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30-day 30-day 7-day
average average average
Parameter (% removal) (mg/L) (mg/L)

BOD. 85 30 45
CBOD, 85 25 40
TSS 85 30 45
pH - 6.5-8.5 6.5-8.5

Source: Federal Register (1988) and Federal Register (1989).
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1 total nitrogen
2 total phosphorus
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ameter Units US? US’ Manchester, UK° Nairobi, Kenya“

‘hemical oxygen demand (BOD) mg/L 200 190 240 520

imical oxygen demand (COD) mg/L = 430 520 1120

I solids (TS) mg/L 800 720 - -

»ended solids (TSS) mg/L 240 210 210 520

Il nitrogen (as N) mg/L 35 40 = =

: ammonia (as N) mg/L - 25 22 33

Il phosphorus (as P) mg/L 0] 7 — -

Ible phosphorus (as P) mg/L 7 - — —
standard  — = 74 7.0

x5 from Hammer (1986), p. 324.
:s from Metcalf and Eddy (2003), p. 186 medium strength.
:s from Horan (1990) p. 27.
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1 Settleable solids
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1 Settleable solids
2 “raw” sludge

3 overflow rate

4 circular

5 rectangular
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Type of particle Size

Suspended solids | to 10% pm
Settleable solids 10" to >10° pm
“? Bacteria 0.1 to 10 pm
?Viruses 0.01 to 0.1 pm
Colloidal 1073 to | pm
Dissolved solids 107> to 1072 pm

Based on Tchobanoglous and Schroeder (1985). Water Quality:

Characteristics, Modeling, Modification, p. 58.

9 Based on Davis (2010). Water and Wastewater Engineering:

Design Principles and Practice, p. 3—2.
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q= Q (¥-Y)
Weir Length
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Circular:

Depth 8—13ft (24—4.0m)
Diameter [0-300ft (3-90m)
9Slope of bottom %—Zin/ft (1/16—1/6 mm/mm)
Rectangular: Value

Depth 10-16ft (3.0-49m)
Length 50-3001t (15-90m)
Width 10-80ft (3.0-24m)
Diameter |0—200

Bottom slope 0.75-=2 inches/ft

WEF (1998b) Vol 2, pp. 10-4 to 10-7.
¢ Metcalf & Eddy (2003), p. 398

Parameter Value
“Detention time |.5—2.0h at average flow
b Average overflow rate 600—800 gpd/ft?
[25-33m3/(d - m?)]
PPeak overflow rate 1,200 1,500 gpd/ft?
[49—-61 m?/(d - m?)]
®Depth 12— 15t (3.7-4.6 m)
“Average overflow rate 800— 1,200 gpd/ft*

[33-49 m?/(d - m2)]

“Peak overflow rate 2,000-3,000 gpd/ft?
[82—122m3/(d - m?)]

‘Depth [0—=12ft (3.0-3.7m)



trough Bridge Drive unit Swinging skimmer blade
. . ) Turntable X =
/ Handrailing Supports. \| Surface skimmer s baffl
|f \\ { \ ,l Maximum water cum battle
surface Top of tank Effluent weir
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v.l — ¥ o el ¥
Pler cap with L—Influent S R
£H outlet ports AN baffle == Tl g
Scum pipe \ Effluent
cum - Center pier and - Drive cage launder
pit [ Influent riser pipe \ 4 Trussed rake arm =,
- X

) . A scraper Adjustable
Sludge draw-off pipe—= ‘ blades squeegees
0. Influent pipe
(a)
Alternate weir location @
(center take-off)
Bridee Drive unit
Ji € Handrailing Turntable Maximum water Surface skimmer
Alternate weir ]0czui0n®

surface

I~

"{ Top of tank (rim take off)

; / G / / /

e N0l
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N IR
’ Effluent weir — P -tk -
trough \ Eff!uent _A Effluent pipe
Influent N Drive cage pipe L
\3— downcorner Center pier——| k Tl el 8
]
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...... AT s

Adjustable

Seraper squeegees

blades

Sludge draw-off pipe

(b)

