CE 418 Homework 1V

Spring 2019 Due April 29 B.A. DeVantier

Problem 1
Class Text Problem 12.10. State the two main reasons why an activated sludge system is operated at a relatively low food

to microorganism ratio.
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Problem 2
Class Text Problem 12.25. A single stage trickling filter plant (Figure 12.21) is proposed for treating a dilute wastewater

with a BOD concentration of 170 mg/L. The plant is located in a warm climate and minimum wastewater temperature
anticipated is 16°C. Using a recirculation ratio of 0.5, what is the maximum allowable BOD loading for a stone media filter

to achieve an average effluent BOD of 30 mg/L? ‘
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Problem 3

Class Text Problem 12.41. A biological tower with high density, cross-flow packing has a surface area of 480ft, and a
depth of 12.0 ft. The packing has a specific surface area of 42 ft?/ft3, n = 0.5, and ka0 = 0.0035 (gpm/ft?)°°. The effluent
from the primary clarifier is 600,000 gpd with a total BOD of 126 mg/L and soluble BOD of 62 mg/L. The wastewater
temperature is 18 C and the recirculation ratio is 1.0. Calculate the effluent soluble BOD, assuming the ratio of soluble
BOD to total BOD is the same ratio as in the primary effluent.
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Problem 4
Class Text Problem 12.49. A conventional activated sludge system treats 11,000 m*/day of wastewater with a BOD of

180 mg/I in an aeration tank with a volume of 3400 m®. The operating conditions are an effluent suspended solids of 20
mg/L, an MLSS concentration maintained in the aeration tank of 2500 mg/L, and an activated sludge wasting rate of 160
m?3/day containing 8000 mg/L. From these data, calculate the aeration period, volumetric BOD loading, F/M loading, and

sludge age. -
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Problem 5

Class Text Problem 12.51. Determine the volume of three identical activated sludge tanks following primary clarification
to aerate 36,000 m%day with a BOD concentration of 180 mg/L at a BOD loading of 560 g/m?/day. What is the aeration
time? For a F/M of 0.35 mg BOD/ mg SS/ day, what MLSS concentration should be maintained in the aeration tank?
Estimate the operating sludge age, assuming an effluent suspended solids of 30 mg/L and the daily amount of waste
activated sludge solids from Figure 13.1. If the waste sludge has a concentration of 10,000 mg/L, what is the calculated
volume of sludge to be wasted each day? Determine the dimension of three identical rectangular clarifiers (length, width,
and side-water depth) with a 2:1 length to width ratio.
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Problem 6
Class Text Problem 12.57. A municipal wastewater containing both domestic and food processing wastewater was tested

to determine kinetic constants using a laboratory apparatus similar to the bench scale unit shown in Fig. 12.42. The
volume of the aeration chamber was 10 L, and the wastewater feed was established at a constant rate of 30 L/day to
provide an 8 hour aeration period for all of the tests in the runs. A measured volume of sludge was wasted once a day
(Qw) from the tank. Determine Y, kq, k, and Ks for the measured data shown below (Q, So, Quw, Se, X, and Xe).



Q (L%day)  So(mg/L) Qw(mg/L)  Se(mglL) X mg/L) Xe (Mg/L)
30.0 150 0.31 2460 2.5 7.7
30.0 150 0.53 1690 3.3 6.5
30.0 150 0.98 1320 4.4 5.6
30.0 150 1.27 1080 59 5.0
The spread sheet below uses the data above to generate the Trendline plot fit graphs
1/, S. X Xe
So (mg/L) (QL\;\éay) (1/day) (mg/L) (mg/L) (mg/lL) rey(mg/l/day)  ref/X (L/day)  Xirsy, (day)
150 0.31 0.040293 2.5 2460 7.7 442.5 0.179878 5.559322
150 0.53 0.064335 3.3 1690 6.5 440.1 0.2604142 3.840036
150 0.98 0.110312 4.4 1320 5.6 436.8 0.3309091 3.021978
150 1.27 0.140301 5.9 1080 5 432.3 0.4002778 2.498265
Q= 30 L/day V= 10 L
6
5
4
7
&3
=2
1
0
1/Se
0.16
0.14
0.12
fE 0.1
© 0.08
=
= 0.06
0.04
0.02
0
Rs-u/X

