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Summary

I. Title
Development of a real-time control technology for animal wastewater

treatment process

II. Research Objectives and Background

Since a regulation on animal wastewater discharge had strictly set to
prevent environmental pollution, much efforts has been provided to properly
manage the animal wastewater and manure. However, many difficulties are
still remained because tremendous finance are required to install and operate
the treatment processes, as well as treatment efficiencies of process are
poor. Therefore, an efficient and economical treatment process, which can
completely remove the pollutants in animal wastewater and optimize the
treatment capacity by responding itself to the changes of operational
condition and influent fluctuation, should be developed for the treatment of
animal wastewater. Also, a novel treatment technology, which stable
treatment and optimization of electrical energy usage are feasible, should be
established as soon as possible. To achieve these, development of real-time

control technology is very urgent.

III. Research Scope and Contents
This research was conducted to invent a novel real-time control
technology, which can artificially terminate the treatment on the completion

of removal and hence can obtain stable and complete removal in spite of the



variation of influent and system condition. To develop computerized real-time
control technology, correlation of specific changes of ORP and pHmV-time
profile with pollutants in reactor was studied, and factors on control
parameters were analyzed. The newly invented technology was applied to
pilot scale SBR process to evaluate its usefulness and operational
characteristics in the treatment of animal wastewater. Finally, an optimized

real-time control and treatment method was established.

IV. Research Results and Suggestion
1. Results
1) Development of computerized real-time control technology
1.1) Operational characteristics of two stage SBR process and specific features
of ORP and pHmV

A pilot scale of sequencing batch reactor (SBR) process was setup for the
treatment of animal wastewater, and pollutant removal characteristics and
changes of ORP and pHmV curve patterns with various operational modes
were studied. ORP and pHmV were responded to the change of pollutants in
reactor, and specific features were occurred on the completion of pollutant
removal. The observed points such as NBP, NKP and RCMP on ORP-time
/or pHmV-time profiles could be used for real-time control of process. The
removal patterns of pollutants in each reactor was tracked, operating the
system under a condition of 24h/cycle and a sequence of "feeding —> anoxic
—-> aerobic —> anoxic —> aerobic —> settle => decanting". In the removals of
TOCs and NHs—-N, the role of 2nd SBR was increased with the increases of
C and N loading rates. It was revealed that NH4—N loading rate to achieve

complete removal and optimum TOCs loading rate for single SBR was



approximately 65g/m’.cycle and 50g/m’.cycle, respectively. To enhance the
treatment capacities, it was found that process should be operated in single

SBR type rather than two-stage type.

1-2) Development of real-time control strategies using ORP and pHmV, and
stability of parameters

A stable real-time control technology was finally developed by inventing
the strategies to detect each point on ORP and pHmV curves in series and
by analyzing the stabilities of real- time control parameter. The NBP and
NKP occurring on ORP and pHmV-time profile could be easily detected by
monitoring the moving range (MRG). However, the detection of control points
using MRG was a little unstable. For stable detection, it was better to use
the specific feature of moving slope change of the MRG value and the
parameter values. Under an aerobic condition, NBP was not frequently
observed and several false control points were occurred on ORP and DO
curves, but the detection of NBP on pHmV curve was always feasible. In a
experiment to examine the effects of NOx-N in reactor, detection of
real-time control points on ORP-time profile was became impossible as
NOx-N accumulated. However, there were no any difficulties in the detection
of that point on pHmV-time profile, since the control point was always
distinctly occurred on pHmV curve. The occurrence of NBP on ORP curve
was affected by the level of organic matter in reactor, but not in pHmV.
Therefore, a stable aerobic process control could be achieved by using
pHmV-time profile rather than ORP. Meanwhile, it was revealed that ORP is

more reliable control parameter than pHmV for the real-time control of



anoxic process.

2) Evaluation of the invented real-time control technologies

The developed real-time control techniques were applied to pilot scale
SBR process and the usefulness in the treatment of variable animal
wastewater was evaluated. All process control was done with the
programmed real-time control strategies and the operation status was
diagnosed on web with a remote control method. When only the aerobic
process was controlled in real-time mode, an optimum loading rate of TOCs
and NH;-N was approximately 55g/m”.cycle and 60g/m’.cycle, respectively.
In full real-time control of aerobic/anoxic process using ORP and pHmV
(real-time IV, V, VI), complete removal of NH;-N (100%) was obtained
despite of the loading rate variation. This result might prove the usefulness
of real-time control technology developed in this research. In full real-time
control V and VI, which operational cycle was composed of three subcycles,
an optimum loading rate of NH;-N and TOCs was ZOOg/mS.cycle and
100g/m°.cycle, respectively. Process operation as in real-time VI was
resulted in increase of treatment capacity and a very low NOx-N
concentration in final effluent. Therefore, It was founded that operation mode
as in real-time control VI could enhance pollutants removal efficiencies and
capacities, as well as reduce the supplemental carbon source addition. Over
93% of successful real-time control was achieved and an efficient
management of treatment process was possible with the remote on-line

control technique.

