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Load Fluctuation Countermeasures Using MLSS and ASRT Constant Control

Method in Single—Stage Intermittent Aeration System
$ W KERE
Yoshio SAKAI Shinji OHBA

ABSTRACT ; The amount of sewage that flows into wastewater treatment plant, the quality of the sewage, and the
pollution load ( the product of first two ) are not constant; rather, they undergo periodical changes within unit times
such as one day, one week, or one year. It often happens that the difference between the maximum and minimum
loads is very high at wastewater treatment plant located in sightseeing areas or industrial zones.

Usually, wastewater treatment plant is designed to handle the maximum daily pollution load and is constructed
accordingly. However, it is difficult to achieve constant and stable performance in the wastewater treatment plant
where high loads become concentrated in the specific short term of a week or year.

We built a pilot plant and performed the following experiments:

We varied the load to ten times per a single day on one—week cycle in single—stage intermittent aeration system.
‘We changed the amount of withdrawal excess sludge and the anoxic—oxic time ratio, in accordance with a given load,
and thereby maintained a constant MLSS and ASRT.

We found that while influent was BOD 150 ~ 200 mg/ ¢ , SS 140 ~ 160 mg/ ¢ , T-N 35 ~ 50 mg/ £ and
T-P 37~43 mg/ L, effluent was 4 ~12 mg/ &, 3~8 mg/ L, 25~59 mg/ & and 0.7 ~ 19 mg/ ¢ ,
respectively. Accordingly, we believe that we have achieved a constant and stable treatment performance.
KEYWORDS ; Intermittent aeration, Load fluctuation, ASRT constant control, MLSS constant control,

Nitrogen removal
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Fig. 1 Flow Diagram of Pilot Plant
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Table 1 Weekly fluctuation of influent flow rate

ZOBE. KBOBRKXAT L0 Unit : (of /day)
l/ ~ ﬁ’]‘ﬁng 0-2 ?& 6 o i - 2 RUN - Mon. Tue. Wed. Thr. Fri. Sat. Sun.
DODPTRESRT EHBDiE. KIG4 1 0.46 t.38 2.30 2.30 0.46 0.45 0.46
VOBBIIHTERIGS VI hSD 1 0.46 1.38 2.30 2.30 0.46 0.46 0.46
REERINIKEBIEOHFEHTH S, 2 | 0.46 0.46 0.46 2.30 0.46 0.46 0.46
FRBREASRT L3, Q) RCFT& ] 0.23 0.23 0.23 2.30 0.23 0.23 0.23
. s N 3 0.23 0.23 0.23 2.30 0.23 0.23 0.23
HIHESRT & 1 BOP TOHEA
4 0.46 0.46 0.46 2.30 0.46 0.46 0.46
L&D B/TH 5,
Table 2 = Experimental _ conditions
=
RUN No. | . i 2 3 4
P 52 52 52 52 92 528
Perds | 413 ~ 1724 1/25 ~ 2/10 211 ~ 2/29 {3710 ~ 5/14]5/18 ~ 8/5 |12/24 ~2/17
Inflow rate ( nf /day) | 0.46] 1.38] 2.30 0.46] 1.38] 2.30] 0.46] 1.38] 2.30 °6’:; 2.30| 0.23} 2.30{ 0.48| 2.30
HRT (hrs) 99.1| 33.0| 19.8] 99.1| 33.0f 19.8 99.1] 33.0] 19.8 “"9'; 19.8| 198 19.8{ 99.1] 19.8
reactor Setting SRT (da 100~ 133~ 20~ (300~ 133~ 20~ b o0b oo | 36 |7 [ 1 | 21 | nez] a
d 2 ©ays) | y36| «s| 27] 173] s8] a3 O 3% e8| 31
T~ [42~ |70~ |11~ [33~ |57~ 17~ |61~
Excess sludge ( ¢ /day) 19 57 95 19 57 95 10 32 53 21] 103 9 90 17 61
Seriog ASRT @y | O |0 0T T 0 L e | ve | e [T | vo {s~r0] 19| 13
8 (cays) 14 14 14 17 17 17 79 16 -
T Oxicandanoxic ON| 12 | 36 | 60 | 12 | 36 | 60 | 12 | 36 | 60 | 60 | 60 | 6 |36-60] 20 | 50
time (min9) OFF)| 108 | 84 | 60 | 108 | 84 | 60 {108 | 84 | 60 | 60 | 60 | 114 {sa-60{ 100| 70
Overflow rate of settling 0.29~
aar oy 059|180 28] osel 1.8l zofvse| 1.af 2.9l0%00) 2.9} 0.28) 2.9| 0.59f 2.9
Settling wnk | ooing time (hrs) 49.1] 16.4| 9.8] 49.1| 16.4] 9.8 49.1| 16.4] 9.8 ‘:é‘; 9.8] 98.3| 9.8] 49.1] 9.8
Return sludge ratio ( % ) 100 100 100 o0] 100] 100] 100} 100} 100
*1 RUNI 1  Setting ASRT & Critical ASRT  *2 Oxic and anoxic time ON : oxic time (DO Z 0Smg/ &)
I Setting ASRT < Critical ASRT OFF * anoxic time (DO S 02mg/ ¢)
@ Setting ASRT > Critical ASRT
Ta
ASRT = SRT X T )

