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1. wAfiGoataiuguilagnidasluemanacildounansaanslunised 1 Tnasiils

wazfiqouunR 0, 30, waz 50°C  ainnisifiudaedann 2 dalusuazinlidnen
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Function of
Component Amount
component
NH,CI 0.52g ||N source
KH,PO, 0.28 g (P and K source
MgSO, 7TH,0 ||0.25g ||S and Mg"" source
CaCl,2H,0 ||0.07 g ||Ca" source
Elemental
1.56 g ||Energy source
Sulfur
CO, 5%* C source
1000
Water
ml
pH 3.0
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Time () | Ay (0C) | Ay (30C) Ago (50 C)
0 0.04 0.04 0.04
2 0.06 0.06 0.06
4 0.08 0.11 0.1
6 0.1 0.41 0.14
8 0.12 092 02
10 0.12 1.46 0.25
12 0.12 1.81 0.39
14 0.12 2.00 0.46
16 0.12 2.15 0.46
18 0.12 225 0.44

20 0.12 2.30 0.4
22 0.12 2.33 0.38
24 0.12 2.34 035
26 0.08 2.35 0.3
28 0.08 2.36 03
30 0.06 2.36 0.3
32 0.04 2.36 0.28
—e—AB00 (0 C)
—a— AB00 (30 C)
A600 (50 C)
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1.3 A4ATUITUAT number of generation, growth rate constant, Wazdoubling time 284
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2. A CSTR with settling and recycle is being used for aerobic treatment of a wastewater
containing 400 mg/l of ethanol at a flow rate of 20 m3/s, -r, = 800 mg/I-d, X, = 500 mg/l,
and X, = 1300 mg/l. Determine the reactor volume, biological sludge production rate,
oxygen demand rate, and requirements for the biological nutrients nitrogen and
phosphorus. Assume there are no suspended solids or nutrients in the influent stream.
The appropriate coefficients are: Y = 0.5 g celis/ g ethanol, b = 0.2 d’, qA = 14 g ethanol/

g cells-d, K = 8 mg ethanol/l, and f,= 0.6. (25 points)
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4. m?ﬁ'm"mmmﬂﬂmﬁﬂuimmwu Biofiltration (15 AZLUY)
4.1 ﬁﬂma‘wmamﬁﬁﬁmmmﬂﬂut.’fil@uﬁqa‘(wgﬁu Tatiana Biofilter column A27MEe 30 cm
uuaudnga 5 cm U399 activated carbon ANGY 25 cm R INTIvaTeIaINA 1
mn poudnduingBuiiniedn 60 gm® &wanududulngduiinieanaes Biofiter
ﬁﬁﬂﬂﬁqmﬁ'ﬂ 5 g/m® A1 Removal efficiency, Elimination capacity Wwaz Empty bed

residence time aziiuwinle CRRIN

42 {haveanuuy Biofiter atdaemALmlaufaingdunonudndy 120 g/m’
fnsnnsnagesaintd 500 mh  1aeinns scale up biofilter Mude 4.1 aglfvzels

dnlfazsaaldifiunnseaunangawitle 6 AZUUY)



5. Explain the direct and indirect mechanisms of inorganic sulfur removal (10 points)



6. Calculate the required aerobic and anoxic residence times and the recycle ratio for a
combined nitrification/denitrification reactor, assuming the following conditions:

- Influent BOD, = 250 mg/L

- Influent ammonia = 30 mg/L as N

- Effluent ammonia = 0.5 mg/L as N

- Effluent nitrate = 5 mg/L as N

- Temperature = 25°C

- Y, =0.55mg VSS/mg BOD

- Kyusoe = 0.04d”

- Upnus®o = 0.042 mg NO,-N/mg VSS.d

- DO in aeration basin = 2.0 mg/L

- X, = 2000 mg/L MLVSS

- 90 = 9 d for nitrification

- =08

(15 points)



