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EXECUTIVE SUMMARY
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PP’ EXECUTIVE SUMMARY

Supply Chain Management (SCM)
Strategies of Construction Sand

- Focusing the re-estimation of the value of sea sand -

1. Purpose

» This study aims to present strategies of supply chain management

(SCM) of construction sand by re-estimating the value of sea
sand, which has been relatively underestimated than in overseas.
These strategies intend to reduce the ratio of using sea sand
from the current level of 11.5% (14.57 million ') to 5% by 2022,

while raising the use of alternative aggregate.

2. Methodologies and Features

1) Methodologies

» This study mainly consists of three parts. First, it re-estimated

the value of sea sand considering non-market value such as

Vii



environmental impacts and others. Second, the study carried out
a public survey on reduction and management strategies of sea
sand. Third, it identified a relatively difficult structure of sea
sand logistics, while analyzing the possibility as well as measures
of supplying alternative sand in case of reduced supply of sea

sand.

» Having conducted literature review, consultation with experts,
survey, statistical analysis and the analysis of an econometric
model, the present study re-estimated the value of sea sand,
presenting reduction and management strategies of sea sand.
It also analyzed the possibility of supplying the quantity of

reduced sea sand.

Classification

Re—estimating
the value of
sea sand

Study Contents

Studying the environmental
cost of sea sand

Study Methods

Literature review
Consultation with experts

Estimating the value of sea
sand as a resource

Survey of non-market value
estimation

WTP (willingness-to—pay)
analysis

Analyzing an econometric
model

Reduction and

management

strategies of
sea sand

|dentifying problems of sea
sand extraction

Literature review
Consultation with experts

Necessity of reducing sea
sand and its management
strategies

Survey of public awareness
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Classification

Analyzing the
possibility of
supplying the
guantity of
reduced sea
sand

Study Contents

Logistics process of sea sand
as well as imported sand

EXECUTIVE SUMMARY

Study Methods

Literature review
Consultation with experts

AHVININNS

Analyzing the price structure
of sand

Literature review
Workshop of experts

Analyzing the possibility of
supplying alternative sand

Literature review
Statistical analysis of the
supply and demand
Consultation with experts

Measures for smooth supply
of alternative sand

Literature review
Consultation with experts and
brainstorming among
researchers

2) Features

» Given environmental factors, this study re-estimated the value

of sea sand followed by a survey of public awareness on the

necessity and methods of reducing and managing sea sand that

the government had announced. Then, the study analyzed the

possibility of replacing the reduced quantity of sea sand with

other sand resources and alterative aggregate, and presenting

their supply and management strategies. To achieve these goals,

the study was conducted with the following four major pillars.

» First, the value of sea sand was re-estimated by analyzing the

WTP (willingness to pay) on sea sand targeting the public.

» Second, the study estimated the quantity in case of reducing

the sea sand extraction ratio to 5% from the total aggregate ratio



by 2022. Then, it seeks to discover alternative aggregate (crushed
sand, recycled aggregate, screened and crushed aggregate and
dredged soil etc.) to replace the reduced amount and estimate

its supply capacity.
» Third, problems are identified from the perspective of the whole

supply chain from extracting sea sand, processing production

to supplying them to places of consumption.

» The study intends to find impediments that have prevented the
value of sea sand from increasing, as well as hindering the ratio
of sea sand from cutting to 5%. Then, it presents policy measures

to address them.

3. Results

1) Summary

» According to the analysis of logistics process of sea sand, more

than half of sea sand enters into Incheon port. This is because
the construction volume is concentrated to metropolitan areas,
while exclusive economic zones (EEZ) in the Yellow Sea are close

to Incheon port.

- The logistics cost for transporting sea sand from extraction area
to construction site accounts for approximately one third of the
total production cost of extracting sea sand aggregate. Due to
such a relatively high cost, most sea sand is supplied to

neighboring areas of ports.
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» Assuming that South Korea's extracted quantity of sea sand per

capita is considered 1, Japan stands at 0.15 and the US and the

AHVININNS

UK are around 0.6 level. What it means is that Korea's

dependency ratio of sea sand is quite high.

- This is because the quality of sea sand is good given its cost.
In addition, it is easy to acquire sea sand since residents do
not live in extraction areas, showing little resistance against

environmental problems.

» According to a public survey targeting 700 people, respondents
say that the price of sea sand should include the cost for
recovering natural resources and ecosystems, compensation for
the damage of fish stocks and resource value for future

generations.

» Respondents of the survey said that dredged soil at ports and
recycled aggregate should replace sea sand as alternative
resources. Furthermore, most respondents said that changing
construction methods and technological development are

necessary to reduce the use of sea sand.

- 74.7% of survey respondents said that it is necessary to use
recycled aggregate but only 50% said they are willing to live in
a building made with them. Therefore, it is essential to relieve
the public anxiety through quality and safety management of

sand in the overall supply chain.

» The study estimated householders™ willingness to pay (WTP) for

Xi



the government's policy of reducing the extracted quantity of
sea sand. The result shows that 1n’ of sea sand has 35,041 won
of non-market value on average, in addition to 15,000 won of

market value.

There are four strategies for enabling the smooth supply of

alternative sand to respond to reduced quantity of sea sand;

- Construction methods for foundation construction in ports and
earth sheltering works should be changed to the one using cement

and gravel instead of using sand.

- It is necessary to replace sea sand with dredging soil, recycled
sand, crushed stone and slag sand for various port constructions,
such as reclaiming method, Caisson sealing method and ground

improvement method etc.

- The quantity of sea sand used for ready mixed concrete should
be reduced based on technological development of recycled
aggregate, the establishment of management standards and

systematic quality control.

- The environment for carrying imported sand into domestic ports
should be improved by constructing a sand exclusive port with
the capacity of 50,000 tons when certain conditions are met;
reduced time for inspection and customs clearance, ship-to-ship

loading and unloading and securing enough traffic volume.
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2) Policy suggestions and relevant activities

AHVININNS

» The study suggests the establishment of a guideline for sea sand

extraction considering the life cycle of ecological environment.

- The guideline for sea sand extraction considering the life cycle
of ecological environment should be made as follows. Based on
a preliminary survey of fishing stocks, ecological environment,
submarine resources, the depth of aggregate resources and
quantity of sand for subjected seas, sand extraction areas and
the quantity and methods of extraction should be designated.
Then, it is necessary to conduct a recovery project by assessing

the environmental impacts before and after the extraction.

» The study suggests the establishment of a guideline for classifying
dredging soil, which can allow port construction to actively use
quality dredging soil as an alternative to sea sand. Furthermore,
it is necessary to develop a technology for recycling dredging
soil, while designating candidate areas for extracting aggregate

for port construction.

» Given the trend of putting emphasis on the environment and

unifying water management, the management of sea sand should
also be unified and placed under the Ministry of Oceans and
Fisheries. In addition, it is necessary to improve laws and systems

to change permissions of sea sand.

» It is important to change the system to make causers (polluters)
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to take a burden of social cost for extracting sea sand (Cooperation

Charge on Conservation of Marine Ecosystem).

» It is appropriate to charge the usage fee for extracting sea sand

(occupancy fees and use fees of public waters) in proportion
to the market price or the rate of profit in accordance with

the benefit principle

» The study suggests the establishment of a recovery program for

sea sand extraction areas. When recovery is not available, an

alternative recovery program should be implemented.

» Statistics for construction sand should be managed from the

whole supply chain and disclosed to the public, including
origin/destination (O/D) data as well as places and amounts of
consumption. This is essential to determine the amount of supply
and demand considering environmental problems of sea sand

extraction.

3) Expected benefits including policy contribution

» This study serves as a basic data for changing the awareness

and forming a consensus on sea sand. Therefore, sea sand can
be considered as an important resource for preserving beautiful
environment of oceans, while protecting people from natural

disasters instead of a low-priced construction material.

» This study presents the necessity of consolidating the statistics
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and management of construction sand by relevant government

departments. Therefore, government departments should consider

AHVININNS

two factors of sand consumption and ecological environment
from the perspective of supply chain to stabilize the supply and

demand of sand.

