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coarse—graihed coal, silt and clay particles (Taylor, 1984).

Initially these deposits are of high porosity. Consolidation with
water expulsion willi occur over time and a surface crust develops due to
desiccation. In some cases this will ultimately be overtipped with a cover
of coarse discard and the whole lagoon structure will become an integral
part of the tip. At any one time, colliery tip complexes may contain
lagoons at several stéges of development: lagoons being constructed, active
lagoons, consolidating lagoons and old overtipped lagoons.

As well as the coarse and fine discards, some boulder—-sized rock
debris may be found in tips, originating from underground development and
drivage work. These materlals are customarily taken from the mine
separately.

Before the Aberfan flowslide disastér in 1966, 1little was known about
the physical, chemicai and geotechnical properties of colliery discards,
and little consideration was given to the construction of spoil tips,
embankments and lagoop structures, or the long-term geotechnical behaviour
of such structures. However, fbllowing the disaster, the coal industry
commenced to look very carefully at the properties of colllery discards and
the geotechnical implications of surface emplacement. As a consequence,
British Coal, in 1970, produced a Technical Handbook providing design
guidelines and some engineering properties used in the construction of
spoill heaps and lagooﬁs, in accordance with the Mines and Quarries (Tips)
Act of 1969. Much research into the nature of colliery discards was
initiated at this time, culminating in the publication by British Coal of
the Composition and Engineer'ing Properties of British Colliery Discards
(Taylor, 1984). These new guidelines and detailed knowledge of the nature

of colliery discardé have resulted in a new generation of post—Aberfan









lines or regulations were set out for the siting, construction and general
safety of spoil tips. Land used for tipping was not subject to any
provisions for restoration or aftercare treatment. Before 1969, discard
was generally transported to tips by aerial ropeways, conveyors and
railways. Tipping took place at as high a point as possible, material
being allowed to accumulate below 1n a loose state. Spoil tips tended to
be high, steep sided, loose and conical. The restoration of the tips was
not the r*eéponsibilit& of British Coal, but of the Local Authority. After
the 1971 Act, however, the County Planning Authority, which controls
planning permission, may require submission of a scheme for tipping waste
which facilitates subsequent landscaping and restoration.

The Town and Country Planning (Minerals) Act, 1981 makes some
important changes to the Town and Country Planning Act 1971, and 1s an
extremely important piece of environmental legislation. It includes
provision for the planning authorities to impose restoration and after—care
conditions on applications for planning permission, stating; "Where
planning permission for developrﬁent consisting of the winning and working
of minerals is gr-antéd, subject to a restoration condition, it may also be
granted subject to any such after—care conditions, as the Mineral Planning
Authority think fit." After—care conditions are steps to bring land to the
required standard for use either for agriculture, forestry or amenity. The
1981 Act also covers sites where mineral workings have ceased permanently,
have been temporarily suspended, or where tips are to be reworked
(Widdowson, 1983).

Other recent legislation affects the use of land. The Local
Government Planning and Land Act 1980 makes provision for the distribution

of planning functions between Authorities. The Wildlife and Countryside



Act 1981 includes provisions for areas of special scientific interest and
on public rights of way (Widdowson, 1983). The Derelict Land Act 1982 re-
enacted legislation dealing with dereliction of all kinds, including
coalfield dereliction and provides for investment by the Govermment into a
national reclamation programme to be substantially increased. It also
encourages joint schemes by local authorities and private developers for
reclaiming land (Sampey, 1983).

The disposal of waste is now a significant environmental factor in the
planning, development and operation of collieries. The Govermment White
Paper (1981) on 'Coal and the Enviranment' concluded that local disposal of
waste will remain predominant despite the application, where appropriate,
of alternative disposal methods.

The above measures are intended to reduce the environmental impact of
modern tipping sites, by the increased use of progressive restoration
techniques, and by improvements in tip design. These will maximise the
volume of spoil that can be tipped on a minimum acreage of land, consistent
with landscaping and with contours which would allow the restored tip to
blend into the surrounding landscape. Under the Town and Country Planning
(Minerals) Act 1981, the subsequent responsibility and management of
restored land will remain with British Coal, working to an agreed 5 year
after—care programme with the local authority and the Ministry of
Agriculture, Fisheries and Food (MAFF). The farmer will be acting as
British Coal's agent or contractor in carrying out agricultural production,
to ensure tipped land is restored to productive and beneficial use
(Blelloch, 1983).

Plarning applications for major industrial development, including new

mine planning, are now subjected to a thorough examination of their



environmental implications. Environmental assessment of new mining
development tries to identify the impact the new mine will have on the
environment. These include visual impact, landscape quality before and
after, agricultural loss, water pollution, dust generation, subsidence,
safety and waste dispbsal (Allett, 1973).

British Coal has been involved in two major planning applications for
new mines where environmental implications have been an important section
of the application. These are the Selby Coalfield and the North East
Leicestershire Prospect (Vale of Belvoir). These applications have
involved three main stages. The first stage is a feasibility study, which
1s a commercilal assessment primarily concerned with engineering, economic
and environmental aspects. The second stage is a refinement of those plans
and the third stage includes a Public Inquiry, with a final decision by the
Secretary of State for the Environment.

The disposal of colliery discard is obviously one of the more
1mpof-tant environmental lssues connected with new mine development.
Restoration and after—care conditions play a large part in any final
successful planning application. The Vale of Belvoir Coalfield Inquiry
Report, 1981, outlined detalled plans for the process of restoration and
aftercare. These included the three tips being designed so that the
maximum amount of spoil could be placed on the minimum land area. Detalls
of top soil utilization, to enable successful progressive restoration to
full agricultural production, had to be supplied together with a plan for
future integration with the existing land use and landscape pattern.
Nevertheless, all tips falled to meet either the inspector's yard-stick
(Hose and Saltby), or the Secretary of State's (Asfordby). The latter was

turned down on agricultural land merit, being opposed by MAFF. The tip









The non-detripal group represents the carbonate minerals, primarily
calcite, dolamite and siderite.

Coal group minerals comprise mainly organic carbon and total sulphur.
The total sulphur represents organic sulphur and pyrite minerals found in
association with coal. A strong negative correlation has been shown
between bulk density and coal content and a positive one between natural
water content and coal.

Tables 1l.2a and 1.2b show the average mineralogy of coarse and fine
discards, (after Taylor, 1984). The discard fragments are predominantly
arglllaceous, dominated by the clay minerals jllite, expandable mixed-layer
clay, kaolinite and trace amounts of chlorite. Quartz ls an important
detrital mineral and smaller amounts of non—detrital carbonates and pyrite
are also found. The national average coal content of tips 1is 11%, although
some very old tips contain large quantities of coal, an average of 21%
organic carbon being reported in three old County Durham tips. Lagoon
sediments have a higher average coal content, 47%, due to periodic
discharges (overflows, plant flushings etc.) from the preparation plant.

There 1s a distinct regional variation in the mineralogy of discards,
especially in the clay mineral groups (Fig. 1.3). Kaolinite, a
geotechnically more inert clay mineral, is dominant in the North East and
Scottisﬁ Areas, whilst expandable mixed-layer clays, which have a greater
tendency to promote breakdown and weathering of discard, are common in the
Yorkshire ccalfield and in the Doncaster British Coal Area in particular
(Taylor and Spears, 1970). Coarse discard from the South Wales Area has a
higher quartz content and the percentage of clay minerals is lower. The
similarity in mineralogical properties of Scottish and North East Area

discards is believed by Taylor (1984) to be a reason for their similar
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Coarse Discards

T4 Samples
Quartz 17.5
Illite % 31.5
Mixed-layer clay) clay 26.0
Kaolinite ) minerals 10.5
Chlorite ) 0.5
Carbonates (a) 1.0
Pyrite - (b)
Organic carbon (dom.coal) 13.0

Total 100.0

Fine Discards
47 Samples
(72 Determinations)

6.0

§ 34.0

8.5

- (b)

2.0

2.0
47.4

100.0

(a) Dominately siderite and some ankerite in tips, whereas
ferroan dolomite (ankerite) in some fine discards.

(b) Small quantities in some samples.

Note: 1In coarse and fine discards, trace amounts of sulphates
feldspar, rutile and phosphate total less than 2%.

Table 1.2(b) Average (Proximate) Mineralogy of discards.

After Taylor, 1985 .
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drained shear strength, which is of the same order as discard from the more
deeply buried (high rank) South Wales coalfield. Mineralogy and rank would
seem to be Important  factors in determining shear strength differences in
discards from British coalfields.

