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SELF PURIFICATION OF WATER RESOURSES
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Mathematical Description of the Dissolved Oxygen Sag Curve
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Water Saturation Concentration
Temperatire of Oxygen in Water
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12 10.8
14 10.4
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18 9.5
20 9.2
22 8.8
24 8.5
26 8.2
28 8.0
30 7.6
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Deoxygenation and Reoxygenation Curves
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Oxygen sag downstream of an organic source. A great deal of time and distance may be required for the stream and its inhabitants to recover.
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Mathematical analysis of Oxygen Sag Curve: Streeter - Phelps equation
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Example : 4
A city discharges 20000 m*/day of sewage into a river whose rate of flow is 0.7 m*/sec.
Determine D.O. deficit profile for 100 km from the following data:

River Sewage effluent from STP

5 day B.O.D. at 20°C = 3.4 mg/I 5 day B.O.D. at 20°C = 45 mg/I
Temperature 23°%C Temperature 26°C

D.O.=8.2 mg/l D.O.=2.0mg/l

Velocity of mix = 0.25 m/sec, R’=0.4, K’ = 0.23

Solution

Saturation value of D.O. at 23.74 °C deg is 8.57 mg/I

River discharge = 0.7 m*/sec, Sewage discharge = 20000/(24x 3600) = 0.231 m®/sec

. (0.7x3.4 4+ 0.231x45)
BOD of mix=

=13.72 mg/1

(0.740.231)
. (0.7x8.2+ 0.231x2.0)
D.O. of mix = 6.66 mg/l
(0.7+0.231)
. (0.7x23+0.231x26) 0
Temp. of nux =23.74°C

(0.7+40.231)

Ultimate B.O.D. L, =1¢ (1 -e ~Ft)

13.72=1Lo (1 -e 0-23%5
Lo=20.08 mg/L

Initial D.O. deficit (D) = 8.57 - 6.66 = 1.91 mg/L

K, = K, (8)" % Hence , K.s.70=0,23(1,047)?374?9 = 0,273day ™

Rr =Ry (6 ) =" Hence, Rz 74 =0.40 (1.016)> 7+ = 0.424 day™!

DO x (R'-K")

Critical time t. = —— loge— (1
rifical mme = 108 -— -
“ < RI_gr U5y K’ x LO

)

1 oo 0.424 ( 1.91x(0.424-0.273) )
0.424-0.273 <°0.273 0.273 x 20.08

=2.557 days.
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Critical D.O. deficit, De = R_: Lpe K .tc

0273
0.424

-0.273 X 2.557

20.08e

= 6.432 mg/l
Distance at which it occurs = L= velocity x time
=(0.25 m/sec) x ( 2.557 x 24 x 60 x 60 sec)

=55231m=5523km
Similarly time required for mix to reach at 20 kin distance, thoxm =

=0.926 day

And DO deficit at 20 km can be calculated using equation

_ K'Lo

Dt =
Rr_Kr

[eim —e ™ ] +Doe™

(20 x 1000)
(0.25 x 24 x 3600)

Where, K’ =0.273 d", R"=0.424 d", Do=1.91 mg/L and Lo = 20.08 mg/L and t = 0.926

day

Hence, DO deficit at 20 km=4.970 mg/L

Similarly DO deficit at 40 km (i.e. t=1.852 days) = 6.211 mg/L
and DO deficit at 80 km (i.e., t=3.704 days) =6.056 mg/L

and DO deficit at 100 km (1.e., t=4.63 days) =5.427 mg/L

The DO deficit at different points along length of river is as below:

Distance m kin Time 1 days DO deficit, mg/L DO, mg/L
0 0 1.91 6.66
20 0.926 4.97 3.6
40 1.852 6.211 2.359
55.23 2.557 6.432 2.138
80 3.704 6.056 2514
100 4.63 5.427 3.143

Other Questions

1-  Ariver is having discharge of 22 m®sec receives wastewater discharge of 5 m®/sec. The
initial DO of the river water is 6.3 mg/L, and DO content in the wastewater is 0.6 mg/L. The
five day BOD in the river water is 3 mg/L, and the wastewater added to river has five day
BOD of 130 mg/L. Consider saturation DO of 8.22 mg/L and deoxygenation and reoygenation
constant values of 0.1 and 0.3 per day, respectively.

Find critical DO deficit and DO in the river after one day. The average velocity of flow in the
stream after mixing of wastewater is 0.18 m/sec.

2- A municipal wastewater treatment plant discharges secondary effluent to a river. The
worst condition occurs in the summer when the treated wastewater in summer is found to have
a maximum flow rate of 10000 m*/day, a BOD5 of 30 mg/L, dissolved oxygen concentration
of 1.5 mg/L and temperature of 25°C. At upstream of the disposal point the minimum flow in
the stream is 0.65 m®/sec with BOD5 of 3.0 mg/L, dissolved oxygen concentration of 7.0
mg/L and temperature of 22°C. The mixing of wastewater and stream is almost instantaneous
at the point of disposal and velocity of the mixture is 0.2 m/sec. The reaeration constant is
estimated to be 0.4 per day at 20°C temperature. Determine dissolve oxygen profile for 100
km downstream of the river from the point of discharge.



