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연구의

목적 및 내용

연구진이 보유한 전처리가 가능한 중관 구조의 취수관과 강제 역세척 장치를‘ 2

갖는 매설식 해수 취수시설 수처리에서 조류 및 슬러지 제거장치 가압’, ‘ ’, ‘

필터여과방식을 이용한 미세여과장치 수방대비 야외수영장용 이동형 기계’, ‘

실 해수여과 취수시스템 및 이의 유지 관리를 위한 제어방법 등의 기술들’, ‘ ’

을 통합화하여 평상시 및 재난시 각종 용수 공급이 가능한 친환경 모듈형 물생산

시스템을 개발하는 것임

개발된 모듈형 물생산시스템은 평상시 생활용수 가뭄 지하수 오염 등의 재난시, ,

비상급수 마을상수도 하천유지용수 등에 적용 가능하도록 모듈화 시스템화 하, , ,

고 사업화를 위해 국내외 전시회 참가 홍보자료 제작 및 배포로 신규 시장을 확, ,

보할 수 있도록 하고 해외 물부족 국가의 사업에 진출하는 등 해외 신규시장, ODA

을 창출하고자 함

본 연구진이 보유하고 있는 기술을 이용하여 평상시 및 재난시 각종 용수 공급이

가능한 친환경 모듈형 물생산시스템 개발로 주요 연구내용 및 범위는 다음과 같음

전처리가 가능한 취수설비 개발 및 실용화①

생활용수를 위한 여과설비 개발 및 실용화 차 처리(1 )②

생활용수를 위한 여과설비 개발 및 실용화 차 처리(2 )③

음용수를 위한 여과설비 개발 및 실용화 차 처리(3 )④

친환경 에너지를 활용한 시스템 구축⑤

수치모의를 통한 물생산시스템 성능 평가⑥

프로세스 조합 및 모듈형 물생산시스템 구축⑦

유지관리 최소화를 위한 통합 관리 시스템 개발⑧

기후변화 대응을 위한 녹색인증 추진⑨

연구개발성과

기술적으로는 모듈형 물생산시스템의 시제품 개발제작 및 모니터링을 통해 제품의․

성능을 인증받고 제품의 설계 및 내역 작성 등 표준화를 수행하여 기술의 상용화,

가 가능토록 했으며 사회 경제적으로는 물관련 국내시장의 조기진입을 유도하고, ∙

해외 물시장 분야와 사업에 진출할 수 있는 발판을 마련하였음ODA

연구개발성과의

활용계획

기대효과( )

기존 비상급수시설과 다양한 용수확보시설들을 모듈형 물생산시스템으로 대체하

고 평상시와 재난시에 다양한 용수 사용이 가능하게 하여 기후변화 대비 안정적,

인 수자원 확보 및 관리가 가능함

사회 경제적으로는 기후변화 대비 모듈형 물생산시스템의 국내시장 조기진입을 유∙

도하여 국민 경제에 기여할 수 있으며 해외 물시장 분야와 사업에 진출하여, ODA

수출증대효과를 얻을 수 있음

핵심어

개 이내(5 )
수처리 재난 물산업 모듈형 기후변화



Purpose &

Contents

The purpose of the study is to develop an eco-friendly module production system

that integrates technologies such as 'A sewage pipe with a double pipe structure

capable of being pre-treated and a backwashing facility with a forced

backwashing facility', 'Algae and sludge removal equipment in water treatment',

'Microfiltration device using pressurized filter filtration', 'Movable machine

room for outdoor swimming pools' and 'Control system for the maintenance and

management of seawater filtration system' that the researchers possess and that

can supply water during normal and disaster situations.

Through the developed modular water production system, it is aimed to modularize

and systemize it to be applicable to emergency water supply, village water

supply, river water maintenance water, etc. in case of disaster such as daily

water, drought, groundwater pollution. We will also participate in domestic and

international exhibitions for commercialization, make new markets possible by

producing and distributing promotional materials, and enter new markets overseas

by entering overseas ODA projects.

The development of eco-friendly modular water production system that can supply

various kinds of water in everyday and disaster by using the technology that our

research team possesses is as follows.

Development and commercialization of the intake facility that can be①

pre-processed

Development and commercialization of filtration equipment for domestic water②

(primary treatment)

  Development and commercialization of filtration equipment for living water③

(secondary treatment)

  Development and commercialization of filtration equipment for drinking water④

(3rd treatment)

  Establishment of a system using eco-friendly energy⑤

  Performance evaluation of water production system through numerical⑥

simulation

  Establishment of process combination and modular water extraction system⑦

  Development of an integrated management system for minimum maintenance⑧

Promotion of green certification to cope with climate change⑨

Results

Technically, it is authorized to certify the performance of the product through

the development, production and monitoring of the prototype product of the

modular water production system, and to standardize the product design and

specification, and commercialization of the technology is made possible.

In social and economic terms, It led to the early entry of the domestic market

and provided a platform for foreign markets and ODA projects.

Expected

Contribution

Replace existing emergency water supply facilities and various water supply

facilities with modular water production systems, and make it possible to use

various water during normal and disasters, thus securing and managing water

resources more stable than climate change.

Socially and economically, it can contribute to the national economy by inducing

early entry of the modular water production system against climate change in the

domestic market, and it can gain the export increase effect by entering the

overseas water market field and ODA business.

Keywords Water treatment Disaster Water industry Modular Systems Climate change
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1 , 2 , 3 5

. 1 2 4

5 .
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,

.

3 2

, 2 2

.

3.

.

0.08692mg/L

0.09292mg/L , .

0.27692mg/L

.

< 3-11>

+ 0.05392mg/L, + 0.05592mg/L, + celpure 0.05392mg/L

.

45.6% .

.

57.6 g/ 115.3 g/ , 172.9 g/ , 288.2 g/㎡ ㎡ ㎡ ㎡

.

57.6 0.001NTU . COD T-P

,

.

COD T-P

288.2 g/ .㎡

.
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(g/ )㎡

57.6 115.3 172.9 288.2

(sec)
300mL/
22sec

300mL/
26sec

300mL/
32sec

300mL/
33sec

(660nm,
NTU)

0.004 0.003 0.004 0.001 0.001 0.001

COD(mg/L) 10.8 8.0 8.0 8.0 8.0 8.8

T-P(mg/L) 0.123 0.121 0.097 0.098 0.093 0.117

< 3-4>

.

14.41~57.6 g/㎡

. COD

T-P 53.9% .

