<o] ottt 31528 AV 7} - snow spray BE-L x}eo}

FH718 BEFE AAY + U&= b, A& A7|[7F 2 snow flake

;

ox,
=2

Az
ok
o Y oo Y

2 A4 snow ZEo|t}, 3142 microscopic snow 3

2o 9y BATE AAY 4 olth 2 3719 snow flakes AL
A= AAte] C07F L3 BhH, microscopic snow ZE2 ilto|i} 7]
28l CoE BgHrt o F WY Alolde Ads L AGuFhUE 3

o] 7|23l =}e]7} glch
@ YA Co,
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2917 Aol Hrt BeuE dus ALY 4

Tk AUE AHEEEZA AAAAN 3 2 Bl St BE

VA BPPART $e Y U Lmoly 2AUCEHA, 0o S
Q

=
& 29 BT B3 2UA FA7 2 $BQ AFGL geldch
@ 1

Oft

£ 002l gujF gA3 2QA KT 2E e
. ol 31T, 72.8atm olake] ZYUA A dujol

—

X

o

rlr r

N —r-’ l‘O

, dEE o] €g@slch

Ut oz ZAA C0; FAe YARET} Y 52 &, YHolA
At A FAEe IR 2 FE W ¥ IRFY 23
53t BojeE 2 vk 2UA o, FAA glo, AdANYES &
Ziviel AR, W8 F 2=, ¢ 2A-sA "ol o] WEE F AA
tido]l R7ledEA adRAY AAsta B37t 717, T FHEA
Aol Hgsirt. 2UA Co, HAAY wE2, LAY FTHA FA 77
FE2 A28 294E AAY 4 glvks Holrt

2) Media®] A=
Dry ice Al mediag A Z3t=u] AHEE= o8 7HA] W] dled
3 F 3R] JlEL, BAPAAROA AFe] dry ice blockSERE dry
ice granules& ¢ 2707 ol dhdolt}. o]’ whHo g =,
Ht3 © 2 sugar - crystal 37]2] dry ice granuleso] A XE|Ed], o=
Aol Tig v ERR w7t AN TEE S WBo] Az F 2u}
2 Abg3jof 3t
T e W2, pelletizero] A ®ITHEE dry ice pellet-& AR F
ZulE pelletd EABIAL LR A7bA] E2-87]0] pelletE EAst=
ZHoltt, o]l& pellets HE 0,08~0.12“(2.03~3.05mm)2] 2 A =} 0.1~
0.47(2.54~ 10.16mm)2] Zol& zti=tl. o] el oA, dry icex= 7}
Q. A} CO,E snow® flashing¥t F snowdE A SE U¢FH3te] A RH
C}l. snows= pellet® A A nuggetd} & 7|A1A ¢S StAU, T2 =
PAE dieE E3] A pellet FElE S (extrusion)HTl, FAI] F
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Bol, qgelA ngese] syt o Z&Folch YWHHOR, media
| dFE & F v Y 00 B A3 9l

= U 729 pellet& BJA171E Zo] uighzlsic),
HPC02] snow 2] FH|ELZ, A 08 2=cof wet FUlgic)
w2t dARBIIE F3 wiE CO; vaporZ Eo] & Uit CO.E AtE ¥z

sk ol Fasit),

3) =4 el

Dry ice ®AMHY9™ML, sand blasting, plastic bead blasting @
soda blastingz} o}l 7[x| 2 7lhZ 7|V £ 2 inert 7FAE Balg
o] RS AHGsAU AAe sHAHcl o] F¢, EHA FEE F:=
medias 3LAFS] CO; ¢Jx}olt}, EA} media® dry icedRAE A}R3l= E
BZ, EHI FE 4] olF PRt 2ulE FEHTtHE Fojth
Ed-pellett FEUA| et ¢ 41&3 JAG] A4 COE 7t&
F7tF o8 S3AIA HeEltl gast 3-4 miliR Alolo] pellet A& <]
of 800u] 72| x| FEAHAE njA FLA T Co7t £EE 7] uf
wol, dry ice BAMEYE L 24} H7[EE BAEAFIA] bttt Hola £

Al AL AAH 29& #olth

f

CIE 24} media AME A9} nlRJIX|E, dry ice EAIA |Gl BAH &
FoludxE= At A FE %9 dgolrt. o, Y= vjzy #

E7 Hdermzg, o] FHL 2TEHE FEIAUAE ded 4R &2 &
Zo] o&E3I xte] wlE £E & air stream $EUV X240 F31%)2)
ZAztolrt.

T2 A} media®l= €], C0; A= -109°F(-78C)& mj-¢ w2 &
EE JIR|BE coating typeo] &J&3}HA tThAZE coatingoll H3kS A
U 2@ e 55T 493 4 29 oyUEE ZA 3l dry
iced et A Hstazt st ALl 2=t wje] ZHYol dEFo]
dold 4 it FE 27t HWold+E o EA U=l $7o] Y
& 714 @ 4 Ath EY dRPALT UE F BUsele] LxTuy
ol F E-AlelY Z¥E A + Yth o] dFAL FHEA o) A
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H uEE Z¥oU LdES ARG Al MR FH3ch

th. doiyd 38 g @ A

1) CO; EAMIEEE AP

7}) CO; snow HEAA| A

2ol AH A2

CO; snow wAIAIE SAHZALE 21T B 29x#H ARE ¢s] &Y
Ado)d AEAE BAY ¢ A= tiZEZ3 U 748 Q- E SUS 3048 Al
th o] xjAo] thEAQ LEHFOE M CoF AME3I] T %
LF RLERANE stcrh AMH AN FEHEHed SFWHQ XRFoj
g FFo] 7tedtes FHAWE AZ 39mm, FA 6mE THF3}od
grinding & polishing3t ¥ 43 &E FHS M3 AZXI Aejo] 4000
ppnd] 22 AZXH Co 2 2.5n1EF 718t R dA|HE A=z3IY
Tl. Co &L 71t ¥ o L=} FFAIZHE HIAA dddo] 2
He 20& Az g3 F3toct.

o
AA
=2
}=1
2

Co; FAIAE EHAE U-f
AR LBAIREY AEE B 7MY @] AR oA SUS 304 =)
AE CoE 2EAA =&Y ZZH ZL 0, BAAHIE =& dAHEs
=g FAIYY, AT, 24 A 2 2= 5o IR RAESLE |3
# C0; EAF A EEA Arstdch, Zh o] AEE S = o Pt
MEAE: 10, 25, 45 Kg/cn®

H3tAlE: 0.5, 1.0, 2.0, 3.5, 5.0 min

e A& A WalAA: 5, 10, 15 mn
o TAMZLE WHEAHE: 45, 0=
=& A7 HIAE: 0.85, 2.9 mm

Ju

X,
o
PN

CO, FAMAIE Al¥ A x]
CO; snow system “dA - A &St Ao AMZ3tATh CO; snow 2343
o BALAIX = Fig, 3.2.2.13F Zo] xZF assembly?} CO, cylinder® -
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. =& assembly:= 0.80mme] orifice®} PTFEX-Z %! &7 fitting
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)

assembly jol|A] ©o]gtA|8] Joule-Thomson TrE=iXlo] wulxy
2 AFstolct. &, ARFE Co; FAHY EFE 13 =&
0.2} mlAl CO, A& TFHI EYEE SIHAF|I o]ofA
A chamberE T3l ol& 12 EHES 714 02t B & Co;
e 2 TUEE AN F 23 =& B 24 EYES
Cop J=}2} 7174 CO7t 3% 32 EYEER SHAA olE
3l EAAFIA Hroh AREH o F7F 248 THsEES 3
3l 99.9%0] 48] Ale= C07F 23-HTl.

o

of

g

= N M
°¢ v
Q iy

12
B

X o ox o

h o
RN

A EA

EAL 2 @AY COo, FAMAYE A - T 2@s = tizt £4o] "e
st, H|&o] A oW A v F &3t
= 2AE 2 5 Jojof ¥l ZAEMY #A ¥ Cooll tialf X-ray
Fluorescence(XRF) o] A1<&3ta wlad FEy ¥ —E‘.—’EI71€°‘°] FHal
soith. of Wael Hol 33 ks FTUAE 1000ug0l 2 BEE 1ug
o2 of 10007118 AAAFIE FAY + drh WFY FAEE 24
off A-8¥ XRFA x|+ Siemens4t SRS-303 model 24 Rh target& A}&3}3L
&9 3kwd] TpAEAMF ol

°*3‘

L}) CO2 pellet ZAHAIY
Roled AHL A
o 29 ¢x}e] AR : Iso-propyl alcohol 20 ccol HF 7o) t}=
(1pm, 5-10pm) Al0; A} 5 g& Yir & E33te] @ehed Aeje]
248 JARE A =zstHct.
e 24 AW A= : AHoBRE AU A7} 3042 grindingdt F
polishing¥t o] Al HEwof Fete] Afefe] zjo] &3t FAlA=

_[
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pressure gage & regulater

PTFE lined flexible stainless tube

Bombe
pressure valve gk liquid or gas phase
{ carbon dioxide

AN
PIFE Notze (GAT20Fiting
seoondonice COARIOFting  Accumudlor frdt aife

Fig, 3.2.2.1. Experimental equipment for CO; snow decontamination.
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W Az el dxto] &3 AAA R F JIX] WHOE 2HAHE A
Z3todt. SAAZe] F¢ e o AHE Yol FE3] I F A
o] Azstglen, AAAR] Z-¢ £u|3t AHo A=Y dYxE
brush& AM&Ste] LA F 2}Jo] Yxke Holuls wWhEE AHE31gich
EF HALE 93 4000 ppmd] Co & 2.5mlE F&HA|H FHo] 718t ¥
AFL2EolA 50CE 48A1ZF B¢ T ARAA 28AHE ARt}
= F 7 4 LEAEAEE AEEH wA AR ol AW
2 =58 loose RPAHOE HAY 4 it

Ex—]).lg‘q Lﬂ:g:

A FHo el MFH LAUYE F IHHL A "EAPIN} =)
e 2T 2% o thste] CO; pellet EAIAE AR E o] &3l CO,
pellet AAAE 25 H7F APE £yt 24 &FuL} £ 77
(lgm, 5-10xm), CO; pellet EAMI (4-6Kg/cm®), CO, pellet?] =]
(3-5 mm), HZFHAIZH5-30 sec) T2 WHElo] u}E CO, Pellet AAJEA} A
deol FHuisfE ot FREAARL H3to] &3 A HEEL LS ettt

ARG A

AZAEFRY ZHA] C0; Pellet EAIAEAXE =pa] MHA - A 2Hs}o
CO; Pellet ZAAFEAL A HEA uiefo] A1&31gTt. €0, Pellet £A} A
A= Pellet A/d-8%Fo] 15-20 kg/hr]l CO; Pellet Extruder systemz}

Aol 5-8 bar H$]Ql CO; Pellet EAMFXE FA3l4Tt

Al EoA

AP Fol e o9 AW o9 UFuy Buelt co gzt
specific density& microscope(Nikon Epiphot Model MEA 212CA)E 3

¥ image analyser(Image Pro Plus)E A|AEL S B34t}
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2). AgZaz 4 2%
7}) CO; snow FARAE
Co, BAAEEAR
AHd 2EAZREY AHE B3 vlad Lu9gPel HHE A2 A
AE 400C] 2204 2442 715 HAEES B3l SUS 304 AEAS 2HAA
g AAESL) €0, EAAEY FEZAUSE HEAA, C0; SAAE
7€ LFAA EIGEE st sioict
LE2AAES F AdEIe N 2T 24U =53
A 2. 9mmBE WA Az, 2 Agds] deAMe =
o & JFE nXA| UFo] —‘*’QE]‘HE} EZE COp A}
zhE4Ql A7, oY 2 BEabAE] & HIAA AEE
2 A}E Fig. 3.2.2.20] UepiTh 0.52004 10&0] ZA rxwzl
Hto] whE fafﬁaﬁr 0.5%3} 1& Helolds AMFazte] Aol7} Lie}
uA] eigtont, % 2B7Ixe AGASLZe] oF 617t ZA F718t
th 27] 189 AFA73 0.582 Ast & AGEZ} Ao|E Kol
2 AL A €0, AMEL UFYeA FEAUAI 7] 1E FLAA
B3tz ¢l 4 28 FER HFAe] WA wiges AZ4H
173e] EAHA 2 %7}011 wgl AEGazrt 343 #4Y
23 Azt 34 o, AHEY E e 4F5¥HY €437
& FREE Zo] T AEAARE = RAYS Yn|¥t}. F
Fdo] AEF F JulE $IEA Kol EH A% &
25 Hel2 4& 7 < WEist AFEAE ZA HLATE
2 AEEHS dAXER FAAFE PP ZEt dasiel 3.58 o]
o] BEA|ZbolA AFGE2I 228 FFAIZT w3 2A F4E A3

o =
N

: A
0

o

Q
(=]
3
0
=}
[®]
=
N
-
¢ =
uﬁ,

O

= AdEde] MeE b AY i} Bztdct. ol A GEH
25 E AASA FRAIE Yol ZAFHA UL BT 2EY B S
Al7Zto] AEEI} HollA B2, RHLE SxuH S A3y AL A
Z A7t Z7to) umiel AFE}E AG S ALE 4™ ot =
g 00, BAILYE Z7lol wiel 270y 712 A ezt St
3 Aog oatstgdct. A¥Az ot tlE 25 kg/en’ollA 45 kg/en’E
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2aporee] Fotol met AAASRE 16014 612 Srlstech AH =3}
o Hg7hsde BASKE ol EAAo] mHE MAx3te] WAz}
7} F83HA Bk PR 10mel e BAAANE AGLAT} 27
3 ZAuS ¢ 4 dgdon smel B EAANE AFAI o4t
3 el esly Zastdrh oA Az B 07t BAHoE A
o] A%t A8 AW Adst wege ough

AT ATH Ao AAHLT YYAA Az 2PN WL A}

¥ EAAANE AT AGRA] 2EE APSA AAST BA

520 Z7A718A BAANE 10 mEEE RAY A4S E3AH
38 9 4 gon, U AFSAW AFEART BE A

A4zk oF 60744 QolA P71 4§ S HAY 4 dArh
B AYS B3 AGED Aol X BRYY AFaIte} 2AE o,
snowe] U7} $AEE Bal@el was gl

