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Summary

This study was conducted to interpret the sediment properties of the
crater lake, Baengnokdam of Mt. Halla through analysing the physico-
chemical properties as well as the distribution properties of radionuclide
YCs in the sediment profiles and to propose the measures for conserving

the crater lake.

Representative samples of soil sediment were collected for 15 sites,
from a zero site, boundary between vegetation and water in the
south—west of the crater lake, to the 75 m site of the north—-east by 5 m
interval. Soil columns with 1 m deep were taken from bottom sediment
with Cobra soil sampler and the samples were subdivided with 100 cm’®
core sampler from the each column by 10 cm interval. A total of 150
samples, of which 11 samples failed to retrieve from the column, were
sieved to isolate the <63 um fraction(sum of clay and silt) and analysed
for total nitrogen(TN), available phosphorous(TP), organic matter(OM),

electrical coefficient(EC), exchangeable cations and "*'Cs.

Also, nuclear testing fallout-derived 'W'Cs activity concentrations which
was deposited in the soil sediment profile were measured to interpret the
sedimentation in the crater lake. The measured '"'Cs concentration were
used to calculate the total *'Cs amount per unit area and *'Cs amount
deposited in 1963 and to estimate the sediment accumulation rate,
deposition amount, and sediment depth since 1963. Based on deposit
amount in 1963, the relationships between '"'Cs amount deposited and

physico—chemical properties were analysed to understand the soil factors

= Vil -
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which dominate the sediment environment in the isolated crater lake,

Baengnokdam of Mt. Halla.

1) X-Ray Fluorescence(XRF) analysis for the compositions of soil
sediment in the crater lake, Baengnokdam resulted in constant Al;Os, but
both the contents of SiO; and FezO3; varied from 39.6% to 60.7% and
5.5% to 12.0%, respectively, which varied oppositely with sites. Of which
Si0s9 contents ranged from 55% to 58% at the sites of 5~25 m and 48%
to 50% at the sites of 35~75 m, which indicated that eroded material with
relatively high SiO: flew down from 5 m site, the west, but eroded

material with low SiO: flew down from 75 m site, the east.

2) The values of EC, exchangeable cations, OM, sum of clay and silt, and
porosity in the crater lake, Baengnokdam, which showed 87~230 uS cm’,
0.25~0.61 cmol” kg ™', 1.24~8.98%, 14~93%, and 31.2~69.6%, respectively
had the tendency to be higher at the edges of study area, the south-west
and the north-east and to be lower at the center sites. On the contrary,
bulk density, particle density and hydraulic coefficient which varied from
0.71 to 1.72 g cm”, 2.00 to 2.84 g cm’ and 1 to 9,504 cm day '
showed the lower tendency at the center sites. Of which the median
values of hydraulic coefficient showed the big difference between

center(6.5~31.3 cm day ) and both edges(416~4,752 cm day ).

3) The maximum “’Cs concentrations per unit sediment by the site
varied from 19.0 to 213.9 Bqg kg_l. Using these data, the estimation of
total amount of 'Cs sediment varied from 7.4 to 29.8 kBg m™® and

averaged 19.5 kBq m %

4) The peak patterns of ''Cs followed the bell shape at the most site

- viii -
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profiles which showed the typical sedimentation in the river or lake, but
9Cs peak were not detected in the surface profile at the 5~20 m sites,
which suggest that newly eroded materials, not contaminated with *'Cs

flow into the study area.

5 When the profile with the highest “'Cs peak is assigned to the
profile deposited in 1963 at all sites. The *'Cs amount deposited in 1963
came to the 45% of total " Cs sediment per unit area, which varied

between 2.7 and 16.6 kBq m 2 and averaged 9.3 kBq m  for all the sites.

6) The significant relationship between total *’Cs sediment per unit and
9Cs sediment amount appeared and were high at the center sites of
study area, compared with both the edges, which indicated that “'Cs

sediment processes had been formed at the center sites.

7) The depth deposited in 1963 was 60~70 cm at the 5 m site and
decreased linearly to 10~20 cm at the 75 m site. Considering the ¥'Cs
deposited in 1963, we confirmed that soil sediment depth reached a

difference of up to 40 cm between the west and the east.

8) The ratios of "Cs amount deposited in 1963 to total ¥7Cs sediment
amount per unit area varied from 1.4 to 3.6, of which 5 m site was the
highest and 70 m site the lowest. This is the strong evidence that the

most sediments come from the 5 m site in the south-west of study area.

9) Yearly sediment accumulation rates in the crater lake, Baengnokdam
varied from 0.37 to 1.59 cm yr ! and averaged 0.84 cm vyr !, which
indicated the crater lake had been accumulated at the rate of 0.84 cm
vr ' since 1963 so that its depth decreased gradually. In addition, the
sediment accumulation rate decreased linearly from 5 m site of the

highest value 1.59 cm yr ' to 75 m site of the lowest value 0.37 cm yr ',

_ix_
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which showed 4.3 times the difference. Therefore, we estimated the
inflow of eroded material was carried from 5 m site to 75 m site, from

the south—-west to the north—east of the lake.

10) A highly significant regression between total "'Cs amount per unit
area and sediment accumulation rate appeared, but the 5~20 m sites
deviated from the general trend, which was explained to result from the

inflow of newly eroded material, not contaminated material with BCs.

11) Regression analysis for the ratios of total 1¥7Cs amount per unit
area and 'Cs amount deposited in 1963 and the sediment accumulation
rate resulted in linearity, which indicated the increase in sediment since
1963 caused the increase in sediment accumulation rate. However, at the
75 m site the ratio of the total “’Cs amount per unit area to ='Cs
amount deposited in 1963 was high, but the sediment accumulation rate
was low, which could be the evidence that the active inflow of eroded

material to 5 m site since 1963 cause the sedimentation.

12) Yearly amount of sediments in the crater lake, Baengnokdam ranged
between 36.9 and 240.0 ton yr ' and averaged 97.8 ton yr ', given that
the lake area is 11,457 m'. The sediment amount as well as the sediment
accumulation rate was the highest at the 5 m site and the lowest at the

65~75 m sites.

13) "'Cs sediment in the profile deposited in 1963 was positively
correlated to the contents of EC, OM, TN, exchangeable cations, porosity
and sum of clay and silt, and negatively correlated to bulk density and
hydraulic coefficient. In addition, among the main soil sediment properties
deposited in 1963, EC, OM, exchangeable cations, bulk density, porosity,

sum of clay and silt and hydraulic coefficient showed significant

Collection @ jeju



correlation between each other. Considering these results, the particle
size, OM and hydraulic coefficient were judged to be the most important
soil factors to dominate the sedimentation of eroded material by runoff

water in the crater lake, Baengnokdam.

14) A variety of vertical and horizontal **’Cs concentration profiles were
thought to reflect that sedimentation processes by the sites were different.
That also was the evidence the sediments transferred by rainfall from the
summit and slope of Baengnokdam were actively redistributed or
resuspended within the lake, which indicated that the fine particles of clay

and silt in sediments mobilized laterally in the process of redistribution.

Conclusively, this study contributes to understanding the reason why the
water level of crater lake, Baengnokdam of Mt. Halla recently has
lowered. The sedimentation result from erosion of some higher slope,
from which the sediments with low permeability formed on the center part
has increased. These results strongly suggest the apparent water level is
as low as the sediment become high, even though the water reserving
capacity of the lake depends on rainfall. Therefore, the countermeasures
for the erosion with artificial soil package(Nokwhamadae) should be
avoidable. A way of rehabilitation for the eroded area in the summit and
slope of Baengnokdam as well as backing to the 1963 prototype of crater
lake by removing the sediments formed since 1963 should be reviewed to

conserve the water level of crater lake, Baengnokdam.

_Xi_
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Moritz, 1979), sl ¥ &% (DeLaune et al., 1978), 4tZ5(Goodbred and
Kuehl, 1998) FolA ¢ HALEE AGEFel=t] AFRE L T

HE2 o] AL signal = indicatorgbal TH(Ahn et al., 2006).

= oHE wgg A9 g% adAe Bedse Sy, 4L

],
Enpdoz wAey] 98 AL A%y 9% AowA HAZe wAde Fe

Aol Gl SAHJAE ol &ste] 2o 2Rl =EHA=9 Y79k 4

48] siskel ¥iCst tephra® S ol 83tk Tephrazozi 474

Astar, PCsEE @Al BHAAIE FHFFomR 30097 o]

S Hrtst=d 2838 tHAhn et al., 2006).