[B]haze 51 (53555 (B 3550 51 (599,5 @ AL 4yl (it &5 (sl sl #-F IS

To suit

Slotted pipe for scuni/ \
] >

— 23 m—>

Drive sprockets with shear E
< 1.7 m > pin hubs and clutches g\ |2
0.5m g 0.5m /Adjustable
50 mm *]:E Water level # R weirs
]
ifluent — - T “ - ;
i f=: N | b—
B —_— _
= @)}# Recess for  Flow Avera e\ AN « \\W g Et’fﬂfl.fl]ent
Sludge - :ﬂ:[[gi-g drive chain wa[eg (‘L 0.6 m (min.) : cum baftle
| e ~
o| E : Take u depth TN
12 ' P Travel l_ .
g AN = I — —— — — — T — — — — — N
60° (min) 7\ E ¥ 50 > 150 mm Flights spaced
2 approximately 3 m on centers Pivoting flight
Sludge
hopper
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arameter Range of values Typical/comment
reneral

wverflow rate (average flow) 30 to 50 m*/d - m* 40 m*/d - m?
werflow rate (peak flow) 60 to 120 m*/d - m? 100 m%/d - m?

1.5t025h 2.0h
0.020 to 0.025 m/s

125 to 500 m*/d - m

1.7 vertical to 1 horizontal

Jetention time (average flow)
low velocity

Veir loading rate

ludge hoppers

250 m*/d - m

Minimum; bottom width < 0.6 m
Consider potential for flotation
when tank is empty

ieotechnical

‘ircular tanks

Yimensions
Diameter 3to 100 m 12to 45 m
Standard 9to45m In 1.5 m increments
Side water depth 3to5m 43m
Floor slope 1 vertical to 12 horizontal
Fplitter box

Inlet velocity
1let configuration
F Detention time
Submergence

L EDI detention time

Width
Depth
Floor slope
Distribution channel
Velocity
Flow distribution
Inlet configuration
Ports
Energy dissipation
Baffles
Distance
Submergence
Porosity

< 0.3 m/s

20 minutes
30 to 75% of depth
8to10s

3to24m
2to5m
1%

0.3 to 0.75 m/s

3 to 4 per tank at < 3 m

0.6 to 0.9 m from inlet
0.5t00.6 m

Individual openings > 5 cm
and < 10 cm

At peak flow

Feedwell
Size to prevent scour

6 m max per flight
43 m

Prefer orifices or gates

2m
Target or finger baffle

5% open area

Sources: GLUMRB, 2004; Krebs et al., 1992; Metcalf & Eddy, 2003; Pettit, 2006; Tekippe, 2006; Wahlberg et al., 1994;

Wahlberg, 2006; WEF, 1998.
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Parameter Range Typical
Length, m (ft) 15-90 (50-300) 30-60 (100-200)
Width®®, m (ft) 6-24 (20-80) 6-9 (20-30)
Side water depth, m (ft) 3-5 (10-16) 3.7-4 (12-13)
Length-to-width ratio 1.5-15:1 4-5:1
Length-to-depth ratio 5-25:1 10-18:1
Bottom slope, percent 6-15 8

* Most manufacturers build equipment in a standard increment of 61 cm (2 ft) in width.
® The normal width of a single flight is 6 m (20 ft). If the width is =6 m (20 ft), use of multiple bays may
be necessary for sludge collection.

Source: Adapted in part from References 2 through 7.
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2 Ppartial slip boundary condition

Y



ug
Wwan = Cr V_t -V)

Sl 4o 5 ca IV g04le0 5l a0 (Ale o Caep sain Uy  SKaol oo LF o) joaS

(T 9 69,9 » (Silwdad (gl g a8 ,F 0ol by Sdgjae ol OS] uses
oy il gla sl (gose lagsiluans (gl 5l 5ios (pl oges 28 5, ) lagLedl

I8l ais )3 15 Koo oliions 51 (s b oolinl 8,90 935 o, s 9 89, o0

P 5 ad e | Sl 3 5 sl 5 ol s, 2 055 s 53 «oleS
ol Olllas o polsga sla seinl 3l ael> @lyd Jasl als uxes 5 (gle Blas anl3 o
SrS B as oS el g ols S8 )2 0)50 (9 DLz il n ) (2,5 Joe Sl sl sls plox]
chle gald cel bz (295 Joe a5 (Sole a4 Fulojlps JUS 0 2 (295 Joe