3, 71 0, snow RAMARAE gt AW AS BT
Ao 2(=F7IFo] ANH AR Yol W M T3t 2
o}, =E71F0] Holxld AP A F7HEE B AR FolA
¥) Agehy Y AQEAI FRAY "ol BAIE Hol som, )
YIWFOT YHH 00 snovd] UL MAhy Erlo] B} A LAl
oJsf Adchy Eol $ATe] ¥4 FARGL Wehilo] mel AdxaE
ZaZle AAE Zeshe BAv} A= oldw EAEe sdsh]
93] Aok EH Aol AA ADEAE FUSHA S, 00 snowe] A2
o EHel 22} A BHlel (07} $AHE R YA AALAE 3
2 4 9l BAE 2Ysod(Fig. 3.2.2.3) AQSAH Aol AHg3}
Arh. M7 50 m F7 5 me] 4Y Avddds AW 304NV AL}
FF H7E Fulolio] W FUYW A (ZAMFAI ¢ 28, Ba}
A ¢ 10m, BAZE ;45 =, BAUY : 40Kg/en)olAe] vl
3, FEEES UG B9 AdALGe] FEUTIES Fule
2] oh& Aol Hl3) 40-55% wol TEIIEY FHo] FUY AQE
ol 2A Jleigte ¢ 4 Atk 3 AL sHo] o3 Adriy =
o g7 E}E 7 S0mm T 5mel AY 2elels AU 304 A
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12 Mz o op
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HE AHEsto] AP A3, @3 slEol A3 SAYAE SUez HA
g 4 gglen, AFHs €3 SlE uwAdal Ao s AGAFILol

2-2.59) Fof IZAYA|o AT AFEIN FHES HAY 5 Udrh

70

V\\x N
N

o R

25 35 45
p(Kg/en ) L(mm)

Fig. 3.2.2.2. Residual amount for simulated specimens.
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OSCLATON ~2AD PEDESTAL

OSCILAT ON _INK
ECCENTRIC SEAFT
PULLEY

MGOTOR BRACKET
AL VOTCR
ROTARY 1AR. ¢

PULLEY

SNEUMATIC AEATER

Fig. 3.2.2.3. Advanced CO; snow decontamination system equipped

with rotating wheel and pneumatic hearter,
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1}) CO; pellet EAMAIH

A@ B ulel AFE LEULGE F HFLA IFA A A
BLS 93 2% ¥EHo] sty C0; pellet LAMIE FAE ©]-831 CO;
pellet Z2AE 4% B/ ARS 3. 24 «&FuL} £ 27 (1p
m, 5-10uzm), CO; pellet HA}UE (4-6Kg/cm’), CO, pellet®] =7](3-5
m), AEAZH5-30 sec) T wWIo] ulE specific densityE
microscope 2 ZR3t ¥ image analyser® A AR EE 434t Fig.
3.2.2.49} Fig. 3.2.2.50] Uehiigich A¥ Zz <Foht 2EY o4
Azt AxoT AHRFT o@xH HL A7 operation & design
parameter H3} B¢ olujolx $HSHA AARS] MY =g L dA=A
2o m=&o] Edgsigrl itd, dFuLl U LAUAE FHLE
Hz2E QAL A A7) EAYY HeldMe AL dHeo] Fust
UABe HAFZAE Velglon, EAAIzEe] B3tel wiel AEEIE F
Fhstol 15zof uls) 302 BEAZIA o 261e] AREAHE Uehgl
th EZF AFA o A3 uie} o] C0; pellet®] Z7]8] F7tel whel &5
Uz Z7toll wlgste] AGEIIF F7HEE & 4 gt dbd dF o
U 248aat 2yt diside 2T A8FE 2R XstARIR 5-10
pne] 2712 @™ B9Ut lun 2FAAI] w3 4 AFAT7 =5
o 4= it ojegt AL 2 EUA] QPFEHA AL A¥HS 2HUA I
7lo] whalglsly) wfELe 2 Al®®ch 4000 pnd] B E Co §Y9& A|¥ X

Holl 7hste] whe ARAIA looseT 2HE FAEAIN AF, &FHU 2
&3 ol
T3

2

>

toted, AFAI Zto] wiel A AdxAIE F7HEE 4 + 9
Ch wmeld £ 0 pellet FAYE AHAME £ AY HHY =
A looseqt A4 At W &4 Uxtedg Aol A ALY + AL
S Y 4 Ygth C0; pellet FAHAIXE MMl 2o o AW
o TiRt ARAEE U A3, 2 A7 G 4y BRI OANYE
x| A9 DF>200, @& Azt B2l 79 DF20, el @AES]
S 7| B3 22 Z$ D5 & €AY 4 qlria utEe] rh
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1400

Pellet size Pdlet size

6 4 6 4 5 45 4 30 15 30 1551010

Pressure (kgonf)  Polletsize(m)  Time(se) /4.0, Partide
size (Um)

Fig. 3.2.2.4. Decontamination results for alumina particles.
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Time
15sec

100} -

0
6 4 5 4 5 4
Pressure (kg/o)  Pellet size (mm)

Fig. 3.2.2.5. Decontamination results for cobalt particles.
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3) CO, pellet FAMAE FA 5

MZARFES A4 C0; Pellet E—Ahﬂ"“’e}i} ARt A2 A
AEQ R} C0; Pellet AAEAIAE SAHAH AMRSIHETE EApA
g Ax= pellet A4d8sFo] 15-20 kg/hrQdl CO, Pellet Extruder
system(Fig. 3.2.2.6)2} Ex}¢}Eo] 5-8 bar M$|Ql CO, Pellet EA}AFx]
(Fig. 3.2.2.7)2 F4¥™ch =T 2t FAEIXL] A raz N1se
Table 3.2.2.10] 3 &|3tsch.

A AASE 24 D ZdeAE Az C0p cartridge 37 $13H
Aretke] Zob ARlgs 2] strokeE 1/2HEE 2o AZBloE M=
of %ol g¢glem EI I cycle time F¢ F © W pellet
cartridgeE €7] ¢slx= Alzly Ve 0, formationS $]3F vent filter
o] &L AFHT IA FuirE HeUt gtk ol dAAE IRrRe
extrudere A|FHrT} AFHL 38}, stroke= 28] FA3to] A 2tsid
pellet®] it £= W g 28] = F7MAZ 4 vtz sk}, =
3t CO; pellet FAMEA| &= FAF €08 5Z2E& YAt EAFE7]e 489S
FE317] 98] #AA] modificationg <3t th(Fig. 3.2.2.8). =,
hopperol Al 23} Z=#HO2 olojxle =# AL FAYRAE 93
teflon AEE cix A 3lstgon, I FXE 3] = X4E i}
st 3 =3 §lof 3 shoot acceleration nozzleg 2 Z=Hoj
A A=slod e, shoot acceleration nozzle?] orifice AL 50% o]
Z EY 45371 d¥E FF AU EF solenoid v/vERE L ‘:}%l
2}l (shooter)2 HYRE acceleration nozzle® A3t A x|3}o

o 2a} S FHAZ 4 gt

l-ﬁ

e
)

»

- 167 -



©w 0 N, D~ W N

: PNEUMATIC CYLINDER

* SPEED CONTROL V/V (INLET)

: SPEED CONTROL V/V (OUTLET)
* PNEUMATIC CYLINDER BRACKET
: PISTON ROD

* INLET PORT TRAP RING

* INLET PORT

: FILTER PORT TRAP RING

¢ VENTILATION FILTER
: EXTENDED TIE ROD

: EXTEND TUBE BRACKET

: THRUST PUSHER
- PUSHER HANDLE
: UPPER PANEL PEDESTAL

: ALUMINUM FRAME
© AIR LINE (FROM SOL VNV TO CYLINDER)

: PNEUMATIC SOLENOID VIV

8

20
21
22 :
23:
24 :
25:

26

27 -

28 :
29 :

31

: LOWER PANEL PEDESTAL-LH

: HYDRAULIC DRIVING MOTOR
HYDRAULIC TANK

HYDRAULIC SOLENOID V/V
HYDRAULIC LINE

HYDRAULIC CYLINDER

SQUARE CYLINDER (EXTRUDER)
DIE PLATE

: LOWER PANEL PEDESTAL-RH
Co 2 SOLID CARTRIDGE

Co 2 PELLET

OPERATING PANEL
: EMERGENCY S/W
: PNEUMATIC SOL. V/V SELECT S/W

: HYD. CYLINDER FORWARD S/W

: HYD. CYLINDER BACKWARD S/W

Fig. 3.2.2.6, Schmatics of CO; pelletizing equipment.
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Fig. 3.2.2.7. Equipment system for blasting of CO; pellet,

Fig. 3.2.2.8. Advanced equipment system for blasting of CO; pellet.
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Table. 3.2.2.1. Design specification of CO; pellet

decontamination system,

ox,
ok

A A R s

44
A

e 7]% @ Liquid CO.& oA A2 dry ice
AZAZ M
o ABA2RY 74 W =7
- pellet production rate : 15 - 20 kg/ hr
- pellet size @ dia. 3-6 X 6L mm
- pneumatic cylinder :
- ¢t Q) 5-7 bar, Dia, 140mm. 250 stroke
speed control v/v @ 30 - 500mm/sec
filter :
 Cylindrical filter : {453 A5
(5bmicron, type 316 L SUS)
- Thrust filter : teflon AZHWE|2} 60 mesh?]
d YHE 74
die plate :

CO; pellet

extruder

- Hole size : 3 or 6mm

*No. of hole : 199(5% tuj})

e J|% : dry ice CO; pellet& 2 EFHEHo]
A%H0 2 FA/AYE
o UAaA|LRle] 44 W =2
- pellet #A}9t¥ : 5-8 bar
- FEEAAR - 120 o
- pellet A A&2F: 10L
- pellet&%} cycle: 30-120 strokes

CO; pellet
blasting system
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2

g 4 ol Jjgo| AU AEFHA FAME A FIHTIAL A

Zalzul Az 2RHY 718 dele ZeRutE ol &3 ol ¥¥ 2
& =zl U APE B4 0] e B2 d&/HUAES EAA
A 29949 g ¥F gk ARF R JIHAHA AASHE YAolth
Co, Fe, Ni, Cr, Mn, Mo, Tc, Ru, Rh&} Z2 Wl KAl BHE(CP)ojnLt
E MPE(FP)e] A Aole th/l carbonyl compoundE JEE T U=
3 J1Al ESeizulE AR8sta U, Pust 2 TRUES BF=
compoundE A3 7|A EeRntE o] &3t ZittE e FelEnt A
o] AA 2 Az A o E3 JIAE ofH 2P, F " FIHE A
ety st Zlo] Zafzxul A A Ao HAojri3.2.3.1].
ulebd 2 JdFojAE Tide AuldES F Fe 7]7‘ﬂ -2k (TRUS
Z)z}be] wrgAdo] gojyt Hol zeiste] WEEIF &2 CFy 7FAE AH
slgom, of7)e] AW ule 0, 7tAE FYIHA o] FTIIIAI} Ek=
oS LAt A Bal BEE - {EE ¥ EY AYSte]  carbonyl
compoundE FA Y 4 o= C0E Bg3ithe Fojl 2Ast CFy0; Y7
e A}23lgcH3.2.3.2~3.2.3.14]. o] E¥7IAo] th3l r.f. powers
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Aol AT Fo AL Thes Bl
D Eelznt e A8 —‘?-44 pUBESRSE
DUPIC, SF Xpdch Bel, A4 WE A8 23 5o tjat A4l

-2 O

U od 54 A3 nhefdt Fof o] AlHEo] iyt HiI3t ©e
3 7€ oEA HEY AAAE FAASIL o] el T ojs)
= A7 rof, Eel=nt HALAE ol g3 s HEL £

th
@ WA 24 #H3E A AE I A+

RF 714 EFet2utE o|-&3lo] AFES &Asta, oF zH(cp,
FP, TRU)Z ¢ F7% parameter, 2%, ¢, E7|An]e] Wl
nhE Y AEEE 3 4%t FHF A XL =&t we
A HH Ad FEE & 8, HA L= AL0AEE 60
0C71R], d¥L i 0.3~0.5 Torr 7}x] 22|32 &8 50~300 W
7HA] Ade 3Pk 2 oy SetRnt kg o] A-gA
o2 A8d F8 A W 7IAlE CHy, €0z, CO, Hz, NHs, CFy, O
Sold, ol&9 7hs3t ¥ EFHIE 0 %~100 % 7px] 23l
AE FFE =&l

® QMS/0ESE ©]-&¥ Fetxnt A4 AE ek W A=

2d IFE=E 93 Ve HEY Fole SRy A¢ F
A¥ F% parameter?] HEE 3] ¥FH FI} 71N EHIY,
substrate 2% % 3F plasma configuration 5L XNZ2AHoT AES3J}
3 HEEZR e 4EE ¢l3l QMse} OES, 12|5l ESPE o]-&-3lo Ea}
zole) W, e, 193 qux S8 AT

HHs Aseld  Bekmnp ADe  AEIA AR
(Qudrapole Mass Spectrometer, QMS)S &3l o] 233t Zgl=xn}
2824 714E mass/charge ratio (m/e)oll uwle} AaFFR oz Bx3iz]
[3.2.3.2-6] FAlo] EzlZ2ohje] = & Exl =2 71" A
oA 714 Zel2 Ho] HiE oM Yalstes UL
(Optical Emission Spectroscopy, OES)E 3] gt ZEA3ic}
[3.2.3.4-5, 3.2.3.14-15, 3.2.3.16~3.2.3.24] 1g8|3 "R =g}
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Zn} <&of 23A Y= AA e (Electrostatic Probe, ESP)& o]&3}
o AR-AY SATHE Qof ole W A=, 13 = 5L
Z33t] ek 33}
® B 71z AEL Ex HA(2.456Hz, Microwave Plasma)
2 d738 A JdFE T3 FEH AIF T parameterE 7|
Zog8 EAN 712 A¥L Zxot EX|(2.45 GHz, micro-wave

plasma torch)& AdAZTt o] g FefRul EXE o] &% AAA A
7l 47 & o A&FHoA &0l FHold Aol FF
parameter 7} HEEFojopditt olF g3 & A7 AT AF ¥
g A A= dE FH FY iz}t (Tokyo Institude of
Technology) Suzuki RAFHOZRE AJelolre] F3 HF-ES HE
g ¢ AEF Pt
EI 1A RN BEA| AARY JEE 7, nlolazwt u3
7], olol&dolE|, vwave guide, 2|3l FEf=ul URE Fof cfs|
F 7171 A& wl xpekg 71.8]3 Quartzl} Copper ElectrodeZE o]-£-3t
Down-Stream Microwave TorchZ}= torch typeS ZAAJI=EE sl 2%}
dEoA e ol& HIFLR st W], ofol&#o]B], wave guide,
aeja Y7 5 8 717 A F A AlYE AR3EE F
Tl EI A AGE izl J17] 2 FEFY] JE2HAE ¢35t
otz 7171 AEGA 7 ZutE AF sHedt AREE AFstaxt
2 AFZ 3} torch system AAGA Y} F2Jdt] EX] A2 AA
A ZE AtGA 2} M AAE =T It