1/Se (L/Img)
0.4
0.30303
0.227273
0.169492
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Problem 7

Class Text Problem 12.64. A 40 hp surface aerator was tested in a 120 ft diameter tank with a water depth of 8 ft. Cobalt
chloride catalyst and sodium sulfite were added to the tap water in the tank to remove dissolved oxygen. The water
temperature was 21.9°C, and the saturation dissolved oxygen was 8.7 mg/L. During the test, the average electric power
usage was 33.1 kW, which at 90% efficiency is equivalent to 40 hp. From the following time and dissolved oxygen data
shown below, determine the value of Kia corrected to 20°C, and calculate the oxygen transfer rate in Ib/hp/hr ;
additionally estimate the actual transfer rate N in activated sludge at 10°C and 2 mg/L dissolved oxygen.

t (min) 0 2 4 6 8 13 18 23 28 33 38 43 48 58
C: (mg/L) 0 1 1.9 2.7 3.1 49 59 65 7.1 75 7.7 7.9 8 8.3
In(C+~C:) 2163 2041 1917 1792 1723 1335  1.03 07885 047 01823 -8.90E-16  -0.2231 -0.3567 -0.9163

Cs (mg/L) 8.7 D = Cs-Ct
Red are calculated. Plots below. On plots, D = Cs— C;..



2.5

2 !.\\
15

RN

InD” -
[ |
0 T T T { ! ' I
10 20 30 4 50 60 70
[ |
05

y =-0.0536x + 2.0869

All Data

R? = 0.9929
1 S
15
Time (min)
2.5 Ei\bfw 04 W ﬂuo J’)Mé Cou[o“ﬁ WCD To MWWM
1st 10 points o bt WM& D At aCLW?/Q n Sl
2 - % L v Pow& WOM bil Defley MSUJK [ML& 7%
) bt gl €019 g
. 10-Lhq 0
N \\ A /ﬁ%ﬂmmw il
| ol s RPN
1 Kﬁgﬂ_ 36%’ PO: ﬁ'bhv]{ﬁ'ﬁ)(g%W?/LM@E’JM)(gﬁf)({rfﬂ)éﬂmf”]
_ —"'_'_\"_‘—'_'_'_'_\_\_‘_‘—‘——.___\_
- 4o fp
NS TAVE wl A
. po‘ ;5 WIW Q:[qk}%ﬁr\“ml% W_;’ji;—s@
= X+ 2. - o
¥=-0.0604x 2159 Mo 708 Fy0,] éﬁ:mwﬁj S
| | . . _ ho, 1. -
° 0 10 20 30 40 £= i Jip e (DM o O‘W\ LI f‘@%”
Time (min) T MP] v

Problem 8



Class Text Problem 12.74. A completely mixed aerated lagoon with a volume of 1.0 million gallons treats a wastewater
flow of 250,000 gallons per day with a BOD of 400 mg/L The liquid temperature ranges from 4°C in the winter to 30°C
in the summer. There 4 5.0-hp surface aerators rated at 2.0 Ib Oz / hp-hr. The wastewater characteristics are 0 bio-rate
correction parameter of 1.035, oxygen transfer parameters o. = 0.9, B = 0.9, removal parameters k = 0.9 day™ at 20°C, and
a=1.0 Ib O utilized per Ib BOD removed. The designer states that this system will remove at least 400 Ib BOD per day
and maintain dissolved oxygen concentration greater than 2.0 mg/L. Verify or disprove these clams by appropriate
calculations.

Note that the typed description above had a typo for the first order removal rate constant k. The solution will use
the number in the text, 0.8.
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