4D14 - Contaminated Land and Waste Containment - 2019
Cribs

1 (a) The CLEA model deals with the assessment of risks to human health arising from long-term
exposure to soil contamination. It is intended for use by those responsible for assessment of land
contamination: Las, EA, landowners, developers, professionals and technical advisors on
investigations, risk assessment and remediation. It is used to derive soil guideline values (SGVs) to
assist in decision making about the need for action to ensure that a new use of land does not pose
any unacceptable risks to health. [10%]

(b) Chemicals with threshold effects: chemicals for which there is a threshold that needs to be
present to produce an effect.

Chemicals with no threshold effects: chemicals for which a threshold cannot be assumed e.g.
mutagenic and genotoxic carcinogens for which in theory a single molecule exposure could results
in a tumour or mutation. [10%]

(c) For Nickel: TDI 5, MDI 2.3 and TDSI 2.7 — TDSI = TDI — MDI, hence 2.7 is simply 5-2.3.
For Arsenic: TDI 0, MDI 0.07, ID is 0.3. Since for Arsenic there is no threshold effect, TDI = 0

and given we already take in some, the ID is taken from the drinking water standards which is 0.3.
[20%]

(d) The most relevant exposure pathways: ingestion of soil; injection of household dust, dermal

contact with soil, dermal contact with household dust. [10%]

(e) The three land-use categories are: residential, allotment and commercial/industrial. For the
contaminant present only the latter would be suitable. [10%]

(f) There are barriers to the redevelopment of contaminated land. These include: fear of the
unknown, regulatory control, delays, increased costs and stigma. Hence the advice would be: need
to carry out extensive planning at all stages to fully understand the challenges, allow time, allow
budget, understand and comply with regulatory requirements and work closely with the EA, take
out insurance, and involve professional advisors. [10%]

(g) For the soil: deep soil mixing — stabilisation with cementitious additives. Or soil washing?
For the groundwater — pump and treat. Book work describing details of the techniques.  [20%)]

(h) Cost: stabilisation is relatively cheap and effective — as heavy metals cannot be destroyed. For
heavy metals in ground water as they cannot be destroyed, best way it so remove them, although
pump and treat is expensive, it would remove the contamination effectively. [10%]

Assessor comments:

An 8-part question covering many aspects of a remediation project. The question tested the
candidates on their knowledge of bringing together different parts of the course and addressing a
real site problem. The relatively low marks are due to the students providing completely wrong
answers to some parts of the question.

2 (a) (i) Any 3 of : Refuelling: petroleum hydrocarbons: benzene, toluene, ethylbenzene, xylene,
polycyclic aromatic hydrocarbons, aliphatic hydrocarbons, straight chain hydrocarbons, branched
hydrocarbons, diesel. Repair shop: Degreasing bath: TCE, trichloroethylene, PCE,
perchloroethylene,

(if) TCE, trichloroethylene, PCE, perchloroethylene

(iii) Lead, heavy metals (possibly) [15%]

(b) The most likely to have deep contamination is the dry-cleaning site. This is due to the presence
of DNAPLs (chlorinated solvents). These chemicals have a density considerably greater than that
of water and therefore sink deeply into the ground, below the water table. The garage site may
also have had a degreasing bath containing chlorinated solvents, so this site may also have deep
contamination. [10%]



(c) (i) organic compounds such as: any organic compounds which are volatile or semi volatile) E.g.
benzene, toluene, ethylbenzene, xylenes, PAH's + others.

(i) any heavy metals, + sodium, calcium, + practically any element except carbon, hydrogen,
nitrogen; (i.e. excluding organic compounds). [25%]

(d) Bioremediation vs phytoremediation for pure hydrocarbon contamination.

Bioremediation is an effective solution for hydrocarbon contamination through straight forward
biodegradation processes. This can be achieved either ex-situ or in-situ. Bioremediation
particularly effective for C43-Cs, hydrocarbons. Effectiveness will depend on the environmental
conditions: 65-75% soil water, oxygen content, redox potential, pH, nutrients. Would generally be
cost effective. Phytoremediation is less practiced in the UK, although popular in the USA. Could
employ a number of remediation mechanisms including: Phytostabilisation, Rhizodegradation
Phytodegradation, Phytovolatisation. The selection will be based on the soils type, contaminant
depth, groundwater level, etc. Site might need to be used for greening only. There is far less
experience generally with phytoremediation and likely to be more difficult to implement in a way to
ensure similar success to bioremediation. Also duration of remediation process not clear.  [25%)]

(e) (i) — helps to converse land as a resource
- prevents spread of contamination
- reduces pressure on development of greenfield land. [10%]
(ii) negative effects: Traffic, emissions, noise, dust, loss of soil function, use of materials
resources, use of landfill capacity.
Positive effects: restoration of landscape value, restoration of ecological functions,
improvement of soil fertility (for some biological techniques), recycling of materials, restoration to
wider ranges of end-uses. [15%]

Assessor comments:

This is a two part question with the first part testing the students’ knowledge on different
contaminant sources and their laboratory analyses. The second compares and contracts
bioremediation and phytoremediation. A mixed response with marks lost due to very brief answers
or completely incorrect answers.
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Assessor comments on Q3

This question tested the candidates on the waste-liner reactions in the initial part. Then
candidates were tested on the stability of slurry walls, in the presence of a surcharge and
were asked to recommend suitable slurry densities to ensure stability. The last part was on
the practical aspects of slurry wall construction. The question was largely well answered with
surprisingly few numerical errors.

Assessor comments on Q4

The first half of this question was on the design of a leachate collection and removal system
(LCRS). A few candidates struggled to estimate the flow rates into the drainage layer and
consequently made errors in the pipe analysis. However a few candidates managed to get
near perfect answers. The second half of the question was on the disposal of hazardous
waste and ocean waste disposal. Candidates provided reasonable answers for this part.