COD, T-P ,

.

+ +
Celpure
+

( g/ )㎡
- - 14.4 28.8 57.6 14.4 28.8 57.6 28.8 57.6

(NTU) 0.006 0.018 - 0.005 0.009 - 0.008 0.004 - 0.007

COD(mg/L) 4.0 4.0 - 2.8 2.4 - 3.6 3.2 4.0 4.0

T-P(mg/L) 0.102 0.092 0.057 0.055 0.047 0.1 0.065 0.049 0.102 0.076

< 3-5>

.

M 300 mL 5 ,

34 , CELPURE 39 , 154 .

. CELPURE

.

COD 10.8 mg/L .

T-P 0.095 mg/L, 0.104 mg/L, Celpure 0.083 mg/L Celpure T-P

. Celpure

. .

.
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< 3-12> M

4.

.

, .

. , 2 ,

. (COD),

(T-P) , SS

.

. 1 ( )

1

.

. 1

, ,

.

COD ,

.
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< 3-13>

< 3-14> 1 ( )

. 2 ( )

1 .

1 2

. 1 2

, ,

. 2 SS 3

.
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< 3-15> 2 ( )

. -

. SS 14.8mg/L

2 SS 0.6 mg/L 95.9% SS .

SS . 4.43 NTU ,

2 ( ) 0.48 NTU 89.1% .

1 .

2 SS 5.8 mg/L , 1

SS

. 2 2 SS 0.4 mg/L

93.1% SS . SS ,

0.29 NTU 0.5 NTU

.
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< 3-16>

.

1 2

BOD mg/L 10 1.10 0.80 0.50 0.40

COD mg/L 20 3.60 3.00 2.80 2.80

PH 　 5.8~8.5 7.60 7.70 7.70 7.80

20 3.00 3.00 4.00 3.00

NTU 2 5.59 1.23 1.10 1.05

　

< 3-6>

( KCL)

.

. ( ) 3

3

.
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< 3-17> 3 (RO )

3 RO , ( 1NTU,

5 ) .

, , , pH, ,

, , ,

, ,

.

3 (RO)

,

.

.

.

, COD .

.

12.3 NTU 1.72 NTU

, 16.7 mg/L 2.00 mg/L . 3

.

COD 4.49 mg/L 3.38 mg/L 25%

, .

,

.

.
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( -2 )

(3 ) .

< 3-18>

5.

.

2

(2015.01.01. )

CODMn(mg/L) 2.70 3.41 2.08 1.66 *20

TN(mg/L) 1.85 0.5 1.59 0.5 10

TP(mg/L) 0.074 0.012 0.03 0.03 0.5

(NTU) 5.28 1.1 0.43 0.73 2

3.95 1.36 2.18 2.03 10

pH 7.43 9.36 7.36 7.93 5.8~8.5

(uS/cm)
544 676 582 593 -

( /100mL)
48.8 3.7 5.15 2

< 3-7>

*COD

2

. COD

, 2

.

2 pH, TN, TP, , ,
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.

50% , (200 /100mL ),

(1000 /100mL ) . / ,

.

, .

.

80% ,

25% . COD,

60%, 51%, 42%

.

< 3-19>

1 , 2 11 ( ,

, BOD, COD, , pH, , , , )

.

. 2

07.26 BOD , . 08.22

BOD 1.7 mg/L . BOD

BOD ,

,

.
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1 2

07.26 07.26 08.22 07.26 08.22 07.26 08.22

mg/L 1.4 1.38 1.15 1.15 1.10 1.38 1.10 10

mg/L 0.132 0.421 0.006 0.222 0.011 0.200 0.011 0.5

BOD mg/L 3.3 4.0 1 3.3 1.8 4.1 1.7 3

COD( ) mg/L 2.5 2.1 3.3 2.0 3.1 2.3 1.5 *20

mg/L 1.8 2.5 3.1 3.5 3.7 1.3 3.0 6

NTU 0.78 0.61 0.83 0.43 1.16 0.29 0.85 2

pH - 7.5 7.4 7.0 7.5 7.0 7.5 7.0 5.8~8.5

/mL × 10 7

mg/L 0.10 0.12 - 0.08 - 0.07 - 0.2

-

4 3 1 3 1 3 1 10

< 3-8>

*COD

.

(1)

(1) , 2

( ) ,

. ,

,

.

2 1.46 /100 mL

.

. COD

,

. ,

.
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< 3-20>

7.14 NTU,

14.4NTU .

.

.

(2)

-

.
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< 3-21> LA-LIBS

Na, Ba, Mn, K, Ca

. Na, Mn, K, Ca

. Ba

. LA-LIBS

.

. Mn Ba

.

GF/C 120 2 SS SEM-EDS

. SEM ,

EDS .

GF/C 1.5 , 3

. EDS LA-LIBS

Mn, Ba, Cl, O, C .

EDS SS .

5.68% .

. EDS

SS 0.13%,

0.96% .

. EDS SS

. Mn SS

. Mn 8.40%, O 54.02%

.
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< 3-22> SS SEM-EDS

< 3-22> SS SEM-EDS ( )

O, Si, Mn, Na, C, Al, Ca, K, Ba .

Si .

.
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(%) (%)

C 2.84 5.68

O 36.02 54.02

Mn 19.24 8.40

Na 5.87 6.13

Mg 0.18 0.18

Al 2.17 1.93

S 0.21 0.16

Cl 0.19 0.13

K 2.34 1.43

Ca 2.89 1.73

Ba 5.51 0.96

Si 22.52 19.24

Total 100.00 100.00

< 3-9> SS ,

0.05 mg/L, 0.3 mg/L

, Mn(II)

.

Mn(IV) .

, 3

.

,

.

(3)

UV

-/100mL

CFU/mL ×² 14

-/100mL

-/100mL

< 3-10>

( , )

.

UV . UV

.
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.

RO RO RO

. RO ,

.

(1)

RO UV254 COD 94.6%, 95.2%

. COD 1.97mg/L , 15

13 0.6mg/L . 2 1mg/L

, COD

.

RO TN, TP, , , . TN

47.1%, TP 81.1%, 96.2%, 86.2% . 2

TN 25.7%, TP 60.5%, 83.5%, 41.8%

. RO

14.09uS/cm 90% .

RO ,

.