The chemical composition of colliery discard is also highly variable,
both at individual tip sites and at a regional level (Table 1.2). This
depends upon the mineralogical nature of the discard, treatment,
preparation and dispbsal methods, and climatic conditions (Williamson,
1982). |

Williamson concluded that some of the major chemical problems
encountered by vegetation on colliery discard arise because of extremes in
pH, an excess of toxic metals and salts, and a lack of essential nutrients.

Water and oxygen will affect the surface layers of a spoil tip first,
initiating chemical and physical breakdown of the discard (Bradshaw, 1980).
A major reclamation problem of many spoil tips is that of acid generation
from weathering of suiphides, particularly pyrite. Pyrite oxidation occurs
mainly in the surface layers where moisture and oxygen are present (Fig.
1.4). As a result of hydrolysis and oxidation, assisted by ferrous—ion

oxlidising bacteria such as Thiobacillus ferroxidans, pyritic wastes

disposed of at a neutral or alkaline pH can weather within a few months or

years to produce extreme acidity.

Various other factors influence the rate of production of acid. The
natural carbonate content of the material, particularly ankerite and
siderite, may neutralise some of the acidity produced on the tip. This
process produces secondary minerals such as gypsum and jarosite. However,
this natural neutralising potential is relatively small arnd free hydrogen

ions accumulate, resulting in a drop in pH (Bradshaw and Chadwick, 1980).

'
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The size, morphology and type of pyrite present in the discard also
influences acid production (Fig,vlJD. The smaller the grain size, the
more reactive the pyrite; grams and framboids less than 0.25um oxidising
readily, whilst those greater than 50um are fairly stable. The morphology
of pyrite 1s also related to reactivity. The principle iron sulphides in
order of reactivity are pyrrhotite, Fensn+l > marcasite, FeS2 > pyrite,
Fe82 (Williamson et al., 1982). Samples with a relatively high pyritic
sulphur content can produce acid at the same rate as samples with a much
lower pyritic content (Fig. 1.5, after Bradshaw and ChédwickL

As the pH of colliery discard falls, toxicity to plants increases as
potentially toxic elements, such as iron, aluminium and manganese, are
mobllised. The avallabllity of some essential plant nutrients, calcium and
phosphorous for example, decreases as these elements form insoluble
campounds, inhibiting cation exchange capacity.

Freshly deposited discard is initially alkaline or neutral and may
display salinity problems, due to a high content of water soluble salts,
which may accumulate in the surface layers of the discard. These
concentrations result from the presence of indigenous salts in the discard
material, interactions between the products of pyrite weathering and
carbonates in the discard, and ground water associated with fresh discard.
Natural levels of the salts, mostly calcium, magnesium and sodium sulphates
and chlorides, are enhanced by the recycling of water to the coal
preparation plant from tailings and slurry lagoons. Concentration also
occurs around areas of natural drainage or seepages in lagoon and spoil
tip embankments.

Little is known of the effects of salinity on the grass mixtures and

tree species used in colliery discard reclamation schemes. However, some
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ground workings in Coal Measures Strata in Britain (Chamberlain and Glover,
1969) and from other European coalfields (Palys, 1971).

Fig. 1.6 indicates chloride ion trends in Coal Measures Strata waters.
Data were obtained frbm various sources including British Coal, (Fellows,
1979). It will be observed that there is a concentration gradient towards
the Eastern coalfields. Levels are not consistent within any one British
Coal Area, or with depth at any one mine. The South Wales coalfield is
almost free from saline waters.

In the past, cumulative problems have arisen from chloride levels,
which at their minimum would satisfy World Health Organisation water supply
standards (<200 mg/l). In terms of cumulative problems, the saline
contamination of 27km2 of chalk aquifer around Tilmanstane Colliery, Kent,
is illustrative. Contamination resulted from direct minewater discharge
with a chloride concentration ranging from 200-5000 mg/l (as Cl).
According to Headworth et al. (1980) only about 15% of the estimated
318,000 tonnes of chloride discharged has so far been dissipated by stream
flows from the aquifer. Chloride treatment 1s not a practical proposition,
other than by dilution in rivers or discharge into the sea. In some parts
of the country, it is necessary to pipe saline discharges over distances of

about 20km (see Vale of Belvoir Coalfield Inquiry Report, 1981).

1.4 Aims of the Project

The aim of this research project is to gain an understanding of
contained electrolyte concentrations, particularly chloride, in the surface.
layers of spoil tips whose constituents have been derived from coalmining

operations. An assessment 1s made of their importance in terms of spoil

tip morphology and restoration.
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In earlier work (for example, Bradshaw and Chadwick, 1980), it was
generally assumed that, when present, the chloride ion would be quickly
leached from discard, in view of its high solubility. Previous to the last
decade, however, the restoration of tips was not considered important, so
any tip reclamation schemes generally concerned very old tips from which
the chloride ion had been leached. Modern practice, required to fulfill
the condltions of more recent legislation reviewed above, is to restore
discard tips and lagoon embankments at an early stage of construction.
The presence of high concentrations of electrolytes is likely to be
detrimental to plant growth, so monitoring their presence and 'behaviour'
is an important step in the planning of reclamation schemes for saline
discards.

Investigations into the seasonal movement of electrolytes in the
surface layers of coarse discard were initiated. These 1ncluded the
following:

1) How best to sample spoil tips for chloride movement.

2) The monitoring of chloride variations throughout the year.

3) The type of waste disposal structure in relation to chloride levels.
4) The nature and origin of saline seepages (hotspots) in embankments.

5) The physical and chemical nature of colliery discard associated with

the salinity.
6) Varlations in salinity levels in discard tips in different coalfields.

Mechanisms governing the movement of electrolytes in relation to soil
suction variaticons were also studied. Soil moisture deficit in the surface
layers is a response to evaporation of moisture from a tip. The molsture

that remains in the surface layers develops a (negative) suction pressure

22



which equilibrates by drawing water (and salts) from deeper levels, or in
response to precipitation. This phenomenon was first monitored in two
experimental spoil embankments. Equipment was then installed in a lagoon
embankment at a Nottinghamshire colliery and comparative results obtained.

With these results, together with the results from chemical and physical
investigations into the nature of saline discard, it is hoped to gain a
better understanding of electrolyte release, relative concentrations and

movement in colliery discards.
This information will also be used to procduce guldelines, or a code of

practice, for the reclamation and subsequent after—care of saline discards.
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marine or brackish pore water, that is from connate water and/or the
incursion (flushing) of marine water into the Carboniferous aquifer at a
later date. Downing and Howitt (1979) outlined the processes which may
have influenced the composition of saline stratal water found in
Carboniferous rocks of the East Midlands at the present time. The
geological succession in the area comprises the Carboniferous Limestone
sequence, deposited in a marine environment, overlain by Millstone Grit and
Coal Measures sequences, the latter being in cyclic series, deposited in
marine, brackish, to fresh water environments. The Namurian Millstone Grit
is believed to have been deposited largely in a deltaic environment with
occasional brief marine incursions. These incursions may have resulted in
the Millstone Grit being flushed with more saline waters from time to time.
During the Hercynian orogeny uplift, and erosion may have resulted in
meteoric waters flushing Coal Measures rocks. Upper Permian marine
transgressions could again have introduced saline water into the Coal
Measures rocks. In the East Midlands, ingress of meteoric water could have
occurred during post;Cretaceous uplift. Thus we can see that there may
have been a very complex history of pore water compositional changes
through geolcgical time since deposition of the Carboniferous.

However, recent stable isotopic studies of saline subsurface waters
from Permian and Coal Measures formations in North East England by Sheppard
and Langley (1985) in&icate the dominance of water of meteoric origin.
Several of the sampléd brines conformed to meteoric waters of recent
origin, but fossil meteoric water, including probable Pleistocene water,
was dominant in others. Thed Dand & 18O data produced by Sheppard and
Langley indicate that; the brines cannot simply be derived from connate

water by dilution with the recent or fossil meteoric waters. They conclude
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that the chemistry of the brines must largely be controlled by exchange
and/or filtration processes with the minerals of the host rocks.

Comparisons of the isotopic characteristics of oil field brines and
present day sea water by Chilingarian and Ricke (1969) also suggest that
the concentration of inorganic salts in the brines was due to compaction
and ion filtration processes rather than to evaporation of trapped inter—
stitial solutions.

Processes which may alter the chemistry of buried waters thus include
the physical process of compaction and chemical processes involving
reactions between rock minerals, organic matter and the interstitial
solutions. These chemical processes include filtration through ch rged net
clay membranes, adsorption, base exchange and blochemical processes.

Anion exclusion in clays and sediments has been proposed as a possible
concentration mechanism for subsurface brines — see for example, White
(1965), Hanshaw and Coplen (1973).