U A7A
1) Set2ul 7led] 384 24 9 7I2AE
7hH H-&48 £4 .
Aldeolyt BE2] A oiite] i SetRntE ol &3t &
2% A3t 7)1 AR A7/ (Tool and machinery)®] 73§ A&E918] &8
(loose contamination)Z} ZLFEL]2] Tg|A/2UL A g Hsol &5

° =2 zmteixjodrt, I AlE W u]#HF(system piping and tanks)2]

oX,
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oY, < lo
4o S 2 A
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AS ALgsIsTh of EUAAMol thel . f. poverS ol &3 ¥ YHE

(CP)z} &9 WP E(FP) el TRU ¥Fo A AE ©¢ IFE =

&317] 918 12 EE vkt Zo] +3ssct

(D TRU ¥Z(Uranium compound)

compound-&

AALZ 1AAF W 7171 2 v 52 AR AF} A FHH Qe &
AAU P8 £40F F2F tramp uraniund} FEEE Q3] BEH

TRU, 28]3 actinide $4 Eof 23] 24 4 Q) olg3t 24 7
AZE FoA tiEFHQ Fo] b, o fehsd o] dx=z
ol A 4tz E2)7lo] A3 Jeneg ojitzPelge FelE Ex|3trl
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3N, 71He] &L 5%% 3} RF power & 50, 100, 150W 2 WHIA|7|H
A ABE 3% AHE Fig. 3.2.3.2¢) vepfgct

Ao & 5

ol C—'o]

o]4t3t f-2hgd] CFy/0: 7|A| Sep=ntelA

20% 0,8] EujolA 713 AlztEBo] &otonm, 257} ZIIUSE AZFo)
3—7}($]tﬂ 0.4 um/min, )3}ct EZF 7)o 5% F=2] NoE FIEE 2

S AVFHLE 2o

Arch

0.344

0.275

0.206

0.138

Removal rate (/zm/mm)

0.069

L

)/ st
7/ x *.
? v

$24E FUAY sE0 AA4ge O o E7st
T T E|l T L L T ‘li_‘
|-o— 370°C

R C——

0.10 0.15

1 L 1 1
020 025 030 035 040
O, mole fraction

Fig. 3.2.3.1 UO; etching reaction rate vs. 0Oz mole fraction at 150W

(total flow rate: 50sccm, reaction time: 100min. )
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F Atom Density
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0.6 |

03+

—o—N, (5%)

0.0
0

1 L 1
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RF Power (W)

Fig. 3.2.3.2 F atom density with RF power

(total flow rate: 55sccm, temp.: 300°C, reaction time: 60min.)
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A A5 F3ystgct. J1x Aol wel R uiet Zo] CFt0, 7
of N 71AIE E73te] A AE FHE =&3H4ch

2 of

T T T T 1] T T T T T T T T
-100 o —
-200 -
NA -
E -300 - N N
=
o ] ]
E 400 S -
w E
w
° -500 4
z i
2 500+ _
@ o
E 1 ° 1
-700 -
-800 T T T T T T L T T T T
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0, fraction(%)

Fig. 3.2.3.3 Co etching reaction rate vs, 0; mole fraction at 380TC

(total flow rate: 100sccm, reaction time: 120min. )
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Fig. 3.2.3.4 Mn etching reaction rate vs, 0; mole fraction at 380C

(total flow rate: 100sccm, reaction time: 120min. )
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Fig. 3.2.3.5 Mo etching reaction rate vs. 0; mole fraction at 380TC

(total flow rate: 100sccm, reaction time: 120min. )
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Fig. 3.2.3.6 N; flow rate vs. etching rate at 100W

(CF4t0, flow rate 50sccm, reaction time: 60 min)
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Fig. 3.2.3.7 RF power vs, etching rate at various power

(Flow rate: CF4+0; 50sccm, N; 5scem , reaction time: 60 min)
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Fig. 3.2.3.8 Substrate temperature vs. etching rate at various

temperature(Flow rate: CF4+0; 50sccm, Ny 5sccm

reaction time: 60 min).

- 181 -



/,
/

/
N

'
(=1
(2]
T
/
/
/

In k (mg/dm*-min)
o b
[ I |

i 1 1 L] 1 . L

1.52 1.54 1.56 1.58 1.60 1.62

10%T(K)

Fig.3.2.3.9 Co etching rate vs. substrate temperature
under 220 W r.f. power,
(total flow rate: 100 sccm, reaction time: 120 min.,

20 % 0, mole fraction)

Fig. 3.2.3.10 Co surface morphology by SEM

(a) before reaction, (b) after reaction with CF4/0,(20 %) gas plasma.
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Fig. 3.2.3.11 Mo etching rate vs, substrate temperature

under 220 W r.f. power.

(total flow rate: 100 sccm, reaction time: 120 min.,

20 % 0, mole fraction)

10um

Fig. 3.2.3.12 Mo surface morphology by SEM

(a) before reaction (b) after reaction with CF4/0:(20 %) gas plasma.
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Fig. 3.2.3.13 Reaction products of UO; in CF4/0; plasma,
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Fig. 3.2.3.14 Emission intensity vs. oxygen percentage.
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Arlslg e o T 7)A ZetRntRe] FRAXERE Y& Fol 2
3 it} o] & Fig. 3.2.3.15o] YEeRfZcH
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E dFe] Ay AT E S FEH AHAUF FF paraveterE 7|[E
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torch)& AAstTh 3 & t] ALFo|n §8&0] Hold Eetxn}
2219 AAE A3 Aol 3 HeES FESIHTHL

£ 1A RdAE EX AARe YR 44, une]la =3} U7,
olo]&do|E], wave guide, L8|i FejZ2ul UAR Fo oz F 7]7]
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Microwave Torch@}= torch type® ZAAIIPF oW 2xpd XA o|F H}
Bto 2 3lo] WA, oloj&olEl, wave guide, el FYI T F
2 717 A 3 HAHY Are dAstdon, dAP AGEel s 7
7] 9 BEe] JIBHAS fgstdch 3 J17] AFGAC 2ukE A%
THegt AL A2stnA B dFZ3} torch system AAGA L} P2t
of =X AlARlL] A # 2} Abera el M AAE BAd3IT)

olof w}E torch system I} torchE Fig. 3.2.3.163} 3.2.3.17¢f Ztz}

(22208 Fel=td

- 186 -



2.0

F Atom Emission Intensity
(arbitrary unit)

O 703.7nmF

0.8 . ! ! . I N I ! s 1

0 1 2 3 4 5 6

N, Flow Rate {sccm)

Fig. 3.2.3.15 F atom emission intensity vs. N; flow rate
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O 0 ﬂ
& S
Microwave Plasma Torch N | -Teflon Seal & O-ring
Oscillator Chamber
(2.45 GHz) -
Sample — Mass Flow
Controller
Scrubber U
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Exhaust Pump U Cylinder
Pump Exhaust

Fig. 3.2.3.16 Schematic of microwave plasma torch system.
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Fig. 3.2.3.17 Schematic of microwave torch
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n} WbSol Fo MAEE SEHSE (UF)oln wEo Ul U
e 37 4HBE AHYHIL gria ABAL 4 gtk
uteba CFy/0; 7N Eetzutet o]atsteehge] HA 42 jhg2

UO; + 3/2CF4 + 3/80; — UFg + 3/2 (CO or COp)

o2 YAl AEXE 4 ch
EZ AL N TIAE ISt o]4tE-ehge] CFy/0, EelEn; Az 4
S 3% 23 N, 7IAE 5% 718 HIb Alo] 71&2] CFy/0; Azo] 1y
3 2vf o] FIUHEE dohiglcl.

ulela olatzl fEHge] CFy/0; 7]1A] ZelRulolA] 20% 0,8] EnjojA

A Ag FBUE EE3MH L, 7)o 5% FE2 N,Z NS A$
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2. AR Ayl -Gl oid JE A g
7h o8 FA 7134 HUE QRS V& 9%

1) ICRP H3

ICRP= 19770l WA WEo Y A3 26 UFEF ol=f 19909
of Hil 60 WESIHTE A7|M= WAbd ¥EE Atzi(events)3t 4%
(situations)ol 2J8t 2B el o7 7rF3itt 1E J1sAo]
WS ol FE FHE oA mFge] I7E HFE + e W
AP I EE JidEe] & 4 orl. ICRPE o] ZbxAdd(Potential
source)o]2l3l HE 3ttt ICRPE] Hito] LIelyt Al wld e 7|8 E
22 abd e BEe v Zth

ICRP 3L 6004 A" FARA W dtgFe A== Table
3.3.12} Zt} ICRPE oj&} 2 7|E &L HiYe
A A 2] (exclusion) W FA|HA]|(exemption)o 3}
of tisire Zt=4 A, 3|7t Al¥eleks 7123 dF
A ] T2 AASHA] dsdrh FAHEA ] thgt ICRPL] AfnAL th
2 Zrh #AREAR 3 A7 SB R tjolziR] Il es FA|I} o]
Folxle A& 35t7] ¢Ist] FFEH Pl FA 7 HRe3A] Y=
thiteol] A-&Hch
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Table 3.3.1. A} & UutFZo] thsl] HIEE= ARFIA
(ICRP 60)[3.1.1].

A 8F&t A (Dose limit)

Application 2+ 2} Occupational ) IZ(Public)
(SR
20 mSv/y
Effective Dose |{averaged over defined 1 nSv/y
periods of 5 years)
ABEA%F

(Annual equivalent

dose)
= 150 mSv 15 mSv
b RS 500 mSv 50 mSv
&3} vt 500 mSv -

3 ]L} AFaL *]0115_ HH ‘5%3}% Zoltt,
A ZAE A2 gelde] HHEH e YeHd FAFEE olEdt

=
A% 12 ol Zld © Wl UFAWL KA AL + ke
2

2) 1AEA2} OECD/NEA 7]&

19793 o}F FAHA o] tidle] IAEAGA H|71E<] sHEFro] AT
AE7} AAEARL, 19850 RE A BAS tidoR T YAk
o] FAHEA] T Ak i3t A H’ o] AAFFHUTE
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[3.3.2]. 1988ojl= IAEAS} OECD/NEA[3.3.3]12] IEx1E23]e] AEA
Ztoll A Bto] IAEA safety series 89 “aAldgdz}l 9] FAHAALZ
o] 7t3ixEjdt}. IAEA safety series 8901]/\']-& dutzlo g sjglo] oW 3}
YE AN do] AF A e (FAE £ ) ¥ ga3a
ol I $EL thd F /A e 33 4 gt

- AbALElolA &RIEA A& Elaa F47F ¢ siele) ujastd o
Zt APEo] 10°~1070]stolTt. WAlMo] 2§ AABES o] g3l o]
gl&aES o &3t AFEE 7Y + grh

- AtaAbd o] HEEAE Algo] oAl ¥ 5& dhe= H-fol 13

E A US BEE Y2 2AIF9olBE Al (AR ) 1~
Ao _4[‘:

¥ 2o A7 APES TAY 4 Q& Holeln ALy olae E
A Aol meh BAY 4 i el M3 E3t 44 uSvy~

IAEAL}  OECD/NEAo]AM &  RHrh  AMEFHQA sdeoezx  FAAL
(Exclusion), -F#|HA|(Exemption) %! FAH|A|A(Clearance)at:= ¥
=4¢stadrt. o]Zef oigt g2 it Zch
- A A& (Exclusion) : 341, XAl S Zo] FxjHee] X
HqER] U= BT

- #AB A (Exemption) : A7} F2EA] s WAls A

- AAA A (Clearance) : UAE W A=Y AJd BE 5 AAG Gl
&3 Aol o} Wabs £4]71 $E3] Hol FAE AAATE A
3) MlAl Zt=ollA e W&Er|E

AA ZhFQA HE31a e S8 AEES 23 wEHels oL
Table 3.3.22} Zth uiebd FAIT WE7|EL o THods 2 FHy)
H b2 RN MAYEE FEEX gtk ole} ;W)
Table 3.3.3o] Z}zt 2 % =7t viet it ole]ygoz Aguz}
=8 Zte ALY SR BAQe] Hel & vgAsE F3sn
o, YRt oR Yol ot Hof & IHdx U Hru) I8
FAbsS 2 3ol 1/10 F =oftt.

¥ o2 &

=
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Table 3.3.2. MA 222 /B ABES 93 W& Hey
wEge 27}
Hrlo(F4, FTIYIE), Jivic, =7
B GBE A(AE, A7), 54, 22, ols,
2oel, M@, m2(24R)
o o HAolo(Z2EE), uct, =LA, 5
FATH A= J, A2, oleja], AW, m=
Axte Hopo] Mad AVE|5Y, Agw
Axpe Bofo] ATE WE|FUT, Tata, EQ(R8), §(W
& % w2 E, 233 HE, 2445
. Taa(ER, A7), Bd(2E, 2o
AR A =), 349, sepA)

Table 3.3.3.

