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Water Quality (Ch 9)
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sample total volume. Any more would overflow

5 mL of industrial effluent is mixed in a'300 mL BOD bottle. The initial DO of the
mixture is 8 mg/L. After 8 days the DO concentration is 3 mg/L. What is the BOD at
5 days?
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/A 300 mL bottle has 15 mL of wastewater. The DO drops 7.2mg/L in 5 days. The
] blank has a DO drop of 1 mg/L in 5 days and a volume of seeded dilution water
equal to 300 mL. What is the BOD at 5 days?
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Hints that you should use the seeded formula:

You're given a volume of seeded dilution water
Youe given information about the blank




Course. Title. Date.

Mo Tu We Th Fr Sa Su

. \00 ﬂﬁU/ e
@ \) )b,/ 0.
If the BOD1O of a waste is 100 mg/L and the BOD decay constant, m,
what is the W‘?
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If the BODS5 of a waste is 102 mg/L a,nd the BOD30 (corresponds to the ultimate BOD)

is 158 mg/L, what is k (base €)% \
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FIGURE 9-8

( 5g/g/L< ’k(i T ’ 02, ﬂ& /L BOD and oxygen-equivalent relationships.
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Calculate the concentration of O2 in water at equilibrium with air at 30C.

I prefer atm/M units, which is why I provide that on exams, but this table
uses atm per mole fraction, which I consider a more advanced version

TABLE A-11  Henry’s Law Constants for Common Gases
@L = P (Qﬂﬁ?) = (0, 20%atne Soluble in H>0

~~/ Ky, x 1074 (atm)

\ droe Temperature Air N, O, CO, CO H, H,S CH
@ lovel (°C)
0 432 529 255 0073 352 579 0027 22
10 549 6.68 327 0104 442 636 0037 29
P 20 664 804 401 0142 536 6.83 0048 37
Qo 30 771 924 475 0186 6.20 729 0061 4.4
e T e e 40 870 104 535 0.233 6.96 751 0.075 5.2
H) O’ob 7& 03“ Source: G. Kiely, Environmental Engineering. 1996 The McGraw-Hill

Education Companies, New York.
q 14 15 16
IVA VA VIA
q4_ 0.0 , T
= assume the water is pure [6 {7 8
H 75 Y0 am] P ;

Not true but a decent CYg N2l O

Carbon Nitrogen Oxygen

b[ approximation 12.011 14.007 15.999
Y 75¥0 "1 = 0.9 PP :
% = 0209 — 44w ol

0 MWOLY= 1o 32,
47540 ol T >
' since the mole fraction /’/l W (Ha_o)"— l@* l.OI\LQ- = I‘KOD.

But we want this in mg/L to use in our s sosmall we can
t X T assume “total" is just
calculations in this chapter

H20 }
from table A-1 the density of water at 30°C is 995.650 kg/m3 I

TABLE A-2 Saturation Values of Dissolved Oxygen in Fresh
T T TS~ 2 - Water Exposed to a Saturated Atmosphere
— ] < - _ — — _ _Containing 20.9% Oxygen Under a Pressure of
4,440 WLXO,,| 24 09«|vno\a\%0|101|‘f‘1549¥3| n | J000wa L ~101.325 kPa®
> / Temperature Dissolved Oxygen Saturated Vapor Pressure
molest,0 [mole G [1€aagh0lkg w2 Tipool[ o K — oived O Vapo
/ (0] 14.62 0.6108
1] ] 1 14.23 0.6566
—_ ?. ‘? g m%/[/ 1 2 13.84 0.7055
] 3 13.48 0.7575
] 4 1313 0.8129
] 5 12.80 0.8719
. | 6 12.48 0.9347
the values in table A-2 are calculated ' 7 1217 10013
i . | 8 1.87 1.0722
more precisely. We will use these ]
| .
moving forward. ' [ Skip a few ]
3 30 763 42430
\ 31 7.51 4.4927
\ 32 742 47551
\ 33 7.28 5.0307
' 34 717 5.3200
] 35 7.07 5.6236
7 36 6.96 5.9422
atm, std 1.013 x 10° pascal (Pa) ’ 37 6.86 6.2762
C pid 38 675 6.6264
> 30 ‘OlS k%: lﬂt‘:" i Source: Calculated by G. C. Whipple and M. C. Whipple from