RO

(1 )

UV254 0.058 0.0004 0.002 - 0.160 0.221 -

COD mg/L 2.70 0.489 1.97 2 8.55 13.29 40

TN mg/L 1.85 0.884 2.67 - 5.19 7.53 20

TP mg/L 0.074 0.0117 0.02 - 0.0467 0.07 0.2

pH 7.43 6.08 *5.73 5.8~8.5 7.03 *7.15 -

uS/cm 544 14.09 19.97 - 2383 3020 -

NTU 5.28 0.085 0.47 1 2.03 7.74 -

3.95 0.697 2.29 5 8.11 11.9 -

/100mL 48.8 0.2 3 3.82 16 3000

< 3-11>

*pH

pH 6.08, 5.73

. .

(CO32-) (HCO3-) C O

. RO RO
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pH pH . pH

, RO

pH .

0.2 /100mL 15 3

. 14

. 2 51 /100mL 3

,

.

. UV254 0.160, COD

8.55mg/L, , TN 5.19mg/L, TP0.07mg/L

.

,Ⅰ

. pH 7.03, 2383uS/cm, 2.03NTU, 8.11 , 3.82 /100mL

.

(2)

. RO

UV254 94.6%, TP 81.1%, 96.2%, 86.2% CODᅠ

TN . 13.7uS/cm

, . pH

pH .

RO

(1 )

UV254 0.0076 0.0128 0.037 - 0.182 0.237 -

COD mg/L 3.41 0.3 0.3 2 11.18 16.49 40

TN mg/L 0.5 0.5 0.5 - 3.96 4.84 20

TP mg/L 0.0117 0.0133 0.03 - 0.03 0.05 0.2

pH 9.36 6.06 *5.86 5.8~8.5 7.3 *7.44 -

uS/cm 675.9 13.7 15.75 - 2643 3030 -

NTU 1.1 0.153 0.38 1 2.56 3.16 -

1.36 0.47 1.33 5 9.00 10.46 -

/100mL 3.67 0 0 6.3 16 3000

< 3-12>

*pH

COD 11.18mg/L

40mg/L TN 3.96mg/L, TP 0.03mg/L 20mg/L,

0.2mg/L . 6.3 /100mL 3000
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/100mL .

(3)

3 590 S/cm 13.9 S/cmμ μ

97.6% , 7 mg/L

. ,

COD . 1

,

. pH

, .

pH .

,

20-50% ,

.

COD 8.55 mg/L, 5.19 mg/L, 0.05 mg/L

.

.

(4)

RO . RO

pH . pH 07.26

5.0, 08.22 7.1 . RO

.

RO

07.26 08.22

/100mL

-

-

pH - 5.0 7.1 5.8~8.5

1 5

mg/L 1

mg/L 0.06 0.5

NTU 0.02 0.04 0.5

< 3-13> RO
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6.

.

NOM (natural organic

matter) . NOM ,

, Allochthonous NOM(

NOM), Autichthonous NOM( NOM), Effluent Organic Matter( NOM)

. NOM .

NOM , , NOM

.

< 3-23> EEM

NOM ,

2017 TOC 2.2mg/L NOM DOM

RO

. ,

.

,

, DOM

.

EEM . Ex 250 nm

Em 380 nm Ex 200~250 nm, Em 300 nm

. Ex 200~250 nm, Em 280~330 nm Ex 200~250

nm, Em 330~380 nm .

EEM Em Ex DOM
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. FI(Fluorescence index, Ratio of (Em 450nm Ex 370nm), (Em 500nm

Ex 370nm)) FI NOM

FI NOM . HIX(Humification

index, Rario of (Em 435 480 nm, Ex 254nm), (Em 300 345nm, Ex 255nm))– –

DOM . BIX(Biological index, Ratio of (Em 380nm Ex

310nm), (Em 430nm, Ex 310nm)) BIX >1 BIX <1

DOM .

. NOM

(1) EEM

(a) (b) (c) 1

(d) 2 (e) RO (f)

< 3-24> EEM

(g) UV (h)

< 3-24> EEM ( )

EEM , , 1 , 2 Ex230/Em430

. DOM 2



- 32 -

. DOM 2

. 3 (RO) Ex210/Em290 . RO

. NOM(

, ) NOM( , )

NOM .

, Ex230/Em430 .

(2) NOM INDEX

. 3

. 3 , , 1 ,

2 , 3

.

FI UV , , 3

. 3 Allochthonous NOM

Autochthonous NOM .

FI . UV EEM

FI .

FI .

HIX 1 , 2 , UV 3

. HIX UV 3

. UV

, 3 RO

. HIX , RO

.

BIX 3 BIX 1 1 .

DOM , RO

.

< 3-25> EEM
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.

Ex/Em 230 nm/430 nm , DOM

FA . Ex/Em 330 nm/430 nm HA

, FA HA

. 3 3

DOC ,

.

.

, Ex/Em 210 nm/290 nm

. ,

. DOC ,

.

,

.

3 HIX 0.534 0.565 ,

0.657 , . 3 DOM

, , ,

DOM DOM ,

HIX , DOM DOM

. , 3 ,

FI BIX 1.634-1.637 0.757-0.771 .

DOM ,

. , EEM ,

3 DOM , 3 DOM

. HIX, FI, BIX

4.748, 4.846, 1.949 , .

3

.

.

7.

, .

- - 3

, .

.

, , SS 80% ,

, T-N, .
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.

.

,

, .

. ,

. ,

.

, .

HIX, FI, BIX .

DOM ,

.

.

. 20~40%

, .

,

.

,

.

.
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3

1.

.

(Computational Fluid Dynamics, CFD) ANSYS Fluent CFX

.

“ ”

1, 2 3

.

.

K-WHEEL F120 ( ) ( , )①

< 3-26>

( )② ⋁ ⋀

( )⋁ ( )⋁

( )⋀ ( )⋀

< 3-27> CASE
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③

< 3-28>

④

< 3-29>
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.

(1) 2

①

∙ ∙

②

233,240×16 = 3,731,840 Cells 377.644×2 = 755,288 Cells

porous media∙
k-e∙

∙

∙

Porous media∙

4ton/h

0.5bar

Steady state∙

: Mass flow inlet∙

: Static pressure outlet ( )∙

:∙
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③

,

4

.

: 0.0074m/s∙
: 0.00028m/s∙

: 0.0077m/s∙
: 0.0011m/s∙

(a) Case 1 (b) Case 2

(c) Case 3 (d) Case 4

< 3-30>
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(2)

Fluent

6.2.16 .