2. Suggestion for application

_10_



Since the real-time control technology using ORP and pHmV in simultaneous
manner can control the duration of treatment and stage by responding to the
changes of pollutant and microorganism activities, an optimum operation of
process could be achieved without any hand management. Also, It is
expected that poor or over treatment problems, which has being happened
continuously, could be prevented with this technology. The computerized
real-time and remote control technologies would be a practical means to
maintain scattered local treatment facilities properly, since the operation
status of many process sited on various local area can be guarded and
controlled from a far center as well as complete and stable treatment can be

always ensured.

_11_
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gAe 3885m’Z 1Ist SBRY +%4 A Z(effluent storage tank)e] £#5-& 7h
7.35m’A o F A2 %2 2nd SBRO &4 2415m’e Ak fEF AFEE A9
g AA ExbEge] Ae 9L s Az FRE 3lLsmiolAth A T AF
Wkao] o3k carrying over A4 % R Eo UXE WA ¢l 1st SBR ¥
2nd SBRO| FEE&4E 247 6m” 2 19m’= FA3t 4ok

AR F7FFE Y3 F+2E WA aerator (3 hp)E XL 1st SBRe

o

270, 2nd SBRel 470¢] membrane AF7]3%S whgho] Adn] - wjdsle] Z7|A] A3

-1 ol
F/EF % we] o] RN ES stk ®9, 7 A/Hoz P 37 pipec]
24 WnE Axste] E7Fe Q94 2dol s stk @4 e ¥
B _

A A Al Az A&t 23S Slal 24 Ay x ve S8 "ol 5wk &
ARzt o) HAee] 9 2 FES g =S Avlesnh 4 Bzl 9% 7+
2 /& B9 2 FF A2 2 Az AXAE level switcholl 93] A =S
shith. AulE Aladle] #HEE 98] AAlzw el dsdE AlZ - du|skd
om ShHAD oW B BlE U4 T uE EZY FYS WA s §
Q) ol Mg At th(Fig. 3
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Aug EATS AeAzde B4 EAZRE o 20m 4% Wold ¢xgon
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Fig. 3-1-59 A2Axd 58%sh 2o] SBR Axdowne H4ol §ge E4
Aste E Bx oW 9 A5 AY/AARZ PE BZ hpE ol§dke] ol Tl

9. 14 SBRE #91® #4= Agdew 4 A og 24 SBRE ol§¥ ol

7] #9138l 2nd SBRell pH(5733526, Istek) 2 ORP (Ag/AgCl, 003-B, Istek) probe&
AAstal HAFEHS o] fato] 18 1407 A% RUH 2 AFAHEE ggon o
st BE A A AdE A HFH AFA 2 control panelS A &}sko] An| s
Ak BE AgeA R 7ARES A AFEH FAE AGAEERE oF 26m A3

= ozl Al AdAskinh AFEAA R sks WA AR dA71F Azl
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Figure 3-1-1. Schematic layout of the treatment system
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Figure 3-1-2. Photographs of construction site

Figure 3-1-3. Photographs of treatment system
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Figure 3-1-4. Photographs of treatment system
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S sty Yate]l AdulE 294 SBR Al ~ElS 5709 %A X = (Operation I-V)&
SASAAM AEsHH wbs A dojup= A - 384 EA 3 ORP, pH-mVe H3}e}

o FRVAE selstm 2 eAREeIAY ePBA AASHL Hetsug

Table 3-1-1¢] YElY &= A7 7o) operation 13 IE 16A17HE lcycle®E 1]
$A3HEA ORPSF pH-mVE EUEsa AESHE ukSo] 2aHE EoAHES
golstuxt 439t Operation IL IV 2 V (Run I, Run II, Run IDE 2447

