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Development of Technology for Calculating Mixing Ratio of
Multi-source Waters for Water Reuse
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Abstract Regardless of climate factors, wastewater reuse provides an ongoing water supply. However,
several disadvantages are associated with water quality and cost compared to other water sources. Mixed
utilization of multiple water sources (rainwater, surface water, groundwater, etc.) may improve the
efficiency of water reuse. This study investigates the potential of the method and evaluates the water
quality. Mixed multiple water sources were first examined to determine if they complied with the water
quality standards for recycled water. Thereafter, a plan was developed for optimizing the application
ratios of water treatment processes for various mixed feed waters by considering the recycled water
quality standards. Our results revealed that water quality characteristics differ for each water source, and
the water quality standards for each purpose of use are different. By adjusting the mixing ratio of
multiple water sources, the feed water can fulfill the required water quality standards. We further present
a table to summarize whether the water quality standards for each mixing ratio were met. This data can
be used to support decision-making for the use of multiple water sources. Since water quality standards
may not be met by merely mixing multi-source inflow water, this study also established a methodology

to determine the application method and water treatment ratio for the water treatment process.
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Table 1. Water quality guidelines for water reuse in Korea

o Blo;?il?cal d Electrical Turbidity Total coliform H
Water source X8 (BOD)“m conductivity (EC) (TUR) Unit/mL (TC) p
mg/L #S/cm NTU Unit/mL -
Urban non-potable ~ "
reuse (UR) 5 2 N.D. 5.8~8.5
Landscape reuse ~ "
water (LR) 5 2 200 5.8~8.5
Recreation reuse -
water (RR) 3 - 2 N.D. 5.8~8.5
River mainienance 5 : : 1000 5885
Irrigation reuse
water, direct human 8 700 2 N.D 5.8~8.5
consumption (IR)
fndustrial process 6 - 10 200 5885
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Fig. 1. Process scheme for utilization of multiple
water sources
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Table 2. Optimum parameters for group model

P Operating
Type Specification conditions
Type: hollow fiber
Nominal pore size: 0.1
Microfiltration p#m Flux:
(MF) Materials: Poly 30 L/m’-hr
vinylidene fluoride
(PVDF)
Granular i .
activated carbon Norit 830, Flow rate..
(GAC) 8x30 mesh 300 ml/min
. . Low pressure mercury
UV disinfection UV lamp, 16W 20 sec
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Table 3. Water quality parameters for multi-source waters

o Big":;zrzxi;:ln d Electrical Turbidity Total coliform H
Water source Xy (BOD) conductivity (EC) (TUR) Unit/mL (TC) p
mg/L #S/em NTU Unit/mL -
Rainwater (RW) 1.0 40 1 50 6.5
Ground water
GW) 2.0 600 1.3 0 7.5
Surface water 25 150 4 400 73
(SW) ’ .
Wastewater _ _ _
(WW) 5.5 530 2.5 30,000 7.9
Table 4. Suitability of different water sources for various water usages
UR LR RR MR IR PR
Source
BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC |BOD| EC |TUR| TC [BOD| EC |TUR| TC
RW O - O | X (0] - O]l 0| O - (0] X |0 - - O|lOoO|lO|O|X]|O - o]0
GW O - O|O0]| O - O|l0O0]|O - O|O ]| O - - Ojo|O0O|O|]O|O - OO
SW O - X X (0] - X X | O - X | X | O - - X O] 0| X X | O - O | X
WwW X - X X X - X X X - X X X - - X X |0 | X X X - (0] X