2 . ,

4000 g/s 0.576 m/s , (P=1.0 atm)

. .

 

.  

, . standard

wall functions .

.

(a) Case 1 ( )⋁ (b) Case 2 ( )⋁

(c) Case 3 ( )⋀ (d) Case 4 ( )⋀

< 3-31> Case

Fluent 6.2.16 (2d )

Solver segregated

  (+standard wall functions)

implicit first-order upwind

< 3-14>
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②

Case .

.

. Case 1

Case . Case 2

.

. Case 3

.

. Case 4 Case 1

, Case 1 . 4000 g/s

, Case 1 Case 4 2 .

.

.

(a) Case 1 (b) Case 2

(c) Case 3 (d) Case 4

< 3-32>

Case 1 Case 4

. Case 1 Case 4

.

Case 1 .

< 3-33> Case 1 < 3-34> Case 4
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(3)

.

.

8 mm 16 mm

. .

.

< 3-35> < 3-36>

4000 g/s 0.576m/s

.

.

.

.

< 3-37> < 3-38>

. 44 % .

2 
 


, 29.7 %

44 %

.

.

(pascal) (pascal)

17,800 894 16,906

9,970 647 9,323

< 3-15>
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< 3-39> < 3-40>

, 3.5 m/s, 1.75

m/s .

.

.

.

. ,

.

.

,

.

< 3-41> < 3-42>

(4)

①

CFX .

3D , CFX (Porous)

2.0 mm, 25 %

, , 4 Case

. 6 /hr㎥
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0.235 m/s ,

(P=1.0 atm) , 3.0 mm,

1.0 mm .

(a) Case 1, Case 5 (b) Case 2

(c) Case 3 (d) Case 4

< 3-43> Cases

②

4 , ,

.

Case 1 K-WHEEL F120 .

. 0.238 m/s ~ 0.287

m/s, 0.035 m/s ~ 0.044 m/s .

8 ,

. 2.0 mmㆍ

0.015 m/s ~ 0.330 m/s , ,

101,343 Pa ~ 101,370 Pa, 101,350 Pa ~ 101,376 Pa

. , 0.103 kg/s ~ 0.104 kg/s ,

0.0002 .

(a) (b)

< 3-44> Case 1
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P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.073 0.062 0.067 0.078 0.121 0.155 0.167 0.165 0.144 0.107 0.063

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.021 0.015 0.036 0.049 0.059 0.062 0.056 0.045 0.165 0.330 0.0705

< 3-16> (m/s)

Outlet1 Outlet2 Outlet3 Outlet4 Outlet5 Outlet6 Outlet7 Outlet8 Outlet9

0.104 0.104 0.104 0.103 0.104 0.104 0.104 0.104 0.104

Outlet10 Outlet11 Outlet12 Outlet13 Outlet14 Outlet15 Outlet16

0.104 0.104 0.104 0.104 0.104 0.104 0.104 1.661 0.0002

< 3-17> (kg/s)

Case 2

. .

0.240 m/s ~ 0.278 m/s, 0.035 m/s ~ 0.042 m/s .

8

ㆍ

. 2.0 mm 0.015 m/s ~ 0.290 m/s

, , 101,343 Pa ~ 101,366 Pa, 101,348 Pa ~

101,372 Pa . , 0.103 kg/s

~ 0.104 kg/s , 0.0002 .

(a) (b)

< 3-45> Case 2

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.063 0.058 0.057 0.071 0.083 0.085 0.082 0.083 0.090 0.120 0.151

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21
0.162 0.155 0.124 0.072 0.021 0.015 0.028 0.09 0.201 0.290 0.0630

< 3-18> (m/s)

Outlet1 Outlet2 Outlet3 Outlet4 Outlet5 Outlet6 Outlet7 Outlet8 Outlet9
0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104

Outlet10 Outlet11 Outlet12 Outlet13 Outlet14 Outlet15 Outlet16

0.104 0.104 0.103 0.104 0.104 0.104 0.104 1.661 0.0002

< 3-19> (kg/s)
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Case 3 .

. 0.320 m/s ~ 0.344 m/s,

0.033 m/s ~ 0.043 m/s .

, .

9 . 2.0 mm

, 0.090 m/s ~ 0.482 m/s

. , 101,318 Pa ~ 101,343 Pa, 101,347

Pa ~ 101,367 Pa . , 0.102 kg/s ~

0.103 kg/s , 0.0007 .

(a) (b)

< 3-46> Case 3

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.127 0.254 0.353 0.298 0.211 0.192 0.242 0.343 0.439 0.482 0.455

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.387 0.318 0.273 0.214 0.117 0.090 0.090 0.098 0.159 0.174 0.1205

< 3-20> (m/s)

Outlet1 Outlet2 Outlet3 Outlet4 Outlet5 Outlet6 Outlet7 Outlet8 Outlet9

0.104 0.104 0.104 0.103 0.104 0.104 0.104 0.104 0.104

Outlet10 Outlet11 Outlet12 Outlet13 Outlet14 Outlet15 Outlet16

0.102 0.106 0.104 0.104 0.105 0.103 0.103 1.661 0.0007

< 3-21> (kg/s)

Case 4 .

. 0.246 m/s ~ 0.280 m/s,

0.036 m/s ~ 0.043 m/s .

8 , Case

,

. 2.0 mm 0.031 m/s ~ 0.247 m/s

, , 101,345 Pa ~ 101,367 Pa,

101,350 Pa ~ 101,376 Pa . ,

0.104 kg/s , 0.0001 .
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(a) (b)

< 3-47> Case 4

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.046 0.049 0.049 0.052 0.057 0.063 0.070 0.077 0.077 0.065 0.049

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.031 0.033 0.055 0.080 0.106 0.129 0.162 0.217 0.217 0.247 0.0629

< 3-22> (m/s)

Outlet1 Outlet2 Outlet3 Outlet4 Outlet5 Outlet6 Outlet7 Outlet8 Outlet9

0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104

Outlet10 Outlet11 Outlet12 Outlet13 Outlet14 Outlet15 Outlet16

0.104 0.104 0.104 0.104 0.104 0.104 0.104 1.661 0.0001

< 3-23> (kg/s)

(5)

CFX .

3D ,

, . CFX

(Porous) 2.0 mm, 25 %

4 Case .

6 /hr㎥

0.307 m/s , (P=1.0 atm) ,

3.0 mm, 1.0 mm

. 4 ,

.

