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Problem 1: Short Answers (15 points)
a. Explain the structures of clay minerals and how these structures create clay minerals?
b. Explain the negative charge of clay?
c. Explain the use of landfill and its main components. Also describe the function of each
component.
d. Explain the process of mechanical dispersion?

e. Explain the effects of D and R on a breakthrough curve.

Problem 2: Cation Exchange (20 points)
A local soil (CEC of 45 meq/100g) in Hatyai of 500 g in weight contains 20% of sand, 25% of
silt and 55 % of clay.
a. Whatis the weight of K that will satisfy the CEC?
b.  What is the weight of Ca that will satisfy the CEC?
c. Ifthis soil was first mixed with 500 ml of Na-Solution of 5000 mg/L, what is the weight of
Mg required to satisfy the CEC?



Problem 3: Transport-Based Liner Design (30 points)

A composite liner consists of a 0.6 m compacted clay (K = 1x10”7 cm/s) overlain by a 1.5-
mm thick HDPE geomembrane with a maximum depth of leachate of 0.3 m. Leachate of concern
contains chromium and benzene. The concentrations of chromium and benzene in the leachate are
100 and 20 mg/L. The soil partitioning coefficients of chromium is 0.30 L/kg. Benzene is not
adsorbed in clay. The soil diffusion coefficient for chromium and benzene are 1x10° and 5x10°
cm’/s respectively. The porosity of clay is 0.4, specific gravity is 2.7, and the dry density is 1.84 g/cc.
Determine the mass flux (kg/halyr) of both chemicals at the bottom of liner at 40 years. Assume the
diameter of the holes is 5 mm and 10 holes/ha. Note that for organic analysis, ignore the transport

through holes.

Problem 4: A column test (35 points)

A column test was conducted using Songkhla clay (n = 0.35). The influent cadmium having
concentration of 200 mg/L was placed on top of a 5-cm thick compacted clay sample which having
the hydraulic conductivity of 1e-7 cm/s. Hydraulic gradient across the clay sample was 30. Observed
effluent concentration with respect to time at the bottom of the column is shown in the table below.
Given: the diffusion coefficient of 2e-6 cm’/s and retardation factor of 20. Calculate the mean square
error of this test. Students are requested to use Shackelford’s equation (i.e., equation 3.16) with erfc

function (see attached table) for this problem.

Table 1. Effluent concentration of cadmium obtained from the column test.

Time (days) Eff. Concentration

(mg/L)

50 0.09

100 40.02

150 136.7

200 188.4

250 192.1

300 194.3
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A3 3.1 AN Complementary error function

-

erfc(py) = 72[ jgexp(fbj)da

erf(- B) = -erf(p)
erfc(j3) =1 - erf(p)

[3 erf(B) erfc(B)
000 0 1
s 0046372 0.943628
$0 0112963 0.887537
0 0167936 0 832004
00 0222703 0777297
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0 b0 0 603856 0496144
0 6b 0642029 0.357971
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