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INSTRUCTIONS

1. This paper contains FIVE (5) questions and comprises SEVEN (7) pages.
2. Answer any FOUR (4) questions.

3. Al questions carry equal marks.

4. An Appendix of FOUR (4) pages is attached to the paper.

5. All answers must be written in the answer book provided.

6.  This is a Closed-Book Examination.

1. (@) Two 900 m® complete-mix reactors are operated in a series. The flow rate
' through the system of reactors is 400 m*/d. Reaction in the reactor is a
second order degradation with reaction coefficient & = 0.02 L/(mg day).

The inlet concentration into the system is 80 mg/L. Determine the effluent

concentration from the second reactor at steady state.
(5 Marks)

(b} A plug-flow reactor removes substances in a wastewater by a retarded first-
order degradation reaction with an exponent n = 1.4. The retardation factor
r=0.7/day, reaction rate coefficient k¥ = 0.2/day and inlet concentration =
20 mg/L,

() Compare the effluent concentration from the system after 1 day for
the case with and that without retardation effects. Determine the
effluent concentration if n = 1.

(i) Discuss the effects of retardation and the reaction exponent n on the

reaction.
(10 Marks)

(¢) A plug-flow reactor has a first order BOD removal rate constant of 0.3/day
at 20°C and a residence time of 6 days. The system in operation shows
dispersion with a dispersion factor of 0.8.

(i) Determine the effect of dispersion on the effluent concentration.
(i) Determine how much longer is the residence time needed to achieve
the same amount of BOD removal for the case of 0.8 dispersion

versus an ideal plug flow.
(10 Marks)
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2.  Describe briefly the treatment processes or mechanisms associated with Figures
Q2-1 to Q2-7 below.
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Note: Question No. 2 continues on page 3
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Mote: Question No. 2 continues on page 4
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Industrial wastewater at a treatment plant has the following characteristics:

bsCOD in the influent = 200 g/m®
nbVSS in the influent = 60 g/m®
Influent flow rate = 800 m*/d
Biomass concentration in the reactor = 2,260 g/m®
bsCOD in the reactor = 20 g/m®
Reactor volume = 100 m®

Cell debris fraction = 0.2

k = B/day

K= 30 gfm®

ks= 0.5 gy

¥Y=03glg

Determine the net biomass yield and observed biomass yield.

(6 Marks)

Explain the difference between net biomass yield and observed biomass
yieid.

(3 Marks)

Describe what is contained in volatile suspknded sofids (VSS).

{3 Marks)

Between the activated sludge process and trickling filter process, which
process would you select for the treatment of wastewater containing
substantial amount of suspended solids? Explain the reasons of your
selection.

(6 Marks)

Discuss how sludge solids are traditionally disposed off and what are the
innovative ways that can be used to reduce the disposal cost and if
possible, generate monetary revenue.

(7 Marks)
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The average values of the operational parameters of conventional activated
sludge plant are listed in Table Q4.

Table Q4
Wastewater flow rate Q. 7,570 m*/d ]
Wastewater temperature 20°C
Volume of aeration tank 2,260 m®
Influent BOD; 143 mg/L
Influent suspended solids 125 mg/L
Influent total solid 513 mgft
Effiluent total solid 418 mg/L
Effluent TSS 22 mg/L
Effluent BOD 20 mg/L
Returned sludge flow, Q, 3,180 m*/d
MLSS 2,600 mg/L.
S8 in waste sludge 8,900 mg/L
Volume of waste sludge 200 m/d

Calculate the foliowing:

() volumetric loading

(i) F/M ratio

(i) hydrauiic retention time ~

(iv) mean cell residence time

(v} returned activated sludge ratio

(vi} removal efficiencies for BOD, TSS and total solid

{13 Marks)

A 9-m diameter by 3-m side wall depth gravity thickener is designed to
thicken a primary sludge. The sludge flow is 303 L/min with average solids
content of 4.4%. The thickened sludge is withdrawn at 125 L/min with 6.8%
solid. The sludge bianket is 1 m thick. The effluent of the thickener has a
TSS concentration of 660 mg/L. Determine, .

(i} The sludge detention time.

()  Whether the sludge blanket will increase or decrease in depth under

the stated conditions.
{8 Marks)

Discuss how F/M ratio as an operational parameter for activated sludge
process can affect the characteristic of sludge settling.
(4 Marks)
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5. (a) A two stage trickling filter system with a design flow rate of 5,680 m®d and
intermediate and secondary settling tanks under the following operational
conditions is constructed. The primary effluent (system influent) BOD =
190 mg/L. The design BOD loading rate is 1.5 kg/m®.d. The recycle ratio of
both filters is 0.8. Both clarifiers have 20% of the discharged effluent
recycled to the influent,

(iy Determine the volume required for each filter.

