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A Feasibility Study on Optimization System of Coagulant
Dosing for Total Phosphorous Treatment
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Abstract : In this study, we developed an M-COS (molit coagulant-dosing optimization system), which enables to apply the
optimum coagulant dose determined in real time, in order to satisfy the total phosphorus (TP) regulation (0.5 mg/L), and then
tested its field applicability. Field tests were conducted at three different periods in 2014 in a pilot plant where the M-COS was
installed. Coagulant reduction rate by the M-COS was 10.4%, 15.3%, and 9.0% for each period (average 11.6%), when comparing
with a control where coagulants were applied at a constant rate. Total cost for the M-COS or control was estimated by summing
up the coagulant cost and sludge treatment cost, and then the resulting cost increase was predicted. Cost reduction rate by the
M-COS was 13.8%, 20.0%, and 11.4% for each period (average 15.0%). This study indicates that the M-COS can be an
alternative to a conventional system for TP treatment, with a better cost efficiency.

Key Words : M-COS (Molit Coagulant-dosing Optimization System), Total Phosphorous, Cost
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Job Ak olof, HsHEA| A| A" (charge analyzing system,
CAS),M) 5 A F A (streaming current detector, SCD),lO’“)
PDA (photometric dispersion analyzer)lz) o] A E A83s}
of SAAE A= Fsh= o] WSl AlE o] g
th 1 F 1} 52 CASE 0|83k AH5A oA A6l (charge
analyzing system - titration, CAS-T)& AH| - &g35}4], A4
YAl A Alad FF 9 Bt 10%9] -4 4
e AAFg e, 7 =98 CAST (charge analyzer sys-
tem titrator)S S}of A-E3510] 5~10%2] &1 43 AT}
6.5~23.5%9] SIA| A3 AHIE AAISEe] 224Q1 CASTA|
~dlo] AL as KA.
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2.1. Jar-test

TPA|O]E EA O 2 dh= M-COS9| 7| =F1uARE, A&
R §Ee] $HA B0 HhE HH LS vlotel
ws}d o, A2|od42] Jar-test A 5

(RSl

A} Jar-testS
EXNE & BEA3Th

AE& Ao Hﬂﬁi T3} 2] Z(J-sewage treatment plant,
J-STP)9] AEHSZ FE45 A4=5}9] Jar-tester (C-JT-1,
Changshin Science, Seoul, Korea)?] 2 L Jarof| Ztz} £33}
1, SHAE 0.0, 1.0, 2.5, 5.0, 7.5, 10.0 mg/LE Z+7+ Q]
3l o™, 120 rpmol|A] 187 G4 HsEL, 40 rpmol|A] 15

Bk gt o 3 3087 AAAATE A F A5
At BAtGoH, EAE SAYRL seHALL

“-2F(chemical oxygen demand, COD), 5-3-4 i’%%@(sus—
pended solid, SS), =72 4 (total nitrogen, TN),
phosphorous, TP), 214+ ?l(phosphate phosphorous PO4 P),
pH, &Ze] = (alkalinity), &&= S5O22 A AFTAAIH
7} standard methode]] &8t} Z4stgct> ALgH &3

A= YA PAC (Polyaluminium Chloride, [Aly(OH)nCls.n]m,
SamPAC 1500, Samgoo Chemical Industry, Ansan, Korea)
2 471 EFulE A=A ASEFulE(ALO;) -
10%°]m H]F2 1.2 o]4fo|th

2.2. M-COSQe| 1M

SHAA AT HHA A AR(M-COS) (i) FraAFAl
(streaming current detector, SCD)E 3Z3}s}1l Q= ‘A5A
312 A %} %] (automatic charge titration system, A-CTS)’, (ii)
AERksz fE5re &4 - A A 449 9l v &2
UEHHS ¢35t ‘POs-P A5E-47](Robochem PO, Centennial
Technology, Korea)’?} ‘TP Z}55-47](Robochem TP, Cen-
tennial Technology, Korea)’, (iii) AF5A|oJA| A8 o] WAE
‘PLC (programmable logic controller)’®} ‘HMI (human-
machine interface)’oﬂ OJ%t AF=A|o] FpHOoE LA T

A2 A7 ES BEY2 dlo] AHFA|of(forward control)
<} YL]E‘ﬂ,‘XﬂOi(feedback control)& W3oYsl= Ao 2 73
stRlon, A=A 2 A4, Aol - Xk, HlolEH]
O|ATIA] AR SHAIE oF 158 g Pt +
A3 27 rto]o] 1#l(Logic Diagram)& 71 50] A|A|E
=AEE 7 Aqtel] wHA skl LER SIk(Fig. 1).

