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INTRODUCTION AND PHYSICAL SETTING 

The data provided in this report were obtained largely dur­
ing a three-year contract, commissioned in 1989 by the 
Department of the Environment. Funding for the work was 
shared between the Department and the British Geological 
Survey. 

The district under study comprises 175 km and relates to 
the urban area of south and central Leeds, together with 
some rural areas near Rawdon in the north-west, and 
around Barwick in Elmet and Swillington to the east 
(Figure 1). A substantial part of the district lies on part of 
the abandoned Y or~shire coalfield. 

Aims and objectives 

The study is one of a series commissioned by the 
Department of the Environment as part of the Geological 
and Minerals Planning Research Programme (Department 
of the Environment, 1988). The work carried out meets the 
remit of the British Geological Survey, which is to update 
the geological map, and the interest of the Department, 
which lies in areas of planning, development and conserva­
tion. It aims to provide an up-to-date geological database, 
including new geological maps, as a foundation for: 

a) land-use planning for development and redevelopment, 
and 
b) effective future geological research 

The objectives were: 

a) to collect, collate and index geological and geotechnical 
data in a form which allows it to be placed in a permanent 
archive and to be easily consulted 

b) to carry out geological field mapping of the area to 
modem standards and present results in a set of revised ge­
ological maps with accompanying geological descriptions 

c) to interpret and present results in a set of applied geo­
logical maps and accompanying reports which demonstrate 
the relevance of geological factors to: forward planning, 
development, development control and construction; and 
to indicate the nature, scale, and distribution of resources 
for, and constraints to, development. 

d) to demonstrate the relevance of methods adopted to ap­
plied mapping studies in other areas 

e) to identify the need for further investigations or special­
ist advice in relation to specific planning and development 
objectives and proposals, or to clarify important scientific 
factors. 

The work programme 

The geological mapping was carried out at a scale of 
1:10000 during 1989-90 and involved a complete revision 
of the existing maps. The fieldwork entailed systematic ex­
amination of exposures of solid rock and superficial de­
posits (drift), together with geological interpretation of 
topographic features and some hand augering to a depth of 
1.4 m. 

The field survey was augmented by an abundance of 
borehole and trial pit data, much of which was collected 
and/or collated during the programme. The bulk of these 
data relates to relatively shallow site investigation work. 
Much of the deep mining information, including colliery 
shaft sections, is of considerable vintage and was used in 

earlier surveys to establish the stratigraphy of this and sur­
rounding districts. 

Information gleaned from old topographic maps and 
aerial photographs was useful to determine former mineral 
workings and areas of landfill. 

Reassessment of determination of fossils, housed in the 
Survey collection, has assisted in the correlation of 
Carboniferous strata. 

The component 1: 10 000 geological maps were con­
structed using a combination of the data outlined above. 
Each map depicts both lithological and structural varia­
tions in the bedrock, and the lithology and distribution of 
the superficial deposits. A three dimensional interpretation 
of each map is assisted by means of selected borehole and 
mining data, and a generalised vertical section. Each 
1: 10 000 scale map has an accompanying open file report, 
listed in Appendix VII, which provides more detailed in­
formation than is possible in this text. 

The 1 :25 000 scale thematic maps were compiled using 
data reduced and simplified from the 1: 10 OOO-scale sur­
vey, and from a variety of other sources. Each map is de­
signed to show one or more geological themes, in summa­
ry form, for the whole of the study area. Their main pur­
pose is to provide an overview for each theme, and their 
accuracy is limited by the scale chosen. For more accurate 
or site-specific data, the 1: 10 000 geological maps and 
other parts of the original database should be consulted. 
The latter includes topographic maps at 1 :2500 scale on 
which most of the borehole sites have been plotted. 

Presentation of findings 

The study is intended to be of value to a wide range of 
users, from specialists in the earth sciences or related disci­
plines, to others who may possess only limited specialist 
knowledge, but who may use the findings as an aid to 
planning and development decisions. The findings are 
presented in this report together with its appendices and 
accompanying thematic maps. 