Terry et al.(2006)& AlRold o] Ekfa 2 g2 AAS xAx)s]er A& st
of Hrtsiirh @AY vie BHAZd = wAdel vla] mAYAIE Bol
Hoer 9 Yoy ww o

o

(Walling, 1983; Walling and Woodward, 1992), A&
s Ao B ¢ ®e Zo® HuHEATHHorowitz, 1991; He et al.,
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1996). =94 HAAA= HHAG S 245k vl 72 &85 vk

. setd HAE4 A%

HAEALE afdom FEst7] A el 7HA A RZJAES HRHe=R
AFE3E o] "R 5FtHRussell et al.,, 2001; Collins and Walling, 2002;

Collins and Walling, 2004). &3] Al&5+= EHAEA Cxl= A3}t Az}, &

914 A, v a1 AP SF(Walling, 2005) 5otk

Juracek and Ziegler(2009)= 4719l o] 7[A] Q2058 R5F B3 F9
A HAAY HAHITAAM AEHA & FES AYstay FH7184a(T00), A
A2 (TN), FQIAHTP), 'Cs % 5 47019 55 o]gale] WyAH ¥ AA
]

M, ol HHol A, ¥u, AEdH dF I T YFe HLE ©] "ol

(

rr

1] FEFE HEA o8 AF F MY A=} Fe L PCs oL

}(Ritchie and McHenry, 1990; Nagle and Ritchie, 1999; Motha et al.,

2002). ®tH TOC, TN, TP 52 REH AR 2A & AFHE7 vt Ha
sreiet.

o A #&AAS] A5t}

SR Ao HE shEFo] 7 w2 X2 sl A 9ol al(Juracek and Zigler,

2009), 372 2= YA Fx7F v A - Y= Hal(Morris and Fan, 1998)

52 ne@ o HAo] ol Fo{47] A Az AFEAA Ha B Best ol
o,

AZA] e B BAANA HAARA 0B Fok Ao 27
o olFolA7] Wi AXNAZ olBATIE Fa wiAel s S s
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W ol tH(Forstner and Wittmann, 1981; Collins et al.,, 1997a, 1997b,
1997c). A2 59, VCs¢l A9 HE] Bolgor FHslo] o]5dly] wE
Yicse] vx2 HE oz oA A s s AL HE s iy

(clay normalization technique)e|&tal 3tct(Juracek and Ziegler, 2009).

e GeAd  HAEE dAY vl BE f7]Eo] Za(Walling, 1983),

HFAE T AiEsEc 7718 TF9 Zold ijA JTFE S ¢ Jornz
(Horowitz, 1991), #71& St&S 7|2 3 A fst Hr7le Q3 7102 H
13k T}

1. ¥1Cs9) FH o)F 54T FAF AR

7 F Q19w wd YCse A\t A4 HIER 3 A mwe et
ko] HAFEHBishop et al.,, 1991). W'CsS EkoA B} FAHHE
I 7}HE3 gz 93 o] F&E=7 g tH(Ritchie and McHenry, 1973; Ritchie

and McHenry, 1990; 3, 2004).

-

G gz (Ewem ZFehd Vese HERFE 2 Ve Bty 2
sHem ]le BEgdAtet @A olEste 4 H st FdEo HAHG
(Tamura, 1964; Sawhney, 1972; Bolt et al., 1978; Livens and Baxter,
1988; Livens and Rimmer, 1988; VanHoof and Andren, 1989; Ritchie and

McHenry, 1990; He et al., 1996).

HA%0 FaE VCse HAF PHYEA 45, HAF pH L A
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B39 27 Bol W dgd H5E Fez SA, BAF AR FE
|=3

2 kg d Wl Ag S Fole] W AEAZ gkE 4 i (Putyrskaya et

EE EY F UCs shgelve G4t 82, AEA % EF ad 2§

2

|
oAl o] FolX = Fo=m HFEa Jlomz I3 HASLEE ALlstr] 9fE
e o]l#H3k QIxpr e o] Aok It Owens et al, 1999; Tyler et al.,
2001; Bossew and Kirchner, 2004; Doering et al., 2006).

ol

. ¥7Cs9] peak patterno] 93 7153 E

195455 1958 Alojol]l HE 1961dH-E 1962\ Alolo] 7w A tir]H
off o] tyt 3 Zukay Fog AA 2 iy A EAELS 7] & 4

4 EE Fgalyo] Azl ZAdtEAri(Cambray et al.,, 1985; Larsen, 1985;

5

Kiss et al., 1988).

Fig. 12 d7lo] o3 Hukolq AEd dxd ¥iCs =5 vehd 3o
tH(Playford et al., 1990). B89 di7|A A S5 AAF] 7]Ae Y(Cs
o] A&FL 1954 d %] o]Fo]H oM (Allison et al, 1998; Ritchie et al.,
2004), 1963d%=el 7FF F=A A= JkRitchie and McHenry, 1990;
Walling and He, 1997). = % "'Cs #%7} Wolxthrl 1986 %E A==l ¢
Agabds Alnz Qs YCs FEZF EolAE AdE HUTHUNSCEAR,
2000).

SElygE wES Hukte] &8 gle vt PTCse 19630l 7Y B
& ol Axell mEEQtka FAE YCs wEIF MY wE& EGFS 1963
ddl o2 3§14tz Jth(Robbins and Edgington, 1975; Ritchie and
McHenry, 1990; Mahara, 1993; He et al., 1996; Walling et al., 2003; Ahn

_10_
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et al., 2006). 3+ YCs7} AEHA &S ESS 1954 oA Fow 34

ka3l ATtHAIn et al., 2006).

Annual deposition of ¥'C
[8)]
=

20 - ‘
0 | 1 T ==T T
1950 1960 1970 1880 1680
Year

Fig. 1. The temporal pattern of '“'Cs fallout in the northern hemisphere
(Playford et al., 1995).

PiCse FEREE ol8dte] AAH EY HAE

o

AZFstazt & ol =

Bicse] 14, B2 @ &2 B3k F 711 18S Fe 7 sk PCse o] &3

A A, 19540 Z2ubRE 79 Ao Axr MCse] Y] ALEa gt}
= A, PCse AFudA RE A&sta ZEs aAdHAY FAE0

A A, GR FEHRE g =2gEhs PCse ZTldlE gAY A WA u
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27 BxEy 54 Ao FFHA gderh

U A, AAE BEEdAE BHsts Ader eubd w E¢F x|l w

gAA, AEAR PCsol HolHe AR

A=A EA g

rlr
=)
=)
ol
o
&
re
-
=
o
>
2
2
=2
iy
2.

Bicse] »xs o83 WAEY wWAls(nventory) AHELS 21(1)e] =4
(Cochran et al., 1998; Fang et al., 2006; #} 5, 2004)< o]&39 3, H§A&
I FAF AL @), 3)9 TR T T AT L, 1993; 3, 1995)

2 ol g3telnh

I (Inventory)= >} p; h;i A (1)

[ 84% g9add ¥Ccs g48% (Bqg m ™)

UL AUE(g cm™)

- : A Zo] wAdd 7o
A Eem v = ((1212%%4 31%];1 —1963@51)) 2
AGF HAHE = HHE(em yr ) X AFAHAmMY) X £4LE(gem™®  (3)
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otk 71(1995)e B'Cse] Hw i X
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ol fARE AbEA Al = ARt 1.56
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RS

Fig. 2. Map of study area and sampling location in the crater lake,
Baengnokdam of Mt. Halla.

Table 1. Coordinates of sampling sites

Sampling sites Coordinate

(m) Latitude Longitude

5 358 21 B2EY 126° 32 5.69"
10 33k 21 3 248 X 126° 32 5.86"
15 33° 21 32:39" 126° 32 6.03"
20 33° Dl 32.45° 126° 32 6.21"
25 33° 21 32.53" 126° S 6.39”
30 33° 21 32.617 126° S8 6.56"
35 334 21 32.69" 126° P 6.73"
40 33° 21 3049 126° 32 6.88"
45 33° 21 32.88" 126° 32 7.05”
50 33° 21 32.97" 126° 32 7.19”
55 33° 21 33.04" 126° 32 7.34"
60 33° 21 33.14" 126° 32 7.52"
65 33° 21 33.23" 126° 32 7.68"
70 33° 21 33.32" 126° 32 7.84"
75 33° 21 33.40" 126° 32 7.98”
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Fig. 3. Sampling sites in the crater lake, Baengnokdam of Mt. Halla. Soil

samples were collected at 5 m intervals from 5 m to

southwest and northeast side of study area, respectively.
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Fig. 4. Detail view of research area and sampling sites in the crater lake, Baengnokdam of Mt. Halla.
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3. EYAE AFH

AMlEAFE WS Srse] =o] ardse] wiee =il Al7]]l 2004 94

1ol AAsiglvh, AlgA gL et Aol fAlstel H2dol v

“z
i)
—

)
Mo

VAR shFel Bt 4AFel dsf) Alms AFEAT Ams F57E oA

ARAAE A% G D1E olgdtel ewanrh ABAAE AT A

U % FUREE Bl AN maz APAGe] HEaACk

AsAHAE AlgAGe] dAEdd 0 m AP S5wad 75 m AHS =2
Adste] g F 5 m AT SAE ASstAA 1670 A3l i) 5 m vt
t} Cobra E% 3 7](Cobra-248, Atlascopco, Sweden)S A}&3to] 1 m Z o]
2 AQF st Fig. 5). 53], AlAAS TAFAAM = AEHo] dehdle= AHet
G AEAF A FoAA HAS ol =0l WA AEAFH A AlE7F
dEtes oygol o MAAAES DeElstwA WAoo R A5AHE S8l
t} AFH EFE 100 cm® core sampler® ©] €3] Al 10 cm HA o2 A

Fslo] Bajo] A&k
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Fig. 5. Photograph of soil sampling using Cobra soil sampler in the
crater lake, Baengnokdam of Mt. Halla.
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o7 FIgt v FalE A58dS AsALEHAA(Kjeltec analyzer unit,