Faap &)

ol

leycle® 3ke] &33tWA ORP9 pH-mVE °] &3 Aol W v}

Ak 3 Y 92 FrEs SARE FoHo CAEA AASAS o)
o] 2¢+A] SBRAI~" o] HA SAMHS Fuat &t Operation 914 = primary
SBR¥} main SBR9| operation modeE TEA 3% 2™ operation II, III, IV, VoA
= F AYE BF FY3 operation modeES 7FA L A& TE 3 247} operation
19} 10, operation IV V&] operation sequence:™ FU3}31 o1} ZF phased] A]zte] W
¥, 53] operation VoldE ThAl §9%S 2 1, 1.5m’e® 2e sto] Run I

I, Moz vy A3t 24 A4 9 operational mode:= oz et 2t}

< Operation I:
° Primary SBR sequence:

Influent loading— anaerobic— settle— effluent discharge(transfer)
° Main SBR sequence:

Influent loading— anoxic/anaerobic— aerobic— anoxic— settle—discharge
<> Operation II and III:

° Primary and Main SBR sequences

Influent loading— anoxic/anaerobic— aerobic— anoxic— settle— discharge
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< Operation IV and V(Run I, Run II, Run III):
° Primary and Main SBR sequences

Influent loading— anoxic/anaerobic— aerobic— anoxic—> aerobic—> settle—

discharge

Z AN A Agte 2 A8l Z9 working volume& Table 3-1-29] e}

vt 7} operationol Al Hlw A HRTE ZA A3 AL

Jm

o] Al SAHEH A
7} 29 wgk vEl}E Nitrogen break point (NBP) % Nitrate knee point
(NKP)Z ORP ¥ pH mV curve oA HElUESE {Fx2317] 5ol )t Influent
loading rate®] W3} Al FUHZY level 29 % EolE ZAHFY] AdAI working
volumeS $43+9th Operation I, I, I, IVe] S Hulxe & $a84L 23m°

E, operation VoA & 25m°E fA8t=E stgith 8249 242 A7) 98 F7}

(i

A¥90 2 influent YA methanols Influent 9 Almain SBR%Z Table 3-1-33}
o] H7bsholth.

o EAEE g 0y

AAE sample?] A4S $18] TOCs, CODer, NH,-N, NO--N, PO;” MLSS, MLVSS, TS,
TVS7E 2450t NHe-N, NO-N, PO;” ¢ 242 a5 +4 247 (Zellweger) &
Abgste] EAE e F O fUIstgES #42 TOC analyzer (TOC-5000A,
Shimadzu) & o]-&3sle] B4ttt o9 EE EXL standard method (A.P.H.A,
1995)ell &=3ato] A ekt
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Table 3-1-1. Operational modes for treatment system

Operation Sequence
Feeding Reaction Sludge settling | Discharge
lst (0.07hr) (14.5hr) (1.23hr) (0.17hr)
reactor | NA NA(14.5hr) NA
NM M(14.5hr) NM
1
Feeding Reaction Sludge settling | Discharge
ond (0.17hr) (14.5hr) (1.17hr) (0.17hr)
reactor NA  [NAGhr)| A(7.5hr) NA(4hr) NA
NM M(3hr) | NM(7.5hr) M(4hr) NM
- Feeding Reaction Sludge settling | Discharge
S
I reactor (0.07hr) (14.3hr) (1.3hr) (0.17hr)
s | NA{NAGhD| AGS3hD) | NAGBSH) NA
reactor
NM M(4hr) | NM(6.83hr) M(3.5hr) NM
Feeding Reaction Sludge settling | Discharge
Ist | (0.22nr) (23hr) (0.60hr) (0.18hr)
reactor
& Na |NaGh) | A NA(6hr) NA
reactor
NM M(6hr) | NM(11hr) M(6hr) NM
Feeding Reaction Sludge settling | Discharge
Ist | (0.25hr) (23hr) (0.58hr) (0.17hr)
reactor
Vol & Na [NAm) | A [NA®GHD | AGhn) NA
reactor
NM M(7hr) | NM(8hr) | M(6hr) |NM(2hr) NM
Feeding Reaction Sludge settling | Discharge
v Ist | (0.23nr) (22hr) (1.2hr) (0.57hr)
reactor
Ran= 1 & 1 NA [NAGhO)|  AGRD  [NAGH)| Ao NA
LILID reactor
NM M(8hr) | NM(8hr) | M(5hr) |NM(1hr) NM
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Table 3-1-2. Hydraulic retention time for each operation

o . HRT Reactor working volume
peration
Total 1st SBR | 2nd SBR | 1st SBR | 2nd SBR | Total
I 15.3d 3.3d 12d 5m’ 18m® 23m’
I 15.3d 3.3d 12d 5m’ 18m® 23m°
I 21.6d 6.6d 15d 5m’ 18m® 23m°
I\ 9.3d 2.86d 6.43d 5m’ 18m® 23m’
Run I | 12.5d 3d 9.5d 6m’ 19m® 25m’
V | Run I 25d 6d 19d 6m’ 19m® 25m°
Run 11| 16.7d 4d 12.7d 6m’ 19m® 25m°

Table 3-1-3. Supplemental carbon source addition.