5%

2.2.1. XFE XS =™ ELR|(A-CTS)
B oATe] ALGE ACTSE S34) e HAAo] A2
WO FRPYFHZA, SCD7F WAH o] U ATHEAA
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operation

N

Auto sampling

Measurement of streaming
current (mV) and PO,P

v

Titration to zero charge (0mV)
for measuring cation
chemicals demand

Determination of real time
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TP after coagulation
treatment

Forward control
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M-COS factor
decrease/increase

Fig. 1. Logic diagram for the determination of real-time coagulant
dose under M-COS operation,

Journal of KSEE | Vol.36, No.7 | July, 2014



J. Kor. Soc. Environ. Eng.
Eol H2IZ 2I5t ST U2 A0} ALl HEY o

Table 1. Operation expression for optimum coagulant dose in
M-COS

=[A-CTS]-0- {1+a- (Pe-Po)} - {1-B- (Te-To)} - {1+y- | pHe-pHo | }-{1-
8- (Ac-Ao)} - {1-&-(Qe-Qu)/Qu} - {1+ y - (TP-Q)}
Only, when TP ¢ Q, M = ¢ (minimum default dose for system maintenance)

M Real time optimum coagulant dose
[A-CTS]  polyDADMAC titration demand
0 Conversion factor
PO4-P characterization factor /
al/p Coefficient of temperature variation
P./P, PO4P concentration of sewage (current/before)
T./T,  Temperature of sewage (current/before)
v/8 Characterization factor of pH / Alkalinity
pH. / pH,  PH of sewage (current/before)
A./A,  Alkalinity of sewage (current/before)
Coefficient of retention time adjustment /
¢/¥  Feedback modification factor
Q./Qp  Quantity of inflow sewage (current/before)
TP Residual TP concentration after coagulation treatment
Q Target limit of residual TP concentration

2Hl(Charge Analyzing System, CAS, AFG Analytic GmbH,
Sachsen, Germany), A= MHE xgel= 22kQ] MEH A
AH GEAHAAE O T LAEGCE CAS W] SCD
L 240 174 WaE S45E 771RA, ARG 5 4
1292 S8 QJAE0] SCD o4 Yol
Eo £1HH0R Baulo] AFe] 55| utet &Hol 3
olufe] M 243 & otk 24 AL ArHoz

A 2]=| o] 5% F(streaming current, SC)ZEO.2 &= Qlch"”

A-CTSo|| JBuHe% §%42 10 mL AZ9Yste] SCD
2 SCE =A5lglal, =4 scgko] 0 mV = wj7}A] poly-

DADMAC (dlallydlmethyl ammonium chloride, AFG Analytic
GmbH)©.2 2 gste] SAl L7@E AFEstdch. Aata
A gE ZA] SC ZAHEE A HH(RI124, AFG Analytic Gm-
bH)© & A|H3}aL ThA] A& 10 mLE F3te] Fdg U9
oz AR AAstart.

Ao EAL globsly] 9] AAIFTE Jar-test2]
ARES HIRCR A-CTSO st =& AZle +d7]&
of WEtEE 2AsIH o, AT SHA a9 2t
Ae 9 2 9 BEHex 552 PO«P, #2|¢] TP, pH,
2k, 9 9 ARsS AT o A5t 4
Al FAFE AT AR 2 AFI A4 Table 19]]

AA st

222 Q XSEAM 7|
POSP AHEEA7IE RGN T of
U A5G o] =
of BA7]9 AFARFY FHo| UPANE
A 200 um ABHE EaEIL A DX %
T3l G AE T AFEA] W2
PO-PE ZA3He, Ak

)
o
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i—“,
2

2.2.3. PLC & HMI
M-COS9| #-5Alo] &4 fJsto] TAE Ei= ofdR
I Y=Y BES 5T 24, AEA, Eold, 7hE, A4t
59 ZRIYS ARESto] LA 12 Alofsh= tAE A
AF72]Q1 PLC console ARg-sFl o™, o HA™E A4
iIE’J AAE A - AA4Hez Adste B Ho]Az HMI
£ ARgste] AgAle] SASHS Ak

S AENEE RS 4% 48 4R §EAS

o AYRPFS wiFOR Fego] AE| 29D 4 9)
o

2.3. &%t Pilot-plant

A&A] I-STP] 2013W % S-9l4, 12 AR &&=, 23}
AHAA &9 A4S AR 23t Table 29} 2ol 224
AR 92220 TP H%=7F B 0.555 mg/L(H )7k 2.201
mgL)& WREe]l YWA7|EE 2ashe Zoz2 yehygth
olef & Ao AT} fFFol wE A HAFY
o] TP Ap5Aoj7F Hash Zlo= ¥ EPOM AAIZE A5 A
o7} 7Fsdt SR FUF HHFYALHM-COS)E
dstict.

