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Ql (a) Define and provide an example of the following mechanisms:
(i) macroencapsulation,
(ii) microencapsulation,
(iii) adrcrption, and
(iv) leachability index.

(4 marks)

(b) Explain the differences in stabilization processes with the use of portland
ccsncnl vtrsus linrc as thc srabilizing agcnt fa a contaminatcd soil-

(3 marlis)

(c) Describc in dctail and with the aid of a diagram the proccdures of a semi-
dynamic leaching tesr (e.g. ANS 16.l (ANS. 1986)).

(6 marks)

(d) Sampels wer€ pnepared by mixing cement with soilcontaminared with tead.
The sizc of cach cylindrical sampcl is 5 cm (height) and I cm (diameter).
The initial amount of lead in the sampel was 44.4 mg. Lraching procedures,
as described by ANS | 6.1 were performed and the test results are shown in
Table l.

Calculate:
(i) the effective diffirsion coefficient and
(ii) the leachability index. comment on the result of the index.

Table l: Results of ANS l6-l leaching test

Sampling
time,,
ft)

Leachate
concentratiorq

c, (me/ll

Cumulative
pollutant loss,

(Ic, (mg))

Ecy'c"
(a

2 1.r50 t.725 3.88
7 0.745 2-U2 6.40
24 1.303 4-796 t0.t0
48 0.779 5.9U 13.43
72 0.596 6.858 t5.M
96 0.370 7.413 r6.69
120 0.305 7.870 t7.72
t92 0.694 t.9t I 20.06
2U 0.493 9.650 2t.73
336 0.613 r0.570 23.81
504 0.655 r1.552 26.02
672 0.276 l1.966 26.95

(12 marks)
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(a) List THREE(3) physical processes which affect the flow of solute
(contam inants) in groundwater?

(3 marks)

(b) Define mechanical dispersion.
(3 marks)

(c) Diflbtcrniac bet*ccn molccular diffusion, advetivc diffirsion and turbulent
diffusion.

(7 marks)

(d) For a contaminant flow in soitVaquifers, use the Ogata & Banks solution,
shown below, to determine the breakthrough curyes if the dispersion is
4cm?/h, x: 20 cm and the mean velocity ii + cmnr. Determine the curve
for a time of 2hr. Use the Table 2 for the complementary enor function
values. Comment briefly on your solution.

,(t,i =!["c,, 2L #).",4 '*y"t llffi)l

Q3

where c (x,t) = the concentration at any distance x > 0
Co : the initial conlaminant concentration, g/ml
ys = average velocity, m/s
Dna = dispersion coefficient
erfc : complementary error function
exp : exponent

(12 marks)

(a) Discuss the advantages and disadvantages of ex-situ and in-situ remediation
approaches?

(8 marks)

(b) Draw a flowchart strowing in-situ and cx-situ soilrcmediation technologies.
SuMivide thesc technologies according to physical, chcmical, electricat,
thermal, or biological methods.

(8 marks)

(c) A soil is contaminated with 300 mg/kg of PCE. soil washing is proposed
with a solids concentration of 0.1 kg/L.
Calculate the soil washing removalefficierrcy if

(i) *'ater is uscd as the washing solution (with Aa = 100 t/tgl and

(ii) a solvent is used as the washing solution (with I(r: l0 Ukg).

(9 marks)
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Q4 A former industrial site is to be redeveloped to become a private housing with gardens. The
site is roughly rectangular in shape with dimensions of 150 m x 300 m ( 4-5 hectares). A
plan of the site is given in FIGIJRE Q4.

An investigation is to be carry out to :lssess the nature and extent of contamination of the
soil and groundwater in sufficient detail to design remediation works to be undertaken as
part of the site's redevelopment-

(a) Lig thc invcsigarkrn sntcgicls/phass tha trould bc practical to impkrnent in ordcr
to obrain infqmaion qr surfacc and subsurfrc conditions appropriac for th€
objective of the invesigafion-

(8 marks)

(b) Previous geotechnical investigation had revealed the following sequence of strata at
the site as in Table 3 below.

Explain the works that you will carry out in thc exploratory or detail phase of the
invcsigation io prodrrcc informati<m qr thc irJcntifld hazards so that ttre actral risk
can bc asscsscd and thc nccd for rcrncdiation dctcrmincd.

(12 marks)

(c) List FIVE (5) potential sources of site contamination that the risk require assessment.

(5 marks)

'able 3: of Srata
Deoth (m) Material

0- 1.5 Fill. including demolition waste
1.5 - 3..0 Alluvial silty sands with varying propotion of gravel and clay in

different areas of the site.
Groundwatcr lcvcl at dcpth of 2 -2.5 m

3.0 - 6.0 Sedimentary till, generally comprising Siff clay but with
occational sandy lenses-

6.0 -> 20 Sandstone



Qs (a)

BFG 40303/ BFG4033

Seldom is a soil explorafion done to place a structure over a closed landfill or
hazardous waste site , but where exploration is necessary extreme precautions
are required.
Explain those extreme precautions.

(10 marks)

(b) A sanitary landfill was constructed for a height of 16 m and the operation was
completed after 72 months.

(i) Ca|culac thc lcngth of tinr (aftcr completion of the land nll) requircd
for ttle landfill to undergo cornplete scttlement

(ii) Calculate the completc settlement of the landfill if the void ratio(e) of the
fill is 0.9 and the coefficient for settlement (c ) is for conditions favorable
to decomposition which is 0.09e.

(15 marks)

Q6 (a) Contaminants and pollutants contributes towards soil and environmental pollution.
Explain the sources of these contributory factors and suggest solutions to reduce the
Problems' 

(g marks)

(b) Based on your geotechnical and environmental understanding of pollutant-soil
interactions, explain briefly the problems that might be caused by this situation
rvhen an engineer attempts to construct a structure on contaminated site.

(8 marks)

(c) Explain with example the effects of contaminants on the engineering properties of
soils particularly the unconfined compression strength, compressibility and
hydraulic conductivity for design and constnrction purposes?

(9 marks)
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