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ABSTRACT

An experimental study on the porosity shape filter in

Non-point contamination facilities

Jeong, Hyeon Sik
Advisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering

Graduate School of Chosun University

Until now, various methods have been investigated to reduce the number of
point pollutants. In Korea, due to the increase of impermeable land and the
unbalanced rainfall, non-point source of pollutants have been inflowed to water
sources and streams. Therefore, the Environment Ministry of Korea revised the
design manual for the facilities which i1s reduce the non—point contaminants.

Although there are many ways to reduce non—point contaminants, this study has
been studied and tested a new filters. These filters were made by ABS
(Acrylonitrile Butadiene Styrene) and has sphere shape with many holes. The
density of the ABS filter was 1.05, with 96% of porosity.

For the experiments, hundreds of 20mm one layer filter and 3 layer filter were
made by using a 3D printer. Lab scale experiments were carried out by using a
filtering unit of 75mm diameter. Filtering unit were filled with the single layer
filter or triple layer filter. Filter depth was fixed in 600mm in accordance with the
manual and the filtering velocity was 20m/hr.

Red clay and blasting sand were used as surrogates for artificial initial rainfall
water solids. Particles less than 63mm was estimated over 99% in red sand and
91% 1in blasting sand. SS concentration of inflow was maintained with 150 -
350mg/L. In red sand experiments, SS removal rate of the single layer filter was

measured as 52 to 56%. Meanwhile, triple layer filter showed about 10% more
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removal rate than single layer filter.

SS removal rate was decreased as low as 35 - 48% when the inflow SS
concentration increased as high as 690 - 990mg/L. In blasting sand experiments
and in condition of normal SS concentration, SS removal rate was increased over
96% for the two experiments. SS removal rate was decreased to 909 while the

inflow SS concentration increased as high as 1,200mg/L.
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2ol 19873 Clean Water Act Amendmento] <]3] #|7d%¥ Nonpoint Source
Management Program} 1990 Coastal Zone Act Reauthorization Amendment © 2] 3
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31 498 #AX9 +4

3.1.1 A}FX e T4

A3 A2 F oJFHx= PVCAZAY VG2 75mm ¢F s AR&sEaL, wMiE5 32

VG1 25mm¥& /\}%i‘ifztﬂ, j_%], Slﬂ‘ ZE]-O] %_/r:%g_’ _9’_?:1‘:5:’ 0437/]_}‘, /‘ﬂ’—ﬂ—/,:?r_i
ARGt AFRA = Awrt LA EFD F AES FgAuNs S AH s
ot

g 3.1 Pilot-scale &X 4
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3E 31 A

- A = = = >
max 3400 mL/min
Flow Rate _ _
min 0.36 mL/min
SeEHI
(HEO) watts 75W
Motor hp 1/10
mi:1p) X2t ol m 2y 300rpm X 120mm*20mm X
3
3.1.2 AA AA AAe dig 3D=AY IHJHE 54

3DZHUE o AHHEE & 27149 771 dt}t. WA PLA(Poly Lactic Acid)+ <
T AR FE5F A5E WE JAE FAolH. AR FeEstt PLAE
°F 12~13 Axe M%%7Vhl%W.EQABQNnMMﬂe&mmme&Wmm%
ol =Y EL BEHQl 2o AZAAGReR Ho e FARA FAA, HeF
d, H57del HoluH %3] Al ABY, 9= AETY 23 TheAd o] gk A0
1.5 =e] HlF o= oo JAx B F2 o 7P gt 49 5

= 7HA L u oleld 5o R 2 Ao = ABS7F A B &
29t 3DZAH S E9d Oid A5 SAL2 ® 3200 WESiH

H 3.2 3DZe/e EctHE PLAZ ABSS &

i & 4 s 3

PLA(Poly Lactic Acid)

S0 olst HE ol =L

PLARCH 225 44
ABS(Acrylonitrile Butadiene Styrene) | - 222 802 AL} %

ZoAER, OIAEER9 S&0| Jis

Collection @ chosun



3.1.3 A7 74
2 AgelA AEE At DEAEE o] gate] ¢
WE T F 24 AE Hn Y
Z

gt 3DZHUEE W= 300x300(mm)e] Alol=2E &EHET = Qo =ol(Z=)

A= AFE A5 20mme] 1
<79 10mm, 15mm, 20mm T+& 3T 1%
Z]