M)
ol

Foss, USA)E o] &3} 431t a4k Lancasterf &2 =73t}

x| oko]l & Ca, Mg, Na ¥ K& ES% 5 go] IN ammonium acetate(pH
7.008Y 50 mLE 7Fsto] 30%3F &3 oy oste] dofxl ofdS dARkS

35333 = A (SpectraA 220 FS, Varian, Australia)E o] -83fo] #2139t}

EAS mA EAH(Munsell soil color charts, kollmorgen, USA)S- o] &3}

ageld B7t ¥ = ssich,

223t 100 em® vol. flaskE o] &

Jinss
D)
=}
kT
rlr
o)
<
@]
=)
o
8
(@}
@
D
=3
=)
D
@
or
)
(Ol
o
ACH
i

3) $HEE

L9 U == core methodE ©|&3te] FA3IS T 100 mLe core® | FH3H

B A FF2 54T F 20~50 g Askel 105TeNA EPARE x5 ]
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(g 71 FuD)E SHI(E, 71 RO A Fu §ADE Yo

&
0
5
i
N
A
L

ZAEY 10 g& HZTFs] 500 mlL beakero] @< 3 Z=F4E 300 mLE

7bskal 30% WAESEAE 25 mL 7FgE H 90T AEd QoA s He] o

Aol 710l flojd wirbA] F&8 Zhdsiilnh. dbstea el e

44l 5% sodium hexametaphosphate 10 mLE 7Fst & ¢F 18A1F AR &

DA ZIEA A5 EAA AT 2 F 1 mL mass cylinder ¢4 U.S. No.

270 A& ¥ dHIAE 9o Fof SHTFE AoWA AlE SHAIZAT. A f
B

oM AxAZ F mEY FAE P

E2A4 AL 100 cm®?] core samplerZ AFH 8 A 52 DAIKIAY] F45
£5 5475 AFEste W9 54 W (falling head method)o.2 A3kt

(Fig. 6). F4A% AL obdlel 48 ol &3sith
Kt:

a: B#Y AE = 0.5 cm®
L : Core ¥ E%AE9 4do] = 5.1 cm
A : Core® A& =196 cm®

H; : Core wgoAEEH B3 A wa7kx9 4do] = 17.5 cm

N
Hy @ =3 obel somolA 2de] S wu7kx9] o] = 10 cm
— 23 —
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Fig. 6. Apparatus for measuring the hydraulic coefficient by falling
head method.
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9. 945 =9 fetxy B4

Wt frs H4% Ane sstege g 2Ae PAdstue] o s

th XRF 842 93t A58 4 & 2 mm A2 AS & B¢
Attt AFZE 33RA 1100CE 1087 &8AAH A o]
SHIMADZUA}FS] XRF-1700& A&l o, #2712 Table 29 #3kt}.

EAFEL Si0;, AlOs, TiOz, FesOs, MnO, MgO, CaO, Nax0, K0, P.0; %
LOI(Loss on Ignition, 950C) & 1171 d*5o]dt}.

Table 2. XRF operating conditions

Item XRF conditions

X-Ray tube Rh tube of end-window type

Max. Power 60 kV/140 mA, 4 kW

Measuring mode Vacuum Mode, Multi-Channel type
Detector Fixed monochromators detect (24 ea)

X-Ray irradiation Holder @ 30 mm

Aperture : 30,

M ri ditio
castiing concrggg Atmosphere : Vacuum 40 kV / 700 mA, 2.8 kW
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FE ABE 100 keVelld 2 MeV Apolel] zupde w&Eshe '%Cd, “Co,
¥Ce, **Hg, '°Sn, *Sr, YCs, *Y, “Co 7w} dFo] EHH Ut vl w
AE ZTF 24949(QCY44, Amersham Co.)e& A&t B Ado|A=
Table 33 28 FFABE AFE31] oyx] A 2 peak &S F33A

Al

E2L
Ao HHF ¥, A%E 4F w7 (diameter 50

i
i
=
i
a
ofo

mm, hight 70 mm; Mizuho Chemical Co., Japan)e|l ¥<+A]E #9°]7} 50 mm
7} HEeE dA-SHA w4 F asE=A2vkEHPGe ; High Purity Germanium)
HE718 BG4 7|(EG&G, ORTEC 919 series, USA)Z T4 ¥ o3
AT olgstel WAs S 2 AHATHTable 4)

(2) AE AAY 2 PCs £

7 Be ARF g obF HlAE Rapste] AR EolZk 50 mmrt HEE A

&3] 661.6 keVe] b EAS o83 “7ng S e P s

Bicse FF:Alm Fo E3Hol g PCoo HFyel 3 FAl Al

fol
Koo

(summing effect)®} Alm HHr] Hx=  Zolo <3 AASF =

H

(self-absorption effect)® ¢18+ 712 &Abo] YeL7] wjio] oS R AsIe] v}
Ve TEE HAFHoR AXSATCE, 2000; AR 7S A4, 2005). ©]
g #A7AZ33H] (MDA: Minimum Detectable Activity)® 0.2 Bq kg !9t}
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Table 3. Standard source(QCY44, Amersham) for the analysis of "*'Cs with

gamma spectrometer equipped with HPGe detector

Nuclear Energy (keV) Yield Half-life (day)
%cd 88.03 0.0363 462.6
Co 122.06 0.8560 271.79
¥9Ce 165.86 0.7987 137.64
“%Hg 279.2 0.8148 46.595
"9sp 391.7 0.6489 115.09
& oM 514.01 0.9840 64.849
2'CY 661.66 0.8510 11012.7

&Y 898.04 0.9400 106.63
cCo 1173.24 0.9986 1924.2
%Co 1332.5 0.9998 1924.2

sy 1836.06 0.9936 106.63

Table 4. Operating conditions of HPGe(high—-purity germanium) detector

Properties

Resolution(FWHM) at 1.33 MeV, *Co 1.85 keV
Peak-to-Compton ratio, “°Co 58/1
Relative efficiency at 1.33 MeV, *Co 30%
High voltage 3200 V
Crystal diameter 57.7 mm
Crystal length 75.3 mm
End cap to crystal 3 mm
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Table 5. Rainfall, water level and drying days in the crater lake, Baengnokdam of Mt. Halla from April 2004 to

October 2008, excluding November to March next year

2005 2006 2007 2008 Mean

] ] Rainfall(mm) 2,799 3,713 4,259 2,235 3,251
Rainfall in Baengnokdam
(from Apr. to Oct.) :
Max. rainfall per day(mm) 215 594 475 207 373
Mean water level(cm) 76 116 123 69 96
Water level of crafcilC = attlievel(cm) 211 348 318 249 282
(from Apr. to Oct.)
Drying days(day) 29 36 5 58 32
— 29 —
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Fig. 7. Variations of rainfall and water level in the crater lake,
analyzed with the raw data collected with AWS(Automatic Weather System) located at 1,920 m.
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Fig. 8. Appearance of soil sediment profiles with sampling intervals and depth. The color of core samples is a little

difference because those photos were taken in the different date and weather conditions in research area.
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Fig. 9. Soil pH of sediments sampled at the crater lake, Baengnokdam,
according to sampling sites and soil depth. (a) is soil pH with different

sampling sites and (b) is soil pH with different depth.
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Table 6. The correlation matrix among physicochemical properties of soil sediments in the crater lake,

Baengnokdam of Mt. Halla. Correlation analysis was performed by Spearman T method

Exch. Bulk Particle . .
Depth pH EC OM Ava.P T-N Cation Rosiogl knsity Porosity Sand Clay+tsilt

pH 0.021
0.831
EC 0.061 —0.425%:
0.538 0.000
OM 0.109 —0.381#*  0.753%*
0.272 0.000 0.000
AvaP 0.083 =0.483**  0.603++  0.600%x*
0.401 0.000 0.000 0.000
T-N 0.009 0.023 0513 0.710%*  0.258+
0.931 0.819 0.000 0.000 0.008
Exch.Cations -0.104 —0.208#*  0.588+*  0.768+%*  0.347#x  0.511xx*

0.294 0.002 0.000 0.000 0.000 0.000

0.035 0.301#*  -0.704%x -0.741%+ -0.324%+ -0.591%+ -0.723%*

0.727 0.002 0.000 0.000 0.001 0.000 0.000

0.054 0.246%  -0.428#% -0.426%+ -0.264%+ -0.284%+ -0425%*  0.439%x*
0.583 0.012 0.000 0.000 0.007 0.003 0.000 0.000

Bulk density

Particle density

Porosity 0.039 -0.175 0.608x  0.643%*  0.227+ 0.542++ 0599+ -0.900+* -0.076

0.691 0.075 0.000 0.000 0.021 0.000 0.000 0.000 0.442
Sand(%) 0.108 0.362#*  -0.702%% -0.766%+ -0.401%+ -0.580%+ -0.780%+  0.772%*  0.501** -0.645%*

0.274 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 .
Clay+silt+%) -0.109 —-0.362#*  0.701#*  0.785%*  0.401#x  0.580%*  0.780%* —0.772%% —0.501**  0.645%* —1.000%x*

0.271 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-0.071 0.115 —0.492#*  —-0.679**% =0.324#* —0.533** -0.511*% 0557+  0.365+* -0541%x  0.617%* -0.617%*
0.474 0.243 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Hydrualic coeff.

