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Development of Restoration Technology for Agricultural Reservoir by

Environmentally Safe Inorganic Rapidity Coagulant



H £ H 1A

.l

)

1]

I

20023 %= 5™ 7=/ EA] ol ¢

HER A 105
2. AFRIA T2=A 1

© 1

= B
=

0]
=

11 4

2004

"

B4
et
_&0

ZO
o
!

7
N




g

F

dr

AER AR AZFY

7= A e

Q)
=

1 4

2004

e
B/
i
_Z..#O

=

job

N



J
gl @mg%
~ J.AOM o=
i aATM% R
N —_— H,A,IOEL.r -
% W@ﬂ%mooﬁo WLME
aig) " ,ao_x%muﬂn% ,xﬂﬂ@g
X MH,,WMmdﬂﬂmo] @Mﬁ@ﬁﬁ!ﬂ%dlﬁl
v ?%%mﬂﬂr og?aﬂmﬁ%gn_m?
. L_o el T X ~— =
3 Mm gf%@_m mmwﬁéoﬁﬂ%ﬁ;
%o HE Wy L) & © ~x - Z T
" 7M@&Wm€ ﬂi%u%%@é%%nﬁ
T noaxogmgﬂgmUfgoov%ﬂj%@
o Nior Eﬂ.lﬂéﬂ#mﬂ17
T Jw@aﬁ1o§ﬂ}ﬁlxuftimﬂ
= %@:mhégﬁ ezwg ao%
= io&mn_tu zt}LudEo éu_é%ﬂ#i
i 0 Max HﬂAim%w%anﬂzmﬁ
s of H%ﬂ@ﬂﬂmm}grﬂzogﬁ = 5
;ﬁ Ko W g ST 2 S K Jo % 42 b
- ion__/uLluJ%quv ﬂrﬂmAnATE
= K L HT%WO9%XM§%QH
; %%ﬂﬂ@%ﬂqugwﬁﬂﬂ 4
: ] E mmﬂoTWHoﬂo%Hﬂxﬂxﬁwwo
ad e Hr 5 X o N I i & — e &
= T M;n;;%tmqao;;qﬂi
e o ~ 7nweﬂu]oEMﬂonquro Ho;?%.ﬂa
B i s ~ wﬂﬁolAT%o]%ﬂLa?]r
L 0y wmmmﬁﬁf@mw%mwdﬂ;ﬂﬂaz
W = qo}%}g%wwzgﬁw
v L@aour.ﬂﬂyiowﬂf ST
%urnﬁgao,_g? ?EM%%&. w oo
3 ]n__/uo.#o#oﬂ%ﬁlmﬂﬁﬂmjlduoﬂ%
MM%VJMHUr]ﬂﬂ@ mrﬂﬂ,;ﬁo
zf%ﬂ ooﬂl%ATu_éOﬁdl. utﬂ;uuf
ﬂfnowng%oﬁgﬂﬂ —
ﬂ@.ﬁﬂﬂ%ﬂ%%
.A;O
iorwqq_%wﬂﬁﬂ
HEMWLWTM
H_i\.n_.wo,:AI
m



A7k el vl
e S e A%

S

=

3} (Eutrophication) 2}

PN
=

oF F4A

£

Eas

3}

_/r:
gleh 2 gl o

ol
00
go
®
&L

—

N
)

o

iy
Do
w

.Nro

o
!

w
e
o

i
B2

B
o

B

o &2l

&l

AE Zobel mhet i AL

SEREEE]E

ole} b=,

el

o

ATAE HE R §

II.

ay

giel

(1) 12}

ol

o ¥AEAFA B B4R A9

o

WA 2~ 818 pilot o2 A 2}

givl

(2) 22}

o 1A o] Az | AN A

o
H

el

Jo

o
r

3

ol

A=A e 7l

I~
T

A

]

GO U8

[e)
U

o A x} o A A1) (Bio-Fan) A X



3|
A

A

31.85mg/ ¢ ol

i whetel =

-

.

I 1,349m'e] ¥ 2 A4y

oz <l

T-N AA

g]
ATt

A

bl

fes ]

].

3] 0.100mg/ ¢ &&= A

°

S

719
S
HATH T-Po] A A&o] v

ki3

5984m'S A A
o] FA7F 048mol A 0.27m=E srols o).

12.14kgo] itk T-P A A
B A A 2~ Hl o]

-

1

[e)

=

A2 = glo] 65.12%2] A7
5]

S

[e)

.

1

&l 3=

9

(3]

=

o 44.33%¢ll

5]
A 11.11mg/ ¢ = A

AAE
o 3}314 (Algaecide)
of A7 W& % W7k HArh
AT LA T
Ay
v T-N A A&
o 3.33mg/ ¢ ©]
Ao 97.0%<] AAE

==

ATFALT 23 #H &g o
K3

1.

V.

= o A
¢ BEE
Lo
;OE R o~ —
o) =K i -
o omow
= W
] N B
4w Z o3
O
o oI
A ok K
< {F © |
B A of
¥ T ® L
o3 = KN
g ) )
S o o w
] o)
o Bo M
)
i
2 T
) N s
€3 oo op ™
o = M
_ = O i
o]
%0 ¢ u
B wm o e
H T
T o H T ow

FEol Rk el %

Fdch 22]a T-N 3 T-P ®ig}e]

°

A



~
;OL

| A&
Y = A Al

bl ol ot

B
T_
N
, T
P &%
==
] 3

=

qy%ﬂ.ﬁ
A

4

Q]
=

FAAE o

Zg ﬁ_}_:

s

A Aol €]

B

el

A

)

a8
Hq, Az
ZA|

l

=

<)

s Aot

—

LO#

n| A&
EAAE T
=0]3
2 SFA]

el
__o.._

}

o 3
.88 o

A}
EEERE
=)

v

o =%
4447} o
o

=

o

A7} et

ol

o] 7
35
T A E
A e
o Sz A
57 o
2t

=
= B2 A

114

9]

910

o

, 357
_?4

=]
bt

H

|74 A A o] Tk

A=
22
ol o
o7

H

2

;.oE

1

o
S AR
ol A

el

s
;01_

<
)



Summary

I. Title : Development of Restoration Technology for Agricultural

Reservoir by Environmentally Safe Inorganic Rapidity Coagulant

II. Objectives and Importances

If the amount of rice import increase in the present trend of declination
of it's consumption, all our country’s agricultural industry may be faced
with crisis for bankrupt and our farmers’ pride of their occupation will
crash to the ground.

