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Application of Packaged Inclined Claifier with
Accelerating Flocculation(PICAF) for treat of

tunnel wastew ater

Seh-Young Jeong

Department of Environmerital Engineering, Craduate school,

Lukvong National Urnirversity

Abstract

The objective of this study was to evaluate the mechanism and removal
efficiency of turbidity using Packaged Inclined Claifier with Accelerating
Flocculation(PICAF)  for the = treatment of tunnel wastewater. From the
experimental results of this study, the characteristics of coagulation in the
reaction part and the characteristics of particle removal in the settling par showed
as follows:

According to the result of jar—test and LS-PICAF, the optimum alum and
polymer dosage for removing turbidity applied for the coagulation process was
20mg/L and 0.2mg/L respectively. When comparing the settling efficiency,
backmixer was more effective than LS-PICAF for the coagulation—sedimentation
process. In addition, the most effective pH range for the removal of turbidity was
found to be pH 7.0~9.0. The morrill index and modal index from cone and baffle
conditions for the reaction in PICAF showed 4.34 and 0.91, respectively, and it
can be concluded that the cone and baffle will be effective for
coagulation—sedimentation process. Therefore, this PICAF process is the best

process for the treatment of tunnel wastewater.
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Fig. 2.8 Schematic of GEWE Lamella.
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23 HddAsd B7 7€ R €8AY Aol&S AT BANA

FU HEFAE gREe B2% 22E ddds HAgeA gol AdH 1 9
=

o e FARFNA WA HAAGA 445 AANA GL AAFA §
VE AT FAYEY ABAG AT F9FL 2AT F Ak @A FAde £
ABABARGANAE ) AGoz o] AFBAFel HE £409 NES 474
g9 Aatm drh med HEEAt A48E 490 £IBRRAWS o= AY
of ANGshi=A ool meh e BEE Wel & Pom oo mE Wa 4o
2 83t

FABABARANAE FAAG, /b A, 4 A, SAAG9 4] AGo 1}
of AWsta k. WA FAAGL BIAEGA) 57 A= Fae wAdstolop
A3 Qg F9 T 9P AT AGozA FAR G Fohe] 1A
s Adolm, A Ade AN F(FDNEF A2 548 wHstolok Hria 2
A w99 FAe G oA AGoBH AR IR Fakel :AFE A
o A e FANE(GFDM, N, VEF 428 548 wastoel da Q43
L sole ol dgg WAL Adony AARGU Ao wAFE A, 5

Table 2.1 Guideline of acceptable for pollutants discharge in Korea

19 #H5&wl& 2,000m o] 19 #H 5wl & 2,000m 7] Tk
g
BOD COD SS BOD COD SS
2 9 (mg/ 2 ) (mg/ ¢ ) (mg/ 2 ) (mg/ 2 ) (mg/ ¢ ) (mg/ 2)

48 A A 300] 5} 400] s} 300] &t 4001 &t 500] 5} 40°] st

7 A | eoelst | 70018 | 60oak | soelst | 90elak | 800l 4

U A9 800] s} 90°] 3} 8001 s} 12018t | 130°]st | 120°]s}

S8 A9 300°] a} 40°] &t 30¢°] st 300] s} 40¢°] st 300] &t
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Fig. 2.9 Program of reuse and treatment of sludge from tunnel wastewater.
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S wbzAL wHkET (rpm)oll WE FAFEEZAA (G) #S ol E35te] ou A
HS Fote] AATNAT. $H Aol ALEH jar-testerv Fig. 3.104 9 Zo] 2 L&
Feo] A

7+9 Jarz 25" x 75" cm 2719 paddle (two-blade)?] o H2 & ALg39
o SRARN AFEE SHAE dFvEA FAAY] Alum (AL(SO4)s « 16H0)S A}
g3, 84 F9L 9% $HA (alum) =X 025 M stock solutiond A %38}
of, 49 F $HAY FA4F A4ugel 3t FFS Hasbelr] s 24 Az A

=
o] 10 g/L dosing solutiong A3} A}&3F 9t

10cm

21 cm

Fig. 3.1 Schematic diagram of jar and paddle used for 2/

reactor test.
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3.1.2 In-line R A &3 F=x