measurements of C. J. J. Fox, Journal of the American Chemical
Society, vol. 33, p. 362, 1911.
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A uniform ' natural stream, 2.2 m deep, flows with an average velocity of 0.4m/s. The stream contains oxygen-
demanding substances, which decay and utilize oxygen according to first-order kinetics. Just below the outflank
from a wastewater, the ultimate BOD is 25 mg/L, the DO is 4.1 mg/L, and the temperature is 5C. The kd = 0.31/d
and kr = 0.76/d, both determined at 25C.

Saturation Values of Dissolved Oxygen in Fresh Water Exposed to a Saturated Atmosphere
Containing 20.9% Oxygen Under a Pressure of 101.325 kPa®

. Sulsceint o ot i

Determine uhsorph g Titial ulimate HOD=Ts. Temperature (°C) Dissolved Oxygen (mg - L) Saturated Vapor Pressure (kPa)
I NS

A) the critical DO and critical distance 0 14.62 06108

31671

)= =00, - DO D0sup (35 0)=82p /1

Definition of Deficit, general.
For initial deficit t = O or a to distinguish between O and o

Da =%.28 ~4| =4 6/ b 3/>

b :
% =,¢r'7h[—%§d,[)a ﬂ -3 (] ~1 25 51 (25)
ho=0708"  La=mglt ;)_ég 34

If you calculate this in steps, you might get something

B ) 3‘ ‘l closer to 2 depending on rounding. If you want to calculate
d -t O. d in steps, you might want to store the sub parts in your

calculator.

This 1s the cmtma.l time. To get the critical *distance* remember that velocity = distance/time

el s, —O‘*\m/s<| L83dag53%|3ws\/_58]é4m o o

Critical Deficit: plug critical time into the deficit equation—this will give you the deficit at that time
~kla [/ it
O (LT >+D ke,
=pas ( (- é@ B _ 760489
76 -2l 0 )+Lj_;lgg =é_élq/"g/i
Critical DO

00,4~ DC =%.%8»3/4 - é.qulﬁa/L = ]_74434

B) the DO at 16 km downstream
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At the current temperature, the saturation DO in a river is 8mg/L. You measure DO and
find that it is 6mg/L. What is Dt at that point?

0-00,,- 00, bag/t — by = comgesp

A city of 200,000 people disposes of 1.05 md3/s of treated sewage that still has a
BOD of 28 mg/L and DO of 1.8 mg/L into the river. Upstream from the outfall, the
river has a flow rate of 7.06m3/s and velocity of 0.37m/s. At this point, the BOD
and DO in the river are 3.6 and 7.6 mg/L, respectively. The saturation value of
DO is 8.5mg/L. The deoxygenating rate is 0.61/d and the re-aeration coefficient is
0.76/d. Assume complete mix and the velocity is the same up and downstream.
What are the oxygen deficit and the BOD just downstream of the outfall (after
mixing before reaction)? What is the DO 16km downstream?

T e Qe
Ql= Q.C AL _ 105 T T06m k7S
Cd L Q u Cu + Qs Cs L 6-05""/964"6‘/»%- 05ma/sY\-8hy/A

% AL = LS

You can convert units, but the m3 to L conversion will end up cancelling out since it would be in all the ferms

Da :DQ?af “DO=§,5@//,«L€5131/,7 (Sl

We can follow a. Similar process to calculate the BOD. For the point just downstream of mixing, we are
looking at initial ultimate BOD.
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This is the deficit. To calculate the DO concentration, we need to
subtract this from the saturation value

DO% D i wsaj/
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