Clay particles in water develop a double layer structure consisting of
a strongly bonded (Stern layer) made up largely of polar water and some
cations, and a more diffuse part (Gouy layer) in which the lons are freer
to move about (Drever, 1982). The diagrammatic model given by Taylor
(1985) illustrates the relationship of the double layer to a negatively
charged clay particle and to the free pore water in the larger capillaries
(Fig. 2.1).

If the porosity of a sediment is high then the free pore water and
dissolved salts will move through the larger pores. However, as
consolidation and compaction occur negatively charged (clay) particles
become so closely packed that the anions in solution are repelled and

cannot escape. The double layer space between any two adjacent clay
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particles can bg regarded as a 'clay membrane'. The adsorbed cations can
continue to move through the 'membrane' and between adjacent exchange sites
to some extent but this leads to an electrical imbalance. Uncharged water
molecules will continue to pass through the membrane towards areas of lower
water pressure, that is usually towards the upper surface of the sediment.
Consequently, there will be an increasing salt content on the 'input' side
of the clay membrane filtration system. Long term water movements between
permeable formations and less permeable strata will occur across semi-
permeable membranes and brine concentrations will occur.

Retardation of cations and anions by geological membranes has been
studies by Kharaka and Berry (1973). In laboratory experiments using sea
water and chloride solutions flowing across a filtration cell of clay, the
following retardation selectivity sequences were obtained:

1) cations

least L1<Na<NH3<K<Rb<Cs most

retarded retarded
2) divalent cations:

least Mé(Ca(Sr(Ba most
retarded retarded

monovalent cations are retarded with respect to divalent cations.

3) anions

least HCO3<I<B<Sou <C1<Br most
retarded retarded

These sequences vary considerably with temperature and pressure, for
example, at increased temperatures the passage of B, HCO3, I and NH3 are

greatly increased.

Several other processes may affect the chemistry of buried waters.
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They are, after Hitchon et al. (1971):

1. Solution of halite causing an increase in the proportions of sodium
and chloride. (Increased salinities in formation waters may be
related to the occurrence of known evaporite deposits as mentioned
previously).

2. The dolomitization process may result in high calcium and low
magnesium concentrations in formation waters, relative to sea water.

3. Bacterial sulphate reduction and anhydrite precipitation are important
in removing sulphate from solutions.

4, Increased temperatures associated with burial, causing over pressuring
and the conversion of smectite-type clay minerals to i1lite. This
would be associated with an increased fixation of potassium, but
addition of magnesium, calcium and same sodium to pore waters.

The water quality patterns from different coalflelds exhibit
remarkably similar characteristics, although there are some notable
exceptions, such as the South Wales coalfield, which will be discussed
later. Different water sources within a single mine may have extremely
variable chemistries, as have waters from profiles taken through sequences
of coal and associated strata. These chemical differences are in part a
reflection of differences in the mineralogy and grain size and in the
porosities and pore size distribution of the host rocks. Sandstones have
higher porositiles and lower relative concentrations of salts than coals.
Mudstones have intermediate values (Cas/well et al., 1984).

As saline brines move up through Coal Measures sequences, they may
pass through cne or more clay layers. Water in the higher beds will thus
be less mineralised because of filtration through charged net clay

membranes. This could occur over depths of many metres, or on a much
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subsequent refolding events resulting from the Variscan thrust belt to the
south. The thrust belt crosses Southern Ireland, Dyfed and Somerset,
passing subsurface to‘ the south of the London-Brabant high and reappearing
in Holland, Belgium and N. Germany (see Fig. 2.2).

The British Isles lie at the northern edge of the Variscan orogenic
belt. To the east and south of Great Britain the Precambrian and
Palaeozoic rocks are affected by the Variscan deformation (Rast, 1981).
The deformation is polyphase with radiometric dating indicating events in
the late Devonlian, and in the middle to late Carboniferous.

Very extensive drainage systems were established both to the north and
south of the Wales—Brabant high.' During the Namurian basin sedimentation
ended and major river systems with extensive alluvial plains developed.
Coal Measures (Westphalian) deposition comprised extensive shallow water
deltaic and estuarine conditions. The Westphalian Coal Measures are the
principal coal-bearing sequences in Britaln and over much of North West
Europe (Anderton et al., 1979).

The South Wales, Irish and small Bristol coalfields have all been
linked using stratigraphic, palaeontological and sedimentological evidence.

These basins were fed by rivers and delta systems draining the Southern

landmasses.

The concealed Kent coalfield is the only British coalfield to 1lie
within the French Basin. This was also fed from the south with
sedimentation in a highly constructive, river dominated, environment
(Bless et al., 1977).

The Wales—-Brabant high separated the Southern basins from northern
sedimentological sources (see Fig. 2.2). These northern sources yielded

clastic sediments and turbidites, sedimenting towards the south and forming
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the Midlands, Northern and Scottish coalfields.

Sequences obtained from boreholes located on the northern side of the
Charnwood block (Fig. 2.3), on the northern edge of the Mercian highlands -
an eastern prolongation of the Wales—Brabant high - suggest the presence of
extensive Lower Carboniferous evaporite deposits, notably the Hathern
Anhydrite sequence described by Lleweilyn and Stabbins (1970).

These deposits are thicker than evaporites from the overlying Permian,
Triassic and Jurassic sequences of the area, with anhydrite beds of 1-1.5m
thick, over an interval of 9Tm, interbedded with dolomites, shales and some
limestone. Anhydrite deposits also occur on the margins of the Derbyshire
block, in the Edale Gulf, further supporting the general occurrence of
evaporite deposits on the margins of topographic highs in the Lower
Carboniferous. The Edale Gulf deposits were also cyclic, formed by
successive marine transgressions throughout the Lower Carboniferous.

The Lower Carboniferous evaporites of the Midlands, described above,
are believed to have been 1n contact with circulating meteoric groundwaters
from the Westphalian Coal Measures. This probably took place in the Permo-
Trias, during uplift, resulting from unloading in pre-Bunter times
(Llewellyn and Stabbins, 1970). The dissolution of such evaporites may
have been an 1mportaﬁt source of the salts currently found in the saline
brines of the Coal Measures of the region. Such an origin would also
conform, in a general way, with oxygen 1sotope studies on a variety of
formation waters which demonstrate a meteoric origin, though not with
Sheppard and Langley (1985), who established that the water constituting
the brines in the Northumberland Coalfield is of much younger meteoric
origin. Their evidence is, however, based on underground (colliery)

sampling, . and the possiibility of considerable drawdown causing ingress of
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recent meteoric water, due to pumping of the coastal pits, was not
considered. Solution of Permian Zechstein evaporites is a realistic source
of cations and anions of Na and Cl; respectively.

Bhatt (1975, 1976) has suggested that Lower Carboniferous evaporites
were also deposited in limited amounts in the South Wales Coalfield basin,
to the south of the Wales-Brabant high. However, recent work does not
substantiate this view. Detalled stratigraphic, palaeological and
geochemical analysis of the South Wales basin by Eustance (1981), Wright
(1981) and Hird (1986) suggest that marginal basin environments and
climatic constraints were not favourable for the deposition of evaporite
sequences in the Lower Carboniferous in South Wales. No evidence has been
found to verify their presence.

The absence of extensive evaporite sequences in South Wales, when
compared with extensive deposits in the Lower Carboniferous of the East
Midlands area, may thus go some way to explain the current absence of
saline brines in the South Wales Coal Measures rocks, since the solution of
evaporites is believed to be one of the main processes in brine formation.

Sections across the Kent coalfield (Trueman, 1954) also show no Lower
Carboniferous evaporites which could influence the chemistry of the Coal
Measures stratal waters.

During the Late Carboniferous and early Permian, the climax of the
Variscan deformation r;esulted in the formation of numerous thrust faults
and folds in the South Wales area. Basin sediments were compressed in a

north-south direction. Two main factors influenced the structural

evolution of the South Wales coalfield. They were:

1) The position between the rigid Wales—Brabant high to the North and the

35



main Variscan deformation belt to the south.

2) Regional northwa#ds thinning of the Carboniferous sequence compared to
older formations. Pre—Carboniferous strata thus had a greater
influence to the north than to the south (Rast, 1981).
Mineralogical changes in carbonates, 1llite crystallinity,

modifications in siliciclastic Carboniferous rocks and the development of

diagenetic zones aré mainly lateral in extent within the South Wales
coalfield. There is little or no vertical variation in any of these
properties with increase in the depth of burial. Coal rank and grade of
metamorphism also increase progressively towards the west.

Associated faulting and sediment deformation will influence ground
water movements and the setting up of brine sinks or reservoirs.

Interference in groundwater circulation patterns might also affect the

solution of any halite that may take place under unaffected groundwater

flow conditions.