1915 o g% by 5o Blao olge

Sl &5 Pl SO 9,0 OIS Sl & (gile 4l gl goue Jow S5l )],y geiil
Cromd S5 090 Cond g0 5l JSite oyl (g0ae Joo 55,5 solainl Ll > o Ll
Ot Sl Blae 0,5 885> (gile 4l (6l pgd Caend g (L2 @b g S o S s
3 eyle ol B oo solaiwl sla Jow 5 yie byl (goae Jow . Sl calises blis jo oyl cdale
s (LS soae sla oo 10 3990 s s, mal gk — & Sad] Jow 3l eolaul bl 5
&lp ool aieS Jow 030 55] Cawd @ (oW x0)55 Crizme 5 et Slowe sl (55 aiblS adl
Sl bl 0Tl e b Sumis & Sl o Blae @ld cdale 5 bya Gl 6 Al
ol Jlosl cwain o gile ool 0529 L g 8,5 1,8 colaiwl 050 calizes sl oo I3l 4y JollS

s 00 (55 03Il jpolie b s sl Bilos sl 0330 5 LI (sl iy (53l Juo 0

1 Steady state
2 sarnia
3 Ontario

Y



o e Y 3l 5935 53 Blae slyn AL kit il 3 apiliz 45 isls LS pizman La|
Juoel o8 o O ol p el D3 Sl 5 6yt SIS I lgiige it oS 52
Jsd LB e slalaz 4y s wilgi co DY (S j0 Lol el diedgus 4l90 (S0 40 (g5l ool
clgile Joo jiws ;0 a5 cuisS ool 5,8 g0 aF W8S ax )Kee g gediwl 00,8
s 5 0k yine ¢Sl blE jiioy ;0 w88 o )l )8 ool 0550 (o) o) Seliyog joe

5laasle (2,9 90 (pl S o Sl

699,933 Sy 585 A s eSSy )

Sl alo S coyl (18,5 a0 el Y
Lgryo gl 85 bl 09 3585 o (o, Kad g goii] gy ,0 wbale (gl ool Cows ay gl
G55 a5 53 s 93 0 g ) el cnl e ags CBIE sojlal 4 e pus lane @i @
Sged ;0 ol Sloml amy aw Sl 85 Sla o 4 0B sum g0 S Ty 05 ees La
ol & e Lol il S (e & by o bt <85 (2alS 4 pxie jal (e g oS (Bl
ReES ).ul.i ‘fdjé gl o a4 gl Al S oy Cus Naas! sae &l s A4S Dy A
Syl gl & Bl (g 003l
ey Cod a5 0l plosil YVAM =T Gaios s gaibly b o g caseds saibl, b o2 5Ls 0,90 Slowlore
[10] g VAM - ios s 51 5 in 2l 1O+ s (sl (gdumlne

la el ‘5>|)_b 6‘)’3 e k_i,\:ﬂ ol )L.’b Sy t_s-ng,)’)‘ 4 09> allas ° ‘Q‘)li"'“ 9 u*.’.‘)l*

UT ):OLQA 9 od; ML?M U"’ﬁ) U"‘ Ja.w}: ‘) SLRO)LLQ.A (& i LQUT Aol L)).: 4.99.:L: ;M.M.u W1}

1 Schmidt number
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5 Solid load rate
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sludge: suspended sediment concentration and vectors max= 1.24E+00
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sand: suspended sediment concentration and vectors
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sand: suspended sediment concentration and vectors max= 6.33E-01
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sand: suspended sediment concentration and vectors
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sand: suspended sediment concentration and vectors max= 1.41E-01
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0.000 0.114 0.457 0.571 0.685
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sand: suspended sediment concentration and vectors max= 6.33E-01 co1
— sludge: suspended sediment concentration and vectors max=5.83E0
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sludge: suspended sediment concentration
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sludge: suspended sediment concentration and vectors max= 1.67E+00
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. suspended sediment concentration
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sand: suspended sediment concentration and vectors max=1.77E+00
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sand: suspended sediment concentration and vectors max= 2.58E-01
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max= 2.68E-01
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sand: suspended sediment concentration and vectors
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sand: suspended sediment concentration and vectors
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suspended sediment concentration
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suspended sediment concentration and vectors max= 1.33E+00
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0.000 0.041 0.082 0.123 0.164 0.205 0.246
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suspended sediment concentration and vectors max= 4.71E-01
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suspended sediment concentration and vectors max= 2.25E-01
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sludge 1: suspended sediment concentration
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sludge 2: suspended sediment concentration