T HRHT RO Rt RT RT 8T RT 8T Rt RT s T

Correlation analysis was performed by Spearman T method(* : P<0.05, ** : p<0.01).
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Fig. 10. Content of sum of clay and silt(a) and sand(b) of soil sediments

sampled at the crater lake, Baengnokdam.
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Fig. 11. Vertical variations of sum of clay and silt contents in different sampling sites in the crater lake, Baengnokdam

of Mt. Halla. na represents missing data.
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Fig. 12. Horizontal variations of sum of clay and silt contents in different
soil depths in the crater lake, Baengnokdam of Mt. Halla. na represents

missing data.
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Fig. 13. Electrical coefficient, concentration of exchangeable cations(Ca,
Mg, Na, and K) of soil sediments sampled at the crater lake,

Baengnokdam.
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Fig. 13. Continued.
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Fig. 14. Content of organic matter, total nitrogen and available phosphorus
of sediments sampled at the crater lake, Baengnokdam, according to

sampling sites and soil depth.
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Fig. 14. Continued.
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Fig. 15. Bulk density, particle density and porosity of sediments sampled

at the crater lake, Baengnokdam, according to sampling sites and soil
depth.
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Fig. 16. Box plots showing hydraulic coefficient of soil sediments sampled
at the crater lake, Baengnokdam, according to sampling sites and soil
depth.
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Fig. 17. Vertical variations of hydraulic coefficients by 5 m interval sampling sites at different soil depth in the

crater lake, Baengnokdam of Mt. Halla. na represents missing data.
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Fig. 18. Horizontal wvariations of hydraulic coefficients by 10 cm
interval of soil depth at different sampling sites in the crater lake,

Baengnokdam of Mt. Halla. na represents missing data.
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Table 7. Chemical compositions of soil sediments in the crater lake,

Baengrokdam of Mt. Halla.

Sampling Depth  Si0O, AlOs FexOs TiO: MnO MgO CaO NaO KO P:0s LOI

sites(m)  (em) L, W % +oeoesen et e
5) 0-10 523 1756 77 110 010 110 190 420 370 030 98
5) 40-50 587 173 6.0 060 010 030 1.00 530 480 010 59
5) 80-90 580 171 59 050 010 030 1.00 520 480 010 67
15 0-10 60.7 17.1 66 060 010 040 130 560 480 010 25
15 40-50 59.2 172 58 050 010 030 110 540 480 010 52
15 80-90 547 173 6.0 070 010 050 1.00 460 440 020 103
25 0-100 606 172 58 050 010 030 120 560 49 010 33
25 40-50 554 173 55 060 010 030 070 480 460 020 103
25 80-90 50.0 174 65 080 010 070 070 380 390 030 157
35 0-10 543 171 56 060 010 040 060 440 440 020 11.7
35 40-50 520 173 6.1 070 010 040 060 410 430 030 136
35 80-90 451 173 94 110 010 070 080 330 330 040 182
45 0-10 525 172 59 070 010 040 060 420 430 030 1356
45 40-50 513 173 63 070 010 040 060 410 410 030 142
45 80-90 419 180 105 130 010 060 080 3.00 3.00 040 199
55 0-10 527 171 6.1 070 010 040 060 39 410 030 136
55 40-50 518 175 6.1 070 010 040 060 410 420 030 137
55 80-90 428 182 101 130 010 060 09 310 310 040 189
65 0-10 539 174 6.0 080 010 050 080 430 420 020 1156
65 40-50 503 176 74 100 010 070 110 400 380 030 131
65 80-90 408 198 108 200 030 160 260 300 220 050 157
75 0-10 508 179 84 130 010 150 230 410 330 030 95
75 40-50 544 178 75 110 010 110 200 440 370 020 75
75 80-90 396 192 120 230 020 270 360 280 160 050 1562
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Fig. 19. Variations of SiO: content of soil sediments according to sampling
sites(a) and soil depth(b) in the crater lake, Baengnokdam, Mt. Halla. Figures

in boxes represent median values.
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Fig. 20. Variations of Fe20O3; content of soil sediments according to sampling
sites(a) and soil depth(b) in the crater lake, Baengnokdam of Mt. Halla.
Figures in boxes represent mean values.
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Ao FpgAtEela FIRE AFE 5 vER EAH YiCse HAL A

AHAAA W2 ¥Cs FEE 19.7~213.9 Bq kgt #HHdt ¥Cs wxt 4
¥ HAFL 35 mo 50 m A Foldem 747t 214 2 194 Bq kg oItk P'Cs
FE7F e g5AZ2S 5~20 mE 19.7~55.0 Bq kg ol AAANAE gHE =

5

To HAasEe oF 1094 oldom & Aol KA.

H45 T 7Csol R MY xE E

ol
rlo

A4 5 m, 10~25 m, 30~60 m,
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b AEFA o] EFES 5~25 m, 30~60 m, 65~75 m AXelA  ZZ
60~90 cm, 50~70 cm, 30~40 cm H= EAEAT o]= 5 molAd 75 m AH

R B5% on gl £AE mel: Vet 23w HAFY Eie] 7asw

22

&% BolFx gtk o= AFALGAA BAbs dRe] 8 UCsrt 2FE AAF
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710l Ate = oo, s sgee v S WA TeeA HIAA L A
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Table 8. Analytical data of Cs activity concentration in soil sediments in the crater lake, Baengnokdam of Mt. Halla.

na and ND represent missing data and detection limit, respectively.

BCs activity at the sampling sites (Bq kg™)

Soil depth

(cm) 5m 10m 15m 20m 25m 30m 35m 40m 45m 50m 5m 60m 65m 70m 75m
0~10 46 32 @5 49 0.2 27.8 20.6 221 25.7 48.2 21.2 204 27.0 36.5 39.7
10~20 19 51 6.7 45 7.1 46.1 29.7 435 484 245 54.0 411 759 11338 55.0
20~30 5.0 1.7 6.2 6.5 252 1121 59.7 96.0 1256 1015 781 109.6 12.1 31 40.6
30~40 134 19.7 8.2 359 559 119.2 2139 99.4 63.5 1572 1942 37.0 3.0 1.2 27
40~50 309 19.0 25.6 714 1355 29.6 49.2 17.0 15 339 224 10.3 0.1 ND ND
50~60 28.8 6.3 31.0 127 94.4 14 5.0 ND 0.3 39 20 2/ 1.0 ND ND
60~70 31.2 ND 8.2 na 10.9 ND 1.0 ND 1.8 0.9 20 0.6 ND ND ND
70~80 ND ND 4.0 na 1.6 ND 0.3 ND ND ND 0.6 ND 1.0 ND ND
80~90 ND ND 219 na ND na ND 10 0.6 ND 04 ND ND ND ND
90~100 ND na na na na na ND na ND 14 ND na 0.5 2.2 ND

Maac"ti{\j}fym 31.2 197 310 714 1355 1192 2139 960 1256 1572 1942 1096 759 1138 550

Depth of
maximum 60~70 30~40 50~60 40~50 40~50 30~40 30~40 30~40 20~30 30~40 30~40 20~30 10~20 10~20 10~20
activity (cm)
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Fig. 21. Three dimensional distribution of ¥ Cs activity concentration in soil sediments in the crater lake, Baengnokdam
of Mt. Halla.
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Fz Hol At APA G FAFAE YCs w7t A 9aE FHo=
AFa lom ) o] HAHEFo] AATE oA YEIE AP A F Y
=A% E A (accumulation type of sedimentation)ES ®Helthal ks

5
t}.(Perrin et al., 2006; Ilus and Saxen, 2005).

ofe] ATAEA sl 54 % o] Aol FYE TCsE PRk HAS
o] A3 A9} HwE w(He et al., 1996; Xiang et al., 2002; Ilus and Saxen,
2005; Alonso—Hernandez et al.,, 2006; Perrin et al., 2006; Stark et al.,
2006), MEE oo HASE v FHA 4" Aom ddkdn lus

and Saxen(2005)2 EHZAZFo] AisHA A EH L FFAlo] 2 Agof HAZSE

=7t Eom Busgh UEE e A9t A9 s5de g H4
Zo] AR AES} ol Wcse] FHolFo] doldorn WCsyt AEHE HA
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Fig. 23. Horizontal changing patterns of 'Cs activity in soil sediments at the same soil depth in the crater lake,

Baengnokdam of Mt. Halla. na and ND represent missing data and detection limit, respectively.
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. 9Cs BlolElE o8 WY sh7s HASYe) AFH s

(D B2¢ 3735 9459 a9udy ¥cs 33

Mo D=z AegAF AEas a9udy YCs Z#(inventory)S
7.4~29.7 kBq m %9 HYES mBgow HFS 19.5 kBq m *¢tH(Table 9,
Table 10). HAFo g2 @A G BCs 2L AEAF A He 714A g ¥

DYHA G Ycg Fe A 243 g AAQA 5~20 m 2 60~75 m A
Ao e 7.4~175 kBg m?o® ugloi} ARl 25~55 m AHAE
21.3~29.8 kBq m?o.2 HjFo g Egrl weuHg YiCs Fo] 7hg v
AHL 10 m A¥elder, 35 mo 50 m AN 74 =kvh gdH g
MiCs 3 AN FEEQ 5 met 75 m AFLRRE FARZ L5
= a8t 10 m 2 65 m A FeAFE 35~50 m AA7MA] &

5, 40~45 m AFoAME HAl ik FdelAtHFig. 24).