Operation Numbers MtOH addition rate and methods
[ No addition
I 170 ml/m® influent at feeding
I 3 L/m® influent at feeding
v 720 ml/m” influent at feeding and
720ml at 2nd anoxic phase
A% 750 ml/m® influent at feeding

2. 2% 9 nF
7F. 224 SBRoIA9 LE9ER AA S HA2="¥ ORP pHmV ¥
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E4

1) Operation ¥ ORP/pHmV-time ¥ 3}

7}) Operation I, II¢1 A 2] ORP/pHmV-time ¥ 3}

Fig. 3-1-6, 3-1-72 16A|%t/cycle, “Feed — Anoxic/Anaerobic — Aerobic —
Anoxic — Settle — Effluent discharge” & 7]¥ &% RZ=3= 3 operation I, 1o A
dojzl Hd3A<1 ORP, pH curve patterne YWERW Zojth. 2gloA & F 9lxol
ORP % pH W3} sled& 7k 22| phaseolAd] So]d o= Wslst= S UEHS

o} A A"l £1717F F Aol typical ORP % pH mV-time profileS 2AFy -

£

Ist SBRelA A A#l®E F457F Aexz2 F99l w2k ORP curve’t A 53dte
235 YEhllen pH-mV curves =LA fFA4shs Aoz Yeyt o= 7t

loading Holl w& A2z o] =dAA Wstel o3 o wA 14 Aex=riy v

rl

o

O

®
I

o] NOx-N<& gfatade 2tstd Edo] w2 FAdo ue} Aatskd de
=3
At pH unit 3 2z yebd pH-mV & wkh)E] #7417} 2lv). Feeding

¢

desti e pH-mVe] WMsl= #Fa9 pHeF A7 sle Aew ¥

&)

)

s

o
=
i

>

b o

2

TA A A7 2Edde il ORP W pH-mV curves A A3 sletsls AxE
[e=]

i‘li‘

ol o] @do] s H uwel ORP#el 3t23lal alkalinity Aol <3 pH
Axer & = Advk 2 F 3714 Ao 543 ORP#e] 45 ORP
7 Ogell w5~ WIZFsHAl Wk&&t7] wjolw ofe] 4ksrp Halge] wek "7t =
obxl Atolty pH-mVe] &5 3 2714 Aglst HEo] NHAN7F NO-N= A
gt wel NO-N9o %o Z7}slal alkalinity7}F AE gl whE Aot 3714 A
g FARR AP A YEhUE curve WS 009 o] mE Ao A 2 o'
Aol &g AR feeding § HEHE WSt sd3 dAtold & 5+ 9

Iy E operationsoll Al 4o12 ORP/pHMV-time profile> AAZF 24 7]&/doe] &

0%

AR

oy
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Figure 3-1-6. Typical ORP curve in operation I & II
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Figure 3-1-8. Typical and ideal ORP/pH curves in operation III
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Table 5. Removal efficiencies in operation mode III.

Influent Effluent Removal

Parameter
(%)

(mg/L) Means Min. - Max. St. Dev. Means Min. — Max. St. Dev.

TOC 1194 610 - 2040 39.8 396 26.0- 53.0 6.8 66.8
COD,  458.6 232.0 - 776.0 160.9 158.3 35.0 - 3420 78.2 65.5
NHs-N  3568.3 239.2 - 429.2 44.0 04 00- 84 14 99.9
NO«-N 0.1 00- 11 02 15.0 00 - 787 14.1 -

PO* 23.2 44 - 389 91 13.3 7.7 - 21.8 4.2 42.7
TS(g/L) 1.2363 0.84 - 5.34 095 0.81 0.11-114 0.17 34.1
TVS(g/L) 0.3931 0.23 - 1.62 029 0.23 0.06 - 040 0.07 42.2
SS(g/L)  0.1038  0.03 - 0.49 0.09 0.06 0.00-031 0.07 41.1
VSS(g/L) 0.0628  0.026- 0.20 004 0.03 0.00 -0.10 0.04 52.4

500 O 1st SBR change(mg/L) O2nd SBR change(mg/L) Olinfluent conc.(mg/L)
400
300 |
L 458.6
200 358.3
100
119.4
0.1 [ ]
0
10C COoD NH4 Nox o-P
-100 f i 4.9 -9.9
-200 r
=300 1
—300.3
—357.9

-400 -

Figure 3-1-15. Pollutant removal in operation III.
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Table 3-1-6. Characteristic of wastewater in operation V.