200



= Alol&E A% v £ vle Y 71e AT
10 800 i N
i 600 8- oo
2 ) a8 38 - am
EZ 6 a.. T oE 6 ‘a. a8
vt 8. [400 2o =z B Lo £3
g2 " e i3 85 41 B... 23
o= c= @~ i3
u"|:| - 200
24 -
I R s R MM A 10
0.0 0.5 10
GW:RW
b
° 40000 w00
T - 30000 L 2000
32 6 am oz Am
e Tx & 3000 = ©
EE 20000 2.5 gz 3
= 25 8¢ 2000 53
(] i3 S H
[ b 1000
L. 0
0.0 0.5 1.0 -
WW:RW
©
" 40000
8
Y. I
as |~ 30000 4n os .
g"— =2 E’l— a3
Ez L 20000 g_‘,:n Ez Es
82 S8 o 2o
E 1T iz
10000 £
b

WW:GW
(e)

WW:SW
®

Fig. 2. Effect of mixing ratio on water quality (a) rainwater (RW) and ground water (GW) (b) rainwater (RW)
and surface water (SW) (c) rainwater (RW) and wastewater (WW) (d) ground water (GW) and surface
water (SW) (e) ground water (GW) and wastewater (WW) (f) surface water (SW) and wastewater (@:
BOD, [O: Electrical conductivity, A: Turbidity, V: Total coliform)
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Table 5. Effect of mixing ratio on suitability for different water usages (Binary mixing)

Source UR LR RR MR IR PR
RW | GW [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC|TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC
3/4 | 1/4|0|-|lOo|X|]O|-]Oo|lO|]O|O|]O|X|O]|-]-]O|]O|-|lO|X|O|]O]O]|O
23| 1/3|0|-|lo|xXx|Oo|-]O0o|lO|]O|O|]O|X|O|-]-]O|]O|-|lO|X|O|]O]O]|O
1/2 |12 |o|-]Jo|x|o|-]J]ojJo|lO|O|lO|X]|O|-|-]O|lO|-]O|X|]O|O]|]O|O
1/3 |23 |o|-]o|lx|o|-|]ojo|lOo|O|lO|X]|O|-|-]O0O|lO|-]O|X|]O|O]|]O|O
1/4 | 3/4 |o|-]o|x|]o|-]ojJo|lo|]o|lo|X]|O|-|]-]Oo|lO|-]Oo|X|]O|O|O]|O
RW | SW |[BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC|TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC
3/4 | 1/4|0|-|lO|X|]O|-]O|X|O|lO|]O|X|O|-|]-|X|]O|-|lO|X|O|O]O]|X
23 13 |0 -|X|X|Oo|-|X|X|O|O|X|X|O|-|-|X|O|-|X|[X|O|O|O]|X
/2 |12 |Oo|-|X|X|O|-|X|X|O|O|X|X]|O|-|-|X|O|-|X|X|]O|O|]O|X
1/3 |23 |0 -|X|X|]Oo|-|X|X|Oo|O|X|[X|O|-|]-|X|]O|-|X|X|O|O]|]O]|X
1/4 | 3/4 0| -|X|X|]Oo|-|X|X|Oo|]O|X|X|O|-|]-|X|]Oo|-|X|X|O|]O]|]O]|X
RW | WW [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC|TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC
3/4 | 1/4|0|-|lOo|X|]O|-]Oo|X|OoO|lO|]O|X|O|-]-|X|]O|-|lO|X|O|O]|]O]|X
23| 1/3|0|-|lo|xX|Oo|-]Oo|X|Oo|lO|]O|X|O|-]-|X|]O|-|lO|X|O|O]|]O]|X
1/2 |12 |o|-]o|X|Oo|-|]Oo|X|X|O|lO|X|O|-|-|X|O|-]O|X|]O|O|]O|X
/3 |23 |0 -|X|X|Oo|-|X|X|X|Oo|X|X|]O|-|-|X|O|]-|]X|X|]OoO|O|]O|X
1/4 | 3/4 |Oo| - |X|X|]Oo|-|X|X|X|]Oo|X|X]|]Oo|-|-|X|Oo|-|X|X|]Oo|O|]O|X
GW | SW |BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC [TUR| TC [BOD| EC|TUR| TC [BOD| EC |TUR| TC |[BOD| EC [TUR| TC
3/4 | 1/4|0|-|lO|X|O|-]O|X|O|lO|]O|X|O|-]-|X|]O|-|lO|X|O|O]|]O]|X
23 13 |0 -|X|X|]Oo|-|X|X|O|O|X|X|O|-|-|X|O|-|X|[X|O|O|O]|X
/2 |12 |O0o|-|X|X|O|-|X|X|O|O|X|X]|O|-|-|X|O|-|X|X|]O|O|]O|X
1/3 |23 |0 -|X|X|]Oo|-|X|X|Oo|O|X|[X|O|-]-|X|Oo|-|X|X|O|O]|]O|X
1/4 | 3/4 0| -|X|X|]Oo|-|X|X|Oo|O|X|X|O|-|]-|X|]Oo|-|X|X|O|]O]|]O]|X
GW | WW [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC|TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC
3/4 | 1/4|0|-|lOo|X|]O|-]Oo|X|OoO|lO|]O|X|O|-|-|X|]O|-|lO|X|O|O]|]O]|X
23| 1/3|0|-|lo|X|Oo|-]Oo|X|X|O|]O|X|O|-|-|X|]Oo|-|lO|X|O|]O]|]O]|X
1/2 |12 |o|-]o|X|Oo|-|]Oo|X|X|O|lO|X]|O|-|-|X|O|-]O|X|]O|O]|]O|X
/3 |23 |0 -|X|X|Oo|-|X|X|X|Oo|X|X|]O|-|-|X|O|]-|X|X|]Oo|O|]O|X
1/4 | 3/4 |Oo| - |X|X|Oo|-|X|X|X|Oo|X|X]|]Oo|-|-|X|Oo|-|X|X|]Oo|O]|]O|X
SW | WW [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC|TUR| TC [BOD| EC |TUR| TC |[BOD| EC [TUR| TC
34 | 1/4 | O] - | X|X|O|-|X|X|X O|X|X|O|-|-|X|O|-|X|[X|O|O|]O]|X
23 13 |0 - |X|X|O|-|X|X|X O|X|X|O|-|-|X|O|-|X|[X|O|O|]O]|X
/2 |12 |O0|-|X|X|O|-|X|X|X O|X|X|O|-|-|X|O|-|X|X|]O|O|]O|X
1/3 |23 |0 -|X|[X|]O|-|X|X|X O|X|[X|O|-|]-|X|]Oo|-|X|X|O|O]|]O|X
1/4 | 3/4 |0 -|X|X|]O|-|X|X|X Oo|X|X|Oo|-]-|X|]Oo|]-|X|X|Oo|]O]O|X
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Table 6. Effect of mixing ratio on suitability for different water usages (Tertiary mixing)

