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Abstract This study proposed and verified a technology that can effectively treat wastewater generated
from a power plant and simultaneously reuse it as industrial water. A pilot plant with a scale of 24 m®/d
and consisting of a coagulation tank, submerged UF (Ultra Filtration) tank, and RO (Reverse Osmosis) was
operated for about six months as a case study. It was tested if the reused water satisfies the industrial
water quality standards for the final effluent and process wastewater (coagulated and non-coagulated).
Here, the final effluent and process wastewater had passed through the power plant's wastewater
treatment plant. The experiment result shows that the electrical conductivity treatment efficiency of
reused water compared to that of the inflow water was 99.0% for effluent, 98.8% for wastewater with
pH adjustment and coagulation, and 99.0% for wastewater with only pH adjustment. Components such
as Pb, As, Cd, Hg, Cr, cyanide, PCE (Tetrachlorethylene), TCE (Trichlorethylene), and phenol were not
detected during the test. The membrane pressure of the final effluent and wastewater with pH
adjustment and coagulation was 10 bar or less, which allowed a stable operation. However, in the case
of wastewater with only pH adjustment, it exceeded 10 bar. So, the frequency of membrane cleaning
cycles was increased. The TOC, T-N, and T-P concentrations satisfied the effluent standards (region III),
and it was confirmed that stable wastewater treatment and industrial water production were possible
through recovery rate management during facility operation.
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Table 1. Water Quality of the Source Water and Standards of Industrial Water Quality

Items Unit Wa;satf;/‘z;ter Discharged Water (aver.) Standard Remarks
Conductivity us/cm 2,301 2,211 220
TDS mg/L 1,150 1,105 110
Pb mg/L ND. ND. 0.2
As mg/L ND. ND. 0.1
cd mg/L ND. ND. 0.02
Hg mg/L ND. ND. 0.001 Standard of Industrial
cre me/L ND. ND. 0.1 Water Quality
Cyanide mg/L ND. ND. 0.2
Tetrachloroethylene mg/L ND. ND. 0.02
Trichloroethylene mg/L ND. ND. 0.06
Phenol mg/L ND. ND. 0.01
Cl- mg/L 653 632 250
TOC mg/L 4.74 3.08 20
Emission Acceptance
T-N mg/L 3.9 33 25 Criteria
T-P mg/L 0.068 ND. 0.5 (Il Region Criteria)
BOD mg/L 0.8 0.7 - -
Turbidity NTU 2.78 0.71 - -
ArE gl AAE 671 2% HolEE €5 3.3 Ad MX|Q 2Y
stel Y ] $UE FAT| ANE Table 19 guno) sz 4 wrEn Aeey o g

A Hi= 11} Zo] BOD7} 1 mg/L olstE HPF:1 771
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Table 2. Operating Parameters of UF and RO

UF RO Remarks
Maker Lotte Chemical Toray
Model SHU-2024 RE80400-FNn
X . Supported Spiral-wound
Configuration | /o )1ow fiber | FRP WRAPPING
Material Polyurethane Polymide
Effective
Membrane 23.8 37.2 per module
Area(m)
Pore Size(um) 0.01 - nominal
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Waste
Water
re —>
Tr UF Permeate Reuse
- Coagulation
- pH Adjustment UF RO Concentrate
Wastewater
> Treatment
UF Concentrate Plan
(a) Wastewater
Fig. 1. A Schematic of the UF/RO Process
Table 3. Operating Condition of UF and RO
Operating Conditions
Pre-Treatment -PAC 17 % (80 mg/min)
a -pH adj.(HCI 4.5 %, NaOH 9 %)
-Recovery: 90~92 %
UF -Flux: 20~22 LMH
-Aeration: 0.1 m3/min
-Production: 34.0m’/day
-Recovery: 70~72 %
RO -Flux: 14~15 LMH
-Production: 24.0m’/day
=]
3.4 SAY
2 379 949 UF 2 RO Hehl 4E3S 5o
BHEROM, 5 24 WS Table 49 2}

Table 4. Analytical Method and Instrument

Analysis Items Method and Instrument
Conductivity Conductivity meter
TOC TOC analyzer
Turbidity Turbidity Meter
TDS TDS Meter
T-N HACH DR900
T-P HACH DR900
Pb ES 04402.1a
As ES 04406.2b
Cd ES 04413.1a
Hg ES 04408.1b
cr ES 04415.1b
Phenol ES 04611.1
cl Chloride Ion Meter

BOD ES 04305.1c
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Discharged
Water ‘
UF Permeate —P‘l Reuse
UF RO Concentrate
Wastewater
———— > Treatment
UF Concentrate Plan
(b) Discharged Water
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Fig. 2. Electrical Conductivity Measurements by

Raw Water Source
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Fig. 3. Turbidity Measurements by Raw Water Fig. 5. TDS Measurements by Raw Water Source
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Fig. 4. TOC Measurements by Raw Water Source
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U 9 #59] Cl- ¥ 5= Fig 6014 B
u}o} 7o) Zkz} 632 mg/L, 653 mg/L, G48 ng/L Fo
ROY A49] 5&E 14.5 mg/L, 32.2 mg/L, 32.6 ng
/LE Ueigth 25 3485 $287189 250 ng/LE
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Fig. 6. Cl- Measurements by Raw Water Source
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Table 5. Water Quality of the Source Water and
Standards of Industrial Water Quality

RO Standard of
Items Unit Permeate Industrial. Water
Quality
Pb mg/L ND. 0.2
As mg/L ND. 0.1
cd mg/L ND. 0.02
Hg mg/L ND. 0.001
Crt6 mg/L ND. 0.1
Cyanide mg/L ND. 0.2
Tetrachloroethylene | mg/L ND. 0.02
Trichloroethylene mg/L ND. 0.06
Phenol mg/L ND. 0.01
42 o 92 U MR
421 @24
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Fig. 7. RO Pressure, Flux and CIP Cycle by
Discharge Water
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Fig. 8. RO Pressure, Flux and CIP Cycle by Raw
Water (With Coagulation)
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Changes in Membrane Pressure and Flux :E'ess“"e
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Fig. 9. RO Pressure, Flux and CIP Cycle by Raw
Water(Without Coagulation)
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Table 6. Concentrated Water Analysis Results by
Raw Water Resources

) Concentrated water(RO) Emission
Analysis| .
. Unit acceptance
items Discharged with without criteria®
water Coagulant | Coagulant
T-N | mg/L 10.7 11.1 11.9 20
T-P | mg/L 0.13 0.19 0.42 0.5
TOC | mg/L 6.5 6.7 7.3 25

*II Region Criteria

4.4 BHE "ot
Table 70 WEhd Hiet o] 75 82 A
°]-83H7] 98l UF/RO Al&dhe 28 739 271 Ad
FAH] 2,996,523 43 A7|&, A, g
A7t GA T H] 229,4287 Yo 28
ot Ao QIR A HHERE VE0R TYPES
4 Sk 9, SR EES Ae] EE 20209
7% 29ES 9T 364.69/m, SEE 9 1,049.7Y
/ut, BAAAREE 1219/mE AR 1,535.39/f
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Table 7. Economical Efficiency of UF/RO System

Items UF/RO
Initial facility investment cost 2,996,523
Electric charge 130,086
Maintenance Chemicals cost 27,735
cost Membrane replacement cost 70,857
Total 229,428
Sewage treatment cost 808,971
Saving Industrial water cost 280,985
cost Environmental improvement 93.251

charge cost

Total 1,183,207
Investment cost recovery period 3.14 yr

* Units : A thousand KRW/yr
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