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Abstract : This study aimed to obtain quantitative data for WWTP operators in phosphorus removal process. This was done
by reviewing and comparing phosphorus removal efficiency(%), coagulants dosage(Al/P and Al,O,(mg/L)), sludge production(kg/
m'), and operation cost(won/m’) of start-up and normal operation data, Phosphorus removal efficiency of all tertiary treatment
process was up to 70 ~ 89 % in start-up and normal operation, Average molar ratio(Al/P) was similar as 5 in both operations, but
average coagulants dosage (mg/L) of start-up (8.5 mg/L) was higher than normal operation (6.2 mg/L). Average operation cost
was higher for start-up (33.6 won/m') than normal operation (28,4 won/m’), while electricity cost required for the normal operation

(9.0 won/m’) was higher by 3.5 won/m',
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Table, 1 Number of WWTPs according to T-P removal process and capacity for start-up operation

Capacity (10°m’/d)
T-P removal Process Total
05~1 1~5 5~10 10 ~ 50 50 ~ 100 100 ~ 500 500 ~
Depth Filtration 17 5 8 1 - - -
Surface Filtration 12 2 4 2 - - _
Flotation 9 4 1 3 1 - - -
Settling 3 1 2 - - - - _

Table, 2 Number of WWTPs according to T-P removal process and capacity for normal operation

Capacity (10°m’/d)
T-P removal Process Total
0.5~1 1=5 5~10 10 ~ 50 50 ~ 100 100 ~ 500 500 ~
Depth Filtration 37 8 16 6 6 1 0 0
Surface Filtration 62 12 22 7 18 1 1 1
Flotation 39 14 9 5 9 1 0
Settling 10 3 5 1 0 0 0 1
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Fig. 1 Inflow and outflow T-P concentration according to T-P

removal process during start-up operation

Table 3. Comparison of T-P removal efficiency(%) according to
T-P removal process in start-up and normal operation

Depth Surface

Operation Filtration | Filtration Flotation | Settling | Avg.
Start-

P T 813 70.0 8901 | 887 | 823
Operation
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Operation
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Fig. 2 Inflow and outflow T-P concentration according to T-P
removal process during normal operation
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Fig. 3 Coagulants dosage(mg/L) according to T-P removal pro-
cess in start-up and normal operation
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Fig. 4 Molar ratio(Al/P) according to T-P removal process in
start-up and normal operation

Table 4, Comparison of coagulants dosage(mg/L) and molar ratio(Al/P) according to T-P removal process in start-up and normal

operation

Operation ALO,(mg/L) or Al/P Depth Filtration | Surface Filtration | Flotation Settling Avg.
ALO, 9.9 7.1 8.4 - 8.5

Start-up Operation -
Al/P 5.0 4.7 5.7 - 5.1
ALO, 7.4 5.1 5.6 6.5 6.2

Normal Operation -
Al/P 4.7 4.7 5.1 5.0 5.0

Table 5. Comparison of sludge production according to T-P removal process in normal operation (unit : kg/m’)

Operation Depth Filtration Surface Filtration

Flotation Settling Avg,

0.0667 0.0525

Normal Operation

0.0860 0.0393 0.0611
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Table 6. Cost analysis summary for start-up operation according to T-P process and capacity (unit : won/m’)

-G H-8= ]

=2

Capacity (10° m*/d) 0.5~1 1~5 5~10 10 ~ 50 50 ~ 100 100 ~ 500 500 ~
Depth Filtration 34.90 26.49 - 15.05 - - -
Surface Filtration 33.83 20.56 48.77 24,17 - - -

Flotation 103.3 32,12 60.3 33.99 - - -
Settling 50.16 11.1 - - - - -
Avg, 57.05 22.57. 57.54 24,40 - - -
Table 7. Cost analysis summary for normal operation according to T-P process and capacity (unit : won/m’)

Capacity (10° m*/d) 0.5~1 1=5 5~10 10 ~ 50 50 ~ 100 100 ~ 500 500 ~
Depth Filtration 17.45 28.60 21.26 18.86 14.74 - -
Surface Filtration 34.05 30.93 15.73 19.94 - 6.40 -

Flotation 41.69 22.95 40.20 16.98 - - -
Settling - 34.42 31.6 - - 6.27 -
Avg. 32.90 27.24 27.19 18.59 14.74 6.33 -
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Table 8, Cost analysis summary for start-up operation according to T-P removal process and item (unit : won/m’)

T-P removal Process Total Coagulants cost | Electricity cost | Sludge treatment cost Etc,
Depth Filtration 24,3(100%) 11.3(46.6%) 7.0(28.7%) 4.8(19.8%) 1.2(4.9%)
Surface Filtration 26.9(100%) 11.0(41.0%) 5.9(22.0%) 9.2(34.3%) 0.7(2.7%)

Flotation 67.7(100%) 33.1(49.0%) 11.9(17.6%) 19.3(28.5%) 3.3(4.9%)
Settling 26.1(100%) 10.6(40.6%) 11.4(43.6%) 2.6(10.0%) 1.5(5.8%)
Avg, 33.6(100%) 15.0(44.7%) 9.0(26.7) 8.3(24.6) 1.3(4.0%)

Table 9. Cost analysis summary for normal operation according to

T-P removal process and item (unit : won/m’)

T-P removal Process Total Coagulants cost | Electricity cost | Sludge treatment cost Etc.
Depth Filtration 23.9(100%) 10.3(43.3%) 5.9(24.6%) 7.1(29.8%) 0.6(2.3%)
Surface Filtration 27.0(100%) 8.0(29.7%) 10.9(40.5%) 6.9(25.5%) 1.1(4.2%)
Flotation 33.2(100%) 8.5(23.4%) 19.9(55.0%) 4.3(12.0%) 0.6(1.7%)
Settling 29.3(100%) 12.7(43.3%) 13.1(44.7%) 2.0(6.9%) 1.5(5.1%)
Avg. 28.4(100%) 9.9(34.84%) 12.5(43.91%) 5.1(17.91%) 1.0(3.34%)
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