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ABSTRACT

In recent years, combined and separated sewer overflows (CSOs. SSOs) have been
recognized as a significant pollution problem. To solve this problem. a series of
experiments were performed in a small scale Rapid Floc Settler (RFS) device to
determine its ability in removing micro particles and dissolved materials from
polluted waters. The RFS device is a compact physico-chemical wasterwater treat-
ment system. Polyacrylamide (PAM) is used as a coagulant for treating stormwater
in the RFS. The results of Jar test showed that PAM could be an excellent coagulant
as compared with aluminum sulfate, and ferric chloride,

In several experimental conditions, the influence of different variation parameters
was tested to measure the efficiency of the RFS. Tests have been carried out with
typical CSOs concentrations (50~1,000mg SS/L). The treatment efficiency with
regard to SS and COD. which can be obtained at an overflow rate of 130m*/m?%/day,
are 90% and 80%. respectively. Comparing other sedimentation technologies with
RFS, the overflows rate of RFS is ten times faster. The distribution of particle size
and number were analyzed. The RFS is suitable for the treatment of CSOs and also
the removal of settleable and dissolved materials in urban stormwater runoff.

Key Words : Urban Stormwater Treatment, Polyacrylamide (PAM), Rapid Floc
Settler (RFS). Overflow Rate. Particle Size Distribution
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Table 1. Measured performance ranges of the RFS
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SS removal

COD removal

Test| Flowrate | Detention| Overflow rate Reac‘tor
No. | (mL/min) {time(min)| (m%/m?/day) |Influent |Effluent| Removal | Influent | Effluent | Removal S?
(mg/L) | (mg/L) | %) | (mg/L) | (ma/L) | (%) | ™V
1 540 33.3 226 1826 166 90.9 - - - -~
2 3500 5.1 146.5 280 46 83.6 - - - ~
3 840 214 352 198 2 99.0 - - - -
4 1440 125 60.3 202 2 99.0 - - - -
5 540 33.3 22.6 408 8 98.0 - - - -
6 600 30.0 25.1 378 4 98.9 - - - ~
7 300 20.0 377 540 43 92.0 254 22 91.4 743
8 1200 15.0 50.2 517 20 96.1 213 47 719 670
9 2340 7.7 98.0 453 20 95.6 181 26 85.5 157
10 1320 136 55.3 570 23 95.9 203 44 78.4 | 1010
11 1200 15.0 50.2 547 17 96.9 184 22 88.0 | 2500
12 1560 11.5 65.3 443 13 97.1 161 36 715 1240
13 900 20.0 37.7 378 5 98.7 185 23 87.6 805
14 1740 10.3 72.8 135 3 98.1 102 23 715 1045
15 3600 50 150.7 338 23 93.3 143 34 76.2 378
16 2100 8.6 879 113 10 91.1 98 21 78.6 665
17 3480 52 145.7 548 28 95.0 231 23 90.0 733
18 2400 7.5 100.5 . 628 18 97.2 283 21 926 1023
19 780 23.1 32.7 505 20 96.0 234 24 89.7 818
20 2580 7.0 108.0 330 45 86.4 198 22 88.9 1428
21 1200 15.0 50.2 1190 12 99.0 192 38.3 80.1 292
22 1500 12.0 62.8 776 8 99.0 222 18.1 918 433
23 2100 8.6 87.9 1272 52 95.9 136 20.2 852 623
24 3300 55 138.1 128 12 90.6 222 46.4 79.1 333
25 3000 6.0 125.6 1176 54 954 147 454 69.2 111
26 1800 10.0 75.3 1024 26 97.5 115 28 75.6 760
27 2800 6.4 117.2 722 50 93.1 123 29.2 76.2 137
28 1230 146 51.5 554 28 94.9 175 2.02 98.8 591
29 8900 2.0 372.6 228 68 70.2 111 27 56 500
30 3000 6.0 125.6 320 16 95.0 101 18.1 820 242
31 8900 2.0 372.6 69 20 71.0 61 27.2 55.0 157
32 9300 19 389.3 52 17 67.3 45 21.2 53.0 121
33 2400 7.5 100.5 180 2 98.9 109 22.2 79.6 137
34 6000 3.0 251.2 336 60 82.1 183 34.3 81.3 840
35 7600 24 318.1 340 45 86.8 230 64 72.2 760
36 2650 6.8 110.9 296 36 87.8 178 43 758 998
37 3000 6.0 125.6 268 30 88.8 163 35 78.5 866
38 4208 4.3 176.1 290 40 86.2 187 37 80.2 904
39 5100 35 213.5 246 52 789 153 34 77.8 952
40 5000 3.6 209.3 262 54 794 176 54 69.3 884
41 6000 3.0 251.2 282 38 86.5 198 50 74.7 638
42| 10000 1.8 418.6 264 75 71.6 167 76 54.5 464
43 | 10000 1.8 418.6 250 a0 64.0 154 65 57.8 220
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Table 2. Estimation of waste sludge for the range of overflow rate

