Ql.
a) Name and discuss the mechanisms thought to occur during coagulation (5 points)
Solution:

1) Compression of electrical double layer and
2) Charge neutralization

**See book for more explanation

b) If there is no bicarbonate present in a well water that is to be softened to remove magnesium,
which chemical must you add? (2 points)

Solution:

If there is no bicarbonate, then the water has only noncarbonate hardness and the chemicals required
are lime and sodium carbonate (soda ash).

c) Water softening is a chemical process aimed at reducing the presence of certain ions
naturally present in the water. What are those ions, and, for each, under which new chemical
form are they extracted from the water at the end of the treatment? (4 points)

Solution:

Calcium (Ca®") and magnesium (Mg®") . Calcium carbonate (CaCOj3) and magnesium hydroxide
(Mg(OH),)

d) In afew words, explain physically why the depth H of a settling tank does not enter the
expression for the critical settling velocity, Vc=Q/WL. (4 points)

Solution:

The particle removal efficiency increases with decreasing the depth/height of the sedimentation
tank and a zero height will provide the maximum particle removal (theoretically). However, in
practice it’s not possible since a 2-dimensional structure won’t be able to hold any water.

) A can of a volatile chemical (benzene) has spilled into a small pond. List the data you would
need to gather to calculate concentration of benzene in the stream leaving the pond using the
mass balance technique. Assume steady state condition and no sorption of benzene to the
bottom of the pond. (5 points)

Solution:



The approach to answer this question is to write a mass-balance equation for the system and use it to
identify the data required for solution. In simplified terms, assume steady state and no sorption to the
bottom of the pond.

Mass in = Mass that volatilizes + Mass that flows out of the pond downstream

The ,,Mass in® is a function of the benzene concentration and the volume in the can,

The , Mass that volatilizes® can be estimated from Henry*'s law and the rate of vaporization.

The mass that flows downstream may be estimated from the concentration and the flow rate

of the stream. Because the concentration is the required unknown, the problem may be solved
for concentration.

2. A bankrupt chemical company has been taken over by new management. On the property
they found a 20,000 m’ brine pond containing 25 g/L of salt and they propose to flush it
through a discharge pipe leading to the Atlantic ocean, which is nearby and which has a
salinity of 30 g/L. What flow rate of freshwater (in L/s) must they use to reduce the salinity
of the pond to 500 mg/L within one year? (5 points)

Q
C, = Coe("V ) . 1m’=1000L

Denote the salinity in the pond by its time-dependent concentration C(r).
Then make a mass budget with the control volume taken as the entire pond.

0 ) (?

o “out

¢)

Cin Coun C14)
=~ e
Cl1)
\W/
The salt budget takes the form:
V% =0,,C = QpuiCo + S = KVC

in which the source S = 0 because there is no chemical formation of new salt inside the
pond and K = 0 because there is no reaction that removes salt from inside the pond. We
also have: O = Qow = Q. the volumetric flow rate of the flushing, Cin = 0 because the
entering water is fresh (no salt content) and Cor = C(7) since the water being flushed out
has the salinity of the water in the pond.

The budget then reduces to:
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The solution of this 1*-order differential equation is:
L) Ay (9]
C(r) = C(r =0) exp, 1 t
Now, plug the numbers

Q 5|
(500 mg L)=(25,000mg L) exp(—- m x 365 days |

and solve for the flow rate Q. The solution is:

=248 L s.

0=2114 m®  2144x10° L
" day day

3. One of the most common types of fertilizers used by farmers is a form of the highly soluble
salt ammonium chloride (NH4CI). At a certain farm, water runoff from fields carries
dissolved ammonium chloride to a nearby pond, resulting in a dissolved concentration of
NH,Cl in the pond of 5 mg/L. At the same time, ammonia gas (NH3) is being produced by
cows that feed around the farmer’s pond, resulting in an atmospheric level of 500 ppb above
the water surface.