U3 ZWE(pilot plant):=,

() HhE Aold(27 m*)e}

Table 2. Water quality indexes of influent and effluent sampled
from J-STP (20137

Water Sample Influent Primary Secondary
quality index number” effluent effluent
15044284 1009+228  6.9+201
BOD(mg/L) 102 365 oo 038 7) (280, 1416)  (2.4,99)
736+162  514+104 84424
COD(mg/L) 102 365 o'y 1450) (160,699)  (3.0,153)
996+216  496+81 41415
SS(mo/l) 249 365 5 oad0) (17.0,880) (15 85)
4034+774 3270682  964+190
N(mg/l) 48 365 o) '51 6503) (2133,5008) (4.63,15.08)
402040634 3222+0456 0555+0398
TPMg/L) 49 365 o571 6217) (2236,4.255) (0.106, 2.201)

4 Values were expressed as mean-+standard deviation (SD). Values in
parenthesis represent minimum and maximum levels of each ana-
lyzed water quality index,

bl Sample number for the influent and primary effluent was presented
in the left column, and that for the secondary effluent was in the right
column,
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(i) 27]2) 4 HFSZ(W 1.0 mx L 34 mxH 0.7 m)=
= J-STPo] AR = Qlt}. thE HHoJv = A-CTS, TP &
PO4-P A5EA7], POs,-P B4 AAAH|, dZ1} M-COS
Alsl g A AERS-2(20 L) 271, PLC console, HMI monitor
azgrstelen, 2719 &4 vkexe FQl Aas ukof
913 P2 M-COS AATELZ 247} ALEEILE
£ J-STPO] HEHIE X &
WA, AR Foid
SAHIglon, B $AHET ARAHE 130 mYde} 22
Hog A5t ®gt do]E 0.6 m, 1.3 m, 1.5 mZ U}
ol 3719 S WEA, FUE Y4 do] 0.6 m9
FEEHEG 15009 AH UeiA] 2749 AEEIRG
40/s, G 30/s)2 2} A o2 E35l-o|Fslgon, ATt R
A G FUROL FHEALS YN
L)

N O o mlm

d

SHES F, AL5E Aeold R FAAZ AHERY
AA, A F g Sds

=
=
FH0E SUAS U

2Aste] FesHe
x}Ex% AR B A AT L) A

3.1. X2|cjate=o| EM 1l Jar-test Znt

M-COS &4 Aetid=2l AE3x &9 5S4
wpolstaizl 2013 1A7He] 22 S AP ZAFSHe] Table 2

o ATt Bt TP B 4.020 mg/Le] &}4:7} J-STPE
FAEo] 12k AAAE AXHA 3222 mgL FEE 20%
o] TP7} A A= At o] & AEnhgzof fi% il 23}
AARES ANEA ¢A512 TP HE2] 86%7} |7 = o,
2E WE TP S 55 0.555 mg/LE Uebgth o] B el 11
Ao WA FA7]20.5 mg/l)yS st Aoz A, 1A7E
AA| 234357} 3658] F 1513](414%) 2 ARGl H,
Z1tE 31420 TP W5 5L 0920 mg/LE =74 eyt
o} o2t FEES HAIZIE olstz Alofstr] sl A=
32 &5 ARl SHA HAFUS Aleskiith M-
COs 279 AH 7 Al Fevtex &9 4
}& &£415to] Table 3o UEtiglem, 2012 14 19+%

¢

Ao

o= T

B 285 1Y sk 243 500 m” o]4F A <o) s
S WRS 2A71ES B BASYE?

G zoo] 2AEXNS BA3 ZATKTable 3),
Z3l5tA AL ﬁ;Lat(TCODcr)3 3240.8 mg/L, 30% A &

[e} =
AS54E 24% JAd $ slebR AR @ JLER(post-sedimentary
CODcr, pCODcr)& 11.7 mg/Lo|gith o] §&4=2] Xd 4 -

Table 3. Water quality characteristics of bioreactor effluent®

Final discharge

Index Mean=+SD Min Max water criteria
TCODer (mg/L) 82408=8642 16875 44964 < 40
pCODcr (mgll)  117+47 42 207

MLSS (mgl)  3124+185 2645 3364 <10
MLVSS (mg/l)  2247+220 1911 2641

TP(mgl)  90.051+8469 72505 105400 < 05
OTP(mg/l) 13410341 0842 2051
PO,P (mg/) 09910300 0511 1544