Parameter Influent
(mg/L) Means Min ) Max St.Dev
TOC 402.88 275.90 689.70 110.56
NH;-N 782.37 570.52 ) 1138.50 119.65
NOx-N 0.67 0.00 ) 19.74 2.65
PO,” 35.36 7.63 ) 66.03 15.39
TS(g/L) 2.35 1.63 ) 3.96 0.45
TVS(g/L) 0.93 0.43 ) 2.29 0.31
SS(g/L) 0.27 0.08 ) 0.52 0.09
VSS(g/L) 0.28 0.18 ) 0.52 0.07

Table 3-1-7. Removal efficiencies in operation V-Run I
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Paramete Influent Effluent

r Means Mn ~ Max  StDev Means Min ~ Max  St.Dev
(mg/L)

Removal

(%)

TOC  497.44 279.60 6897 127.10 8281 6000 149.70 26.08
NH-N 82537 607.75 11385 129.68 12836 0.00 353.31 114.62
NOx-N 044 000 ~ 118 044 1826 052 10327 21.69
PO 3209 1735 5489 1045 1652 1059 2170 318
TS(g/L) 253 1.90 ~ 288 0.28 193 165 262 031
TVS(@l) 101 070 ~ 1.29 0.17 049 027 09 022
SS(g/L) 034 018 049 0.08 015 001 ~ 059 017

VSS(g/l) 034 021 047 0.07 018 007 052 013

834

84.4

48.5
23.8
ol.1
55.4

48.5

Table 3-1-8. Removal efficiencies in operation V-Run II
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Parameter Influent Effluent Rermoval
(mg/l) Means Min ~  Max StDev Means Min ~ Max StDev (%)

TOC 380.72 23800 51800 71.17 9430 7210 13270 1345 752
NH-N 83096 70235  963.02 7754 000 000 ~ 000 000 100.0
NOx-N 040 000 ~ 366 109 208 000 939 281

PO,” 51.39 2580 6603 975 2103 1688 2676 2676  59.1
TS(g/L) 241 1.95 279 024 19 161 3.85 043 17.3
TVS(gL) 099 067 129 016 057 028 1.83 030 42.7
SS(g/L) 023 014 044 008 038 0.18 275 052  -619

VSS(g/) 025 018 038 005 027 017 039 0.06 =74

Table 3-1-9. Removal efficiencies in operation V-Run III

Paraneter Influent Effluent (@nd.) Renoval
(mg/l) Means Mn T Max  StDev Means Mn  Max St.Dev %)

TOC 32695 28420 37610 2275 11124 8390 16190 2060 66.0
NH-N 72690 57052 98651 10661 616 000 308 1063 99.2
NOx-N 08 000 1974 3% 79 033 14.03 3.28

PO 2917 763 T 5995 1452 2618 14.88 38.19 6.81 10.3
TSeh 1% 163 225 0.20 171 171 2.27 0.20 11.9
TVl 068 043 0.87 011 051 051 0.84 0.13 2.7
S 022 008 0.31 006G 033 033 048 0.13 485
VS 024 019 029 003 029 029 046 0.09 -194
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Figure 3-1-20. Removal characteristics of TOCs
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Figure 3-2-21. Removal characteristics of nitrogen
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Figure 3-1-22. Removal Efficiency vs TOCs loading rate to 2 stage SBR
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Figure 3-1-27. Moving range patterns of ORP and pH-mV
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Figure 3-1-35. ORP, pHmV & DO curve pattern vs [NOx-N]
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Table 3-2-1. Operation modes for SBR

. Feed . .
Operation| Reaction settle |Discharge

-ing

NA A NA
I M(12h)

NM Real time control NM

NA A NA
II M(12h) -

NM Real time control NM

NA A NA
111 M(12h) -

NM Real time control NM
v NA M A NA

NM Real time control Real time control NM

NA [ M| A M| A M| M| A NA
\Y Real time Real time

NM Fee |R-T|(3h)|R-T NM

control |Feed|  control d

NA (M A ] ™ MTA|-ng/M] A NA
VI Real time Real time Real time

NM NM

control control control

NA: No aeration, A: Aeration, NM: NO mixing, M: Mixing, R-T: Real-time control
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Table 3-2-2. Characteristics of wastewater (unit : mg/L)