» Lastly, the study proposes the improvement of financial
incentives, such as charges and use fees for extracting sea sand.
Such incentives allow users to pay for the environmental cost
for using sea sand, which is a public good, as well as for paying
the price for the use. In doing so, it will alleviate the excessive

use of sea sand and promote the sustainable use of resources.
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(2 2-9) Mbx} #217|2K2014~2018) ALEXt HY
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(E 2-10) M[5Xt A|2l7|7H2014~2018) X|H'E HHEX MY
o2 109 &, %
Gt
A HIS
M= 154,348 158,008 161,591 164,178 167,887 161,203 100.0%
MZE 20,528 21,331 22,021 22,820 22,681 21,876 13.6%
QI 11,267 11,559 11,771 | 11,961 12,118 11,736 = 7.3%
a7l 28,400 30,180 31,927 33,065 33,812 31477 19.5%
5,557 5,632 6,770 6,862 6,850 6,334 3.9%
6,637 6,816 6844 6505 6,548 6,670 41%
3,087 3,097 3,845 3987 4,080 3,619 2.2%
11,5676 | 11,803 12,070 12,394 12,894 12147  7.5%
8,613 8,343 8,631 7,898 8,357 8,348 5.2%
4013 3,792 3,781 3,453 3,526 3,713 2.3%
10,5673 = 10,833 11,019 11,328 11,651 11,081 6.9%
4,044 471 4,443 4531 4,658 4,370 2.7%
10,657 '+ 10,808 11,062 11,267 11,600 11,037  6.8%
10,990 10,824 8,402 8570 9,049 9,567 5.9%
4137 4235 4589 @ 4,958 5204 4,624 2.9%
11,267 11,650 11,520 11,6525 11,819 11,636  7.2%
3102 3,034 3005 3054 @ 3139 3,067 1.9%

A= FEWEF(2014. 2), p. 0
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H2d 18 22l S2-ME

HI
_I_L

A 2 7P 271 Eol BE Zlog FAMEQoH, th2og BAY
SAHAGHEOR 41,6664 ', HA/FE/AE0] 24,5604 !, T/
B 22,3204 of, FF/AG 19,4724 !, AE 11,478 m?, 7Y 9,414

A, F5 8,813 ', AlF 3,728 w2 HAYHI Ut

H 2-11) Mpxt A2717K2014~2018) & SxH+L Y

g =M =2 (M m) RSl
= A HAgH K2 22 (® m)
2013 201,175 - 113,869 87,306 116,842
2014 201,424 2.60% 114,007 87,417 116,987
2015 203,449 1.00% 115,152 88,297 118,163
2016 205,423 1.00% 116,270 89,153 119,309
2017 206,151 0.30% 116,682 89,469 119,732
2018 208,617 1.20% 118,078 90,539 121,164
et 205,012 1.20% 116,038 88,975 119,071

=+ 0|2 AT9lE 2%

A& REWSH(2014. 2), p. 96

H 2-12) M6At A217|12H2014 - 2018) & XIHE XL MY

Held
= 2014 2015 2016 2017 2018 Gt
A 201,424 | 203,449 = 205,423 = 206,151 @ 208,617 @ 205,012

A7 62,0656 62,887 | 63,687 @ 64,149 = 64,859 | 63,5627
ES Mg 11,000 11,416 11,605 12,161 12,296 = 11,676

B OoIM 14704 14648 14586 14429 14,589 14,591
471 36,361 36,823 37,596 37,558 37,974 37,260

g8 9,251 9,344 9,435 9,467 9,572 9,414
a5 8,661 8,748 8,834 8,863 8,961 8,813
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& 2014 2016 2016 2017 2018 Wz
A7 24135 24377 24616 24698 24972 24560
UH o 4028 4063 4108 4122 4168 4099
S o
M= &Y 16277 16440 16601 16657 16841 16,563

ME 3830 3,869 3,907 3,919 3,963 3,898

M= 11,280 11,393 11,5056 11,643 11,671 11,478
A 19136 19,327 19617 | 19682 | 19,799 = 19,472

:'xiij 43 5237 5,289 5,341 5,359 5,419 5,329
e 13,898 14,037 14,175 | 14,222 14380 14,142

AA 21,934 22,153 22,371 22,446 | 22,69 = 22,320

55;_;: th=t 5237 5,289 5,341 5,359 5419 5,329
45 16697 16,864 17,030 17,087 17,276 16,991

A7 40,945 41,355 41,762 41,901 42,365 = 41,666

gg g4 14303 14446 14588 14,637 14,799 | 14,555
A 24 6,938 7,008 7,076 7,100 7,179 7,060
de 19,704 19902 20,097 @ 20,164 20,387 20,051

== 4,028 3,865 3,698 3,504 3,543 3,728
A= ZEWNER(2014. 2), p. 99

TFE At gloH, o] F viEA= AQtlA 59,180
EEZO A 100,0008 m'E &gt AA 5 14.6%E HIO=A=2 &
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H 2-13) M5t A&7|Zte] STHE SZAI=(D
He ¥
7= 2014 2015 2016 2017 2018 A THH|
=Q 201,424 203,449 205,423 206,151 208,617 1,025,064 -
3= 214,584 216,121 218,355 | 218,695 224,345 1,092,000 100.00%

A 133,724 134,059 135,204 135,034 140,901 678,922 62.20%
=X 4,949 5,044 5,086 5,101 5150 = 25330 @ 2.30%
HRCHSAOH 12,430 10,430 10,430 = 9,890 16,000 59,180 @ 5.40%

i HICKEEZ) 20,000 @ 20,000 20,000 = 20,000 20,000 100,000  9.20%
MBS 87,891 89,928 | 90,941 91,264 91,866 451,890 @ 41.40%
SN 8454 8,657 8,747 8,779 7,885 | 42522  3.90%

A 80,860 82,062 83,151 83561 83444 413,078 37.80%

A0 MEm 70,130 75503 | 76,1561 76,661 = 76,444 | 374,789  34.30%
THE 10,730 6559 | 7,000 @ 7,000 7,000 @ 38289  3.50%
g 67,670 68,245 69,190 69,435 70,481 345,021

- 31.60%
oE 67,670 68,245 69,190 69,435 70,481 345,021

A= ZENER(2014. 2), p. 99

SHAIYE, Hths BASEH, AX F59] 34.4%E A<t 9 EEZ
o] Bl E FEohs 20 FHof §lof 7MY B2 REE Hith
#&2 FFoHltte AgS 7L Ao T HI vt 4
4 FA, EEZ 2l go] 9s|HA] o]F FE6tal Al & st 3l
= A0E FAE

F=AAL0] w2, Sy BistEE 742 20179 27pA]RE
3= m'F 14,0009 ol A- ST 5ot E5f HiEr
AASA([EEZ)Q] 2 go] 2s|HA AR 27,000€4004 30,000
o SES AR Aok o, 20179 & FR7F BATE 20184
o BEF2 o] 8008t m247 € Aoz HQltt2d)

24) 7t 2a £Q(%F 1Y ') & 8%.
25) O|H|Ye|(MY: 2018. 4. 26)
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H 2-14) Mox} Al2l7|2te] EXi S5 A=I(Q) - =af

CHR|: A
= 2014 2015 2016 2017 2018 A T-|
ESel 87,417 88297 89,153 89,469 90,539 444875 -
== 91,856 90,783 91513 91,238 96,687 462,077 100%

A 56,234 54,839 55093 54,638 | 60,138 280,942 60.80%

=M 4371 4454 4490 4502 4549 22,366  4.80%
HFCHRIRD 12,430 10,430 10,430 9,890 @ 16,000 59,180  12.80%

v HICHEEZ) 20,000 20,000 20,000 20,000 20,000 100,000 21.60%
MESM 12412 12,770 12913 12,960 13,045 64,100  13.90%
S 7,021 7185 7,260 7,286 6,544 35296 7.70%

Al 35,622 35944 36,420 36,600 36,549 181,135 39.20%

Mo MEIE 24,892 1 29,385 | 29,420 29,600 29,549 142,846 30.90%

THE 10,730 6559 = 7,000 7,000 7,000 38289 8.30%

g 38,970 38,899 39438 39577 40,174 197,058 19,60
. 00
orE 38,970 38,899 39438 39577 40,174 197,058

A= ZEWEL(2014. 2), p. 103

20184 49 279, BB FAL BEAH AA'S B 4T @Ee

OF&3Om, o]2 QIs) TEAC] BHe uikmest Solgt ol
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2 Qo) vt uiekme Sao] ARHAAE B Aol e 3714
e

o2E IA o A0 9T v Aoz HAYEHIL
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| o] QAEu|r|ote] 2471 o]/ Aol 5] glojAith. o= <lst
of A7t 29| FH=-2 B AR s} o] FH|slEo] JIEY]
Alo}, wgojAlo}, HIEYLS Artzago] ne 22 FA|Fc)5)

ol Zef S thFHH HA I7F 2 ofjof st HxF
SO 29 ARG Sfjof Sttt SQoA HHl= B(HE) EolEE
<ol tigt =7} ¥Hgto] wj$- & Holw, FHo=m7IRl HEH, A%
HlAlo}, ZE ot & FX]=0] ¥o],5) & oM<= sEot =
7oA =l B +dE ol Aot

T2 S dUYE AN, HEY gl iE 5 A SR
AlA =2 Q] 70% o]do] orAlot Aol A ARGEHITHSY B =9
7t a5l A AAZCeR ®e7t g wet S, HEY o}, H
Ed, A=dAol HIEE 5 8 23 Y= =7 B =2 F
AJ5kaL Ut
Ao g Q57 ZAIBIE QI e Q7 2 ow
7¥stal AR, SFE 3
of oJgt maj {3 ¢