Ao AFEHE AA &= B el 2~5 /e £33 FH (elements)E F 2
g AEE AR HHESV ) AAFHe #L oA S ol gy
elementy] A AL 304 2HAH 2~ gz AZsGct AAE3 7] B YAL 091

cm, #9 Zolx= 10 cm ©l o1, Fig. 3.2901 = element® #A3 A4S eyt
AREs 7|2 $3A FUL AHFFAY (peristaltic) HEZE o] &3t #Ao HFUF
T4 FYUI=E sdeoer BU FF &AL AA (differential pressure
transducer) & ©]&3}o g2 (AP)E SAsAY. AHEsE A F &4
(flocculation)& 91384 jar-test APl A AL&e 2 L&F2] A2+ jars AF&3Ad

dntd oz S ES ] HAAAN HFEAA, G Be SFEAASY aRkAES

4
O
—

a1 GT#HS 72z sar vk backmixero] 41 G= 4] (3-1), in-line static
mixerol A ¢ G 4 (3-2)Z Al-&3}o] A XS}

71X, P = £ x=29 §49%54 (kg m/sec)
Ve &8z F3 (m’)
Ao AA (kg/m - sec)

gty )
G = 7% (3-2)

o714, v= FHAAS (m’/sec)

Ho

n =

=
u= % (m/sec)
he = £44%F (m)

4 (3-2)0] b wpsh ol AAEHS) W K& T fl nhe wakse
%

FEEN (S AYAR 2Hse] WNPEE &=



o

>~

>,
D

il

AN
o
_c»‘L
N
Ho
_c»‘L
2
aui
02
(ot
:[o
jinss
:[o
o
i)
i
=
4z
o,

(3-2)% olgdte] &x

=3

l———1.5cm —»

0.9cm

i

Elements

Fig. 3.2 Schematics of in-line static mixer element.

313 9A4Y 15 3AIAE=A

dAY us SAIAGA JA dd= H8) =0 02m, A7 0.08me] of2dH ut

x5 AAedow, o] 10L/hre] H == 8o, Fig. 3300 YEH AT
<A e x Wi 22 ¥4 9F conedt baffleo] EIFEol Utk A F

FYHES Ak g3 AAY 1% $Y A

o
A= Wiy SR oy dA=R 74" wu® 93 (sliding cone)dt AF%
ey

of 23}H AR AAEANS LolE7] P AR AFS F3YP59
3 AP Fig. 340 detd AAH o=l Ad2 #7 o] 0.14m, =0

= ome B AT 9 FHEES S As) AR AR AAAA
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Rapid mixing

tank 0.08
& 0.08m
o — Treated
= Water
o
5
Raw water
tank

0.6m

wo'g

0.9m

1.2m

Drain

Fig. 3.4 Schematic diagram of settling column test.
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3.2 2 EANHY
2 Age mE A4S Standard methods(APHA, AWWA, WPCF, 1998) % 432
TAEA TgE 9 WUy AUV =

Oﬂ TL]—%_Q_U% —,‘f_—};ioﬂ A]’%‘ﬂ":— TE [}

Table 3.1 Analytical method and instruments

Analytical method and instruments

Item Unit
Jar-test - Jar tester(Phipps & Bird, Model 7790-500)
pH - pH meter (METTLER DELTA 345)
Turbidity NTU Turbidimeter(HACH, 2100P)
SS mg/L Standard Method 20th
CODc¢; mg/L [ FALATAHAAN AN
BOD mg/L THFALATHAIEH

1) Turbidity, SS

HACH, 2100P B =A& A}&3F9 0~4000 NTUS %
Qar 2z gEdor #l F HRE FAGAY HEE cell WO VXA F
Ao dFdAANIHA F3h

=
o F dEE ZYdAn SSE £429

A=A L Vivendi, USfilter Y=EA 7S A&t 1~50m =7]9

3) UV (UV 254nm absorbance, cm™’)
o8 F71ekh FFES0] F=F oA lignin, tannin, humic & 2&
oJ
=

thoolgd fFrigA FgEdS 200~400nme] AR o

Mo
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Eldit}, o] At e W= 3¢ E A (aromatic substances), B X3 A W= 3¢
& 4 (unsaturated aliphatic compounds), X3 X% 3§ E (saturated aliphatic
compounds)s ® & w7t o]FAY ofFS stal e EHEC] WS FFEE
Aol AT, o]He olf wFel UV-254nm7t UV §3E=XE5 AAs=d &7
o Wl 8% Type A/E

Glass Fiber Filter(Gelman Science)& AF-&3te] o3 T lem A4 cell& Al-835h4

%2,
ny

g pgAoR ZRsid wel olg¥u

94 254nmoll A spectrophotometer® Al-§38to] =438} t}.
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—e— Intial Turbidity 40 NTU
<@ Intial Turbidity 170 NTU

2 —-v— Intial Turbidity 380 NTU
b4
2
=] i
3 8
]
'_
T 67
>
=)
3 4
o4

2 ~

O T T T T

0 10 20 30 40 50

Alum Dose (mg/L)

Fig. 4.1 Changes in turbidity on alum dose.

