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Summary

In order to reuse effluent water from Jeju sewage treatment plant, it is
necessary to eliminate a highly concentrated Cl- which causes the
considerable problems in some areas. Using RO system is considered the best
method to get rid of it. As for the pretreatment process, this study is to
examine the validity and optimal operating conditions with the fiber filter
used in coagulation-sedimentation process. In terms of producing the
alternative water resources, this study presented the water quality problems
stemming from reuse to understand the reuse potential of the sewage
treatment plant(STP) effluent water for agricultural purpose, and also
presented the conditions for the stable operation of two-stage PCF/RO that is
introduced to solve such problems. In addition, the possibility that the treated
water in the two-stage PCF/RO can be used as agricultural water was
examined and compared with other standards for overseas and domestic

agricultural water. And the following conclusions have been achieved;

1. Based on the results on the optimal condition assessment according to
coagulants dosing of two-stage PCF, and waster quality analysis using low
SDI15 and COD for fouling prevention, it is determined that 9 m{/min dosage
1s the most stable and effective from the economical aspects depending on

filter-run-time

2. Results of the 528 hr operation of two-stage PCF are shown to be
adequate for RO pretreatment process because the system did not cause the
"breakthrough”effect. Results also indicated the SDI15 below 3.0 and stable

treated water, which is appropriate for the application of RO.



3. It is concluded that if the concentration of Cl- and T-N in effluent water
1s less variable and the target water quality is met, just using two-stage
PCF can satisfy the water quality condition for reused water with

multi—purpose.

4. Investigation result on adequate treatment when two-stage PCF-treated
water was flowed into RO system showed that not only the system was
stably operated without any pressure change, but also the excessive Cl-
problem that Jeju sewage treatment plant used to have was solved. In
addition SS, organic matters, T-N, and T-P, were directly eliminated.
Comparison of two-stage PCEF/RO treated water quality with standard for
domestic and foreign agricultural water resulted in meeting the water quality

standards for all analyzed items .
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Al AlOH)3e.&2 Agtdnt, 28y AA F3tEe AAQodA = pHEE 2,
Alkalinity 59 ¥l wet o2 F79 ol2Fo] Add 4 Utk 53 539
@A o) 2F o= AlM(aq), Al(OH)  (aq), Al(OH)s(Amorphous), AI(OH) (aq)
Sol  AAHEW, aRA  ol2FomE ALOH)Y"Y,  ALOH)
[Al;sO4(OH)ou]" (most  stable, ©]a} Aljze.® 7))ol AAH, 1 AAE=Z

Al(OH)3(Gibbsite)o] thx=joleta & 5 3l

IRRIFARCE o]

Average | AI** | A{OH)," | Als(OH)™ | Als(OH)12** | Alg(OH)1s™ | Alo(OH)22* | Als(OH)s™™ | Alza(OH)eo'*
charge/Al

OH/AI | 3.0 2.0 1.67 1.0 1.0 0.80 0.63 0.50
ratio 0 1.0 1.33 2.0 2.0 2.20 2.38 2.50

Fig. 2. Description of Al species with progressive polymerization.
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+Fo] &dstuw, Aol A2 dA7F A= 7137F A & 0o 1 m

Table 1. Diffusion, sedimentation, Interception by particle size

Mechanism Particle size Content

Removal efficiency is improved as decrease

Diffusion <1 ) )
of particle size
Removal efficiency is improved as increase
. . > 1 um . .
Sedimentation and of particle size
Interception

=1 um Minimum removal efficiency
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Table 2. Reuse plant operating cost in sewage effluent scale”

(unit : won)
Capacity(m'/day)
Item
2,000 3,000 5,000 10,000 50,000 100,000
Total 689 650 539 428 285.5 269.3
Wage - = - 5 5.5 2.8
Power Ratio cost 81 81 81 81 89 89
BME 210 210 144 90 30 25
Replacement cost
RO 40 38 34 29 12.5 11.5
Replacement cost
chemicals cost 28 25 21 19 19 15
Depreciation rate 333 296 259 204 129.5 126
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Table 3. Analytical methods of water quality