In earlier times, Japan depended their agricultural industry against
increase of the amount of rice import by improvement of rice breeding for
the taste of their people and governmental effort for high yield. Superior
quality of agricultural water contributed much to the Japanese effort for
protecting their agricultural industry.

Agricultural reservoirs in our country are about 18000 sites and all of
them are aged over 50 years, that is, developed after the year of 1950. The
characteristic of reservoir is stagnation waters in a site for a long time.
Therefore, the water quality of reservoir may be deteriorated by continuous
inflow of pollutants over self-purification ability. This phenomenon will be
accelerated by reservoir’s stratification. Though organic compounds flowed
in as pollutants by long time self-purification, inorganic compounds,
nutrients for algae synthesis and propagation, will be accumulate. As the
results, various algae species which cause odor and taste of water and if

these algae species die, they deposit to the ground of reservoir and will be
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decomposed to nutrients such as nitrogen and phosphorous by which other
algae species propagate. Water quality of reservoir will be more and more
deteriorated to useless site by these circulation. Such phenomenon is called
"Eutrophication’. The direct effects of eutrophication of agricultural
reservoir to agricultural industry are reduction of vyield and quality
deterioration of the crops and in view of these facts, domestic rice
production will be withered. For the competitive power of domestic rice to
the imported rice, It is required to produce rice of high quality. Because
competition against other than agricultural part to secure water requirement
will increase according to advancement of national economy and progress
of manufacturing technique, this research was necessary to secure water
resources for development of agricultural industry. Furthermore, because of
the trend of increase of rural community which has difficulties in shortage
of drinking water and agricultural water in the summer season every year,
researches for water purification such as settled sediment and dredged

sediment of agricultural reservoirs are more required nowadays.

IM. Contents and Scope

The core of this research is restoration of contaminated agricultural
reservoirs by environmentally safe and natural inorganic coagulant. The

annual contents of research is as follows.

(1) First year
m  Quality analysis of water in the agricultural reservoirs and
settled sediment by physico—chemical technique
m (Calculation of water volume in the agricultural reservoirs and the

amount of settled sediment



m Development of pilot facility system required for restoration of

reservoir

(2) Second year

® Production of finished product of facility system after discovering
problems in the pilot facility system developed in first year and
established at the actual spot of reservoir and their adjustment

m  Understanding the possibility for restoration of reservoir by
establishment and operation at the actual spot

m Examination of function and possession for agricultural reservoir
by installation of Bio-Fan

® Find the method for water purification by input of chemical and

biological materials

IV. Results and Applications of Study

1. Results

We operated the facility system developed by our research group for
restoration of contaminated agricultural reservoirs at the serious polluted
site of Chil-11 reservoir in Siheung city by recommendation of Dept.
KyungGi-do of Korea agricultural and rural infrastructure corporation. we
removed 598.4m’(44.33%) of settled sediment from total volume of 1,349m’
as the water in reservoir as it stands. The thickness of settled sediment
decreased from 0.48m to 0.27m after this operation.

We reduced total nitrogen concentration(T-N) which is the souce of
eutrophocation from 31.85mg/ ¢ to 11.11mg/ ¢ and removal rate was 65.12%
by the system of restoration of contaminated agricultural reservoirs. The

ratio of the amount of T-N removal to the amount of dredging was



12.14kg. The concentration of total phosphorous(T-P) was 3.33mg/ ¢ in the
settled sediment before dredging and it was reduced to 0.10mg/ ¢ (the
removal rate was 97.0%) after operation the restoration system. The reason
of high removal rate of T-P was because the combining force of coagulant
we used was very high to phosphorous(P).

The results of operating secondary pollution protection facility(Bio—Fan)
for converting the stagnation water area to circulating water regime were
that the condition of stratification was changed to the condition turned
over in the reservoir, which we confirmed by the indices such as pH,
temperature and concentration of dissolved oxygen(DO).

when we inputted the chemicals which kills algae and other
microorganisms in the pilot reservoir reaction system, the purification by
algaecide resulted in concentration change of transparency, suspended
matter, turbidity and chlorophyll-a in 6 days and after about 15 days,
transparency growed worse and blue moss species growed at the surface.
Then, the concentration of T-N and T-P were not changed. But, they
reacted negligibly to microbial cleaning agent in the earlier times and after
17 days concentration change of transparency, suspended matter, turbidity
and etc. brought about purification of water with reduction of concentration
of T-N and T-P.

In ordinary, algaecide resulted in fast effect of water purification but
water quality got worse after some degree of time. The microbial cleaning
agent resulted in relatively slow effect of water purification but the status
of purified water lasted longer than that of status by algaecide. The other
side, control reacting system in which we didn’t input algaecide or
microbial cleaning agent resulted in better effect of water purification by
mild shaking of reservoir water than that of algaecide. This results
suggested that Bio—Fan alone would be sufficient for water purification of

agricultural reservoirs.