Case 1 K-WHEEL F120

. 0.046 m/s ~ 0.098

m/s, 0.235 m/s ~ 0.274 m/s .

, , 5

. 2.0 mm 0.006 m/s ~ 0.283

m/s ㆍ

. , 101,408 Pa ~ 101,442 Pa,
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101,403 Pa ~ 101,436 Pa .

(a) (b)

< 3-48> (Case 1)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.165 0.246 0.277 0.283 0.276 0.259 0.236 0.212 0.183 0.153 0.124

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.094 0.066 0.040 0.015 0.006 0.021 0.027 0.028 0.031 0.031 0.1008

< 3-24> (m/s)

Case 2

. 0.045

m/s ~ 0.104 m/s, 0.218 m/s ~ 0.284 m/s .

, , 5

. 2.0 mm 0.006 m/s ~

0.283 m/s ㆍ

. , 101,413 Pa ~ 101,443 Pa,

101,407 Pa ~ 101,434 Pa .

(a) (b)

< 3-49> (Case 2)
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P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.173 0.265 0.294 0.299 0.293 0.279 0.260 0.234 0.199 0.162 0.125

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.090 0.061 0.042 0.033 0.033 0.037 0.044 0.054 0.063 0.057 0.1014

< 3-25> (m/s)

Case 3 .

0.070 m/s ~ 0.110

m/s, 0.211 m/s ~ 0.254 m/s .

3 . 2.0 mm

0.010 m/s ~ 0.299 m/s , , 101,583 Pa ~ 101,608

Pa, 101,576 Pa ~ 101,606 Pa . Cases

.

(a) (b)

< 3-50> (Case 3)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.200 0.218 0.277 0.299 0.257 0.220 0.273 0.105 0.106 0.104 0.101

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.105 0.103 0.099 0.062 0.059 0.083 0.010 0.044 0.047 0.043 0.0872

< 3-26> (m/s)

Case 4 .

0.044 m/s ~ 105

m/s, 0.235 m/s ~ 0.264 m/s .

5 ,

. 2.0 mmㆍ

0.060 m/s ~ 0.269 m/s , , 101,408 Pa

~ 101,441 Pa, 101,402 Pa ~ 101,430 Pa . Cases

, .
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(a) (b)

< 3-51> (Case 4)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

0.174 0.247 0.269 0.266 0.253 0.233 0.209 0.184 0.155 0.124 0.093

P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

0.060 0.070 0.065 0.063 0.063 0.060 0.069 0.072 0.063 0.083 0.0786

< 3-27> (m/s)

(6)

Case 4

.

3D ,

, . CFX

(Porous) 2.0 mm, 25 %

50 %, 25 % .

.

· , ·

·

.

,

.
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< 3-52> 50% < 3-53> 25%

(m/s)

Right Left

IN-1 IN-2 IN-3 IN-4 IN-1 IN-2 IN-3 IN-4

No inlet filter 0.436 0.344 0.292 0.301 0.343 0.199 0.208 0.174 0.176 0.189

porosity 50% 0.413 0.327 0.296 0.295 0.333 0.204 0.183 0.176 0.182 0.186

porosity 25% 0.437 0.351 0.286 0.287 0.340 0.367 0.232 0.163 0.166 0.232

< 3-28> ․

(m/s)
Right Left

OUT-1OUT-2OUT-3OUT-4 OUT-1OUT-2OUT-3OUT-4

no inlet filter 0.074 0.047 0.040 0.038 0.050 0.061 0.056 0.043 0.044 0.051

porosity 50% 0.073 0.044 0.038 0.040 0.049 0.056 0.047 0.045 0.048 0.049

porosity 25% 0.072 0.049 0.038 0.035 0.049 0.066 0.055 0.036 0.037 0.048

< 3-29> ․

3.

K-WHEEL F120 ,

, 3 CFD

, .

(1) 2

,

,

4

.

(2)

Case 1~4
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Case 1 .

(3)

(2) Case 1 .

,

.

(4)

, Case 1~4

Case 3

, 7

. Case 4

, .

(5)

Case 4

. 15° 20°

.

(6)

,

.
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4

1.

PILOT 2 .

PILOT , 1 , 2 , 3 ( )

, .

.

1 ,

.
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. Pilot

2 Pilot ,

.
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.

,

.
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2.

.
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3.

.

PILOT , PILOT

-1 -2 -3 ( ) .

- 1 - 2 ,①

UV, , OH 3 2 4

.

- 1 - 2 3 ( )② –

, .

, Pilot .

, 1 2 , 3

< 3-54> (1)
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Pilot

, 1

2 3

< 3-55> Pilot

4.

.

, , (LCA)

,

.

( 1( ), 2,① ② ③

) ,

.
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1
( )

+ 1• ① ②

2 + 1 +2• ① ②

+1 +2 +3•

< 3-30>

< 3-56>

5.

,

( ) .
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2.6 × 14 m ,

3 × 10 m .

5 .㎥

25 mg/L -1 -2 -RO

, 1 .

24 , 1 24 , 2 42 ,
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3 48 , 58 196 .

, 1 , 2 30 /h, 3㎥

5 /h ,㎥

1 1 .㎥ ㎥

1 21.05 , 1 108.92㎥ ㎥

.

1 2 RO

24 24 42 48 18 20 20 196

< 3-31> ( : )

( / ) 4,687,695 3,437,570

( / ) 843,000 1,333,333

( / ) 553,0695 4,770,903

( / )㎥ 262,800 43,800

( ) 21.05 108.92

< 3-32> ㎥
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5

1.

.

(
, ,

) SCADA
/

, /
/

․
C/S HMI․

DB․
․

․

/․
( / )
/ DB․
DB

․

30~100 (5~10 )

2~5 / 2 /

< 3-33>

( ,

, ) SCADA / ,

.

,

, DB

.

.

2017 5 ( 10-2017-0058518

) , 2017 10 ( 10-1788811 ) .
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< 3-57>
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2.

< 3-58> 2 .

1) (100, 200, 300, 400)

2) (500, 600, 700)

400 시스템데이터 송수신부

300 고장 확인 감시부

200 수질 측정 감시부

210 여과값 데이터 저장부

220 수질특정데이터 비교부

230 압력측정데어터 확인부

100 물생산시스템

110 모래여과부

120 활성탄 여과부

130 가압필터여과부

140 멤브레인필터부

600 중앙데이터 송수신부

500 중앙제어부

510 시스템데이터송수신부

520 수질현황자료저장부

530 작동부현황자료저장부

540 역세척자동제어부

700 비상감시제어부

710 근무자 관리부db

720 비상연락부

730 조치사항저장부

< 3-58>
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.

