EMRG Meeting Reports 2002 (continued)

Forensic Geology (Geoforensics)
17 October 2002
Report by Geoffrey Jago, with acknowledgement and thanks to Dr. Donnelly

The longer the experience of geology, the greater is the appreciation of the enormous breadth of studies
covered by the science. The September meeting of East Midlands Regional Group at British Geological Survey,
Keyworth illustrated a new perspective on how geology can contribute to society. Forensic work is defined as
that relating to courts of law, so geoforensics describes the part that geology can play; and that is a very
significant one.

From his wide experience of the subject, our speaker, Dr Laurance Donnelly, a geologist with International
Mining Consultants and a Research Fellow of the British Geological Survey, left us in little doubt.

Geoforensics is about helping the police. The first notion that springs to mind is the identification of the sources
of mud and minerals on the shoes or clothes of a suspect. Detective writers Sir Arthur Conan Doyle and R
Austin Freeman both used this idea. Dr. Watson noted how Holmes could recognise different soils on clothing,
and identify where in London an individual had been walking, while FreemanAts pathologist character Dr.
Thorndyke traced a body at Gravesend from loam containing foraminifera. As long ago as the nineteenth
century it was discovered that the myriad minerals and micro-fossils in traces of mud could yield such
abundance of information that murderers who lacked the foresight to burn their shoes before the police
sequestered them were left with scant choice but to own up.

The search for graves of murder victims takes up overwhelming amounts of police time. Here the skills of a
geologist with the expert eye to landscape provided by mapping training can be brought into play and Dr.
Donnelly has devoted much time alongside the police with some very useful conclusions. A disturbance of
surface structure of a rough moorland scene is often invisible to the eye of the layman but to a geologist who
knows the characteristics of the ground, evidence of recent digging can be obvious. Coupled with an
understanding of the various modern techniques of geophysics, immeasurable help can be provided by the
geoscientist towards diminishing the difficult tasks of the constabulary. Surveys using electrical conductivity,
magnetism, gravity and ground penetrating radar (GPR) have all been used effectively. This applies equally to
geological maps which have been used in police investigations to identify potential burial sites and topographic
features mentioned in witness or suspect statements. Again, geological maps can be used to eliminate areas of
ground which are less likely to conceal buried objects, thereby enabling the more cost-effective use of resources
and reducing the time spent on unsuccessful searches. Similarly, aerial photographs when interpreted by an
experienced geologist can provide much information, including the highlighting of areas of ground deformation.
In mining circles especial care has to be observed when ore samples are assayed. A few years ago the shares
of a company rose rapidly following news of enormous gold reserves in Indonesia. Imagine the disillusionment
of shareholders when geoscientists were able to point out that the shape of gold particles in rock core samples
betrayed their river bed origin.

Geologists are not always such spoilsports.

Photographs of rock structures can help a lot. In 2001 the famous videotape from Afghanistan which was
displayed universally on television enabled the search for the subject to be narrowed dramatically. Rock
exposures were recognised by a field geologist with extensive local field mapping experience. These particular
rocks, which occur only in the Katawaz Basin in the southeastern part of Afghanistan, are soft, coarse, shallow-
water Pliocene sandstones and limestones. These have the tendency to form natural caves and support man-
made tunnels and chambers.

A lighter note concerns the owner of a Canadian store who was disappointed to discover, in boxes purporting to
contain bottles of whisky, material of a less intoxicating nature in the form of an equivalent number of lumps of
limestone. Where, over its long journey from the UK, could such a deceit have been effected? Our science was
able to define with certainty that the stone could only have come from a particular quarry in England whence the
suspect had been seen carrying home rock samples.



Dr. Donnelly concluded by drawing attention to the requirement, as yet unfulfilled, for training courses both for
investigating officers and geologists so that their separate skills can be understood and shared.

A speech of thanks was given by Professor Martin Culshaw.

From Sandcastles to Snowballs - Exploring the Physical Properties of Rocks
6 November, 2002
Report by Geoffrey Jago

The speaker at our meeting of 6th November 2002 at British Geological Survey, Keyworth was Michael Lovell,
Professor of Petrophysics in the Department of Geology at Leicester University. The sandcastle section of his
talk dealt with the petrophysical properties of rocks while snowballs referred to methane hydrates, those
enigmatic sub-oceanic gas reserves which must one day be tapped when homo sapiens finds that oil is
becoming a luxury.

In the meantime, an increasing proportion of our gas and oil comes from marginal deposits and their efficient
recovery depends upon the best understanding of how liquids move through rocks.

The four main attributes in the study of how liquids behave in porous rocks are porosity, permeability, water
saturation and capillary pressure. There is no simple law to relate porosity and permeability. If all grains were
perfect spheres of equal size calculation would be easy but since nature does not provide such integrity,
permeability depends upon the sizes, shapes and interconnections of the spaces between particles. Porosity is
reduced if a rock undergoes cementation, whereby the grains are coated and stuck together.