J 2. ASRT : IFRKMICI1) 5 SRT (H)

Ta

Dl BB AR EE (WD
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RKELB-TN B,
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—RDEEYK, THHK, BOLMEEKAZ EIT L > TRRABB~ORAAHES Sy — v 3HATH
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(2) MLSS, MLVSS O#% HZ 4L

MLSS, MLVSS i3 3HEM TARELENE U, @kd > Tk, 6 B %D MLSS i3 3020mg/ ¢ 205
1,880mg/ & £ Z D 38 YWD LIcdt, 60 AEORRIZ-KTiZ2310my &, BMIE24 %, 03>
90 531 Tid 2540mg/ & , WA RIZ 16 % TH - 1o
Q) EXREOKREL

BT SR TIRIYYO T-N4Omg/ L h SR A4 ER L. 6 HEIZIZ 379my LI L, ZOWN. &
BEROBCABICIDBMENINH -NHEBILI . NOs -NIKEL UIcbDA34.7mg/ & % 4o
T3 h., MILEEOETIKLONI(-Nb 178mg  EBEL T3, —HEARE- KD 2FIZ
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B EHZNH -NOBLIh, NO: -NIZEALZZELTH, - ABLMHPICKRESINS 2D,
6 HED T-N 260 3BOBRIE->[T5.2mg/ £, 30MT->% 90 HFLETIZ37mg/ ¢ LEREICE -7
tfEEENS,

Table 3 _Change of water guality during no—load aeration period _(before sampling)
No—load aemun:rm‘e Temperature | MLSS | MLVSS pH Alkalinity [ NH-N |NO>-N {NOs-N |[T-N o Remark
{days) c) (wg/8)[(ng/0) (=) |(mg/2) (sg/ ) (ng/8) | (mp/2) |(mg/8)|{mg/8) [(20% RaliCOs addition)

0 24.2 | 3,020( 2,620} 7.14{ 45.8 | 2.48| 0.15 1.3 4.9 2.8]{pH 6.84
Continuous 1 24.9 | 2,770 2,370| 5.75 4.0 | 0.97 ND 11.5] 14.0 3.1|pH 5.43 —~ 6.95
aeration
2 25.2 | 2,580 2,200 7.31| 3t.3 | 1.31] 0.02{ 16.0| 18.3 3.0/pH 6.86 = 7.10
3 25.0 { 2,330 +,970] 5.86 2.0 1.13( 0.04| 28.47 31.0 3.8{pH 5.24 - 7.14
6 25.9 | 1,860 1,530( 7.00| 27.4 1.78| 0.0 34.7f 37.9 3.9|pH 6.84 Non-addition
OoN 0 24.2 | 3,020( 2,620 7.t4] 45.8 | 2.48( 0.15 1.3 4.9{0.0~2.8
Intermittent | 60 1 24.9 | 2,810 2,400! 7.20{ 42.3 ; 0.69| ND 0.5 2.7/0.0~2.0 Non-addition
aeration 2 25.2 | 2,7307 2,330 7.26| 41.3 | 0.94( 0.01 t.0 3.0/0.0~3.0| Non—addition
OFF 3 24.8 | 2,590 2,190 7.24| 34.8 | 0.47| 0.0% 2.4 4.0/10.0~3.2| Non-—addition
{mins)
60 6 25.9 | 2,310( 1,910} 7.20} 33.0 | 0.69| ND 31 §.2/0.0~3.4] Non—addition
oN 0 24.2 | 3,020} 2,620 7.14{ 45.8 { 2.48| 0.15 1.3 4.9/10.0~2.6
Intermittent | 30 1 24.9 } 2,840 2,430 7.41| 46.8 | 0.40) ND 0 1.9]10.0~1.9| Non-addition
aeration 2 25.2 | 2,800) 2,3%0| 7.37| 4%9.8 ]| 0.57} 0.0% 0 1.910.0~3.3) Non-addition
OFF 3 24.8 [ 2,710| 2,290| 7.32] 44.8 | 0.47| 0.01 0 1.810.0~3.2| Non—addition
(ming)
90 6 26.0 | 2,540} 2,120) 7.32] 36.3 ] 0.61| ND 2.1 3.710.0~3.5| Non—addition
ON : aeration time
OFF : non—aeration time
. 8
4) Wi