=790 A&HL o

R

51) Marius Dan Gavriletea(2017), p. 14.
52) The Guardian(ZdA: 2018. 2. 19)
53) The Guardian(ZdAi: 2018. 2. 19)
54) S=EARAR(EMY: 2018. 9. 30)
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3. +YURY ST ZZMAS)

QQmaAs SERo)A 2% Ao $U= T Fure] Hukx] 3
7}& wrotof 3t} &3 A ?—H]/ﬂ-ﬁ—i% B/L(X18}54), INVOICE,
AAAZYA, AAA(HNE, 018Z S)o] Qd), o] THARE &
A=e] WA A, BAR AH X A7) R 5o Sk @
ofo} it £ A AR Astn @A Alute] R A 1
562 HE7} ARH

Qg 2-11) U2 SFREZMA

U g Eoto] petR|CHutR|) A 9 A|H
Metg 0|806t0f SX| 2ot 2 Ol Myt M

MHMFB/L Invoice, FMAZHM) S 3
Mz Fastn ASHY M-

R0 Zaf 5hS A st

MZAE 22 22 M % #oj2o) 28 33

ot = Al 2ol B3 75 . HAEOIA 2-527ko] HE = 27 23

QB K= ZUAXILI0Z BTt 2 ME7t QIEE Z1uK2018.9.28, £4h I N2PAF 2] ME27}
O

palel
HSIQIES Z1K2018.10.25., FAHE HIZQR XAt &hy

55) ZIUAX|LIOf B2 M7} QIEE A1K2018.9.28, B4 2 N2PAL =22 M27t Mot
OlE{E Z1K2018.10.25., 2AhE HIEIO 2 HR[510] ZHY
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H2E 488 24 5

SEAE

HI
_I_L

atkg sYm el 4w oMol 5 FuolelA o

102 59 Lo Sy R L4HL

O ohe A% A FHARES AZSHL, DEAEEA) AAeIA
4% Fog AN 5 Aoo] EnuY Awe Enshsr & 29
o] A8tk 1 ke meE o] Hataiet.

Fol F71ol4 ek +ste] F o] WS o 28

e A7 SRATE BRAZE 52 T o Ha 179 A 18

o] AQHT}

ERL R EECERE R L
2 Aol A P A A
o] Basj,

Qo7 AL
A =9 3he

50 o= = 0‘6]'01 35\- 2~50E]Z_}_--0/] A:ﬂ

iy
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M3 B AELE =2 0lf =4

Wass

st OEE & olf BA

MR HICHRE 7t 1E 24

S whchwa) 714 BEZ A3 A A wd 14,0008 52019
ot 2018 A FHEA|Ho] 20,0009¥ S8, EEA|Ho] 30,000
2 o]4}el Ao FotE T QIrks0 AR PRl seFEAn

Zlae] AFolA 20179 FAL AH, A, AF A9 vikEA
AHAGAE WEsto] 2ARE Hiof] oshd, M (E3E)o] 17,0009
Qlxo] 20,0009, F-4to] 28,0009, A&7t 25,000~30,0009! .2
2 2ARE0] 14,0009 HIs) EAl= 28 ol 28 Xk AU
ol= @oll EEZ AF Ao = Qs AsH EEZollA AFH S vt

Bt AF 5 ERAHoR FatuA dAEE 589

27t Mg 2 gow Badr,

56) Business Post(2018. 5. 8)
57) &38| 2/(2017. 10), p. 69.
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(H 3-1) = HICEEXM M7 EAEE & 357t

X oMy AEma e 23719
qoz =g
HHEE) 2a7He Mol EEZ 95% 5% 17,000(2017. 7)
A A2 Mo EEZ 100% - 28,000(2017. 7)
QI olofse  HQF Mo EEZ  95% 5% 20,000(2017. 8)
iz CHUISH 2 Mo EEZ 95% 5%  25,000~30,000(2017. 9)

Atz 2415 2/(2017. 10), p. 50

Sl B Ao mEE, SRQATFOZRE oF 40km 747:'4)
o4 19 2,000m'E AAFSHE At vickme 2HH719e) Axte] A
AR 35029/mE B

(2 3-2) =LY et BICIEe | 27H ZM(AMS] BR)

e T 2o il
S| 50,089,764 171
JAFETt ZH| 60,936,430 170
A 111,053,194 10

otz 5,652,659 37 x 5% (1742)
St 134,096,730 170

Ry 40,000 2,000m’ /Y x 20

e 27t 3,352 B2t/ B

A= sHU4=AH2(2005. 3), p. 100

T3 & HIAoA = o E ZofjollA RjE AFHsto] AH
F7HA L&k, Al 4 -0l Fste] YFRSof| shste W4
2 FEZ BHE A3 -9rdstal Q= BAS] EEZ Hittef 7HA3ERE
—Er*dﬁ}ait}. ol #E HH AA 159009 F H2SH

F)7E 38%6,0009)E 7H =2 vl i}ﬂé I e, o]
= oH**-Or H]58) @717} oF 24,99 /km7t HE Ao g AT 4 9
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M3 B AELE =2 0lf =4

ot o5 A o F=-FAt 2 oF 600kme] &l 8=
°F 15,0009 9] sid2SHI7F EAY A5 g 5 o], FAte Ht
q

orE @77F oF 24,9009 Ak 2 Aoz FAY & 4 Ao

H 3-3) I EEZ MF 22 718 2A(BAI| E2)

e 3 HIE B2
HA8R 880 6 :
A () 2,000 13 -
S 2S O3 E-QIRQIBH(150DHY)} 7|2
<R*Hﬂfn+%e O * (R7Hste 712)
x|.2 X O
(01 2,500 0 g%ﬁ?ﬁfiﬁgézﬁéﬂb
siogH 600 R
HEH -
ey 2200 3100 20 -
AR 300 QI24H| HEy
=L 200 :
ZEASH 100 420 3 :
sl 120 :
olg 1,000 4 :
A 15900 100 -

oo H|s| Y22 HittH ©7p7t HWol 2 Ao E FAME QI
AR} e el s The] Aol mEH, dE9] vt
< &&=, A 9EE Zol7t gloy ti7f 3,000~4,600%1 Akelo]
Elo} Qlohar gt}59) o= A AtelA AfFHEE virte] 7]
7HAolH, A B 3,600 = AARY] A% vtk A H
29l 3,352} vk 108 o]A; ¥|&% 7FZ o] BAFS] EEZ Hf

58) O{HZ-QIFSt 7t 72| OF 241km(1500t2)Z HAL,
59) £33 2/(2017. 10), p. 69.
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orE A3 74?1 1590093 ¥jwsie 28 o) W rHHo=
-2t vicke @7EF Wol AHE Ao R XA

(H 3-4) L2 HiTt=e) 71

e sC ETHE)* Bl
IgaIEMA
S
@71 o 3,050 S A
MPEATIIEE 50 sl ek
5397t ZIZEMH BH) 2,950 -
eI 30|EMA ) 3,600 -
sl2Al0t 232E(A B) 3,400 8%, 4, 2
oA} 32N B) 2,000 -
L0t 232E(HA B) 4,000 8%, 4, 2
Li7tef =32|E(A B) 3,900 8%, 4, 2
= 32N B) 4,600 8%, 4 2
Miciol 232E(HE B) 3,500 8%, A, 2
2710l 232|E(A B) 4,600 8%, 4, 2
e - 3,685 -

7= * QF|LIRK= 20151 7|, Q7|LI9t Qo= 20174 7|1E
A=2: £718| 2/(2017. 10), p. 106

H2ZE HiCiEe S5 HIE et

1. =W IR AR 371 & HIS Hel

S 24 Y J=E 5o AL et FFHT ek £
Hlthg mYSHs ohA, AHY, 84 BolA AHSH: 2SS wE

3715 ot TFH L 3leH, ol AAl EA 3ol oF 40~50%
(o]



M3 B AELE =2 0lf =4

H 3-5) FU B 42 A2 U B3 4%

ol A
=3 517t x| 231 al
(I | AJQL ?H ﬂ_, e =X
4= = A A s od oMy osM4 0 TlE
204,744 131,624 23419
20004 - - - - - -
(100%)  (58.6%) (10.4%)
216,519 137,316 26,348
20104 - - - - -] -
(100%)  (63.4%) (12.2%)
206,403 133,526 20,993
20114 - - - - - -
(100%)  (64.7%) (10.2%)
201,101 129,757 21,717
201244 - - - - - -
(100%) (64.5%) (10.8%)
soye 201175 140,892 83000 1,714 24,886 52420 4030 66883 51283

(100%) | (74.5%) (41.3%) (0.9%) (12.3%) (26.1%) (2%) (33.2%) (25.5%)

