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An experimental study on decision making for multi-source water
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ABSTRACT

A combined treatment system using multiple source water is becoming important as an alternative to conventional water
supply for small-scale water systems. In this research, combined water treatment systems were investigated for simultaneous
use of multi-source water including rainwater, ground water, river water, and reclaimed wastewater. A laboratory-scale
system was developed to systematically compare various combinations of water treatment processes, including sand filtration,
microfiltration (MF), granular activated carbon (GAC), and nandfiltration (NF). Results showed that the efficiency of combined
water treatment systems was affected by the quality of feed waters. In addition, a simply approach based on the concept
of linear combination was suggested to support a decision-making for the optimum water treatment systems with the

consideration of final water quality.
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Table 1. Water quality of multi-water sources
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COD Conductivity pH UV254 TOC Totalc;li])(:ll;form BZ((:)’[rel;a Turb
(mgL) | (uS/cm) (ABS) | (ppm) . wntymy | NTU)

Rain 2.9 36.9 6.51 0.018 1.27 57 193 0.93
Ground 5.9 592 7.48 0.012 0.96 None 1370 1.30
River 7.5 148.7 7.32 0.053 2.15 4000 3500 4.08
Waste 10.8 526 7.02 0.091 4.47 31400 None 2.44

/

Contaminant Feed
Water MF/UF st
feed tank pump Manbrane 15t Permeate tank

Fig. 1. Schematic diagram of water treatment combinations.
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Table 2. Summary of water treatment combinations

Name 1" stage 2™ stage 3" stage
Feed - - -
sD .San.d i i
filtration
MF MF - -
Sand
SG filtration GAC i
MG MF GAC -
SN 'San'd NF i
filtration
MN MF NF -
MGC MF GAC Chlorination
MGU MF GAC LPUV

Table 3. Speicification and operating conditions for unit

processes
Type Specification Cremiition
yp P Condition
1 Sand Filter Sand, 0.7-1.2¢ 2 L/min
MF PVDF, 2
Stage membrane 0.1 pm 30 L/m"h
Activated 300 ml/min
ond Carbon 8x30 mesh
0,
Stage NF Napl 4.}0 % 40 L/m%h
membrane rejection
. NaOCl
grd Chlorine 10~15% 5 ppm
Stage Low pressure,
uv 16W 20 sec

o
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Fig. 2. Comparison of removal efficiency for contaminants
in feed water (rainwater).
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Table 4. Comparison of water quality for feed water (rainwater) and treated waters by different processes

W Aesh EeE 2Hol e §

TDS (mg/L) | Conductivity (uS/cm) UV-254 TOC (ug/L) SS (mg/L) pH
Feed 37 36.9 0.018 1267.5 0.93 6.51
SD 37 27.9 0.017 1267 0.904 7.36
MF 37 36.9 0.010 1267 0.182 7.66
SG 37 36.9 0.001 756.75 0.294 8.84
MG 37 36.9 0.003 673.5 0.214 9.03
SN 18 17.96 0.013 1067.5 0.143 7.62
MN 24 23.7 0.006 1067.5 0.127 8.5

Table 5. Comparison of water quality for feed water (ground water) and treated waters by different processes

TDS (mg/L) Conductivity (uS/cm) UV-254 TOC (ug/L) SS (mg/L) pH
Feed 600 592 0.012 964.5 1.3 7.48
SD 596 592 0.011 964 0.783 7.38
MF 600 592 0.011 964 0.109 7.33
SG 600 592 0.001 681 0.303 8.57
MG 600 592 0.007 755.5 0.15 9.08
SN 497 417 0.010 964 0.186 7.64
MN 505 421 0.005 964 0.206 7.23

Table 6. Comparison of water quality for feed water (river water) and treated waters by different processes

TDS (mg/L) Conductivity (uS/cm) UV-254 TOC (ug/L) SS (mg/L) pH
Feed 157 148.7 0.053 2152.5 4.08 7.32
SD 157 148 0.043 2152 1.25 7.1
MF 157 148 0.035 2150 0.11 7.49
SG 157 148 0.003 658.75 0.417 9.13
MG 157 148 0.007 625 0.167 9.09
SN 77 75.3 0.004 772.25 0.107 7.31
MN 126 119.4 0.004 1650 0.096 8.16
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Fig. 3. Comparison of removal efficiency for contaminants
in feed water (ground water).
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Fig. 4. Comparison of removal efficiency for contaminants
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Fig. 5. Comparison of removal efficiency for contaminants
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Table 7. Comparison of water quality for feed water (wastewater effluent) and treated waters by different processes

TDS (mg/L) Conductivity (uS/cm) UV-254 TOC (ug/L) SS (mg/L) pH
Feed 622 526 0.091 4475 1.444 7.02
SD 622 523 0.084 3865 0.468 7.23
MF 535 525 0.076 4222.5 0.074 7.41
SG 245 220 0.005 744.25 0.66 9.07
MG 256 231 0.013 484.25 0.0523 9.3
SN 438 372 0.010 765 0.0134 7.22
MN 560 448 0.011 1842.5 0.195 7.6
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