2. Applications

Because the agricultural reservoirs in our country were very old ones,
most of them may be deposited settled sediment. Restoration of reservoir
would very difficult as long as the settled sediment exists. Dredging is the
only method for purification and restoration of water. In the past times,
they executed dredging after drainage of reservoir water and then filled up
water in the reservoir. In this case, because of destruction of ecosystem in
the reservoir, the self-purification ability would be reduced and
rehabilitation require much time and eutrophication would be appeared.
Therefore, this method is not environmentally safe and not economically
effective. In the result, better method for purification and restoration of
agricultural reservoirs is dredging with non-drainage. It is required that
government be interested in this non-drainage method. We hope that after
restoration of reservoir, operating secondary pollution protection
facility(Bio-Fan) would supply more clean agricultural water and rural

community and people’s quality of life would be improved.
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2-2. A & 9] A3} (Sediment oxidation)
HAEZ AFA oA FUddF oo & 9 s LI/ o
off HHHW, 7|4 FHAAN HAES B & A AFE &

| [e]
ovf the @ WY HARS o] 19 we R $EAUG. 7

i

A3l o) B Lo L 8
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3-3. Biomass &% 74 (Reduction of the biomass concentration)
NG Fs Aol Biomasse 1x4 AAbE 2 %9 42 (Grazing) Rt o
zod ol #7IEH F sFo IFH 1R8N - /Ui
(Detritus) — 71317 =, HoldHf o wghol] odtt= AS vt 1

Zla A= o ol A

g A el ek
ZHE=(d: @3], do)o 4w I 44 &(Grazing rate)> <7t

o

=
AeEe] AT SR wF AAsfoF gk o] Wl o3k AA
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2-2. AgA FAZA S
e REYAFA = Ftow B ou w9 Ba] oA uighe] & uj=
v WAlE =2 Ao FAxA 352 o33 2o 2, pH
value, &&4FA&(Dissolved Oxygen), ™ %= (Transparency), Hx
(Turbidity), &2 (SS), ststAata a7 (COD), &34t
Z(BOD), &2 =49 -a(Chloropyll-a), %424 (Total-N), %< (Total-P), &
71 =% (Conductivity), <78 =(Alkalinity), <%%Ff-%&(Evavoration

Residue), 7 =(Hardness) & 167] & &o]t}.

FAES PR FEITE, FAE g A FUIETH, HAA
Yy COD, 284 % Z9 59 12/ &, gl 127) &9 S5

I
= hl
Tob HAAY] dmgAdel 24 el HAo

29 F¥ A=A 2003 39 ~2003 49
- AeA sd 2 2REAF 020039 39 ~20039 64

AF 12003 59 ~2003 6¢¥

[
A
2
il
X,
2,
g
to
2
k1
N

3. AlEAHAH AA

ZAA AL [27 5lel A hAHAFAQ] B9 C12'7 B13' 27] A F €]
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4-2. 7 9 EFIAEANE
27 9 SHIAEZRAIE 3% AlRe AFIAFAA FHEHS 96
AF 3 B 100meol Lugol &0 2 ®E X dte] Ice Boxol Yol A¥
A2 Fukekglth

4-3. FMAAYA =

A Y FolxlY 7] (Core Sampler[18 6)& FAREAL 3 A7)

A Ho A 33] o] AAE AF st 7} Alm oA

2% @tk WEARE UUEE
%

2 FEA
AR kst 9o AYsE o

3 FAARHEEIRARDE Core SamplerE AF&siA AYUZS A3 F A
FaA2 utsle] P ES [29 7] Zo] oz MY HEE 7V
To® st AR, TEFQ), (3)e 3/ T om FRA AN
AEE At FASAH. @A, HAAY ARFY F7] - F1EY
St T4 5 28 JdETAAE 4357 984 & Ekman-Birge?)
AU 7I[AF 212 AFSt 22 & o] EH2b~H Boxel wol Ice Boxel
Hol Az 2Nkety
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[ 10] &2 9wA ol e AU
¥ = A 27171
~Temp.(C) A4=4 Thermister(SK-110TRH)
-pH value A5 pH meter(TOA-12, Japan)
-D.O(mg/ 2 ) A5 D.O meter(YSI 51-B, USA)
~Transparency(cm) A5 Secchi disk
~Turbidity (NYU) Nephelometry Turbidity meter
(2100AN, Japan)
-SS(mg/ #) Gravimetric analysis -
-COD(mg/ ¢ ) permanganate reflux -
-BOD(mg/ #) 5 days incubation -
~Chloro-a(mg/m*) Acetone extraction method
~T-N(mg/ ¢ ) AL A FF = UV Spectrophotometer
(Shimazu, UV-1200)
-T-P(mg/ ¢ ) Ascorbic acid Spectrophotometer
(Shimazu, UV-1200)
—Conductivity Conductivity meter
(ms - m™)
(TOA-CM-40V, Japan)
-Alkalinity(mg/ ¢ ) Neutralization titration -
-Hardness(mg/ ¢ ) EDTA titration -
-Evarporation Gravimetric analysis -

Residual(mg/ ¢ )

- S a5 (ng/2) AAs(Perkinelmer)
52 HAAY LAE 24
AFE HAAYo| sk 9% w42 [X 1119 22 UyHe=z 74

& et
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o D.O: HgAFAY DOsEE 38 27dol+= 10.3~10.6mg/ ¢, 49 104
o= 11.9~135mg/ ¢, 5¢ 13¥+= 98~142mg// = SAFAJT &

FolAH DOH2 Bolsth ol& FxrMe F2o] FolAH FFA
gol T7t=7] " DOEE7F Folxl 7] witolth

o Transparency : HHAH o2 FHEE 32~40m=z SAH A=Y o=
[ 13, 14]¢F vlus) & of HYAFAs H9 <3 (Eutrophic) % ©l

}21 Hypertrophic(% &3t} =520 Ao 2 el

o]

[ 12] Ao 284 4220039 39 ~54)