201,424 145,092 85,093 3,851 25,294 51,955 3,993 59,999 56,332
20144
(100%) = (72%) (42.2%) (1.9%) (12.5%) (25.8%) (2%) (29.8%) (28%)

20154 203,417 157,935 88,310 1,315 23,784 58,774 4,437 69,625 45,482
T (100%)  (77.6%) (43.4%) (0.6%) (11.5%) (28.6%) (2.2%) (34.2%) (22.4%)

201644 230,639 197,898 118,104 2,952 32,738 78,143 4,271 79,794 32,741

(100%) | (85.8%) (51.2%) (1.3%) (14.2%) (33.9%) (1.9%) (34.6%) (14.2%)

2017 235,982 228,179 98,489 2,708 19,197 60,538 16,046 83,782 45,908

(100%) | (96.7%) (41.7%) (1.1%) (8.1%) (25.7%) (6.8%) (35.5%) (19.5%)

A& 2009~20129 - £718] 2/(2017. 10), p. 19; 2013~2017H - SEWSE SMAIATEAZIA|
A" TEXSE: 71|9|(2016)J( AA11: 2018. 5. 10)

o] T Btk d= AA A TFTFY °oF 10% o= AHAISkL Q)
= 8% SAAYEo=A v 20,000%8~30,000d mA AFH =L
UTH HIGE A= 19909 SH7HA R Shejete A7 ulA| A 8f
ORHA7F Fe=HA 287 2ARCE dFE]oy, 29
= MZ o] &estA o]FofA| 1L Q1 T3 11 Y=(Gradingt Y&,
2 E(Fineness Modulus) 5°] &t ZATEE ZAZA ©ol
A= AL iTh60) vtk = RAd 2016 0l= 9F 32,738 m'7t &
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FEo] HAA| ZA TFF F 14.2%4 He S5 i} 16‘ Il %EM
20179 19, 9ol EEZ 5&
o] oz FFo] Fo 20179 8.1%= Hl%ol ZojEQltt

35,000 16.00%

30,000 14.00%

12.00%
25,000

20,000
15,000

6.00%

10,000
4.00%

5,000 2.00%

0.00%
2009 2010 2011 2012 2013 2014 2015 2016 2017

Ah=:2009~2012'F - 718 2(2017. 10), p. 19; 2013~201743 - SEUSE SAUAGLAZIA|
A8 TEXSEAIRI(2016)) (B4 2018. 5. 10)

Hiot = dQtat EEZ WollAl AH =1 et 201097k & <
ot Al AFH =L o] oF 0% FERE EEZOIA FH = ofwch
%O 20119 H-El= EEZ AF7F o @2 HS-E AA5HA =t

EEZOIA 9] SAAHE 20019 FAAIS AM 5 FHAG ] Z
AEFE Hote] /MEAA ol gt a8l EEZe] ZAAFH7F 5l 7h=d
A AFERoH, At AAEA] 2 2 A AL, SEE
o] ZAGF HELS Y5to] 20049 =HE A EEZOl tigt A
He7} o%ﬂﬂ“t} 61 Y ) FEEZ IAAFE FAIE, 2404

60) SRt MYIATE(2004. 6. 26), p. 10.
61) 78| 2(2017. 10), p. 45.
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M3 B AELE =2 0lf =4

&, AA @] gt Fut gL e T o2k Y] gl

Aot 20109 124+ A Al vl 9 AEAA] 5 dnt Al

FEO2 ARGo] 7hestEE WA Ho HTole tiFEe] UFEL
SHEA =02

¢

(2 3-6) =L et ! EEZ(MaH, Hol) BICt2 2 S5 HIS

hah
ot EEZ
HE - Mt - IR B
= . =4 - = - =
B HE A HE T HE A HE

2008 | 10,185 62.8% 13,318 56.7% 3,226 2,803 2,803 100% - -

20094 | 13,794 58.9% 9,625 41.1% 5871 3754 3,754 100% - -

2010 | 16,0567 60.9% 10,291 39.1% 4,021 6270 6,270 100% - -

2011 10,369 49.4% 10,624 50.6% 7,634 3,090 952 30.8% 2,138 69.2%
20124 | 9,108 41.9% 12,609 58.1% 6,088 6,521 275 4.2% 6,246 95.8%
20134 | 10,938 44.0% 13,898 56.0% 4,625 9273 1,105 11.9% 8,168 88.1%
20144 13,364 52.8% 11,930 47.2% 3,128 8802 1,275 145% 7,527 855%
20154 | 10,066 42.3% 13,718 57.7% 3,724 9,994 1,304 13.0% 8,690 87.0%
2016 | 13,194 45.1% 16,092 54.9% 4,420 11,672 2,811 24.1% 8,861 75.9%
A 107,075 47.8% 116,746 52.2% 45,765 70,981 21,832 30.8% 49,149 69.2%

A= &148] 2/(2017. 10), p. 21, 45

2. =2 HICHZE MF S

oo

1) =
UEL 19649 FTH=FH7IA 1 2 ST E AMEFleH, o]=
A SATZHFY 7%= HEES AA5IH O o5 F AR A

o) Sy, AHEAS] o} 8] 21K A HreEAV)
go] ALSEQTHe) Eet ARL 2000dtfo] SolH7] AAAE Al

62) /2] 2, p. 23.
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A Ao viekRay Tl ot o] 5 kA A o] 343
Fasta glom ) Y 2 H TFF F ANk HFo] 20009
o4 7

9.0%0llA 2015¢ 4.2%= At 75l A )65

(B 3-7) Y2 =M 2 ¥ 3=2&
chol: ut £
9 a2
== 23 £Z2 2 =
Sk — 5] SHx A <] =
B s e A gy O & 8K Hob . JE

20004 734 500 234 734 278 25 80 107 66
20014 746 475 271 746 263 24 76 106 57
20024 708 @ 445 263 708 232 20 69 92 50
20034 639 418 221 639 219 19 76 84 40
20044 590 397 193 590 199 19 62 81 38
2005 549 401 148 549 188 19 B9 76 34
2006 544 3% 149 b4 171 18 56 726
20074 508 @ 366 142 508 152 14 b4 59 24
20084 456 331 125 456 139 13 b5 49 22
20094 390 278 112 390 118 11 45 44 18
20104 380 @ 262 118 380 100 10 33 40 17
20114 373 264 109 373 95 11 29 38 17
20124 381 276 105 381 98 11 30 40 17
20134 405 296 109 405 106 13 32 42 19
20144 398 282 116 398 102 13 3 40 18
20154 383 264 119 383 93 11 28 38 16

9.0%) 431 25
7.6%) 463 20
71%) 454 22
6.3%) 398 22
6.4%) 369 22
6.2%) 338 23
48%) 350 23
4.7%) 336 20
48%) 299 18
4.6%) 258 14
45%) 264 16
4.6%) 264 14
45%) 268 15
4.7%) 283 16
45%) 280 16
4.2%) 275 15

P [P R [ R [ [ R [ [ R S S R [

Az Y2 FHMYY HEMY= ATHMRK2017)
Awol = AAsh BAT 1, AL 84, vk 5 AogE A

X3
T 4 LS, AFF 52 oY ®EoF o, 20159 Vel =
vithol A AFE T = Zefe 89814 w2 WA maf AF

63) £773| 2/(2017. 10), p. 62.
64) 10| &, p. 63.
65) U= ZHARIA HEARZ ATJARTH2017)
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M3 BT oEE =2 0|f

=

=

23.4% HES AN Yk Ao AT 53 B A4z
med, qiio] s $estet YAl erluel Sof
A AFHEIL Qe Ao FAE AL
(H 3-8) U= FA| 2 AHEY
MENe AEEE sREE xHTEFSHS 7 2y 2y
St 644 2,467 6,673 4120 2,083 343 125
At 381 964 15,948 3,759 11,910 638 210
X 1,201 1,765 21,956 12,986 6,882 909 1,177
=] 134 513 9,471 489 8,981 - -
7|Et 537 1,817 21,392 11,007 8,535 465 1,384
A 2,897 7,526 75,442 | 32,362 38,393 1,787 2,898
Az Y= AMRIAE(2017), p. 7
(H 3-9) U= x| ZXY JHFY
MRS AR sEEs x;*'g(ﬁ ;;u = =5
S5= 2 9 55,850 - 55,850 -
Ot7|Et 2 5 4742 - 4742 - -
L|7tE} 1 5 26,402 - 26,402 - -
AlOfL| 3 9 29,375 480 28,884 1K -
OFOp2X| 3 86 1,151,030 487,860 663,170 - -
bN| 10 31 316,457 885 315,572 - -
2L} 14 63 2,569,302 - 2,569,302 - -
A7t 3 24 758,418 - 758,418 - -
LI7IAL | 27 171 2,374,962 - 2,374,962 - -
QO0|E} 5 12 126,100 - 126,100 - -
JtaaA|Of 22 66 669,736 - 669,736 - -
QL7 |Ltet 42 32 1,388,711 - 1,388,711 - -
A 134 513 9,471,085 | 489,225 8,981,849 11 -