The various themes portrayed on the maps are as fol­
lows: 

Distribution of borehole sites (Map 1) 
Solid geology (Map 2) 
Distribution of superficial deposits and levels of natural 
rock-head beneath (Map 3) 
Distribution of Made Ground (Map 4) 
Deep coal mining (Map 5) 
Quarrying and shallow mining (Map 6) 
Engineering geology of the solid rocks (Map 7) 
Engineering geology of the superficial deposits (Map 8) 

For the specialist, a detailed description of the more 
salient aspects of the geology is provided in Appendix I. 
Attention is drawn to the most important advances in the 
understanding of the geology of the district and to the out­
standing problems. Other appendices (II to IX) describe 
the engineering geology (Appendix II) and various aspects 
of the database; a glossary of geological terms and list of 
references are also provided. 

Physical setting 

The district described in this report includes much of the 
urban area of Leeds together with some rural areas to the 
north-west and east. The drainage of the area is largely di­
rected towards the Aire valley which was a major transport 









I'lal e 3 Swillington brickworks showing Thornhill Rock overlain by mudstones with two s(mdstones 
and thin coals 1385 3151. 

few metres. Locally this effect extends to greater depths 
and has been observed at some distance from the Pernlian 
crop. perhaps associated with enhanced weathering down 
fault-zones. 

SUllt rficill1 deposits 

QUATERNARY DRIFT DEPOSITS 

The superficial (drift) deposits present a\ Ihe surface in­
clude gl .. ci .. 1 deposit), river terr-dce deposits, He .. d and 
alluvium (T:lble I). Some of the categories are difficult to 
map in any consiStent fashion ~o that the distribution of 
Head deposits, for example. a~ p;lnrayed on Map 3. should 
not be regarded as fully rcpresent .. tive. 

The glacial deposits (till. glacionuvial sand and gravel. 
glacial silt. moundy glacial deposits) are thought to be the 
products of more than one glaciation. The deposits which 
relate to the earlier (?Anglian) episode. show no con­
structional features. are extensively weathered and typical­
ly occupy the higher ground. The moundy glacial drift and 
associated deposits. which occur in the Aire valley up­
stream from Lced", belong 10 Ihe Late Devensian glacia­
tion. which uffected the Pennine dales including Upper 
Airedale in the period 2000010 15000 years before pre­
sent. The lill of the plaleau areas comprises brown. ill-sort­
ed, stony. sHndy clay with clast" of locally derived sand­
stone logether with some chert and ironstone. Limestone 
occur! where the till lies close to the Pennian outcrop. The 
moundy drift is probably more varied in composition in­
cluding both till and sandy gravels. 
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The river terrace deposi ts are v .. riable in composition 
and r:mge from sandy. fine to medium-grained. subround­
ed to rounded gravels. with some cobbles. to sundy clays 
with some rounded gnlvel. The sand content varies from 
fine 10 coarse-gr .. ined. but fine to medium-grained material 
is more common. The gravel fraction is mainly of locally­
derived Carbonirerous sandstone with some ironstone. 
shale and limestone. In the marginal areas the terrace de­
posits are locally sufficiently elayey to have been worked 
for brick-making. 

The surface level of the terrace deposits within the Aire 
valley commonly lies about 5 m above that of the noodplain 
alluvium (c.25 m to 35 above 00). but ncar the margins. the 
upper surface climbs imperceptibly to higher elevations (ror 
example near Hunslet Carr and Holbeck), probably as a con­
sequence of the merging or these deposits with those of s0-

lifluction and possibly those of older nuviatile origin. 
The lower nanks of the Aire valley. the floor.. or the 

tributary valleys and some of the isolated cols are mantled 
extensively by spre .. ds of solinuction material and hill­
wash (1·lead). Typil.:ally the composition of these deposits 
reflects that of the parent materials upslope and commonly 
is of angular sandstone fragmcnts in .. matrix of sandy 
clllY. A thickness of 2 to 4 III is thought to be fai rly typical. 
lIlthough some drillers' logs do not distinguish between 
Head and weathered bedrock. Such deposi ts arc commonly 
thicker on north and east-fllcing slopes. Thm patchy de­
posits of this material are probubly widely present through­
out the area, but it proved po~sible to Illap only certain oc· 
currences. 



