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Abstract — As a method to reduce the total phosphorus in sewage treatment plant, we applied the integral type slow
mixing/sedimentation fiber filtration system to compare the control methods for the sewage effluent and the reject water.
It was analyzed that about 92.4 kg T-P/day should be removed in order to satisfy the final concentration of phosphorus
of 0.2 mg T-P/L, which is reinforced effluent standard. Therefore the total phosphorus removal efficiency should be 96%
for sewage effluent and 69.2% for reject water (dehydrated filtrate) respectively. The system operation cost to achieve
the target of total phosphorus removal efficiency was assessed. It has been found that the treatment cost of the reject
water containing high concentration of phosphorus with a low flow rate is reduced to about 1/2.4 of the coagulant cost
and about 1/120 of the electricity cost, compared to that of the sewage effluent treatment. Also the economics of the inte-
gral type slow mixing/sedimentation fiber filtration system and the general coagulation and sedimentation system were
compared. It was evaluated that the development system was more economical because the installation area of the inte-
gral type slow mixing/sedimentation fiber filtration system was about 1/7 smaller than that of the general coagulation
and sedimentation system, and the annual operation cost including the required amount of coagulant and electricity cost
of the development system was lowered about 1/1.7 than that of the general system.

Key words: Reject water treatment, Phosphate removal, Integral type slow mixing/sedimentation system, Fiber filter,
Coagulation
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Influent

Q,= 383,973 m3/d
Sewage Influent Tpy = 4.77 mg/L
Q = 375,730 m¥/d = 1,833 kg/d |

>

TP,= 4.154 mg/L A
= 1,561 kg/d

A/S

Sewage Effluent

Qg = 375,546 m¥/d
TPqy = 0.45 mg/L

Total Reject Water
Q, = 8,246 m¥d
TP, = 33.0 mg/L
= 272 kg/d

Dehydrate Filtrate
Qy = 1,483 m¥d
TPy, = 89.9 mg/L

= 133.3 ka/d

Fig. 1. A concept of mass balance of G sewage treatment plant in Busan.

= 168 ko/d

Sludge Discharge
Q3= 184 m3/d
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Table 1. Estimation of removal amount to achieve T-P target water quality in sewage effluent

Sewage influent Inflow Outflow T-P target water quality Removal required
(m*/day) T-P(mg/L) T-P(kg/day) T-P(mg/L) T-P (kg/day) T-P (mg/L) T-P (kg/day) amount (kg/day)
0.4 150.3 17.3
375,730 4.154 1,832.8 0.446 167.5 0.3 112.7 54.8
0.2 75.1 92.4

Table 2. Estimation of T-P removal rate in total reject water to achieve T-P target water quality in sewage effluent

Flow rate of total Inflow Outflow Removal Removal required
reject water (m>/day) T-P (mg/L) T-P (kg/day) T-P (mg/L) T-P (kg/day) efficiency (%) amount (kg/day)
23.10 190.5 30.0 81.64
8246 3.0 2721 21.78 179.6 34.0 92.52
’ 2145 176.9 35.0 95.24
19.80 163.3 40.0 108.85
20 100
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Fig. 2. Variations of T-P concentration and removal efficiency accord-
ing to Al/P molar ratio.
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Table 3. Estimation of T-P removal rate in dehydrated filtrate to achieve T-P target water quality in sewage effluent

Flow rate of dehydrated Inflow Outflow Removal Removal required
filtrate (m>/day) T-P (mg/L) T-P (kg/day) T-P (mg/L) T-P (kg/day) efficiency (%) amount (kg/day)
31.47 46.7 65.0 86.66
1,483 £9.9 1333 27.69 41.1 69.2 92.26
’ 26.97 40.0 70.0 93.33
22.48 333 75.0 99.99
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Table 4. Field test results of the development system

Flow rate Al/P molar ratio Influent (mg/L) Effluent (mg/L) Efficiency (%)
(vd) ©) SS, Ss, TP, SS, TP, SS T-P
2 154 59 27.40 17.6 10.94 90.6 60.1
50.0 3 154 52 27.40 16.1 2.56 92.5 90.7
4 154 81 27.40 10.5 2.68 93.2 90.2

SSo: SS concentration of dehydrate filtrate [mg/L]

SS,: Effluent SS concentration of the slow mixing/sedimentation system [mg/L]
SS,: Effluent SS concentration of fiber filtration system [mg/L]

