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There are 3 (Three) questions. Answer ALL questions. Programmable calculators are not
allowed. Do not write on this question paper. The figures in the right margin indicate full
‘marks and corresponding CO and PO in the brackets. Symbols convey their usual meanings.
Assume reasonable values for any necessary design data where required.

1. (@) Differentiate between sanitary, industrial and municipal wastewater.

(b) Sketch a diagram to show the sources of municipal wastewater in relation to collector
sewers and treatment. Describe briefly the wastewater sources, treatment, reuse and
effluent disposal options.

(6) Two primary settling tanks in the Great Lakes area of the United States are 95 f in
ameter with a 7-ft side water depth. Single effluent weirs are located on the
peripheries of the tanks. For an average design flow of 10.0 mgd and peak flow of 15.4
mgd, determine the overflow rates, detention times and weir loadings considering both
flows. Assume that the both tanks are in service.

Do you think the detention times can be obtained in an alternative way considering
both flows? How?
Comment on the determined detention times to select the better one.
What are your suggestions to comply with the standards design criteria, if l'ur primlry
taks, weir loadlaga st o exceed 10,000 gpd/foot (125 m¥/m.d) for plant

you think rectangular design of the primary tank is better and why?
Seie e pollutants in wastewater that can be removed by primary tank and justify
your statement.

2. (a) What is acration. Why we use acration? Mention the common types of acrators with a
diagram.

(b) Sketch a complete process flow diagram/profile to show the combined filtration
(biotower) and aeration process with direct recirculation through the tower and
recirculation of activated sludge from the clarifier. Describe briefly

@ A fine bubtle seradon aystnis taed o removs BODsad fullyciiy the industrial
tewner. The temperaur of the wastewate is S4°F, sie clevaton is 5000

ifuer depth iy 18 B and ther i 8 2 me/ dissclved oxygen resdual. Detrmi
followings: i) oxygen demand, ii) total horsepower (hp) requirement, iii) mber of
surface aerators if 20 hp for each aerator, and iv) airflow requirement (cfm) using an
influent flow of 3.5 mgd, BODs of 140 mg/l in primary effluent and of 15 mg/lin plant
effluent, and ammonia of 23 mg/1? Assume that o = 065, B = 0.95, F= 0.75, peaking
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factor = 2, Cr.p.e= 8.8 mg/l (for the elevation is 5000 ft at 54°F), Cao1.4¢ = 9.1 mg/l (at
standard conditions) and SOTR ranges from 4 to 7.7 Oz Ib/hp.

How can you produce fine bubbles in the acration basin?
Do you think the course bubbles are better than fine bubbles in the acration basin and
why?

3. (a) Sketch a process flow diagram for membrane biological reactor treatment. Describe  (4)
briefly (col,
POI)

(b) Sketch a diagram of a typical small extended-acration plant with diffused aeration, air- ()
ift pump in clarifier, cqualization tank and effluent chlorination. Describe the (COL,
operational procedure of this plant. PO1)

() As a Design Engineer, you are assigned to design a small extended-aeration plant for  (14)
the treatment of industrial wastewater without sludge-wasting facilities at a loading ~(CO3,
rate of 1 mgd, 10.5 Ib BODS/1000 cftday with an aeration period of 24 hr. The = PO3)
measured suspended solids buildup rate in the aeration tank is 68 mg//day. What
percentage of the raw influent BODs is converted and retained as MLSS? If the MLSS
concentration is allowed to increase from 2000 mg/l to 6000 mg/l before wasting
Solids, how long would this buildup take?

Design and sketch the small extended-aeration plant with proper dimensions.

Do you think cylindrical design of the extended-aeration plant is better and why?
Select the pollutants in wastewater that can be removed by extended-aeration plant and
Jjustify your statement.

Formulae
0, demand = Q(BOD; — BOD) - 834
. = (uwaste TSS)(1.4
Cde/C = 1 + 0.01205(diffuser depth) + (BOD in recycle and return flows)
{1+ 5.6¢107x (site elevation)) + 4.6Q(NOy) B3
-G f’Cv.) PR B o
R = SOT < )0 al’) Qo
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