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ABSTRACT

Study of the NORM Safety Management for Major Domestic
NORM Industry

Kim Ha Im
Advisor : Prof. Lee Gyeong Jin, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

In 2011, low level radiation dose was detected from the asphalt on the
road of Weolgae-dong in Seoul. The asphalt was made of recycled scraps of
imported steel which is categorized as NORM(Naturally Occurring
Radioactive Material). Since then, it has become an emerging environmental
and social issue of ensuring radiation safety in the neighborhood of
individual life. The government enacted the ‘NORM Safety Management Law’
in 2012 to protect the environment and people from radiation exposure in
their everyday life.

As  ‘NORM Safety Management Law’ was established and implemented, it
became a radiation safety issue for the NORM industries which handle large
amount of raw materials with NORMs and process residues(technically
enhanced NORM, TENORM) to understand the behavior of the industrial NORM
and manage the NORM processes and radiation exposures of the workers.
Therefore, it is necessary to perform on-site survey for major NORM
industries thus improving the working environment in order to protect
workers from radiation exposure. Until now, studies on the safety

management of NORM process residues are performed by analyzing first

- Vi -
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radionuclide behavior and then the safety management practices of the NORM
industries.

Two steps were developed for the on-site radiation survey and
characterization of the NORMs; Preliminary discussions with NORM industry
for the needs of the on-site radiation survey for the NORM safety
management and developing procedures for the on-site radiation survey
after reviewing the process flows and work environments.

On-site radiation survey methodology has been developed for a chemical
plant manufacturing aluminum hydroxide and calcined aluminium from Bauxite
as follows: (1) Real-time radiation dose measurement of raw materials and
NORMs using Inspector 1000-Nal y-ray detector; (2) Measurement of ambient
particle size distribution and radioactive nuclide concentration using
Cascade Impactor at work places with dust using Cascade Impactor; (3)
Measurement of accumulated doses of workers using Glass Dosimeter in
places where the workers are exposed to NORMs for a long period of time;
(4) Quantitative analysis of radioactive nuclide and radioactivity
concentrations of the raw materials as well as the field NORM samples
including process residues and scales.

As a result of the on-site measurements and quantitative analyses of
NORM sample for the aluminum hydroxide and calcined aluminum manufacturing
plant, a maximum of 0.46 mSv/y radiation dose was measured at the open
residue storage. This is lower than the 1.0 mSv/y annual dose limit for
the general public. The measured radioactivity concentration of the
Bauxite was 0.1056 Ba/g for U and 0.1625 Ba/g for *Th, respectively, which
are higher than the raw material radioactivity concentration of 0.1 Bg/g. For
pipe scales, the measured radioactivity concentration was 0.8575 Ba/g for “U,
which is higher than the definition of NORM, which is 0.5 Bg/g.

Both Bauxite and pipe scales of the chemical plant manufacturing

aluminum hydroxide and calcined aluminum from Bauxite can be defined as

- viii -
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raw material and NORM as defined in the “NORM Safety Management Law” but
not required for the registration since the annual total radioactive
concentrations are less than the limit set by Article 4 of “NORM Safety
Management Law”

The NORM process characteristics and safety management practices of the
NORM industry were studied through on-site radiation survey and
gquantitative analyses for a chemical plant manufacturing aluminum
hydroxide and calcined aluminum from Bauxite.

Through the investigation of the on-site radiation survey and
quantitative analyses of a major NORM industry, important NORM safety
management issues were identified and comprehensive NORM safety management
Strategies were proposed in this study.

In the future, this study can be further applied to investigate the NORM
process characteristics and develop NORM safety management and regulatory
guidelines for he domestic NORM industries. Therefore, the results of the
study can be utilized to improve working environment as well as the
workers’ radiation exposures at the NORM industries and thus promotes

public acceptance of the NORM safety.
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&S Dot A2l HHlI(Exemption) & HIQl(Clearance) JHES =26t OFeH
I 11 2001 ®MAISH 2 D6HACHS5][6].
T 1. |ARA 222 J|=20M)|=
J|=2otE)|E FH EROIE FH M=
TFRNE
= sC dz =c d | 2l s | A
- (Ba/g) | (mSv/y) | (Ba/g) | (mSv/y) | (Ba/g) | (mSv/y)
238U, 232-|—h 1 1 1
SHY 1 1 -
A 10 10 10
IAFAS 2RI FOl O|HAAES S510], UBHOIO| CiPt MUYAIMHEO 22| I
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XNEe2/XN232LI0F AHol MHete Bt ZesE X222 HAR HHAls A2t
0.01 ~ 0.5 mSvOIH, LBtoI2 0.003 ~ 0.06 mSv Oldte mM=8&=2 HMAlGHD
UCH, s, A2l MRl 8t&=2 HAHSHLD, off-gas JIF=2 HEZ2 fs "ME2
ol |X & &EH Al JIRE HAHol=s 2= dEHsCH, Ol AHLLY XA
SIQt H==2 2S00l st 7AJF 222 2HONAM Al D AUCH.

I 2. |AEA NORM 5= MY SERNMZE AMIIE & X=X
Dose (mSv/a or
Industry/process as stated) Control measures
Workers | Public
Phosphate industry
None (candidate for
Mining/beneficiation 0.1-2 0.02 (,
exemption)
None (candidate for
Ore transport and storage 0.1-0.5 (,
exemption)
Contamination
Thermal phosphorus plant monitoring/control, PPE
(precipitator dust 0.2-5 0.03 i ,g ' '
210 ventilation, decay
1000 Ba/g “ Pb)
storage of dust
0.001- | None (candidate for

Phosphorus slag in roads <0.6 (.

0.06 | exemption)
Operation: none.

Wet process phosphoric acid 0-0.8 Maintenance: possibly

plant ' control exposure to

scale

0il and gas industry (pipe scale 0.1-15 000 Bq/g 2

°Ra)

Gamma exposure during

Normal ly none.

) « 20 Exceptional ly distance,
operation . . .
time, shielding
Gamma exposure while working 0.1-300 Restrict access and
on open equipment LSv/h occupancy time
. . . 0.1-1 Ventilation, PPE,
Dust inhalation while . .
S ) mSv/g contamination
decontaminating equipment . . .
(inhaled) monitoring/control
Sulphuric acid production from pyrite (scale 100-100 000 Bg/g Z%FH)
Normal operation | 1(5 max) | | None
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0.4 mSv Minimize exp. time, PPE,
(max reduce scale formation &
2.8 mSv) control disposal

Maintenance (duration
30 days)

Zircon/zirconia inadustry
Zircon milling 0.06-1 Dust control in plant
0.003- | None (candidate for

Zircon in ceramic tiles 0.01-0.5 .
0.06 | exemption)
Zircon sand landfill 0-0 1 Restrict disposal to
disposal ' landfill only
. . Dispose of off-gas dust
Thermal zirconia plant .
to landfill.