(i Determine the surface area of the filler. Assume that the side water
depth is 4 m.

(fiy Caleulate the hydraulic retention time (HRT). Assume 4 m deep filters
with an area-of 90 m%.

(iv) Determine the size for the intermediate clarifier. Assume hydraulic
loading rate (HLR) = 41 m¥m”.d and a minimum depth of 3 m.

(v} Determine the size of the secondary clarifier. Assume
HLR = 31 m*m2d and the same minimum depth as the intermediate
clarifier.

(15 Marks)
(b) A complete-mix aerated lagoon system has the following operational and
kinetic parameters as listed in Table Q5.
L)
Table Q5

‘Parameters Kinetic coefficients

Wastewater flow rate 3,000m*d | K 5d7

Influent soluble BOD; 180 mg/L Ks 60 mg/L BOD

Effluent soluble BCDs 20 mg/L Y 0.6 mg/mg

Soluble BODs first order ko | 2.4 d” Ka 0.06 d™

Influent TSS (not 190 mg/L Design depth of lagoon Im

biodegraded)

Final effluent TSS 22 mg/L Design HRT 5d

MLVSS/MLSS 0.8 Detention in settling tank 2d

Temperature coefficient 1.07 Wastewater temperature 15°C

Summer mean air 26.5°C Winter mean air 9°C

temperature temperature
()  Determine the surface area of the lagoon.

(iy Calculate the wastewater temperature in the summer and winfer.

(iif) Caleulate the first order BOD removal rate constant for the summer
and winter.

(iv) Calculate the effluent BODs in the summer and winter.

Calculate the TSS in the lagoon effluent before settling.

(10 Marks)
END OF PAPER
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L 1

¢

L 1+KXt

where L.= BOD after treatment (mgfl}
L, = BOD before treatment (mg/f)
X= MLVSS (mg/.)
t= aeration time
k=BOD removal rate constant

PPN R Y,
0

where T; = influent waste temperature, °C
T, = lagoon water temperature, °C
T. = ambient air temperature, °C
f = proportionality factor = 0.5
A = surface area, m*
Q = flow rate, m*/d

or
4 _osTu=T)
(I.-7)
whera d = depth, m
t = detention time, days
Ay 4aexp(l/2d)

.S'—0 C(+a) exp(a/2d)—(1-a)® exp(—a/2d)
where S= effluent substrate concentration
Sy = influent substrate concentration

a =1+ 4kdr

d =dispersion factor =D/uL

D= axial-dispersion coefficient, sq ftthr
= fluid velocity, ftthr

L = characteristic length, ft

k = first-order reaction constant

t = detention time.

—~

a. US National Research Council (NRC) formula
The formula for a single-stage or first-stage units is:

100

172
1+«1443(3Ti)
VF

where E1=% BOD removal efficiency through the first filter and clarifier, %
V= volume of filter media; m®
W= BOD loading to filter, kg/day {not including recycle)
= recirculation factor
1+R

(1+0.1R)*

F—

| =
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R=recirculation ratio=recirculated flow/plant influent flow
For the second-stage filter

100

1+ 0.443 (K)W
1-E, FVF ‘
where E; = fraction of BOD removal in the first stage.
E,= % BOD removal efficiency through the 2™ stage filter and clarifier
W= BOD loading to the second-stage filter not including recycle, kg/day
=W1-E,)

E, =

The effect of the wastewater temperature on stone-filled trickling filter efficiency may
be expressed as follows:

E=E,, X 1.035 T2

First order kinetic:

Kr1=Krz(1.07)"7

K are first order kinetic constant, Ky, at temperaiure T1 and Ky, at T2.
T is Temperature

A_13s,(/p=1)
S s

where A/S = air solids ratio, mL (airYmg (solids)
S, = air solubility, mL/AL

(without recycle)

f = fraction of air dissoived at pressure p,
P = pressure, atm, absolute

+101.35
p=2e " (sl units)
10135

P, = gage pressure, kPa
$s = sludge solids, mg/L

The concentration equation for a system with only pressurized recycle is
4 13s,(fp—-DR
S S0

where R = pressurized recycle, m*/d
Q = mixed liquor flow, m*d

S 1

S 1+K@

where § = effluent BOD; concentration, {mg/L)
S, = Influent BOD; concentration, {mg/)
8= total hydraulic retention time, d)
k=overall first order BOD; removal rate constant, d™!

ifi

-
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S=K(1+8Ka)B(YK-Kg)-1

X=Y(S-S)Y1+K40

where K= half saturation constant

K4 =decay constant, d™*

Sy =, mass concentration of substarte in influent,mg/L
S =substrate concentration in effluent, mg/L

8 = hydraulic retention time, d

Y= maximum vield coefficient, growth mg/mg.
X=microcrganism concentration in tank, mg/L
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