A4%e f9rery A% 255 e $9 wAs St Ae
Fig. 109} Fig. 14 oA UERE nls} 2o) Wicsrh Fabo] golet Am+njal o
F71% AEo] HAAHNY Wi Aoz FAEdy. YCse HESY {78 5
o BEY 7R BolstA FHELEHN EX T olsAo] AA His= A

2 Buso tHRitchie and McHenry, 1973; Ritchie and McHenry, 1990;
Bishop et al., 1991; 3 2004).

ANzmAH AAER G5 g429 FAH-o] 7pdAg e vl PCs 2%
o ok, FAH 40~50 m AN E 28Y ta gaste Sold ¥
S Byl o= AlFEA A FAEQ 40~50 m A HolAe YCs EHo] QA

|=]
n
ol walN mw HE dojde omatt oed Av: Wisol FHE %
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ol Zate Cse FFolM M =

Hozeo glo] FolatA dojd F S AoR FFHE(lus and Saxen,
2005). HE3F 40~50 m A[Fle] ©& AFH gl g A% g8
ol 7Pz FA4¥ A= angE F Aok A=EAHF 40~50 m A F A g
o] A Y& FTA+x Fig. 14 oA 35~45 m AAFNA HAAx7 Hhshe
Aol HHZFolMe] FCse] o] Tl FFE F
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Table 9. Amounts of *'Cs in soil sediment profiles at each sample site in the crater lake, Baengnokdam of Mt. Halla.

na and ND represent missing data and detection limit, respectively.

Soil depth Amount of '"Cs in sediments (kBq m )

(cm) 5m 10m 15m 20m 25m 30m 35m 40m 45m 50m 55 m 60m 656m 70m 75 m
0~10 0.6 0.4 0.1 0.8 0.0 2.2 1.6 1.7 2.0 3.8 1.4 1.6 2.3 3.9 3.8
10~20 0.3 0.7 0.9 0.5 0.7 3.5 2.4 3.2 3.8 2.0 4.1 3.0 6.6  10.8 5.5
20~30 0.7 0.2 0.8 0.9 2.2 9.2 4.6 7.5 9.9 8.2 5.8 8.5 1.1 0.3 4.6
30~40 1.6 Z85) 1.1 3.9 4.6 ONE 166 8.3 5.3 12.3 155 3.1 0.2 0.1 0.3
40~50 4.1 2.7 3.2 7.2 11.6 Pr3 4.0 1.4 0.1 2.8 1.9 0.9 0.0 ND ND
50~60 3.9 0.9 2.9 1.6 7.8 0.1 0.4 ND = 0.02 0.3 0.2 0.3 0.1 0.01 ND
60~70 4.2 ND 0.8 na 0.9 ND 0.1 0.01 0.1 0.1 0.2 0.1 ND ND 0.1
70~80 ND ND 0.6 na 0.2 ND 0.0 ND ND ND 0.1 ND 0.1 ND ND
80~90 ND ND 0.3 na ND na ND 0.1 0.1 ND 0.03 0.01 ND ND  0.01
90~100 ND na ND na na na ND na ND 0.1 ND na 0.03 0.2 ND

Total amount 15.3 74 105 160 279 2v.0 29.7 222 213 297 294 175 10.6 153 144

Maxium amount 4.2 2.7 3.2 7.2 116 O ~ 16.5 8.3 9.9 123 155 8.5 6.6 10.8 5.5

Maxium/Total (%) 27.6 36.4 29.9 48.0 416 358 558 376 465 416 526 485 626 703 38.6

Depth showing
Y¥Cs deposited 60~70 40~50 40~50 40~50 40~50 30~40 30~40 30~40 20~30 30~40 30~40 20~30 10~20 10~20 10~20
in 1963 (cm)
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Table 10. Data on average amounts of °'Cs deposited in 1963 and total amount of '*’Cs in sediments in the crater
lake, Baengrokdam of Mt. Halla

Bulk density of soil Total amount

Soil depth showing the Average amount of ¥Cs in the area in 1963

Sampling highest *’Cs amount per _depth Sllglé)wmg the ¥7Cs deposited in 1963 I 1f7CS in / total amount of *'Cs

site area (cm) highest C§3amount (kBq m?) sedlmer}‘is (kBq m2/ KBq m?)

(g ecm™) (kBg m™)

5m 60-70 1.353 4.2 15.3 3.6

10 m 40-50 1.414 2.7 7.4 2.7

15 m 40-50 1.229 3.2 10.5 3.3

20 m 40-50 1.006 7.2 15.0 2.1

25 m 40-50 0.858 11.6 27.9 2.4

30 m 30-40 0.810 9.7 27.0 2.8

35 m 30-40 0.776 16.6 29.7 1.8

40 m 30-40 0.838 8.3 22.2 2.7

45 m 20-30 0.790 9.9 21.3 2.2

50 m 30-40 0.785 12.3 29.7 2.4

55 m 30-40 0.796 15.5 29.4 1.9

60 m 20-30 0.775 8.5 17.5 2.1

65 m 10-20 0.873 6.6 10.6 1.6

70 m 10-20 0.946 10.8 15.3 1.4

75 m 10-20 1.008 5.5 14.4 2.6
Average 2 9.3 19.5 2.4
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Fig. 24. Comparison of total amount of Cs in soil sediments and
average "Cs deposited in 1963 in the crater lake, Baengnokdam of MLt.
Halla.
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(2) =9 3739 19639E Y'Cs HAH

NEG s HAHT T AEAF AHER 1963d%) ViCs THAT H
A& (amount of '"Cs deposited in 1963)& @HAYF YiCs FFH(total
amount of "'Cs in sediments, inventory)el B]3] B 45% 3| TH Table
10). 1963 %9 Cs glA =S AzAf3 AHER 2.7~16.6 kBq m 2] ¥
Z B3on, HAFge 9.3 kBg mPH T

1963 d =9 PICs Bt HAFo] FoluA ddAT PiCs FFE o4
VA APHOR FItste e B o
ZF(inventory)S 1963d %9 YiCs B ¥ A D3 AHAgo] LS & F
AR e (Fig. 25).

19639 =] Cs BAZE Az BAX ] RN ST 2
2 Z7bsltirl 35~55 m AboldlAl oAl 7hadtE G RYth(Fig. 26).
1963d% 9] YiCs B AFS AEAF XHEE 10 m, 15 m, 5 m, 75 m A F
o] AgolA z+zb 2.7, 3.2, 4.2, 5.5 kBq m ® o2 Yty ey FA Rl
35~60 m A HlAE 8.3~15.5 kBq m * B & PR BT} E9kt)
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Fig. 25. Correlation of total amount of °'Cs in soil sediment, based on
with the amount of *'Cs deposited in 1963.
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(3) 9439 EAE a9udd ¥Cs 39 ) FADT PCs =

H450 Ard aeudg Yics FH3 g FAG Cs sxol WE nw
= HATY dAAE F HAYAY] 548 3 F de AR AMgE F
At(lus and Saxen, 2005). WMET S5 A|FA Gl AmAFH A HE
19639 % HAZ9o d9EAYG YCs $%E 19.7~213.9 Bq kg '2ZA Azt
H 23k AFol7t 10.9 wielel whal, 19639 ¥Cs Hu EAHS 2.7~16.6
kBqg m 2 ¢k 6.1 #l¢] o]= BIth(Fig. 26).

ANEAFH AFEZ GAFAG PCs FEBq kg) 2 dHEHG YCs FF
(kBq m %)< @S u#sA &1 9 vlawd 23, 5~20 m APAAE
7.7~8.4 W, 25~60 m A @NAE 11.2~12.8 ¥, 65~75 m A HolA= 9.6 Hl
o] Aol BAT E3], AU YCs IAZ Kol: 35 m AHAAE 129 W=

Mg B AolE nith ole ARAY FFTAA AR o MAYAT} 9

Hol §AUEA v, FHEALS F9F2 5 mot 76 m AN E FAL Y
Aol Aol dofere vkl k. 5 msh 75 m A4 2k HwsE, 5 m Aol
M3 75 m AN JWACE Ao 2719 At ABH D 92 dehy F

A Ak BATER FY50l HYHn e BelET
— 81 —
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(4) 929 g3 BAHAYF Bcs %3 1963dE B'Cs HA=] n) &

W2 g e gEAg Vs Tl tid 1963d=e] PCs HAZF A
S (sedimentation/deposition ratio, S/D)& 1.4~3.6 HY¥ oy, HFH o2 24
W (Table 10). S/D #2 A&AF 7FEAES 5 m AFlA 7P E%kom,
65 me 70 m A A 247 1.6, 1.49 AZ Wi

S/D kel AlEANFH ZHEAER] 5 mAAANA A AlEEH= ZS 196349
s B Azl s olFel Mol Yo E%e-S NI F 5 m
AAAAE 1963 olFo] HHBEo] A QojeS oluFrh ol 5 m
Aol BALS £ATEA 1063 o] % wEwhe] Fe] o WAmAe
Z7he Yicso] H2w mejsh 2o mud gaasst 2 HH5e d4H)
79l Aoz oAt AlZEAF 75 m AFHANHE S/D Fhol 2.6 WK