2.3 Vertical Variations in Groundvater Camposition

The salinity of water commonly increases with depth below the surface,
the composition of these subsurface brines alters with increasing depth and
can be divided into three major zones. White (1965) and Cherbotarev (1955)
identified these as near surface or shallow sulphate bearing waters,
intermediate bicarbonate dominated waters and deeper chloride dominated
zones (see Fig. 2.4).

Chamberlain andiGlover (1979), 1dentified a similar pattern of
differing ionic compositions with depth for stratal waters taken from
geological sequences of the Coal Measures of the United Kingdam.

The shallow sulphate zone, with C1 ions less than 100 mg/l, extends
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from the surface to depths ranging from 50m to 200m . Calcium and
magnesium sulphates occur in these near surface waters (see Table 2.1).
This is a near surface phenomenon related to oxidation of pyrite in the
vadose zone. In the underlying sulphate free zone, the calcium and
magnesium sulphates are replaced by sodium bicarbonate as the principle
solute. With increasing depth in the sulphate free zone, sulphate less
than 5 mg/1 as SOM, the concentrations of sodium, calcium and magnesium
chlorides increase progressively. At the deepest levels, strontium and
barium also occur, presumably as chlorides. Table 2.2 shows water
compositions from the sulphate free zone. Water quality patterns from the
British Coal Measures generally follow the above trends, although there are
exceptions and local modifications. In the Kent ccalfield, for example, no
sulphate zone exlists in the Coal Measures. This is because it is a
concealed coalfield with no surface exposure. A typical ccalfield aquifer
may be represented by a progression from alkaline to less alkaline waters
leading to more saline waters at depth.

Data given in Chamberlain and Glover (1976; Tables 2.1 and 2.2) are
assembled in order of increasing depth [Mr. H.G. Glover, pers. comm.]. It
will be noted from the tables that there 1s a progressive increase in the
calcium/chloride ratio and a fall in the sodium/chloride ratio with depth.
This converse behaviour of monovalent and divalent cations is not uncommon
(see Downing and Howéltt, 1969). This relationship itself suggests that
some type of sediment/cati‘on reaction must impede the upward migration of

the monovalent cations in Coal Measures Strata.
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SAMPLE REFERENCE | SPA E. S11 P.H. WER E. DRET N.G. KT

pH Value 5.8 7.5 6.8 8.2 7.8
Alkalinity to pH 4.5

mg/1 CaCly 85 370 500 160 570
Chloride mg/1 C1 , 45 4o 90 100 4o
Sulphate mg/1 80, . 170 430 300 330 160
Sodium mg/1 Na 4o 65 70 100 340
Magnesium mg/1 Mg 32 100 - 100 43 5
Calcium mg/1 Ca 32 120 140 95 15
Strontium mg/1l Sr nd 0.5 <1 nd <1
Barium mg/1 Ba . | nd nd <10 nd <10
Manganese mg/1 Mn 2.5 0.1 0.4 nd 0.2
Ammonium mg/1 N nd <0.1 <0.1 nd 0.3

"nd" signifies not determined.

Table 2.1 Water qualities found in the near surface, sulphate zone. (After
Chamberlain and Glover, 1976).
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SAMPLE REFERENCE

alkalinity to pH 4.5
mg/1 CaCos

Chloride mg/1 Cl
Sulphate mg/1 SO,
Sodium mg/1 Na
Magnesium mg/1 Mg
Calcium mg/1 Ca
Strontium mg/1 Sr
Barium mg/1 Ba
Manganese mg/1 Mn
Ammonium mg/1 N

E. S10
8.4

450
45
<5
240
0.2
0.3
<0.1
<1
<0.1
<0.1

W. PKG
8.3

1730
100
<10
830

13
10
<1
<10
<0.1
0.2

0. S10
8.4

410
6370
<5
4100
46

120

12
<0.1

200

D. Do8
7.5

200
24800
<5
13420
410
1680
49

85
0.3

M. P08
6.4

60
135000
<5
57300
3210
20300
660
1180
15

108

Table 2.2 Water qualities found in the deeper, chloride enriched zone.
(After Chamberlain and Glover, 1976).

40


















CHAPTER 3
BACKGROUND TO EXPERIMENTAL WORK

3.1 Site Selecticn Procedure

The sites selected for this project had to fulfill several criteria.
They had to remain undisturbed for the duration of the project, the R.0.M
discard had to have a chloride content (as Cl) greater than about 500 ppm
(close to the crop spraying threshold damage value) and the discard had to
be less than three years old and preferably freshly tipped.

Possible sample sites were suggested by British Coal, South Yorkshire
Scientific Section. Maltby Colliery was chosen as it fulfilled all the
above criteria and British Coal were already conducting top soiling
experiments on part of the proposed embankment.

After approximately one year, it was declided to extend the sampling to
another site that fulfilled all the criteria set out in paragraph 1, but
unlike Maltby, had no lagoon incorporated into the tip structure. British
Coal Western Region were approached and Wolstanton Colliery, Stoke-on-—
Trent, was selected.

To gather additional data on chloride distribution and to further
study lagoon seepages and the effect of hot spots (areas of high salt
concentration) on reclaimation procedures, Bilsthorpe Colliery in
Nottinghamshire was lncorporated into the study. The three sites are shown

in Fig. 3.1. Further details about the sites are given in the following

sections.

3.1.1 Maltby Colliery
Maltby Colliery is situated approximately 16 km east of Rotherham and
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Figure 3.1 Site locations of collieries.
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the same distance south of Doncaster, South Yorkshire.

The site is bounded by rough pasture and woodland to the north and
east and by a housing estate and Maltby town to the west and south. The
pit shafts were sunk in 1907, so tipping has been active since that date.
The tip site now extends over several hectares. A successful area of tree
planting can be seen on the north facing slope of the tip, whilst the rest
of the tip remains bare apart from areas next to the Durham University
(Engineering Geology) sample site, where experimental planting by British
Coal has produced patchy grass/clover cover.

The tip structufe has nine slurry lagoons incorporated into its
design. Only two of these are active, receiving tailings from the coal
preparation plant. The majority of the waste produced comes from the
Swallow Wood seam with some from the Haigh Moor seam.

The sample site chosen was a west facing lagoon emplacement. The
slope was completed é.nd last graded to 14° some two years prior to the
start of sampling and has been undisturbed since that time (5 years). The
discard at the site was thus between three and five years old when sampled.
This site was chosen because the discard was known to have high electrical
conductivity and chloride levels (British Coal survey by Mr. H.G. Glover).

The lagoon embankment was constructed by the downstream method, in
layers, in the conventional manner. Each 1ift would be expected to be less
than 5m in thickness. The vertical distance between seepages, however,
(Chapter 5) strongly suggests that the the compacted thickness of layers is
in fact 3m. It is not known whether self-weight compaction has caused the
reduction.

The site is underlain by Permian Magnesian Limestone and marls. This

was identified in sample trenches at the toe of the embankment (Trench E,
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Fig. 3.2a and b).

3.1.2 YHolstanton Colliery

The Wolstanton Colliery High Carr tipping site is.situated
approximately 5 km north of Newcastle-under-Lyme, Staffordshire. The site
is bounded by rough pasture on the north, east and south sides, and by the
A34 to the north. There is a slight gradient from west to east.

Prior to acquisition by British Coal, the site had various usages:
rough grazing, a local authority domestic refuse tip, site of a small
engineering works and there is evidence of mining activities from the
previous century.

Tipping by British Coal commenced in 1975. Phase one comprised site
levelling and was followed by phase two, involving the construction of a
three—terraced tip. The upper plateau was completed in 1980 and tipping
operations are currently in progress in the area of the intermediate and
lower plateaus. Tipping is intermittent as discard produced at Wolstanton
Colliery is often supplied to Local Authorities and private concerns for
recad construction and land reclamation uses. The slope between the inter—
mediate and upper plateaus was seeded to grass and trees were planted in
1980. Grass has developed well and a substantial proportion of the trees

planted have survived.

This site was chosen for research because the embankment was not a
lagoon embanknien’c and no lagoon structures were incorporated into the tip
at any point, in direct contrast to the Maltby site. The tip could thus be
used as a control to determine any influence the lagoon may have had on the
distribution and movement of salts within the discard. Seepages and

hotspots (although present) could not have arisen from lagoon seepages at
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Wolstanton. Both the slope angle and discard age were comparable to those
of the Maltby site. The sampling site (Fig. 3.3a and b) was the lowest
slope of the three—tier terraced structure and was a large area of bare,
undisturbed discard. Most of the discard originated from the Banbury and
Cockshead seams.

The site 1s underlain by patchy drift consisting of red/brown and
yellow/brown Boulder Clay. The drift lies on Etruria Marls which are
present as bedrock beneath the whole of the tip site. - They consist of
red/brown mudstone with beds of coarse green and yellow grits and

sandstones, and are relatively impermeable.