Source UR IR RR MR IR PR
RW |GW| SW |BOD| EC |[TUR| TC [BOD| EC |TUR| TC [BOD| EC |[TUR| TC [BOD| EC TC [BOD| EC |TUR| TC |BOD| EC |TUR| TC
1/3|1/3(1/3] 0| - | X | X |O| - |X|X|O]|-|X|X|O] - X|O0|O0O|X|X]|]O|-]10]X
1/2|1/4{1/4 0| - |O | X |O| -|O|X|O|-|O|X|O]| - X|O0|O|O|X]|]O|-]10]X
1/4|1/2{1/4 0| - |O | X |O| -|O|X|O|-|O|X|O]| - X|O0|O|O|X|]O|-]10]X
2/5(2/5(1/5 0| -|O|X|O|-|]O|X|O|-|O|X]|O]| - O|O0O|O0O|O|X|O]|-]0|X
1/4|1/4|1/2| O | - X[ X[|]O]|-|X|X|O]-|X|X|O]| - X|O0|O|X|X]|]O|-]10]X
2/5|1/5|2/5| O | - X[X]|]O]|-|X|X|O]-|X|X|O]| - X|O0|O|X|X]|]O|-]10]X
1/5|2/5(2/5| O | - X|X]0O]| - X|X]O0O|-]|X|X]|O]| - X|O|]O|X|X]|]O]|]-|]0|X
RW [GW|WW|BOD| EC |[TUR| TC |BOD| EC |TUR| TC BOD| EC |[TUR| TC |BOD| EC TC [BOD| EC |TUR| TC |BOD| EC |TUR| TC
1/3|1/3[13] 0| - O | X|O|-|O|X|O|-|O|X|O] - X|ojo|Oo|X|O|-]O[|X
1/2|1/4(1/4f 0| - |O| X |O|-|O|X|O|-|O|X]|O| - X|0|]O|O|X]|]O|-]10]X
1/4(1/2(1/4f 0| - |O|X|O|-|]O|X|O|-|O|X|O| - X|0|O0O|O|X]|]O|-]10]X
2/5(2/5(1/5/ 0| -|O|X|O|-|]O|X|O|-|O|X]|O| - X|0|O0O|O|X|]O|-]10]X
1/4|1/4{1/2 0| - |O | X |O| -|O|X|[X]|-|O|X|O]| - X|O0|O|O|X|]O|-]10]X
2/5(1/5(2/5 0| - | O | X|O|-|O|X|X|-|O|X]|O| - X|O0|O|O|X|]O|-]10]X
1/512/512/5/ 0| - |O| X |O|-|O|X|[X]|-|]O|X|O] - X|O0|O|]O|X]|]O|-]0]X
RW [ SW |WW|BOD| EC |[TUR| TC [BOD| EC |TUR| TC BOD| EC |[TUR| TC |BOD| EC TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC
1/3(1/3|1/3| O | - X[ X[|]O]| - | X|X|[X]|-|X|X|O]| - X|O0|O|X|X]|]O|-]10]X
1/2|1/4|1/4| O | - X[ X[|]O]|-|X|X|O]-|X|X|O]| - X|O0|O|X|X]|]O|-]10]X
1/4(1/2|1/4| O | - | X | X |O| - | X|X|O]|-|X|X]|O] - X|O|O|X|X]|]O|-]0|X
2/5|2/5(1/5{ 0| - | X | X |O| - X|X|]O|-|X|X]|O]| - X[|O|]O|X|X]|]O]|-|0|X
1/4(1/4[1/2) O | - | X | X |O| - | X|X|X|-|X|X]|]O] - X|O|O|X|X]|]O|-]0[X
2/5(1/512/5/ 0| - | X | X|O| - |X|X|X|-|X|X]|O]| - X100 | X|X]|]O|-]10]X
1/5(2/5(2/5| 0| - | X | X|O| - | X |X|X|-|X|X]|O]| - X|O0|]O0O|X|X]|]O|-]1]0]X
GW | SW |WW|BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC |TUR| TC [BOD| EC TC [BOD| EC |TUR| TC |BOD| EC |TUR| TC
1/3|1/3[1/3] 0| - | X | X |O| - | X | X |[X|-|X|X|O] - X|O0|O0O|X|X]|]O|-]10]X
1/2|1/4(1/4] 0| - | X | X |O| - | X | X |[X |- |[X|X|O] - X|O0|O0O|X|X]|]O|-]10]X
1/411/2(1/4] 0| - | X | X |O| - | X | X |[X |- |X|X|O] - X|O0|O0O|X|X]|]O|-]10]X
2/5(2/5(1/5| O | - X[X[|]O]|-|X|X|O]-|X|X|O]| - X|O0|O|X|X]|]O|-]10]X
1/4|1/4|1/2| O | - X[ X|]O]| - | X|X|[X]|-|X]|X|O]| - X|O0|O|X|X]|]O|-]10]X
2/5|1/5|2/5| O | - X[ X[|]O]| - | X|X|[X]|-|X|X|O]| - X|O0|O|X|X]|]O|-]10]X
1/5(2/5|2/5| 0 | - | X | X | O] - X| X | X|-]X|X]O] - X|O|]O|X|X]O]|]-|]0|X
14, 22:12/5, 2/5, 1/9°10, A5, AES, 315 1221 2AA B 722 954D 5 Aok FE
Hes SRS Bol o5t 2:2: 1010 Tt 374 @ BE £gelH BODE 718 sk ggtout
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Table 7. Effect of mixing ratio on suitability for different water usages (Quaternary mixing)

