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3. Cut-off low permeability walls (LPW) vs permeable reactive barriers (PRB):

(a)  their function illustrated with a sketch as appropriate, 20%

LPW:

e The walls are designed to have a very low permeability hence physically isolating, prevents or
limits migration of contaminants to the surrounding environment.

¢ Hence they interrupt the flow of groundwater out of and into the site.

¢ They are a containment-based remediation approach.

¢ An example of pathway management.

PRB:

e The walls are designed to have a permeability similar to that of the native soil, hence cause no
interruption to the flow of groundwater.

e They are a treatment based approach to destroy, remove or detoxify the contaminants contained
in soil and groundwater.

¢ Constructed permanent, semi-permanent or replacement units across the flow path of a
contaminant plume. As contaminated groundwater moves passively through PRB the
contaminants are removed by physical, chemical and/or biological processes including
precipitation, sorption, oxidation/reduction, fixation or degradation

¢ An example of pathway management.
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(b)  the type of materials used and how their performance mechanism 20%
LPW:
*  Sheet piling
«  Slurries, mixtures of cement and bentonite clay, or soil and bentonite clay, to which
polymers are sometimes added to improve performance
+  Geomembranes
Performance of all material used is as a low permeability physical barrier.
PRB:
 Sorption barriers: Contaminants are removed from groundwater by physically trapping them
as they pass by absorbent fillings e.g. zeolites, activated carbon. The contaminants remain
unchanged
« Precipitation barriers: Contaminants react with treatment matrix and precjpitate out The
precipitates are left trapped in the barrier and clean groundwater flow’out the other side e.g.
lead-saturated battery acid can be treated through a precipitation barrier filled with limestone
which neutralises acid and causes lead to change to solid form and is trapped in barrier,
Chromium (VI) can be reduced to4mmotsite Chromium (III) which is trapped in the barrier
« Degradation barriers: Contaminants are broken down into to less toxic or non-toxic
products as they pass through the barrier e.g. zero valent iron: iron filings are used to
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LPW:

degrade various VOCs via redox (oxidation-reduction) reactions. Degradation barriers may
also be biologically mediated. Placement of oxygen and nutrients in PRBs can enhance
microbial degradation activities

their design requirements 20%

+ Design usually based on:

(d)
LPW:

Permeability of 10 m/s or lower

Strain at failure, sufficient to prevent cracking

Durability to resist chemical attack from contaminants.
Must be designed in the context of local hydrogeological, hydrological and climatic
conditions
For walls to be effective, they must either be keyed into a naturally occurring layer of low
permeability material in the soil which in term is continuous or into an artificially created
horizontal batrier
Can be combined with hydraulic measures to control groundwater levels as part of a long-
term remediation strategy

Must be designed in the context of local hydrogeological, hydrological and climatic
conditions

Reactivity: A medium that provides faster degradation time is preferred

Environmental compatibility: Materials should be compatible with subsurface
environment, not causing any adverse chemical reactions of by-products when reacting with
contaminants — reactive materials needs to be well characterised and understood

Stability: Materials should persist over a long time i.e. should not be readily soluble or
depleted in reactivity — Difficult to investigate in real time - understanding of reaction
mechanisms could provide indication of future behaviour

Availability and cost: Material should be readily available at low to moderate cost
Hydraulic performance: Material should not restrict groundwater flow — hence should not
have very small particle size

the techniques employed for their construction 20%

Three implementation approaches

PRB:

Displacement — e.g. pushing in sheet walls

Excavation and infilling — e.g. to produce a slurry wall e.g. using trenching system (ﬁ soil
mixing system

Manipulation of the subsurface e.g. by freezing it

¢ Continuous walls: Reactive media is placed across entire plume in excavated trenches across
aquifers so that all contaminated groundwater should flow through the barrier

e Funnel and gate: Groundwater flow is manipulated using containment measures ‘the funnel’ to
channel the flow towards small treatment zones ‘the gate’ The concept of gate encompasses the
use of removable cassettes

¢ See sketches below
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(e) their long-term effectiveness including potential failure mechanism 20%
LPW:

As wall is a physical barrier, main transport mechanism through the wall is either by diffusion
(through the cement/bentonite based material) or through physical failure of the wall material i.e.
physical damage e.g. cracking and deterioration. This is likely to occur in the long term but the
long-term effectiveness has not been proven yet.

