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Abstract

In order to evaluate primary clarifier performance on TSS(Total Suspended solids) removal, four different sampling sets were

collected as part of this study; (1) weekly test, (2) the diurnal sampling, (3) the settling velocity distribution sampling. Primary

effluent TSS(TSSpe) and non settleable TSS(TSSnon) concentrations were averaged 160 and 75.5 mg/L, respectively. These data

suggest approximately 85 mg/L TSS can be removed more. Average TSSnon, TSSee, and Dispersed TSS(DTSS) concentrations(75.5,

160, and 104 mg/L, respectively) suggest that 28.5 mg/L of TSS difference attributable to poor flocculation, whereas 56 mg/L

of TSS difference attributable to poor hydraulics within primary clarifier.

In this study, equations for maximum TSS removal efficiency and effluent TSS concentration were suggested and compared

with experimented data.
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Table 1. Summary staticstics for TSS concentrations.

FaEe A (D] AW we djeks 93
Wahlberg, et al.(2006)°l14] [~ EL ket 7o) =33l
12} HHA] FY5E Kemmerer Sampler 2 338131 24

Nt
E
g Lo

1,2, 4,8 16, 32, 6410] FAARE T HAN & 51
HoRRE 17.1em obflN AsE $Han 217t
z]x}/\]ﬂi 2 334 4719 HoF = 123] /\1;\101,0 ,
ANHE AJ=L] TSS 412 33] vbE 2289t
4. 43t & 1

41 7|=Xt=

A} FAA Fh4 Tss SRS G8.201F Q14 A1)

2 qoz nel falee) wsel o
3 12 5149 orgsh %ﬂ—;— selat 5 oI, <Fig 1>
LA 04 f5 2 Aelg o TSS FEE HelFa
shdl, Aels FEsk 599 FEe) WS nolFa

% SR LR
A o= sjepsld), ATy S SR
o §9) R ATF] daFol et ByHE Ayos
sjollct. HEa <Fig, 1>0)4 melF= sl o] 2} Al
o] WahEo] fgiarel Hlal He Ao S A 1
A A9 Qs I HRG 5 9

—— TSSp,
—A— TSSpe

- 400

>

E

(%)

w

= 200 [ W

o X X A L L ) ) s ‘ ‘ . )
8.6 8.26 9.11 9.30 10.14 10.28 11.19 12.2
Date
Fig. 1. Primary Influent and Effluent TSS concentrations.

Analysis Average (mg/L) Maximum (mg/L) Minimum (mg/L) Standard Deviation (mg/L)
TSSk 325 490 225 68.2
TSSnon 75.5 102 33 19.7
TSSpe 160 250 727 485
DTSS 104 130 46 24.7
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Fig. 2. Hourly Variation of Primary Influent and Effluent TSS
concentrations.
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Fig. 3. Hourly variation of primary influent, effluent and non
settleable TSS concentrations.



o
0F
o

ABHEEBER| o
237 3%, pp.363-369, 6&, 2009

gk AZo] A Aelde] 121 A e} 2ol R Ae] -
Z3l7] wlitolth, 1722 <Table 2>°ﬂ"1 RHojFe vk}
o ] 51%9] TSS AARES HoF= S s Fe 1
Z ]Q]r o] S3o] HAsl=A| %@Vﬂ Wl Ao

ZHE F4% H n %k"] 0.298 min~! ¥}, Kemmerer
samplert] 17.1 cm® F4(d)e ¥ 73m%m*d otk
S AFVIEEE S A 1Ak HHA ] Hit SORS
26.2 m*%m*d o]tk