-

300mm7HA] A F & = d= ZHUE ot}

18 3.3 3=

oA F 15TE dAdgor ZHUHE AASYI, 3FTE 10mm T2 93T

15mm, 20mm—+& ¥H=

O 3.4 30ZEHZ £3& 337 157(F HE 2 &)
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CHOSUN UNIVERSITY

Fa% A4 ofAe] Aue JEA Ar)Fe] HE wF L FF
Fol tiste] Beld 54 & 333 o] Avgrol o, ¥ FIES Ued
H 3.3 ABS 01Nl 22X S4
oM Z g & g ¥ I\ < 2 & s = E
ABS O4 TH 20mm & ABS 1.05g/cm’ 0.96

_33_

(“ICollection @ chosun



3.1.5 A1 89 T4
Ao e FE

NE dAuAl ARE §U5 VFoR YEEAIE AA G
oA o] A = AAE & AFAen, FEAEE 63um oldte] UA7E 99.25%
=7 Hglom, Aupal AlEE 63

o]ate] A7} 91.12% = =AU

H 3.4 Ng2 =28 §4

T = 63um 0I5t (%)
BE 99.25%
A OLAL 91.12%

EE ANZ2 AOAF AlZ
B AzEAl A

o] V] # 3

AA 8w v d(2016.2)°0 71 A€

ELESILI

3.5 HIEQAR MLAILS AIZ JIFE(2016.2 #AL)
o=

ANE2 J|I&E
SAFS 2H (um)

&8I (%)

63 ~ 200

Al

_34_

Collection @ chosun



70 ~ 80

20 ~ 30

100

150 ~ 350mg/L
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oAAel =84 EAS gotstr] flste], A AA, FA, AA, HlF, s5ES 1
P

322 4352 & 4
odBtg g AFS 98 vAdAVIF Fste] AEE AAd f94 SS 1+
% 150~350mg/L ¢ e frAkel 974 o] 63um ot M 7F 70~80% 7} ¥
ofopgit}, ma A Ae] AF 600mme FAZF doof W o HEE=
20m®/m*/h el 71e] Atk F9) FES AA A EZ 25mm/h o th
B AgoE oduz ¢ qA4E 71F ¥l 600mm WHEF A F FE 200~
300mg/LE 715 # % 1473L/min®] $X 2 Run time 602S 7|02 23S AA s
Ak A e Z 1579 357 oA JEE VL AP, FEARS} A
AL AR5 o] &3te] R ES AFS A

ol 5 oAle] F2a e BY] fd 1F=(600~900mg/L)2 F7F 4= AA -
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411 137 9A#E ¢
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140 &0
= 120 e
5_‘_:' bar 2w | 'F'
£ 100 ol
FU 50 ™
1 T =
ok 45
L 60
a0 a0
20 35
o 30
10 20 30 40 50 &0
= A ZHmin)

d8 41187 602 28 6 = s& € HAHE

412 137 1%5% 4R a8 B4

&

ABS 157 oAl tall 600~990mg/L &%= 1&g 27|55 oAl o3}
a3, F9 5wk FdEE 8B3mg/Lelli ANTE Fde ofatd A 15
del2 AL, o F M w2 FEE 15 462mg/LolH MG U2 FEE
ANb6mg/L= HEFSTE 60 F e 5 431mg/LE YERE .

r-{u:

rir

H 43187 1sE 602 28 Ot & sE(&E NE)

S A 2
[ 4 =7 Al 152 302 452 602
ol & ==
(na/L) 987 889 923 692
— 39 —

Collection @ chosun



Ho
Uy
]
KJ
OH
It
Q

H0

H 44135+ W

00

LK

60=

431

45=

416

30=

451

1582

462

IH

_

N

RO
KT

=t
55

462

500
g
6

440

400

60

30

o
=2

HlAH

ok

==

H0

s

OH
oF

S+ U=k 602 ¢t

8 4.2 1

413 157 ALFE 9

ABS 157 oA

990mg/L)°] of 3%

Al 250mg/L ~300mg/L

ko3
T

a4

102 221mg/Lol™ 7} &

145mg/L& et

=Nl
O T

H O 1
=1

H &
BLE

129mg/L= YEFs T 60

T =
O -

o
—

_40_

Collection @ chosun



IH o)
=R
IH Q
3 N
010
I | o
= ™
IH ©
g | &
=
IH Q
Q N
B8
z |
HIKE | Ho—
wNMms
= 2
| an =
Ok &)