Parameter Influent
(mg/L) Means Min. Max. St. Dev
TOCs 1152.6 50.4 3062.0 787.2
CODcrs 2328.2 142.1 6658.6 1548.9
NH4-N 1062.7 162.2 1757.4 479.5
NOx-N 0.5 0.0 2.6 0.7
PO, 20.6 2.4 48.8 9.8
TS (g/L) 3.64 0.57 6.82 1.68
TVS (g/L) 1.70 0.15 3.61 0.88
SS (g/L) 0.57 0.07 1.75 0.40
VSS (g/L) 0.46 0.06 1.56 0.35
Table 3-2-3. Removal efficiencies in Real-1
Paraneter Influent Effluent Renoval
(mg/) Means Mn  Max S Dev Means Mn  Max  S.Dev (9D
TOCs 145394 63100 244000 53323 28338 22320 40620 5002 0.5
Dcrs 4069.06 2353.38 665863 132951 87257 1935 4231.87 6330 786
NHAN 141456 90100 171329 231.33 000 000 000 0.00 100
NOx-N 0.21 0.00 1.07 0.35 2290 862 4363 1091
PO 1907 887 3171 817 2416 1834 2RB23 22U -26.6
TS (@) 4.16 319 536 0.69 3.19 2% 361 0.18 23.2
TVS (g/L) 1.93 133 264 043 0.75 065 09 0.09 61.3
SS (g 040 027 060 009 0.22 016 036 0.06 44.4
VSS (@) 030 020 049 008 0.12 010 017 0.02 59
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Table 3-2-4. Removal efficiencies in Real-II

Parameter Influent Effluent Renoval
(mg/L) Means Mn  Max St Dev Means Mn  Max S.Dev (9D
TOCs 31868 166.60 61890 17203 16282 14660 19340 17.74 489
Dcrs 164583 583.16 364885 1064.75 44654 196.87 84001 24413 729
NH-N 764 45885 65523 6919 000 000 000 000 100
NOx—N 005 000 032 013 186 000 524 232
PO,” 1228 1160 1347 066 1432 1338 1490 052 -16.5
TS (gD 1.65 119 212 033 237 197 270 022 434

VS 07 04 108 025 062 041 08 017 174
SS (gD 028 013 042 011 048 012 062 017 =737

VS (@ 014 006 021 00 026 0 045 019 -82.5

Table 3-2-5. Removal efficiencies in Real-III

Parameter Influent Effluent Renoval
(mg/l) Means Mn  Max St Dev Means Mn  Max S.Dev (D
TOCs 64329 5040 212400 65027 11266 7318 15260 3276 8249
Dcrs 142.13 14213 443601 104929 8338 8338 60650 13869 41.33
NH-N 48073 16216 109632 30606 000 000 000 000 100
NOx—N 03 000 178 048 775 000 2245 841
PO~ 1839 1282 3h5 541 1424 1063 2094 232 22.58
TS (gD 240 057 522 1.68 1.86 000 464 117 22.22

TVS (g 122 015 28 093 074 000 2% 08 33.83
SS (@D 059 007 175 052 074 000 5LHM 143 -24.39

VSS (@) 049 006 156 045 0H4 000 337 1.4 -10%

- 104 -



Fig. 3-2-8& C/N ratio®]l W& TOCs® AASEE Hebd ol #949 C/N
ratio”’} =S5 TOCs® AARZEC] F2 A& & & UMeH, 53] C/N ratio

100l ol F2 A

iC)
fo

T3 {U)E FetEel g A
7} (Fig 3-

T UL AAF] DT vE

2-9, 3-2-10) #7]

td
LU

Z7Fsksdth. CODer 71 A7 loading rate ©F
110g/m’cycle A=Z Fotsln TOCs 7|FOo2E F g ZE vluste] B3t uf
oF 55g/m’.cycle A=Y Ao