. s pH |TEMP| DO [Ters | Twtl | 85 | C0O0 | BOD [Chlca| T-M | T-2 | Cond | Ak |Hard.n | Eva.R
= T WD [fmed @) fewd | iU Ddwed 80 | el 8 || (et @0 | Ceele] | Gt 8 ) | (el @ ) [Rengafond] (mel @ ) | Gmef @) | dued @
%;{__’,Efiﬁ SRTAE [ e | 192 | 26 | M | 324 | 825 128 | &84 | T332 [ 1024 | 004 | 033 | TTE2 | i3 |12
% LB
AEonm SRR [ L& | 1BE | 28 R |20 | = 124 | 822 | 880 | 873 | 007 | 024 | 772 | 123 | 2007
SRITE | a4 02 [ 124 | ™ o0 | 70 | 823 SEESD 1582 | 1136 | 023 = w0 el -
_:‘: 2 Ao | 908 | 13z | 28 | a2 | 142 | a2 | 804 | T2 |seTo | 880 | o7 | 020 | 502 | S04 -
FETFR
sgiag|ax |2 | e | 0 |08 | e | 22| 572 | Mo | 865 | 004 | 033 | 7R3 | 625 | 1905
= TE = =
3uITg | o4 106 | 2 | 40 8s | 88 | 80T | o] 1864 | 1085 | 036 85z | sy
% 5 4210 | s | 122 | e | = 134 | 130 | o2 | BT | &1 | 1388 | 041 | 038 | 847 | 138 -

FRRAY S | 24 | 200 28 285 | 53 07T | 538 | Ti3 | 1025 | 40 | 032 | 722 | 126 | 1767

SHI2OE &3 | 21T | U5 46 | 708 | 1134 | 1082 | 013 | Q30 | TR | N7 186

X L3

¢|n|n|a
8
B

& S8R | 23 122 3.5 283 g e | 564 | 74 | 873 | QU0 | 033 | TR3 | 126 | 225
3 4
JWER | Brs 1548 142 188 1T | 1TH Sg':.'-D 4733 | 820 | oTE e 1200 | 1o "
ezt 4Eo | 3 132 135 ad | ZE0 | Zr 102 | 283 | 1126 | 098 | 38 | 1154 [ 163 i

SETIE | a6 231 42 63 | 704 | 1045 | D45 | 013 | 24 | 804 | 0@ | 3083

o
4
8

(BT | 7.08 | 1142 | 824 | 044 | 024 | TH3 | 0O | 3837

3
5
&
&

A B | SRIAE | B8 | 232 | M2

[# 13] 2R A(T-N), Z(T-P), 22T -a%3 Fyio <3 J&w AAgunl
Trophic state <1;rg/1j> @5 ) Chl?;(g)/pgu i D
Oligotrophic 0.4 0.015 3 4.0
Mesotrophic 04~0.6 0.00.015~25 3~7 25~4.0
Eutrophic 06~15 0.025~0.1 7~40 1.0~25

Hypertrophic 15 0.1 40 1.0

KA A A 9.72~13.88 0.10~0.36 16.8~113.4 0.3~0.4
N A FA 9.24~18.38 0.13~0.76 47.3~114.2 0.32~0.34
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2o] FolAW Fmz-

= da
[ 13]7% H] Frw A AR = B

7 A 2 RAYAFA A A 9.24mg/ ¢ ©F 9.72mg/ ¢ 2 JEFU AT
Fstel FHA7|FEA 0.6mg/ 2o vl 1548 =A HERH A
TR o] W wZE USF FASHA Aebal uigte] EW o4
A 222 A AL A& o W drolrt Ha gl HE A sHAY]
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AYZzZol(em) |65 6.0 30| 40 50 50 [140 50 40/85 160 90| 10 15 6.0
(15.5) (14.0) (23.0) (33.5) (34.5)
BN 5z = %33 3 37|85 3 3|3 5 57|35 37
A% o o F| F 3 A |F B BlF B | T % =
* AUZ FHo| A A1 osilk, TYH2 : sand, 33 ¢ clay= 2 v gk
FYT +5D3)2 vy & a5l AAAH FAAEUY] WA A
Fol= Aasoez FAAHANJL, FEHL3) FFSAE 2 HA3F9]
AU Y=o AYeE 2GRN Y FEFAINA A v A FAE
= gAsta AT
3-2. AHAYZ] &4
HAAYFe AR, wA el g pH ¥ 2F5¢ CODmng %743}
AR £ JFIF FES VHE BAZ 2E TN} T-PY FFS
Z=A3lo] [ 19]o] e AT
[3 19] - AYZ pHe 3559 29 %
Ay KA A5A N B A A
= K| 3 b I
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Qs | ° (717 | (731) | 7.24
& | 620 | 606 |670| 654 | 621 | 6.34
- J7F | 657 | 6.48 |6.77] 6.66 | 6.61 | 6.62
b A [ 743 | 744 [ 746|719 | 701 | 7.31
Z | 556 | 650|640 | 598 | 645 | 6.18
A= ° (769 (793 | 7.84
3 | 609 | 583 690 677 | 684 | 6.49
J7F | 6.36 |6.59 6.92]6.65|6.77 | 6.66
ERE T-N | 298 | 259 | 398 | 405 | 40.8 | 35.4 | 42.83| 3355 | 38.19
(@A EdR=) T-P | 0296 |0.200]0.189] 02420191 0.22 | 049 | - | 0.49
mg/ ¢ CODmn| 375 | 552 | 51.3 | 349 | 25.7 | 40.9 | 396 | 396 | 39.6
£ () A-F-E ERAR
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[% 20] ©14944Y 9 CODsed, TKN, T-P 3=