In water, the following reactions take place

NH,Cl — NH;" + CI’

NH;" & NH; +H'
The first equation represents complete dissociation (dissolution of a salt), and the second
equation is reversible with equilibrium constant [NH3] [H'] / [NH,'] = 5.89 x 10" M.
Assume that the ambient temperature is 25° C and the air pressure is 1 atm, Neglect the
effects of other impurities such as CO,. Calculate the pH of the pond water. (10 points)

MW of NH4CI=53.5 g/mol; Ky (Henry’s constant) = 62 M/atm; [H][OH]= 10
Molecular weights: H=1, N=14, C]=35.5, O=16

pH=-log10[H+]; H,0 = H' + OH"; [NH3]=KyPnn3; Puns= mole fraction X Piorar;
ppb= Vi/Viowas X 10° = molesj/molesioma X 10°



(a) The chemistry of the pond and swrrounding air consists of the following elements:

fertilizer from ¢cows
NH ‘(.‘l

NH; 3500 ppb

The fertilizer is a salt. which dissociated completely in the water. Thus,

NH4Cl — NHy - CI'



While the ammonium ion NH;" undergoes additional chemical changes. the CI™ ion
remains inactive. Its concentration is then entirely due to the NH4Cl input.

To get that concentration, we first need to convert the given mass amount of NHaCl into
moles. For this, we begin with the molecular weight of this molecule:

MW of NH4Cl = 14 = 4x1 — 35 50 = $3.50 g mol

The number of moles of NH;Clina $ mg L solution 1s:

=9035.10" moi L=935-10" M
Since one molecule of NH,4C1 generates one ion of CI”. one mole of NH,C1 generates one
mole of CI". and
[CI]=9.35x10" M

Another piece of information that we have is that the \TH3 1n the pond is 1 equilibnium
with an atmospheric concentration of 350 ppb = 550 x 10” atm. By virtue of Henn's
Law. with constant Ky read from table on page 96:

[NHi] = Kg Pz = (62 M atm)(550 x 10% atm) = 3.41 x 10° M

Now, we tum to the chemucal reactions that occur 1n the water. There are two chemical
equilibria

NHy «— NH; + H
HO «— H - OH

each with its constant of equilibrium:

INHHT] 00 0 3y = 13894107
HC] D] 341107

[H"][OH ]=107* )?

=173x10"°

To close the set of equations, we add the requirement of electroneutrality. which takes the
form:

NH,7] - [H7] =[C1] - [OHT]

Since we already know [NH;] and [C17]. we have three equations for the following three

unknowns: [NHy'). [H'] and [OH].



We are after the pH of the water, which demands that we kaow [H']. For this. we need to
eliminate all other unknowns. Using the first two equations to solve for [NH;"] and
[OHT]. we substitute into the electroneutrality equation. to obtain:

[H7] . L 10
] L iH)=935410
[73x107 *H1=933+107 + s

of which the solution is [H] = 1.71 x 10 M. [There is another solution. but it is
negative and unphysical.] The pH 1s:

PH =-log,.[H™]=8.77

This pH 15 above 7 (neutral water). and we conclude that the pond is alkaline.

. A laboratory provides the following solids analysis for a wastewater sample: TS = 200 mg/L;
TDS = 30 mg/L; FSS = 30 mg/L. (a) what is the total suspended solids concentration of this
sample? ( 2 points) (b) Does this sample have appreciable organic matter? Why or why not?
(3 points)

a)

mg mg mg
TSS =TS -TDS = 200 —=-30 —=> =170 ==
Y L L i

b)
1SS = TSS — FSS =170 & _30 78 _ 14502
L L I3

Because volatile solids consist primarily of organic matter, it can be concluded that
approximately 70% (140 200) of the solids are organic.




5. Water defined by the following analysis to be softened by excess-lime treatment in a two-

stage system.
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CO; 8.8 22 o9 20 \
CaZ 70 20 35 1#£5 |08
Mg” 9.7 12.2 230 40 ‘
Na' 6.9 23 0'30 /3
Alk 115 50 230 /&)
SO~ 96 48 20 [ o0 _
cr 10.6 35.5 0°39 L5 |

The practical limits of removal can be assumed to be 30 mg/L of CaCO;3 and 10 mg/L of
Mg(OH),, expressed as CaCOs.

a) /De'cerrn-i.ge total, carbonate and non-carbonate hardness, expressed in mg/L as CaCOf{ (3

points)
b) Caleu‘lé(the_ggantity of softening chemicals required in-pannds~expressed in mg/L as

CaCOs( (7 points) >

Molecularweights: Ca=40; C=12, O=16
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