A2: U FRMLIN(2017), p. 1-3
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3 Aoz EA6OE T

H3-10) Y2 2 =5 &4

Cgl HE
e +E ]
2005 1,914 4,248
2006 2,041 3,320
2007 2,219 1,199
2008 2,737 432
2009 2,136 597
2010 3,059 574
2011 5,632 747
2012 5,872 865
2013 5,954 882
2014 6,434 568
2015 6,434 619
2016 6,923 560

Az P2 ARl SXEE| LR AI=(2017)

2) /8 0=

4 € ml=oA= AFEAE d4/4H(Construction/industrial),
S HFRI(Beach nourishment), 74 /7§17 (Construction fill/land
reclamation), H|ZAAY AF8-(Non-aggregate)2 3 AF st 3
t}.67) o]= ICES(International Council for the Exploration of the
Sea)2] WGEXT(Working Group on the Effects of Extraction of Marine

66) 551200751 0[5 $-010| ST 1 0|R= 200751 3BLE 53 HEIHR1Z 224 42 57}
2 Qlof 58 NEHOZ FXIH7| HR20[2A2 3

67) 273 2/(2017. 10), p. 80.
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Sediments on the Marine BEcosystem) |7 1&olA tid HI-EA)
AHEGS F 27PER A E 3Uhstka o, & A tolA=
o|F ZAISHY BHithEA] @R B FolF EAsIA

20174 A=) tEH, YERES} 15,903 8450 A2 Fo
A 7 e B EAE AT Ao 2AEeH, ok A
H] 60.9%= °F 2/3 #Eo 2 A4 Ao r AEIM 5%k o9
HlSRRE 11,320,181m'E AFHLH, Ad tiH] 63.2%2 AHFES A4

1 Aow A diote, EHEE AlQlshales HiFid &
o

o A
- T
2 FASHL AU AFHTE Bol A2 Aoz A,

]
|

>~

(B 3-11) 98 U 012 2744 HICKER J3{32H20161)

=R
714 SHEIES ) S

P Sy e o Y A F O HIE
HE2t= 6,689,006 9,004,289 - 210,651 15,903,845 60.9%
= 10,146,869 650,863 522,449 - 11,320,181 63.2%
o= - 4,828,404 - 2,485,568 7,313,972 76.7%
Hior= 3,874562 2,148,111 3,551,183 - 9,573,846 136.6%
oA 2,740,816 - - 265,400 3,006,216 102.1%
H70j| 2,733,181 298,229 - - 3,031,410 107.8%
=2C 360,578 470,000 - - 830,578 133.0%
HE2EZ 148,323 30,865 - - 179,188 59.5%

Xt2: ICES(2017.4), pp. 5-6.

ICES WGEXT9] 109 7t A2E 7|fte & §& 9 vl= 57 B
oA A3 FolE Feotd thol #et Zth o] F vldvtEE
108 &%t AW 51,940,647m'e] HiH=AE AF s doH,
£3] 200947} 2010900 19} 2,000 m' ©]4+e] vihEAE A3
3 7HF B2 AFHFoE FAEAT 1Y o|%E JHFS F5
5] &o] 2016900 15,903,845m'E AF T A2 XAt
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140,000,000
120,000,000 —
100, 000,000 f
80,000,000 /
60, 000,000 X
A0, 000,000 {

20,000,000

0
20074 20089 20009 20108 2011 20129 20134 20149 20154 20164

— L Cels o3 n|= HOpY —IZ2bA — 7|0

Xt2: ICES(2008~2017) / KMI &8t

(H3-12) 1052t @8 =718 HILEX 145 0]

ol
=718 HEEE = o= "o oA Rl
20074 28,413,475 13,988,289 4,754,000 8,640,000 6,429,700 1,989,845
20084 | 26,468,449 12,976,019 4,247,217 8,640,000 8,008,088 = 2,268,385
2009 120,700,339 12,164,267 3,853,826 = 7,206,000 - 1,962,176
20104 122,532,435 9,700,454 = 9,450,499 = 6,500,000 7,711,688 = 2,176,404
20114 62,948,704 11,515,069 9,450,499 8,640,000 7,711,688 = 3,477,343
20124 41,899,276 16,792,353 87,361,707 10,700,000 10,618,000 3,210,000
20134 23,167,720 16,025,702 13,189,351 10,700,000 12,512,500 3,959,633
20144 51,271,682 10,780,177 7,012,706 = 10,700,000 2,717,224 5,820,000
2015 26,100,648 17,925,554 9,629,784 = 7,006,527 @ 2,943,428 2,811,000
2016 15,903,845 11,320,181 7,313,972 9,573,846 = 3,006,216 = 3,031,410

B 51,940,647 13,318,807 15,616,356 8,830,637 6,850,926 = 3,070,620

A1&: ICES(2008~2017) / KMI &gt
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3. =Ll BiCHEE] AKE HIS Hlw

YL 200097H4] 9% B HISZ ARSI AT HF Fas)
o] 20159 @A 4.2% HEo] u]ES x}pA|sta Qlet. o]of| v 3l
2 93]8 2016W7HA A&Hog ZFrsitirl 2017940k 10%
otz HolF o oA 71R] Yol |5 28 o]0 HF-Z AA|5}
I Qs AR RAEQICH ol HoflA] 20159 AEE HH dE
< 358 3.839 & 5 HIHEY YF = 0.16% ELo= HA 4.2%0
AN =2 oF 2 ' F 0.24n, & 11.7%S v ZE F
bl Qlo] Yol Hlsh gh=o HithR ] 3 H]Fo] =2 AOE
ZAFE QAT

r

H 3-13) o= & U2 Hit2e AFE 2 8IS e

SR m)* U u_, rg**
2000 - - - 734 66 9.0%
2000 224,744 23419 10.4% 390 18 4.6%
20108 216519 26,348  12.2% 380 17 4.5%
20114 206,403 20,993  10.2% 373 17 4.6%
20124 201,101 21,717 10.8% 381 17 4.5%
20134 201,175 24,836  12.3% 405 19 4.7%
20143 201,424 25294 12.6% 398 18 4.5%
2015 203,417 23784  11.7% 383 16 4.2%

2016 230,639 32,738 14.2% - - -
2017 235,982 19,197 8.1% - - -
At *2009~20123 - £138] 2(2017. 10), p. 19; 2013~2017'H - SENEE SKAIEHEHZA|

AR TERRE: 71|2|(2016)J(D*ﬁ”%'. 2018.5.10)
U MY MAEMYT ATK2017)
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20159 71202 9] ARES TSt A 190 AFHFS 4
Z]olH o] He} Zrh. e=rg EFohe 871 =7 AA| HithE
B AFHFS oF 1.8%mfo] HA Qe F 6.69 o= I 191
g 0.28m* FE9 HintR#iE fFHoks AoR RAEUL T2
oF 1.7 &2 0.47m'E AFote Aoz RAFE QI o)& Hg#=
1.54, |intA 1.239] BlsfiA= @ol @2 $=2]o|ut 2AE YA =
7F=ol HlshA = AA o2 W vt RS fHots AR RAL
= At

(H 3-14) o= X Ef=7HE Q17 1919 HICH=2) RHF2H2015H 71F)
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w27t 7HE diEcks SEAVE "ok SEHARY dQEES
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SEAF 700189 7128 AE thg ol 29kt v

91) Arrow, K. et a/(1993), p. 48.
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Mg 208 426% jmo A00TROIB 170 243%

HAL 105 15.0% Smz@  5002H 402t 188 26.9%

e 75 107% =5 oot ot 146 20.9%

Xe oI 89 12.7% 7002 4Ol 21 3.0%

uz 4 63% 10002t 2Ot 19 2.7%

b} 54 7.7% 10008t 4014 2 03%

SAt 35 5.0% SEHPMSMA 8 1.1%

IO A H| AR 92 131%
101 46 6.6%
UHALRE] 132 18.9%
MAT | SH 54 7.7%
29! 153 21.9%
7= /AR 0 48 6.9%
=] Y HRHANS 24 34%
R 39! 190 27.1%
B ST 154 22.0%
2x| 0 14%
49! 279 39.9%
ChelL DX 19 27%
A 144 | 20.6%

501 0] 4 32 4.6%
7|E 15 2.1%
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QA ATt vl 2o, 15737 Anjo|d HEE 2 o@_ |, ‘Yes-Yes,
Yes-No', ‘No-Yes’, ‘No-No’, Yes’, ‘No-Yes', No-No-Yes,
No-No-No'®] 87} S¥tfdos F2un. 22 413 48t
ns 24 ARs oL B} 2ot