R XE KA A% mg | RAATA
T3 B8 L8 D3 N5 L3 c12 B13’
AEZ 1851 209 | 244 | 179 | 26.9 21.7 125 12.26
CODsed(ng/g) THNZF 169 | 389 | 269 | 26.3 | 255 | 26.9 (A=A 5)
355 491 | 205 | 244 | 232 | 21.1 27.7
g 2821268252 (225|245 | 254 12.38
AHEZ 1,167 (1,213 2,317 (1,460 | 1,799 |1,591.2 | 1,727 1517
TKN(ne/ke) %‘G‘:‘% 1,189 1,573 (2,473 12,393 | 2,011 | 1,927.8 (A=A 5)
SHE-& 1,472 824 |1,5801(1,028|1,175(1,215.8
g 1,276(1,203| 2123 {1,627 (1,662 |1,578.2 1,622
AHEZ 0.34710.339 | 0.530 | 0.426 | 0.573 | 0.443 | 0.371 0.329
T-Png/g) %‘G‘:‘% 0.38710.28310.713 ] 0.763 | 0.485 | 0.526 (A&E=A5)
355 0.28310.169 | 0.278 | 0.294 | 0.384 | 0.282
b 0.33910.264|0.507|0.494|0.481| 0.417 0.35
* ARTE D FAR ALE
HHAUZ §71238S votsly] 98] CODsed® A 73
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[3% 21] E AU FaHETF (9 %)
Ay KA A A 7] A A
HAHAHYAI R K o
23 BS | L8 | D3 | N5 | L3 C12 B13’
A | 759 | 694 | 59.7 | 656 | 54.1 | 64.9 692 686
—1—63‘:' = =
1; % | 806 | 686 | 554 | 587 [ 59.0 | 645 | (A=A =A)
f) at 66.2 | 74.7 | 62.1 | 649 | 67.7 | 67.1
_/L\_ (o)
‘:'] g7 | 742|709 |59.1|63.1|60.3|65.5 68.9
A
o |zna=| 4 | 672|608 [ 580|585 | 335 | 55.6 547 529
z = 785 | 61.9 | 53.0 | 481 | 500 | 58.3 | (A=A=2A)
w1 | & | 552 | 600 | 521 | 538 | 529 | 54.8
(%)
qF |669 609 |54.4|535]455]56.2 53.8
(& 220 HAAUFY F2EFEY (9] : me/k)
% g5 e
A2 A Cu | Cd Zn | Cr | Pb™ | Al Fe As | Hg (%)
1 B8 29.09 | 0.18 |133.64|10.78 | 70.57 | 17,219 | 6,699 | 2.46 0.23 38.5
2 L8 31.33 | 0.15 [13898|13.01 | 28.13 | 18,333 | 6,111 | 2.24 0.20 35.2
3 D3 2959 | 018 [12052| 7.80 | 26.76 | 18,079 | 6,283 | 1.87 0.32 34.9
4 N5 2891 | 017 11721 931 | 2717 | 17,428 | 5560 | 1.82 0.23 30.4
5 L3 26.61 | 0.10 [107.08|10.27 | 24.14 | 17,691 | 4973 | 1.98 0.25 26.8
o 29.11| 0.16 |123.49|10.23| 35.35 (17,750 | 5,925 | 2.07 | 0.25 33.2
6 B’'13 2714 | 0.04 |12290|11.85| 25.66 | 21,662 | 6,093 | 1.91 0.28 314
c'12’ 2721 | 051 [113.27]13.18 | 24.74 | 19,061 | 5434 | 2.14 0.19 30.8
3 27.17| 0.28 [118.08|12.52| 25.2 |20,361 | 5,763 | 2.03 | 0.24 31.1
x A ANE A)E
o3 R Az 2 oW, BAAY Folx fAFEEo nEE
FEEo] &S & 4 gd=d [F 2317 vusiEd Y AFAY
AEE F2Hg) g% 0.24mg/kgS 712 (0.06ppm) H.tF 40| = =0}
ME BEgow #gd 5 fE Ao ek 1y #45e
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[ 27] AFA H&A ST o3 FAHE A4t 4
Fal Ho A ) 3 4 (m') .z}
Yl [0 EE 9 Ezer e =]e A zen ]

No. 1| 80.00 19,670 - 219,670 9,835 - A 9,835 -
No. 2 | 81.00 35,462 4,002 A 31,460 27,566 2,001 A 25,565 1.0
No. 3| 82.00 45,129 14,284 A30,845 | 40,2955 9,143 A31,152.5 1.0
No. 4 | 83.00 59,227 21,340 A37,887 52,178 17,812 A 34,366 1.0
No. 5| 84.00 71,896 32,961 A38935 | 655615 | 20,150.5 A38411 1.0
No. 6 | 85.00 89,438 79,027 210,411 80,667 55,994 A24,673 1.0
No. 7| 86.00 108,864 101,577 AT 287 99,151 90,302 A 8,849 1.0
No. 8 | 87.00 122,832 115,761 AT,071 115,848 108,669 AT179 1.0
No. 9| 88.00 159,729 138,556 A21,173 | 141,280.5 | 1271585 | A14,112 1.0
No.10 | 89.00 177,048 151,862 A25,186 | 168,388.5 | 145209 | A23,179.2 1.0
No.11 | 90.00 199,166 165,340 A33,826 | 188,107 158,601 229,506 1.0
No.12 | 91.00 225,115 194,659 A30,456 | 212,140.5 | 179,999.5 | A32,141 1.0
No.13 | 92.00 252,640 222,883 A29757 | 2388775 | 208,771 | A30,106.5 1.0
No.14 | 93.00 275,860 255,772 A20,088 | 264,250 | 239,327.5 | A24,922.5 1.0
No.15 | 94.00 302,702 286,776 215926 | 289,281 271,274 A18,007 1.0

[ 28] 18 HAAGE gotalr] A A5 WH FHE

€ A(m) 7484 (1r) vl Al

Yl x[w a]zer|e x]z 8] zor

No. 1 - - -

No. 2| 27,566 2,001 A 25,565 27,566 2,001 N 25,565

No. 3| 40,295.5 9,143 A31,1525| 67,8615 11,144 AB6,171.5

No. 4| 52,178 14,812 A 34,366 | 120,039.5 29,956 A90,083.5

No. 5| 65561.5 | 27,150.5 | A38411 186,601 57,106.5 | A129,494.5

No. 6| 80,667 55,994 A24,673 | 267,268 | 113,100.5 | 2154,167.5

No. 7| 99,151 90,302 A 8,849 366,419 | 203,4025 | A163,016.5 [THA 4=

No. 8| 115848 | 108,669 AT 179 482,267 | 312,0715 | A170,195.5 |3 *:1,695,311m’

No. 9(141,280.5| 127,1585 | A14,122 | 6235475 | 439,230 | A184,317.5 |=¥):1,371,138m'

No.10[168,388.5| 145,209 | A23,179.5| 791,936 584,439 A207497 |5 ()3 A324,173m’