Item Unit Aﬁggg;:l Item Unit ?@iigg:l
B pH meter B Spectrophotometer
pH (S20 SevenEasy'™) TP me/L (HP 8453)
Glass Filter q Spectrophotometer
S5 me/L Apparatus UV cm (HP 8453)
. Conductivitymeter
COD me/L 1001\565}?%“04 Conductivity | mS/em |  (YSI - 6920,
Signet 8350-1)
Turbidimeter
Turbidity | NTU (HACH 2100P, SDIs - SDLis Method®+*”
Micro TOL)
Cl mg/L Mohr Method
O = Alkalinity mg/L Titration method
B pectrophotometer
TN me/L (HP 8453)
ol AL HAAFHEHA(WTMI200, Win TEC, Korea), ©%+* On-line

Turbidimeter(Micro

OL, VIR

scientific,

USA).

E.C=

Conductivity

meter(Signet 8850-1, George Fischer Signet, USA)S o]-&3lo] =A3}3 ).

A5 A= 99+ Inline mixer &

1) Turbidity(NTU)

ok

el oA, 12 PCF A

Turbiditys &9 #S HAEZ fouling 7F5AS VeI Turbidity7b 10]7%

o]l membrane

fouling ©]

74 gFo

[e]

s

NTU(Nephelometric turbidity unit)= 33%A]slyt & 4
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% Turbidity'} SDIs7b ROSl 915 A ei& vhehile $hve Hme oA v
T f85v AAY Ao e B dehiE Awsb A

2)UV4(UV 254nm absorbance, cm )
o Fr7legs 3FgE
A8t} o]y f7Iea 3gEALS 200 ~ 400nme] AL G o H

EHFEE YERW =Y, oA W= 313E A (aromatic substances), & X3}

o] FFolA lignin, tannin, humic £3% %52 HH=

ully

I

3} 3t & 2 (unsaturated  aliphatic compounds), ZE3A W= 3} 85 (saturated

it

Hl
=

o

aliphatic compounds)% a2 7F o] A% o] dE sta e FHE

rE

FgslsE Ao AT o] 3k o] uwjiEo] UV-254nm 7} &&57] 549
FAHE tHAHor A= Zo] o]&H 1 rt. Al Type A/E Glass
Fiber Filter(Gelman Science)E A}-&3te] o33 T Iecm 49 celle A3

3 254nmell A spectrophotometerS Ab-g&3o] =431 ch?®

3) SDI5(Silt density index)

e
o2
o
o

sherss] 9

e

SDIjs= Membrane©] Colloid 2 FfE 2 o] vx =
AZA st ol &l o] AYEES UEHlE M T4
H-& MILLIPORE TYPE HA 045 me] o 3#x]e] Ad4E 2.1 kgf/cr(30 psi)<
dARdHAA FAAZ W 27| 500 mle] A @F7F o HEo] A8 E ATHTo) e
o2 1627 AEsA o2 F 500 mleg o #et=dH A8 FH= AR
sto] th5 3 o] ALkt

3t Indexo|t}. =AW

L
rlo

%7

il
(Ti5)= -3t

SDIi5 = 100 x (1 - (To/T15))/15

[

Zo]

SDIis 542 RO membraneol| Al doys= A U3 A4S o] &3}
olyel= A7F AW SDLis7F 30]8HH foulingS A 8kA] ¢ow SDIs7F 5 9]
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AF S d RS £4 ARE 2006 ~ 20079 A71H oz 2AE A

Table. 4 Characteristics of effluent from S Sewage Treatment Plant

Flow Temp BOD COD SS T-N T-P | E. Coli ClI

m/d ¢ I mg/4 mg/ 4 mg/{ mg/{ mg/l | EA/ml | mg/d

Jan 2,068 15.7 7.1 4.1 7.7 6.9 7.574 |.0.925 27 876

Feb 2,076 15.5 7.1 4.0 7.4 7.8 8.339 0.971 22 423

Mar 2,244 15.1 7.1 887 6.0 6.4 9.319 1.141 31 457

Apr 2,806 16.3 yert Sair 6.4 7.0 8.897 1.379 38 286

g May 2,805 19.2 7l 4.0 7.0 7.8 8.809 877 31 469
g June 3,009 21.2 7.0 4.6 7 40) 7.7 9.049 1.614 46 419
g July 4,452 23.1 7.1 6.8 9.2 9.5 8.921 0.996 131 306
? Aug 3,624 25.0 7 4l 3.4 6.6 8.7 9.398 1.653 34 410
Sep 3,483 23.5 i Al 4.0 7.0 8.3 9.448 1.439 49 249