3.1.3 Bilsthorpe Colliery 0

Bilsthorpe Colliery is situated approximately 11 km east of Mansfield
and was sunk in 1925.

The site is bounded by woodland and rough pasture to the north, east
and south, and by the village of Bilsthorpe to the west. The tip structure
has seven slurry lagoons incorporated into its design; two of them are
active, receiving slurry from the washery. The slope chosen as a sample
site forms the southern embankment of lagoon 6 and the dividing bank to
lagoon 7 (Fig. 3.4a and b). The discard is approximately 3 years old,
originating from the Parkgate and Low Main seams. The slope has been
finished to a gradient of 14°.

The embankment was constructed in two phases. The first phase
involved the construction of an embankment rising to a height of 78m A.O.D.
whilst the second phase was completed by day-to-day tipping in 1981. A
gravel toe drain was placed at the original toe of the first phase, with

finger drains to the final toe of the embankment.
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Restoration work is progressing well on the north/northeast side of
the tip (Tip No. 1, Fig. 3.4). An extensive area has been topsoiled,
grassed and is now belng let to a local farmer as rough grazing pasture.
On some parts of this embankment restoration work has failed and seepage
points or hotspots are visible where vegetation cover has failed to grow.

Tip No. 1, along with the southern embankment of lagoon 6 were sites
of suction pressure measurements by tensiometers in the field (Chapter 6).
Piezometers to monitor water tables were also installed in the lagoon
embankment (see Bick, 1985) (Figs. 3.4a and b).

The site of lagoon 6 is underlain by Keuper Green Beds, comprising
stiff clays and thin interbedded sandstones. On the western boundary,
Bunter Sandstone lies immediately below the Green Beds, outcropping Jjust
beyond the colliery boundary. The lmpervious Keuper clays should provide

an effective seal between the lagoons and the Bunter Sandstone aquifer.

3.2 Sampling Procedures
The sampling programme was initially carried out on the lagoon

embankment at Maltby Colliery, South Yorkshire.

A survey of statistical sampling models led to the adoption of a
regular grid. Sampling experience of contaminated land by the
Environmental Advisory Unit of Liverpool University (1982) had previously
shown that as the number of sampling points increased, a square grid proved
to be more reliable than a random one for sampling hotspots or areas of
contamination.

Two sampling procedures were established by the author. For
assessments over a large surface area, and to locate possible seepage

points or hotspots, a regular grid 5m x 5m, over a 50m x 25m area was
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sampled in Spring 1983 (May), at two depths for each sample point; 0-100mm
and 100—-200mm. Based on preliminary results for this grid, a second, more
limited grid, 10m x 10m, was sampled during Summer 1984 over the original
grid area, to obtain a comparison of electrolyte variations with season.

To gather information an electrolyte movements within the spoil
embankment at varying depths and through time, that 1s, from year to year
and from season to season, a series of down—-slope traverses, with sample
points at the top, mid and toe of slope positions, were established. These
traverses were sampled in Spring (May), Summer (August) and Winter
(December), to a depth of 500mm, at intervals of 100mm (although at some
sample points, samples were taken to a greater depth, depending on
prevalling discard conditions). In addition, during the Summer of 1983,
two machine-excavated trenches were sampled to depths of 1.8m and 3.9m, at
the mid and toe slope positions respectively.

Detailed sampling of the surface of the colliery discard embankment
was also undertaken at the top, mid and toe slope positions, at depths of
0-10mm, 10-20mm and so on, to 100mm, during Spring, Summer and Winter, from
positions adjacent to the deeper sampling points on the slope.

A detalled spatial and chemical analysls of hotspot points on the
embankments was also imdertaken, This included sampling across hot spots
at two depths; 0-100mm and 100-200mm, and detailed surface analysis of
discard at depths of Q—lOmm, 10-20mm and so on, to 100mm. Mineralogical
investigations were undertaken on crystalline salt deposits recorded during
summer months around hotspots on the embankment surface.

A total of 590 sémples were taken at Maltby Colliery, including run-

of-mine, washery and embankment materials, together with lagoon and seepage

water.
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After the first year, the sampling programme was extended to the other
locations at the collieries described above. These exhibited variations in
embankment and lagoon conditions compared with those at Maltby Colliery.

To enable direct comparisons to be made between Maltby and Wolstanton
Collieries, an identical sampling regime was initiated at the latter site.

A total of 180 samples were taken at Wolstanton Colliery, including
run—of-mine, washery and embankment materials. The analytical techniques

used were identical to those listed for the Maltby Colliery samples.

3.3 Sample Preparation

For most samples, at least 0.5kg of discard was taken. This was
sealed in alr—-tight plastic bags and weighed immediately on arrival in
Durham. The discard was dried at a temperature of 30°C. After drying, the
discard was reweighed and percentage moisture loss at 30°C calculated.
Some samples were dried at 105°C, but no further appreciable water loss was
recorded at this higher temperature. Drying at 30°C reduces the risk of
volatilization of certain elements, or changing the physical structure of
the discard (M.A.F.F., 1981).

The dried samples were then sub—sampled using a chute splitting riffle
box. A sub-sample was sieved to obtain the less than 2mm fraction using a .
BS410 mesh sieve. It was presumed that this fraction would be more
intimately assoclated with the establishment of vegetation on the surface
of colliery tips than the large size grades, or 'whole' discard. There is
evidence that it is this fine fraction which provides a plant's nutrient

requirement (Russell, 1973). The less than 2mm fraction is also standard

in most soil analysis texts (M.A.F.F., 1981).
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3.4 Analysis

A1l samples have.been analysed for moisture content (%), water soluble
chloride (Clppm) and conductivity ( pS/cm ). Selected samples have been
analysed for water and acid soluble sulphate (SOu"ppm). Analytical
chemistry methods are shown in Appendix 1. Selected ions have also been
determined by atomic absorption spectrometry. Total discard chemistries of
selected samples have been determined by XRF spectrometry and mineralogical
studies made using XRD techniques (including semi-quantitative estimates).
Details of the above techniques are given in Appendix 2.

Initially, three different size fractions were analysed for water
soluble chloride: the less than 2mm fraction, less than 2mm fraction tema-
milled, and samples of whole or complete discard tema-milled. From Table
3.1, it can be seen that the less than 2mm tema-milled samples gave

consistently higher results than the natural less than 2mm size and whole

discard samples.

WHOLE DISCARD LESS THAN 2mm LESS THAN 2mm

TEMA-MILLED TEMA-MILLED
Maltby 1. 126 ‘ 121 « 67
Discard 2. 121 210 121

3, 191 2uy 204

4, 291 ‘ 368 318

5. 187 248 152

6. 336 . 348 238
Parkside 1. 1216 : 1822 1522
Discard
Table 3.1 Variation in chloride concentration (ppm) in discard with

size fractianm used.

The tema-milled less than 2mm sample may be taken to represent a
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po‘tential maximum, as grinding to this fine grain size will release
- chlorides held in sxriall\ pores in coaly fragments. This fraction was
f‘eJected, however, since natural leaching and weathering processes do not
reduce all coal fragments and mudrocks to clay—-sized grades.

All water solublé analyses were done using a 1:10 ratio of discard to
deiénised water suspension, agltated for 30 minutes. A 1:10 suspension
creates obvious depa#-tures from the fluid concentrations experienced by
plant roots. Cheng et al. (1983), however, suggest that for the evaluation
of the total soluble salts of soil (and discard), and for ;che assessment of
réclamation procedures, the 1:10 extract method 1s more suitable than other
possible methods, sucl:q as the saturated paste extract method.

Advantages with the 1:10 extract method used are:

1. It gives a large quantity of extract for analysis.

2. .Given the number of samples taken for analysis in this project, it is
less time consumfing than the saturated paste extract technique.

3. A smaller quantity of discard was needed, making laboratory handling

easler, ,

The results shown were all based on this extract and thus information
and inferences are internally cansistent and can also be related to other

published data on saline soils.