PRB:

The effectiveness in the long term is linked to the effectiveness of the wall material. Typical
problems are likely to be: saturation of the wall material, desorption of contaminants, change of
environmental conditions leading to change in the performance of the material, non-uniform
distribution of the material within the wall leading to preferential paths through the wall. The long-
term effectiveness of PRB walls is not proven yet.

4. (a) Laboratory-based analytical techniques for contaminants. [30%]

For Organics:
Gas chromatograph. Can use diagram such as:
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Or description:
¢ A gas chromatograph separates compounds according to their volatility, (or boiling point).
Samples are typically extracted from water using a solvent, or if quite volatile, just
collect the vapour (the headspace) above a sample of water from the site.
¢ A sample is injected into a flowing stream of helium gas. It is heated and passed into a thin
tube called a capillary column which has the wall coated with a material attractive to
organics.
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(b) Heavy metals

Metal plating industry

Mining activities

Former coal gas manufacturing

Lead compounds were once used as a gasoline additive, so petroleum industry sites.

(c xndAr) Thre(Mnt methods and type of contaminants treated by each

Vitrification 15%

« Vitrification processes use high temperature (1669 - 2000°C), by electrical melting, to form
solid glassy monolith mass from contaminated soil, material is hence encapsulated within
matrix. Hence highest temperatures of three thermal treatment methods.

+ Technology works by melting alumino-silicate minerals present in the soil

+ Both in-situ (using electrodes inserted in the ground) and ex-situ methods have been developed

+  Off-gas from the heating is collected by emission control system
+ Has limitations:
+  Maximum allowable concentrations of most organics of 5-10%
+  Moisture content of soil will significantly affect costs
»  Presence of large metal objects could short the electrodes
«  Large amount of combustible materials could lead to underground fire and excessive
volumes of off-gases
Depth of treatment limited to around 6m
Extended time period required for monolith to cool to ambient temperature
+ Inorganic contaminants incorporated into ceramic-like matrix, Typical inorganics treated by
vitrification: Volatiles (Hg), semi-volatiles (As, Cd, Pb) and non-volatile (Cr, Cu, Ni, Zn)
 Organic contaminants volatilised or destroyed by incineration, Typical organics treated by

vitrification: Pesticides, volatiles (fuel oil, toluene), non-volatiles (PCBs, Dioxins). Particularly

suitable for radioactive waste.
» Generally there is substantial decrease (up to 30%) in volume of treated soil

Incineration: 15%

« Temperatures of 870 to 1200°C are used to volatilise and combust (in the presence of oxygen)
halogenated and other organics. Intermediate temperatures of three thermal treatment systems.

+ Treatment processes are ex-situ

« Treatment residue or end product is usually ash or slag, which needs to be dealt with.

« Most common for treatment of soils contaminated with organics. Can also be used to treat
asbestos (decomposition at 900°C), but not applicable for most other inorganics.

Thermal desorption: 20%

 Physical separation process in which wastes are heated to desorb (from soil) and volatilise
organic contaminants.

«  Not designed to destroy contaminants.

« Vapour and gases are collected and treated.

+ Treatment processes ex-situ.

+ Uses the lowest of three thermal treatment methods.

« High temperature thermal desorption heats waste to 320 to 560°C & targets SVOCs, PAHs,
PCBs, pesticides & high boiling point petroleum products

« Low temperature thermal desorption heats waste to 90 to 320°C and targets nonhalogenated
VOCs & low boiling point petroleum products

+ Treatment residue or end product is usually soil-like.
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