�

SIMATIC NET IWLAN

. GPS

GIS

.

.

� ( , , )

SIMATIC

.

.

� , , DB

.

계측 및 데이터 관리

다음 각각의 모듈에서 계측 및 데-

이터 관리가 가능할 수 있도록 설계

300 고장 확인 감시부

200 수질 측정 감시부

210 여과값 데이터 저장부

220 수질특정데이터 비교부

230 압력측정데이터 확인부
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각각의 물생산시스템에서 계측 및 데-

이터를 시스템데이터 송수신부 와400( )

중앙데어터 송수신부 을 네트워크600( )

를 통해 연계함

중앙에서 관리자가 각각의 물생산시-

스템에서 송신한 데이터들을 관리 운영

할 수 있음

빅데이터-

.

�

, ,

SCADA

PC, , ,

.
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중앙관리자가 물생산시스템 의 각각 운영에 대한 흐름을 확인할 수 있- (100)

도록 시스템으로 표출GUI

100 물생산시스템

110 모래여과부

120 활성탄 여과부

130 가압필터여과부

140 멤브레인필터부

이와 같은 시스템은 현장 및 중앙에서 운영 관리가 효율적으로 운영될 수-

있는지 관리할 수 있는 시스템임

.

.
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< 3-64>

400 Wp 16 , ~

7.5 48kwh,

4.5 ) . 24

384kwh , 12.5%

.

, .

.

( )

16kw x 24hr = 384kwh 48kwh 12.5 % 24

< 3-40>
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6

1.

.

( ,

) .

, ,

. ,

.

.

.

( ) ( , )

, .

( , %)
(kWh/ )

( / )
( / )㎥

SS
SS
COD

(
)
70~90 3~6 119 4 2880

 
 

 
, 

A
(

)

50~80 0~2 182 13 2600

 
 
 

, 
3 

B
(

)

99 5~10 929 66 2400

(0.2~0.01 m)μ 

 
SS

< 3-41>

(SS) 70∼

90%, 50 80%, 99% . ,∼

,

. SS COD 3 6%, 0 2%,∼ ∼

5 10% . K-WHEEL F120∼

1 119 kWh , 182 kWHh,

929 kWh .

4 , 13 , 66 .
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,

,

. ,

.

< 3-65> /

.

. 8 ( , ,

, , , , , )

.

(LCA; Life Cycle Assessment) ․ ․

.

, .

,

.

(SS COD) 1kg

, 1

(Pt) 1

.

(1)

,

, , ,
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.

, 95%

Cut-off .

( ) (kg)

K-WHEEL F120

2100(W)×3270(
D)×1530(H)

, , , STS PIPE 295.81

PP 14.03

10.52

55.00

3.50

< 3-42>

.

, 1.25E+03 kg CO2-eq,

4.22E-01 kg PO4
3--eq .

(ADP) 4.48E+02 1/yr

(AP) 2.89E+00 kg SO2 eq.–

(EP) 4.22E-01 kg PO4
3- -eq.

(GWP) 1.25E+03 kg CO2 eq.–

(HTP) 2.31E+03 kg 1,4 DCB -eq.

(ODP) 3.78E-04 kg CFC 11 eq.–

(POCP) 5.48E-01 kg ethylene -eq.

(TETP) 5.95E+00 kg 1,4 DCB -eq.

< 3-43>

(2)

( )

,

SS COD

.

1kg (SS COD)

1,997kWh/kg, 5,196kWh/kg,

4,317kWh/kg (A,B) 38.4%, 46.3%

.
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(
)

A
( )

B
( )

%
/
A

/
B

kWh
/1kg 1,997 5,196 4,317 38.4 46.3

< 3-44> 1kg

( )

1

. 2.15E+04 kg CO2-eq,

3.29E+04 kg CO2-eq, 1.68E+05 kg CO2-eq

,

.

< 3-66>

(3)

1

(Pt) .

1

87% , 33%

.

1

. 1 1

1.91E-06 Pt, 3.17E-06 Pt,

1.76-05 Pt (A,B) 39.8%, 89.1%

.

,
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.

< 3-67>

( )
A

( )
B

( )

%

/
A

/
B

Pt
/ 1

1.91.E-06 3.17.E-06 1.76.E-05 39.8% 89.1%

< 3-45> 1

2.

.

(1) ,

, ,

. 1 2,535 ,

757 . 4,118

, 1 20

20.1% .
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< 3-68> ( ) ( )

K-WHEEL F2 120 K-TOP F2 120

126,087,894 151,435,414 25,347,520

63,043 75,717 12,674

( )△ 6,661 7,999 1,339

126,144,277 151,503,131 25,358,854

26,254,801 31,532,818 5,278,017

11,411,649 13,705,739 2,294,090

37,666,450 45,238,557 7,572,107

1,031,969 1,239,426 207,457

206,881 248,470 41,589

1,627,477 1,954,650 327,173

2,611,001 3,135,892 524,891

352,673 423,571 70,898

7,086,827 8,511,496 1,424,669

12,916,828 15,513,505 2,596,677

176,727,555 212,255,193 35,527,639

(7%) 12,370,928 14,857,863 2,486,935

(25%) 15,738,551 18,902,481 3,163,930

204,837,034 246,015,537 41,178,503

(10%) 20,483,703 24,601,553 4,117,850

225,320,737 270,617,090 45,296,354

< 3-46>

(2)

,

.

4,000

. LCC

332 283 20

20.1% .
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K-WHEEL F2 120 K-TOP F2 120

20 20

225,320,737 270,617,090

1,770,250 1,770,250

1,000,000 1,201,000

55,405,000 59,425,000

1,135,650 1,135,650

1,770,099 1,770,099

( ) 283,631,486 332,947,839

< 3-47>

.

(1) ,

,

. (20 )

( ) 332 ( ) 283

20.1% .

( ) ( )

K-WHEEL F2 120 K-TOP F2 120

( ) 283,631,486 332,947,839 20

< 3-48>

(2)

2,880m3/d K-WHEEL F2 120

,

,

.