T-P,,: T-P concentration of dehydrate filtrate [mg/L]

T-P,: Effluent T-P concentration of fiber filtration system [mg/L]

C ‘
lN LlNE
MIXER

Influen Sewage —> Effluent —n—>

Treatment
Facility

Reject
Water

Fig. 4. Concept diagram of installation point of phosphorus treat-
ment facility in sewage treatment plant.
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Table 5. Comparison of coagulant amount and cost in sewage effluent and reject water treatment systems

Item CASE 1 CASE 2 Remarks

Target Water Sewage eftluent Reject water
Installation Point A point in Fig. 4 B point in Fig. 4 See Fig. 4
Coagulant Injection Concentration 4 ppm 450 ppm 17% PACI
Daily Coagulant Requirement 1,097 L/day 460 L/day 17% PACI

Annual Coagulant Costs 95,997,100 won/yr

Annual Coagulant Cost Ratio

40,241,250 won/yr Application price 250 won/kg

Cost ratio of sewage effluent to reject water treatments = 2.39

WA 1EY A Aol A 8IS o] 43 vk ) Q)
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mg/L 1312 W] flairs W] 91 AlAE] 96% ol /dolA
L, W] )2 Q1 AAE0] 69.2% o) do]ofof s}, 1]
DE EAere kA d 15 A A fof A AE)
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A& oo 45 g e 2URAE Ve

Table 6 12 375,730 m*9] 3475 31 19 1,400 m*S] HH+ Abgstsict.
(5ol 4ol A8 59 7 el et A SS9 ROl U <L AAS S b
2ol o] Aapgaat A AEu)E vk ook, Alg el B A 725G A Aol A ] AZE SH] 82 AIARS
uhe} o] SR ) 9 A S 1R QHA ek o] e d Aeugh P T £2FE oKk oRE] 8L
Table 6. Comparison of power consumption and electricity cost in sewage effluent and reject water treatment systems
Item CASE 1 CASE2
Backwash pump 978.7 kW, 10 min/day 3.7kW, 77.5 min/day
Reference Power & Usage Time Backwash blower 1739 kW, 10 min/day 17.3 kW, 62 min/day
Blower 192.4 kW, 1430 min/day 0.87 kW, 1364 min/day
Compressor 211.5 kW, 5 min/day 1.5 kW, 15.5 min/day
Backwash pump 163.1 kWh/day 4.8 kWh/day
Electricity Consumption Backwash blower 289.8 kWh/day 17.8 kWh/day
by Device Blower 4585.5 kWh/day 19.8 kWh/day
Compressor 17.6 kWh/day 0.4 kWh/day
Total Power Consumption per Day 5,056 kWh/day 42.8 kWh/day
Annual Electricity Costs 110,726,400 won/yr 937,320 won/yr

Annual Electricity Cost Ratio

Cost ratio of sewage effluent to reject water treatments = 118

Remarks

1. Based on SS 10 mg/L or less in sewage effluent and SS 300 mg/L or less in reject water
2. Coagulant injection concentration: Sewage effluent 4 ppm, reject water 450 ppm (as 17% PACI)

3. Energy charge: Applied for general industrial energy charge (60 won/kWh)

4. Excluding electricity consumption by influent pump (using a gravity fiber filter system)

Korean Chem. Eng. Res., Vol. 55, No. 6, December, 2017
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Table 7. Estimation of annual operating costs

827

Item CASE 1 CASE 2
Daily Coagulant Requirement 1,097 L/day 460 L/day
Annual Coagulant Costs 95,997,100 won/yr 40,241,250 won/yr
Total Power Consumption per Day 5,056 kWh/day 42.8 kWh/day
Annual Electricity Costs 110,726,400 won/yr 937,320 won/yr
Annual Operating Costs’ 206,723,500 won/yr 41,178,570 won/yr
Annual Operating Costs Ratio Cost ratio of sewage effluent to reject water treatments = 5.62

*Operating Costs = Coagulant Costs + Electricity Costs
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Table 8. Comparison of design parameters and required site area of general coagulation and sedimentation system and the development system