(zircon feed, off-gas 0.25-3.1

) ) Maintenance/demolition:
filtration system)

dust control
Minimize exposure to

2.1-3 scale, effluent
discharge control
Effluent discharge
control

Chemical zirconia plant
(baddeleyite feed)

Production of Zr chemicals <0.3-3
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H 3. BU 2E2ME9 olHl &2 HH JI=
= AN 2Als sE(Ba/g)
K 10
U, Th 2 HAYAIEES 1
04 SUBEN U= #E ==
2 = (Parent nuclides) T = (Daughter nuclides)
o0 228Ra ’ 228AC ’ 228-|-h , 224Ra , EZORI’] , 216Po , 212Pb ,
Th+ 2128], 208-|-|
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Th-sec 21gj  2i2py 208y
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Ba/g, U L *®Thol 21 HY ME2 10 Bg/g22 M == ot Xtst
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H 6. EPA MEE STFRAUA=Z UAls s& 8
Sour e Radiation Level [pCi{g]
low | average | high
Oil and Gas Production Wastes
Produced Water [pCi/L] 0.1 NA 9,000
Pipe/Tank Scale <0.25 <200 >100,000
Drinking Water Treatment Wastes
Treatment Sludge [pCi/L] 1.3 11 11,686
Treatment Plant Filters NA 40,000 NA
Waste Water Treatment Wastes
Treatment Sludge [pCi/L] 0.0 2 47
Treatment Plant Ash [pCi/L] 0.0 2 22
Coal Ash
Bottom Ash 1.6 3.5-4.6 7.7
Fly Ash 2 5.8 9.7
Fertilizer and Fertilizer Production Wastes
Ore (Florida) 7 17.3-39.5 6.2-53.5
Phosphogypsum 7.3 11.7-24.5 36.7
Phosphate Fertilizer 0.5 5.7 21
Rare Earths (Monazite, Xenotime, Bastnasite) Extraction Wastes
| 57 | N | 3,224
Uranium Mining Wastes
U Mining Overburden low hundreds
U In-Situ Leachate Evaporation Pond 3 30 3,000
Solids 300
Zircon Mining Wastes
Wastes | 87 | 68 | 1,300
C5t, TENORMES IEEet RoiHII=ZES LMAIIIAHAL HNE Y FHIot=e A2
19764501 HEE X B2 L 5372 HEdW ) 0l=22 "IHIB2E L MY
(RCRA : Resource Conservation and Recovery Act), Ol 2148t &IOS EHOLOE
ot1l, oYy s&= BRs JIgolL 0l 2&ote ghte Fag, 2al, Hol &
20 ol S8 27 A2 ==ot00F sttt 0 =0l et EPAE= S oHHE 2|
= 22E ZEset Mel, A&, & & EE 2&0 ol g2AHs IEEAHZ M
—_ 10 —_
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2ot A0 HE5t UL

1980 OI= =230l 2ol RNBIIS2E LEE RANE Ho6HI| ot g
JI20HA TE2XN S HASZ AR (CERCLA @ Comprehensive Environmental
Response, Compensation and Liability Act), Ol HM&EZON HMZID HE =
oHEHDIZ2 HMeldsS &Eat Y HAADIILD UL RS H 62 0l=7 S22 FHUA

MAIGHE 2 A8 SHRAZ22 YAls s& HAAY B2 LAts s&i2 2
okst EO|LCF.

I 72 TENORMOI CHSt OI=28=2% 3 J|&2 AAHAEE %4st Hez £
Hel, YAIEHEC S| S LA J|&E, HFKX, StXelAldl = ™HelAl&e
ct=0 28t X&, Retsdt E8 HAN s JI&E, SAS2Z 2o LEE
EYo| HIIE & XE SOl UolM ZHQl SHESIIE(SHAHXI) B Olol CHol
FIIAIEEES MAIGHD UCH

7. 0= W &Mote #H 2= &£ X&
Guidance or . . . . .
. Quantitative Criteria (limits) Comments
Regulation

Radioactivity in | “®Ra and **Ra combined e Based primarily on
water from concentration of 0.19 Bag/L cost benefit analysis
community * Total U concentration of 30 pg/L for reducing existing
drinking water e Alpha particle activity levels of naturally
systems concentration of 0.56 Ba/L, occurring
(Safe Drinking including ?®Ra but excluding radon radionuclides in
Water Act and uranium drinking water.
regulations) e Beta particles and photon emitters

e annual dose of 0.04 millisieverts,
excluding “*Ra

Radioactivity in | e Concentrations in daily effluents e Limits from

liquid of 0.37 Bg/L for dissolved 226Ra, discharges from mines
discharges 1.11 Ba/L for “®Ra and 4 mg/L for or mills used to
(Clean Water Act uranium produce uranium,
regulations) e Average concentrations in daily radium, or vanadium

effluents over 30 days of 0.11 Bag/L ores.
for dissolved *Ra, 0.37 Bg/L for + Based primarily on
total 2®Ra, and 2 mg/L for Uranium. available effluent

_11_
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control technologies.

Standards for
uranium or
thorium mill
tailings
(Uranium Mill
Tailings
Radiation
Control Act)

Annual average release rate of “Rn
to air of 0.74 Ba/m° per second or
concentration of ?Rn in air
outside inactive DOE disposal sites
of 0.02 Bag/L.

Average concentration o Ra in
soil above background over an area
of 100 m2 of 1.9 Ba/g in top 15 cm
or 0.56 Ba/g below

15 cm.

226
f

Concentration of radon decay
products indoors including
background of 0.03 working level,
with objective of

0.02 working level.

Indoor gamma radiation level above
background of 0.2 mSv.
Concentrations in groundwater of
?®Ra plus “Ra of 0.19 Bg/L, alpha
particle activity concentration of
0.56 Ba/L, and 1.11 Bg/L of
combined uranium (under
consideration for revision to new U
maximum concentration limit of

30 pg/L)

Releases during
uranium processing
operations and from
uranium mill tailings
disposal sites before
end of closure period
must comply with dose
constraints and
concentration limits
for liquid
discharges.

Based primarily on
background levels of
radioactivity in
western U.S. and
objective of reducing
exposures of the
public to as close to
background levels as
reasonably
achievable;
groundwater
protection
requirements are
based on current and
proposed drinking
water standards.

CERCLA guidance
for

cleanup of
radioactively
contaminated
soils.

Combined ?®Ra plus ?®Ra, total U,
and Th of 0.19 Ba/g above
background.

Utilizes UMTRCA
radionuclide
concentrations,
making them a health
based standard
suitable for
radiation site
cleanup.