B SEHAMNE-%)
. -0.026
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(13.3205)*
soike 0.5065
P (26.6884)*
HE2S 700
2125 (Log-likelihood) -741.7714
Wald E74|2F 712.2713
(p-value) (0.0000)
1) Wald SAZS FHE0{0f & 242| 20| 25 ‘00[2t= 7HGI0|A] AXtE I

2) "= RUE 1%0IM SAXOR FoIBS Ll

3) ZRFHHYC| 03 HES 2fal MAZAUS 1,000 Helz LA

HE A1(14)E’-_ x%.Q.a-].oq _il_
el A AEAGl gt A= 7o Azt
Yoz UG §EHE 4 =Y %—%ﬂiﬂrﬁoﬂﬂm Qé:l*é%
Hrgst7] fIs WTPS] 95% Al# 717 ARt A, X4 3,135¥]
A AT 4051908 ==

B WIPL e a—ia} 2t vt
]_

x&ﬂi FSE

107




E 5-8) HILIE 20| 7i1E Bt WTP FHZM

T2 Szt
o WITP (8/7t72/A7h) 3,544
(=) (12.7641)%*
95% Al 2|7t 3,134.8 - 4,050.5

Z:1) B WTPS| BEQXH= HEH(delta method)2 0125101 AXEIUS
2) T WTP2| 2|77k Krinsky and Robb(1986)2] 2E|I7IE2 EQ|AEI%4 7|82 0125101 At
SI¥2H, 5, OOO_QI—J MEEFES 51US. Krinsky, |. and A. L. Robb(1986), pp. 715-719
3) ***= RYYE 1%0IM SHXCZE RIS LIEHY

2) HICIR2H xHF Z=2| HIAETIX]
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92) ali¥AE(2007), p. 141,
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HAIAZIA| 2 SR Bictd] 1ny FFHOo 2 35041Y9(F
A 30,9949 ~ W 40,0489)2] 7 E AU Aoz =Tt
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e HICHZ 2l ZESR40| HIAIZZHA|
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299 E483 43 9 olmtE 2y 5 ¢4 59 HFEAL A=
ZA 507 HAL ojH] 1.8% 7HASH 244.3% o] E A}o|t} 95

H6-1) =W ZH 2 HEEX FHL(2018~2021H)

B %, = ¢

7= 2018 2019 2020 2021
LS YL 2.8 2.9 2.8 2.7
HEEX StE -1.8 -14 -0.4 0.4

95) Z3|0{AFEAIXI(2017. 9. 28), p. 26; ZEWEE(2018. 2), p. 3.
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T 2018 2019 2020 2021
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X2 ZEDE(2018. 2), pp. 3~4 7|HIOZ HMEXRY HAK2019~20211)

A7 971802 A4747] 35 oj8E 228 o445t
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S%7HAl ST AL WS AJRIQ1 2022W 9] S SHEE 24,087
% 7t 2 Aol

96) ZEWEL(2018. 2),
97) ZEWER(2018. 2),
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128) SHZMIZAIA- 0| MOt GO EEZ SXHANF7IE ZAIS! SHRf=ASH LIRXlE
(2018. B)E 7|EIC=Z MaliH EEZ, HoHd EEZS| A, 24, 5I%H| HIS2 Baald. m'e
EEZ STHAFIBIZ(MaH X! Holiz 3,669, 2&HIS (Al 1,938, ol 2,2608), of
SHIZ(MSIA 1,176, HolE 1,174). S=ZRIZAIRT2(2018. 5), p. 10.

129) N2PAP} 21 E21 £+UR22H71A4S H21F 1,1008S SolM Al

130) N2P 22t HZ7tet QIEF Zit.
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et A 7 wholA AT AR Al

o} ole] PR 2L Her vheina] 24 9 9% BRA 30
o| A= x]oksfjof 5t 7} sk 2L Ed) QA &
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FegE 20 i
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O A 33 mgy e [o 0 = TO0
FTR S L33 o o i
P AR BES 6,0928 &+ 75m) ]

A= 0142(2018. 10. 12), p. 25, 35

131) HUSH0[(HAY: 2018. 5. 9).
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o Hof 25t £ Adret Heko] AHsstet. el su
2 SR e wele fsAE g #4lo] Wl 1w
L MAAT 1650] Y Be] Ho| A FPOR S
oFe] gHEglolt). e} guto] uls} S:4lo] 8~15mz A7) SuF EF A

B3to] diedty) Fxd Y of ok neE SEuEtoA] =elo]
7ot @A Hef| 25 A4S A o4 & S Ao wd
t}. oA 6d7H2004~20099) E3t vitke} 5Fd SolA =Ygt a7t
5,6119F £(3,506% )5 59, 45, gobsi2 5 A GA 14704k
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71& 9] B30l i oF 5847 m'E TFH=Thy sk @] o

EE 7HEHY 3EAYFE T S Jow AuEn
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>

(& 6-13) 7|Ef=2H0] Lot St & 7t5d
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‘EW#‘F::" ZEME Hél’EEHOF
el = T
T
7|EI'EEH DHITj 7|2'|_<‘ 2|,_<_§I§ HxH 7|_7I._S ll:l—ho:’ Lt-OF
(2018~2022) 22 =" (1<) s=e
23 I
i, 750 700 -50 584 +534

X IEDEL(2014. 2), p. 103; ZEDSE-FHAPAL(2017. 12. 28), p. 6; HLEEO[(ZML:
2018. 5. 9).7[HtOR KX}t XA

132) HUSH[0|(ZAM: 2018. 5. 9).
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Sr|Hor St AgS Ao AsiAe ket siE
< MISEAL SiF~Ad7A] o] Agr Ad 9 59 Bl A
FUoz QI8 2FHE A=AIA, =W EEZoIA AF = 97l
3 EEZ9] M3 6,783¢, H3lHS] m'F 7,103¢ +&°] H=F 3
of & Z o]t} 133)

JZ ook

X

H 6-14) Stza ¥7K20084 7|F)

e 2/

= Tt H|D

= (FOB) 3,500 S5HHFE EUR 2.0 CH2| X OFF 2F 3008
MY 6,500
B 10,000 O|MHE CRIC

2= QI MR HOH7K2008H) 10,000~10,5002/ m
Kig: G M7} X2

4. =2EM(Zel) = 758 =4

133) S ZHZAIGT 0] Matnt HaliRre| EEZ SMANFIH7IE RAIR SHferA3H LISAE
(2018. 5).
134) "HE07 |22 RS0 23t 5 Ofsh HEHV [2E), ¥E M145323, M2Z(82), A

36X (=ML ZHUS 5).
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X6 Y HZ Sa =4

7 L4

Xfaisiet)

" {a) 40mm O[5} (&) 25mm Olat (c) f3mm O[5t (d) Z2H5mmOlsH)

At=: 0]MI84(2018), p. 5

‘{—'\‘QSE’_XH% 0]835la] ZJTYELZ Z 2 ofATLERO0F ARG}V
Aeide dAdEALt A FARE 29 FHA7|ES WESoF &
T 53] <3S £Y440] ot EdRAt a7] Hgd] 3
At EA3E] 7t D Q3))135)

0|

135) 0JM[34(2018), p. 6.
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ol o
RS

dofl= 9,95991 9] Alx

(H 6-16) N7 |2 S7tx2| A 343

H 6-15) «E=XHet MASM| E27IE Hlw
B Z32|EE MHER OIALEE
Sk HHZTY EShET HASTH
AL =(g/or) 22004 2.50[4 - 2.50l5}
E48(%) 5.0 0|5t 3.00(5} - 3.0 0|5t
24 (%) 10 OJot 10 0|3} - 12 0|a}
Ot22(%) - - - 35 0[5t
HEZ02|(%) 1.0 0|5t 1.0 0|5} - -
R712E2(%) 1.0 0|3t - - -
0.08mmA| E4ZH%) 7.0 0I5t 3.0 0[5t 5.0 0|t -
MEr 3l ZEH%) - 0.5 0|t - -
NaCl(%) - 0.04 0|3t - -
THIOIA T E 5H2H(%) - - 3.80[A -
AILF x|0|
ot - o -
Xt OIMI3(2018), p. 7 718t XXt 2|
A-LH 7189 SHAE A d2 AHEE wjd F7Fsko] 2016

2013 2014 2015 2016
i 39 3y 3Y 3Us 3 U8 Y U=
AXALINH 770,451 1.7 766,777 -05 865,703 29 995865 15.0
33 550,522 1.6 530,119 -3.7 578079 90 592389 25
oIzt 219,929 1.7 236,668 7.6 287,624 215 403475 403

A1&: 0JM[34(2018), p. 7

142



M6 M= S5 &4

AAdH71= A A= Wd S7tste] 20178 715 569714k ©]
E0h.130 o5 A F IEFE ETA(=2H 27|58 o) B4
o] 7ksRt 3&4 ol WAL S Bt AAle A 64.8% 1 ST
ot= 30570At0laL, 2 ES 2] A4kl Thsrt dAle AA|
22.4%%0 1267 AFA[0IH.137)

[¢]

(B 6-17) 28l |2 S| Xl 7183 o
S HAY, %
= 1AtOlY  2&t0ld 3ROl 4X0lY¢  5XHORY
R 46 152 239 68 58
HIS 8.2 27.0 42.5 12.1 10.3

Xi=: OJM[E4(2018), p. 9.