No.11| 188,107 | 158,601 | A29506 | 980,043 743,040 A 237,003

No.12|212,140.5| 179,999.5 | A32,141 |1,192,183.5| 923,039.5 | A269,114 |A324,173m’

No.13|238,877.5| 208,771 | A30,106.5| 1,431,061 |1131,810.5| A299,250.5

No.14| 264,250 | 239,237.5 | 2249225 1,695,311 | 1,371,138 | 2324,173 |59

No.15| 289,281 | 271,274 | A18,007 | 1,984,592 | 1,642,412 | £342,180 |4 %:324,173m’
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=3 1/1,200 A Aol ok KA AgA= 3= dAder Hx
S5 BAl 404, 3814, 374, 38-2%, 703%, 36-2%, 56-2%, 39-2%7}
SAATE AA= AA shdel A" =27 Aol A sk
Aarl RAZATAZ AT FAdd =2 Ayl A3 e
AFA = 32724, 332/ % AFHo] A2 SHo] Hojgldlon AA=
A= EAsa vy ASEwy) vas)e o 70257 A5 KA
Aol EFEHEA A WA 54-14, 53-117F FHA @A F
5 A Aem AHNeH d FiFe] ¥ SHHASSE 4 5 3
ok EF AFATE HEoAUA B EXolgo] BT How e
ct.

4. drs LA 7GR

R R R R = 544 AdFF 60%
o]’de] 6dolA 98 Atolel] HFH=dH, AYAFAE FHAZR 7
23 Ao RS BAT A3 200149, 20029 2T 69 ~92 74X
Bt 20Ce)de] 712 Yetda, 4922 20019l = 69 ~99 74
At 144.7~469.7mE e AT 200230l = 49 152.7me] HFS-E
B, 78 ~8Y97MA = 257.8~487.3me % Z+%S Bvh 20034
490 182mE Hol7= dte] HAdoz B w HAAFAE 49~9
A7A] AgA ] fgn o] WA whEE Ao g olt
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(% 20] FABZ29 AelA5A FT7) &3} 35

'02. 1. 1~12. 31| 19 | 2¢ | 3¢ | 4¥ | 5¥ | 6¥ | 7¢ | 8¢ | 9¢ |10€|11€|12¢€

Bt 7] -041 04|62 127|164 |21.0 |24.7|23.7|206 |116| 2.7 | 0.4

'03. 1.1~ 6. 8/ -40] 07| 53 [124|188

75 A ()
SR 318 | 32 | 357 [152.4| 77.0 | 52.0 |257.8|487.3| 313 | 738 [ 12.2 | 17.2
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[ 30] KAEAFA ] HAS AFE6t7] 913 SZFF3E4 (m)

X# YA 773 XA YA 773
186320.8184 | 433649.7159 0.0000 186649.4786 | 433518.7111 0.0000
186319.5293 | 433649.0829 0.0000 186650.5298 | 433525.2410 0.0000
186313.6640 | 433649.4512 0.0000 186649.4404 | 433529.0329 0.0000
186311.1434 | 433649.9673 0.0000 186642.3450 | 433540.4361 0.0000
186308.0067 | 433649.4913 0.0000 186631.4657 | 433551.7046 0.0000
186309.4896 | 433626.9012 0.0000 186615.3965 | 433565.3285 0.0000
186316.6263 | 433613.3513 0.0000 186594.3117 | 433581.7060 0.0000
186327.6446 | 433595.7734 0.0000 186585.0756 | 433590.3712 0.0000
186332.2738 | 433588.8425 0.0000 186575.0971 | 433600.0416 0.0000
186344.8400 | 433565.8412 0.0000 186564.7642 | 433611.5418 0.0000
186349.5021 | 433555.4812 0.0000 186557.2438 | 433621.2695 0.0000
186355.4776 | 433539.9336 0.0000 186550.9691 | 433632.1956 0.0000
186357.1537 | 433533.6671 0.0000 186520.6329 | 433683.1102 0.0000
186362.2154 | 433520.0333 0.0000 186508.4449 | 433688.8225 0.0000
186368.5095 | 433511.2129 0.0000 186504.9190 | 433689.0800 0.0000
186377.4007 | 433502.2652 0.0000 186497.3397 | 433691.1517 0.0000
186397.4249 | 433486.8341 0.0000 186497.8599 | 433691.8105 0.0000
186427.9837 | 433469.7553 0.0000 186484.9070 | 433701.4007 0.0000
186442.6101 | 433464.9911 0.0000 186481.9919 | 433703.2327 0.0000
186459.5683 | 433463.2347 0.0000 186459.0287 | 433684.0359 0.0000
186469.1670 | 433465.3448 0.0000 186447.6795 | 433674.4293 0.0000
186473.8104 | 433468.1384 0.0000 186433.2100 | 433666.7739 0.0000
186474.4668 | 433469.2674 0.0000 186428.0409 | 433661.3354 0.0000
186479.5058 | 433469.9084 0.0000 186419.1663 | 433653.8606 0.0000
186483.7598 | 433469.9073 0.0000 186403.9828 | 433643.3244 0.0000
186494.2964 | 433473.3946 0.0000 186401.4224 | 433641.5171 0.0000
186514.9745 | 433479.9792 0.0000 186395.2161 | 433638.3961 0.0000
186533.4351 | 433486.0009 0.0000 186385.8320 | 433635.4747 0.0000
186545.4823 | 433490.6701 0.0000 186372.6618 | 433634.0676 0.0000
186554.9596 | 433494.2240 0.0000 186363.0391 | 433635.3541 0.0000
186564.5489 | 433497.0261 0.0000 186353.3244 | 433637.2940 0.0000
186578.1683 | 433501.3306 0.0000 186339.5160 | 433640.9271 0.0000
186591.5489 | 433505.2245 0.0000 186321.6715 | 433648.0052 0.0000
186612.6110 | 433511.7175 0.0000 186320.8184 | 433649.7159 0.0000
186633.9532 | 433515.3774 0.0000