From his work on the flow of water through sand, Henry Darcy (1803 -1858) defined permeability as the
measure of the ease of flow through a medium under pressure, his name being perpetuated as the standard
unit of permeability. Gravels have values of 1 to 3 darcy, plutonic rocks are low, volcanics are variable while
sediments, from sands to clays, can differ by a factor of a million. G.E. Archie found that there is a linear
relationship (Archies "law") between electrical resistivity and porosity which depends upon the shape of the
grains.

Water saturation is the proportion of water to air in the spaces between sand grains.Capillary pressure adds to
the complexity because liquids defy gravity in small spaces, a characteristic of which use is made when
sponging beer from the kitchen floor to obviate discovery by oneAls spouse. Wetability, another factor, depends
upon the nature of the liquid. Mercury does not wet a surface but water does. Water fills part of an unsaturated
void by sticking to the sides, and the narrower the spaces the greater the water attraction. Rocks with many
different particle sizes make for high wetability and greater capillary pressure.

Professor Lovell then went on to the second part of his talk. The snowflakes he referred to are gas hydrates of
which methane hydrates, existing at depth in certain areas, mostly below the sea, may well represent a greater
energy source than all other sources combined. Water molecules can entrap gas molecules in cage-like
spheres, rather like the lattice domes of the Eden Project except the crystal patterns differ - gas hydrates
crystallise in the cubic system. This is a physical rather than a chemical phenomenon, and the volume of gas
comprises about 200 times the volume of its imprisoning water. Methane hydrate forms in cold high pressure
zones at depths between 100 m. and 1200 m. Below this zone lies non-hydrated methane gas, because with
increasing temperature the hydrates disassociate.

These hydrates can be brought to the open air in drill cores where they occur typically in very thin frozen layers,
white or brown in colour. On surface they do not last long. Their potential as an energy source would be
attractive but for the cost of extraction; but research continues, particularly in Japan where hydrates exist and
where lack of indigenous oil is a strong incentive. Commercial exploitation may be seen within five years.

The report on these pages of our GroupAls meeting of April 1999, when Dr. David Long of BGS Edinburgh
spoke on gas hydrates, is also relevant.

Professor Lovell rounded off his interesting talk with illustrated advice, of clear value to parents, on the best
water content to make a stable sandcastle on the beach.



A speech of thanks was given by Professor Martin Culshaw.

Geochemistry at the Global Scale 12th December 2002.
Report by Geoffrey Jago

The last meeting of East Midland Regional Group in 2002 was devoted to a talk by Professor Jane Plant,
Director of British Geological Survey, Keyworth and President of IMMM. Her illustrated talk on Geochemistry at
the Global Scale was devoted to the work which BGS, in association with a number of other organisations
worldwide, undertakes to study the global and local effects of chemicals in the ground upon the environment
and the health of human populations. Predictions for the growth of world population show a steep rise for the
next half century, almost wholly accounted for by people outside the industrialised countries.

In combating illness, an initial step is to seek and define the cause; and here BGS and its associates continue to
contribute valuable information internationally. Much of this work concerns the heavy metals and other harmful
elements. Amongst those listed were beryllium, radon, thorium, uranium, arsenic, cadmium, mercury, antimony,
titanium, lead, tin and ruthenium. However, there are many other elements and compounds that have to be
taken into account. To appreciate the extent of the task that geochemical study incurs, one had only to read a
BGS work, provided as an example, Regional Geochemistry of Northeast England in which detailed information
on nearly forty elements has been obtained and mapped.

A large number, but not all, diseases arise from ingestion, directly or indirectly, from soils. In the study of how
the human body can absorb chemicals directly, tests have been devised to emulate the digestion of food
passing through the human digestive tract, with its radical change of acidity over a day or so. When a pollutant
has been found, it is necessary to seek its source and the pathways it takes prior to accumulating within the
human body. Persistent organic pollutants (POPs) and their relative mobility in oxidising and reducing
environments is another area of work under investigation.

Some disorders result from a deficiency rather than an excess of certain elements. For example, soils in large
areas of China, where the diseases Keshan and Kashin-Beck occur, have low selenium.

Aside from these elements, China has health problem with domestic coal combustion, one coal-related disease
being fluorosis which causes deformed bones.

The incidence of cancers of various sorts in males and females has been studied by populations. Radon gas
has been proved to cause lung cancer and in certain cases in the Middle East is estimated to result in harm
equivalent to smoking 60 cigarettes a day.