<Fig. 8> =43 TSSpr =9 oA 3k N
(73m%m*d), n(0.289 min"1)S 2(4)°l tidate] F4%
A2l TSS §%=E HlaLalglt). o] 2dellx] Hoa== nje}

o] SATE Aab A A2l TSSeF 21(4)& ©]-8-she
] A=A S| En RS IS | B gﬁg% Bl
sk °l°ﬂ & olf= A n ¥ do
samplerlH
& AzARE 0|83l mowi 248 4 39
oau} A Fro4e, A, ASA e TSS B
ARAEE A (4] A&t AXkE h 72 33.3 mY/m”™
d o]}, olZle WASERE HAERTE Qojzl ) gt
wj-§- vh=r}. <Fig. 9 > SAE TSSpest 21(4)ell agke
& 33.3 m/m-d& A83te] Akt TSSpy =5 W] wst
k. o] mk AR v 1@ QA ghaL 2 5 givk.
aeER B ATl F4E Ak gE dak e
TSS E%(TSSpr)E I53HA| % FoAT

1|

[

Table 2. Average primary influent characteristics from experimental data.

TSSP|(mQ/ L) TSSNON(mQ/ L) TSSPE(mQ/ L)

DTSS(mg/L)

ETSS in Eq(1)(%) ETSSMAX in EQ(Z)(C‘VO)

325 75.5 160

51 76.5

Table 3. Comparison of Primary clarifier inefficiences.

Total Inefficiency Flocculation Ineffiency Hydraulic inefficiency
(TSSpe-TSShon) (DTSS-TSSnon) (TSSpe-DTSS)
mg TSS/L mg TSS/L mg TSS/L
City of Bellignham 257 76 18.1
City of Edmonds—squirclex 24.3 109 134
City of Edmonds-rectangular+ 319 159 16.0
King county South Plant« 16.6 1.3 53
King County West Point Plant« 18.7 17.6 1.1
LACSD San Jose Creek WEP=* 9.3 0.1 9.2
LACSD JWPCP+ 26.0 10.0 16.0
Littleton/Englewood+ 24.3 6.5 17.8
This study 845 285 56
« From Wahlberg, E. J., et al.(2006)
Table 4. Average Ersswax estimates made from data collected during this study.
Etssvax in Eq.(2) Ersswax in Eq.(2) Etssmax in
(during Settling Velocity Distribution Test) (from Table 2) Ea.(8)
(%) (%) (%)
75.7 76.5 59.8

367 —



Journal of Korean Society of Water and Wastewater T2 EM(TSS) mletg S3h 14+ AXNX| Ms HIt
Vol.23, No.3, pp.363-369 June, 2009
100
100 v V¥ 1ist
st @® 2nd :
@® 2nd E s i EQ.(2) 80 o 3th Ersovax In Ea.(2)
s 207 O3 B
@ >
g g o A 4
[ _ 0 h 4
5 60 - 3 €0 1 . ®
8 z "\ ®
= [ = i E in Eq.(8
3 _____ 8 ° @ fremoved=0-61 1 (1-6 0.368t) TSSMAX
g c 40 4
40 (o) v . o
S ~ Ersswax in EQ.(8) = °
Q
jid _ 0131t 2
£ f noveq=0.464(1-611) .
0w . . . . . . . 0 . ‘ r v . . .
0 8 16 24 32 40 48 56 64 0 8 16 2 32 40 48 56 64

Fig. 4. Results from settling velocity distribution test performed

Settling Time(min)

in August, 2008
100
WV 1ist
@® 2nd
5 27 oB8n Erssunx M E42Y
H H
2 [T = .
g Erssax N Ea(8)
2 604 _ -0.425t
2 f moved=0-706(1-€ )
°
]
£ 40 A
o
k3]
s
i
20 4
0 T T T T T T T
0 8 16 24 32 40 48 56 64

Fig. 6. Results from settli
in October, 2008

Settling Time(min)

ng Vvelocity distribution test performed

300
= = = TSSpe from
= Estimated

200 1 y

100 S,

TSSpe, (mg/L)

experiment
TSSpe using Eq.(4)

.