75 m WHoR F¥= AAEALS] 4ol 5 m Wl HlE A5

= BFetl BEARY f9Tel] WEd Aoz Hel Ak AHAHY Hgai
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2.0 w= -0.0927 + 53,1132
5K Hz = 04569
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E7C s in sediments /f B37Cs in 1963
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Fig. 27. Ratios of total amount of '“'Cs in sediments versus average
YiCs deposited in 1963 in the sampling sites in the crater lake,
Baengnokdam of Mt. Halla.
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(6) 5 37359 HHE

oL
Ho

2ot 3l r5 oA E A E(sedimentation rate)e 0.37~1.59 cm yr

_IE

R, Bke 0.84 cm yr 'tHTable 11). o]&3F Axtz 2 o), WZd o
Aol = 1963 o]F AHF 0.84 cme| HAHEO] X @5 = R
4 = k. Pb tracerE o]83 WEw G5Ex|de] HHES
AT HEAA AL, 1993). o= 2 A
Toll og AREn 9 FAE HAF oy A5 AFHXHo] 27l &

shate] g elr] ol drka ks ek,

dlo
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o

(@]
1
(@]
(@]
8
<
’_‘I
tl
f
Ly
it
5

HAE5L 5 m AHAA 1.59 cm yr ‘2 /M =93, 65~75 m A QA=
0.37 cm yr ' 2 7} kol oF 4.3u]9] 2ol R AT},
Hol= AlgAlF 5 m AHAATEH 75 m AH7HA] bR

- )
2
il
rlo
N
o
ki
rlo
tlo

o2 ZA4hde AES EATH(Fig. 29).
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Table 11. Sedimentation rate and amount of sediments in the crater lake,
Baengrokdam of Mt. Halla. Mean bulk density represent the average of

bulk density to the depth showing highest *'Cs deposits

. . Mean bulk density  Sedimentation rate Amount of sediments
Sampling site

(g em™) (cm yr™h) (kg yr'h)

5 m 1.315 1.59 239,993
10 m 1.340 1.10 169,086
15 m 1.294 1.10 163,343
20 m 1.270 1.10 160,326
25 m 0.955 1.10 120,570
30 m 0.794 0.85 77,472
35 m 0.784 0.85 76,487
40 m 0.778 0.85 75,879
45 m 0.787 0.61 55,071
50 m 0.800 0.85 78,069
55 m 0} 7 AL 0.85 75,181
60 m 0.768 0.61 53,731
65 m 0.870 0.37 36,942
70 m 1.004 0.37 42,606
75 m 0.987 0.37 41,885
Average ) 0.84 97,776
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1.60 - @ M
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1.00

0,50

0.60 *  v=(p0323x - 0.0204

RZ= 08095
0.40 - * *e

0.20

Sedimentation rate (cm wr!)

I:Iu I:II:I 1 1 ] L] 1 1 1
0.0 5.0 10.0 15,0 20.0 25.0 30.0 35.0

Total amount of 137Cs (kBg m™=)

Fig. 29. Regression of estimated total deposition of 'Cs in soil sediments
in the crater lake, Baengnokdam of Mt. Halla versus average
sedimentation rate. Sampling sites of 5 m, 10 m, 15 m and 20 m are

marked with a round and omitted for calculating R
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(7)) HHEF} 19639% “'Cs HAZF 2 HAZFF uu

Hepe) V&S

s koA g9y YCs Y 1963dE Cs
LHERY]
sl 1243 A4S s thFig. 30). S/DE HAEYL 95% A FT-7HlelA
R?=0.4348, p=0.007 ©.& AL w3t o] 1963 o5 A =7}

of os EAEe] hAly oz S7Hee ek

S )
o,
filo
&
12
ol
ol
N

sedimentation/deposition ratio(S/D)¢} ¥4 E3}9] A

rr

&

S/De EHAED 13 ARAAN, FI4er APYYS WIITHR'=0.4982,
p=0.003). 53], 7NN 71 we] Blojd 75 m A9 AngE Al9std
R’=0.657, p=0.000 24 H&@Ae] AA F7FsIALt. ol 75 m AHe HAY

Aol g A EHHYE mojET,

N

l_‘

75 m AFME S/D gkol 2.62A HEg 246 HF ELow Bt

B & Eo] H < 0.37 cm yr 2 7FF @Ytk = 75 m AFL g2 A A

’

H) 3] WA YCs o] 19639 % Cs EAFE fiH] o whd HFHEO
7S $Eokr] wiolth, wEkA 75 m A F ] HAFS 19639 olF =2 A H
QAT AA - FHHHFLS tE EAXH H|3] AHFHo=E 71 &S ¢

Z

9

Fr}. ol 1963WU% o]F 5 m AHoze] BARAS] 75 m AP o

EAol vlE A SUHe Aoz ddEE 78R AR gk

_91_

Collection @ jeju



180 A

160 -+

140 -+

1207

100 A

0.B0

060 -

040 A

0.20 -+

Sedimentation rate (cm 1)

yv=0.3894x-0.0861
RZ=0.4982

0.00 T T

0.0 05 1.0

1.5 20 25 3.0 35 4.0

1372 in sediments / 137Cs in 1963

(kBg m™2 / kBg mm2)

Fig. 30. Correlation of sedimentation rate with the total amount of **’Cs in

sediment per unit deposition in 1963. R? increases as the samples from 25

m and 75 m are not included for analysis.
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(8) BEF 37359 A7 HAHF

o

W=} sl r5o Ao dA7F H A (amount of sediments)S 31359 H4X4
HAS 11,457 m & A on BEAXHEEs dyua g PiCs F & gkl

ol =97t HE SAUEE udde] AASItHTable 11).

mlm

B

M= S} Tso Ao AZMEH e 36.9~240.0 ton yr ! WAL, FHEFS
97.8 ton yr 'tk AzF HHFEL 5 m Aol 7 ERho}, 65 m Ao A
g gt BA4F ARE B oo, 959 8rs
A At 97.8 =9 HAEC] Al Aog FAHHIUH.

Mg gy HH%e HAFN AR gAY AANE 2 3
o5 HH(Fig. 31). HAZFE HAEH FAE W3S Belon, 7HE =

< @S Ul AEAF 5 m AfAAFYH 7P @EE gs YEd 65~75 m
ARAA 95% N TN feold QA NPHo =
(R® = 0.8079, p=0.000).
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Fig. 31. Regression of estimated total amount of sediments in the crater
lake, Baengnokdam of Mt. Halla.
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Table 12. Correlation matrix of physicochemical properties and 'Cs amounts within the deposits in 1963 in the
crater lake, Baengnokdam of Mt. Halla. Correlation analysis was performed by Spearman method

B7Cs max. . Exch. Bulk Particle .. Content of
amount pH - OM Avail P TN caions  density density Porosity clay+ silt
r -0.295
pH p 0.286
BC r  0.704xx  =0.530%*
p 0.003 0.042
OM r 0.829%x  -0.503 0.812%x
p 0.000 0.056 0.000
Avail. P r 0.131 -0.469 0.390 0.428
p 0.642 0.078 0.151 0.111
T-N r  0.600% 0.092 0.628+«  0.639* 0.144
p 0.018 0.745 0.012 0.010 0.609
Exch.caions r 0.807# -0.337 0.742+« 0.789**x -0.004 0.477
p 0.000 0.219 0.002 0.000 0.990 0.072
Bulk density r —0.785%x 0.399  -0.917#x -0.835%x -0.195 -0.649%x -0.860%*
p 0.001 0.141 0.000 0.000 0.487+«  0.009 0.000
Particle r -0.263 0.568+« -0.536x -0.324 0.047  -0.085 -0.350 0.513
density p 0.343 0.027 0.039 0.239 0.869**  0.763 0.201 0.051
Porosity r 0.589= -0.035 0.733*++  0.636*  0.009 0.727+x  0.753%+ -0.776%x —0.063
p 0.021 0.902 0.002 0.011 0.975 0.002 0.001 0.001 0.824
Content of r 0.693xx -0.464 0.807=*x  0.878+x 0.247 0.658++  0.792++ -0.885%*x —0.335 0.735%*
clay and silt p 0.004 0.081 0.000 0.000 0.376 0.008 0.000 0.000 0.222 0.002
Hydraulic r —-0.571= 0.326 -0.661**x -0.814*x -0.276 -0.725%x -0.530% 0.619*% 0.312 -0.571x -0.729=*x
coeff. p 0.026 0.236 0.007 0.000 0.319 0.002 0.042 0.014 0.258 0.026 0.002

x* 1 P<0.05, =+ : p<0.01. Concentration of exchangeable cations are sum of the concentration of exchangeble Ca, Mg, Na and K.
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@ 929 37359 B4, NG B4 HAAAl MAE 4F

HEg Srs HA5 Vs R BAANE 55 £ Fo) WEddA u
Bl Ag A< geE Rt (Walling and He, 1997; He et al., 1996;
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X

T fle HASAEES Hola 3l

25 YCs7t AEHA ke ARWF A% BEADE fdH0] HAHE AR 1
o] 71T}, Bishop et al.(1991)& "Cso] t7]1F o2 =29 1950 0] 0|59
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=8

&2

Fl % AYS B B

%2

_97_

Collection @ jeju



=
=

I

= o
—

)

, A YCs w27t o

)
S

14 2

=
.Z#O

o 4

AM HE+VAL T

=
3

=K

o]
=]

715 PiCs7h B

G
R
ol

—_
o

oj

21 tHRitchie and McHenry, 1990; Ritchie et al.,

Hr

ko)
=t

=

o

o

2 984 9 tt(Nordlinder et al., 1997).