Aaol AS 574 A FA S Real-timeo 2 A o] Real- 1,11, HIel o]Al <]
37 NHy-N loading rate2 7}7} 78.6g/m’cycle, 15.9g/m>cycle, 26.7g/m’cycle® 4]
2 g Fod 2ddAE NH-Ne| A7 o] Foj5al, Hat NO-N sk
Real- I: 229mg/L, Real-1I: 1.86mg/L, Real-1l: 7.75mg/L& H|w % @A a3 % 1t
Lo U EZ FEFU NO-N9 Hit %% NHi-N9| loading@ ¥] &3}
A vebgth o8 d §E59 NOx-N¢ %71 NH,-No| H-38kat v

o
rlr
poc)
rlo

AEE P4 Feads 2ude HAxsur] ) dgd FAL Q9P
Ak AN AR AE Alofel Qojr Raterel wAglel =
14 AelA F B4 100%9) NH-NS| A7 04597 9#e] NHANES 71Ee

e o det
2 3} loading rates &5 W NOx-N T =7} 20mg/Loldlo]lil F&F TEE H|
WA ARG FE oF 60g/m’eycle’t A 0 Aow meolEvHFig 3-2-11).
Real-time 1, II, IIelA S\ FAH8 AlZF2 Z}2zF 245 193, 183A17te=2 At
0.98, 1.24, 1.31cycle/de] 4=t} wrabA, Real-time I, II, HIo A ¢ TOCse #H
oA Ee zZbzt 791, 219, 468g/m’d%lew NH-Ne Ag#Fe 770, 197,
35.0g/m’d %t

- 105 -



o TOCs removal(%) m Eff TOCs (mg/L)
100 700
)
90
1 600
80
20t 1800
S
9 L E)
g 60 1{ 400 €
= E
é 50 8
4 (@]
D“:’ 40 F 300 i
o
30 - 1 200
[
20 +
B 4100
10 f L]
0 o 0
0 0.5 1 1.5 2 2.5
TOCs/ NH4—N ratio

Figure 3-2-8. Removal characteristics of TOCs vs C/N ratio
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Figure 3-2-9. Removal efficiency vs TOCs loading rate
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Figure 3-2-10. Removal efficiency vs CODcr loading rate
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Table 3-2-6. Removal efficiencies in Real-time IV

Parameter Influent Effluent Removal
(mg/)  Means Min  Max. St. Dev Means Min. Max. St. Dev (%)
TOCs 1806.3 925.8 30620 6479 1924 134.8 457.9 76.4 89.3
CODcrs 2361.2 1256.3 5050.3 1065.2 403.9 85.1 9885 3245 82.9
NH,-N  1391.2 1085.3 1765.1 223.9 0.0 0.0 0.0 0.0 100.0
NOx-N 1.3 0.0 5.2 14 26.1 0.0 83.2 23.3
PO,” 25.2 11.4 48.8 13.0 20.3 6.7 42.0 11.3 19.4

TS (g/L) 6.0 5.0 6.8 0.6 3.9 2.1 11.3 3.4 34.3

TVS (gl) 26 1.4 3.6 0.8 1.1 0.1 4.3 14 58.6

SS (g/L) 1.1 0.5 1.6 0.3 0.2 0.0 1.5 0.5 78.9

VSS (g) 09 0.3 1.4 0.4 0.7 0.0 5.3 1.7 22.2

O TOCs removal(%) B Eff TOCs (mg/L)
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% o 400 £
Y 38
£ . 300 ©
T 40t - n . ™ 200 5
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Figure. 3-2-15. Removal characteristics of TOCs vs C/N ratio
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Figure 3-2-16. Removal efficiency vs TOCs loading rate
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Figure 3-2-17. Removal efficiency vs CODcr loading rate

- 115 -



O NH4-N removal(%) M Eff NH4-N (mg/L) A Eff NOx-N (mg/L)
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Figure 3-2-18. N removal characteristic in real-time control vs loading rate
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Figure 3-2-19. Variations of NH;~N(mg/L)
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Figure 3-2-22. Control strategy in real-time V
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Figure 3-2-23. Control strategy in real-time VI
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Figure 3-2-24. Typical ORP/pH profile in full real-time control V
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Figure 3-2-25. Tracks of nitrogen in full real-time control V
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)
Table 3-2-7, 82 real-time V, VIS Ao Al&% =AM EA A7 &8

AEA

Ho

S YEbd 3lelt)h Real-time VO 94 + CODcr?} NH,-N2 Z+7} 5485mg/L,
589.3mg/L¥ 2™ C/N ratio(CODcr/NHs-N)&= 093552 e st TVS/TS
ratio”} 028FFC&E WH-E£9 nF=Eo] fF7lEe] ofd As & F UAen,
VSS/SS ratio 0.75%2 YEY EF1PELS F71=4S Bol FqFste o= e
SETE 3 SS/TS ratioZt 0.162% Yety =9 dff-ie] #Ha do] &F #
AE R EAQetE AL 4 AdArh Real-time VIANAY #Y9 HiF CODerd
NH4-N2 z+z} 2771.9mg/L, 1301.4mg/Li 2™ C/N ratio(CODcr/NH,-N)+= 2.13 &
o]t} TVS/TS ratio= 04155, VSS/SS ratioi= 0.5, SS/TS ratio= 0192 4