« WA 45538.6982m'(13,800%), Eelde] @ 912.3242m
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[ 31] A AFA o] HAES =87 93 S5

XA YA z3
186410.7724 433431.999 0.0000
186392.9151 433439.9563 0.0000
186370.8923 433452.2256 0.0000
186348.1127 433466.7089 0.0000
186347.8063 433465.0873 0.0000
186344.4249 433462.5901 0.0000
186342.7910 433453.9417 0.0000
186344.0681 433449.4465 0.0000
186347.5781 433435.7417 0.0000
186346.3999 433426.8394 0.0000
186356.2295 433415.1898 0.0000
186375.4984 433402.2642 0.0000
186388.4284 433397.2512 0.0000
186398.8565 433402.3942 0.0000
186406.1998 433411.6454 0.0000
186411.9817 433415.5933 0.0000
186417.8882 433424.0518 0.0000
186410.7724 433431.9990 0.0000

Al 1 2747.0589m'(832%), E@lZ o] : 217.9463m

RAYAFA gde 4T F DAAAFAY SFAE RS
thAl AAs] 22 Wyor AAstY A AFA Y] U= 217.9463m
[, AFA WAL 2747.0589m = AHEH AT 7] S

ofre Az WHEA L 2AEF A AFAFAY v 9
[©)
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[ 32] DA AFA ] - HAAYZS 2o
S84 A x4 (m) y 4 (m) T4 (m) [EA 5z ol(em)| ALl (m)
1 186384.8046 | 433406.2466 1.5 18.5 1.685
2 186373.9028 | 433412.5856 1.5 18.5 1.685
3 186364.3884 | 433417.3398 16 18.0 1.780
4 186404.4280 | 433419.7169 1.7 17.5 1.875
5 186384.2100 | 433423.7778 1.5 195 1.695
6 186357.1535 | 433426.5511 16 18.0 1.780
7 186370.4340 | 433432.3949 1.7 16.5 1.865
8 186378.3626 | 433431.8006 1.6 16.0 1.760
9 186405.2208 | 433430.8101 1.6 18.0 1.780
10 186353.5857 | 433440.9128 11 15.0 1.250
11 186358.6402 4334444785 1.5 17.5 1.675
12 186377.3715 | 433445.7661 1.3 17.0 1.470
13 186361.4152 | 433453.4917 0.9 15.0 1.050
14 186346.6481 433458.3450 0.8 17.2 0.972
[32 33] REAAFA 4 - HHAYT 2o
SAAA| xd(m) vy (m) T4 (m) | ¥ A5 (en)| AAZL o] (m)
15 186452.3679 | 433480.1395 14 12.5 1.575
16 186517.8139 | 433487.1959 1.8 16.5 1.965
17 186429.5801 | 433492.4300 1.5 21.5 1.615
18 186462.9480 | 433491.7974 1.3 12.5 1.425
19 186500.0901 | 433491.9856 16 155 1.955
20 186394.1572 | 433502.3174 1.6 10.5 1.705
21 186503.7976 | 433500.7516 19 16.5 1.965
22 186550.0966 | 433505.4509 2.1 155 2.255
23 186455.9850 | 433510.1428 1.8 155 1.855
24 186429.5801 | 433521.9815 1.7 19.0 1.690
25 186484.5602 | 433519.5415 1.8 23.5 2.035
26 186486.1879 | 433522.2526 1.8 25.5 2.055
27 186438.2612 | 433528.9401 1.7 22.5 1.775
28 186517.4522 | 433532.3817 2.1 15.5 2.255
29 186411.9714 | 433540.3638 1.8 18.5 1.835
30 186457.6909 | 4335424774 1.8 23.0 2.030
31 186591.3988 | 433542.1608 2.7 215 2.975
32 186600.1685 | 433540.3900 2.8 21.5 2.915
33 186365.1299 | 433549.4010 16 16.0 1.760
34 186408.8065 | 433553.3773 1.8 18.0 1.880
35 186429.1527 | 433549.8528 1.8 16.5 1.865
36 186464.2017 | 433546.6345 1.8 22.5 2415
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= x% (m) y&(m) FAm) |HA55F7(em)| A A2 ol (m)
186557.0321 433548.7124 2.7 315 3.015
186575.9868 433550.4822 2.6 34.0 2.940
186599.2824 433549.5968 2.8 27.0 3.070
186448.8290 433556.8465 1.8 18.0 1.980
186532.9384 433551.4563 2.2 215 1.415
186397.6790 433564.3887 1.7 18.0 1.880
186420.0147 433567.4613 18 165 1.965
186461.1271 433566.4258 2.0 215 2.215
186497.8726 433566.0981 2.2 375 2.575
186585.3770 433567.3912 2.8 335 3.135
186569.1669 433574.8272 2.8 20.0 3.005
186363.2261 433580.2037 16 175 1.775
186382.6680 433585.7164 1.8 155 1.955
186392.3438 433582.5534 1.7 18.0 1.880
186405.7271 433579.6615 1.8 16.5 1.965
186428.6053 433581.3786 18 16.0 1.960
186511.7049 433581.8858 2.6 335 2.935
186353.1951 433595.1268 1.3 175 1.475
186443.4389 433602.3057 19 21.0 2.210
186544.8338 433597.2015 2.8 34.5 3.145
186361.4028 433604.0571 1.7 175 1.875
186364.9618 433607.4518 15 15.0 1.650
186372.6433 433603.5318 1.7 175 1.875
186412.1767 433608.6228 18 14.0 1.940
186467.9757 433610.3619 24 30.5 2.705
186517.7284 433611.2769 2.8 385 3.185
186478.7813 433616.3811 2.6 26.5 2.865
186344.5394 433620.7642 1.7 18.0 1.880
186378.1309 433619.4514 18 165 1.965
186402.5389 433623.3275 18 19.0 1.990
186425.2807 433624.2598 2.0 20.5 2.205
186486.8147 433620.0410 2.6 24.5 2.845
186326.4024 433631.5979 15 16.0 1.660
186451.3225 433630.9002 2.1 255 2.655
186517.3700 433634.9283 2.8 285 3.085
186471.9614 433638.6901 2.6 27.0 2.870
186444.3250 433648.1621 2.1 215 2.315
186483.3567 433647.4981 2.6 22.0 2.820
186485.7478 433658.8296 2.6 22.0 2.820
186461.5662 433664.7610 24 24.5 2.645
186505.1456 433660.8656 2.9 26.5 3.165
186472.9925 433671.9318 2.4 30.5 2.905
186514.7134 433670.7812 2.8 30.5 3.105
186489.4681 433679.4566 2.0 27.0 2.270
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g, pAgAFA B K- AFA Y Biyed S [E 3209 [#
3319 A5 EE surfer®] softwared = ate] (el NEZATFA], (2)
&= KAZAFAY Hirwd AEeqdch o] uf o] &¥ surferd] Z =
e Huy BAEFF AREd ASETF =2 Aoz dEA e, 2