Collection @ chosun
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K Alg A|AE L} S0 ZSE SHAISOl O H&XQl J|=2 Al 2
2ot ME= otM S=24=Y(SOWA: Safe Drinking Water Act)Ol 2loHA AlZ=0l

Q) LMAXY YAs sS= 2IHY 0.56 Bg, “®RaS HHHIGID HIELL Kot 2
Xtol oIzt gErE 2SS 0.04 mSVvE 7EGD UCH

FESAY QAT StR SO UECE Ho YAs sT= =X 2= “Ra
o A2 0.37 Bg/L, #Ra2l Z<= 1.11 Bg/LOIOY, *U2 4 mg/L2 AHMECH. 0l
NS Rtsl UE E= HILE ZAS SHS)| ATH AREE WY 2SR
SH SEDE 2t SAIMSZE EXI0ICH 2|0 302 SoF gt= Hao H
O YAS ST= PRaQ AR GIR SO e YAISHRALCO 38 ol =
2601 0.11 Ba/LOI 2, *RaQ & YAls =S&= 0.37 Bg/LR GtR S0t gt=
X2 22 A0ICt. D2l *o < 2ol HR00 HIdh 288 =2 3tel 2A
JIES XD UAACH

Ads0lLE EE HAS2 JIE2 Rebs HA2 YAls AH0 28 HE
(UMTRCA : The Uranium Mill Tailings Radiation Control Act)Ol 2loff HoH&l

Ct. Old2 Rcts 88 S04 Reis HA M2 FA0AM UELlE X222 A

Mol gE Al A2 MAXY ST SHIIE =610 80D HAISHD JUCH. O
=C= 2)| =0 R =9 0.74 Bg/m® 0|12

ol shgsts o2 B2 ¢E x¢
FH ZA(DI=20LXI=(DOE : Department of Energy) M=) st 27| =9
#Rnol HAlS sE= R =2 gtol 0.02 Bg/LE HBHCH. £8 E2o XEYH
2 100 m* HEOAM 15 cm 2 “Rall B2 YAls sE= 1.9 Bg
o B 0.56 Bg/LO JIES JIECH dell 2tE 21 2E9 gils &=
Jl2&oez AU =XHot= Background &P 4=Z=(working level)S E?:.él]
XIGt2=0l LB Us YALHMES 2Ats == 2/HY “Ralt °

S 0.19 Ba/L, 20} XS FL 0.56 Bg/L, ZEE Letso L= 1.11 Ba/L
2 H5tD QUCH 01HES 0I2ZARC LAIMHIEESIQ UBH0Io] TZ 0| HiEHE

?I2 Hl=st gtz =0l SHE J|gte=Z & A0It. Xot=0lAd Use &

rr

_13_

Collection @ chosun



0l

_

oJ

ol
KK

00

11

At

o
2o

&S 25H CERCLA KIZ 9 HL ?Ralt **Ra
=13

ctes A2

DS
o

I E29

Z2Th 0l

E=

2
o,

H& 4 OICH.
=)

_I
b

oI
K

i0J
ol
Kr

ol

-

Kr

0}
RO

ol

0

At

I.

10

Old,

Gy

ioJ
K0

F

O

9]

ol
i
Ho
Jo

-

10

StCt.

Al

0|= ANL(Argonne National laboratory)

1}
A0
Y
oI
U

9]

Ol

oJ

CC%I_}’

&0
o)

ok

FO! RESRAD Program[11]12

o

b
USNRCE

110

HERAHIO DIXl= S&ts S

RESRAD

O,

= M

gio

o

A (=)
S0

EIOTA

o

[—

RESRAD-

RDD

RESRAD-

ECORISK

18 2. RESRAD 28 4

RESRAD Program

[C}.

AN

o

ni

}

o

=
S

H2SHOT Al

Program@ =2 34 20| O 20 SAIZIO QUL

J

O

Iy
RO
[0

110
o0
IH

ol

FO| RESRAD Programe AHEHEAbA

2
=

8 20l 2= H1

_14_

Collection @ chosun



ch. E=

I}d

24 = REDIE

el e

[y wl

&= TENORM

Mlonising

#d2
Regulations
1993 |

5t oHIA

— T

1999, 2HYL=Z
= XM
0

oI GiXIJ

Radiations

Y=Cco
[

MRadioactive Substances Act of

(S WL - }

o
[E—]

il
i

| [—

2000¢
o2

EREE

TEuropean

EE=A=l0
l= 2&YO0IC.

"Health and Safety at Work etc. Act 1974,
23t EAILS AL HHIE RIE A AHAIES

doICt. EES 230t =82 Jl=atdII=XE 2

[w—.

=

=

EH
=

9'j
N
50
a
=
o
i
o
4

12

O
%
1Q
=l
44
é
o
Q

=z=2
=2
=)

pS|
A

g4

Jho
rlo
P
2 10
0
>
o
10
-

il
o

2

(I I

o
rr
0z
foi
[l
o
=
—
=
]
=
)
Iy}
»
o
=
o
=
<

o
o
]
H
i
N
10
)
0

S A2

ol
A
i
[~
o
=
_O'j
rr
0z
=
or

_O'ﬂ
WK
o 32

a

FEl
©
=)

b 20| AFRIXIDF 3
 PPTha 2y

LEtsS M2

ko

gt

B
S
Qi
ST

HEAS=E JI

MM

MRadioactive Substances Act
HE2SE
MY ALA
MIAlGHD

IZEEE, E2sl

Communities Act

= Yoo 2 ot:

T
o
9'j
H

o
I
ML
nio

1993, 1t
UL

of

A

to

HZ=

ol
Mo K

AT H
ol

o

J
0

> o

I

X
S

|
[=) =

A

’

[
=

—

o

0

=

b. Tlonising Radiations Regulations

S L-Eoto Al

1972, <
=2| 0

JH
ro
2

=

02

0 2 02
[Pl

HU
=

02

]

o fon

Paa

0
ol
N
=)

02
H
10

o
=
=
<

N

o
o
o
10
pea
_O'ﬂ
N
=
e

@

/g2 &Gt

=I)tE2 JIE

Tl EAtsS

=< (Ba/g)

e
QO
(@]

238U . 232Th

—_

_15_

Collection @ chosun



KK

0{0
Rr

O
I
R0
Fo

M

ol

ol
>l

=
Kl
O
|l
(s

Ju
ot

B
o)
Ok

o0

ol
Kl
]
X0

-

10

K

Ol
Bl
K-
o
20

JU

H

=L Ol A

(TENORM

Technical ly Enhanced Naturally Occurring Radioactive Materials)2

ol
fil

gl
il

ol
Ll

10
d

D

K-
ol
X0

o0

110
RO

Al

-

10
&l
K]

o0

KJ

ol

KK

<
Ll

Ul
H0
oo
ol
X0
0

a

o0

0
o0
I

oI
K0
ol
X0

ol
—

Mets =LHOIA =210l

(s
J

e}
Ll
0

0l
Rr

ot Xl

orof et &

MOt OFDIZIO 2ECH.

—_ O
— g

Z Q0otCH

CHZH 0

e

K

JI
]
o0
I

ot

clXIE =S HAl

ilo]

9]

gl

0
Rr

=
o
ol
]

-

10

EN

L Al

THIIE

=
=2

KK

H
Ho

o
50

ol
oh

I+
RO
[0
ok
Kl
oH
n
oM

Jt.

-

10
oY
K]

_

oA 2220

eI’ M1E M2xe

O

Olet Xl

3

110
Mo
KR
ol
R
O

Ol
Dr

Ju

Ol Gil

tOd
b UCH

[9)

9]

oot &

=l

2|

ESE b

e
_16_

2 M3XZUAM 2222 SERLU=SS Ot 201 E2

Collection @ chosun



DDA HI2E

k

n0
<+

ok

Wy
Ho

1o

10
=l
Ot
e
o

[0

RF

_

&)

DA HIBE

U
Ho

1o

10

ol
I
<J
IS
K0
Ho

: 5.0 (Bg/9g)

MHr
ulo

Mo
RF

il

-
R0
[0

U
1

Kil
oHl
n
od

Lt

[l

2%

tel |, MI3E MO0l A

O E 2!