AN

A A3 Real-time VellA o]z CODcr, TOCs, NH,-N¢] #H3iF loading rates
47.8g/m’cycle, 20.3g/m’cycle, 54.9g/m’cycle ow, HF HAYEES TOCs,
CODscr, NH4;—N, PO437, TS, TVS, SS, VSS Z+2z} 435, 295, 100, -35.1, -36.8,

-50.3, -162.4, -54.9% 2 YElyTE £33 FE559 NOx-No T2+ Hi 48mg/LE
A o]

o -g- kAl LbERSth Real-time Vol A A frEs W 2¥8E S dARS
Real-time I, II, I A ¢} #Zo] HA & FFF decant IAGoAA thaFe] 1 Eo| &
A EE A7 WEel ol fEW o S7Fe ddeRk FEesle AeR 3
gk 23 Alag A YA #AY] fle]l ExEo] Al W Q1o Aol o

ot Ao FAotE,

Real-time VIelA] CODcr, TOCs, NHs-N9| 3 loading rate2 329.7g/m’.cycle,
135.9¢/m’ cycle, 159.4g/m’cycle @o™, H# A2 &L TOCs, CODscr, NHs-N,
PO, TS, TVS, SS, VSS 7+7} 823, 66.2, 100, 4.8, 20.0, 30.4, 29.3, 48.1% = L}EFL

. FEFY NOx-N9 F5+ Hi 104mg/L=E A YEbst
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Table 3-2-7. Removal efficiencies in Real-V

Parameter Influent Effluent Renoval
gD Means  Mn Max. & Dev Means  Min Max. S Dev (D
TOCs 219.1 87.7 460.7 79.6 1238 50.2 3405 498 435
Dars 5485 1664 13361 2929 3865 823 17920 4307 2.5
NH-N 5893 24569 10373 1508 00 00 00 00 1000
NOx-N 17 00 129 2.8 4.8 00 286 7.8
PO* 16.6 2.6 357 80 22.4 15.8 30.3 3.6 -35.1
TSl 2.5 1.3 5.3 1.2 34 1.0 103 27 -36.8

™™g 07 04 1.7 04 11 0.3 39 11 -50.3
SN/ 04 01 09 0.2 11 01 9.1 2.0 -162.4
VSg 03 0.1 07 01 04 01 25 0.7 -5.9

Table 3-2-8. Removal efficiencies in Real-VI

Parameter Influent Effluent Removal
(mg/l)  Means Min. Max. St Dev Means Mn.  Max. St Dev (D
TOCs 11629 499.8 2319.0 4277 2062 780 4001 760 82.3
CODcrs 27719 7482 64628 17183 9380 2161 25630 6198 66.2
NH,-N 13014 6822 26446 4431 0.0 0.0 0.0 0.0 100.0
NOx-N 0.0 0.0 0.1 0.0 10.4 0.0 32.7 10.3
PO,* 12.8 3.1 26.4 5.9 12.2 75 22.6 3.6 4.8
TS(g/L) 3.1 19 45 0.8 2.5 1.3 3.6 0.5 20.0

TVS(@) 1.3 0.8 1.9 0.4 0.9 0.4 1.6 0.4 30.4
SS(g/l) 0.6 0.4 0.8 0.1 0.4 0.1 09 0.2 29.3

VS@/l) 0.3 0.1 0.6 0.1 0.2 0.1 0.4 0.1 481
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Figure 3-2-27. Removal characteristic of TOCs vs C/N ratio

O TOCs removal(%) M Eff TOCs (mg/L) A Renoval(g/mBeycle)
120

Removal(%)

°gB88888 8 8
Eff TOCs(mg/L) &
Removal(g/m*.cycle)

0 50 100 150 200 250 300 350 400
TOCs loading rate(g/nf'cycle)

Figure 3-2-28. Removal efficiency vs TOCs loading rate
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Figure 3-2-30. N removal characteristic in real-time control vs loading rate
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Figure 3-2-32. Variation of cycle time in full real-time control V, VI
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Table. 3-2-9. Stability of real-time control technology

Real-time ) )
Real-time IV |Real-time V, VI
I, IO, III
Total no of fail 17/144 12/268 22/239
Fail no due to technology 12/144 7/268 15/239
Successful control(%) 91.7 97.4 93.7

e
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b Oy
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Le)| Animal wastewater treatment facility |

Figure. 3-2-35. Remote control of treatment facility
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