Illate 4 Coal Measures 
snndstone. stratigraphically 
below the Beeston Coal. exposed 
at Gelderd Road 12600 3096). 

The noodplains of the River Aire and its tributaries are 
underlain by channel-fills of twO distinct deposits. com­
monly totalling up to about 10 m thick in the Aire valley, 
The upper unit (of Randrian age) consists of soft 10 fiml. 
brown and grey mottled. silty clays and clayey silts (alluvi­
um). Locally. organic (peaty) horizons may be present and 
common ly there is a sand/gravel component which in­
creases downwards. The lower unit (SUb:l11uvial gravels) 
shows a longer age range (Devensian to Flandrian), com­
prising fine 10 coarse-grained sands and angular to round­
ed. line to coarse-grained gravels in varying proportions: a 
variable clay content is also present. The clast component 
is similar to that of the terrace deposits although there is a 
reduction in the less-durable materials. Lenses of organic 
silt or brown. pebbly. sandy clay are present in places 
within the sandy gravels. 

At many locations, the soft upper unit of the alluvium 
ha.') been removed prior to the construction of fou ndations. 
etc and commonly replaced by fill material. 

MADE GItOUND 

Landfill material is vcry common in the urban area of 
Leeds. particularly in the alluvial tracts where soft elayey 
lithologie!> have been removed and panly replaced with 
other. genemlly granular, materials prior to construction 
work. Other more well defined locations, where made 
ground is thick, include backfilled clay-pits. quarries and 
opcne'hl site~, infilled watercourse,. man-made embank­
mcnts in their various foml!.. former sludge beds and waste 
tips from mincral extraction ~ites. including collierie!;. 
Some of these areas have been subject to extensive land­
scaping. 

The nature of the fill material in these various locations 
is poorly documented. In the Leeds district as a whole. for 
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example, there arc 19 opencast coal sites known to predate 
1974. Of these. the date of backfill and/or restoration i!. 
known only for 14 sites (mostly falling within the range 
1943-60). Although these workings would have been 
back-filled mainly wi th rock spoil . the possibili lY of 'tOp­
ping up' with othcr materials cannot be discou nted. It is 
probable that many or Ihe older quarries were filled with 
waste material early in this century. Locally the landfill 
material is in excess of20 m Ihick. 

Former miner"dl extraction 

Various geological horizon.!. have been exploited in the 
past for brick clay, fireclay. coal. ironstone. limestone, 
sand and gravel, and sandstone (Plates 5-10). Early mining 
of coal and ironstone was from bell pits (p.19). For exam­
ple, the ironstone about the Bl ack Bed Coal was worked in 
thi s fashion, ncar what is now the Com Exchange 1304 
3341 in the city centre. L..1ter, deeper mines eXlracted coal 
on a larger scale and. in some cases. ironstone and lireclay, 
from the beds above and below. respectively. The innu­
ence of old mine workings on planning, and on methods of 
foundation design. is discussed in more detail in a later 
.'>Cetion (p.19). 

Forms of pillar-and-stall or 'retreat' mining were also 
used in the exploitation of the Eiland Flags in the 
Brighouse and Bradford di st rich (Godwin. 1984). 
Work ings in the Gamble Hill area 1247 337\, which may 
j ust impinge on thi s di strict and which were probably 
reached from adi ts from a qUllrry. were described in 
Godwin's paper (p.7). 