20154 71 AAHVE F AT A7 72,2844 £ 5 °F 76.2%
Ql 55,108% Eo| <TZAE YAl 3 =
47,8277 E(86.8%)°] W= AL 20158 H 7|E 74,281 E2 H
T Folth. &8=A A F oF 32.4%°] SHFsh= 17,8827 0]

2758 H ERERV|SEOR AEEHUY. =SS A WA
20159) & ZAREAE &2 ZAdiA A=Az 2849 A=
5.9%(3,247,068%)°ll &3}ttt g=A] A4t 9 o ARH2015)

S AHEH QFEARS YAEFS 20085 Eo]1, mujEFe 1,793
Eolt},

g sl E S3HEA] 1,793 & F 43.4%1395 22t 7P S
w7787 E(4861)0] wgwefolct.

=

136) 0JM[34(2018), p. 8.
137) 0IMI24(2018), p4, p. 9, 232ES el 0| 7Hstt iRll= 71853 4%t 0142l YH=
(H6-17)2] 4x}, bAL YRS BRI 12671 YRS 7HXI 1L HIS Akt

138) 0|M$#(2018), p. 10.
139) 22f4Q = B2 x 43.4%(H 6-2) ExX).
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H 6-18) MHE E-E ==X

0z

Ab-THOH $42H20155 7|F)
el £/

7= T T T
£30 55,108,168  47,826854  7.081315
27 20,983,016 17.928497 3,054,519
£27/58 0007478 8088749 918729
o EEEESIET] 8874024 7349353 1,524,671
o2 o
Ng A M3114 359,705 53,409
WMOIAHE 232/E 2065879  1607,008 458877
SECISEESS s mees e
4 7 34125152 20898356  4.226,796
=38E8 1100644 1046252 54392
ZJEME MES 1110789 1031639 79,150
OABERI2ER 1448327 884118 564,200
Ne  BNUNBUAEES 72073 6158 1106%
oLy A 133318 88470 44,848
HIE 124385 120,05 4,330
guSI| U SAMSE | 722279 6851314 371481
NER/=ES 22,131,666 19,160,630  2970,936
HEAlel 2E] 131,054 104,301 26,753

Al&: 0|M[E4(2018), p. 10.
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A 7ottt 1Ry <32 Ae Ae- AASA E2FEL 4o
Ue A 1 Sl A% é Qlste] A3t EAQFF7IEAY 7]
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oy 2Rtof o) whet 7149 H
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M6 M= S5 &4

27} 2 "ol a8y —{';—?J_—Q—ZH M-S A Hier R, BeIA

-

FVAQ| 247k 30% 60~70% 402 Eo| Rt Agee

5
7 F QS AeR ﬁ&E‘r%E‘r.MD
715}5541 % oS8R = FHO AT A A V& =4
THFE A Qe F=EQ 508 m'E Jo &8t 4364
7t Lal—t—t‘r.
(H 6-19) 7|Et2e & =2=X 55 7tsd
THQL: Of
2 uE ssizrpE
orsh == s
=
7|Et=E OiE JIE EEE N o i S LiL of
(2018~2022) =2 T ]| ==
23 22 ~
et 750 700 50 486 +436

7 20154 71 OJ2AS BN FH| BAL 5 D2) £2 B0 43.4%2 1 10| HEA!
1.62 LIFOI At

X2 ILWSL(2014. 2), p. 103; IEDSE-SHYAAML(2017. 12. 28); (& 6-18) U 7o
PSR

5. &dfi11 (=) = 7tsd

HI
1z

1) &1 =M HZESHE ¥ MHEE

EleNe]

rok
Olok

7L 12 &1 =X

TAE S AH Q9 FTo|A FBA, M)A AIA 5L

— o=
Anw sto] AL AZY 1 dojx RAEE BAEL 2
o} AERE L 87} Fepich 14

147) SR &7|E78 2l 27t IHR 21K2018. 4. 6, L),
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(a3 6-3) 1= 271 Mx 33

) A!%ijll — (Of0)F) +E28kUY
- = li-tieﬂ-ll @4 ~33 237E8 584
4 Mwrrm 4481
5 QEEED eq1 | To8 DZAME NUEGR
) o] I il — B35 jann
28 | g E~= } 8a A33 i
LT T OAREZYEREN

o s> o M

T 23z Eg 4

A= S e 27 129 300~350kg o) HAskL 3low, wid

2 Qleto] A&Hor FrkskL Qi Az Sd
e T2 AHMES 4R (72%°]3L, o] 5784
E8(18%), =28(5.3%)°It}. 201449 7|& 12 &1 AHEEFS
oF 1,617¢F Eolt}. 12 S IE FAYES A= 85 784
< ¥, 27 d5AEe o4 AV 4S5 Es HolAAL AME

Z3to] BT 450w WEs} LI

(H 6-20)y 12 22171 2raizr g

=
fufok
00
o
Mo

HRHE %

Sl ECES WSS HeEHlE
2010 11,087 11,074 99.9
2011 13,599 13,599 100.0
2012 13,653 13,895 101.8
2013 13,987 13,857 99.1
2014 16,087 16,167 100.5
2015 16,112 - -

Nz et=aE7 [EETR(2018), p. 3

142) St=71871&21712(2018), p. 2.
143) BH=71871&21712(2018), p. 4.

146



M6 M= S5 &4

Lt H712 L=t S0 =X

A7z Akt Sdde AV|=0lA 843 SAl0l BEe &5
At g1 = Be 3712 431 AAIAY 571 FollA A
A5l AR & FEZ AASH d& 24T Aot 149

(O™ 6-4) ™7|= Mt &1 HE 33

y 23y A3y B2 e )
(ﬂ'ﬁ]\ - **’*_g._.[g.s\:)-,n ooz AWAYH

i pEa | dHos =FEN
Haea

Huw {50kgT)

| R ¢ = b - LJEERIUR
. (130%8/T) ] B el TR
{ £ _..:1 § _=|e ;
L . wagy

* Blmrrm ﬁ%’ TV AM T yasEs
= 2%
=
2 : Mojedl (oM q:t?fgaﬂi

n3 [ ' 2aaEs SN

e - |

§ - 1

A g7 &7 2(2018), p. 6

A7)2 Aksh 22T 27 159 150kg 040l BT H7]2
A¥eh S 10) AT SEL AR BAU0.1%, E2E 2A(26.3%)
B28 2A)(14.9%, 71EH18.7%)2] ot A7|= 45} 221 2
2 232ES AR A8 A 954, IE4E, B9 84 4% 5
o] =t} 145)

(B 6-21) 7|2 et 22O(HZ) S R HeE g

A= =92 e etz
M2 M7=

2010 5,965 3,307 9,240 99.7

20M 6,687 3,643 10,305 99.8

144) $t=7147 |28 (2018), p. 4
145) $H=27M7|£H2(2018), p. 5.
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il =ee

M2 7|2
2012 7,201 3,556
2013 6,679 3,638
2014 11,039
2015 10,947

WEey  MEstiE
10,851 100.9
10,206 98.9
11,150 101.1

K e=7147 & %7#(2018), p .6

Lt & &1 =X
5 &1 A= 2olA I FA Bdsk= &8 €1
= E= 3712 F33] dAA7IAY 371 SollM AA 5] YZAIA
A& AT Ao|th, FA 5 &1L LS-NikkoAte] B4 A &
Aok STk A B SE 1 AT o 708 E oJOoR 34
A Y F €Y1 SAE SAYEA ARERE BF 5 2o
AAT dEE U EgA AFS FEAch10
(O3 6-5) & =1 HZX SEKEBE 38)
-.... ‘ Day Bin
HEs
* ® LI ]
BiEY
i Sivam Dryee sy WU TS e
Bag Filter L sq e Huag
. o nuw _.0 P
SII J
1L lmmndl -_‘l:uil‘h ; |
Cal0s  NBRIFA C!h Bl — -L
s P a0
A o=tV |07, Te&ei S 28 71871y, p. 11, 2009.