( ) 77.77%, ( ) 43.16%

. 4.5% 20

(LCC) , 79.97%,

43.78% .
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①
( )

②
( )

③
( )

(%)
[ / ]① ②

(%)
[ / ]① ③

K-WHEEL
F2 120 YDF-2316

BW 10000

2,880m3/d 11,200m3/d 2,400m3/d

225,320,737 264,000,000 495,000,000 85.35 45.52

55,405,000 95,405,000 155,405,000 58.07 35.65

1,135,650 3,028,400 2,649,850 37.50 42.86

281,861,387 362,433,400 653,054,850 77.77 43.16

LCC (20 )
( 4.5%,

20 )
251,653,166 314,682,688 574,759,129 79.97 43.78

< 3-49>

< 3-69>
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7

1. ․

.

, ,

, , , ,․

, , .

2021 766 ,

( ) 2021 1,400 .

2015 2,452

, (3,052 ), (31

) ․

. 2,166 ,

3,000 ,

2,000 5,241 .

.

,

, .

4.9% .

( , %)
4,828(100) 2,094(43.4) 1,618(33.5) 275(5.7) 590(12.2)

< 3-50>

,

. ,

( , ),

( ) .

ODA

, ODA ‘ ’

.

.

, ,① ② ③

, 2017 , 2017

.

,

, , .
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제 장 목표 달성도 및 관련분야 기여도4 .

1

1.
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,

.

(1) 2 2 . ( : 2 / :

2 , 2 )

(2) 3 . ( : 3 / : 3 )

(3) , , , ,

7 . ( : 5 / : 7 )

(4) . ( : 1 /

: 2 )

(5) 1,087,500 , 1 .

( : 0 , 0 / : 1,087,500 , 1 )

2.
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,

,

.
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2

1.

. .

(1) (1 )

-

- ( )

(2) (2 )

- ,

- 3 (RO )

-

(3) (3 )

-

- NF, UF

-

2.

ODA

. .

(1)

(2)

(3) ‘

’

(3)

3.

.

,

,

.
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제 장 연구개발성과의 활용계획5 .

1

, , , ,

, , .

, , ,

,

,

. , KOICA KOTRA

.

.

2018 2019 2020 2021 2022 2023
2024~2033
( )

2034~2038
( )

900 1,500 3,000 6,000 6,000 6,000 24,000 10,200

300 900 1,500 3,000 3,000 12,000 6,000

900 1,800 3,900 7,500 9,000 9,000 36,000 16,200

< 5-1>

( : )

2

< 5-2> ,

, ,

( , , )

.

+1•

+1 +2•

+1 +2 +3•

< 5-2>
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,

.

1 2 3

( )
2019

( )
2020 2021

2022

( )
2021 2022

2023

< 5-3>

, .
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제 장 연구 과정에서 수집한 해외 과학기술 정보6 .
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제 장 연구개발성과의 보안등급7 .
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제 장8 . 국가과학기술종합정보시스템에 등록한 연구시설 장비 현황·

구입

기관

연구시설/

연구장비명

규격

모델명( )
수량 구입 연월일

구입 가격

천원( )

구입처

전화번호( )

비고

설치 장소( )

장비NTIS

등록 번호
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제 장9 . 연구개발과제 수행에 따른 연구실 등의 안전 조치 이행 실적
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제 장 연구개발과제의 대표적 연구 실적10 .

번호

구분

논문( /

특허/

기타)

논문명 특허명/ /

기타

소속

기관명
역할

논문

게재지/

특허 등록

국가

영향력

지수

논문 게재일

특허 등록일/

사사 여부

단독 사사(

또는

중복 사사)

특기 사항

(SCI

여부 인용/

횟수 등)

1 논문

가압형

미세여과장치의

전과정평가를

이용한

수질개선효과

분석

주 에( )

코피엔

지

위탁

기관
한국 2016.12.30 단독

2 논문

기후변화대응을

위한 수처리

여과시스템

선정 방안 연구

주 에( )

코피엔

지

위탁

기관
한국 2018.02 단독

3 논문

수치모형을

이용한

가압필터

여과시스템 내

여과기

구조변경에

따른 유동특성

연구

주 지( )

티이

공동

기관
한국 2018.02 단독

4 특허

평상시와

재난시 각종

용수공급이

가능한 친환경

모듈형

물생산시스템

케이원

에코텍(

주)

주관

기관
한국 2017.10.16 단독

5 특허

평상시와

재난시 각종

용수공급이

가능한 친환경

모듈형

물생산시스템의

통합관리

시스템

케이원

에코텍(

주)

주관

기관
한국 2017.10.16 단독
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제 장 기타 사항11 .



- 99 -

제 장 참고 문헌12 .

§ 우리나라 통계자료집 대외경제협력기금2012 ODA , 2012,

§ 세기 기술사업화 책과나무21 , 2014,

§ 흡착에 의한 규조토 여과보조제의 여과특성개선 화확공학회Polyelectrolyte , 1989,

§가압필터 여과장치의 성능개선 및 시장다변화 전략 컨설팅 서울산업통상진흥원(2010, )

§공적개발원조 가 개발도상국의 투자에 미치는 영향에 관한 연구 동국대학교(ODA) , 2012,

§국내 물산업의 해외진출 전략 한국수출입은행(2014, )

§국제마케팅 탑북스, 2014,

§규조토여과 및 활성탄 흡착 공정을 이용한 용수처리에 관한연구 한국환경보건학회지, 2004,

§규조토와 그 응용 한국광물학회지, 2000,

§그물망 압착식 섬유여과 장치를 이용한 물 재이용 시스템 개발 한국환경과학회지, 2012,

§기술사업화 전략과 제도 도서출판 두남, 2014,

§기후재난에 대비한 사회기반 및 기후금융 보험시스템 구축 중앙대학교 산학협력단(2010, )

§김태균 조강우 송경근 윤민혁 안규홍 홍승관 여재 특성에 따른 강우 유출수 내 오염물질, , , , , . 2009.

제거특성 평가 대한환경공학회지. , 31(7), 483-490.