Oct 2,519 21.2 7. 2.9 5.3 6.8 8.967 1.432 39 831

Nov 2,733 19.9 71 3.1 5.3 6.2 8.945 | 1.589 42 588

Dec 2,645 18.8 71 2.5 4.7 5.6 8.860 | 1.572 44 534
Jan 2,928 15.6 71 3.4 6.2 8.0 9.685 | 1.609 56 1,190

g Feb 2,847 15.4 71 3.5 6.3 8.5 9.942 | 1.658 67 895
9 Mar 3,168 16.0 7.1 3.9 6.3 9.2 9.585 1.619 85 953
g Apr 3,100 17.2 7.1 3.3 5.6 8.7 9.123 1.781 58 871
a May 2,718 21.2 7.2 2.8 4.5 9.5 18.924 | 1.952 63 478
r June 3,293 22.1 7.0 3.9 6.8 12.1 18.388 | 1.705 61 824
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Fig. 10. Correlation between E.C and Cl
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Y = 0.0041X + 0.2011(R® = 0.9923)
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Table 5. Relation between PAC dosage and fouling index(Inline mixer type)

0 ml/min [4.5 m¢/min|9.0 m¢/min|13.5 m¢/min|18.0 m¢/min|22.5 ml/min

SDIis 5.0 4.1 3.7 3.8 2.6 3.9

Turb. 1.2 0.1 0.1 0.1 0.1 0.1

Table 52 Inline mixer type?] 4% SFFXE A A &ol T4 /5 &

B3 4 Qe olgel 9ok, fouling YAE A Y floce Ay} S
A FYFol B, 4PFAFL Woluhw SDIsatel F43 F7kskel FA4

3} fouling WA SHolA HAdstA] X3 Aoz Adtd

Table 6. Relation between PAC dosage and fouling index (Inline

mixer—coagulant tank type)

0 mé/min 4.5 ml/min 9.0 m¢/min 13.5 ml/min
SDIis 5.3 247 2.5 3.0
Turb. 0.7 0.2 0.1 0.1

Uk Table 62] Inline mixer—coagulant tank type®] A% A%l SHA F+¢

2% PCF7} AlA 7Fs3et oA floce] AAAERAL, 45 md/min®t 13.5 mé/min

o] Afolx 3.00]3Y #S Ho FFe ®¥WEd mWE A xR HEAdE
kg Hog A" Aoz Holt ol#3t Ay Inline mixer & HEZ7F gl
floce] 7ol i, SHEE AXHA FEd 23 A floc Ao Fa9lo

2 Aladg. ojet HLd AxAFRzE o]® 9 Stephenson™, Glaser £70] 9l
o, FFHoE 5583 & dH5E5S FUS W AHA FFEH] WA Y
h

B A FEEAT Adse £32 A



Table 5% Table 69 Ao H|Fo] AAT fouling A ZFHA A Inline
mixer-Coagulant tank type¢] AA3slt} sty o] tpS3 o] AA A =9

B 295k

o = =70

ROFA e FA A fouling WA} Aol R5 2Qletr] flair= H=st

Fluxe] W3} gl FARAZA7RE ags|of sth Table 69 AzE #Hilshe
SHAZ 45 nl/min, 9.0 ml/min, 135 ml/min(PAC(1.7% as AlLO3)*¥ wAE=Z
FY% PCF FY+%F 20 ~ 3.0 m/hr(H+ 25 m'/hr)S FA3HHA 48 hr &<t
A8t
(1) S3-A F+9=%d gzt 2 4459

48 hre] &4 < 24 hré] PCF ¢ Aeg9 Ao wE gX9 Flux

WS 10 min Ar=Hrste] Fig. 12¢] YERdQlth Fig. 129 SAAE FY3)
A e <a>sh SRAT FPF <b>, <c>, <d>F vwe) BY FHAS F
o)