2k AtA

il

=
e

ol

[
p=

A
(=}

r

o= A4

=

RO
[0

J

)

X
JJ
ol
K
<+
ol
O
>l
i3
&0
Ho

1

J

9]

s}
RO

iy
RO
[0

1

I

_

>l

_

&)
B

9]

Mo
S

ol

ThE Z&

e 23
4

U ’ 238U

235

—

Ba/g & =1tol

X+Ol

JJ
o)
Mo
R

o
i
I+
70
Fo

Ju

=16

=2
=

1,000 kBa

SE=2

SH
Sl

a

n0
Jo

-

10

o
il

™~

9]

S

)

(e}
Mo
S

ol
I
<J
i3
K0
Ho

£ 10,000 kBg=S =1tot=

=]
=

K0

ol

o

-

10

o
il
<

_

&)

_

&)

Uk
K0

Ok
<
I+
%0
M0

Ju

()

U
Ho

1o

-

10

_

ioJ
ok

ANE

n0

g Al

H==
=]

S

=8

A= 2 (kBq)

I.

10

10,000

1,000

& (Ba/g)

Ho

hl SAS

Ko

ol

40K

235 | 288, 2%
U, “U, 7' Thel S AL

_17_

Collection @ chosun



teI8 ) M2 M5S0 E

ors &

AtH

gt
=]

=il

D

=
e

RO
[0

ol

it

_.,.P.._

K0

0
2

K0

oy
o
oF
<l
ol
ar

o
ol
]
ol

Ko
Iof

g

2 OtcHet ZC.

ANdE M2

AD1el &Xl-

00

rl]
o0
I

ol

oD

K0

2JF
=]

B0
0K
R0
or
gl
~
op
il
T

0

m

D

K-
ol
X0

A0
ok
r
jild

o)
gl

n
<+

ol

0

il
U

ct.

1

]
ol

60

ill
iy
&)

ol
@

ol

10
o

D

K-
ol
X0

0l

©olet SHCH) MIBZO

ot AlEH™H

5 (0l

=
1o

ok

RI

<A

KJ
K-

iy
)
KJ

o

KJ
KF
ok

nl
<+

ol
@

ol
X0

SO A

Jl2

o

OFSH X
oS

=
S

ZHA|

112 302 HAl

o
e

o)
I
1o

ol
by

ol

el

oln
ol

|
110

ol
1o

i

o]

S
1of
0
i
0
.
K-
ol

2049 0f

12 312Xl

A
R0
B

o0
Kt

gl

ol
U
Iy

otod X

=
1o

—_

=
Rr

o)

Ch.

Al

_18_

Collection @ chosun



5l
) o% ol ol
__o._ (ap) w
o
N ol ol
) ) )
= = =
~
o m__m o
= < o
= <M | w0 U
CEEE I
- oo | ok S
or | o % wlm s
z) Mo ol ~
| = = KM KO &
w25
B ow R R
w0 K Ko
30 — K ~ _u,.._u._
W laa a™
=al | K0 R W
MW w B | K <F
5| 2| g
o ~ o
B = R0 o1
= m | Bz
P
x O.
v Y
= = =

—?;—I

gl

.‘,3|;_|

ol

60

il
o
&)

ol
3l
I
1o

—_

I+

o}
o
oF
<l
ol
or

ol
oL

i

KJ
K-

ol

00

o
Rl
gl

ok
ol

_

A
<

K0

HSel M=, AFE Xt

=
=)

ol

JU
]
30
OH

K4
!

<N

~
<l
ol

9]

ciet 20l OH

ioJ

Ol BHHSHOOF

ol
(Y
il

ill
5
&)

ok

l

oD

K0

io
10
xJ

Wo
o
%0

110
x
[

4 M14x

H

o
(=]

Al'g

ok

00

Ki
10D

o
od
Ul
Al

R0

|
110

_19_

Collection @ chosun



Otchet &0l &Kt

—

[—

tel® ) NIBE MI3ZO0H et AP

il
[

S
[y

_I

F

o
fuit)

At

I.
o

g

H

[

=

=
o=T

o}
o
oF
<l
ol
@

60

U
Ho

o

-

10

ok

a

n0
<+

Uk
K0

H
010

ok

=
R
ol
1l

-

10

ol
00
ol

ce X

u

Xel-d &

-

10

Ju
KF
JK

i

Ko
1o

10

o
o0
I

OH
iy
RO
[0

[

=
1o

oo
ol

Ju
8

I

2

[N

B ALE

010

fill

10

Ulo

NA4E M40l &

FSREIEER

(0]
[uit)

&

}

A

I.

g
o

H

=

=
e

60

Ulo

=
Ki
W._

ol

ilo]

AFXHOI CH

=
=]

0
oK
70
K
A
Ko
1o

-

10

KO
ol
Kl

ill
iy
&)

A0
ok

RO
KIr

a

n0
£

-

10

KO0
ol
Kl

ill

jild

KA

ol
ulo

oo
ol

Ju

_20_

AFXLS] LI =AM &0/

=
=

Collection @ chosun



[0

it

= DHMIOIA Z=AHE! TAEA, EU, Ol

RO
Mo
=
KH

a

n0
e

~
ulo

[0

>~
D
- o & B o) 3 S —
o] © e < 0 - O
r o o (@} o ..
— re} S
80 N © — e —
= O 5
fir 22 x o o | g T 2=
o = ® o = K
— 5 = .. > 5 Ire) w o 0 m
e 5 0 @< L0 ) I
S =
3 = 3 =
Z- 859 3 g &3 8 _
= =
n\Vu — nW —
o o E B w o |lo & B 8 —
< 8 - 88 ] 3
AT R K0
— - 3 ol
o) = SR T I =
H__v._ - —_ et q
oll K ol -
o) g &
N Q& I
0 o KH ~ ~ 0 KH = H 2
kW EX o = ~ E H F

=2

Jo

20l

| AEAR}

o
ju—

fif

ioJ

EUet &t

Lt

o]
o3

B

}

o

£ Al

_21_

Collection @ chosun



20l

IAEA, EU &

<4
ok

=
K0
<+

0l
Kl

ot
E

s}
KO

o
Kk

0l
Al

fif

THDIE Blw

[
=

F

&

42

S
(=}

=
=)

=L
£ AhllE2 2HAE

ZdAs s= A

ok

[0

[0

i

M 2

I
IH
X0
ur

D
Kk
Kl

E)

wd

4

KO
0.

Il ?Iotx

o

PN
[y

KF

FAH=
==

XHE
=]

L &t XISl &

RO
[0

ok

ol
X0
g

OF

ok

A EE 3

20l
Jt.

ol

un

ol

ok

_

oJ
Bl
<]
oJ

Rr
or
ioll
Kl
KF
ol
xr

-

wa

10

| Sl ACH.