Precision for water soluble chloride, sulphate and conductivity was
tested by analysing the same sample twenty times. The relative deviation
of the specific ion e:lectrode method for the determination of chloride was

4,1%, for the determination of water soluble sulphate 4.9%, and for

electrical conductivity 1.3% (see Table 3.2).
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Cl . SO Conductivi%y
(ppm) (pph) (uS/cmx107)
1190 122 0.738
1290 140 0.724
1320 122 0.734
1300 119 0.715
1300 122 0.745
1390 126 0.745
1350 120 0.749
1400 123 0.733
1390 124 0.730
1290 119 0.724
1390 126 0.717
1400 121 0.719
1350 120 0.749
1390 128 0.745
1400 119 0.748
1410 120 0.726
1400 140 0.731
1320 124 0.723
1390 0.731

X 1348 124 0.732

sn 56.4 6.1 0.01

relative 4.1 4.9 1.3
deviation
(%) *
¥ relative deviation = % X 100

Table 3.2 Precision test for analytical methods used for
water soluble chloride and sulphate and conductivity.
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Si0
A1203
PFe, 0

273
Ca0o
Na_ 0
K.0
T10
MnO
P205
S
ORGANIC C
002+H20+
HZO'
TOTAL

QUARTZ
ILLITE
M.L.C.
KAOLINITE
CHLORITE
CALCITE
DOLOMITE
SIDERITE
ORGANIC C
TOTAL

Maltby
Discard
Experimental
Tip

38.25

17.22
5.19
1.69
2.50
0.32
3.31
0.75
0.04
0.07
1.38

23.10
3.10
1.56

98.48

14.0
30.0
22.0
6.0
4.0
1.0

1.0
23.0
101.0

Maltby
Discard
0~100mm

=
W
.

o
N

21.79
7.27
2.03
2.57
0.44
3.36
0.76
0.06
0.06
0.71

10.00
3.05
1.65

98.77
11.0
40.0

20.0
8.0

2.0

16.0
97.0

L v [~

o [+] [*]

& 1 »
»E 216 2% SLE
o P GO DGE P g0
L OH 80O © O 000
~ 0 a0~ ~ oo ~®o~
g ¢ el "o Oxtl
EQ - mE@ao @Aaun 200
h2.14 53.10 52.43 35.86
20.31 19.86 19.92 13.40
4.43 3.90 4.20 5.10
1.45 1.32 1.33 0.90
0.89 0.91 0.91 2.00
0.62 0.45 0.45 0.31
3.66 2.94 3.02 1.93
0.86 0.97 0.94 0.84
0.00 0.03 0.03 0.07
0.07 0.06 0.06 0.21
0.57 0.74 0.94 1.01
21.60 11.45 11.93 34.62
2.07 2.98 3.07 1.68
1.89 1.74 1.96 1.41

100.56 100.44 101.19 99.34

10.0 25.0 22.0 12.0
25.0 4o0.0 45.0 25.0
20.0 15.0 10.0 15.0
8.0 10.0 10.0 7.0
4.0 3.0

1.0 2.0 1.0 1.0
5.0 1.0

1.0 1.0 3.0
22.0 11.0 12.0 35.0
97.0 103.0 104.0 98.0

Table 4.1

Wolstanton
Discard
500mm

29.

99.

15.
20.
15.

27.
91.

© © o © nvn o N
. . . . . . .

89

o O o

Average
Discard
1Taylor, 1984)

E -
N
.

N
w

19.74
5.39
1.01
0.74
0.41
3.40
0.88
0.10
0.18
0.96

13.30
6.85
1.15

100.34

17.5
31.5
26.0
10.5
0.5
Average

1.0

13.0
100.0

Total Chemistry and Mineralogy of Discard Samples from Maltby,
Bilsthrope and Wolstanton Sites.
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surface discards at Bilsthorpe and Wolstanton Collieries is discussed in
Chapter 5. Suction pressures generated in the near-surface, partly
saturated, zone of a spoil heap (Chapter 6) are also pertinent to
weathering, which includes oxidation within partly saturated discard.

In Chapter 1, brief mention was made of the three major mineral
groupings revealed by a correlation matrix applied to a large number of
samples of colliery discard from England and Wales (Taylor, 1984). The
three groups are (a) detrital minerals, (b) non—detrital minerals and (c)
the coal group. The detrital minerals are mainly quartz, clay minerals and
minor rutile. Carbonates comprise the principal non—detrital minerals and
are largely siderite and ankerite. Constituents of the coal group were
established as coal, pyrite and probably gypsum and calcite, both of which
are found in the cleat of coal (see for example, Spears et al., 1971).
Superimposed on the three groups in Fig. 1.2 are engineering properties
which correlate with particular mineral/chemical groups. These three

groups are used as a framework for discussion in this Chapter.

4.2 thole Rock Geochiamistry

4.2.1 HMethod of Analysis
Chemical compositions of the whole rock and the less than 2mm fraction

rock samples were analysed using a Phillips PW1l212 Automatic Sequential X-
ray Fluorescence (XRF) Analyser. Eleven major elements, expressed as
elements or elemental oxides were analysed using pressed powders. They
were; total Si, Al, Ti, Fe (as ferric oxide), Mg, Ca, Mn, Na, K, P and S.
A1l constituents were expressed as percentages of the sample weight, the

analyses being shown in Table 4.1. Moisture (as H,0-), Hy0t and organic
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99

Maltby
Discard
Experimental
Tip

Maltby
Discard
0-100mem

Maltby
Discard
1.8m

Bilsthorpe
Discard
0-100mm

Bilsthorpe
Discard
500mm

Wolstanton
Discard
0-100mm

Wolstanton
Discard
500mm

Average
Discard

(Taylor, 1974)

Total
8102

2.63

2.67

2.64

2.34

Table 4.2 Ratios with A120

Combined
8102

1.41

1.56

1.58

1.52
1.78
1.56

1.45

RATIOS WITH Al1,0

F’e203

0.30

0.22

0.38

0.43

MgO

0.06

0.06

0.07

0.05

Cal

0.11

0.04

0.15

sulphates.

273
NaoO

0.02

0.02

0.02

3

0.15

0.14

0.17

0.04

0.06

WEIGHT %
P205 S
0.07 1.38
0.06 0.71
0.07 0.57
0.06 0.74
0.06 0.94
0.21 1.01
0.22 0.96

c1
(ppm)

130.0

565.0
1113.0
298.0
70.0
22.0

32.0

SO S0
Water Acid
soluble soluble
(ppm) (%)

303.0 0
228.0 0.14
128.0 0.1
372.0 0.49
480.0 0.10
23.0 0
0.0 0.05

» Chloride, acid and water soluble

Illite
width at

% peak
height to
peak helght

ratio

0.23

0.30

0.24

0.u8

0.4y















reflect 1llite abundance alone in the samples, but does show some
relationship with 1ilite plus mixed-layer clay. The Wolstanton samples
which have the lowest,l totals (35-40%) have the lowest ratlos (0.14 -0.14 ).
At the other extremé, the Maltby sample from the 100mm depth has the
highest i11lite plus mixed—layer clay content and this has a reasonably high
ratio (0.154), althoy:lgh not the highest. Potassium 1s high in all the
Maltby samples, as can be seen in Table 4.1, but an alternative site for
K,0, such as Jarosii:e (KFe3(OH)6(SOu)2), 1s not indicated by the acid
soluble sulphate values (Table 4.2).

Illite crystallginity was used as an indicator of weathering in the
discard samples, I_‘ofllowing the method used by previous authors (for
example, Taylor, 19751; Smith, 1978). Ratios of the width of the (001)
illite reflection peak at half peak height, to the peak height are given in
Table 4.2. ‘

Wolstanton discard had the highest ratios, indicating least crystal
degradation of the three discards from different sites. For each of the
three discards, the surface samples from the 0-100mm depth had higher
ratios than the samples from depth, showing a higher degree of weathering.

From the r'atios.’given in Table 4.2, discard from Maltby would appear

to be the most weathéred of the three types.

4.3.2.3 Chlorite

Chlorite minerals, Al,Mgq(A15814)050(0H)14, have a 2:2 layered
structure composed 9’f two tetrahedral and two octahedral layers in each
sheet. There is somc;'-:' substitution by Fe?t for Al and Mg in the octahedral
positions. The basal spacing produces a (001) reflectance at 14 Z. and the

mineral is generally identified without much difficulty on diffraction

'
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Tables 4.1 and 4.2 show that calcite was identified in the shallow
Maltby sample and in both Bilsthorpe samples. Since this is the most
soluble of the carbonates, its absence might suggest that it has been
removed from other samples. However, it is a cleat mineral of“ coal (Spears
et al., 1971) and is not as common as, say, siderite in the dominantly non-
marine mudrocks of Coal Measures age. Beilng a mineral assocliated with
waste coal rather than the mudrocks, 1t may not be uniformly distributed.
In other words, its absence in the deeper Maltby sample, and the reduced
quantity in the deeper sample from Bilsthorpe, may not be indicative of
weathering prbcesses, but rather a crude measure of the amount of coal in
the discard.

Siderite is the most resistant of the carbonate minerals in colliery
discards (Taylor and Spears, 1970). It is present at the 3-4% level in the
Wolstanton tip, where its presence is in accord with relatively high iron
contents (Table 4.1) and the two highest Fe/Al ratios (Table 4.2).