& A7t Aelsel gusk g HgHoR AP melFu vk A
_Zr

Table 7. Operation results with coagulants dosage(24 hr)

. Backwashing : Number of

Production Run time ; Effluent

(m'/24 hr) “(]?ntgr (min/1 Cycle, Ave) ba}%lz\:%sg?g Turbidity

0 mé/min 759 0.4 508 2 03~06
(0.4)

45 mb/min 613 2.4 119 12 05°

9.0 mé/min 55.2 3.4 83 17 0.1~2.0
0.2)

135 mé/min | 543 42 70 21 0o
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Fig. 12. The variation of turbidity and flux with PAC dosage.

(a: 0 ml/min, b : 45 m¢/min, ¢ : 9.0 m{/min, d : 135 m{/min)
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Fig. 13. The variation of turbidity with PAC dosage.
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floc”' 3t o Aol EoUH flocke]l B9 553 I FEHE 27 FHAFEE
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Fig. 14. The variation of pH and Cl removal with PAC dosage.
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Fig. 16. The variation of T-N and T-P removal with PAC dosage.
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Fig. 17. The variation of SDI;s and COD removal with PAC dosage.
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Fig. 18. The variation of Alkalinity with PAC dosage of coagulants.
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Fig. 19. The variation of turbidity and flux.
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Table 8. Comparison of water quality

Two-Stage PCF JeJu Plant(2003)"
ftem STD  |Two-Stage PCF|  STD BMF
Effluent Effluent Effluent Effluent
pH 6.7 6.8 6.9 7.0
SS(mg/L) 5.1 0.2 (96%) 6.9 1.1 (34%)
COD(ng/L) 58 3.7 (35%) 114 9.7 (14%)
Turbidity.(NTU) 18 0.2 (89%) - -
Cl'(mg/L) 233 234 (-0.3%) 664 640 (4%)
T-N(ng/L) 15.975 14415 (10%) 16.9 15.5 (8%)
T-P(ng/L) 2.281 0.060 (97%) 2.4 1.9 (20%)
UV 0.089 0.065(27%) - ;
Co(rrfg/cctg)ity 1177 1.038 (12%) 3.078 3.001 (3%)
29t PCF A2 pH, SS 59 #2&4 A3 2003d AFAS a2

F4 Aol g Wk AR uA (1) BMEAE S ARYE Table 8ol theR]
Aot Lo Aol Gek AHAR] HlaeE FYu|sAx g 29 PCF A 849
TAE& AALEHAA BMFS Hl=atAY o £& Aga&S Holil
29 PCF A+ s4&F Aol&s A AES] Hdth Table 8 43E H
A Cl & 2d PCFell 9&f AAHA &5S HoF A, Cl ¥ ofyz

g

[eXe) I~ o) i & - ==
T-No| 5E% 5$¢ & & ok A8 o8& + Y& a9 Fhe F=2

NOy ¢ 4%
Fol o8 4 At FUE ABAA FOEKN AFHOR H¥o| oF Fi3

A g drtdow sexed Wi ol s
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dFHFd FEF39 H5e gldt ROFYE49 ECE 04 ~ 29(1.3) mS/cm,
~ 479(33.0) pnS/cm9 WHE Ho, 97.5%<] H A A