§대체수원개발방안 기본조사 한국수자원공사, 2009,

§도서 해안지역 지하수 확보 방안 기본조사 보고서 한국수자원공사, 2012,

§도서해안지역 단계 지하수자원확보 타당성조사 보고서 국토교통부(1 ) , 2013,

§물리 화학적 수처리 원리와 응용 성안당, 2014,

§물산업 해외시장 진출 활성화 방안 연구 국토해양부, 2011,

§민관협력시스템을 통한 해외도시개발 촉진방안 연구 국토연구원,

§상수도공사 표준시방서 환경부, 2007,

§상수도공학 일반 및 고도 정수처리 동화기술: , 2007,

§상수도시설기준, 2010

§수처리 기기의 설계 동명사, 2014,

§수처리기술 씨아이알, 2011,

§용폐수처리와 설계 관리 동화기술교역, 2004,

§재해발생시 비상급수시설의 효율적인 관리대책 경북대학교 산업대학원 토목공학박사학위논문(2011, )

§정수설비핸드북 한국수자원공사, 2009,

§정수시설의 종합설계와 유지관리 대한상수도 학회, 2003,

§제품개발과 기술사업화 전략 한티미디어, 2014,

§중력식 무밸브 여과기술을 이용한 하수고도처리 및 중수이용 기술개발 환경부, 2007,

§지표수 및 지하수 연계사업 기본조사 보고서 한국수자원공사, 1998,

§지하댐 업무요령 한국수자원공사, 2004,

§지하수업무수행 지침 한국수자원공사, 2006,

§하천수 재이용을 위한 규조토 여과기의 현장 적용성 평가 대산상하수도학회, 2007,

§환경부 수질오염공정시험기준 환경부 일부 개정, , , 2011.06. (2012.06.04 )

§ Bond, T., Gooslan, E.H., Parsons, S.A., Jefferson, B. (2012). A critical review of trihalomethane

and haloacetic acid formation from natural organic matter surrogates, Environmental Technology

Reviews 1, 93-113.

§ Chen, H., Liao, Z., Gu, X., Xie, J., Li, H., Zhang, J. (2017). Anthropogenic Influences of Paved

Runoff and Sanitary Sewage on the Dissolved Organic Matter Quality of Wet Weather Overflows: An

Excitation-Emission Matrix Parallel Factor Analysis Assessment, Environ. Sci. Technol., 51,

1157-1167.

§ Fouga, G.G., Micco, G.D., Bohe, A.E. (2009). Chlorination of manganese oxides, Thermochimica Acta

494(1-2), 141-146.

§ Fritzmann, C., L?wenberg, J., Wintgens, T., Melin, T. (2007) State-of-the-art of reverse osmosis

desalination, Desalination 216, 1-76.



- 100 -

§ Hosen, J.D., McDonough, O.T., Febria, C.M., Palmer, M.A. (2014). Dissolved Organic Matter Quality

and Bioavailability Changes Across an Urbanization Gradient in Headwater Streams, Environ. Sci.

Technol., 48, 7817-7824.

§ Huguet, A., Vacher, L., Saubusse, S., Etcheber, H., Abril, G., Relexans, S., Ibalot, F., Parlanti,

E. (2010). New insights into the size distribution of fluorescent dissolved organic matter in

estuarine waters, Org. Geochem., 41(6), 595-610.

§ Hur, J., Shin, J.K., Park, S.W.. (2006). Characterizing fluorescence properties of dissolved

organic matter for water quality management of rivers and lakes, Journal of Korean Society of

Environmental Engineers 28(9), 940-948.

§ Inamdar, S., Singh, S., Dutta, S., Levia, D., Mitchell, M., Scott, D., Bais, H., McHale, P. (2011).

Fluorescence characteristics and sources of dissolved organic matter for stream water during storm

events in a forested mid-Atlantic watershed, J. Geophys. Res., 116, G03043,

doi:10.1029/2011JG001735.

§ Johnson, M.S., Couto, E.G., Abdo, M., Lehmann, J. (2011). Fluorescence index as an indicator of

dissolved organic carbon quality in hydrologic flowpaths of forested tropical watersheds,

Biogeochem., 105, 149-157.

§ Kim, Y., Park, H., Jeon, S, Korea Environment Institute (2014). Study on response to water supply

damage for management of drought disaster, 2014-13.

§ Korak, J.A., Wert, E.C., Rosario-Ortiza, F.L. (2015). Evaluating fluorescence spectroscopy as

a tool to characterize cyanobacteria intracellular organic matter upon simulated release and

oxidation in natural water, Water Res., 68, 432-443.

§ Lee, K., Baek, H.J., Cho, C., Kwon, W.T. (2011). The recent (2001-2010) changes on temperature

and precipitation related to normals (1971-2000) in Korea, The Geographical Journal of Korea 45(2),

237-248.

§ Lee, M., Choi, K., Kim, S., Kim, D. (2009). Characterization of Dissolved Organic Matter in Stream

and Industrial Waste Waters of Lake Sihwa Watershed by Fluorescence 3D-EEMs Analysis, Journal

of Korean Society of Environmental Engineers 31(9), 803-810.

§ McKnight, D.M., Boyer, E.W., Westerhoff, P.K., Doran, P.T., Kulbe, T., Andersen, D.T. (2001).

Spectrofluorometric characterization of dissolved organic matter for indication of precursor

organic material and aromaticity., Limnol. Oceanogr., 46(1), 38-48.

§ Seo, H.N., Lee, J.K., Min, H.J., Lee, I.J. (2013). “Analysis of Characteristics and Correlation

Between TOC and COD, SS Concentration in According to River Watershed”, Proceedings of The Korean

Society of Environmental Agriculture, 333-334.

§ Sierra, M.M.D., Giovanela, M., Parlanti, E., Soriano-Sierra, E.J. (2005). Fluorescence

fingerprint of fulvic and humic acids from varied origins as viewed by single-scan and

excitation/emission matrix techniques, Chemosphere 58, 715-733.

§ TechNavio (2014) Global Mobile Water Treatment Market 2015-2019 industry research report.

§ Tobiason, J.E., Bazilio, A., Goodwill, J., Mai, X., Nguyen, C. (2016). Manganese Removal from

Drinking Water Sources, Current Pollution Reports 2(3), 168-177.

§ Velten, S., Knappe, D.R.U., Traber, J., Kaiser, H.P., von Gunten, U., Boller, M., Meylan, S. (2011).

Characterization of natural organic matter adsorption in granular activated carbon adsorbers.

Water Res., 45, 3951?3959.

§ Water Information System (2017). http://water.nier.go.kr.

§ Xingxing, D. (2015). A study on surface water treatment using movable water purifying system,

Master’s Thesis, Hanbat University, Daejeon, Republic of Korea.

§ Zhao, C., Wang, C-C., Li, J-Q., Wang, C-Y., Wang, P., Pei, Z-J. (2015). Dissolved organic matter

in urban stormwater runoff at three typical regions in Beijing: chemical composition, structural

characterization and source identification, RSC Adv., 73490-73500.