137CS

=)

]

!

bl B55) 51, 4o o

b=
1o

ol
]

HEA st o]

KN
T

137CS

Fh(Bonnett, 1990). webA| F

k)
il

2 Eoo] &4

o

"
BK

il

At

o]l flome WiCs w7t ¥A YEUE 548 /AR

o 597k

ES 32

(Jeffries et al., 2002; Van der Perk et al., 2002).

I AAgo] 28T Ao R Hol Atlus

and Saxen, 2005).

oj

100 cm ¥4 19634

B

_98_

Collection @ jeju



D
=
©
()]
w
lo,
L
do
us)
)
ofl
o)
7]
&,
&Y
A
~
ol
o
o,
ofp
(o
=
S
i
fob
-
fol
A
x
ol

WAl HABY §HUES neise] 1963W%Y HAFS WA
g VCs B A4S vehls E3om A4Stk ol gviaAEzuy

2 olgstel Vs 24 F, BSPAY BAAE vuAY S ek

BejEdh 1963d%e] FCs HAHFel HAUANE RBIY"D HAHFIME post-
depositional movemente] &3] P'Cse] alo] AL Ao =m o== £ glo
U, H4F AEE BAHAdHE PCsE e 99 A= duryoes

7 s Aoz F45t(Ritchie et al., 1975).

N

19639 % EHAF dole AEAFH AH 5 molA 60~70 cmAoH, A3 A

d

o7 Ztadte] 75 m A A E 10~20 cm A EE FX5kar AT FA W

o] 5 m A o] H& WA 756 m Aol vl HAFT HEZF 40 cm @A ¥

YiCs w%7t AETA oo ® Yo EFS AAFH AHel wel 40 cm
ol 90 cm el EAEth 2y 1963d%=9] Cs H A F Awm} A
sAFH AR ekl wep A AR AdE gyl 12k 3|A A elA o o] e
U gkt wabd YCs sRrF AEEA older Yok EFS 19549%

EZog FASIIL ok ol#d 9Ae YCs wwst AUXE Jees

Collection @ jeju



N

| ogRE YiCs7l BEAEal 5o 71zto) og) shiE S Q] wiEel A
o7 FHHE Y (Ilus and Saxen, 2005; Ahn et al., 2006). =, W=
°] 19509t Fuk o]%e] FHZL ViCs L7l A o¥om HEHE

o A Aow dFH Ut

&

rir
i
ofk

tr

SHY

- 100 -

Collection @ jeju



Sampling sites (m)
5 10 15 20 25 30 35 40 45 50 55 B0 65 70 75

0 T T T T T T T T . ; | , :
10 L «s+#u s 13703 =not detected
—a— 137C3 amount per area = max y=-05714x + 57 19
20 R2=0.8487
=
e
= P il
= :
Q1
U -
T +.-
D -
£
80 = *
90 - g
100

Fig. 32. Curves showing the depth of maximum 'Cs deposited in 1963 per area and below the detection limit. Data
of 15 m and 20 m are missed.
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Appenddix 1. Chemical properties of bottom sediments in Crater lake, Baengrokdam of Mt. Halla.

1) Sampling site : 5 m

Depth N PO, Bx Cat(emol /kg) o EC_ oM dfiiy fgﬁye Porosity ;Z?;i?éﬁt Sand  Silt+Clay
(ecm) (%) (mg kg ) K Ca Mg Na S cm ) (%) @ em® (g em) % (em day ) (%) (%)
10 031 16 007 020 007 015 53 91 443 130 2.39 456 3168 60 40
20 030 17 009 024 008 019 53 97 640 L3 2.45 449 559 62 38
30 032 14 003 017 005 005 54 93 593 L 2.38 445 1584 73 27
0 027 12 005 013 003 009 52 94 344 123 2.30 465 272 59 41
50 015 15 003 013 003 005 52 98 270 L3 2.32 43.1 731 61 39
60 034 11 007 014 004 016 53 & 345 L34 2.39 439 3168 65 35
70 020 19 004 014 004 005 53 93 499 | L% 2.45 449 211 57 43
80 020 15 005 012 003 008 51 9% 416 093 231 59.7 173 2% 74
9 017 10 004 013 003 007 51 94 IsE@dL 48 2.20 55.0 4 39 61
100 013 13 005 015 004 007 53 93 252 122 2.24 455 108 66 34
Aveg. 024 13 005 016 004 010 53 94 417 124 2.34 474 998 57 43
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2) Sampling site : 10 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(cm) (%) (mg kg ) X carh ™o (S cm ) (%) g em® (g em?) % (em day ) (%) (%)
10 01l 1l 004 0Il 003 006 53 98 205 129 2.35 451 634 66 34
20 023 10 003 010 003 006 52 99 302 137 2.25 39.1 950 70 30
30 012 21 004 011 003 006 52 93 28 136 2.22 387 4752 8l 19
0 014 25 003 012 003 006 51 97 338 1% 2.16 417 36 52 48
50 014 21 004 012 003 007 51 94 25 14l 2.41 415 1901 80 20
60 010 16 004 012 003 006 53 95 245 136 2.41 436 3168 78 22
70 020 14 004 014 004 009 53 94 34 14 2.30 374 368 69 31
80 030 9 007 026 007 01l 54 92 48 118 2.1 466 2502 52 48
0 030 15 005 019 006 006 54 9 460 = 106 2.24 52.7 5 4 59
Aveg. 018 14 004 014 004 007 53 95 324 130 228 429 1721 65 35

- 121 -

@ jeju



3) Sampling site : 15 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 010 14 004 012 003 009 54 97 19 129 2.34 449 3168 74 26
20 023 16 004 012 003 010 52 10l 279 13l 241 456 368 73 27
30 009 12 002 010 004 008 52 03 140 17 2.33 455 138 67 33
0 009 15 003 010 004 008 52 W Lo 1y 2.29 402 %04 70 30
50 012 10 003 014 005 008 52 0 272 123 2.30 465 158 6l 39
60 007 5 005 014 004 015 52 8 332 093 257 638 03 53 47
70 010 24 005 014 004 007 53 Gl o4 I 2.41 577 475279 21
8 012 14 014 015 004 016 53 117 205 140 2.41 419 475279 21
0 014 19 006 013 003 009 53 123 247 = 089 255 65.1 0 70 30
Aveg. 012 13 005 013 004 010 53 9 223 L9 2.40 50.1 2839 70 30
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4) Sampling site : 20 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 01l 19 006 013 003 012 53 100 252 172 250 31.2 58 62 33
20 010 16 004 011 003 006 5.1 92 146 120 256 531 752 82 18
3 010 10 008 010 002 012 51 ol 238 132 2.49 470 75278 22
0 017 11 007 015 004 011 53 102 278 L0 2.41 54.4 368 33 67
50 017 10 003 017 004 006 52 93 38 L0l 2.43 5.4 %04 45 55
60 015 17 008 017 004 012 52 100 392 12 2,50 496 4752 64 36
Aveg. 013 12 005 014 003 010 52 B ol Ty 2.48 490 27146 6l 39
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5) Sampling site : 25 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 010 6 005 012 003 008 53 o4 184 123 2.30 465 752 7 2%
20 020 5 007 018 006 012 54 % 381 098 2.35 583 211 51 49
30 025 6 007 024 007 010 54 97 294 088 2.18 50.6 47152 24 76
0 025 8 01l 02 005 018 53 10l 481 0.8 2.36 653 15 35 65
50 024 0 010 021 008 015 52 103 562 08 2.36 636 127 21 79
60 027 9 004 025 009 009 53 126 534 08 2.33 64.8 12 2 78
70 03 9 014 029 012 021 53 1271 602 078 2.14 636 723 7
8 037 8 008 035 015 013 53 104 68 093 2.18 573 20 29 71
0 03 2 006 039 018 009 54 104 78 = 073 2.22 67.1 31 20 80
Aveg. 026 6 007 025 009 013 53 106 501 089 2.27 60.7 993 33 67
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6) Sampling site : 30 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(cm) (%) (mg kg ) X carh ™o (S cm ) (%) g em® (g em?) % (em day ) (%) (%)
10 029 4004 032 008 009 56 92 540 078 2.30 66.1 7 18 82
20 028 2 004 024 006 009 53 o4 402 077 2.35 67.2 10 20 80
30 03 11 015 023 006 025 53 10l 516 08 2.26 63.7 6 14 86
40 040 11 006 023 006 012 53 112 569 08l 2.36 65.7 8 20 80
50 033 10 005 019 006 008 52 109 740 077 2.36 67.4 7 15 85
60 0.38 7006 024 008 009 52 9 71l 079 2.33 66.1 4 18 82
70 044 5 008 028 014 01l 54 114 898 08l 2.14 62.1 3 2% 7
80 033 6 008 029 015 011 586 | 772 0% 2.18 56.9 3 26 74
Aveg. 035 6 006 025 009 012 54 102 643 081 2.29 64.4 5 20 80

