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1. Transient response of reactor quels (6 Pofi"(tjli riee;ihl)oo o with flow rate 0 =50
(a) Contaminated-water flows through an idea\PER-9TV i h a rate constant k

T : _order geca wi
m® ', Within the reactor, the contaminant underggsi%d ’3.ySu ddenly, at 1 =0, the

; : ey
= 0.7 "', Foxcall tifirey <0, the inlet concentrat;on 1s Cin b= 5 i o
i : ovel indefinitely. Sketc
inlet concentration decreases to Cin = 50 pg m and remains attl-t fiioperly e axesy-

e . . <
the_outlet éoncentration, C;as a functx%%gﬂme for 0<r<4

(b) Repeat (a) for th ¢ case of an idea

g water treatment (6 points) _
ove particles from water. In plan view,
6 m wide x 3 m deep. Water flows

md’.

2. Sedimentation for particle control in drinkin
A conventional sedimentation basin isdesigned to rem
the basin is rectangular. Its dimensions are 25 m long x
through (parallel to the long dimension) at & speed of 600 _
(a) Evaluate the overflow rate for this sedimentation baSig, in units of m/d..(1 point) '
(b) What is the critical settling velocity for this sedimentation basin, in units of cn_;/s?_(l point)
(¢) Consider particles with the density of soil grains (~ 2.5 g/cm3). Calcufate the partic
diameter for which the removal efficiency in this unit is 75%. (4 points)

3. Disinfection performance in drinking water treatment (6 points; 3 each)

The figure shows the time required for 99% B s
inactivation of E. coli by chlorine in& batch reactor. ) 10 T PR,
Use this information for the followin:g.pT)b ents: S 99%)inactivation |
Consider the disinfection stage of a drinking water . =
treatment plant. Assume that Chick’s law applies.
(a) The treatment unit is an ideal PFR. The chlorine
concentration is 0.2 mg/L. What hydraulic
detention time (0= V/Q) is required to achieve ]
99.9% inactivati(?n“? ' N
(b) The treatment unit is an ideal CMFR. The N
chlorine concentratiofrl_iinlg_@, and the 0.1
hydraulic detention time (= V/Q)[l‘ifgg?. 0.1 1 10
What is the expected inactivationlevel GfF. :
coli in this treatment unit? Express your answer concentration (mg/L)
in two ways>(i) Y inactivation; and (ii) the

value of n corresponding to@ation.

4. Characteristic-response time for lake following contaminant spill (2 points)

A mass M@O_lgtiiei reactive contaminant is suddenly.spilled-into-take-of volume ¥ and
surface area A @ughout which it becomes rapidly mixed. The contaminant escapes from the
r

g

N

time (min)

lake water by three/mechanisms: (a) interfacial mass transfer, as described by the Two-filg model

~—

with mass transfet coefficient, kg, (b) first-order chemical decay ii_tl‘liq'g;__gonstant, k; and (c)
along with water flowing out of the lake and into a river at volumetr

e

or all of these parameters (i.e., M, I‘/M‘ﬁ“ﬁa@)"ﬁﬁat is the'cha _g@& or the lake
e S Sy 1 1 2

water to be restored to its pre-spill condition with regard to this'contam
reasonable to assume that the contaminant is absent from the air above the lake.]