146) SH=7187|&21712(2018), pp. 7~8.
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M6 M= S5 &4

o-do ™

ot HZLUZA S SX)

m =2 147“ 2 HB0%)% YAQ0%)S &8l Te E7ol BRI &
golglA FAgo|th HEYA &1 A oA HEYUAn 5
Al *g*éﬂ—t— 45 €U1E & B 3712 S43] AAIAY
371 FolA MAS YAAA J& 2T Aot 147)

(28 6-6) HZUZ &4 MxE S

o

1 ERAIITY

e
L
.
__'_,-"
4‘:’ /
\\//

Az =M |1E2H72(2018), p. 9

WU &82E W2y 1E A4 A o 302 olito] WA
o149 S A7} <AzE 1008 £ o]4fe] MU SIS A
e Ao AL H2Ud 91 BHS 2= A48

[e]

A9 FEAS "ol ASAEY B9 84 AL A5t

>

e

AN

On. &8 i1 =X

147) St2M7|1EAH72(2018), p .9.
148) 32747 |21 2I(2018), p. 10, 05+ 2H LIRS Q955192
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o4 HEaLE 53 ol oln] AshE maES sl g
3 Zolch, AHUsl5A ol FHeid FHZ12S oF 1,600€ o]4
1L e Bo 8¢ Lt WAt

rfo
N

(g 6-7) g8 =1 Hx 3H

Rz S=7id7 =0T (2018), p. 1

45 €d1 A Wd AgurlE 2y 7= 37 FAleIH
45 €dlle 2 A58 9E, 719 £5 52 Atk | A
=} 150)

H6-22) 88 &1 LT A B HIE
ool £
oz &7 HE=HT HIARKH
2008 543,082 450,327 92,775
2009 560,039 464,295 95,743
2010 577,681 475,379 102,301
2011 623,586 511,676 111,909
2012 638,328 521,236 117,091

Az etmadr|EeT2(2018), p. 12

149) $H=7AM7|EH1R(2018), p. 11.
150) $H=27M7|£H224(2018), p. 12.
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M6 M= S5 &4

2) &3 =X 3875

A2 g1 E2E, 578 528 ARSEe Agdd d1t
1,6177F £(20149)°11L, 7|2 4k} &3 19 A8 Azt 1,115
T EQ0149)eItt. & £ 1= A% 709 B AAbelal, H=uyA
S Ie SAPF A7 1009 6

Eo| it} o] g 7%t
A AZF 7899t mo] & Mot

H 6-23) 21 2 S8 75T

Ciol: Ot E of

T= SU/HESYR E) YA/MHEES (R )  ZH(2 )
=2 &7 1,617 1,011 439
7|2 st s 1,115 697 302
s &1 70 44 19
HZUZ &40 100 63 27
g8 i1 6 4 2
s¢ 2,908 1,818 789

A= g2 S U, S & 22l HIE S3 7|22z XA} 2y

6. 7[Ef2d 3= 7tIsd =4 &
ZIetie 372 AR EAeE A CA Ve

2l 7509 wHEoh @2 33509 o g7 83| FF s Ao
2 e
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H 6-24) 7Et2e S =5 32 7tsd

£9): Ot
=M OE0H A J|EfRe S

= JERRA O . Y S8t B ST o,
(2018~2022) =% L= I = = R = - T = T

2 35

e 750 700 800 584 486 789 | 3,359

NZ: ZEWER(2014. 2), p. 103; SEWSH-SIU4AE(2017. 12. 28), p. 6; U] 7|EH2 2 SSL
82 7= XA} Ay

H5Z ix=e S5 7tsd =4

ZIetm e 3G9 7509 ' |4 R 2 SR %%ql;‘é%
l 257 me R 775% me] Aol HE, U, Het
A, 8L, SYPIRH 55 I FEH Fof gl 7
o= HeIt, Tl A A4kgo] gol Easto] Aok
cRAE ol FHIPA| XS 47 2o Befdol 24428 o
o, 2AM 7B SEF2E $30] 7 AoE wdEn.

O Hr R Hﬂ

(H 6-25) U2 35 7Fsd

farn | (o) pare e A LA

e =A== QLAY JEtmay =% ojc?ErEEH

- =Y SEE gpsoir LT

O O
7|Ef 2y 750

SA+IA 2 2% 3.350 0O 3334
e 775

JEHS S (775t 2,442 3,350 o 917

SR 2EE(1,667)

X2 REDEL(2014. 2), p. 103; REDEL-SHAYSAE(2017. 12. 29), p. 6; Yo 7[EF2eH 22U
28 7|8tOZ XAt Ay
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AL SAL, SPALAE JROA 202287 FAEE
2 259 moR AYPOU, HAHA| o vl 15 WA} A
94 29U ZHol4 ZRRHE 5 e ol BT Ao B
HY. AEmdt $EAR] FHE B oot A

AgH] B4, A 29 gAE 24 52 B9 FAY o
Fol 7F5 Ao BerEch AEnHBAYQ BEwAE 201839
33 Aol 53 BASFARZH Hol7} gol W Aejolnz Sht
+ 201899 HHEE Tt 4,064 m’ Fg°] 7Fsstttd mid 509t m'Rt
2 ZAKE AT Fet /b e Aoz Az AR 20184
ol 4,064%F mol ok 2,9529F WIS FRPL A= v 400
o

w ol ZAlsiof ShoE Refo] 4 gk,

i
32

) mlo

(B 6-26) fR|22) ZI7HsA 24

el 2t
T EEL =AI2Taf ES= ¥l
= 2018 2022 e TE=
SA2Y 804 820 16 -16
St 2l 116 125 9 -9
AL ef 2,728 2,940 212 0
4,064 4,619 555
FEed 2'9_52* 4,619 1,667 -1,667
(5%t)
7Bt 2y 750 750 750 +3,359
=%l 1,677
Z: 2a0a 29520t w2 bRt £3H 18 2016~2018H2| HWHZH0|1, EaRaf ZA0| ZX| =Ctn

f
73S 4R BE20( 11,6672 m0| 2
A2 FEWSE - oiF4H2(2017. 12. 28), p. 6 7€ KAt &y

6=

), WAL, BF ojzlo| 013*0}1 717l o] Fol itk
—L L Zgko
=] ’CE

ZIgRE M AT = UAS A
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SPARY, Benao] B dAES F9T 4 Q1S Aozt AgdH
th 2022E7FA] v EE] ZEEEQ] 900%F S ZIEFREE A
Qe zZoz moier}
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7% N2 S5 2t X SaAsds] Yot

A FF 9t @
FFAETE Yot

12 22 A g S' BHE 7= HE

2t 71E A SE (2 —A|HE)151)

—_—
o9k

vithE g Fgo] 9g8RE Aol o, WA, 59t 5 2 E
9] Z|zAo| HiEHE o83t HATHILEIH
Compactin Pile)o] 8 THOE ARRE QT SCP FHL A4t
Holl 2170l Z AoldE ol8st] HflE thA B X Fo TES
Z/gsto] A|9ke) MFAE FUAlZlE FHolth. RHE ARt
SCP FH2 v HHfiE Ao N HAYS HojA= Holtt
SCP o] AMd H5e= FARMAIE e olv R 5 1-19A4 - 2-1%
A(2006~2009), 2-2A-2-32A(2010~20114) S2TAtl] A&
EJO*E} 20199 & l Q1 FAGAIR oY RE 2-50 A9 &

i

151) EXi24(2018.10.8), p. 19| i8S 7|HH= XA 2y
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F2ol= AA Al 4E dF 5= B9l ARIEE 283 H5E
5 H(DCM: Deep Cement Method)2 &85kl Qlth. DCM ¥
AR ol S FASEL, WHZ|E o]-&sto] wRE-E9s
I, Aol MFAE £/4dste] AR S SHAIZI= Aol
o] thﬂ% ]“ﬂE /\}*Q-OE ﬁxﬂ*éol St ‘?ﬂolﬂr. DCM ¥ #

}OI'
rSL ;

A -WABY oc} ?o(} umrio} %—A}(zowwl)-‘r; ERl %
SAH20219)- A 2-287 S254H20234), FARRPAIR AE
OJYEE 2-4HA ZZ2FAH20204). ATY THEA (A olu)RE
SZ23AH20209), 4t BEIRF S23AH20219) ol Aok

(LAY LSS Y(SCP) (HEESEH2ISYDCM)

A= FRet2018.10.8), p. 1.
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H7% AR BT 2Es Y SIS et

2. 2k 3Y HE(ZH—~XIZ)152)

S,
)
9
[t
:"é
.[
i
>,
N
o_>|:
:L
oL
e
O
ﬁ
<
Fi
ot
rE
o
il
e
H
We,

xﬁo]—/H EZHF—' A]—_Q-‘gfﬂq- u}u}gaﬂ 5 o] LI L7 G150
Ae BYE BEE APt AT Ad] 5 itk Fatsdo
M= SAE 5710 F718 SHEA S FEY SH4EAHEY &
2ol B2) B 4 50X FaEHE EAL EA 52 8519
EEE JAPA7|2L itk

Idig BEEE st ASole Avle Yol FostARE 24
EHEO] o= 4350l AR u<3H2l PBD(Plastic Board Drain)
£ A AFstER Zgo] golstA] g2 ©o] Utk

(27 7-2) oIt 2E MY
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