Source | UR LR RR MR IR PR
RW |GW| swiwwsoD] EC [TUR] TC [BoD] EC [TUR] TC [BOD] EC [TUR] TC [BOD] EC [TUR] TC [BOD] EC [TUR] TC [BOD] EC [TUR] TC
2/5|1/5(1/91/5 0| -|O0|X|O|-]O|X|O|-|O|X|O|-|]-|X|O|O|O|X|O|-]0O]|X
1/5(2/5(1/51/5 0| - | X | X|O|-|X|X|O|-|X|X|O|-|-]|X|O|O|X|X|O]|]-]0]X
1/5(1/52/51/5 0| - | X|X|O|-|X|X|O|-|X|X|O|-|-]|X|O|O|X|X|O]|]-]0]X
1/5(1/5(1/52/5 0 | - | X | X|O| - | X |X|X|-|X|[X|O|-|-|X|O|O|X|X|O]|-]0]X
1/6(1/3|1/31/6 O | - |O | X|O|-|]O|X|O|-|O|X|O|-|-]|X|]O|O|O|X|O]|]-]0]X
1/6(1/3[1/61/3l O | - | X | X|O| - | X |X|O|-|X|[X|O|-|-]|X|O|O|X|X|O]|]-]0]X
1/6[1/6]1/3]1/3l O | - | X | X|O | - | X |X|O|-[X|[X|O|-|-|X|O|O|X|X]|O]|-]|O]|X
valvddud o - [xIxJol-[x[x[o[-[x[x]ol-]-[xJoJo[x[x]o][-[o]x
3.3.1 £X2| a8 O 444 AF FAE (No treatment)
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Table 8. Effect of treatment ratio on on suitability
for different water usages (Binary mixing)