A small amount pf‘ dolomite is present in the deepest Bilsthorpe
material with quite a high percentage being present in the deeper Maltby
discard. The latter sample has the highest CaO/A1203 ratio, but ratios
involving magnesium and iron are not particularly high. Although the
reflection measured (2.89 R) is suggestive of essentially pure dolomite, it
is likely that it is a ferroan type since the latter is more common in Coal

Measures strata.

4.4.1 Cozl Group Minerals
Colliery discards are different from conventional sediments and rocks

by virtue of their high contents of waste coal, largely organic carbon,

which thus forms an important constituent. At Wolstanton, organic carbon
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of weathering was not, found in samples from the other two colliery tips.

Discard from Bilsthorpe has a very high quartz content, but also a
high clay content, compared to discards from Maltby and Wolstanton. This
discard is dominated by illite and also has the highest mixed-layer clay
content. This discard is probably more weathered than the Wolstanton
discard.

Wolstanton discard is markedly different from that of the other two
collieries, being a coal-rich material. Wolstanton discard, although being
dominated by illite, has the lowest total clay and illite contents of the
three discards. The highest siderite percentages were found in this
discard and this, along with a high illite crystallinity ratio and low acid
and water soluble sulphate content, would indicate that Wolstanton discard

is the least weathered of the three studiled.
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still an active process (see Fig. 5.9).

The differences may also be related in part to differences in the
physical properties of the colliery discard at the two sites, as described
in Chapter 4. The Maltby discard is predominantly a clayey discard,
compared to a coal-rich discard at Wolstanton. Reference to Fig. 6.6
(Chapter 6) highlights differences in particle size distribution for
discards of similar age at each colliery site. The degraded Maltby discard
has a higher percentage of clay, silt and sand components, compared to the
Wolstanton discard which has a higher percentage of coarser gravel, and
would not appear to be as degraded as the Maltby material.

The coarser, less clayey discard of Wolstanton, would be relatively
free draining, compared to that of Maltby. Natural leaching of chlorides
from the discards would appear to progress at a faster rate, as shown by
the relatively low brackground chloride levels for Wolstanton compared to
Maltby. Conversely, the Maltby discard which 1s less coarse and has a
higher clay fraction, would be less free draining and natural leaching of
chlorides would be slower.

Table 5.1 shows chloride variation through time, from fresh ex-washery
discard to a maximum of three years old. Comparison can be made with the
Maltby discard, retaining its high chloride level, to that of Wolstanton,
the three year old discard having reached a chloride level of less than

S0Oppm. Both discards had the same approximate initial chloride level.
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However, there is an increase of chloride concentration towards the surface
and a more uniform distribution of chloride in the top 500mm of the
discard. These trends were repeated in data obtained for subsequent years.
The movement of chlorides into the embankment indicates that leaching
has been an effective process in the colder and wetter months. Drier
weather, in contrast, has resulted in increased evaporation and a general
increase in chloride levels towards the surface (see also Chapter 6).
Comparison of average concentrations by the non-parametric Wilcoxon
Rank Sum Test (Siegel, 1956) shows a significant decrease in chloride
levels in the top 0-1m of discard from 1983 to 1984. This applies to top,
mid and toe positions on the slope for all seasons, with p = 0.01 in all
cases. This fall in chloride levels in the embankment from year to year
can also be seen in Fig. 5.9, a graph of cumulative means for all positions
on the spoil slope, for the period 1983-85. A continued decrease in
chloride level in the discard embankment may be expected, as shown by the

hashed black line on Fig. 5.9.

5.2.1.2 Wolstanton

Data obtained from traverse sampling at Wolstanton reveals no
statistically significant seasonal patternof chloride movement in the top
500mm of discard. However, data obtained did indicate that some leaching
occurred during the wetter months, for example Winter 1984, chloride levels
were 19ppm at a depth of 0-100mm and 35ppm at a depth of 500mm. A more
uniform distribution occurs in the discard during the Summer months, for
example during Summer 1984, chloride levels were 89ppm, 105ppm and 60ppm
for depths 0-100mm, 100-20mm, 200-300mm and 300-400mm, respectively.

Analysis of the data by the Wilkoxon Rank Sum Test, showed a
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In July 1983, the hotspots A, B and C (Fig. 5.7a) were observed to
form part of a linear surface deposition of salts running more or less
parallel to the crest of the embankment. Their formation would appear to be
associated with the layering of discard in 'lifts' of up to 5m in thickness
(Chapter 3), influencing permeability. The raising of an embankment will
usually mean that less dense discard is likely to be in contact with a more
compacted and degraded underlying (older) surface, possibly of some years
standing. In this way an old surface could act as a permeability barrier
to water percolating downwards. This would result in the concentration of
soluble salts along these less permeable surfaces eventually appearing as
hotspots on the embankment surface.

Table 5.3 shows the distribution of chloride down two vertical faces
excavated in August 1983 on the experimental embankment at Maltby Colliery.

The positions of the two vertical faces are shown as E and F on Fig. 5.7a).

N.Flank haulage road Below haulage road
Depthm Cl in ppm Depth m Cl in ppm
surface 0.1-0.2 210 surface 1.9-2.0 35
0.3-0.4 290 2.1-2.2 15
0.5-0.6 1016 2.5-2.6 27
0.7-0.8 125 2.7-2.8 76
0.9-1.0 145 2.9-3.0 285
1.1-1.2 2u5 3.1-3.2 555
1.3-1.4 215 3.3-3.4 535
1.5-1.6 325 3.5-3.6 106
1.7-1.8 435 3.7-3.8 ll%ﬁ
3.9-Bedrock 1005
(Lr.Mag. L'st)

Table 5.3 Showing distribution of chlorides in Trench E;, sampled 31 August
1983.

The analyses demonstrate downward leaching in the discard. Chloride
values in the embankment adjacent to the grid shown in Fig. 5.7(b) are

generally intermediate between comparable traverse holes T2(ii) and
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T2(iii).

The parting between the two high chloride values underlined in Table
5.3 1s Just over 3m in thickness, this may represent the position of the
initial 1ift of the embankment. Indications from Maltby that seepages
might be associated with impermeable surfaces of previous 1ifts were
investigated further at Bilsthorpe Colliery (see Bick, 1985; Fig. 5.12).
In addition to a definable phreatic surface belng present, quite a high
perched water table was measured in a lagoon embankment at Bilsthorpe. The
perched water table was almost certainly supported by the the top of the
initial 1ift, the present bank comprising two lifts. The old surface had
been exposed to degradation for a period of 3 years prior to the
construction of the second stage.

The Maltby site was also sampled on a grid basis during the Summer
months of 1984. At this time hotspots could be seen on the discard surface
forming damp patches surrounded by an efflorescence of crystalline salts.
A comparison between Figs. 5.13(a) and 5.13(b) shows that all hotspots
occur in both, but highlights seepage A in the Summer grid. There is
clearly a large increase in chloride concentratiaons at, and around, seepage
A. Average chloride concentrations for the entire sites at the 0-100mm
depth in Summer are T24ppm Cl™, compared to a 234ppm C1~ Winter average.
Seepage point A showed increased chloride concentration from 985ppm Cl™ in
Winter to 2388ppm C1~ in Summer, this was for discard of 0-100mm depth.

Samples of the crystalline salts from efflorescences on the discard
embankments at Maltby and Wolstanton Colllieries were analysed using XRD
techniques. The main salt identified was thenardite (Nazsou) with traces
of halite (NaCl). The predominance of sodium sulphate over sodium chloride

on the surface may be explained by the preferential crystallisation of
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water being available to vegetation.

In agricultural studies, the water available to plants is described as
the molsture content range between field capacity and permanent wilting
percentage. Since field capacity is defined as the water content after
drainage of gravitational water, as described earlier, the upper limit for
plants 1s actually lower than the total 'field capacity' as is made clear
in Fig. 6.2. Field c;fapacity includes capillary water not available to
plants as well as hygroscopic water. Strictly it is not a precise
description. Permanent wilting percentage is the lower unit of soil water
storage for plant grpwth. It is the so0il water content at which plants
remain permanently wilted unless water is added to the soil. This is also
referred to as the wilting coefficient.

Continuous absorption of water is essential to the growth and survival
of most plants. Plants absorb water through sections of the root
intimately associated and in contact with capillary water films around soil
particles.

If the water content is higher than field capacity, air is displaced
from the non—capillarj( pores and absorption 1s hindered by poor aeration.
If the moisture contént is too low, water is held so firmly by the soil

that 1t carmot move into plant roots.

The availability of soll moisture depends primarily on its tension;
determined by gravitational, hydrostatic and surface forces, as mentioned
above, Osmotic pressure which is determined by the concentration of

solutes in the soil solution is also a factor.