3
&S Btk o] 7|7 B¢t 3 dayvltt A B E Agste] A EA ARE Table

Table 9. Results of water quality by Two-Stage PCF/RO

RO Effluent
STD Two-Stage
Item Effl ; PCF
uen Effluent .
Max. Min. Aver.
pH 6.7 6.7 6.0 5.9 6.0
SS(mg/L) 5.9 0.2 0.0 0.0 0.0
COD(mg/L) 5.8 3.9 0.8 0.4 0.6
Cl (mg/L) 203 207 11 2 5
T-N(mg/L) 15.312 13.318 0.520 0.169 0.362
T-P(mg/L) 2.037 0.069 0.011 0.000 0.003
UVasy 0.097 0.069 0.013 0.000 0.006
Conductivity(mS/cm) 1.083 1.012 0.040 0.021 0.033
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. 729 5984 $271F 2 d5Ads Aols AnIF
Table. 2 7t=19] &5 F271&Y
T
Parameter el | Avd | g | e | @t R A
= Lls oF A
pH 6.0-9.0 | 6.5-85 | 5.5-85 | 55-85 | 55-85 | 6.0-84 | 65-85
TDS g/L_| 0535 12 | 12 | 12
Electric conductivity | dS/m 0.75 0.7
SS mg/L 100 150 200 100 10 30
Chloride mg/L 175 250 250 280 2000
Sulfate mg/L 200
TKN mg/L 1 12 30 30
BOD mg/L 80 150 30 10
COD mg/L 200 300 150 90
5 G 35 35 85, 35
Al ng/L 5000 5000 5000 5000
As ng/L 100 100 1000 200 50 100 50 100 100
Ba ng/L 40000
Bl(total) mg/L | 05-0.6 0.75 0.75 0.7 | 3] 1-3 i3 0.5 3
Cd ng/L 10 10 10 20 D 5 5 10 10
Cr(total) ng/L 100 100 100 50000 100 100 100 100 100
Co ng/L 50 50 50 50 50 100
Cu ng/L |200-1000 200 200 2000 1000 1000 1000 400 500
F(total) mg/L 1 1 2-3 2-3 258 2 3
Fe ng/L 100 5000 5000
Pb ng/L 200 5000 100 1000 100 100 100 100 1000
Li ng/L 2500 2500 2500 70
Mn ng/L 200 2000 5000 200 500
Hg ug/L 5 10 1 1 1 1 1
Mo ng/L 10-50 10 10 100
Ni ng/L 200 200 500 1000 20 200
Se ng/L 20-50 20 20 20 20 20 20 50
Ag ug/L 100
\% ng/L 100 100 10000 5000
7n mg/L 1-5 2 2 5 2 2 2 4 2
Cyanide(total) ng/L 10000 500 500 500 50
Surfactant(ABS) ng/L 5000 50000 5000 3000 5000
Qil, grease ng/L 5000 8000 absent
Benzene ng/L 2500 2500 2500 2500
Tar ng/L 30000
Petroleum ng/L 500 1000 500 500
Methanol ng/L 100
richloroacetl | ug/L 1000 | 500 | 500
Propionaldehyde ng/L 500 500 500
Phenol ng/L 2000

_69_



Table. 3 5224 Aol &44 AarxY

FAFE Jag) | 224457 | #AE) | A58FY | wdeF) 8"
pH 58785 58785 58785 58785 60785 65785
SS(mg/L) 6°] 3} 100] 3}
BOD(mg/L) 100] 8} 100] 8} 10°] 8} 3o] 3} 80] 3} 6°] s}
COD(ng/L) 200] 3} 200] 3}
DO(mg/L) 20174 20174 20174
€52 (NTU) 20]3} 20]3} 100] 3}
Z5d 2 (ng/L)” 0.20]% -
WA EHAL S [BEANAS S| EHNALS |EANsHAL S
A5 (E) 200] &} 200] &} 40°] 3} 10°]3t
22 e R e LR
Cl'(mg/L) 250°] 3} 250°] 3}
T-N(mg/L)" 1003} 10°] &}
T-P(ng/L)" 10]3} 10]8}
Al(mg/L) 50] 3}
As(ng/L) 0.05°] 3}
B-total(mg/L) 0.75°] 3}
Cd(ng/L) 0.010] 3}
Cr*®(mg/L) 0.05°] 8t
Co(mg/L) 0.05°] 3}
Cu(mg/L) 0.20]3}
Pb(mg/L) 0.1°]3}
Li(mg/L) 2503}
Mn(mg/L) 0.20]3}
Hg(mg/L) 0.001°] 3}
Ni(mg/L) 0.20]3}
Se(mg/L) 0.020] 3}
Zn(mg/L) 208
ABS(ng/L) 1.0 1.0 0.5¢]3}
CN(mg/L) 23z
PCB(mg/L) B20E
St | wwe | wes | wwels | owas | a0els | Lowols

F L AL AAES, AN A W] AAES, ERdas A5E5e o9
Ak 8ol 48
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