7t 2] Hrje g EHOPE

L i v (8, 7)

B,y ALl tigt j 3§ B, r Ao st M) &
EH L H=(By/ ar) u] 9 Al (Bg/g)
0.37 A= 0.10 = W x|
0.40 ) 7] of] 0.37 TeA W =g
0.50 = 0.50 =d
W7)ef, olefz] &

0.83 o] = 1.00 54
1.00 Fitict 2.00 =9
3.70 PN 4.00 A El( 2 UARs)
4.00 A9
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YRS AdY AT AEHESY AHEE i I YAl
o & Frt ¢ 04]——73110]: s, ol ¥t FYAMs BIHE 317 ¢
3 iR J|IE #Fo] ArF|Ao . TYANs Aol FF3t
= WA EFY SRl uwet AldEole] o] dEix|H, M6
HotcellZ} Zto] AIR-F HVARE 2 Isle oA ¥xlyd EXAEL t}
GFtA ARSI L FolME o] Wi UAAe] fI3=I} tia B
2L WL 167FA]E t}22] Table 3.3.40] AA|Fo] gon EF 32
21 dF4of e IWARs A4l Hotcell®] Fof chs] cizfygd 1
o] Fig. 3.3.1¢f u}&} alch

N

Table 3.3.4. ZF¥Abs H7HE 93 7[& 9%

P

WAk s 71 (d) WAbg ¥ 7] ()
C1-36 3.0x10° Nb-94 2.0x10*
Ca-41 1.3x10° Tc-99 2.1x10°
Mn-54 8.5x107 Cs-137 3.0x10"
Fe-55 2.7x10° Ra-226 1.6x10°
Co-60 5.3%10° U-238 4.5x10°
Ni-63 1.0x10? Pu-239 2.4x%10*
Zn-65 6.7x10™ Pu-241 1.5x10"
Sr-90 2.9x10' Am-241 4.3x10°
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| e V)
{& : PWR Prodcuts ﬁ‘ l

h + Manufactured Products

Fig. 3.3.1. $ZH=tg dF22] Hotcell F3

ARH YFE Fold EHL@0] 2P =] et A TR ER/3
471 gtk A A |7 BAEE YFESE Fe-55, In-65, Co-600|H,
27|17+ Bag|e PYE 2 Ni-63, Cs-137, Ra-2260]31, npx|ete2 237
7t BaE AEe U-238, Pu-239, Nb-94, Tc-99% e 4 glth EZ
25 Jlzes WA ¥FY B3 Fel 2 AU WF A FBAARKDCE)

of wet thee] Ul X Z s 4 dth

- DCF2] Zto]l ZW o & H&st= IF
U-238, Pu-239, Am-241, Ra-226

- DCFY] Ztol AW 7 & W&ste ¥F
Mn-54, Co-60, Zn-65, Nb-94, Cs-137
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- ICF] Zkol BN y & BB Y= UE
Sr-90, Pu-241

- 7P We DOFS] e e A 9%
Cl1-36, Ca-41, Fe-55, Ni-63, Tc-99

ol 1671x] WA HFEL AYAbs HHIE 2EATIH o] 2EE
AES 7121 F2 AR EA3tA "ok dabs Alduel e
Zggzte] ol Wrks EEECl FAHEHE ZAE WAIEY] ¢ B
A AE

18 7HsA]7|n dutgdoes #|I|3F2 3600m/h F = Hcr}3.3.5].
YFEZ ol BIIALH 3] BIATLE Y&
"ot sHA| g G WEFE(0.0lad/s) ZIAA AE(0. lai/s) = e
3715 FHAAS7E vl 27) diFol ddge] BIIATLE WEEHA &
st Alduloll Qle ofe] Aduut 2 Eof Tt o]y WAy o
< FAY F2EEL 540 wet 84, 3y dys 4oy,
FE5E FREME FE2 U IS doF A YyFE
5 EW AFEA o] 1HF] ¢ o] FRE o= FFIA
U AS BT Tt ol Wi ZAe|Ee} T2 thEd ufHo
LHEAES TIEY HFEY S8 54 € 27y &

g 7R3 F2E UE Hidoh

b A 950 oo B4

LAk Adel BE el 2 J715e ®W o ool ¥ 4 9

M B3 2R 2E BPols EHe A

5 & o ZATE AWl ALk olYA mAY WY WEES
os, st717h o2l on] B3 Eale] mingAl oy ZJol Qe MulBe
< AQ 2ol HS AHAATE oY =

(g,
o
ne
lo
oY
2%
2,
fr
e,
=
ot

ifzﬂ"é‘)l ofdl Zel2o|u} Seh=nbel 22 Ao A Yo
AL WAL RE 240 H YFE2 ¢ ol FRE UE HiE 3ix] ¢
3 ERo] MEY 9l7] wiEel A el ch3t chade] g FHort F3to]
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Hch ThE 35 WS F4Rtel G% WAste] s} E@e] ohd Z
= ok olEl® R ode A

=& d&37le ¥ diel

p
o
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lo,
=
e
2,
o

o
>
o
i
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o,
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N

o
pad

ol¢} &2l A EL; Z2 thEE mide FHH 2dEAES T3¢
Eol ¥FE] Eud B wE /Y FAMASE AL FRE

i
E A"l Fdes A 3B doldls AEHY ol

AYARs AU e B HUEEE RISt JeBE EIARE =
Ho| 48] i +EEHFL H4F o] ZE 7HAZ don iEe 3
2} o] ZtHTI= & 1S 73 2t} Fig. 3.3.32 olg gt gate] tis] =
AFoR Mduys) F3 gth o3t AXANE FEIA B o sty

ol olg&o] HWol mi2RE E Jix] 7 & stof M E

4 A FANEFZENMY FAASFE F 7R Y922 e B
HolAe AAd HElZ, UFoMe o= Fxo Z3PtelE HFsta
FAgEAE SolErh ¥ M S HIR LR thE oA HF FHat

f

T3 it 2ozt ohd ufAuelA Habsles ¥EE i EF
A4S dB3e Shte] ol REdo|ti3.3.6-7]. o] EHAE= T
— < 3 Hed A, Fiddage] wAdste i ohEd ol
< AAZ o] FoF FdEH(solid framework)d} 22 2¢A 3l
FF(pore water) 22 HrH, EXEE T FaAL 23 FIoA
WASich= Aojth  FFolA FAEes ¥FEQ] diffusive flux:s

A2t 2=ZE 12|37 pore wateroAe] & OHT|dE? Jow
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Relsinl Tt g Ao Liehd 4 3o,
Jy=—eD,vC, (3.3.1)

AN, Jp 1 FFE T A= ¥UF L2 (diffusive flux,
[Bqg - mm/day])
e ThEE oA FIE

D, : FFAMe] FiAS, [m/day)

Co D BAEl = ¥%2 % [Bg/mr
aC P
€ at”-i—(l—e)pp—a%:aDszCp (3.3.2)

AZNA, o, miAL] TARFo|ML] AA| WE(true density, [g/mr])

g : IAFZNANL 5%, [Bg/mi]

o ol
Eﬂ’ -l)' J},l.l.
92 o E
olo
o
N,
19,
B
2,
b
=
[o]
o3}
=
b(;;u
@}
S
jon
[0]
-~
=
0,
N
™
o
2
X,
2>
(%]
(%]
w
ie)
my
9,

qude (3.3.3)

A71A, Ky YFo|&EY EXE Ag(distribution coefficient)

d
ﬁ=mﬂ@ (3.3.4)

eD,
et(l—e)p,K,

D,= (3.3.5)

o714 D= apparent diffusion coefficient® 3 2]3lc},
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2) 38 i ol 7 X w3

ZaE EAfste +EY X V158 Aulszed sy o
Zrol Tt Witdog SZ2xZoA ZIEE TR{H FEY I
TIEHLE tr]Y Augs= Klaa 2
(sorption isotherm)o]g}zl 3Ftt},

gagEe S5 34

E3 AHES] v], AHE EQ], AHE
W (curing method) 5 thokst ZZAof tf
gt ¥4-E FPHCE Bazanty: 52 E2(desorption isotherm)ol tjgh

ez ZAE SEERTES thet Zo] E83a dch

A AlZH(curing time), oA

w(h)z1—0.75[1—(0—_h§)3] for 0.25<r<0.98 (3.3.6)

=

A7IM wlh)e ZAE o e $£E o] ti7|Fe AusEo
g B Aridd +E2EREE Uehid, hE driFy dus
E vehar gl ¢ AolA h=0.98thslAE $EEAo] ¢rh= 71A
1 &0 odew, HpMel F h=1.00M= FES @A Hr}l =3
h<.25¢] thsiME HE&Y 5 R, dtFoE tirF2 AusEst
25%0]3}t2] ¢ =&t}

agtel] 7] Fe =85 ozl gl dFH
P MBS 28T AT} Parrotto]] &JE] H v} .
Aol dutAd 2AA AHEE I 3l BazantAl & ARE3HgiCH

TU

o
o

A zAS thg
C 3

ol
AR

Fig. 3.3.2%& Bazant4]& UEeEhj& ZefZojm, Fig. 3.3.32 IIgE
o Wolgles 48l el 271 Zhol Tht ¥l Zho] BA1FY Aehgmel

=
o] BAE BAFA dth oA Rinie} Zo] FIF o2 AlFte]
o] Z=W ZIAIUE UFFHoE AYH $E(Bound water)S A &sti
Feloll =estA Hrh E3F F3E Zolo ulzl doldlEs 8
= HESHA FHedl 3o oidt A¥E-2 Parrotto] 4313t ol 3k
2514t} Parrott2 FA7F 100mme] EINEE 18719 S AZA
o O Zlojof wE $£Ro] oF2 Fig. 3.3.49} Zo] Ut} A

&

[o o o2 off
dr 3% mlo o

(s
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Majum Z7lo] WEAN TAYSE F74Y ouel E@(UNFoE
10mol W) 2] AZ&EES F4s] ety t)712e) duigset vlasix

B 23EE URs obg 422 Wol $AT U8 ¢ 4 Yt} ofs

relative moisture content (w)

0.0 et } " ; . } :
0.0 0.2 0.4 0.6 0.8 1.0

relative humidity (/)

Fig. 3.3.2. Approximated Bazant’s expression
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3C(x.t) _ jy 3°Clx. 1)
ot 2 gxt

—AC(x, D (3.3.7)

# AdME FFdd e a3t FF FHzte] FHEAA H
(instantaneous local equilibrium)& 7} slgdon FE3t A¥gzy 52
z 4-& 7HE(A 3.3.3)314ch A 3.3.72 AAZRZA] A &
o)f olx HuEWANOET HE PotA SN T AAx Y
t}. 3hte 4% 3412 w®hHel Crank-Nicolson MethodE A3t
9glom t}E 3SjL}= Laplace Transformation TheoryE o|-&3}o] XA 3j
2 3l whgo] gt oJ]A e Analytic solutiong 317 $lsiA]
Laplace Transformation Theory& ©|-&3}o] A 3]& L3}ttt

2] 3.3.70l LaplaceE #3}7]ol] A HA A e¥ESHI] ¢8O, 9

B o Mux, HE XNBEHFOEHN A 3.3.83F Zo] 7IEX3t FelE A%E
i, T}A] o] A& Laplace Transform& 3jFH Al 3.3.97} S},
dul(x, D _ 9%ulx. 8)
ot Do (3.3.8)
*hx,s) s _
s p,es)=0 (3.3.9)

272 Z7|RA U AAXZAE Laplace TransformE 3™ 41 3,.3.10

2} A 3.3 1128 =31}

A
k
D=7y (3.3.10)
- BAzA
odx, s) -0
x| (3.3.11)
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= Al 3.3.128F o] viem A 3 £ t}A] Inverse Laplace
Transform& 33 TIA] GX|FHS 3t A
3.3.132 3 E o ZF3IL A& AFE2] A7tz Zo] st &

=8xzln & 4 glr),

Laplace HEH AL 271233 BAZAE F&st &4 2
3.
3.

1
3.13%] UheTh  wheby A

Fos) - k  cosh(I-x)ys/D,
’ —(S_,l)z coshl\[s/D, (3.3.12)

kt cosh p{l— i kxsi
Clat)= tcoshp(/-x)  Kkisinhpx  kxsinhp(/-x) ZAsm[ n+1/2)__~] D

cosh p/ 2Dﬂp(coshpl)2 2D, pcoshpl i3
(3.3.13)
AZIA p, q, A7} Yn|3t= v T Zh

2.2
7D, -
p=VAID,, q=p+ §n+112[22 r 2§n15|-112[2227r

EY EHoRRE A 7k 29 H@3Y FAHY YAbs(the
accumulated radioactivity per unit area) B ZE XE7|slH T3} T2
Hog veid 4 ok

— D, qt

tsinhpl W coshpl—1) sthZ oL f’: 2e
pcoshpl 2D, (pcoshpd)®  2Dp°coshpl = #=o D g

B:

9 NoERE o@Y AU LAY WAbs ¥ AEY 4

o HEA HEEE YA EL AFH 71 stk

o) it 2 2] Z} miiujgo] i3t vigE £
2 3.3.1304 FQA AARE mEines ¥5o T} FitA
T2 E 4 Utk o] F ZHA Y mietulgel o3t uizte £ 94
Table 3.3.50] Uehjgict. Z3AzEL FAE= 1000mE GRS, A
AAAL 54z 10d F 71x]e] AL E o] AAFseict. Fig. 3.3.62
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9 Azl tislA HlaE stairt.

=

T

Tisz (year) A(day™) D( maf/ day)
CASE 1 1 1.9x107° 0.1
CASE 2 1 1.9x10°° 0.01
CASE 3 10 1.9x10™ 0.1
CASE 4 10 1.9x10™* 0.01
10’
—s— Case 1
10° - —e— Case 2
+  Case3
§ —v»—Case 4
i 10"
_§ 107
;:5 10" H
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10°
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Hgxr,is=tC:DF gx1,; ;WP (3.3.14)

AN Hexris= s FHEISLEY] &3 i &Fo) 3] 1d7 23 EZH

B4 FEAYIHY (Sva)

G = BEES A3l YEdte 1 YF2 RJ)5E(By/g)
DFxri, = s FrE|ag]o] &3l i HFof 23t R Fr] ATl
2} (Sv/h per Bq/g)

HEAE TR 7ixle) ABE AURIE HAsld 9%, WUE FL o
Ao Ty BAlel % IRUIL Arsiel 161K BEo] thyt A

W& BAAAE (Swh)/(Be)®) RHHIZ Ushigich =gt AW, &Fn)
B 5ol tigt oux] G4 ABE WARIAE =2sjglc)
Al Blol TY B 1 sba o) 3Tl o R 1S4 A

(%
H
>

A W Heke] AFES Aadste 2 ok g

.

HINH,i= VtDFIM{.,W(CdCW'f' Cs,,'RFTFINH) (3.3.15)

AZIA Hpwwi = ZFol &J3f i HFo] FUR] 1dT YEIEH AH$
o] oAerFEAREE (Sv)

V= 2] wiy] $= (n7h)

t = AE MFAIZE (h)

DFiwi = 1¥F 1Bg0] FUEAES wf oetFEH3FFAIA}L (Sv/Bq)

G = FN%F EFY 7 B2 & (g/nd)

Goi = AEEH EAVYY MR 4L i ¥F2] 5= (Byg)

RF = S5 izt A28 A4 (o)

TFpw = B Y Hse] 2F2 29 HASE (o)
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o] Aatela 71 223 W4k 7 AAFNM THF/FET WA =

Ao sxad AFehs B B Ael, £ ¥ 23 A

w7] Agelel @arg wom 10°~107g/n 7t REolth. ARE |AAAATL
Sv/Bgel TR BAAEGT, TFol AT YR AFELS IR Y

31 230] HWAE 2 HUE JELE £E3gTh

IAEA safety series No. 111-P-1.1oj& $j8} Z2 Aoz A
H7E AL 74 P2 % yE2A wet oA ZhA] AuEL,
z2 2" AYLL AT Avele, dFuE AEEE AT Aue,
IE GBS T Auele, ZAUE AE AFES I AU

lJ
_l;__,

Ay @ BT ABLS 3 AU 5& ATt 1AEAY
A7}E the Table 3.3.60] eyt
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Table 3.3.6.