Source UR
RW wWwW BOD EC TUR TC
3/4 1/4 0.00 - 0.00 1.00
2/3 1/3 0.00 - 0.00 1.00
1/2 1/2 0.00 - 0.00 1.00
1/3 2/3 0.00 - 0.00 1.00
1/4 3/4 0.00 - 0.07 1.00
0 1 0.15 - 0.23 1.00

Source IR
GW | W BOD EC TUR TC
3/4 1/4 0.00 - 0.00 0.97
2/3 1/3 0.00 - 0.00 0.98
1/2 1/2 0.00 - 0.00 0.99
1/3 2/3 0.00 - 0.05 0.99
1/4 3/4 0.00 - 0.10 0.99
0 1 0.15 - 0.23 0.99

Source MR
SW A BOD EC TUR TC
3/4 1/4 0.00 - - 0.90
2/3 1/3 0.00 - - 0.92
1/2 1/2 0.00 - - 0.94
1/3 2/3 0.00 - - 0.95
1/4 3/4 0.00 - - 0.96
0 1 0.15 - - 0.97
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Abbreviations

BOD Biochemical oxygen demand
EC Electrical conductivity

GAC  Granular activated carbon
GW  Ground water

IR Irrigation reuse water

LR Landscape reuse water

MF Microfiltration

MR River maintenance reuse water
PR Process reuse water

RR Recreational reuse water
RW  Rainwater

SW  Surface water

TC Total coliforms

TUR  Turbidity

UR Urban reuse water

WW  Reclaimed wastewater
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