- 125 -

@ jeju



7) Sampling site : 35 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 027 14 012 027 009 018 54 165 470 079 2.00 60.5 4752 0 90
20 034 19 006 022 007 012 51 168 644 079 2.15 633 1 0 90
30 033 23 007 020 007 017 50 230 805 078 2.18 64.2 37 9 9l
0 029 20 008 02 007 016 50 200 672 078 2.16 639 9 9 9l
50 031 22 010 021 007 018 50 227 738 082 2.09 60.8 6 0 90
60 033 20 007 020 007 015 50 212 676 083 2.04 50.3 5 12 88
70 034 20 000 022 009 016 51 188 668 0.8 2.33 64.8 328 0 90
8 028 20 012 025 012 017 52 186 697 08 2.09 589 2 19 8l
0 032 20 008 02 012 014 52 180 687 = 08 2.02 559 1 22 78
100 020 19 01l 024 01l 016 53 150 649 = 089 2.24 60.3 3 6
Aveg. 031 18 008 023 009 016 51 171 671 083 2.13 61.2 515 13 &7
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8) Sampling site : 40 m

Depth N PiO;_ Ex. Cat(cmol /kg) o EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K Cop s ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 031 20 013 027 009 018 50 194 702 075 2.10 643 113 )
20 030 21 007 03 009 013 50 196 716 074 2.32 68.1 9 )
30 028 21 016 026 008 022 50 205 725 078 2,14 63.6 12 9 9l
0 026 17 007 023 006 012 49 149 591 084 2.34 64.1 6 1 8
50 025 20 008 024 006 013 50 152 687 0.8 2.23 632 4 10 9
60 025 21 015 025 008 018 51 165 700 074 2,06 64.1 33 10 9
70 021 21 008 026 007 012 51 139 712 074 2.12 65.1 2 12 88
80 024 24 010 028 009 017 52 188 813 08l 2,02 50.9 8 16 84
90 021 22 012 028 009 017 52 158 750 080 2.0 61.7 4 5 8
Aveg. 026 19 010 026 008 016 51 155 712 078 2.16 63.8 19 1 8
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9) Sampling site : 45 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 028 16 009 034 009 016 51 18 557 079 2.12 62.7 3168 8 92
20 035 24 006 030 009 013 51 188 840 078 2.03 616 1 8 92
30 031 18 005 026 006 011 50 149 621 079 2.05 615 9 7 03
0 029 17 009 025 006 015 50 155 570 083 2.04 50.3 0 10 90
50 031 19 010 02 007 015 51 19 65 083 2.26 633 250 12 88
60 035 21 010 030 008 016 51 175 705 074 2.37 63.8 634 12 88
70 032 23 007 025 007 01l 51 189 774 077 2.35 67.2 27 17 83
8 028 21 007 027 007 015 52 197 728 083 2.40 65.4 4715219 81
0 030 23 013 024 006 018 52 204 793 = 083 245 66.1 1720 80
100 032 23 009 042 013 015 53 203 803 073 2.39 69.5 12 18 82
Aveg. 031 19 008 029 008 014 51 18 706 079 225 645 82 13 87
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10) Sampling site : 50 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(cm) (%) (mg kg ) X carh ™o (S cm ) (%) g em® (g em?) % (em day ) (%) (%)
10 033 20 008 028 010 018 52 194 676 079 2.34 66.2 5 8 92
20 034 22 009 024 010 015 53 149 768 08l 2.39 66.1 2 7 03
30 03 23 009 022 007 015 50 152 77 08l 2.30 64.8 5 7 03
0 031 19 006 019 007 020 51 208 652 079 2.40 67.1 125 9 a1
50 03l 19 004 016 007 015 52 193 663 0.8 2.40 658 6 12 88
60 035 22 013 015 008 018 54 194 76l 084 2.37 646 3 21 79
70 031 20 012 018 007 02 54 151 672 090 2.18 58.7 30 20 80
8 03l 19 005 019 007 016 53 164 665 083 2.22 62.6 1584 22 78
0 029 18 005 020 007 016 54 172 608 = 083 2.26 633 79 22 78
100 033 21 006 018 007 014 52 137 721 07l 2.06 655 29 22 78
Aveg. 032 19 007 020 008 017 53 156 696 081 2.29 645 187 15 85
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11) Sampling site : 55 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 028 18 007 031 01l 016 52 176 59 079 2.32 659 10 37 63
20 035 22 007 02 011 018 52 220 76l 076 2.22 658 29 50 50
30 031 22 004 023 008 023 50 205 766 075 2.19 658 9 51 49
0 029 18 007 021 007 014 51 149 628 080 2.13 62.4 10 43 57
50 029 18 007 022 007 016 52 159 625 08 2.38 643 7 69 31
60 027 17 006 019 007 012 52 120 569 079 2.38 66.8 20 50 50
70 026 16 000 020 007 014 52 143 543 09 2.27 56.4 6 35 65
8 028 18 004 017 006 011 53 150 602 L0 2.18 54.1 116 28 72
0 029 17 005 018 006 012 54 124 592 = 08 221 629 5 24 76
100 020 20 005 020 006 013 54 142 675 074 243 69.5 3 24 76
Aveg. 029 17 006 022 008 015 52 159 636 083 2.27 634 21 24 76
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12) Sampling site : 60 m

Depth N PiO;_ Ex. Cat(cmol /kg) o EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K Cop s ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 031 20 013 027 009 018 50 194 702 075 2.10 643 113 8 @
20 030 21 007 030 009 013 50 196 716 074 2.32 68.1 9 8 @
30 028 21 016 026 008 022 50 205 725 078 2,14 63.6 12 9 ol
0 026 17 007 023 006 012 49 149 591 084 2.34 64.1 6 11 89
50 025 20 008 024 006 013 50 152 687 0.8 2.23 632 4 0 9
60 025 21 015 025 008 018 51 165 700 074 2,06 64.1 33 0 9
70 021 21 008 026 007 012 51 139 712 074 2.12 65.1 2 12 88
80 024 24 010 028 009 017 52 188 813 08l 2,02 50.9 8 16 84
90 021 22 012 028 009 017 52 158 750 080 2.0 61.7 4 15 &
Aveg. 026 19 010 026 008 016 51 155 712 078 2.16 63.8 19 11 89
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13) Sampling site : 65 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 031 15 020 019 010 017 55 130 504 08 2.24 612 7 18 82
20 033 16 007 018 010 009 55 110 533 087 241 639 18 27 73
30 03 15 005 016 008 008 55 120 517 08 2.7 61.2 8 33 68
0 03 18 007 017 009 010 55 120 629 0.8 221 629 1 27 73
50 033 17 006 014 009 007 54 100 569 109 2.26 51.8 35 46 54
60 030 15 006 012 008 006 55 100 500 123 2.31 468 5 56 44
70 024 1l 005 010 006 006 55 100 345 106 2.23 52.5 792 65 35
80 026 9 012 009 005 01l 56 100 298 125 2.35 468 264 67 33
0 025 9 013 009 005 013 56 130 294 = 093 221 579 2376 68 32
100 035 13 006 010 006 008 56 120 425 070 2.16 676 128 61 39
Aveg. 030 12 008 013 008 010 55 103 46l 097 2.27 572 364 47 53
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14) Sampling site : 70 m

Depth N PiO;_ Ex. Cat(cmol /kg) 1 EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K cor ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 028 1l 013 013 006 012 54 100 373 106 2.32 543 28 50 50
20 030 12 000 014 006 010 55 100 41 0% 261 636 330 51 49
30 03 15 007 017 007 008 56 100 507 097 2.31 53.0 10 45 55
0 029 15 010 015 008 009 55 0 49 108 2.27 52.4 6 45 55
50 029 13 006 016 008 007 56 0 433 LIS 2.28 432 10 63 37
60 027 10 006 012 005 007 55 100 328 L7 255 54.1 1056 68 32
70 021 6 005 009 004 006 55 100 195 121 2.39 49.4 3168 7 2%
80 028 9 009 010 005 009 55 100 28 084 2.39 649 453 67 33
0 029 8 005 010 005 009 56 110 245 = 093 0.76 66.3 4752 78 22
100 029 8 004 010 006 007 56 110 243 102 2.44 58.2 9504 74 26
Aveg. 028 10 007 013 006 008 55 100 352 L4 243 56.9 1937 62 33
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15) Sampling site : 75 m

Depth N PiO;_ Ex. Cat(cmol /kg) o EC oM dfiiy fgﬁye Porosity iﬁ?;i‘éﬁ Sand  Silt+Clay
(em) (%) (mg kg ) K Cop s ™ WS em ) (%) @ em® (g em) % (em day ) (%) (%)
10 028 9 012 009 005 012 52 120 274 097 247 60.7 950 69 31
20 022 8 007 009 004 008 52 110 254 101 2.05 50.7 504 63 37
30 031 9 005 010 004 007 52 100 29 114 2.45 535 1358 72 28
0 029 7 014 009 004 011 53 100 223 105 2.41 56.4 1056 61 39
50 020 10 006 011 004 007 53 0 329 L5 2,56 5.1 366 72 28
60 021 6 012 012 004 011 53 0 18 1% 2.34 5.6 950 79 21
0 026 7 004 010 004 007 54 120 233 093 2,63 64.6 1584 79 21
80 028 7 010 010 005 012 55 120 228 093 2,68 65.3 4752 73 27
0 029 7 012 010 005 013 55 120 225 @ 08 2.70 69.6 2376 79 21
100 023 5 004 009 004 006 55 0 140 ' 114 271 579 4752 86 14
Aveg. 027 7008 010 004 009 53 106 238 104 255 5.0 1874 73 27
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