Ble
©
Bl g
Lo
00
Lo
g8
By
(]
=
B
Al
Y
K0 H
IH | Kl Ho —
G 45
= 2
i PR E T
R

205

10

120
00

(VBu)R 24

a0

A0

10

Loy v | 7L 1
= A} LH{min)

£ 2 HA=E

L
iz
Jvmo
Z_l

157 oA A2 = A Al

H3t7E glo] 5

o
347Tmg/Lo] 1L,

=] T
ARE

'CH

ﬁo

195mg/Lo] ™,

10+

_41_

Collection @ chosun



150mg/L= YEFRTE 25% SSEE+

H 47137 Ml =52 Jl& it &

150mg/L& et

SE(BE ANR)

= T =
Sol & =X = - o o =
A=
O L(* oy 378 390 389 314 264
H 48137 Hel = 52 JIZ2 0t &= s&
S A =
0D & =X - - g g _
T A - C
I*a('mé;L)O* 161 195 162 158 150
210 70
200 65
—~ 150 60 -
E 180 55 ;'_E
7l 50 O
OH 170 ¥
ok 45
= 160 40
150 35
140 30
10 15 20 25
=T A ZH{min)
A 4.4 1F5 Hel =52 J|l&= s 9 HAHE8

Collection @ chosun

_42_




415 35T 945 & £4

ABS 3% oAl ] o7 HFe] F=E 250mg/L~300mg/L s =7]¢
oAapgAlel o3t A3, K F sEe WIS 279mg/Lolar, o3 F 7HE
TR 408 134mg/LelH, 7HE v s 117mg/LE YERETH 608 F SS
£ 128mg/L& “FERSLTE

e

H 49387 602 2% 0t & sZ(HE AN&)

> = A g
7 = =& - - = = = =
A2 1082 20= 0= 402 50& 602
Hat & %
(ma/L) 314 299 221 323 285 231
H 410357 602 28 0t &= s
2 = A g
Ht = =8 = - - - - -
Al 2H 102 20= 0= 402 50& 602
Hel = s
(ma/L) 17 126 126 134 126 128
240 70
220 65
200 o0
£ 180 55 o
il 50 D
Ol 150 s
)= 45
=1 140 20
120 a5
100 30
10 20 30 40 50 60
=5 A ZHmin)
8 4.5 357 602 28 6t & s& L MA=

_43_

Collection @ chosun



42 AvA AR AREE BA

421 157 AR5 & &4

ABS 157 o Aol o8] 200mg/L~500mg/L %9 <& %7|$FE o33
ot A3 F¢9 & TE9 HS 38lmg/Lel i AAFTS FFs] odyE A4
0% wH9E 2489a, o T b Be FEE 308 108mg/Leln 7H e
FEE 44mg/LE YEYT 60 § 8 5T 54mg/LE YEST

41115372 602 248 o & ST (HOAF AIE)

= LH =
2 = =4 o = e = = =
A2t 10& 20= 30= 40=2 50=2 60=

it 8 s&

(ma/L) 523 631 201 483 392 325

H412 187 602 S8 it & sk

S A =
Y = =8 o o e o o -
A2t 10& 20= 30= 40=2 50=2 602
el = s&
(ma/L) 8 4 11 5 6 5
40 110
-2 oSz =T E
35 105
30
1 100 3
B ofU
@l 20 95 &
ol =
i': 1= ap
L 10 _
) 85
D 80
10 20 30 40 50 50
EF A ZHmin)
d8 46 1872 602 28 it = s& L HAS

Collection @ chosun




3 ojate A

)

%3}

[}

=0
=

[}

437Tmg/Lo1 3L o A

o

T

T

[}

|

Ayx

& 220mg/L~700mg/L & %=9]

S

o
5 59)

4.2.2 3% o3

ABS 357 oA

ol

XO

° w307 74mg/LolH 7t

o
N
A
g
(-}

|
A

34mg/LE EFRETE

R

T -
[ I

=
o

S H o o
T =

e}
T

010

LK

60=

225

50=

578

40=

515

30=

383

20=

222

10=2

699

4.13 35+ 60

1T
prar

FEE 32mg/LE e T 60%

IH

RO
Kr

~

Ok

iy

H~
_J

-

—A
=

010

LK

110

60=

50=

40=

30=

20=

4.14 35+ 60

W
N

IH

ojil

[

o=
=

f

Ll
o
OF
-
B

(W)
[a]