The attraction of soil water to mineral particles is customarily

described in terms of water tension or suction pressure (the negative pore

water pressure).
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6.3 Measurement of Suctian
The measurement of soil suction in the field or in laboratory

experiements can be achieved by using a tensiometer. Tensiometers usually
take the form of a cylindrical, conical, pot of unglazed ceramic material
connected to a measuring attachment, normally in the form of a mercury
manometer. The tensiometer cone is inserted into a borehole in the soil
material being tested. The borehole is of similar size to the cone, so a
good contact between cone and soil material is achieved. Fig. 6.3 shows
the system used in the experimental bunkers at Durham University. The
following equations were used to calculate suction or positive pore water
pressures.

[(hy + Dy) pw - hm/om]g<0

[(hy + Dy) pw = hm/om]g>0

&

Dp + Dt + hmy

Dp = Depth of centre point of piezometer below discard tip surface
Dt = Height of datum above discard tip surface

hm; = Mercury head 'above datum' in piezometer arm

tm, = Mercury head "pelow datum' in open arm

h2 = Excess head of water in open arm

Py = Density of water = 1000 kg/m3
p,m = Density of mercury =13,540 kg/m3

g = acceleration due to gravity=9.81 m/s®

A Fortran computer program was used in order to calculate the suction
pressures at the centre point of each of the piezometers from the daily

manometer readings, that is, hm; (m); hmy (m); and hy (m). A listing of
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the program is given in Appendix 3.

The mercury manometer measuring system was later replaced by pressure
transducers, calibrated for both pressure and tension. The electrical
output from the tranducers could then be converted into mercury head and
thence kN/m®.

Relationships befween suction pressure and soil molsture conditions,
using conventional units or the logarithmic pF scale, are shown on Fig.
6.2.

A porous body suéh as soil does not contain pores of uniform size and
shape which would all empty at the same suction pressure. Soils are
characterised by a pore size distribution, thus pores with large channels
of entry would empty at low suction pressures, whilst those with narrow
channels of entry do not empty until larger suction pressures are imposed.
As soll water suction pressure is progressively increased, the soil
moisture content is progressively reduced. The plot of suction pressure
against soll water content produces the curve known as the soil moisture
characteristic.

When suction 1s relaxed in an attempt to refill the cell, the smaller
pores will fill before the larger pores. The suction pressure at which
each size group refills is less than that at which it empties. The curve
obtained by plotting water content against suction pressure is similar in
shape to that obtained during water removal, but 1is displaced in the
direction of lower suction pressure. This deviation from perfect
reversibility of the moisture characteristic, produces a hysteresis effect
which is illustrated in Fig. 6.) (Maltby discard less than 2mm grain size).

The drying curves shown in Fig. 6.4 are for Maltby and Bilsthorpe

coarse colliery discérds° Tensiometers were embedded in the discard, then
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using a 1large coring shoe, the tensiometers and surrounding discard were
taken and allowed to dry under laboratory conditions. These data can be
compared with suction pressure water curves for material of less than Z2mm
size, separated from discard from a lagoon embankment at Maltby Colllery.
These latter determinations were made by Simmonds (1984), using a
laboratory suction plate apparatus. Suction pressures of up to pF 3 can be
measured with this equipment (Fig. 6.5). It can be seen that the coarse
discard from Maltby and Bilsthorpe show a much more restricted water
content range, than the less than 2 mm fines from Maltby. This size
fraction displays the characteristic shape of curve for silty and
argillaceous soils and fine grained mudrocks (see, for example, Taylor,
1978).

As previously mentioned, plants generally obtain their molsture and
nutrient requirements from the smaller particle size fractions within a
soil or discard. It can therefore be argued that the less than 2mm size of
Maltby discard with its higher moisture content range in Fig. 6.3 is more
ideal for plant growth than the in situ 'whole' discard sizes of Maltby and
Bilsthorpe with lower moisture contents (Fig. 6.3). However, in the
restoration procedure, scarifying is commonly used in the upper layer.
This means that vegetation moisture requirements will be more nearly
satisfied as in situ material is broken down. Weathering of the surface

will, of course, help in producing smaller grain sizes if restoration 1s

delayed for many months.
6.4 Design of Project

Two experimental discard tips were constructed in confined bunkers at

Durham University. There were two reasons for conducting experiments In
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these experimental (courtyard) tips: (a) provision could be made for
continuous data logging of tensiometer readings, and (b) research would not
be interrupted by the Miner's Strike of 1984. Subsequently in 1985,
measurements were made at two locations at Billsthorpe Colliery, in the 3
year old embankment of lagoon 6, and below the 3 year old soil cover at a
location devold of grass on the restored part of Tip No. 1. The discard at
the latter site was about 15 to 20 years old. Individual readings only
could be made at Bilsthorpe since data logging was deemed to be too
expensive.

The two experimental bunkers were of different construction. One used
shuttering boards, reinforced with a vertical and horizontal framework of
angular steel ("Dexion"), and the other was a more permanent structure
made from breeze blocks. The base of each bunker had a 2-3° slope from
back to front, to allow base flow and runoff into a plastic gutter. This
water was channelled into a pyrex collecting beaker. A double lining of
thick plastic was placed inside the bunkers to prevent any loss of water
fram the base or side wall intersections.

In June 1984, the first experimental tip was constructed using coarse
discard from Maltby Colliery, believed to be about 7 years old. The
particle size distribution of the material is shown in Fig. 6.6. About 2.2
tonnes of discard was' used for the experimental tip. The structure shown
in Fig. 6.7 was compacted in 3 layers to a nominal bulk density of 2.0
Mg/m3. The exposed face was given an inclination of 18°.

During Spring 1985, the second experimental tip was constructed using
3 tonnes of coarse discard from Bilsthorpe Colliery. This material was of
considerably coarser grain size than that from Maltby, as seen in Fig. 6.6.

Over a perlod of about 15 months, this discard degraded to a size range
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similar to that from Maltby. During this pericd, however, it was subjected

to a leaching experiment simulating 5 years' rainfall.

6.4.1 Tensiameters

High air entry ceramic piezometers (Fig. 6.8) with a pore diameter of
approximately 1 um, an air entry value of approximately 1 atmosphere (ca.
100 kN/m?) and a permeability of 2 x 10~8 m/s were modified as
tensiometers. They consisted of a porous ceramic cylinder, sealed at one
end, connected at the other to a sealed water reservoir and a suction
measuring device (Fig. 6.8). In the initial stages of the Maltby
experimental tip, standard mercury manometers were used to measure suction
of positive pore water pressures as outlined previously. These were
replaced to enable continuous monitoring by Schaevitz pressure transducers
(No. P721/001) calibrated in both tension and compression. These were
calibrated using a mercury manometer linked to a vacuum pump. The
transducers were comnected via a stabilised power supply to a data logger
(CHRISTIE CD 248 DATA LOGGER). The transducers minimised the time lag in
tensiometer response, since practically no water flow occurs as the
instrument adjusts. The water inside the tensiometer assumes the same
solute composition and concentration as the soll water and therefore it is
the matric potential (suction) which is measured and not the osmotic
suction. Measurements by tensiometers of thils type are limited to suction
pressures of below 1 atmosphere (101 kN/m?). The highest measurement
recorded in this study (see Fig. 6.11) was 86.7 kN/m° (pF 2.94) in
Bilsthorpe Tip No. 1, but it was suspected that in dry weather higher
suction pressures would apply.

Prior to installation of a tensiometer it is necessary to de—air the
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ceramic cylinder and to ensure that it is not leaking after it has been
filled by submergence in de—aired water and the top section assembled. In
both experimental tips, tensiometers were installed at depths corresponding
to shallow-100 mm; mid-200 mm; and deep-430mm (500 mm in the Bilsthorpe
discard experimental tip). The depths correspond with the centre points of
the ceramic cylinders and are indicated on Figs. 6.9-6.11.

The instruments were installed in narrow holes filled with water in
the colliery discard material, any large cobbles or boulders having been
previously removed. The discard was then tamped down around the
tensiometer, the excess water helping to provide a good seal. However,
after extended periods of high suction pressures, air did enter the
tenslometers and they needed to be flushed and refilled with de-aired
water. Some breaks in the record of individual tensiometer readings (Fig.
6.9) are a result of such system maintenance. The coarser material from
Bilsthorpe was particularly troublesome in this respect. Breaks are
indicated in the early Maltby readings highlighting the inadequacies of
mercury manometers.

The tensiometers installed at Bilsthorpe Colliery had to be read
individually by means of a sealed lead acid battery, a voltage regulator to
ensure a constant excitation of 10v, and a battery-powered multimeter to
display the output voltage. Considerable problems were encountered with
these tensiometers because of water leakage. These tensiometers were
largely manufactured in the laboratory workshops and difficulties were

experienced with seals.

6.5 Suction Pressure Measurements
Output for the two experimental embankments is shown in Figs. 6.9 and
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