3} Ase g 2.

(1) /hE g A+2¢] VOLUME COMPUTATIONS

UPPER SURFACE
Grid File: CA\aZ g vtd grd
Grid size as read: 151 cols by 140 rows
Delta X: 0.500648
Delta Y: 0.499695683453
X-Range: 186342.791 to 186417.8882
Y-Range: 433397.2512 to 433466.7089
Z-Range: -0.820629579718 to 1.85764728289

LOWER SURFACE
Level Surface defined by Z = 0

VOLUMES(m”)
Approximated Volume by
Trapezoidal Rule:  2768.79999268 m’
Simpson’s Rule: 2769.03982695 m”®
Simpson’s 3/8 Rule: 2769.0242795 m®

(2) KEFAFA¢9 VOLUME COMPUTATIONS

UPPER SURFACE
Grid File:  CA\ZE 2] AN\ & 2] 1k (A1).grd
Grid size as read: 344 cols by 241 rows
Delta X: 0.998609620991

84



Delta Y: 0.99999125

X-Range: 186308.0707 to 186650.5938
Y-Range: 433462.7109 to 433702.7088
Z-Range:  -2.75122742029 to 2.94677429496

LOWER SURFACE
Level Surface defined by Z = 0

VOLUMES(m’)
Approximated Volume by
Trapezoidal Rule: 35949.1203638 m®
Simpson’s Rule: 35950.7976001 m®
Simpson’s 3/8 Rule: 35950.7266582 m®

A s AgAe  Haggd(m)S Trapezoidal 3}
al

Simpson’s $ &, 18]3 Simpson's 3/8HF O F 7—}7L ’&%ﬂ‘iﬁ%ﬂ]
HA S e A9 v&=8k gHm)S e 2 5 o o7 Wo
»0]= Simpson’'s HHS ALttt 2] A ASFH A B

[e)
) T
Sge 2769m, AR AFAN 79 35950m 0% A& Ak

[19 201 [ 321} [ 33]8) ARES 722 Ao wa

5
HEE 4o 2o ARES Ads) agsd JAAAFA] A5
AAGAE 08m, HARFAL 17mz ety K2 AAFA ) 4
$ AAFAE FUTE FHOR A A5E WA AR 1.
3~16me FAS HA, HLFAL 26~29mEA TRy
AEe] g QAT AFA FARE F - 5L 19~24me] 54

FaEe (29 2119 (19 22]01] et o] A5, KFEE A
o] Grid interval> 1.0m AXHA, pZ 2 AFA 9] 9= 0.5m T
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(unit : m, grid interval :

1.0m)

[2% 22] RAAAFA9 32+
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5-3. A5 HAAUL 24E
A Fe] AES [E 3209 [E 33001 el HH2e) Zols)
=2 ola] T 2ol AEa A

Al &
o=

B\

4 Ang Za

R

[

(1) hEegAFAWe] g4 % 4% VOLUME COMPUTATIONS

UPPER SURFACE

Grid File: C\Z AN\~ 2] 5 4 5 .grd

Grid size as read: 151 cols by 140 rows

Delta X: 0.500648

Delta Y: 0.499695683453
X-Range: 186342.791 to 186417.8882
Y-Range: 433397.2512 to 433466.7089
7Z-Range:-0.886809181343 to 2.03177432871

LOWER SURFACE
Level Surface defined by Z = 0

VOLUMES
Approximated Volume by
Trapezoidal Rule: 3118.05728194 m®
Simpson’s Rule: 3118.32566616 m®
Simpson’s 3/8 Rule : 311831054176 m”

o~
T

2o o3 A=H parameter% ZA S VAN a1 b B K B o R !

AUFE AEs UImol Ak o] G NFIAFA] WiFLS

AAY e FAZFGI8m)ol A KA+ 2769m )< M gho] #rt

(2) KEYAFAN HAHHF 2+E VOLUME COMPUTATIONS

UPPER SURFACE
Grid File:  C\A 2| AN\t A 2] 5 4 5 .grd
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Grid size as read: 344 cols by 241 rows
Delta X: 0.998609620991

Delta Y: 0.99999125

X-Range: 186308.0707 to 186650.5938
Y-Range: 433462.7109 to 433702.7088
Z-Range: -3.03701144139 to 3.25094984221

LOWER SURFACE
Level Surface defined by Z = 0

VOLUMES
Approximated Volume by
Trapezoidal Rule: 39035.8227388 m”
Simpson’s Rule: 39037.6753516 m®
Simpson’s 3/8 Rule: 39037.5702346 m’
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20034 5¢€9 =4 20043 8¢ =4
= A A QR A ET &4 AT RA A YA
ZAE AR 1478 A H 1677 A&
B % (m) 2,769 4,107.6
F ¥4 () 2,747 2,804.3
= g (m) 217.7 -
T 4l (m) #Ha 1.7, A4 08 Ha 21, AA 7
g oA = () 349 1,349.1
g4 Z57 (cm) a1 195, A 150 Ha 72, HA 7
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