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Q3 a) ii)

zZ= 0 1 2 3 4 5 6 7 8
Beta 0.2379 [ 0.6210 | 1.0041 | 1.3871 | 1.7702 | 2.1532 | 2.5363 3.00
erfc(beta) 0.7367 [ 0.3801 | 0.1558 | 0.0501 | 0.0125 | 0.0026 | 0.0004 0
conc

(mg/L) 12.8 | 47147 [ 2.4326 | 0.9969 | 0.3204 | 0.0799 | 0.0164 0.0023 0

Depth z (m)
N

Concentration (mg/L)

0 5 10 15
; I . ¢
I.; ’
"
__________ PSSR SIS SO
"
.
L 4
,‘ __________________________________________________________________

Candidates need to work out
for z=2, 4 and 6 m only.

[30%]




3(b) (i) The Waste Hierarchy provides a theoretical framework which should be

used as a guide for ranking the waste management options being considered as

part of the Best Practicable Environmental Option assessment.

Waste management options include:

e Reduction of waste generation: Often most effective environmental solution

e Re-use of waste: products and materials can sometimes be used again for the
same or a different purpose

e Recycling, composting & energy recovery: Value can be recovered from
waste through recycling, composting or energy recovery

e Disposal: only if none of the above offer an appropriate solution should waste

be disposed of
Moving waste management ‘up the hierarchy’ is a key objective of government
waste policy. 10%
(i) Waste as a resource:
e Recycling and composting: 20%
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e Energy from fuel: 20%
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Q4 a) Solution:

i) Excavation and re-deposition in landfills

Contaminated solids and semi-solids are excavated and removed from a site and then
deposited in a well- designed landfill or containment facility. A good definition of the
contaminant boundaries is vital to determine the extent of the necessary excavation.

Advantages:
®

Provides a permanent solution for site excavated

It is applicable to many wastes, especially metal contaminants as these tend to
concentrate in the top layers of soil

There is potential for integration with other remedial methods prior to
deposition

It is technically easy for designers and contractors

Relatively cheap, at current landfill costs

Disadvantages:

There is no reduction in volume or hazardous properties of the material

There may be limitations on depth of excavation due to nearby buildings etc
Moving the contaminant may lead to a health risk and the need for regulatory
controls

A suitable new containment facility must be found

There is a risk of legal liability if the new site becomes contaminated
[20%]

ii) Vitrifiction

Very high temperatures (up to 2000°C for some systems,) generated using large
AC electric currents are applied to destroy organic contaminants and trap others in a
glassy product due to melting soil grains.

Graphite and  Electrodes
plass frit to dekired Backiiti avar
sarter path dapth Subsidencs complote monoiin

Contaminated Natural soil Vitritled
soll region monolith

Advantages:

The hazardous properties of contaminants are permanently reduced
Uses well-established technology

Disadvantages:

Generally very expensive
May produce gas and particle emissions

N v



e Metals are not destroyed
[15%]

Ui \) Biological methods of clean-up
In bioremediation, living micro-organisms are used to destroy, remove or transform
the hazardous contaminant. It is necessary to optimise the biological activity in
anaerobic/aerobic conditions and is applied both ex-situ and in-situ.

Cantanvaation trom
saNing storage Senk
Geound waist gradisnt
B Pres producs
Addition ol osygen M Somed phasa
nod rulviants 7] sawe phasa

Advantages:
e the hazardous properties of the contaminants are permanently reduced
e naturally occurring microbes present in the soil can be used
e could be inexpensive
e particularly suited to organic contaminants, and suitable containment-specific
micro-organisms may be available
Disadvantages:

a more toxic product may be produced

nutrients and oxygen (for aerobic micro-organisms) need to be supplied
gas and odours are produced e.g. methane

some organic pollutants are not easily degraded

the reaction may be slowed by the presence of heavy metals or pesticides
long treatment times may be necessary

[15%]
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4(b) (i) Cost-benefit analysis: 25%

Benefits {ix moenedary terms) calcnbzted relative to

costs

Advantage: single valoe calculafed 35 mensurement of
value of project, with units consiztest throwghouk
Dizadvantages: some aspects {e.g. thanges in biodiversity}
tanmed be measured in monetary terms, hewce incomplefe

analysis
Overcome by combining with 2 more general mulfi-
criferiz anafyss (WCA)

Method commenly applied commercialiy {o determine
the best remediation techmique for contaminated laud
remediafion projects

Multi-criteria analysis:

Scores are determined for 5 range of indices:
directly: by messurement {e.g. amonnt of soil going fo

bamd )
indirectty: by subjective snalysis {e.g stakeliolder
COTCEres)

Information & iransposed to a commen scale using scores
Weighting is them applisd to each score depending

upon (be importance of the particular indicator in

fbat parficnlar case — amended Scores then sumamed

Fed in government decizion maldng
Disadvantage: pofential subjectivity inkerent i outoome
Overcome by use of expert judgement & manmam use of

measurable dada

(ii) Stages of the EA CBA:

v Screening: remove obrioucly ensuitably methods
s Quabivprive Appraizal: shosreanoe of potendsl bopac
withouf esdmaring impasos
+ YlulBariterindcont-Beaefie sualysis: woring & weipkdng
follomwimp criceriz: before, during and afier remediafion:

Bishs to 120w wosrspablic FErmissiamy o2 2ir, dovt, adeur
Tmpazts e gualive'ymantiny of vonmollad wasans Babieswsealeay

Sivwpvarronoding laad aasienloe Blakebnddar confidemos soraprabiiny
Eemadinzion corm snd conzequentiad laazes

» Cost-bemefit analyus: snalysis of g much infermaten in
fimancisl terms & posrible

¢ Semuibviny amelyaic: anvessing semsifviny vr variaden iz
seringeweighing
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3D6 Environmental Geotechnics
Answers

Ql1b) ii) 1083.6 m*
1c) FoS =1.6

Q2¢)K=1.88x 10" m/s
2 d) 27 days

Q3a)i) 11.86 years