4212 92 A5 A& A2 A

aex HY Agel E3E 9K AR SAS Dohrs) thgs we Aaw A9

S FPsA. Agol AEE FAAL ofmd A HAo 0.Mm, ®oltE 2mel
THE AT dAbe FAEREE SAE 7] 8 A AAY As AAALS 47
g ddoen, I 9= PHOERE 0.6, 09, 12mE St e, AR A FH Al
& 5,10, 20, 30, 60, 90 o 2 &9t

Table 4.1 H Ao ook Azte] wWe JFHLES ebf ol
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Table 4.1 Settling velocity(m/min) on height of column and settling time

90

0.00666

0.01

0.01333

60

0.01

0.015

0.02

30

0.02

0.03

0.04

20

0.03

0.045

0.06

10

0.06

0.09

0.12

0.12

0.18

0.24

time(min)

height(m)

0.6

0.9

1.2

s

t 60, 220, 680mg/L

F 9tk Fig. 429 Fig. 432 $2 SS¥ X2 60mg/L
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(initial SS: 220mg/L, 1 type settling).

_32_



50

v
40 A ° o
g
o 301 v
2 ® Depth: 0.6m
S o O Depth: 0.9m
k=) [ ]
‘s 20 - v Depth: 1.2m
o v
x o
oV
10 A . o
1)
®}
0 . T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Settling Velocity (m/min)

Fig. 4.6 Residual SS concentration on settling velocity(initial
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Fig. 49 Changes in SS on polymer dose (alum dose: 20mg/L).
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Fig. 4.10 Changes in turbidity on polymer dose (alum dose:
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Fig. 4.11 Effect of settling time on turbidity.
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Fig. 4.12 Comparison of backmixer and LS-PICAF on residual
SS and turbidity.
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Fig. 4.13 Comparison of backmixer and LS-PICAF on settling

time.
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4.2.2 Lab-Scale PICAF A cone3 baffle? 33}
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Fig. 4.14 Effect of cone and baffle on turbidity (alum dose:
20mg/L).
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Fig. 4.15 Effect of cone and baffle on polymer dose.
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Fig. 4.17 Effect of coagulation pH on turbidity at LS-PICAF.
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Fig. 4182 PICAF A A olA ZAt#he] 48 el ool 233} o] HA
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Fig. 4.18 Configuration of inclined settlers in settling part.

D Aol gl B4-9 dxsts WA
+%,Q = 600m’/day
2
Basns, =TIy
2) Aol A& Ao Adsbe WA
® f%Q = 600m’/day
@ FA WA, A+2(A1)+2(A2)
oA71A, A= AAHzel Qg A5
Al, A2= ZAr 1, 29

-~ A1 = Ancosh = 2.189m>

_48_

2

)

Z]

_g]

2

7}

olf

)
2
olf
ra
)

=
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Table 4.2 Calculation of Coefficient of kinematic viscosity and Reynolds number

Coefficient of kinematic viscosity
Temp.(C) o Re
(x10 "m"/sec)

5 1.519 433
10 1.306 504
15 1.139 578
20 1.003 656
25 0.893 737

2 = 2 2

o v (0.129x10-*m) LA N A

O gxXR (9.8m/sec?) % (0.51m)

=

where, v @ &% (m/sec)

97}
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8
~
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D
,

e
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on ofy

o>

~

(m

Aol S A 99 Reynolds numbere F£20] 20CYd wW 65601, Froude
number: 0.332x10 %]t} o)== Fwa A AR A guide lineo 2 A A FE= Re<2,000

o= wEE AT Fr >10° o= wEEA Eer= AL o 5 gk

w3 AAHo] S 7%l Reynolds number Froude numberE 7 4Fsto] B A,
9 A 4 =5.3834m + 14.604m* = 19.9874m
& P=10.556m+ 17.724m X 2 = 46.004m
, v=0.129><1072m/sec
ReE Al%tsld,
vX R

v

A 19.9874m’
R="57 "y6.00am _ 0:43m

- Re — (0.129 <10~ 2m/sec) < (0.435m,) — 560
1.003><1076m2/sec
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Fig. 4.19 Effect of cone and baffle on tracer concentration.
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Table 4.4 Calculation of coefficient form Index method

t1o too = = o .
= | tp (8)|T(¥)| morrill index | modal index
with cone+baffle 3.35 12.1 5 55 3.61 0.91
without cone+baffle | 3.3 13.8 5 5.7 4.18 0.877
g, dRIATE ST AREZA o]y =d, A9 1™ ES Harelmanne] ¢
3 Alete el ow HdusiH,

E= ChwR"'
37X, £ BHFFAAS (m?/s)

C 1 632(ST &9])

7 : Manning® Z =A<
v A& (m/s)

£ frAe Bz el (m)

9 A& S conedt baffleo] A& ¥k S AFE HwPdS W coned Tt
T ol B w27 w ol conedt baffled] Aol dFIFAAFI 9 AdGE AL
4 & ok wEtd o] 4% EHNAHE coned baffleo] Y& A wHrp F EFS A
S T dve ASE 4 5 A
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Fig.