TN(mg/) — 217.88+5337 12035 30150 =< 20
pTN(Mmg/) 10714265 640 1640
- /ﬁ";z“ggcos) 935485 800 1140
PH 6801 66 70
Temp (C) 116408 100 130

4 20 samples were analyzed,

%ol TN -7} 217.88 mg/Le} 10.71 mg/L o|glond, TP
- 7+7} 90.051 mg/Le}l 1.341 mg/Lo 2 Yeht, HAHE 1
& oﬂ E}ahA o7& ;‘;_’ ;d/\ olo] 3‘]_0E10_1 9l oL ]
FE| 23 2 ARES] 98%
7o = 1]7-]QO-IOE!§ 2 22 A o
P*‘Xﬂ A2jsfor & <2l
: 2 FE25Y TS
(MLSS)2 3124 mg/L, 471457118 E(MLVSS)

Ir

(e

Ay

H'IFP.L'O{NHJ?‘JHH

4

do rlo ox of lo 3
E o
o o
M S e 3L
8 T X0
FN | o 19 3o
:(O for . L
oo = %
% o 2 g if{.
lo 3o 1t n& Eﬂ‘
e, #S
m(‘u" ol
- R
ol
i
10
~J
N
N
o,
K1
N
4
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A
o
i g

% 93.5 mg/L, pH+= 6.82
2 Aol AHE PAC SAE AZelE

HES °F71/\]71 A ko, We pH A= AlY,
AlOH, Al(OH)HQI— ZFS monomer HE|ZE o] Ex5}4]
SHEIE oLk pH 7 BE| F4 Bo|AE AlLO,
O 59| Fel] Yrl2 Efole] e SUmAE »r
B oz wandeh? webs, B el

€ ) 34 piit, PAC 344 4l 4 84

3@ L

<
T

g

i

[o _T‘L oo

s

MSL

m{m 2

4

U:

5

do oo

o EQE 1 AERS R SE40] g7t 7
Al FAge AR el Jar-testS AW Z,
SHAE 0.0, 1.0, 2.5, 5.0, 7.5, 10.0 mg/L 5%

23 T, 21 29Y50 SRS SHHUL(Fig. 2),
Y 720100 mgL)olAe] ©de A7 H7ELS

%OH d=E HA A F=AdFS Brrskich

AA7E FAEA 2 Jaro| A TPy} &4 TP
(soluble TP, sTP) sX+= Z+Z} 1.271 mg/Le} 1.017 mg/L2
SR, 100 mg/L FHAE FUT Jar®] F-f-oll=
Zj"ﬂﬂ =7} 0.100 mg/Le} 0.039 mg/L7FA] Yol ) TP
= 824 TP/} A8k H]&L %7] 80% AXoA 10.0
mg/L SAA Y F39% Y pEoE Ak vh,
TNSE9F 824 TN (soluble TN, sTN) HEi S 7|7}
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10

L 3 2 .
Y «—— Y=-0.0022x"+0.0489x"-0.3867x+1.2772 12
20 R2=10.9943

- 1.0

- 08

g 0.6

n

(s)COD, TSS, ()TN concentration (mg/L)

(s)TP concentration (mg/L)

5 0.4

y=0.053x>-0.7925x +4.7982
R?=10.9618

0 0.0
0 2 4 6 8 10
Coagulantdose (mg/L)
—e—TCODcr ——sCODcr —k—TSS
—&—TN —&-sTN —4— TP
—A—-sTP == TPregression line - - = TSSregression line

Fig. 2. Changes in the water quality indexes of bioreactor effluent after PAC treatment,

FAEA L Jaro A= 2+ 9.43 mg/Le} 7.98 mg/Lo]gl
3, 10.0 mg/lLZ2 SHAE Yt Jaro A= 8.73 mg/Le}
7.38 mg/LZ2 UEMY} 7.4%L} 7.5%2] vl A xSt AlAEE
< Yeth o, S0 g FHEAE AR 1
2lolA] o= AT EHoRRE Vel Aoew %
HE|glek 9, TCODer’s =9} 84 COD (soluble CODer,
sCODcr) 5=+ 10.0 mg/L S3A 4 3, Z+2F 21.2 mg/L
o] 4 10.5 mg/L, 13.0 mg/Loj|A] 7.0 mg/LZ WolA], 1 A
7A7mLo| 22} 50.5%%} 46.2% = UERTh TSSHE A 5
mg/Lol A 2 mg/L 2 SobA 60%°] AAAES LEbl)