Waste sludge
Overflow rate Influent SS Effluent SS SS removal ; P

(m%/m?/day) (mg/L) (mg/L) efficiency (%) | (ke/m‘/day. | (m"/m%/day.
dry base) wet base)

50 ( 23~ 99) 601.4 24.1 96 29.4 2.13

150 (100~199) 423.3 30.7 92 59.4 4.30

300 (200~420) 232.9 51.9 76 54.1 3.92

Average 419.2 355 88 47.6 3.45

Note) ( )} © Range of the overflow rate



o> ¥
- o9 P hd
2 -
90 e © > .
oe °
d D

— -
g a0 8o o
9y 8 A 10 60 ©0
5 oo @ ]
S
£ 10 fo °
w .
(1]
3
E 604 o
b g e S5

4 o cop

—— S removai(% )= 100U(0 6+1)
e COD remaval(% =051 1+t)
20

r v -
15 20 25 3 35

Detention Time {min)

Fig. 4. Relationships between the hydraulic
detention time and removal effi-
ciency.

—— Vz2 (m))
- RS (m)
e D (1Y)

\

o

1 \\—— S5 removal efficlency (%)

S5 removal efficiency (%)

Influent flowrate (m*/day)

Detention time (min)

Fig. 5. Relationships between the designed
influent flowrate and removal effi-
ciency.

Q Q
FURT

# SS AA

e T

2l (3)& o] &3l A FAIE
&S TAIEY Fig. 5% 2o] AIAZEZAE
AN g olth wY AFANE 5BeE & A%
SS AALL 90.9%2 FAsY wgx §3 2md,
10m®) W8l 22 576m%/day, 1440m®/
1Al "t

A
T

5m3,
day, 2880m%/day® Halg %

Table 3. The result of the particle size analysis

2

Faje] 5

RFSE ol&% =4 %% 165

o}8t7] fal A A f
BE BA4oR 229 Riug
£ AAE% . Table 3&
&3 PAM FY e ¥islo] @& 2 AR
s pA el e HEYHE vebd Zolt PAMY
Y AR Al YutRoz WF YA we
>HAF>HESFE 27 €48 el U
8 Table 3914 $AARE} 80| 100.5m*/m*/day
1 A4 &3AY PAME FY3A] ¥ 24
Mz FYEo wxe] " Y%l Fok3ta sl
of mrte]] Bl E YATL FE T EEo] o}
BAE A7) el 23813 REF #UF

o B YART Fot 5‘*9- veh AT
PAME FHsldE 2+ ZolMe] HFY
o] 2] BAAA vlsl 423 Fobsln /%
Fol X e Bt ¥ oA BHgd & ESFEY
7o) BT Ao Yrtsinh = £HAHR
at&ol #Aglol Ax PAM¥E 5mg/LE F
UA| Wrgzel el B Y730 342.9um= 7}
€ #L Jehidd. HE#dAd 209 449
BE d74¥se 122.1pm~195.2umolg o},
2mg/L ~Tmg/L 9 PAM F3YA] utgze] 9
T AU HE 273.4um~342. 9um F7Ie 2,

)- 2

Py

_{

3

F

Jm

-

? <

r

B

-}

gl

2

0 Q

Q)
=]

2N

A g B}.2. Z.o

o -

dA oz

fEFE 67.9um~120.3ums] H 2 ZArsle A
AE veldol 39 FJF £AHREEo]
UAZAA AN F23 2HEFA AL BAY

AU

AZAEA A3} FoM FAARSIE] 72.8m%/
m?/daye] €HZPe] U YA VERIINEG
Fig. 69 Jehidct. {42 24$ Aol

193 .5um, EEHX7F 133.6pm=EA 20um~400um

Overflow rate PAM dosage Particle mean diameter (um)

(m’/m*/day) (me/L) Influent Reactor Effluent
72.8 2.0 193.5 2734 120.3
145.7 7.0 122.1 273.8 72.7
100.5 0.0 152.7 234.2 219.9
108.0 5.0 195.2 342.9 67.9




166 olz® - wWig

1882 TBA
%.8. -

8.8
S 18 .} % 18 i) 08
$Size (in microms)
Log Scale

{a) Probability particle size distribution of the

influent

108 2%

.84

B8 B+

Bt

8.8

gj!fuﬂ

ﬁ£21

B

Bliq

1.8

88T T ‘
5 18 2 i ] 19 24 8

Size (in mlorons)
Loy Boale

(b) Probability particle size distribution of the

reactor

5 18 3 .9 168 0 b8

Bisza (in microns)
Loy Scale

(c) Probability particle size distribution of the

effluent

Fig. 6. Distribution of the particle size.