Professor Plant devoted part of the evening to specific instances. Of these, one referred to uranium which has
been found to occur in many individual deposits all situated around the Mediterranean. Nearer home, other
maps showed areas around Manchester and Liverpool where elevated copper, lead and tin values have been
found, consistent with fenland infilled with foundry waste.

A Stoke on Trent survey revealed pockets of variable acidity where lead is present. Nitrate and sulphates in
surface waters show a much higher occurrence along the Welsh border, against low values in central Wales.

In replying to questions following this interesting and important lecture, Professor Plant made the points that a
major hope for the future of the human race lies with education and that women should be allowed to play a
larger part in society.

A speech of thanks by given by Professor Martin Culshaw.
Landfill & Legislation- Where Are We Now?
15 January, 2003

Report by Geoffrey Jago



Humans of the wealthier nations throw away ever-increasing volumes of crud. As suitable places to put it all,
such as completed quarries, are used up ever more rapidly this burgeoning problem was the subject of our first
speaker for 2003. Ms. Leslie Heasman is an environmental chemist, Technical Development Director of Marion
Carter Associates and a leading specialist in landfill management. No better introduction to her valuable
presentation can be provided than from her own synopsis:- 3The legislation controlling the landfilling of waste
recently has been subject to unprecedented levels of change.

The UK approach to landfill has to change fundamentally following the implementation of the Landfill Directive.
As the Directive is a poorly drafted and ambiguous text which is not based on easily identifiable logic, in order to
implement the legislation we are reliant on interpretation by Department for Environment, Food and Rural Affairs
(DEFRA) and the Environment Agency (EA) of the meaning of the legislation.2 Because of the very complicated
written definitions of waste, which differ in each country, the final word is normally left with the national or
European courts. There is a move towards simplification and a necessary broadening of wording. For example,
the farming industry, whose lobbyists ask many questions, generates a huge amount of waste; and further
legislation is needed in respect of the mining industry.

LANDFILL

On the main topic of her talk, Ms. Heasman maintained that the Landfill Directive (LD) has an immediate
requirement to be made clearer and its ambiguities resolved. Implemented through the Landfill (England and
Wales) Regulations 2002 in tandem with the Pollution Prevention and Control (PPC) Regulations, the clarity of
its objective has faded with its growth. The final document is prescriptive regarding construction but not so
regarding environmental impact. Far from offering generalisations, Ms. Heasman went on to make specific and
constructive suggestions as to what are the main requirements, under nine headings.

Site location

Permitting sites

Finance costs

Definition of landfill

Banned wastes

Reduction of landfill of municipal.wastes
Site types

Site engineering

Acceptance criteria.
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1. Site location: Already covered in part by existing planning legislation, more general requirements are
necessary for landfills, taking into account distances from housing, water / flooding regimes and cultural
heritage and so on.

2. Permitting sites: Permissions are already covered by PPC legislation for new sites and all must have
permits by 2007. Some directives go into unnecessary detail.

3. Financial Position: Sites must ensure that charges are adequate to cover all operations over the whole
life of the operation, including thirty years of aftercare, until the permit is surrendered.

4. Definition of landfill: A waste disposal site is one lasting more than a year, and includes in-house
waste disposal. There are exemptions, for example where recovery operations are carried out, for
fertiliser spreading, for the deposit of inert wastes in permitted development and water-course dredging.
Here, clarification of interpretation is awaited.

5. Banned wastes: These include certain liquid wastes plus explosive, oxidising, corrosive, and infectious
materials. In respect of rubber tyres, however, where some categories are fine and the rest are not, Ms.
Heasman invited her audience to read the rules and weep.

6. Reduction in landfilling of biodegradable municipal waste: Implemented through the Waste
Strategy, this reduction requirement will affect everyone before too long and can be expected to be
costly Targets for reduction have been set in three stages down to 35% of 1995 levels by 2016 (or
2020). Incineration, very unpopular, may be the only answer. Apart from a little paper, none of the stuff
can be sold or reused. Whereas third world countries recycle much of their waste, in the UK totting is
not allowed under Health and Safety Regulations. Local Authorities would like to encourage



householders to minimise but at present there are no incentives. Perhaps one may see the council

issuing smaller bins!

7. Site types: Sites are categorised as inert (a narrow range), non-hazardous (broadly stable and non-
reactive wastes without biodegradable material) and hazardous.

8. Site engineering: All sites must have a geological barrier, of specified thickness according to site type,
combined with a top and bottom liner.

9. Acceptance criteria: Ms. Heasman provided considerable detail on this subject for which space here is
insufficient.

Implementation: We were given a series of dates by which implemention of the various types of landfill must
be in place.

Ms. Heasman ended her very comprehensive presentation firstly by advising a regular check on Environment
Agency!s website and secondly by displaying the banner headline:

INTERESTING TIMES AHEAD.

A speech of thanks was given by Professor Martin Culshaw.