Summary of the Limiting Exempt Quantities for the

Recycle and Reuse of Contaminated Materials Derived by IAEA

ri?cdlliod—e Recycle or reuse |[Derived exemption|Acceptable amount
group category level for recycle(t/a)
4 4
Steel recycle 0.3 -1 Bg/g 2X103 B 6X103
Alpha Aluminium recycle 1 -5 Bg/g 1x10° - 4x10
emitters: |Concrete recycle 0.9 - 3 Bg/g 5x10° - 1x10°
U-238, Room reuse(surface)| 0.2 - 1 Bg/cn’ -
Pu-239, Room reuse(vol. ) 0.3 -1 Bg/g -
Am-241 Tool/equipment 0.7 - 4 Bg/cn _
reuse
3 4
Ph?ton _ ISteel recycle 0.3 -1 Bg/g 5X103 B 6X104
stiéger‘s- Aluminium recycle 1 -5 Bqg/g 3X106 - 2X106
' Concrete recycle 0.9 - 3 Bg/g 1x10" - 2x10
Nb-94, ,
Eu-152, Room reuse(surface)| 0.2 - 1 Bq/cu -
Mn-54 Room reuse(vol.) 0.3 -1 Bg/g _
’ Tool/equipment 0.7 - 4 Bg/cn’
Zn-65, -
Cs-137 reuse
3 4
Steel recycle 0.1 - 0.6 Bg/g 3X102 ) 2X103
No photon Aluminium recycle 0.3 - 2 Bg/g 3X105 - 1X106
omittors: Concrete recycle 0.3 - 2 Bg/g 5x10° - 1x10
Room reuse(surface)| 0.1 - 0.6 Bq/ar’ -
Sr-90,
Pu-241 Room reuse(vol, ) 1 -6 Bg/g -
Tool /equipment 10 - 50 Bq/cn’ B
reuse
other low [Steel recycle 10 - 50 Bg/g ZXIOz - 9x10°
dose : Aluminium recycle 70 - 200 Bg/g 2x10° - 5x10°
C1-31, Concrete recycle 50 - 300 Bqg/g 5x10° - 1x10°
Ca-41, Room reuse(surface)| 10 - 100 Bq/cd’ -
Fe-55, Room reuse(vol.) 20 - 70 Bq/g _
Ni-64, Tool/equipment 40 - 100 Bq/an’
Tc-99 reuse )
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18 71 glom, JlAAEld] AFER RUAETS B HEHE
Al 7Hssitl. ESE 92 Hotcell AEA Ut #E2 dolHE Hi
22 o7|HE TR Jix] WF o 2Hag stk o] thl JHA ¥
Z9] Ho|E|E @ oks R Table 3.3.72 Zth

41

oft

Table 3.3.7. Z¥Als AldolA wWAEE F2 ¥F ol 714

k
'31,%— T]/Z /l Da, slow Da, fast Cs ( B /M’d
q/miday
(years) | (day™) | (mif/day) | (mi/day) | (Bq/mif) )
Fe-55 2.6 7.3x10™ | 2.0x107 | 3.5x107" 1.2 3.3x10™

Co-60 526 | 3.6x10* | 2.0x10% | 3.0x10" | 2.3x107" | 6.3x10°

Sr-90 28.1 6.8x107° | 1.5x107° | 2.0x10" | 8.3x10" | 2.3x10™

Cs-137 | 30.2 6.3x107° | 1.4x107% | 1.4x107 | 8.5x107 | 2.3x10™

Ra-226 | 1622 1.2x10° | 1.0x102 | 1.0x107 | 1.0x10! | 2.7x107°
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Table 3.3.794 T .= ¥F WUA7E uisiy, A& dAFe FIA
T, Dosios TABE FH(0<x<20mm)oll A 2] FatAFolm D, fase= WY
F(x>20mm)ol X 8] FAALE ouigict EF G APA] 3 EY
EULETEE 2ulsti, ke ZITE UMY THEREZIIE
< 2juj gl

FiAeE AFshe Woles 2 71 AES B3iA Fsid 4 g
o]  AMREE WM ogL  through-diffusion, in-diffusion,
back-to-back diffusion and reservoir-depletion (Lever, 1986, 1989)
Wy Tl slem Zpzhe] AY wbdel oy M Ajesigicnt. Table
3.3.70] A& FiA4E e EaAL =8 23 dHolHE 4314
TH3.3.10]. EZ Fig. 3.3.30lA 2} Zo] EF 2| EL AzR7|7to] ml-$ 2
ol HIAEl] =EUES 9ol ¥Fe FAASIL A o] AH
At & 4 Qv metd & dFdAME 10dE JEeE ¥F9
HiAe7 S32E Ante] 44 AT Z-9o F U7X Higygoew
LHro] Aty ZAE wlastdch R wxe] AE nigoe s AJAY
< AFE ZItiA R o W2 o] e o] FFH Zlojm e vty
2 F i AE viYeE AHEAEE A =HE n$ Reza F
A7t U ez oAdrl

Fig. 3.3.112 3 E njd Hute] ZAA FatA£r7t 4Fsictz 713
gk At Zztoln Fig. 3.3.12& F 714 992E o] HAHTin 7}
ZelA A" Azpolrh oA I F3Ro] HAtASrE sty Bk
< ] A= E3EY o 30mol T AEE StE UIAEHE &
FHAFE (4x107'By/m)oll o= = EYUSIAEE ubd Hilgodg
T 7HAE WeolA AME Azt < 100mo] A A Pdloior dgEH
LHEE ¥xo =Tl Zo] 7HedtAl Hrl. & ZIAE AN T
SolA EHO2RE of 1/100]4& A @Fsloliitie Ao o] Hrl,
EZ Fig. 3.3.1304& Co-600] tisir A Mggog 33 i BEx
£ UERigrh o] Mo FHAERZE HA¥RI| ¢3) Z3E w9
of AdFF &2 Co-60S FAZHeH 671d F 2zt AWL
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Lul Vel
&th thd?] Table 3.5¢} 3.6 o]t o
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I TS BAA

Table 3.3.8, £33 z2|E2] Zlojoj ulZ WZE2 FHIE =&
(FitAS7t 483 %) (Bg/ mf)

uralgd g
Fe-55 Co-60 Sr-90 Cs-137 | Ra-226
FHOZREY
A 2] (mm
20 9.0x107|3.4x103|1.1x107%|8. 7x10° | 4. 0x10™
30 5.1x107 | 2.3x10™* | 4. 6x10™|3.1x10™* | 5. 2x10°®

Table 3.3.9. £3z|EQ] ZoJo wjE ¥F

o REHed 5=

(Fatg ool F 7IA 2 UrolA= 2 -9)(By/ mf)
ALY W
Fe-55 | Co-60 | Sr-90 | Cs-137 | Ra-226
FEHo 2 HE Y
A 2] (mm)
20 5.3x1072]2.2x107 | 8.3x107 | 7. 4x107% | 6. 4x10™°
30 2.9x107%|1.5x107% | 4.9x107% | 3. 7x107% | 2. 9x1072
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Table 3.4.1 Classification of reusable contaminated wastes
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Table 3.4.2

Classification of non-reusable contaminated wastes
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Table 3.4.3. Decontamination requirements in accordance with the

contamination level of highly contaminated materials

colel o M 24 &2 [ pCilom® ]
Low Mid High
Alpha 0.05-0.1 0.1-1 >1
o ian
o | g e 1-25 25-10 >10
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Eneroy Bota 10-25 25-100 >100
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- A B0l ALdEE ERO] #RE ZA(01.1.31 RUIEeF
LA} 2001-33%)

- ARRE 7L tidold AHLEE HARERY TR U 5 #Y
IA] (‘01.1.31 Z&yaf LR] 2001-5%)

- WA 22 5Y =X W @bl AR (96, 10.17. ZRUIEA
A A 96-38%)

- UAMGEIZIE ARAA O] #/I 3 (°97.12.23 H3prieA 4]
1997-19%)

- BARFIIAEY HA 2 FAPPHS S Ao B3 F78(°86.
2. 5. #3t7)&A] 1A A 86-15%)

- AREFHAR AejAde BrIAAe] #3385, 7. 20. ZE

&# 31A] A 85-6%)

EF E Aduje] AL 718 272 4 S Jer|EE o3 2
o] 7l&s}slch
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@ Nuclear Criticality and Safety
a3 HARA 3t ol dAEE ZF du] 2 4% BES owY
MAA AbZo] dojutx] U=F MAEo s, I} UA L A ©f
3t AA 24 vl 2 code & standardE F£-&3tc}.
(D Korean Codes
- I71F A A 2001-2%
(@ Standards
- American National Standards Institute (ANSI)
+ANS 8.1, Nuclear Criticality Safety in Operations with
Fissionable materials Outside Reactors
+ ANS 8.3, Criticality Accident Alarm System
« ANS 8.7, Guide for Nuclear Criticality Safety in the Storage
of Fissile Materials
« ANS 8.10, Criteria for Nuclear Criticality Safety Controls

in Operations with Shielding and Confinement
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- ANS 8.17, Criticality Safety Criteria for the Handling,
Storage, and Transportation of LWR Fuel Outside Reactors
« ANS 8.19, Administrative Practices for Nuclear Criticality
Safety
@ U.S. NRC Regulatory Guides
- 3.4, Nuclear Criticality Safety in Operations with Fissionable
Materials Outside Reactors
- 3.43, Nuclear Criticality Safety in the Storage of Fissile

Materials

@ Radiation Protection & Shielding

A AAAE 3t Yol dAEE Z4E g d
7t &olslal, 2z} ¥Fo] HAZET, ALARA 27
AAEojoF girt olof Tt HA 272 vl Z2 code & standardE

&3l

BB

(D Korean Codes
- F7]H A A 2001-23%
(@ U.S. Federal Regulations
- 10 CFR 20, Standards for Protection Against Radiation
® U.S. NRC Regulatory Guides
- 1.69, Concrete Radiation Shields for Nuclear Power Plants
- 8.8, Information Relevant to Ensuring That Occupational Radiation
Exposures Will Be ALARA
- 8.10, Operational Philosophy for Maintaining Radiation Exposures
ALARA
@ American National Standards Institute (ANSI)
- ANS 6.1.1, Neutron and Gamma-Ray Flux-to Dose Rate Factors
- ANS 6.1.2, Neutron and Gamma-Ray Cross Sections for Nuclear
Radiation Protection Calculations for Nuclear Power Plants

- ANS 6.4, Guidelines on the Nuclear Analysis and Design of
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Concrete Radiation Shielding for Nuclear Power Plants
- ANS 6.4.2, Specification for Radiation Shielding Materials
- ANS-HPSSC-6.8.1, Location and Design Criteria for Area Radiation
Monitoring Systems for Nuclear Power Generating Stations
@ Contamination Control
23 A S U] MNP 4% du] % AYEE o4 A
olof thst HA AL theH ZL code & standardE® F-8%it}.
(D Korean Codes
- J71H A A 2001-2%
@ U.S. Federal Regulations
- 10 CFR 20, Standards for Protection Against Radiation
® U.S. Standards
- American National Standards Institute (ANSI)
- American Society of Heating, Refrigeration and Air Conditioning
Engineers (ASHRAE), Standards for Heating, Ventilating and
Air Conditioning
- ASTM 04256, Test Method for Determination of the Decontamination
ability of Coatings Used in Light-Water Nuclear Power Plants
@ Security & Safeguards
A3A AAAE B o dAEE Z4F Adv] 2 APEEY] BY %
etAof T3t A 272 th& L2 code & standardg &3t}
(D Korean Codes
- 1R A A 2001-23
- }7F 1A A 96-28%
- ZI)F A A 96-29%
@ U.S. Codes
- NFPA 101, Life Safety Code
- NFPA 101-5, Means of Egress
- NFPA 101-5-7, Discharge from Exits
® U.S. Federal Regulations

- 234 -



- 10 CFR 73, Physical Protection of Plants and Materials
- 10 CFR 74, Material Control and Accounting of Special Nuclear
Material
@ U.S. NRC Regulatory Guides
- 5.7, Control of Personnel Access to Protected Areas, Vital

Areas, and Material Access Areas

5.12, General Use of Locks in the Protections and Control of

Facilities and Special Nuclear Materials

5.13, Conduct of Nuclear Material Physical Inventories

5.15, Security Seals for the Protection and Control of Special
Nuclear Material
@ Decontamination & Decommissioning
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gste] dAStojol jirh. F2RE H Ve Aol folsta WA
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A A AMISIZIE D 29=2] AATL &olsteE A= oF Tt o]
E 9%t dA 4L vl L code & standardE F-L3t},
(D Korean Codes
- 71 A A 2001-2%
@ U.S. Codes
- 10 CFR 20, Standards for Protection Against Radiation
- 10 CFR 71, Packaging of Radioactive Materials for Transport
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JSAY the £38 LAPUN(Y], FEF 5), A @ Ay
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2ol 9y] ofEe] AG IR AL N SAE B So]
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Fig. 3.4.3. Flowsheet for application of examination facility of
solidified waste form to movable decontamination of

highly contaminated components.
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Table 3.5.22}

x
(E

Table 3.5.1. DBistribution of sizes of soil particle,

Particle Size(mm) Soil Mass(g)
> 2.0 173.9
1.0~2.0 100.7
0.5~1.0 91.7
0.25~0.5 73.6
<0.25 60.0
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Table 3.5.2. Component content of soil.

Component Content (%)
Si0; 68.1
A1,0; 16.7

K20 8.27
Fes03 2.2
P05 1.63
Ca0 1.51

th 1=, 338, ¥sE, o
110 T4 ovenoll A ¢f 1247t AXRF Aeje EGE AMEste =
F B4 ATE FF3ATE AHY EGE ARAD F AZE AA AE
1.00mm (NO.18)0]3}8] A& AMgsidrt. ZZte] AFE2 olzfe] A&
oJste] FAstglen, o4 ZES ofei# Table 3.5.3¢] Felstada,

z3upge ohes 2ok

Az £k bulk Ux(g/cm®)

= wRlEy ) B A3(g) / T FT (cn’)
F2L(%)

= [ ©lRv)e] Eofolld 23] Huj(en’) / TIETS] EK ') ] x 100
U2 (%)

= [ BEoh) $E2 Fak(g) / EX Fa(g) ] x 100
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Table 3.5.3. Density, porosity, water content,and pH of soil.

