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Abstract

Many small scale Sewage Treatment Plants (STPs) are currently being constructed at many rural areas. The STPs in rural area
suffer from low concentration and large inflow quantity fluctuation during wet weather mainly due to illicit combined sewer
system. Sequencing Batch Reactor (SBR) is a process effectively coping with these obstacles. The main objective of this study
was to evaluate SBR with high hydraulic loading and low inflow concentration. The operating conditions tested were: organic
loading rate = 0.17-0.42 KgBOD/mB/d, hydraulic loadings = 12.1-61.5 m*/m*/d, average MLSS concentration = 2500 mg/L,
F/M ratio = 0.026-0.17 KgBOD/Kg MLSS, HRT =9-12 hr HRT, and SRT = 5.6-33.6 days. Organic loading rate on SBR did
not impact significantly on BOD and SS removal efficiencies. To increase treatment efficiencies, low hydraulic loading rate
with low concentration was required. The results suggested that low influent concentration with high inflow rates during wet

weather requires extended time for settling.
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Fig. 1. Schematic description of sequencing batch reactor set up used in this research.
Table 1. Chemical characteristics of influent used for each phase of operation
Phase description pH TBOD SBOD TCOD SCOD TSS VSS TKN NH," TP Sp
eh | Min 7.60 135 59 201 90 111 75 27.8 24.0 4.1 2.0
i hasceonc) Max 776 173 76 255 13 14 125 352 276 52 34
¢ ’ Avg.  7.69 159 68 231 115 136 106 31.7 253 4.8 3.0
Phase 2 Min 732 57 29 83 45 45 34 10.4 7.3 2.2 1.1
ase Max 752 75 5 115 65 75 59 210 173 37 3.0
(low conc.}
Avg. 741 65 34 101 56 64 48 15.8 11.8 2.6 1.9
Phase 3 Min  7.08 30.6 18.4 424 243 35.2 30.1 6.64 2.68 0.99 0.29
ase Max T4 360 204 482 285 408 342 691 303 129 034
(low conc., 3.5Q)
Avg. .11 33.0 19.1 44.9 26.5 38.8 33.3 6.75 2.87 1.10 0.31
Ph A Min 7.18 28.2 21.8 41.6 31.0 304 24.2 6.52 2.62 0.89 0.28
ase Max 723 304 224 443 324 342 268 672 301 112 032
(low conc., 5Q)
Avg. 721 29.1 22.1 429 31.7 323 25.2 6.64 2.80 1.01 0.30
(unit: mg/L)
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HRT=9 hr, 6 hr/cycle, 4 cycles/day
Phase 1 Omniflo Fill(180 min) } Mixing(90 min) | settle | Decant ldle
SBR | Anoxic/135 minl Aerobic/135 min | 45 min | 30 min [ 15 min
HRT=9 hr, 6 hr/cycle, 4 cycles/day
Phase 2 | Omniflo Fill(180 min) | Mixing(90 min) | settle | Decant | Idle
SBR | Anoxic/135 min‘ Aerobic/135 min | 45 min | 30 min | 15 min
HRT=12 hr, 4.03 hr/cycle, 5.96 cycles/day
) : i : Filled
Phase 3 Omniflo Fill(59 min) Mixing(65 min) | settle | Decant Decant Idle
SBR Anoxic/41 min Aerobic/83 min 45 min { 11 min | 62 min | 0 min
HRT=10.08 hr, 2.38 hr/cycle, 10.08 cycles/day
. ‘ i - Filled
Phase 4 | Omniflo Fill(29 min) Mixing(33 min) | settle | Decant Decant | 'dle
SBR Anoxic/21 min Aerobic/41 min 45 min | 5 min | 31 min | 0 min

Fig. 2. Time sequence and operating conditions of sequencing batch reactor.
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Table 2. Effluent concentrations and removal efficiencies of chemical constituents for each phase of sequencing batch reactor

operation
. Phase 1 Phase 2 Phase 3 Phase 4
Constituent - - - -
Max Min Avg Max Min Avg Max Min Avg Max Min Avg
TBOD Conc.(mg/L) 7.9 2.5 5.3 7.9 2.1 5.4 12.3 9.6 10.2 15.8 14.9 15.4
Rev. rate(%) 98.5 94.6 96.6 96.3 86.4 91.8 68.6 65.8 67.7 51.0 43.0 46.9
TCOD Conc.(mg/L) 25.1 142 20.3 19.2 11.2 13.8 18.6 12.1 14.3 254 23.6 24.8
Rev. rate(%) 93.9 88.5 91.9 89.4 81.3 86.3 72.2 61.4 68.3 433 40.9 42.3
TsS Conc.(mg/L) 9.0 nd 4.9 10.0 2.0 6.3 10.2 5.4 7.1 18.5 15.2 16.7
Rev. rate(%) 100 93.8 96.3 97.3 85.3 89.9 86.8 71.0 81.3 52.0 42.9 48.3
TKN Conc.(mg/L) 33 2.4 2.8 3.6 1.5 2.8 1.28 0.88 1.12 2.96 2.07 2.51
Rev. rate(%) 92.9 88.8 91.0 88.3 75.0 81.9 86.9 81.5 83.3 68.3 55.7 62.3
NH,-N Conc.(mg/L) 2.0 0.9 1.3 1.6 0.6 1.2 0.84 0.62 0.76 1.92 1.76 1.84
Nitrification rate(%) 97.0 943 96.0 95.3 86.6 92.1 90.7 817.5 88.8 73.8 713 72.3
NO;-N Conc.(mg/L) 10.5 7.7 9.2 10.0 5.2 8.0 4.67 4.20 4.52 3.86 3.46 3.67
Denitrification rate(%) 68.2 44.4 59.2 54.4 16.0 293 10.4 43 7.3 14.2 49 10.8
™ Conc.(mg/L) 13.8 10.1 12.0 13.6 6.7 10.8 5.95 5.08 5.64 6.82 5.53 6.18
Rev. rate(%) 69.9 53.7 61.9 48.8 14.0 30.9 243 12.3 16.8 9.1 3.9 7.0
- Cone.(mg/L) 2.7 1.1 1.9 22 1.7 1.9 0.78 0.77 0.78 0.83 0.62 0.74
Rev. rate(%) 76.5 46.5 60.0 49.0 7.8 26.4 395 222 28.2 304 18.6 264
SP Conc.(mg/L) 2.0 1.0 1.6 1.8 1.3 1.6 0.3 0.26 0.28 0.28 0.25 0.26
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Fig. 3. Comparison of removal efficiencies of organics and
nutrients as a function of organic loading between
operation phases.
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nutrients as a function of hydraulic loading between
operation phases.
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Table 3. Design parameters calculated by McKinney's Model

Phase BODLoadizng F/M MLSS Ma Me Mi Mii HRT SRT

(kgBOD/m’d)  (kgBOD/kgMT/d)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (hr) (day)
Phasel 0.42 0.17 2500 460.7 305.7 637 1096.6 9 5.6
Phase2 0.17 0.07 2500 216.4 330.9 657.5 1295.2 9 12.8
Phase3 0.23 0.026 2500 99.4 350.9 895.4 11543 12 33.6
Phase4 0.35 0.028 2500 101.6 3313 729.3 1337.8 10.08 30.4

Ma = active microorganism concentration (mg/L)

Me = endogenous microorganism concentration (mg/L)
Mi = non-biodegradable organics (mg/L)

Mii = non-biodegradable inorganics (mg/L)
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