5

10"

_“;.i_mm o |

100
95

98

99

(=51
(=3

98

98

99

L=} L7 =
5] (] ]

(3R 28

85
20

3.4
al

40
min)

O A7 H
— 45 —

LIS Sy

8 4.7 38+ 60

10

Collection @ chosun



423 35T AFTE AREE 4

ABS 3% oAl &l 240mg/L~1200mg/L LEES] QF 27955 o3}
of o7t Ay, 9 § TR HE 727Tmg/Lolda A F& T o A
FE 108 S92 2493, 93 F 71 2 FREE 508 27mg/Lold 713

& F5% 5mg/LE UETH 608 & RGE w5 15mg/LE e

N

PV )

H 415337 sk 608 @& O & s=(HOIAF AIE)
2o A =
= = 53 o o o o o
Al2H 102 202 0= 402 502 60=
0t &8 s&
(ma/L) 586 421 243 1281 709 1121
H 416 357 IUskt 602 28 it = &
= LH =
it = =8 o o o o - o
Al 102 202 0= 402 502 60=
el = s&
(ma/L) 5 9 11 21 27 15
40 _ 110
L | 105
30
i 100 T
e O
Wl 20 g5 T8
it 3
i': ¥4 ap
T
" 85
0 B0
10 20 30 40 50 60
= AL H(min)

18 4838+ sk 602 28 0l = s & MAHAS
_46_

Collection @ chosun




lo

of ASE 1T 271959 NEQ FEO YEEA A3} 63ume] Yo =e
e

5)
HE7F 99.25%7F v Ad, Bl dd AR vind Ve 70~80%E &

X

]

.

N
i
o
o
i
AU
&
>
rlj
=
=+
e
N
MN

Q1 80% AAL WEE £AF vehin,

ool Wla AnkAbE QEEA A3 63ume AAAO|=e) FAETL 9
o QA= wrhE &7 2 Aoy s MHedd AAA W 71FE 70
~80%E WA 2EE A7 Ut ool dluka ARe] W@ R Le o)
A4 ol mIE mAT Wi AALe] 157 33T BT 8% oL mylow,

AFE Ao e 90%E 4 2+ AAZES YEWTh

_47_

Collection @ chosun



AL MHed AP SFFA RFANE ALEe

g ABSojA o] =d S o3 285 A¥ste] vey 22 4

L ovdesd AgA4d st oapgAe] Fied AA ZHE dotry] 9 oA
o B4 54 B4¢ 23, 098~1.06g/cm’e] WEE JERWow, ¥
9%6%=s HERAT. B Y F 3DZIHE e S
AA Bol B A4S YeuAul B&e A ABSHAIE EEo Fo ¥ VEE

AASGA o Thebors A 2 5 9T,

2. FE AR 7] 1579 ABS Ao FFE°] Eol gAl9 =l FEI}F F2E
9 F SSTEE 250~390mg/L A& 4 5&E 7= HE AAE 52%
T 210~330mg/L A7 4 A5 A 108 7l Hd AAE

53% = iy 7l SS AAE 80%0+ X w A= Aioltt. o] djd] AT &
A 582 ey AFE SS 600~9Tmg/Le VlEew ARW A3 SS AAL
o] At} 55%, A7 38%T J1ZsAom, Pt 48%9] AALo] vk mFE A
3 A% Al 7Y 71F SSEER AW sdon, of o A5Has A4S 8

gou, o7 2t FF 58S 296

T+ SSEE 230~320mg/L7 =02 A3 3

NEsAon FiF 35%9 AALo] gl 3:=3 wa 99 4 SSEE 220~

330mg/L HA# F AF A7 108 712 BT AAEC] 4% WFd JFE AAS
e

S S e}
DEE 4Y A% AUE fA5 59
2

3. ArhAl AR V= 157 A9 E&S 79  SSEE 200~530mg/L A2 4 10+
o] 98%¢°]H, 3T HE3T SSEE 200~700mg/L 7+ B AAE
ot} oole] gl 3F 79 SS 1E%E 240~1300mg/L 7| i Al A
)

_48_

Collection @ chosun



4. 3DEZHHEE o] g3dto] ABS FAFAE ARSI oA WAL
st FE Algo M= YR 2 A

Alag A3 oS 2 AALS BIAT v
ot} SA T FE AmHT} YA}
T SS Hit AlAEo] 90%E
T 3T 79 o3 2&
AA &l AR JH

A EP HE e

AAZE 7ZH o= B 1=
-

Collection @ chosun

AALE
2 AvpAL A BN E 15T 3% T oA
, AURAL AR

_49_

ZF A

[

2

A



oy
il
B

L

KH

, pp.141~167.