S

o2

M

ol
X0

i

ol
00
)
Ay}

&

_22_

Collection @ chosun



jild

[0

ol
X0
I
o]

uy

m]
i

KJ

O, At

0l

ioJ

g =R

HE SISt Ot

EFA
[= R

-

10

X
o

WEOZ EIIEUCH, MM SERNS

= AL

Heh AS0lch &

922 8t 010
SERUN=

u!
| 01l Al

=
=

=

&l

oS

AHA T 242

xr
IH

Wy
o
o]
RO
[0

g

o

H
R0
ar

Ed

wa

-

KO
i18)

=]

delld At 43

o3
<+
i

Ol A

o)

90
0l

=
1o

140

ol
gl
ou

o)

gl

—_

=

fill

-

KO
18J

lo-

il

-
1o

ok
RO
=
ild

ol

g
bl

ol

O

ok
&0
o

Kr

ol
Ul

ol
Kr

™~

Ol /LH.

Seld e (Glass

1000-Nal,

Inspector

F,

H

X

A Z(Sample)

4JtXI0IH OIS

=
S

Dosimeter), Cascade Impactor

D)

- 22182 A (Glass Dosimeter )

— Cascade Impactor

=
—/

- Inspector 1000-Nal Al

e

a

n0
e

Hr

Rr
JF

R0
[0

PSS

Hr

_23_

Collection @ chosun



s

=

n

o
I
R0
Ao

ok

oy
Ho

1o

-

10

ol
KN
Ot
0

10
&l
K]

I

o
0]
RO
[0

x

k4

wa

-

10

]
>l
-
K0
[0

]
>l
-
K0
[0
ok
Kl
1]

n
[0

t21 216Ho

1o

FAl I

110
o
%0

iy
ol
X0
ur
(H0

o

-

10

g
1

ot0d

=
=

io)
i

[ XIZOILE Al

H

X

| —
—

e

ANZ

0

[[e)
ar

37| H=20ICt.

o] @XtIt

e

=
IT

& Al

ni

iof

.I

=

=
IT

A2t LHOHl

LSAA AMZE, A

=10,

210

=izt

ok
0
KR
=

11
n

-

Al

EREPN =
ANZ2E

S

=2
ju—

2tok10 bt

3| &t

18 32 SE0lA

SHCt.

HOF

0

£ 293

< =24

Ho

[l

2ol EAts

o1

il Al

=Lt

O 204

o}

3. & MF A=

"

_24_

Collection @ chosun



mw JJ =5 T it +
B s 4 M A o 5
W0 is WD ol w 50 MM &m ot eﬁ w o & 5 k0 2 A
s om = 0 Agx 2l ﬁﬁA__omM%%E
8D n =25 =W OF U™ oy W00 RrK
a1 gr ko M0 a oy L, 2 ¥R g & =z @ P
Rr DIy Ul ok RO & SN 5 = o)

e S RS g =2 mWaodR
ak o S o = O ® R 2 W oo oo — nb ol «

W ow 5o BT - B S R I
woog = L wow P E __r__do__:mzoATajao_E
L wmEoE = ® W R =W 0
Ko & F o " ] S Hr < = O
_mlog i L~ of m <k W_ m o = > o) =
o W8 ol S = 5 mwu s 3 = 0
W, s o= RO R 2 o &R
mw ~ K G+ = Ul oam < = 4matozo

= Ul & oW 0D
- _ — - ]
3 R < R0 & o ol uy Ul i) o = % W W mﬂ ~ 2
_ m o 3 xR0 B 0o r i} Yooy o0
Kr [ [0 X . 20 S o o
Nr@lm oK S Ly B ma%%é_uero
. 0 gy O 2w _Nosirw w o
0 UH Ko w Wy B2 = K 2 = > o
- a0 e Jo 7 _ T RO & opn W
w2 o 7 ° = = R =2 £
Iﬁaw_w_mo Emw_____.mmoamummo_eﬂom
= [} Y D = J— - —_ A
S & L © P g5 Ky s D8
_ E Hro "0 — of py gk © 00 a5 = .2
o — 0 ol = N o o U o =2 o= iR
S o = i 0Ol W = o <X 3 I k{0 .
S = v A BN W= s =0 3 5 O
- oz - _ g Uul ol = =< oy = D_ ol S uJ
s © oy ok Wo_wgoMmoa_altGma:xﬁpm%x:
= %0 o < . o, S = AU O N3 =)
mATﬂa__l_.mmom_l_m#_zm_mmamﬁam&mz
G Sy o L w g mo T8 W w oy
=y QMo B3R 2 o 2w F L moa o =<
O of % g = L = 5 o |l O i
~ —_ [ unny __o:._ & +— —_— e .A._ ._
o = ns O or o n
O K" m = Du ur .r._ & W g .rOE = 0. g3 W= o
| = = = c ! = - n = — =y =
[l ;_L_._ __.,./_._ 3 @p_e W = =) %e 3 m__ m N m = = MRl
0 & o mc_o_amomw|mmémmogﬂHA
W = o Ur kr < F ol

Inspector 1000-Nal
- 25 -

a8 3.

Collection @ chosun



@ seldEH & 4

el

Ju

9]

(]
=

L

PN
e

A

FH (Glass Dosimeter)= & &0l

2
S

o
TT

Inspector

Ct

Ju

o%

+

= UL, Mo FOHE X

3g

ME?A 89 HUXNE =

il

a

n0
e

Ok

A2 A Al

i)
%0
e

K

9]

B

oI
Ulo

_

~

2 E Inspector 1000-NalE Sl

|24

AR+ 0l

k0
a0
Kr

K

Ju
)
20
ol

O
<J
JijS
K0
Ho

ok

4
KO
23
R
O
v
s

K

1]
ol
Rl

R
0
K

£l

ulo
AN
Ju

)

|
110

<+

ol
S}l

-

Kr

tod &

[¢]

cl S H 0 T

o
TT

=R=PN1\ |

s 38

oA

[ SHI1 Ol

= X

A
=

=
=

A

k

Fal=:

e

IH
Kt

RO
[0

9]

wr
g

11
KA
o0

ok

= ol

tI1

0l

s
—

3
2

OILt

gl

9]

It

gl

b
i0J

st

X

pas ]
=

< X1 0l

b,
r

C

}

[e]
PN
(=)

Lo ER

[=:|
=

et
UZE S AFO

0l

XITH 24 01

MetA ZESAIAAS2 0

20| S0t

o)
1

a

n0
e

Ok

i)
=
8l

=
K

KJ
Jn
J

H
K

o)

0l

=
AL

ts

AS e

A

e =cld & H O

1o

lo-

M, 30l Xt

H= JI=2de=2 3HE &
Ol M SLYAME M AMEHN Sl H S

.

n0
e

Ok

IS AL

tOd

9]

2 ARLI=ZS Hot

S Al ZHOll

el HESAHRE

[9)

= 4

o)
~
=0

0l
K
]
Ko
o
00
0.

gl
&
oJ
oK

o
10

e

10

to4 =tt

[9)

Ooff CH

| —

o

EH

[=:|
IS

| XI Lt

= o
— T

£ &Xlot
— 26 —

A 20 EC.

[9)

2s= UlAl

= Xt
Collection @ chosun



=il
=2 MNSEESSI O orifice X2 =
=z J

S
=0 U= YAE IEZ 2F7ok=0l

=)
0FD
o
13

>.