Dry bulk density (g/ cm’) 1.55
Porisity (%) 36. 27

Water Content (%) 12.00

pH 4,30
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Fig. 3.5.1 Equilibrium sorption coefficients of Co®" with TRIGA soil.
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Fig. 3.5.22 HE pH 10|A 57Fx]= pHe] w3lo) uls| ©@hziake] w3}
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Fig. 3.5.2. Desorption of Sr* ion according to the 0,01 M

citric acid at various solution pH.
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Fig. 3.5.3. Amount of sorbed Sr? ion as a function of reaction time.
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Table 3.5.4. Desorption ratio of Sr® ion at various concentration

of citric acid,

Citrate Srn. 0.005 M 0.01M 0. 05M 0.1M
Desorption

12.6 % 22. 4% 56. 4% 73.2%
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Fig. 3.5.4. Desorption of Sr’ ion according to the

concentration of citric acid.
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Fig. 3.5.5. Decontamination efficiency versus washing

number with fresh citric acid solution,
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Soil Washing A8 L 43317 s ZRINE xRSt 7A17F Ho 32U
E 22A8g £33t ay|2RE £718 ZAUA 2% F¢ &7
o] kg letekdl F 4z AFFLE AT o] LAY IUESF
EE 42 F% F=HoE 33 A8 o 2nlE A @ gol A
st} 52} Soil Washing AL $33l7] $13] o] &2 10 mle} I
MPE O W E 2gS 100 nl Z= 2w £7)of Ytk 43 A¥s AHE
s}l 5x} Soil Washing AFE 4}ty s LUINE AMESI TA T
Eol IWE 2Z2AHL $PYUCE WV ERE &7 AUA AL F
¢t &7 B 71etek3] ¥ Membrane filter paper& AH&Ste 53
AREE AAIZT) o] U IUEFEE o nlE AUl Yo
BREH T A8 EAH 1X2RE 537 NHFE AAEBYEY
& o] &3t =& FHEATL

AR A g A¥Aze ok Zoh 2y §98 2nl 2fH 3}
o YAEFL =P L3l FAUY IUESEE EXNAUTL AAE
Al Az}= Fig. 3.5.63 Zth &, 13} Soil Washing A3 F &
o] INEANFETEL 100%E 7183t 23} Soil Washing AE F LAY
o] IUEETL 60%2 AFEEL Vel 3% Soil Washing HH
Z gae] FUWESEE 25%0] AEASEES uUehfsich 43 Soil
Washing A% ¥ &2 IUESEE 1442 AAEES Vet 5
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2} Soil Washing A3 F &g IUEE=E 3% AFEES UER
gt 2822 0.01 M Citric acid&¥o g IWE ¢ EF AHA A
HAE AENSE 13 ol A A& A2 v AEFYLE ¥ F U
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Fig. 3.5.6. Decontamination efficiency versus reuse

number of C.A. solution.
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oo, E3 EYZE vl-go] uff v of, e¢dx|ge] nf¢ Y& of,
13 LHAEY fo F7FES UE Tl #A¥ o soil flushing WY S
AHgste] @3 At [3.5.1]
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Al olFsH7 wiFel &Y edEo] EY FFFHE olF7] A
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4 RI1HEEY EQdolA v BE FEo oisl dFshs
53 Bug ALSHATHI.5.2], olBE 4ad 73

A whEA o5 ol v WAF] WA, ¥ BY FH
B AR A AN intraaggregate matter diffusion)z f7]E3 | 4t
(intraorganic matter diffusion)o|@}il FASACIH3.5.3-4]. & HI1A 0]
A& soil flushing®HE AH&3le], ILEZT 2dH EYE solventE

Adge o, ARoTRE f&4e] TUE LI ADEE FYs
AQEHE BAol, =D, u] BYAlolA olFse 2@BAY FE
EEE AT 4 ot YA ¥ BEEH $oF 2=E Austz,

o] AEE o|&3lq EYAE T AHE KEFuY i‘i‘a}E%‘:-"‘—' 2d
13Tt B dpola] AME3E EokZ dAIFAd FHoA A, o
AGA A 7 9 A V1 F Ee oigd SR/ PAe %*}_:_011
3] WA WFoz 0¥ B AL}/ LT Yk A 4
3 £ =g AHgstalch

2) 2ela
EAEAEe Rdyste 52 AA 379 AHIHAE A
AL o, ALY Zeot 2dy whHS o] &3ty A F B ¥F
2¥EA BEE o W ALY 4 Jorng,  AA Y FAY FE,
g3 37|E AR, MU EQHG A &S HIIS] A
olt}.
7h) dxg wEEEH &4 olF = MY
BEE o]&3PA A3l U LAEAY olFEHEE T
22 ERAAANE ©EAd £ gtk U 2LAEALY o]FA|ol
Wl BE QPEGA YEH LEEALS FHY solventd} HFE o]
7] FAof o]53HA Hol B Z FEo] F2AH LFEAUE AFs}a,
B oFEAL AA3] AEFEE 7|9 AdeEs L, UF
e AEEErt Eolxls B¥E Uehdrh. 2822, Solvent U2 2
FEAZ B QJEMo] XY BIYEE ol F 2EEH]
Solvente} ¥7| olB¥itin 713t TE Feo] FPRLA=E= f1 2

- 260 -



o] H] FIPXAJEIE o]Fshs EYUY LHELY FEEEE ¥E T
7] wiiEol v FPRAY spde] Wesitlh Eolut thE {ulE 2|3
LAEY YoM 2HEA o5t B-7¢ wEAlAe it Zrh

C Sl'—_’ Sg
ki

A71A, C = ANAe] Ve Ld9EA Ewoln(M/L}), S Instant-

aneous 0391_9] _9_ é M/M)O]I:]- Sox= rate-limitine ododel O
SABEITh K & BERRSIT, ki 3 ket 242 A0S A0
o] 12 SEAF( 1/T)°]E}. BB Y FXE EEYS] fste] 12 ]

BYERUL ALY o, L FhA] doA whgich

o ©°

S i =FK, C
dSo/dt = k; Si-ke S

o714, Fe JFAFFHEolL, t& Atelrt. B Jefzta 7MYt

H, 9] A& olzle} Zo] Hr}
k] Sl = kz Sz, Sz =F Kp C

o714, WA vlE o Zth
kizke = (1-F)/F

NHY FHVSIE CABAY EFelN SEELE Y5 4
Ad HPPEL £ o5 BWel AwPAL olelet Pol RE
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-
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C 098 008, 3°C_ aC _ 0
It Flg 5+t Da2 V52 A(C+982)
S]_:Kpc
PR
af = ky((1—-F)K,C—S,)
9le] AL tjste] Aelshd e 2 o] fEFTL

N <

<

K,:
o -
g :

dROC _ ., 3°C  9C _
T —HDaxz v 5= —VC+W
R=1+—%K,,F

V=—§K,,(1—F)k2+/1
W= p( kz - A)Sz

: fraction of instantaneous sorption domains
: retardation factor

Sp ¢
ky

sorbed concentration in rate-limited domain(M/M)

reverse first-order sorption rate coefficient(Td)

. concentration in solution(M/L?)

: time(T)

: pore water velocity(L/T)

: hydrodynamic dispersion coefficient(L%/T)
: radioactive decay constant(T™)

; distance in column(L)

equilibrium sorption coefficient(L*/M)

dry bulk density

volumetric water content

918 Aupyg el thy A v FHEH £ ofF TS FORTRAN
77 do]&2 2tg31elil, Linear Basis Functiong ©]-£%t Galerkin 33t&
Abg3iom, Alztu|E-& 23] Implicit Difference Scheme& A&

, MatrixE& AlA418}7] $13] Thomas AlgorithmS AR&SiC}.
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Nonequ:hbnum Model

: Read Data and Initialize /
I Update Boundary I
Condition 4
Water Flux, Water Content
and Sorbed Concentration
No
Assemble Matrices I

Solve for concentration

Cutput Concentration

Fig. 3.5.7. Flow chart of STNES model.

) 2dY Y3ty &3
(1) EddE EA
HAEAIE  FH RN AT ESE  XRF(X-ray
fluorescence)E E3] 43 A3 Eoe HAHEL  68.1%28] Si0e}
16.7%2] Al,03 S X33tz gt}
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(2) AR TIET
EQHEHAE AHEst] 1 JIgstel A 1413 308 5 &
£ &9 & FF3lo FHAEE} FIEEE gt 2.00m
fsﬂ(No 10)E B3t B2 $eAEEE 8.46x10™ co/mino]3, ZISE
+= 0.133 cw/min o]t} 1.18mm A (NO.16)E E33t B2 AT

2.31x10°co/mino) 31, FZ&ELE 0.327 co/min o] glT},

(3) Fel2AtA
H] HF-SEAR] Uranyl(U0)-8-4-& hollA F3 AR E o]
|5t AHAHE +Bsta o] AAE ofefe} 2 0gata(1970)2] )4 3)
[3.5.5]1& ~}-&3te], AU ] 2AtA+E Mathematica ZTEIHE A}
£3to] 33t A3} 1.5 n’/min ot}

HIZAFY FHE 213t ol HEe Cogdg A3}
31, olE AMESte] kel AR Eofo uigt FAFFATE FH )
Y AAEE, ™A CCLE AH8st 244 57t thd Corgde A
2313, 10g8] Eofol thste] olE &4& 200ml 2 Hylsta oF 2447
B3 F, BYEAejolA Eodo] F2H Coo] o3& AA(Atomic Absorption)
258 B3l AEF Sach FF A3 ool TIT Eope] F
BBAg= 0.30 l/mgE FEHTE &9 H=o thzt whe] kel E oo
S8 Cod A2 Fig. 3.5.82 Zom, 71&7|7 YA/ "ol

(5) &FA]&=M|&(instantaneous sorption ratio)

of wE Co® FHuSE fig. 3.5.9¢} Zch 285
o] AYE BIsh= A2 130~15082 2 FFo|FA| 7+ oF 70& 0]
th 70& F2 F Co FHHEE ¢F 0.50] 28 FA] F2]E(F)L 0.52
Bt

Az
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Fig. 3.5.8. Equilibrium sorption coefficient of Co solution
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Fig. 3.5.9. Co Sorption ratio in the soil versus time.
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3) EGAERA g d AAALE
7h) EGAEHA] A2

IUER 2d3H EUL soil flushingdH o T A A3ty ¢
3] Fig. 3.5.103} Zo] A¥A A7) BY AGHXE ALt WY
9] SolventE AAE7lol] Yil APEZE FIHAFA 2 UYL= ¢t
AlZith &4 AojAle B AP 7lsiAl= solventd] ¥ & FAT
Tl BIZ 71" solvents B YL Fol wiE2A st =4
o] AUEE Hodch. EY ABL 37 6em Zo] 18cmolH, ujM] E
Ax}7} WAL= AL wR3ly] sy, HAY 923 olmlRe) LA
2 Az2Y e E AUt FUH solvent= LHEY U IAUEE
AGst F effluent AAL7]o] $ZHcr}, o] effluent:= Atomic
Absorption Spectroscopyol &3] IWUESE7} EAH ],

Pressure T
Gauge
Bypass
e
181 cm Soil }%

cm Column .
Filter

Pressure Solvent

l Effluent Pump Reservoir
) Reservoir . E Ei 2 . =

Fig. 3.5.10. Apparatus for soil flushing.
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L) B2 AM83 EUAE Ay uy
ZE o] BEE CoZ 2¢@A17]7] $3te] 0.01 M Co 8ol
= 3L A Z3}o{, Solvent A&7|o] Wi HIZE o]g3steo 7}halA Co
&9 Y Yol FUste] F2ATh 1 F35 3] (Pore Volume)E F
YA717] 93] 13480] AAFEES of 12 A B4 FU FAAY F
12X 265 Co 8 30 Fxsto Co +§do] Eofo] FHs| F2t

A e T thA 134E o4 Co #8dg FYArh Solvent

2 EE AT A9oli 99 Zol BIE B JIQIIA B 23
th QY B ZUEY U TUEE AAT F effluent APE7]
ol +WHTh ol effluents §7]o] Lol Pz} F4 BFPOE Co o]
o =2 EAYTL

th) Citric Acidg& A3 EQAE AF Uy

Y 2 EGE IUEE 2¢4]7]7] $3] 0.0IM Co $-goF

& 3L A Z3te], SolventAFE7lo] Y3 %E% o]-&3te] 7IUAA Sr
&9 A ol FYst FHAAL 1 32 B3 E FUA7] ¢
3] oF 134F0] AAHERE o 12 AT %°} F4 FEAY F, 124F
et Co & FUL FAStA Co =& do] Eofo] FES] FAREE 3
th Th2e® THA] 1348 o4 Co $8UL FYUAZc} Solvent®
citric acid& & AME¥E uwll, ¢l&} o] BEE citric acid&dL 7}
°U‘]9‘1 Aol FU3rh FYUH citric acidB AL AH EF o 3y
S ALY F effluent AZ-L7]o] AT} o] effluente L7]oj i

of 12} T4 EHHOE Co o] HEE Eiszir}

) AE A d 3
7h & AHE3 EAlE Ay Az
ES solvent® 3lo] eI E=7} 2.31x10 cn/ning) B}
gk Az} Fig. 3.5.113} 2] pore volume ©] 5 w Z7]%%2] 1/20
HaF s 222 eyt
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Fig. 3.5.11. Experimental results remediating the soil of

high hydraulic conductivity by water.

02 EE& solvent® AMg3le, FIAE=ET} 8.46x10*cm/min Q1
Eore Q3 A Fig. 3.5.128 Zo] EFF¥|(pore volume)o] 5 uij
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Fig. 3.5.12. Experimental and model prediction results remedi-ating

the soil of low hydraulic conductivity by water,

L) Citric acid& AMEE BEYAIE A4
Citric acid& AF&3lo] $g|A=%7} 8.46x10co/min Q1 ES
S AP A} citric acido]]l &g 78] BEgAEEINE B Hr} &
L35 53 1~10 oA EY U Cog Wol AANERE AE F
effluent %+ A UElYcH(Fig. 3.5.13). 8|3, citric acidE
IAUE o EY AHO 20 3= FupE A4S o FFE U F =
E ko] oF 96%2] A|AEE Rrh
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Fig. 3.5.13. Experimental results remediating the soil of low

hydraulic conductivity by Citric Acid solution,
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Fig. 3.5.14. Residual solution concentration ratio of Co® in pore

after 20pore volumes flushing

- 27 -



-
o

i .
ook T Nonequilibrium model value

I A e Experimental value

$08 -

@ i

S o7} o

EE T S, @

c 0.6 pr

9 i ¢

T© 05

g |

B 04

[

O [

O 03}

© 5

So02}

5 EDTA

P o0}

00 I 1 1 [ 1 { N 1 X 1 2 ] 1 1 N

0 2 4 6 8 10 12 14 16 18

Distance from anode side of column, cm
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Table 3.5.5. Initial concentration of Co® and residual concentration

after 20 pore volume flushing.