MLSS 1880~3020 mg/ ¢

WLREICIE THERENRNI, i Water tamperstura 24.2~26.0C
WD WL EE 5.8mg—~N/ & hrizxfl. 6
H#&iZid. Sl > KT 0.8mg—N/ ¢ -hr
ELMMD14%IT. 60 MBOMRE-KAT
13 32mg-N/ £ hr & 55 %I EWAD L 1ot
02 E ->-K[902BILETIB6H%KD

\
SN
* -
\\\A//
O ~y
3t \3/ N
2} O Continuous aeration \O\

Nitrification rate (mg-N/I-hr)
£

Intermittent aeration \.
S5mg-N/ L br EXVDGHEMILT | o BB Do T
Wi BEGY BUBERLLCELAE | eeedmmeenenmes 7
20T, 10 BBORFT K EFT -0k 0 ! 2 3 4 5 6 7

No-load aeration time (days)

B, BWEEIELIETL, zoRRAR
HACME 1 MY OMLEROETICE
W20 TREL. BERMOBVICE>THELALIEEFREL TV S,

AHCIE. WRE. BREEFEORMERE mg-N/ £ hr &Lk, ZOBARZ, BAKRRIIHETS
MIEMIZ ASRT 25 5 LRVE L hid, MLSS KR —El2RT " &b o LEBUNEZROL S
b 3Rt U] ;TR U AN

6 BREEE

O A 1.54mg—-N/ ¢ hr i< U 6 A #1067 ~ 0.84mg—N/ & ‘hr & 3EMTRER A SN
oot MRIEZ-RET -7 2E5RBT >R 2 BHE TREEFRZET LS - 0wt L, EEd - =
Ti21 B2 0.75mg—N/ & hr EABUCET Lice JHIZEBBOLLRBT T, BEPNO . -NDFLE
KEOBEMBAOTRBIRBREINE I EEATRLT 3,

Fig. 7 Relationship between the No-load Aeration Time and Nitrification Rate
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Fig.8 Relationship between the No-load Aeration Time and Denitrification Rate

5, %My bS5 MERIB. - 312 Table 4 Results of Experiments
L cBto K RUN No, : : 5 2 3 4
BHO LS. HE Experimental periods 92 % 9 9 92 92 93
113 ~ 1/24 1/25 ~ 2/10 2/11 ~ 2/29  |3/10 ~ 54| 5/18 ~ 8/5| 12724 ~211
DHN1~2HOAHR Inflow rate ( nf /day) | 0.46] 1.38] 2.30] 0.46] 1.38] 2.30| 0.46] 1.38| 2.30 °o'z"; 2.30] 0.23] 2.30] 0.46| 2.30
Temperature of reaction 15.0~
KAWMEROKAT S c) 12.4/ 13.0) 12.3) 9.9 10.3] 10.5| 11.0( 10.7( 11.4] 6.0 1.7 22.3[ 23.0{ 15.0{ .7
B o~ [0~ [0~ [0~ o~ [o0= [0~ [0~ [0~ [0~ [o~ |0~ o~ |0~ |0~
MIBIE LB E LTI MLDO (mg/ £ ) 2.5| 2.5] 2.5] 2.7] 2.5] 2.5| 3.3 3.3| 3.3 3.2| 3.1 2.8 3.0] 3.9] 3.5
. - ORF (o) 39~ |7~ [B6~ | B8~ |23~ |61~ |-121-| 116~ |42~ |93~ |33~ | B4~ |d1~ [B5~197~
wlie TOLINA 90| 107] 139| 106| 156} 178| 85| 108[ 105| 282 207 98| 282§ 111} 120
. - MLSS (mg/ 2 ) 2,580|2.660|2,630)2,790|2,790}2,770|2,950|2,920|2,930|2,260|2,540)2,100[2.100] 3,560 {3,320
MEDICH L TEE
. . MLVSS (mg/ ¢ ) 2,260)2,310(2,300|2,410|2,420[2,400)2,570{2,5502,560|1,920|2,180|1,710}1,730] 3,080 {2,850
RELUICAE AT 121~]29.7- 118 6~
SRT (days) 107| 35.3| 2z.0 T | 1m0 487 3v.2| 14| 21.3) s8] 18.5] 147) 265
fedizid. AR 12.1-[8.9- |9.3-
ASRT (days) 1.7 10.sf s10| SR T [ 18.0) vasf 56| as) 10.7) 7.9] 6.6] 24| 11
BRARICHIET & SV (%) 84.6| 85.0( 83.3) 8a.1| 90.7| 67.1| 87.8| 89.3| 86.2| 46.2( 65.9) 24.7] 26.7| 9a.8] 91.2
LEHBRORLERE SVI (at/g) 329| 320| 317| 316 325| 317| 298| 306{ 2905| 190| 253| 122| 128| 220] 193