%= ZXI0ICH & U] S0AM A2 Hole HZ2E2M 0lstls 2522
S0l &XEC2Z HOHKlz EZS I O orificell =XH2=2 AWHAU= stage
2 HHECH Cascade Impactorll X |2 28.3 LPMOIH, 2&2 0~7stagell
orifice stageE A&Z St EIH 2 OHXIS stage@! 7stageOl JtE &g At

Soil 2 230 2X5t) A= LS LR=E}t 2R

=
Olefet &elz HgE HIgd =2 28 = &Y = Ysts 240 2t &
A WRLIZS Eototell A EEH, SEEM Al 28 349 =RI|I=2 220]
20| gdcle =222 ddstt

2 d =
= &9 EZUA HsotIlo Hegottt. £& 2M= &s01 A2 gl= &3
OlA HSAIHOFSHTH. X1 &0l <& =Ml Stage AOIAIOIOI ZEE
=

£ Z&ol= &0l 0 ~ 18 Stage= &

0
o
it
N
$0
rr
<
®
0
7
=3
o
S
o
®
]
@

£ &=5l1, 2 ~ 7Y Stages =0|

s=clXl 22 Glass microfiber 2EHE EFHWMECH. &= = 2 StageE =A 0l

O XElolDd EIZe 2HE &2 Tubinge2 HEol =CH. O oez JZEH
— 27 —

Collection @ chosun



B 3 Al KM Mm_olr_______z_ ﬁ_m
o ROH S O .
5 W o = T m_a o < S =
11O Ol_ K0 H__l Il (=) H__l g H.AI .rE
O Ol o op = n
= ) . RO < _I_,_ A_
Ko ol = o oll -
I&él___w %__Lazouo HI:__
S BN &3 s YHE o
A0 MH _ R K
I R0 = MW i W Kb A ol i 2
s W S G R AL R
s 0 m s 3 L = < AT o=
1o T & 2 8 T " M._ Oz 1 m
~ [ 1o N ¥y = < —-
= 8 A/l o — R0 g s oM
IS = 9ol oo Ul
AN % 8 [ J— - - 5
e w _ 5 . = o5 <
wHE .S g = m ® & o = o
= ) g - W = I ﬂo -
S 2 R K — iy o) _
BB W g o2 T -
W oor ' R S = Kk © = X o =
R %) - W N = <J
now PR 8 L s m @
HAC < wg R I N |
B 0 <0 3857 70
e ! m W Salb mc
o Rr I T - K Joo W 2 Ul
T w0 — nd Ok = 0 = u Ul
_ = = oo NS o Ul
5 M S - I L oz a3 LU ._M_ T
Kk M = E o) RO =< o} B[N S+ =
= o 5 1o L o)
=< & 3 w© Mo o oy <0 od
= ST 9 o W & Al oy W
o W W = o .o ™ Z) "eows
g KX ~« N 9SS g Yo I
H .o Z . <+ © < ur H RO
o H R 0 O 000 ~ D0 OoF Ho

_28_

Collection @ chosun



Z10ICt.

00
)

=8

~

ul
20158 43 JI=

201443 JI&=

00
Bl

I

00
Bl

13. MZ M0 A== =E2 2

IT
i

[0
B ngﬂﬂmﬂﬁ%]
_ N oo <o
o _.mmu._AoE..r
ol | <4 <
Ik
0
~
70 o
- ol | ol | ol | ol | 5y
° W ul | w | w| s
20 (14
e O O O O
< LIRI2R|®
20
I3
Ie)
fo
=
i 0
_U__A_._._I.In_l
— | O o | Ul =
DEM¢E_ﬂaTmﬂ“
M_aw@mﬂ%c_w_
s NEAEIE

O

H
o
10|
RO
Ho

oK

il
[0

Ki

L.

=
T

N

A

& HS S2 ANEE

1)
L
jild

.

0
RO

1

Ko
Jo

AHESHH

=

=

_29_

I Cascade Impactor

0l

AE

=

=

Jtatl <

o

Ik
[=]

Inspector 1000-Nal

| WRI=ES

[e]

Collection @ chosun



J0 e AMlZE JME &4, Inspector 1000-Nal 22t
==

ascade Impactor EXI&A S9

@Qg@ﬁﬁ@

Haa ‘-% S(ale] 7| [PU +

[OEENIE Heyae o él‘d @EH  @=us o GEAE AL
E=5
g

Pl i

25 .Cuarse/Normal Eust Ldgoar| @mw

I E
e =2 O - o, - [ - [ SiEE

5

-

=7 Normal G4247| [« o137 = %y
' ol Ofém% SEEDHE 4 aGid & T
@Hd \ r AHOrED|
LS g | -+ [EE - «jgé}t‘!ﬂ
= A i EEs
=
=
N v 0583
S AMp|EotEn
SiBlRE - =3 ]| #HOEETH
Est
% X

=
nx

SINEME AAIS SASL20|Es HEX P2 SF0UHA =2dt= E3AI0IE
(Bauxite)S =22 0|S5t0d, 1888E LLAER|OF2| K. J. BayerJt ISt Bayer &
HOZ MR 0ls & AHLR0ILIE MGt UCH EIA0IE A2 Ltst
2201z (A105) 2t &HSHE (Fe03), &A12I9H(Si0), Ti0e, Cal2t 1 2 358 2&£0|
HHJU= EE=20ICH. Bayer SHS EIA0IESE 2Met =, 175 °Col It & I}
2 slurry AEHOIA JFEACHNaOH) 40 =0 A5LR0IUI0IEE BHELY.

OlH, EAAO0IE Slurrydld Sit2 Fe03 ¥ Ti0, &tot=E & =2c=2 End 3

03 2 = settling HES AMM EHE0N 20 2elE 222 &
Mot 6ot WES HHAM Red Mud SERAEZ HIET D, SERAMSE2 HAX2 2
ME H™AM Scarlet Bao2 H4ItE L. =2&=20] MAHE =, MgS0s gibbsite
£ seed2 &Itotdd, 2&0 HE 2ok XHOIE 0I=20tH NaAl0, E Jt=+==Zoff &t

Collection @ chosun




XH

—
[—

NaOH

o
=0l DHES HHA 28012220/

980 COHIM A& DJtE5H0d

=2

24X
=2o=

IAMOIEZRH M

=
-

ok

=

EAL L

OICt.