AAH-A 98 (CFD; Computational Fluid Dynamics)E 490z 3]0 E7t%
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Fig. 4.21 Result of simulation using CFD (vector and streamline).
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2

B} f71E AAT

o

Table 4.5 Efficiency of PICAF treatment for tunnel wastewater

Guideline H A9 S A4
ol
Item (U4 A9, Lo after Dot after
s F efore efore
2000m/<d =1 (removal eff. %) (removal eff., %)
pH 5.878.6 11.8 6.6 (-) 125 74 (=)
BOD
120 mg/L o]} 174 9.4 (45.9) 15.8 8.2 (48.1)
(mg/L)
CODwn
130 mg/L ©] 3} 425 14.1 (66.8) 37.8 16.9 (55.3)
(mg/L)
SS (mg/L)| 120 mg/L ©] s} 656.4 8.33 (98.7) 720.6 14.41 (98.0)
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4.4.2 PICAFI A 2AH= B A5 €A Aol§ H7t

249 Aol g T He HlAe AT ¥+ FFES Aok Fo. w
A HEE A B A FES dotry] 8 AVETAANTHA Fot
of A% A¥E Table 4.601 YEIU S

SEvet A7E #ERdA s FETEF 95% vwvtolAY udE ko]l 5% o]
A AL (A e Heka dow, tiifol FAg Aol TAAEY. d
Ao w & FASHAANY FAY FAAA TAHE AEUAY do] SYAF
< AA FdetrEEe of 1% A=7F EAstH, B uy =7 40~90%7F fr7lEE
TAE Ja d&o] 97-99% A HF A EIE dHe Be T
th oo wra| Edul 4 &£ A& Table 463 #Zo] w9 vo 4g

IR RLE FAFHAA o, W HX
o] &x= AHEslr] #F F=T v =& 7HA

off

El
%o
o

Table 4.6 Analysis of water content of sludge from tunnel wastewater

) Water content (%)
Time Area
H area S area
2005. 10 50.19% 63.3%
2005. 12 63.28% 52.87%

Table 472 €A 9 F7I4 &S 4T Aol dA A& FolA Si0, A& el
[¢]

°F 60% = 7MY B ¢S AAG e Aom e e, Ca0, AlOs, FexO3 A% 4
T EAste AR YEETE ol 892 HIFAA FFFA B aAYE F
FozE Qlal AMEA o] Wo] Eojzte] wWE Zo=w HRITH Yubxo=w AWES
F8 AEL2 CaO, ALO;, SiO;, Fe:0; ©olH, ¥ HEHAF S8AE o9 T VS
AYar glo] AAMES] Y87 AHE Zhesittar e E
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Table 4.7 Analysis of mineral content of sludge from tunnel wastewater

Content (%)
Mineral content

H area S area
Si0: 58.7407 57.4972
CaO 12.7291 17.1754
AlO3 16.3166 13.6011
Fex03 4.0158 3.0695
SOs3 0.5349 2.0300
MgO 2.8923 2.0237
K20 2.1683 1:9730
Na:0 1.6952 1.7220
TiO» 0.4285 0.3409
MnO 0.1576 0.2592
P20s 0.2023 0.1841
Zn0O 0.0362 0.0516
NiO 0.0416 0.0342
ZrO: 0.0031 0.0192
SrO 0.0380 0.0189
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Table 4.8 Analysis of hazardous material of sludge from tunnel wastewater

Analysis H area S area
Item Limited
method
Oct. Dec. Oct. Dec.
Pb ICP 3 mg/L N.D N.D N.D N.D
Cu ICP 3 mg/L N.D N.D N.D N.D
As ICP 1.5 mg/L N.D N.D N.D N.D
Hg AA 0.005 mg/L N.D N.D N.D N.D
Cd ICP 0.3 mg/L N.D N.D N.D N.D
cr” ICP 15 mg/L  0.074 0.023. 0.027 0.083
CN UVA 1 mg/L N.D N.D N.D N.D
Organophosphorous
GC 1 mg/L N.D N.D N.D N.D
Compounds
PCE GC 0.1 mg/L  0.0025 N.D 0.0029 N.D
TCE GC 0.3 mg/L N.D N.D N.D N.D
Oil weight 5 % N.D N.D N.D N.D
pH electrode - 11.2 114 11.6 11.2
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