Res. | Ini,
Sol- Dis, Conc | Conc
0.011.813.615.4|7.2[9.0[10.8{12.6{14,4(16.2|18.0{Ave,
vent (cm) X X
10-2v{10-2u

Seil {0.61{0.62|0.63[0.630.63(0.64|0.650.66|0.670.68{0.68(0.65| 0.56 |0.865

Pore {0.01 (0.02|0.02{0.03|0.04{0.05]|0.06|0.070.070.08|0.08/0.05( 0.01 [0.135

Water
Sum 0.57 { 1.0

Soil [0.01(0.01|0.02(0.03[0.04(0.05]|0.05/0.06|0.07|0.07|0.07(0.04| 0.04 |0.865

Ci.t_ Pore [0.00(0.010.01/0.02(0.02(0.03(0.04|0.05]0.05(0.06{0,06|0.03| 0.00 |0.135
ric
acid | Sum 0.04 ] 1.0

th. AN BEY Adre g
1) o] & By

8713 whdol] 2% EHo dlojA, ¥ A AIFE 2¢EH
F GFol SIXAFIL AFAHAAE FHAUCL EY U YAMEHFS
F2 A JHA Aol &3] olFHcrl Hzle HIAMFE EIH A}
LHAEH] AF B0 FEL AJFHHF Hitolw, FHAl= AEY
o] =gkxtofl &3t fA} LHEAY olFoln, AR 3FH o]29]
A7 oA ZZ ol FIjolEoltt. FAIFHYP &3 2EEFIL
IUE AFE A BEY AE e pHrl Asdled FAES B4312E Ad
FE&o] mf§ Ygitt, wety 2 =FolMe 4bE o]&3t HE Y pH
Feg JAANA B2 AEEEES €71 A3 A4S A= & =%
e 3713 Ad FXE A 2SI Kaolin ClayESFS CoP'E Q¥EAIHA
Ado] FU3t AP & F AJFo AYE JIst 4 AR AGAES
stadch. HAE U pHdsE A ¢fs) A ”%"—‘I% AR&StAATh
A7 T SFAY EFevtes FAY, ., PHEE S35,

ft
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£ dFE I8 A71H Yol o8 AUEE odd ESES AGY ),
A2t mE AFEZES BT E£T, o] FUVH EFAEE BYY
371 98] A2 FARES Adstn R AFGAFEILES vlasto

2 A A
7]*‘E(E1ectro osmosis), 2|3l A ]G ol 23| l%%t}. A 7ol
AZ1ZAUe] EF FZ5 o] SA3ls o] 52 olFoin, ol I
ZOo 8 ol&F3}la, Wi, ol UYIFToT ojF3lrt Yol AHY
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14
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o
>
A

o] F oA 2] AEPHS xlo]e] AT L wRo] Aoyttt AJMFE
2 78 AEZE 7 EY UM RAY olF& wiEA v FE
Lﬁﬂl 21]“’#%011 333 7l4%tct. A7 95 (Electrophoresis)S E%-9
2ol=9] ojFoltt. IAAElE olFo AT
S5l 23t olFelE= AL

'E} %%‘1717—*‘1 Zﬂ?é%"ﬁﬁl tfs] Eo Z}Hl?ﬂ At i3t Zrh
s}etge] OIE | v"r*}'}—-_!%—% 3 é@ = 9,1013:] ‘:'HM Bds
7
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i
o
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B
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A
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41&
>

°u e (3.5.1)
A7NA e £ AIIAFO 3 SE(em/min)o]li, e FF4Y /3

gold, ¢ E4Y AERHL(V) 0|3, ry& BEATE o dgdte

1 Hch & 3E 713 F A vERE Al oli, & 3389 B

X222 Bl 1611 A3 fE ﬁ7lﬁ—‘% FoeAgelrt. =R QY

&= Darcy?] YA S 2HE A

rl
kv

ke oo e
uh—EVp=thp (3.5.2)
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A7IAM, un = GFF AL 3 4% (con/min)ol3, ky = pjRL $gHs
—’i‘——‘a—(cmz) OYEF], ne FFEo|, 2l p= oY (Pa)olt). EZ, $F
m’/ )=

A Fo3ict. 3EE o] oyt

s
1
o

(¢

A7) ]%“—?‘E Uei (cm/min)¥= T}

flo
i)
.
v

A7H, olB&EE BIEAI} BAUM, vk B 9 v Po=
T SEE2 o olFE(mobility)o]x, ziE
Faraday’'s Aolil, 283 ka §& |5 =A<( cn’/
THEos, &2 £d2 33tE {58 oyt ik otz Ficks)
Moz FAHCH

v __D
Ji==5 VG (3.5.4)
o 71 A, = 402 Q% B $58(mol/( co’ - min))o]3, C =

I35 LH-J E}i}%«] EE(mol/I)olH, D; FatA4=(cn’/min)olt}. T}
S AZols HES U3, Z o U3 £ K52 ot &

Ji= G, +u, +u,)C, -2,
T

(3.5.5)
EZ MY, BAZASY, 283 =Y Yo FASHH,
- Di
Ji _[(ke +kei)v¢+khvp]c.' _?vci (3 5 6)

71N §i = ©eIHF nic} 3etEio] B 858 (mol/( cn’ - min)) o]
oh. kkok 23 D/CE A2 F7l whe Weke Adolth. o]ee]
O] T L o]} o] 2 A AAIE wly ).
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8CH+C o

o =R (3.5.7)

C% (mol/1)e= FEJel oA 3% i8] Es=0l3, R & ¥ gt
0= A% HUE 12 PHBoITh FAHOE oFAL AR A
Wl o@Th ShLbshE, BREPNSE oalg BTt WA W=7 wRol
th X3 JjdolMe XEUREAL] EAEL gL FI REd

)

¥l AROE o|FWANE Th Aoz sjFuUT}. AARE e
2ASY, BEFY T & old RO FYWTh T, 3 shir 33
sfolth ER, AUT HEFT ASL PRl HYVEL DY

22 AHEM[3.5.7], K& FIFAL tl2 Ak

7;=iaik(ci+ca")’ Vk:l’“"’M (3 5 8)

A71M, awe EEFY kel thT Z H3F Y njEoln, N 3etF 9
Folal, 2|3 M2 AR e d4e] £ &F BEFEY Fojth. o] W
M2 dAAFERE Jide= dEdch o|3HBEA (A (3.5.7)  awd
aL

stal 12 FE EAISHA,

&, (G HC) o e
,Z:,:a"*( Py +V-j=R), Vk=1,--M (3.5.9)
2y}, 2 Al F AR HEFRT
2.0k =0 (3.5.10)
32]3, A(3.5.8)& ANt $A & ThA] 27,
9 N v.] = ...
5 +§amv J, =0, vk=1,--- M (3.5.11)
FetE HEZEI F FE5ES UYshd,
oC. +C%) & D.
el St S V- YC -ZLVC)H) = =
P +;a¢ ((u,, +u, +u,)C, = C)=0, k=1 M (3.5.12)
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EQo] S2H 3eE2 4] (3.5.13) 23, A (3.5.12)8 tiA] 29
2] (3.5.14)2} Zc}[3.5.8].

c=Lk.c
n

a (3.5.13)
oC . p y g k V4. 8C & D &C.
S0+ LK) =— L vy oy P YOG 5y D0
8t( n ) Z V- nu PV Ox +§a'k o’
Vk:l,....,M (3.5.14)

A7IM Kue Sl Agolct,

W) 27 2 AAzA

Slold Fold 4 (3.5.14)8 B 918, AW FA © 2]

z7o] Wesi, GHNILE (cocp)7t AFY Dol FE3A 2dF
A7) Wl AY AP 27 ¥ AARAL vhe3} Pk

C0,x)=C, 0<x<20
C@,0)=0

oC
= (620 =0
#(2,0) =40(V)

th) Z= s
£2714 EQAE ¥ =AY U BF U= A5
7] 218t $XI=E spudict 9] A (3.5.14)8] AupAgAle] A &
X}%d I =+ FORTRAN 77 ¢1o]E 2MA43}el31, Linear Basis Functiong o]
&% Galerkin RFTLAPE AMg3en, AuES 93] Implicit
Difference Scheme& ANME-331, Tridiagonal MatrixE AAs}7] ¢3)
Thomas AlgorithmS AF&3IC}
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Fig. 3.5.16. Equilibrium sorption coefficients of Co? with kaolin
clay.

3) EQAERA AL % setuy 23
5274 AAe A% Fig 35173 2 AQARI Y AP
AT o] EQAGAUE BAANI o) AEE VY Tehn)
Table 3.5. 63'—]- Zt}. Kaolin Clay 2] Bulk Density (pp)e= AR
ARE FFFIZ o] £ glolth FFE2 A 1- (e p)E
T-3ith °ﬂ7]/\1 p = ’%‘ﬁﬂ A2 ALE EYYA FIE Ure] &
Zrolch, #eH[(6)E AEY EFH(ve)E AAF(v)E Yo 73
th BujAS(Ke) Kaolin ClayE o8 ¥ %29 Co |08 I3 HAH 3
d T 2RI Yol FPo| =HSIEF AREX I F E3} Kaolin Clay
£ 10g 313t ddEel7le ¥ o 168 7HeA1A FFE& 9L Kaolin
Clay®l E2|A1713 A5 33l UAFBHEYRLE =& 533Y

2

Y, @
PN o
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Fig. 3.5.17. Schematic of cylindrical column.
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Table 3.5.6. Parameters for Simulation,

Parameter Values
Cell dimensions, L P2 8cm x20 cm
Bulk density, Ph 0 77g/cm3
Faradays constant, F 96487 C/ mol

¢ is velocit
Electroosmosis velocity, 1.85x107 cm/ min (10,0 hours), 3.41x10cm/min (20.8 hours),

el o . .
-—é’-—¢i 1.45x10 % cm/min (31.1 hours), 3.02x1072cm/min (43,6 hours),
M Ox
Potential at the anode well, ¢1 00V
Potential at the cathode well, ?3 0
Porosity, n
0,615
Tortuosity, 7
1.2
Distribution coefficient (ml/g), Ks 0.64

4) pH 7} BA71H Aol njxE= H3
A A8 A =3 EoF AP U9 Kaolin Clay + NaCl + SrCl,2]
pHE 4.001% 3 & A2 o] NaCl Fsjoe] pHi 6.501Hth ey =l
A atae] WEI S3A $4Y WEE U FF ARy pH & 1.6,

L2 ASZo|AHY pHE 12,92 Wty

2H,0-4¢" - 0,(g)+ 4H " (anode)
2H,0+2¢” — H,(g)+20H " (cathode)
0.8¢ 3 F ZHe lden ¥& F-29] pHe Fig. 3.5.183 Zo] %719 4.0
S FHE o 11.72 A53PEA Sr(0H).7} BAEE7] A3t 6.74 A2 F
= ok 12,628 ZJ13Ict 0.006 M Sr-&e8E NaClS 7}3}le] pHE
2w o 73%9] FAo] A7\ 27% o] L o Y= AT Ukl
wth & 1A F gt gde] Bk 00016 ME ZAEE Zoz Ul
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Fig. 3.5.18. pH measured at 0, 0.8, and 6.7 days.
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Fig. 3.5.19. Measured concentration of strontium ion in

the effulent.
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EQ AP £3F Lo U: #E5E AN EE FFY Axe
Fig. 3.5.19¢} 2t} 27)2%¥ Pore Volume 0.15 o SR wj7hx] F&54]
el 0,0ME Z7}5 QA% Pore Volume 0.15%E 0.37kx& thA] AA8] =
7} ZtAE o] 0.0007Mo] =&3lsl, Pore Volume 0.457-€] 0.57kx]= 0.0006 ME
2y zZAsEgch ET, AGAY A3 AVIHET] o3 I FEEEE
Fig. 3.5.19.0l49} Z¢] 0.3 & 74xl& oF 1.7x10° cu/mino] 0.8 7kl 2.7
%103 co/min o]glem, 0.8UEE 6.7 7R 4.7X10™* cw/minE UEIKITH
B AY QERUHL gHe] 40T 0,8UNE HHo] PAE]7] AFITY,

Fig. 3.5.20& QA7 Aol wpe 2F I8 U sr"s2d Liehdch
0.0IM Sr* 2§02 Kaolin Clayg}g Z3pA|A 3zt ikt F Aol FUH
o u, #AY FILYe] y|EELE 0.006 MoJgit) 0.3d B3 F EFHLEY
QR Ho| HPEYT, 0.8 4 Fol= TFEY o] ZHH s o 25 w7t A
dgigirh 6.7Q Fole FY lden F8] pi7} ol AAE FAP3EE FF i

Sr¥ =z dolArt

0.010
_0.009-
=
g 0.0081
£ 0,007 ot conconration]
£ 0.006—— ——
§oo0s] LAy < [Gaa
£ 0o04d /
£ 0.003/ " [ozeay]
2 0.002- N
%0001] .

0.000 Fesm ' - -

0 5 10 15 20

Distance from anode({cm)

Fig. 3.5.20. Distribution of dissolved strontium concentration

in soil column versus time.
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Fig. 3.5.21& AQAZt Aol wE Hy 22 £ vol =3 gz
Kaolin Clayo]l Sr”s=& Uehit]. 0.8 4 o= B 2 U 27] & 559
25%7} AU, 6.7U Fol: 325 7} AUt & 2ulo] B} Ao =
AT SrEL 66.4 mgo] P, UMY 0.8 ¥ E AP WwoT 3% 5
392 16.52 mgo[H, 6.7¢ ¥ EoF Ay o $29 sr¥ Z3S 21.02 mgo)
th 6.79 ¥ Edz Ayo] 23 MFEs BxE dgloja] BRo| py} &
olz|7] A|2gl EoF AP 2T B ZolA 14 cox| Bl e ¢k 0,05 MZ UHT
A Uehdth 3 olf ol AdEe] o}5H scP o] o] pH 7} & l4en
2o BALE PAsl A Mgy dRolth 6.7 U o)FE K342

1 =7t Yol ARFTZLS I3] AsiEgdr}. AUY s A Fd e
Fesol tiEt ol g2t MY 48 F B Ao Y AFHEE WFE 3
339 A g M2 ggs] Uxse Ro vehdtt
o]43} Zo], Kaolin Clayo] F2H Sr” o] 2 EA/|AuhHE Ap&sled A
Al 2T Fojl fatolo] WAE o 23 & AP U9 Kaolin Clayd] pHr} A%
o] Sr(0H), & BAste] 32 zﬂoﬂr S dgrh IEE 23F EY U
pH 435S A7) 18] 4 E el patsodx] 9% 498 2U48AY &
= & Afze] g FUs &3 B phE Aslete Wk BFshe AP
7} g3},

2

X, r),i =)

—_—

- 283 -



0.06

-g 0.051 .‘
\8/ . B Experiment l! -"
;5 et IR Model i ‘|
1S | i
Q ' .
2 0.034 i
8 | [T} |
N \
S 1 i
g | N
: --L..':t '-.-AH"""‘-'—I-._; T — .
(U e e Ty it I.
S | == =
0.00 =iz Aot I l l l -
0 5 10 - |

Distance from anode(cm)

Fig. 3.5.21, Distribution of total strontium concentration

in soil column versus time.