=8

p= =

Ett

N s st | G a1 | o o
) - o D2 = | ~
.. H_“__'._ .. __.AD .. Py .. .. ..
W) 3 o - - | R = = - -
IR Z B _ @ As S R | & R
HIES t o S|D2 DR B N o2 ~ | &
> ol WK 5 &0 | RD KD RO 5o &0 | RO R0
=8 < WM & SH0[ol0 S0 Aojon S| & Ho | [o Ho
zl =
[ gl e ] o
S w s ®IWE m M
= |8 ) | 2L all T o
q s |2 = <J =~ "= °
= - m<<I| ok —~ | - N
Te} N4 ok It O —J N~
. S 1Y __o_v o - ~ | © = ﬂ_ |
- = |3 Sl~lol °8 2. ?
(6] o w9 o o ) O —
— = H__'._ B — R0 = - HOI S S
= m e 2 R e <O i | e 3
g B AP Ry I LN s
6 N R Ol | o o | R bl %) 6 O
- 2 oS B oo X =W K
) AN IND = NRECEE=T NEIREE 8
I+ < i S — ® | O 4 Ol = = |
X o | < | =] > > ) = | < O | o ok —
E._ N =._._._ (@] @) — — — E.E — | © [a\Nes} = N «©
RO |KF w0 | Rr ol Is5l5| 5 S Ko | I FTlalolT |2 R g
Hjol 31] & 8 2N |%|w| » SRR <F MR | —|—] H 2
z| m
~ 2 2
R0 o = Kilm E___._
= 5 |= B e | S
= = s|3E 3 WS I
N N - o0 o oW =S &S|z <F
00 K0 I i = < < J| g | <0 il
ol = M= 21 0 I+ |R | &R |aD e I
mv O
u | w g |y
2 2 2 o
= < < |« = O N
m m m |MR|¥0|ocD| &~ = o) Hio K1 KO
0| ™ iy Hojav| o] R 7R ol = = M

_31_

Collection @ chosun



(=]
S 3l 3l
. = o &~
o . L
NGy 219 & G
- ~ ~W~ %
B =R | o RO
& Ao do 2 Mo N
= =
O O
(e} (o2}
__A_.E Lo [ee]
g ~ =
o ol ol
~ W w&o 1]
[eV) Lo
U Sk (LR 2 2
I K DI ® g e
wOW B g WE 1] IH | )
0 I 8 |30
WJ_ bl A0S A F | -
w ® =Y g=T K gm®
[0) [an] 2 M [an] _ [N Nan]
mw s |z © |ofdlo . ool &|o
B o E W |58 QW ol
(&) > o O O -~ — ||~ > W0
Bl 3|2 F QS| 2| AR S| A
| K O|RO|F| X0 |RO|IF|mO| KO
SR HS < H| | H
Jo ) [
=] =] ==]
W | B N 0 M 0 0
| ol <F 3w <1 on <1 on
3 RO
o M0
0 W K
A o=

RO
M0

Op Al

=l Al2= 8JHOIH, 20108 =

=

OlA X

+ AH
Al

wa

K
ar

-

]
iof

ilo]
0

oll
z

E
ol

&l

ok

ot ALCt.

=
=

b, =2 208 AI2E T

¢}

=
=

S S<oti M
SIPN

IHel Al

ANEES <Xz

=
=

H

X

AN=2

o
ju—

Jg 8

6t

=
=)

JAOIE, PLZ

ot0d

X AlIZ0ll CH

_32_

Collection @ chosun



g—=" B

& 111111
iwtquuuuqu

F XE

ANZ TH

FHXNE E=2

ANZ T

=8

5 AR K =
2 ° T S
oll < _ < _ _ _ _ <
| w© s S
= o pa iy
<18 |& =

—_— y - - - - —_— —_—

W S| = =l ol ol | ol | = =

< X A W [ [ IH DK A 3r
® 5 3 BUEE TS

W <5 ot o IR
< (M| g o K o w3 2E =

iy < < DI =
<k <k a@
< _ -

4 K| mﬁ_

A R|RO| ~ || &
R -
e - R 1 R

ﬂ RIJO K| g il
I < ny
e N
B - ool ~ |mlola| <«

_33_

Collection @ chosun



oz E2E3EH0A SlurryE

PSS
A

}

= WEOA Slurry2l 0l

H
X0
%0

X

H

0l ScaleOl

clo

AESHH B

=

=

(@]
Inspector 1000-Nal

olA

-/

20tXl A= 0l CH

o =4
X} EFAH
o

[¢]

:Inspector 1000-Nal

H

A

PLILXI

=

b Scale

nl
[

Olhel BH

B[

—

[—

83
19)

Mr

1}
RO
KIr

e

=
—/

20 2002 A

PN
=]

ilo]

Ol I},

0y

<+
o

Hr

2015¢ 43 28Y,

20154 43 17€,
ArZ 0o

=

=2

s

: 201549 48 3,
2015 5& 12¢
Inspector 1000-Nal

Inspector 1000-Nal

=N,
-

—

—

- A=
a8 9

ol
0

&
K]

)

Al = HHE 2 2010

=SCET
HE AIE A&

SN

210ICkH.

gt

N2 HA

=R

AL L
. delld AFM =

LK

2 b2 Scale,

[ D]

ALAMEHS0| ===

K

1o

Ho
i

Kk

ol
K

J

UL

o
70
e

4
KO
Kir

_34_

Collection @ chosun



¥FT ARG R ITIH A S
T U LY - -
g =)
byl | mmly Ol__Un_
|_|_I W Py dEaRd Myws
_JmluNu__o_.,Nu qTq.__Jﬁ._oJo.___
KIr 0 & o T KE KU
HUA:q‘:qu = A = . ) n S
@ee® 11XIXIXII) = 30T K ox O uﬁmm 1l ﬁm
w2z g W m W
ww - < W= T
0 mm%jag moMul___:I
v wIZg@< 2430
e S M i [ =@ = 0
N 325 H_5 § .8
m MR mt 2w,
H0 = RO & o = O Rr
SDmw x5 5o o g
wd o W= T N Wz U
K] M%mommmo# RO m = o
= @ 8o M S
— Hr ® o Ul o Mo
s ﬁ_u._.r |w.=_:A_x== N.._Jlg_‘__j
g W R = m g ~ o
21 S J ) ol o<
= T T R
2 S & oK R B R
S WA o R L S ®
s 2%Maa™ D g
o _mwaw gt W
nJ o ERN N
M mﬂ_um_ﬁmmafm__gﬂ_xfz
= s X W oz D s
MY HE D 4RO o
= W ok Kr T RO M 38 &R

=
=

OlLt

Red Mud

sl

=)
— 35 —

Ot= Scarlet,

HAIH

20iXls
Collection @ chosun



ol

=8

FH(Glass dosimeter)

=2
S

cld

T
S K
m._x_ﬁO oo o oo oo
L
o I
RE=
ﬂ_ma
o =
m_.AO o o o o| o
7 Ar
K =
f
(=) S
- <Al S T I
RO | M@ an ol
R KOs = o Jo| Jo
R & — | < = == N
I N R0 < el ey o |
= Ul A &z <k Ty =
° 3 S 5 I ol | ol =
= o |2 . = 0] | oy = | RO
T = D= 5 KD Ok | RO
I 00| R|DF I R|SR — <k <F o | Ho
Bl — ||t |w|o| ~ o |2 SEN IS

un

a

n0
e

Ok

=
1o

ok

7}
RO
KIr

ol

ol

]I
R

ok

K

o)
|
iy

_36_

Collection @ chosun



cldgH 2 XS

=
adl

iof

g

D

n0
zl

Ok

_

~

ok

OICk.