©] R E sldon] urezE YFYHol 273 4um.

HEEHaE 121.8umZ f-UFol vlmete 7ol
A Zrhsta YARETES FE 99E Yz
A Ao ZAHAY, /259 F5e Bad%
©] 120.28um, EFHAE 81.3um= Sum~50um
W] AdzlEe X7} 498 718 ¥hE 300pm
o) 49 g JdEhYA ¥3 gle 300um °14
o] & B8 AR YUY Aoz Jelnt}

4. 82 &
RN GRAHSRN ERASASTS AR5
A YAy, §24 egeas AE BHoz
RFSE 47 % Afstel 2 457 4848 24

EIgik=y

PAME S3AE ojgslgon HALIxYL
Jar test 23 2mg/L~5meg/Le F=HAE Y
Ebfigitt. RFS #X & o &3t A FEES
22.6m*/m%/dayld 418m*/m%/day7tA W&
Fo] & 4339 B4 HA . FAH S
50m’/m*/day°l SSE& 95% °l4t, CODE 85%
ool AAXEL Yehich 130m*/m*/day°l
A SS¥ 90%, CODE 80%% JEpiitt 494
Batgo] y|ZPAZ 104 ©]4< 400m’/m?/
day ol4te] ZHAME SSAARAE] 70% °14<
ettt 5§, shez AFAME 75802 ¥
73 S8 94% o|4. COD 84% °14€ AAE
de Aoz yJehdo ol AFALL 7]EY
Bty sexeAde AFALTH vlmetd
1/4~1/32 &L Algtelt}, AN E T F454
B 4A¥MYe 122.1um~195.2umel 2, 2me/L
~7mg/L ¥9lel PAME F4A w320 473 4
SE 273.4um~342.9umolN 31 #-&EF= 67.9um
~120.3umZ ZAtH o], PAMS FY3A &2 4
29 $&49 ¥ A4 219.9umB} F7H4 o]
X5 g Aoz eyt

RFS#AX & CSOs, SSOs9 A ez A4d
Z ngzgA AA, ATEHRY F&24 A, s
A g oA 28] 4l odd A
9 Hg 5 2 FgAol & ez YAET



1

R. Field, "Design of CSOs regulator/con-
centrator,” Journal of the WPCF, 46(7),
1722~1741(1974).

. W. Whipple, J. V. Hunter, “Settleability of

urban runoff pollution,” Journal of the
WPCF, 53(12), 1726~1731(1981).

. D. J. Balmforth., “The pollution aspects of

storm-sewage overflows.” Journal of the
IWEM, 219~226(1990).

CRE OBER CRAZ-VAKIEIC L B ARATAKE

DIFEFRATTOFIRL - A 7 -V GARBEEERE b 0-
AR &K, 32(11), 30~40(1990).

. H.I.LL. Technology Inc., Storm King(1991).
. N. Wilcoxon, and C. R. Hunsinger, “Vortex

Solids Separator: A New CSO Technology.”
Water Environment & Technology. 3(6).
65~68(1991).

H. Brombach., C. Xanthopoulos, H. H.
Hahn, W. C. Pisano, "Experience with
vortex separators for combined sewer
overflow control.” Water Environment &
Technology. 27(5). 93~104(1993).

R. Field. T. P. O'Connor, “Swirl technology

: enhancement of design, evaluation, and

10.

11.

12.

13.

14.

RFSE | ¢ =AIf&54a 167

application,” Journal of Environmental] En-
gineering, ASCE, 122(8), 741~748(1996).
R. A. Fenner, J. N. Tyack. “Scaling laws
for hydrodynamic separators,” Journal of
Environmental Engineering, ASCE, 123(10),
1019~1026(1997).

G. W. Characklis, M. R. Wiesner. “Parti-
cles-metals, and water quality in runoff
from large urban watershed.” Journal of
Environmental Engineering., ASCE., 123(8),
753~759(1997).

G. A. Bridoux. A. Villeroux. M. Riotte,
and M. C. Huau, "‘Optimized lamella sett]-
ing process for runoff water treatment,”
Water Environment & Technology, 38(10),
107~114(1998).

V. Plum, C. P. Dahl, L. Bentsen, C. R.
Petersen, L. Napstjert, N. B. Thomsen,
“The Actfloc method,” Water Environment
& Technology, 37(1), 269~275(1998).
PAM, Washington State Department of
Transportation Environmental Affairs Of-
fice. http://www. wsdot.wa.gov/eesc/envi~
ronmental(1999).

AR, ApAEE, FF4EYS . pp.
372~395(1998).