HE. REICES K

* Working el de : Combined el de of S: d Silver chloride
AMOHBPICHE Table 5. Influent and efiluent Quality
RUN No. - ! . 2 3 4
Inflow rate ( of /day} 0.46 1.38 ) 2.30 2.30 0.23~ 0.46 2.30 2.30 2.30
Analysis itedy Influent | effluent | Influent | effluent (Influent | effluent | influent | cfluent | Influent | efflvent | Influent | effluent | Influent | effluent | Influent | effluent
pH (-} 7.58t 7.39( 7.77| 7.42| 7.47} 7.17{ 1.84| 7.31 7.81 7.97) 7.53F 6.92( 7.39| 7.18} 17.81 7.00
Alkalinity (eg/1) 157 82.9 182 771 145 61.9 181 92.5 161 40.6 159 41.8 186 58.9 178 50.2
Transparency (o) 3.9 96.0 3.9 80.0 ab 61 4.1 69 3.6 100 3.8 45.0 3.9 66.1 38 52
8S (mg/1) 140 3.3 136 3.5 156 7.3 137 59 168 1.9 164 5.2 165 4.5 154 8.1
T-CODwmn (ngrt)] 95.6 7.5 94.9 7.9 95.6} 10.2] 87.4 9.4 97.7 6.4 101 8.6 89.5 6.5 74.9 6.7
S-CODmn (wg/t)} 42.1 1.0 421 6.9 40.5 8.4 371.0 1.9 37.9 5.9 441 7.1 34.% 5.2 30.3 4.3
T-BOD (o/1) 178 3.7 189 5.8 147 1B .‘7 136 17.4 155 2.3 187 741 179 6.2 201 8.6
S—-BOD (mg/1) 75.0 t.7 79.4 1.5 74.9 1.2 58.8 1.8 34.9 1.8 71.9 2.1 44.6 t.4 60.1 1.2
ATU-BOD (/1) - 2.2 - 2.1 - 37 - 4.1 - 1.6 - 3.3 - 2.3 - 3.6
T-P (mg/1} 4.00| t.%4{ 3.67} 1.36] 4.25; 1.50] 3.69| 1.06| 4.31 1.87) 4.20) 217 4.21 1.01 3.68{ 0.7
0-P (mg/1) 1.23] 1.82} 1.08] 1.24] 1.48} 1.30] 1.33| 0.87| 1.16| 1.74| 1.37] 2.01 1.48) 0.86| 0.88( 0.5}
T-N (wgrt)| 40.6] 2.50} 43.6| 3.41| 34.0{ 5.30| 40.0| 8.84| 40.1| 7.10{ 34.3| B.81| 49.0] 4.90| 41.9] 5.89
NH«—N twg/)| 28.3] 0.72| 30.9| 0.63| 23.4| 1.16| 31.6| 6.59| 28.7) 0.21( 28.0( 0.55| 32.9| 0.77| 30.9| 0.84
NOx-N {ngri} - 0.43 - 1.34 - 2.59 - 1.17 - 5.35 - 7.04 - 2.84 - 3.15
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