0

08.8.6 08.9.4

Fig. 8. Comparison of

concentrations usi

08.9.30 08.10.21 08.11.19

measured and estimated TSSpe
ng the equation (4). A in equal to 73

m*m?-d estimated for settling velocity distribution tests.

—] 368

Settling Time(min)

Fig. 5. Results from settling velocity distribution test performed
in September, 2008

100
V 1ist
@® 2nd )

801 0O 8th Ersavax In E0.(2)
b
3 ¥
£ o
@ ) — e D h 4
:; 60 3 S ]
3 v Eqsavax i E0.(8)
° _ -0.368t
8 L5 ® fomoveq=0-611(1-2 )
o
£ .
Q
o
i

20 4

0 T T T T T T T
0 8 16 24 32 40 48 56 64

Settling Time(min)

Fig. 7. Results from settling velocity distribution test performed
in November, 2008

300
- - - TSSpe from experiment
®  Estimated TSSpe using Eq.(4)
< 200 | ‘ a .
g ’ ~ e . - " ,’. *.
» - - \ . ™
- o =" A S
C;)E " [ }d - L] - \‘.:'
@ q00 | -
[ .
0
08.8.6 08.9.4 08.9.30 08.10.21 08.11.19

Fig. 9. Comparison of measured and estimated TSSpe
concentrations using the equation (4). A in equal to 33.3
m*/m°-d estimated for settling velocity distribution tests.



o
0F
o

ABAEEBER| o
233 33, pp.363-369, 6, 2009

5.8 E

B2 8RS Aelehs S skeAlelde] 121 1A 69
Fo} 2g]F TSS T2 EAEle] AL A= g okl
Uhet 3

1. 23S 534 S sigA e A e] P
TSS AAFTELE 51%, HAth AAZEL 76.5%% LElLY,
gukA o 7 MAl| HLEE= 60%9] TSS AATEo] EFY
AJo] Q= Zloz HetEle)

2. AFAI} AREH S
mg/L7 9 AAE 5 ¢
)3 28.5 mg/L7} AAR S Qlar, BAT ol
A= 56 mg/L7t AALE % Q= Aow vt

3. 244110 BHS] 17 1A Fdsh A
AR e viszakA, 17 &
Ao etk

4. 24X7F B2k 12} HAA U5 TSS 5= W3t
YA A7 V58FA] 952 TSS(TSSyon) &5+ v A
J38k Ao

43k Aow sfetE

o

N

5. Q3 Ael5 TSS FE ol|Zel] A Mol B
8 el A 17 20 ol e HaANA
F45] Aa o) W AT7} Faslofo} vk etk

ALl =

& As 2008 A7 thetal Sha Al (dnkel Tt
A 1%01] olate] A==

o 2o
1. 3745(2000), “FALATAA L.
L%‘i&al%:— (2008), "2006 sFr=EA), f&%@% EF3]
shtdl, el (2007), "B ALJAA FANA U=k
%462154 Y, E3HFerelEl=], 23(1), pp. 19~26.

4. Metcalf & Eddy(2003)
Treatment and Reuse — Forth Edition", Mcgraw—Hill, pp
396~406.

5. Tebutt, and D.G. (1975).
"Performance relationships for primary sedimentation",
Water Research, 9, 347.

6. Wahlberg, E. J., J.P. Crowley, H.Z. Gerges, G. Chesler, J.
Kelley and L. Putnum (1998). ©

to evaluating activated sludge treatment plant capacity, CD

"Wastewater Engineering

T.H.Y. Christoulas

A whole plant approach

ROM  proceedings of the Water Environment Federation
71” Annual Conference & Exposition”, Water Environment
Federation, Alexandria, Virginia.
7. Wahlberg, E. J.,, Brown P.E. PhD. Caldwell (2006).
Effect of Individual

And  Variances

“Determine  The Wastewater

Characteristics on Primary Clarifier

Performance’, Water Environment Research Foundation.

369 —