0.102
0.098
0.094
0.089
0.085
0.081

0.076

eSS Ve e lae oS JBS) Lt =V eS8 ey jo sl yo Sludge 2) Y sed cdale [guls 0F-F IS
(Sl yio (oo =1V Lol 5ad g oS 120
PSS VA JBa b Seial g0 lae ShS Clale st OF-F 5 OY-F Gla S0 4y a5 L

cde ol g p S N Y plp e e o) b8 g caSe jie pp,SebS VFee JB> L ohd

ARR4



rlnl 9 Bigd (oo Gl & (65 G S b St JB b 0D 45 Canl Gl o 0bj glis ol
(DB L ol ,3) azee; Jlow I by S0 K 3 a5 g o 4l Sl S o
Qb oo ialiEl Bl jo eolidl plo 4 WS cdale 5 odl s Sndd & Sy bl S o
el 1 s oS oV Ly OF-F IS5 5 g ho il OY-F S o cdile ganaeS
SaieS 5 (halS S Sl gariiey (3lae B JBe ralS L 28 ani ol cnlple
2 gl cbale el ol whd JB> a5 Sl a1l oo 500 Syle b oo ialiél o]
Sels o] S b el gelaes 4o s Clale a5 gl 6sT 4 g dwlsd (Fad pd &g 4 Sl
Sgs wly3 3 Fan el o bapy ] clale (hd JBx als L aS e 40 og dislys ciglie

A alg 1S (] S g Sl e jo cdale glas 4 (g ek 4

max= 1.67E+00

—

sludge 1: suspended sediment concentration and vectors
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sludge 2: suspended sediment concentration and vectors max= 1.67E+00
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sludge 1: suspended sediment concentration and vectors max= 6.35E-01
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sludge 1: suspended sediment concentration and vectors max= 3.78E-01
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sludge 1: suspended sediment concentration and vectors max= 1.30E-01
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sludge 1: suspended sediment concentration and vectors max= 6.22E-02
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sludge 2: suspended sediment concentration and vectors max= 6.22E-02
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sludge 1: suspended sediment concentration and vectors max= 1.03E-01
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sludge 1: suspended sediment concentration and vectors max= 2.73E-02
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sludge 2: suspended sediment concentration and vectors max= 2.73E-02
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Abstract

Wastewater treatment plants are essential infrastructures for any community and are
crucial for development in various economic, environmental and social aspects. Primary
sedimentation tanks are one of the simplest, economic, oldest and fundamental physical
treatment units in a sewage treatment plant. At present, the design of these physical
treatment units is based on conventional scientific known parameters such as surface
overflow rate, average hydraulic retention time and weir loading rate. Computational fluid
dynamics (CFD) models can be used as a powerful tool for design and operation of these
treatment units and simulate the mechanism of settling suspended particulate matters in
the tank for any design and operation scenario. In this research, using CFD tools in well-
known and widely used FLOW 3D software, the modeling of these tanks with different
design scenarios has been investigated and the mechanism and efficiency of the settling
tank have been evaluated.

The results showed that by changing the horizontal flow velocity in the rectangular
sedimentation tank from 0.1 m/s to 0.3 m/s, in addition to increasing the surface overflow
rate from 57.6 m/day to 172.8 m/day, its hydraulic retention time is reduced from 2250
seconds to 750 seconds and the efficiency of the tank in removing suspended particles
reduces from 30% to 4%. Changing the inlet and outlet layout in opposite arrangement in
the tank, with a surface overflow rate of 57.6 m/day and a detention time of 2250 seconds,
increases the removal efficiency of the particulate matter to 40%. Increasing the length of
the tank has a significant effect on its removal efficiency, so that for the tank length of
20,15 and 40 m, surface overflow rate is 21.6, 43.2 and 57.6 m/day respectively and
residence time is 2250, 3000 And 6000 seconds, and ultimately, the efficiency of the tank
increases to 40, 55 and 65 percent. Also, by increasing the depth of the tank from 1.5 m
to 3 m, the surface overflow rate was 57.6 constant, the retention time increased from
2250 seconds to 4500 seconds and the tank removal efficiency increased from 40% to
50%.

Increasing the number of outlets results in a significant increase in the efficiency of
suspended particulate removal, so that the tank efficiency is increased to 60% when the

tank has one inlet and two outlets at the same surface overflow rate and retention time.

Keywords: wastewater treatment, primary settling tanks, CFD, Flow 3D model.
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