SHA Zr%‘%EOH w2 FAPEEY FEHIE S5
of 3| AEAE Ao wrekFig. 2), TP YA 7]E M1A] ¢ 9
TFAZIE FEQ] 0.5 mg/L o]skE WEHA|7]= 4 SA|
2O 3.0 mg/L (25.0 mL/m’, 10% as ALO;)E A= O
o, ojuf AATEL 60.9%= FrtE At ¥ Ve Y&

S §E4(27] TP: 44 mg/L, CODcr: 14 mg/L)e] TP
FEE 05 mg/L WR7|E TS A SHAFE 25
mL/m’ (17% as ALO;) 2.2 A3t on, Jujo] TP AA
8L 88.6%% HT3F v} Qrh E oo AF&-E J-STPO]
NERS 2 9Z5= 27] TPEE7) 1271 mg/LE A&
o2 yrol AAREe] WA YEhd A0 R ALRE W, TPo]
9]9] CODer 59| th2 0 ¢E7 wry} Ao =9f
onz SXZHE ¥ Al HP%H% 12 2-g5te] SA F

ool Tha 7 ekt Ao weE gl

O

3.2. M-COS2| Sitxg

M-COS©] A28 19U (Period 1), 44 Z(Period 2), 5
| Z#(Penod 3)9] Z} A]7]o M-COS7} A% pilot plant
oAl 27 - H7LE| Uk Jar-testol] <)l AbEE 24 SA
éﬁ%k(zs.o mL/m)& 7|20 8, 23] SHA FUFS

Table 4. Coagulant dose and residual TP concentration under control or M-COS operation

Control M-COS
Influent - - Coagulant cost
PO.%-P N Coagulant Residual TP Coagulant Residual TP benefit (%)
dose (mL/m°) (mg/L) dose (mL/m°) (mg/L)
0.741+0.193 0.222+0.054 224449 0.357+0.076
. b) . . . . . . . .
Period 17 0se3, 1173 1°° 250 01270408  °°  (100,870)  (0.244,0.499) 104
0.771+0.128 0.150+0.092 254+34 0.219+0.065
. C) . . . . . . . .
Period 2 (0,512, 1.270) 254 300 (0.029, 0.470) 254 (15.6, 36.4) (0.110, 0.409) 18.3
0.785+0.127 0.207+0.092 27.3+37 0.162+0.063
: d) . . . A . . . .
Period 3 (0.522, 1.036) 199 800 (0.018, 0.485) 198 (19.9, 39.9) (0.020, 0.341) 9.0

A represents % decrease in the coagulant dose under M-COS operation compared with control, Value was calculated as 100 x (A-B)/A, A and B

mean coagulant dose under control or M-COS, respectively,
b Both systems were operated on Jan 22 to Jan 24 in 2014,
° Both systems were operated on April 3 to April 6 in 2014,
9 Both systems were operated on May 14 to May 16 in 2014,
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Fig. 3. Changes in the coagulant dose and residual TP under control or M-COS operation: The operations started at 13:23 on Jan
22 and continued till 8:37 on Jan 24 for the Period 1 (a), from 15:00 on April 3 till 17:45 on April 6 for the Period 2 (b),
and from 5:00 on May 14 till 8:15 on May 16 for the Period 3 (c). Black arrows indicate the time frame corresponding to
10 am to 11 am,
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Table 5. Estimated sludge production and cost increase derived
from coagulant application

Capacity : 1,000,000 m*/d

Control M-COS
ltems Period Period Period Period Period Period
1 2 3 1 2 3
Coagulant

2560 300 300 224 254 273

amount (m®/d)

Coagulant cost
(1,000 won/d)®

Sludge production
(ton/d))”

Sludge cost
(1,000 won/d)”

Total cost
(1,000 won/d)®

Increased cost

3900 4680 4680 3494 3962 4259
281 366 366 238 288 321
10594 13798 13798 8973 10858 12102
14494 18478 18478 12467 14820 16361

145 185 185 125 148 164

(won/m®) @
Reduction rate (%)" - - - 138 200 114
4 PAC, 10% as AlOsz, 1.2 g/mL : 130 won/kg (Public Procurement
Service, 2014)

Y |t was estimated from the regression analysis for the concentrations
of suspended solid produced by coagulant treatment, Moisture
content of sludge was assumed as 77% (J-STP, 2012), and removal
rate of SS was based on the result of Fig, 2,

9 Sludge treatment cost was assumed as 37,700 won/ton (J-STP, 2012)

9 Total cost = coagulant cost + sludge cost

¥ Increased cost (won/ m%) = total cost/1,000,000 m®

7 It was calculated as % decrease in total cost under M-COS operation,
compared with control,
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