5) &4 VFE&YE ]8T pH A W

E HE o] pHE A3y ¢l ESAE AL o 2
o] 3gitt, & &7]of 3} E3E Kaolin Clay (Kaolinite + XA} %
%3} Cobalt ion €9]) ME 150cn®S TET}E o]FRL £7)0] Yol E
¥z} EPFE F Co”'o] kaolin clayol F2 Bl o|ZEF £/]E Uy
Sto] aHb7lo] Wil 37 aNiA et it F o] X3} ES EAY
A columno]l ZF4 thd FUIct oluf, AAEY viFol BAjr}
AR AT FES] tPHFHAM A A3] Kaolin ClayE F 3t} Fig.
3.5.172 AR oIt AMY el B FAL Zol7t 20.0 cn o]
3, AR 2.8 cuolth. BEY HYE IF Bole A7 A, Ay ¢
#2] A4Z Joe Elety AFo] #x3th. EQY AYe) 237} 123cn’
ol AYP-E x| Kaolin Clay?] FAl&= 94.8g olm, XEF, kaolin clay
E 23AF]7] ¢Js] BQLF 0.01 M Co¥’ 8 £k kaolin clayd] Wx
U FFEo| TABI Aakr A3} 75.7ml olglt) o] B AHe =
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ettt

cOc124 pH:= 4, 00104\:} —7311,} EGAGAE IF ofzf Az} o] &F
o i ol WEE QI3 pHrl YWolx|, &FodAe Fatel2 W
2 Q3] pHVl EolRER 33 A4Xo] 0.1M CHCOOH §9-& A% F4
3fA pHEl A4S JACE 2Aah @F5 A3} CHCOOH &oe] Figlol =
FAEE +RYEL o, AIAF -"3- £ fEEHET} ul-f Fotzle
o, Agoeg RE F&4Y 0 FEE ¢ PaEAch I olfe
AP gFTo2RE ¢ MaEE XHI AP Z Abole F =
Kaolin Clay2] pH7} 12 o]Ato 8 zolx|mHA] Co(0H):2] Aol HAE7]
AlZH51[3.5.9], o] A= 3] AE e EYS ‘E}EE}?‘SHXW";H —’F
g AEE7l ZobAy| Wl Re2 AtgHch W, AP EY F
0.01 M Co™gele IWUET} Eofo] By FHY F FIEYY %_:-t
0.0056 M Co”olgith. o] &zt 2 wxe| ILUE Fdof NaOHE 7}3}
of fig. 229} o] FAMYE Yt F pHrl 12.0dwl 100% FH=H gl
109dw) 99%, 8Yul 65%, 7.3¢u] 0%= LIElLIT 2B EE EJAYE E&
< o]7] ¢8] HE 2] kaolin clayZ¥E2] pHE 7.0 o]3tE {4
7 oF ¥l

pHE W57] A% W o g 4F A£Ro] 0.1M2] CHCOK &4 &=
A 4=zo] 0.1M2] CH;COOHE Y& F3tdrt. EQ ZE dole 2A(F
oy o 24 0.1M CHiCOOKS} 0.1M CH,COOHS] Z3EL F3}lti3.5.10].
EgAG AY £38F A7|iTo] o3 AE o] &do] IFFlAM =
o2 AE §53EE 4 ALY Fo FEE o] CHCOKEIS
AL o FYstq A ARyt 715 ARE el F AR ¢
goz WL Yo, FUFoE &4 FFS FF3, dASTE
2L AFR3lY F&4 U C'eEE F3Ych A

A F AL 43,612t 333Ut

rkL‘

2z
=
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Fig. 3.5.22. Cobalt precipitation percentage versus pH.

AEAE ¥E F, ZE WY RBUE 53 U] IRsEE 53
sta, pHE HAstolch 33 4= A4 Hus= ¢ 20m ot} A
e A2E o k=2 AR 0.1M CHCOKE 19 ml 223 2 A4z
o= 0.IM CH;COOHE 13ml |2t} AFEMA] F Ad Yo TI g9
A7 &3 23 Ae-R o2 {fEHT. 3 AeRIt HY
o] FEol &) oF 19l F= AYAH, P FAT F 3A
FZ U &AFIE FHs] S, AFZE &9 F o WnlE X3

of RUATE thi &F A2 E CHCHE 2932 ST As-ER+E 130l

o MEE CHCOH 4 M9l AAAES $IUIL olot TS e
209 WHUTh o] AN SAEL BE UPL VY T VAo
QAES BHES 8ot B9 Y U= 52§ FFUCL =)
@ 4@ mHl & AW U Kaolin Clay § 52402 AEY ¥ 24 2
ZolH 10018 z2stel, H5R B PALREANE AgTA HEAS

KX

AT o] A5 ue] Hol gle IUEFEE FHIUCH o] AP
4

AP STl e fFEgol Wl wife] AELES
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24t @39S o] FUsla, 0.1 M 2gAS S = &
o2 FYUSHHAM ELGAHELEE £ A2 HEY ldon HF HE9
3.5.228} Zo] R7lo&= 4.00]22
£ @3] ¢ 6.50F AFa3tdch. ool ol AY Y] pHZl ¥l of
Co(OH)o= /4= A] kTl

EY IH 3% A UdEe fFEFE A3l w25 3T Z
= Fig. 3.5.242F Zlrt. R7]%E pore volume 0.1(13A]7t 2§34)31X]

FE5Y ¥ FEE 9 0.0MZ Z713c) o] AL AP Y F o)
14
12 4
10
|
8 4
5 ] )
° 43.6 hours
ad e
2—4
i ; L I —T
: i 10 15 20

Distance from anode(cm)

Fig. 3.5.23. pH measured at 0.0, and 3.8 days.
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Fig. 3.5.24. Cobalt concentration in effluent.

27] Co¥ o]l& =X 0.0056M KT} ¢ 5u] Lo0mZ o] oo 2|3
xrerare] Co'7b o|5HE o 4 th Pore volume 0.1%E] 0.5(28417
A7 E A s=7E Zaste o 0.004 ME oiAE 7] IS8

= Bt 52 ZLE Uetkth Iy f&%EE thAl A4St pore
volume 2.0(37A]7t ZAI})7IA]= ¢ 0.001 ME slo}A I, Pore volume
2.9(44A v B2} 7HRE FEsE7T U Z4Eo of 0.0004 Mot

xg, AEAE Az FAUIEFol Y3 FF £ {ES=ELE Fis
3.5.25¢} Zt}h AEAHE A AUEFl Y3 FF &Y REEEE
10.0A1Zk7kA] 1.85%X107° cm/min, 20.8A1Zt7bA] 3.41X107° cm/min, 31.1
A Z¥7kA] 1.45X107%cm/min, 43.6A17H71X] 3.20x10%cn/ming A G A] Zho]
ZA3sto] wel fF5E5E 9 fFEFo] FUiske ZL2E Uelulth

Fig. 3.5.262 EXAIY Al Aol w2 EG 4dE ol IHT ¥
Co” HxZ Uehdrh AQG AF o ES AP )] pH Fkol A=

Aol WS gonz MAREo] EA skl F, 10,047 Fof
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EoF AP U] &7] Co* 232 13.1 %7} MBI YR, 20.8 AT F
&= 46. 857 ALEHATE. EZ 30.1 A7 B2p Fol& 71.7%7F A HEG
, 43.6X]7t Foll= 94.6%7F A FF ATt ThA] WA, "‘71 o] EFAH
F8 Co” L 44.6 meol A, MFAE 10,042 F =FAH 5}
2 829 0" %2 5.8 ngoln, 20.8 A% F EGAYE PO G5
H Co® 232 20.9 mgolrh EF, AGARF 30.1 A7 F EQAY g
o2 823 Co™ 23 32.0 mg, 43.6 A7 F EYAY yjog {53
Co® Z2 42,2 mgoldith ELAY AEL mA F EQ HY Y
kaolin clay® AUA 5583} kaolin clay?] T3 £ U2 Co* &%
2 =A3 Azl Fig. 3.5.273 73 RYS AR 213} Ads] X3
th. Z2EBE, pH A% dA8 839S ALY BESAE HEE 43.6
A7 Az F ESEE U2 ¥ $%2) 94.6x71 AEEE AOE LEIN
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rr
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Fig. 3.5.25. Effluent pore volume versus time,
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Fig. 3.5.26. Distribution of total cobalt concentration

in soil column versus time,

2. TRIGA 52| EQW7IE A9 284 U4
1) B8 2R

AE stde] &2t A% o8 L™ EQoiU T4
o] £2 HF-x]of t§s A= soil flushing(solvent flushing) & A 1

B3} el atdd Aoz Az
Drum Weofl Ex3t= ®WAHE sl7lE Eol thsA= soil washing P2
2 Fy& A H4LAFIE Zo] 7Hsditl. KAERI Ef TRIGA LEEY
71 E(448229 ) B9 FF AYEE EFT 23 0.05 oR/hr o]
=go] AN 7% 0.02 ~ 0.05 mR/hr Ato]e] =& 60%, 0.02 mR/hr
ol3lel =2 A 33% Exjstsict. 1988dL] ulolElel ou] AF A
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AEFE] EGS F2 M IUER o] glon o) HE M
&2 FE 0.05 nR/hr o]3}AE  mletsiodr}. Soil washingS ARRSR] whAM
SH71ES] FE ZAATE AE ZYe) ZETE Fig 3.5.270] EAskgc)
2) B¢ HIE LEEY Y

1988 FAYA] 2HE7} M £ EoX ~ 0.05mR/hr )&
T AR31Hrh E¢F 385g2 0.3 mm, 2mm o] 2 E 30E 7 sieving
g F d=dEE Feslgch. 0.3mm 2} 2 mm Afo]e] EQL 323g, 0.3mm
o|sle] =2 62 goldrt. UY=E y-Yrls EAS EG & GAF MCAS AR
sty B3I, E4ole AW BF 100,000 X7} AQEQch. Table

Laok

0“27} 2 EU 385 g& olF FEOE Ui EY 10g0] tis)
0.01 M AE-&-< 100m1E 7tste] 2ol zh ©AE 16X 78] gL 4
st AFA= EDTA, Citric acid, Bio-surfactant® A}23}gion
AF F AL 0.2xm polyethersulfone A E o]L3le] He = =
Foll ABAE 33 wHE 5’3'8"5} 3l FAbse] BEAE 3t

- Boil Washing
(Water)

unacceptable

Wastewater
Treatment

i - -

R ST I T
‘s Blectrokinetic Motliod<;,

Fig. 3. 5. 27. TRIGA soil washing flow chart.
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Table 3.5.7. Radiocactivity of soil.

=23 £ A ZaF WAL ¥ E WAtss =, (Bg/Kg)
Cs-134,137 618+1.5
EdA R, Co-60 386.8+4.7
385g
0.3mm o] At Cr-51 {52
Fe-59 <31
Cs-134,137 142.6 = 9.0
EdA R, 62 Co-60 1159.5 *+ 72.8
0.3mm ©]3} g Cr-51 6.2
Fe-59 < 4.7

4) A9 Az o 24
RESRADE 2123t AxtAzl, Co-60 W Cs-1372 .G Hx2|2 H]
WAHsE 7€ 15 mRem/yr £ &2 Co= E i 70 Ba/Kg ©]3}, Cs
2 300 Baskg ©|3te] HEE Existojof S mtotsiaith. 1988 47
Al LAY vRF £ EY HIZIE( 0.050R/hr o] HAle] oF 7%)
of ozt ALEZFA EGAE HI  EDTA = Citric Acid >
Biosurfactant®] ¢ O % LU}EILEO ™ biosurfactant o] 2]3t A& }=
nlu]stgTh. WAME Csoll thsir = AE o= 2 BESAE, 22 EGA
T B0 cfs) v WA sl71E3 &7o] &Rl U, Co o o] A
d Aoz v Wrks 3 o] WHEEA] o=th 0.3m o] EYAIRO
tisl 33 MY ¥, EDTA &} citric acid A £ BF v] ¥rbs 3 R4S

HEA I ZLoE LRt}
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Table 3.5.8. Radioactivity of soil after 3 times of

decontamination
A A 33 Ad F YA
%ﬂa%ﬂ%ﬁﬁiﬂ%ﬁup_ = 5% (Ba/Kg) H] 3L
eMs F= Citric acid A|¢g| EDTAASE
Sopag, |Cs-134,137[61.8 1.5 59,0%3.1 55.3%4.4 | ‘
0. 3umo] A} |—2060  |386.8 *1.7| 53.5%2.0 66.9+4.5 |[2ALS
. Cr-51 <5.2 <19.4 < 27.9 (845%)
o Fo-59 < 3.1 <8.0 8.0
EQNE CS-134,0137 14256 i g.o 130.6i12.6 1338.6_;.t5.9 SISAPY
] Co-60 [1159.5+ 2.8] 726.6+15.1 |538.5+15.1 A
0. 3nmo] &} ———7 62 oK 5 75
(16%) Fo-59 A7 <6.6 <81 (16%)

Fig. 3.5.282 A €& A {3 po wel BEY Fo IS WA
Zo] WELYS TA¥ HAOF EDTA U citric acid €42 g &INE
HojZEch o714, s W L 2 ZZ B Aot 2 BEY 4AE
Tl WA} Cs& EDTA W citric acid 25 s A|&x7 2Fe A
o8 Uelytl & g4zt EXS EDTAR AAE 29, 33 HLo s
MAE Z712] 20 % 7} AAFHGUCE Co & S, AARE ¥Wilse w2
F2o] A 3 A Al HAF EDTA, citric acid B5Fof ois) 33 &
of oJ3) 7] Wiks2] 80 % 71X AHASH= Zo] JHestdh.

WAHSE 100 % =712 A A7 5= 242 morphology, E
ZHoA E, WA ¥F, AGA Atold] & ¥ S mefsiE Ao
Z9% ZAog AQZHc}

Urehdl
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ae, oige] B gl wel WA= e 23 HIEE H 43
£ 437 npsielct. 23t sl71ES &S] H3lde AFGHAE A
AHE St R °P°l HEEojo} grl EF, AE F EQ] TP HEH

gL o] EoF Fof &3 AGAE A BIEAAAE= EFE AES)
oJof gt oot A, Rr} & G2 AHIEHXE HA - AR Ao o]
Z3t dFHe] FTAHE B=gA £ Bt ol 589 Fof &3t
HE ZE LEES EEFYH &oI3tA ZEEdte WS IEdloof &
Holtt
100
® +
o X *
80 - <o
if‘ o v
£ 604 v
A o)
3 o
& 40 U 5 coeptau
YA\ O Co, EDTA(S)
A Co, CA(L) O
7 Co, CA(S)
20 1 O Cs, EDTA(L) A |
+ Cs,EDTA(S)
X CS,CA(L)
o ¥ Cs, CA(S) I
1 2 3

Application time

Fig.3.5.28. A portion of residual radioactivity against the
application time[ (L) and (S) represent the large
soil and small soil particles, respectively].
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3. A3 99
@ £7] ol 50m12] 0.01Me] I UELAF} 10g2] TRIGA EUE YIS
o, &71U2] & IUE AL 29.47 ngolL, BEY o] F3H £
IYWE 2 2,63mge| . EUAME APAZ} 0.0IM citric acid
gz B¢ U IUEEF 5ate] MAHY Azt 1A MF Al 43%, 2
b HF x| 68% 32F AH Al 8lm, 4xF M[H Al 87%, 53X} AMF A
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