IT
s

s dcalg

=8

T 7| O | OFU | U o | O || OFU| OFU | | o |OFU | OFU| | o | o | o
1 ~sESS5E5E 5 BEE BEE

D MM MMM M| M N MM N M oM

5
el | e e Y [tk e A A I =||E
R E P A A R R P R IR
o
— 4, |00 |IWn 0O O| I | IO 085
K T NTITeTe S, ey, oY
W <ieezizsze e ez oS
— ==~ MO0’ O |00’ |M~|0
K R~ N~ N~~~ | N[~ |N[—|N|— |
|_|=._ FE////////////////
W < | S S S S S S S S S
mn oo

4 w5 | R

KO | <] H U M| <] _

ROOR | | o Jo| 5 o |3
4 M =3 mﬂo__em = < un.nﬁ_u
= i = | Z .
s w ERYLIE A

< | |2 B ol OF | Mo

m | R Y ] I

iy Nsld ]«

K

B - oo~ =23

_37_

Collection @ chosun



: Cascade Impactor

RO
ol

-

Kr

o

Al Cascade |mpactor= =& ZH|

XIEFAH
[=Reen

N shgel &3

Olel AZXAIA

Ct.

o

0

o

0

=N

oD

oG =

2r=0|LF ZHAN Cascade ImpactorE &Xlst O 004,

o
ju—

EHAIZE S LIEIH HOICH.

O, Air volume

2 60

min

1

= 0.001 m°,
242 m*2 H AEICH,

.0 liter

}

1

28.3liter/min2 H

2 285 n*9

NEL

HEEAIREZ2 168 hr0IE22 A

& ?AX K&

2! Cascade Impactor I

a8 11,

_38_

Collection @ chosun



MIE A Cascade Impactor & AP

—
=

220

P

5

8. =&t

1

=8

Cascade Impactor&

—

[—

HZE A0

s s
H o ®lo &
7 | oY .

o K| o _n_M_
=

_ S [Ye) Al
- @ (e} <t

<< E Al Al

S
o
>

RN 3Bl 3 &

H<|IR283
1 % | 3
) ~ ~
u (e} (e}

R K| = &

_ o)

wal| oS S

J |3
(] (]
BEEIEE:
ok W oWy
(] (]
0 70
4
B 1o — N

ol

4
KO

<
el

3:30
3:45

=3
-

=

T

1 20154 1038 12€ 2
1 20154 108 19€ 2

ESIN
ESIN

.I

[

.I

[

2
2

F Filter
- 2t Filter

-1

120158 118 128 2& 10:00

& Filter

Al

I

- 2Xt

- 900 Min

.I

~
=0
ok

.A_._.
IH

0
ur
L0

L
I
R0
Ao

xr
IH
0
RO
U
Ho

o

o0

Jt.

0}

JJ
o

=8

_39_

Collection @ chosun



I 19. SASILZ20ls MX AFHO THE A2 24
A0S S48 (Z=)0|Q0|E|] 243k
Al 2 (2010 7€) (2015 4¥€)
(Ba/g) (Ba/g)
238U 232-|-h 238U 232-|-h
@ | B3aA0E 0.092 0.1353 0.11 0.16
@ | HH& Scale - - 0.86 0.22
@ | PL - - 0.02 <MDA
B | THAFS 0.2035 0.338 0.18 0.32
® | Scar let - - 0.20 0.28
D i Zezns - - 0.05 0.13
© | =220l <MDA - 0.01 <MDA
@ | AL L20ILE - - 0.01 <MDA
*MDA(Minimum Detectable Activity) : ZABEST
STH, TAEIHHEIALS MR | OlA REB2E U ZFBAZ2S AXSON
ASI0A ESIH DAIGHE HAIS ST £2S Xiols B 222 o =2
SAS2 HOI=IC, TAMEFHBIALS M2, DAl M2014-498 H2X /22
o] HAls S& L 22H0A K2 MQIS 1O 9ol DE MAHYAILHES| HAls
=EE= 0.1 Bg/g2 HOT( 2t F3ols F22A0| Zet= MBI AL SHEQ
BIAIS 22 100,000 BgOICH., 2l TAMES=EHEIALA otM22|E, DAl Al
2014-495 MI3EC| RELDAIZ29| StAts ST0A “kE mMeist O 8o 2= A
BIAIESHE O] YAls &= 0.5 Ba/gE H o=

@ BAA0IE : ®4 - 0.1056 Bg/g, “*Th - 0.16258a/g > 0.1 Ba/g
@ HH2 Scale : *U - 0.8575 Ba/g > 0.5 Ba/g
@ PL(43I2R0s S22F) - P - 0.0224 Ba/g < 0.5 Ba/g
® TAL2 @ P - 0.1828 Bg/g, “*Th - 0.3180Ba/g < 0.5 Ba/g
et © ® - 0.19612 Ba/g, “*Th - 0.2788%Ba/g < 0.5 Ba/g
0
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@ =012245122015 © ®Th -0.12718Ba/g < 0.5 Ba/g
© 4512201 YBHHIE: 28 -0.01452, ®Th -0.00251Ba/g < 0.1 Ba/g
a Aad20|L : 2 - 0.01785 Bg/g, **Th - 0.003678a/g < 0.1 Ba/g
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205,800 (KBa/y) > 1,000 (KBa/y)

46,252,800 (KBa/y) > 1,000 (KBa/y)
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Z Filter Z& Filter SAH XHg)
Mz m | PEF L uza | PETF L
(®) (@)
0 0.269 0.267 0.399 0.396 0.129
1 0.271 0.266 0.332 0.329 0.063
2 0.283 0.276 0.301 0.298 0.022
3 0.281 0.275 0.294 0.293 0.018
4 0.283 0.277 0.283 0.277 0
5 0.284 0.277 0.283 0.278 0.001
6 0.284 0.277 0.282 0.277 0
7 0.285 0.278 0.279 0.274 -0.004
Total 2.24 2.193 2.453 2.422 0.229
BN £ 22 2XS O YN BIIYSN ARIIE =X =T
UAS EEE BRANADANA SASACH 0FF I 12 SRAN2NR
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I 25. Cascade Impactor Filter 24

Z1

PM gl
sample (ug/n® ) Conc \ Unc Conc Unc
(ng/m® ) (uBa/m® )

A-1 648.5 6.48 0.92 80.55 11.39

A-2 473.2 4.68 0.66 58.18 8.23

A-3 238.4 1.35 0.19 16.77 2.37

- A-4 336.5 1.34 0.19 16.72 2.37
A-5 298.0 0.72 0.10 8.93 1.27

A-6 280.4 0.28 0.04 3.52 0.50

A-7 255.9 0.22 0.03 2.68 0.38

A-8 203.3 0.10 0.01 1.29 0.18

B-1 531.3 9.32 1.32 115.89 16.39

B-2 259.5 4.38 0.62 54.48 7.71

B-3 90.6 2.21 0.31 27.55 3.90

o2l B4 74 .1 2.06 0.29 25.65 3.63
B-5 0.0 1.16 0.16 14.47 2.05

B-6 4.1 0.72 0.10 8.96 1.27

B-7 0.0 0.26 0.04 3.18 0.45

B-8 -16.5 0.29 0.04 3.63 0.52

150

120

90

60

U-238 activity (pBgim?)

04-07 07-11

1.1-21 21-

= KC-

= KC-N

.,___-_h.‘

33 33-47 47-58 58B-90 90-100
Particle size (pm)

8 13, =atete
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