Item General coagulation and sedimentation system Slow mixing/sedimentation fiber filter system Remarks
System Configuration  Rapid mixing - Slow mixing - Sedimentation Slow mixing/sedimentation - Fiber filter
Design Flow Rate 1400 m’/day 1400 m*/day
Rapid m.1)<.1ng tank 10 mfn Slow mixing/sedimentation tank 15 min
Residence Slow mixing tank 30 min
time Sedimentation tank 70 min Fiber filter reactor 5 min
Sum 110 min Sum 20 min
Design Rapid mixing tank I-]I)e 22 14;21 Slow mixing/sedimentation tank I]—?e 42&2 $
Criteria w 2.55m He: Effective height.
D'evice. Slow mixing tank L 4.18m W 12m . .
specification He 274 m Fiber fillter reactor © 1:6 m Actual df:Vlce height
. . W 52m He 25m may be higher than He.
Sedimentation tank L 52m
He 25m
Required Site Area 43.5m? 5.9m? Exclude plumbing site

Table 9. Estimation of coagulant amount and cost for reject water treatment by two systems

Item General coagulation and sedimentation system Slow mixing/sedimentation fiber filter system
Coagulant Injection Concentration 750 ppm 450 ppm
Daily Coagulant Requirement 766 L/day 460 L/day
Annual Coagulant Costs 67,032,700 won/yr 40,241,250 won/yr
Annual Coagulant Cost Ratio Cost ratio of general coagulation and sedimentation system to slow mixing/sedimentation fiber filter system = 1.67
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Table 10. Estimation of power consumption and electricity cost for reject water treatment by two systems

Item General coagulation and sedimentation system

Slow mixing/sedimentation fiber filter system

Reference Power & Usage
Time by Device

Rapid stirrer 1.5 kW, 1440 min/day
Slow stirrer 1.5 kW, 1440 min/day

Backwash pump 3.7 kW, 77.5 min/day
Backwash Blower 17.3 kW, 62 min/day
Blower 0.87 kW, 1364 min/day
Compressor 1.5 kW, 15.5 min/day

Electricity Consumption by Device

Rapid stirrer 36 kWh/day
Slow stirrer 36 kWh/day

Backwash pump 4.8 kWh/day
Backwash Blower 17.8 kWh/day
Blower 19.8 kWh/day

Compressor 0.4 kWh/day
Total Power Consumption per Day 72 kWh/day 42.8 kWh/day
Annual Electricity Costs 1,576,800 won/yr 937,320 won/yr

Annual Electricity Cost Ratio

Cost ratio of general coagulation and sedimentation system to slow mixing/sedimentation fiber filter system= 1.68

Remarks

1. Reject water flow rate based on 1400 m*/day, T-P 90 mg/L or less, SS 300 mg/L or less

2. Energy charge: Applied for general industrial energy charge (60 won/kWh)

3. Excluding electricity consumption by influent pump (using a gravity fiber filter system)

Table 11. Estimation of annual operating cost for reject water treatment by two systems

Item General coagulation and sedimentation system Slow mixing/sedimentation fiber filter system
Daily Coagulant Requirement 766 L/day 460 L/day
Annual Coagulant Costs 67,062,700 won/yr 40,241,250 won/yr
Total Power Consumption per Day 72 kWh/day 42.8 kWh/day
Annual Electricity Costs 1,576,800 won/yr 937,320 won/yr

Annual Operating Costs"
Annual Operating Costs Ratio

68,639,500 won/yr
Cost ratio of general coagulation and sedimentation system to slow mixing/sedimentation fiber filter system = 1.67

41,178,570 won/yr

*Operating Costs = Coagulant Cost + Electricity Cost
Korean Chem. Eng. Res., Vol. 55, No. 6, December, 2017



_(2}\

o, o] 5 Wk
uisict.
Table 110114 K= wke} o] Whg= A 2& 918 -4 - AA A
o] A7F 27082 68,639,5000] % .1, &b A
TA]AELO] A7 SN R-2- 41,178,5709 0 & LpERT) wlehA] &
05 Zreke W) W SS Ao} A] 2wt

AQ1 S5 2 E el wlal Rk Aol s A

R

N
Ho
A
oM,

T

|2 #X1s1o] Table 1197 LFe}

TEE el Y

.4 B
AT A PN F Q ES A7 Sla) A
G QI AL oIS o] 3 AL 1851
o, 5 RG-S Ashs Wils me) AL FHs
WS Aelshs Wi F 0o A% 0% el WS 17
Shak StIh. R % Q1 AokE 98] ANUA RS 2 2
F el S A s A S 0 A

o] fIal thd skl el el M v ¥
02 mg/L FEOE AT fal skl el Ay 2
FEHB)] HEFTE Alofshs Aol thall ekEn] 8-} d=n] &

< @Eo}aigu%, TP EXAAHS 92.4 kg/day O & 73 3%
skl e] 37 Fetell A Aefshs 7ol wlsl 2z Fetelld A
23Rz ¢ oREHIE-2 oF 1724, [EH]E-2 oF 1/120 22 5= A
O 7 Ve YIRS Alojsh= Zlo] Bt FA|AQl Ao 7 Hy

2

k.