<

A224 A4

Pilot-plantoll A E.ejoj 3o} 2tojyto) 2] g &

9%

=
=

2. A3 (2011), L E=AFA g

o

3. A4=(2016), shakA A=

il
HJ
oF
Tor

T

ki

o

MEA H

g
H)

Tor

=(2005), =A1A H]

4

S.

aid

Tor

!

Tor

o

o

6. YAX(2015), QUALZ2E R3S o]&

9=y

Tor

Gl

3], pp.508~509.

-
e

Hl

% EA%%

A

(2004) &

G

5
A

o

, A 7= AT, pp.83~89.

_50_

Collection @ chosun



4 o4

DR

1 7S

[}
=

(2005), =A1AS B A QA

]

SER

10.

il
HJ
oF
;Oﬁl

=<

=

Tor

246.

alg
HJ
oF
Tor

K

ol

Tor

aid
A

Tor

Bo
R

&H

14. HA-&(2008), F-AE H]

HI1A, pp.l1~147.

Bl

79 A4

Tor

ok

=

NEHLID) 7]14 8 4 7)o

3%

A

(1980), "Initial degradation of effluent

20. Amirtharajah, A. and Wetstein, D. P.

_51_

Collection @ chosun



21.

22.

23.

24.

20.

26.

21.

quality during filtration”, JAWWA, Vol. 72, No.9, p.518.

Gurr, E., Nnadi, F.(2009), Non-Point Source Nutrient Loading in an Urban
Watershed, Reston, Va.; American Society of Civil Engineers, 2, pp.1431~1439.

Kentucky, (2010), The City of Bowling Green, KY. Stormwater Best

Management Practices

Liu, D. F.,, Qiao, P., Zhang, L. P, Song, M. Liu, S.(2012), Application of
QUALZE Model to Analysis the Permissible Pollution Bearing Capacity of
Water Bodies in City Water Area, Trans Tech Publication Ltd, 518-523(3),
pp.2385~2390.

New York,(2010), Center for Watershed Protection. New York State Stormwater

Management Design Manual

Subra, W., Waters, ].(1993), Non Point Source Pollution, International
Geoscience And Remote Sensing Symposium, 4, pp.2231 ~2233.

Torabian, A., Hashemi, S. H., Ghadimkhani, A. A.(2006), An assessment of
water withdrawal effect on water quality of the downstream river at the
Mamloo Dam site using the QUALZE model, WIT Transactions on Ecology and
the Environment, 95, pp.157~164.

Wang, H.,, Wu, Z., Hu, C.(2014), Comprehensive Study of the Effect of Input

Data on Hydrology and non-point Source Pollution Modeling, Water Resources

Management, p.17.

_52_

Collection @ chosun



	제 1 장 서  론
	제 2 장 이론적 배경
	2.1 비점오염원 정의
	2.2 비점오염원 저감시설
	2.3 비점오염원 관리제도
	2.4 여과형 시설의 여재 특성

	제 3 장 실험장치 및 실험방법
	3.1 실험 장치의 구성
	3.2 실험방법

	제 4 장 결과 및 고찰
	4.1 황토 시료의 여과효율 분석
	4.2 연마사 시료의 여과효율 분석

	제 5 장 결  론
	참 고 문 헌


<startpage>14
제 1 장 서  론 1
제 2 장 이론적 배경 3
  2.1 비점오염원 정의 3
  2.2 비점오염원 저감시설 6
  2.3 비점오염원 관리제도 15
  2.4 여과형 시설의 여재 특성 24
제 3 장 실험장치 및 실험방법 29
  3.1 실험 장치의 구성 29
  3.2 실험방법 37
제 4 장 결과 및 고찰 38
  4.1 황토 시료의 여과효율 분석 38
  4.2 연마사 시료의 여과효율 분석 44
제 5 장 결  론 48
참 고 문 헌 50
</body>