A RERT A2 HEl APEAIERD Sk Aol 7t
A 2B AREARL SR AN ELS Aok 9ol tist BAVd S
HES A}, oA Afolma Arle] dntbel S
Al 2Elo]| ula)] XA o] of 1172 ZA QTE Gl oM oREA QT
2 AH| S Z33E AR AN]8-2 oF 1/1.7 429 5] B} FAAo]
W= Ao HrE Qlct.

ukbA] Sl e gellr o & Q1 vlEH Aztsle] miES V1S
THEE) SleiaE 710 W o R s RS Aelshs Zln

L ) I L PN e ) A e e N B R e P Bt RS B
stod W U] % Q1 RS Alofshs o] Bt AA40 A
© 2 sk
=z Al
2 =S 719 A A sk 201490 % AFTAYEE )<
7RI (No. €0185720)2] A<= 0 2 QI3 AvpaelS vheluc),

SRS Aol 1S

o] &3l WS-

pal

10.

11.

12.

13.

. Ministry of Environment, Korea,

Q1 Al A 2B ZgA AT 829

References

. Ministry of Environment, Korea, Guidelines for TMDL man-

agement (2004).

TSEWERAGE ACTJs and
FENFORCEMENT DECREE OF THE WATER QUALITY
AND AQUATIC ECOSYSTEM CONSERVATION ACTJ
(2010).

. Han River Water Management Committee, ‘“Feasibility Study on

the Application of Physicochemical Process for Phosphorous
Removal in Environmental Facilities Located in Upper of the
Watershed Lake)” National Institute of Environmental Research,
Han River Environment Research Center(2008).

. Ministry of Environment, Korea, “Utilization of Low Concentra-

tion Wastewater Treatment System by New Material Separation
Membrane and Catalyst Ozone Process] 3~4, 95~101(2005).

. US. EPA REGION 10, April, Advanced treatment to achieve

concentration of phosphorus(2007).

. Rittmann, B. E and McCarty, P. L., Environmental Biotechnol-

ogy, McGraw Hill Korea, 579~590(2002).

. Neethling, J. B., Stensel, H. D., Sandino, J., Tsuchihashi, R., Clark,

D. and Pramanik, A., “Achieving Low Effluent Total Phosphorus
Concentration]’ Proceedings of the Water Environment Federa-
tion, WEFTEC 2013, 423-438(2013).

. Jeyanayagam, S., “True Confessions of the Biological Nutrient

Removal Process} Florida Water Resources Journal: January
(2005).

. John Bratby, “Coagulation and Flocculation in Waterand Waste-

water Treatment] 2nd. Ed., IWA Publishing, London-Seattle,
119-149(2006).

Hwang, E. J. and Cheon, H. C., “High-Rate Phosphorous Removal
by PAC(Poly Aluminum Chloride) Coagulation of A,O Efflu-
ent) Korean Journal of KSEE, 31(8), 673-678(2009).

Jang, J. G, Lee, S. H., Park, J. T., Jo, M. C., Kim, M. R. and
Kim, J. S., “Development of Pilot Plant Slow Mixing/Sedimen-
tation Net3FM System for Reject Water Treatment from the Side-
stream of Wastewater Treatment Plant) KSWST Journal of Water
Treatment, 22(2), 89-97(2014).

Kim, M. H., Kim, M. R,, Cheon, Y. J., Kim, G. H., Kim, J. S.
and Jang, J. G, “Development of Treatment System for Sewage
and Wastewater with High Concentration of Phosphorus and
SS} Proceedings of the Kor. Environ. Sci. Soc. Conf., October,
Daegu(2016).

Park, K. Y., Lee, K. and Kim, J., “Manufacture of PAC(Polyalu-
minum Chloride) by Partial Decomposition of Aluminum Chloride
Hexahydrate’ J. of the Korean Institute of Chemical Engineers,
32(5), 742-746(1994).

Korean Chem. Eng. Res., Vol. 55, No. 6, December, 2017