Quarrying activity was formerly extensive in the Leeds 
district, mainly for clay and snndstone. The shape of the 
excavations was in many cases determined by the local 



Table 1 Geological succession of superficial deposits of 
Quaternary age 
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-0 

-100 00 

-700 00 

-1300 00 
---
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Flandrian 

Devensian 

Ipswichian 

-------

?Anglian 

Deposits 

Landslip 

Alluvium 

Suballuvial gravels (part) 

Head (part) 

Head (part) 

Suballuvial gravels (part) 

River Terrace Deposits 

Till, mouldy glacial deposits, 
and associated sediments 

Derived fossil bone material 

at Wortley 

------------------

Till, and associated 
sediments 

'Older 
Drift' 

8 

needs and geology. Thus, flagstone workings concentrated 
on bands of better quality stone, which provided even split­
ting. Clay pits may have developed faces which optimised 
on the secondary extraction of coal to reduce fuel costs. 
Some ganister and freestone workings may have exploited 
beds beneath a thin capping of clay and so obtained rela­
tively unweathered stone. 

The documentation of the extent of mining and quarry­
ing is incomplete for this district. Prior to 1872 there was 
no statutory obligation to record plans of mines, there are 
few records, and the extent of old workings is largely un­
known. The knowledge of former quarries is largely based 
on old topographic maps and site investigation borehole 
data. 

In the early years of intensive mining near the city cen­
tre, it appears that there was a preferred tendency to exploit 
the more productive shallow seams, such as the Beeston 
Coal, and thence to work this seam and latterly lower hori­
zons down-dip and at greater depths in a generally easterly 
or south-easterly direction. Much of the workable upper 
leaf of the Beeston Coal in Leeds was exhausted by the 
end of the 19th Century: its lateral equivalents, the 
Churwell Thick and Thin coals, were worked out by 1912. 

It is thought that coal mining in the floor of the main 
Aire valley, in the vicinity of the city centre and 
Pottery Field, was restricted because the technology for 
mine drainage at shallow depth beneath water-bearing 
alluvial deposits was not available at the time. 
However, there is evidence for some working of the 
Beeston Coal in the Hunslet area beneath terrace de­
posits. The extent of the take of the Gibraltar Colliery 
[3181 3192], at Knowesthorpe, sited on alluvium, is not 
known; one shaft here encountered the base of the 
Beeston Coal at 40 m depth. 



Plate 5 Quarry in Rough Rock at 
Calverley Wood, as seen in 1937. 
The lowest 15 m of strata are Rough 
Rock Flags. 

Plate 6 Ganister quarry in 
Stanningley Rock, showing 
beds folded up against a 
fault, near Meanwood Road 
in 1894. (British Association 
for the Advancement of 
Science Photographic 
Collection. ) 
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Plates 7 and 8 Former 
pillar and stall workings, 
inspected in 1983, in the 
Beeston Coal at Richmond 
Hill [3l3 331]. Note the 
supporting brickwork pack 
in the upper photograph. 
(Courtesy: Wardell 
ArmstronglLeeds City 
Council) , 
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centre; the sulphate content increases similarly from 150 to 
more than 200 mgtl. 

The available groundwater analyses indicate there may 
be a marked deterioration in water quality in the Elland 
Flags on the down-dip (southern side) of the narrow 
trough-fault which trends SW-NE through Leeds city cen­
tre. The general trend in water quality is of an increasing 
mineral content down-dip with some evidence of ion ex­
change of sodium for calciUm/magnesium, probably facili­
tated by the clay minerals of the mudstones. The presence 
of naturally softened water, though possibly with a high 
mineral content, in deep grit aquifers was often exploited 
in the West Yorkshire textile industry in the past, though to 
a lesser degree in Leeds than in the neighbouring 
Huddersfield and Bradford districts. 

Where the aquifers are confined, the groundwater fre­
quently contains iron and manganese, in their reduced 
state. Hydrogen sulphide and methane may also be present 
(the latter is believed to have caused an explosion at one 
site). Borehole headworks thus require adequate ventila­
tion to allow dispersion of gases. The poor quality of the 
groundwater may limit its value for industrial uses without 
suitable treatment, especially where the aquifers are con­
fined by considerable thicknesses of mudstones. 

GROUNDWATER PROTECTION 

The National Rivers Authority is currently preparing an 
Aquifer Protection Policy to protect the quality of under­
ground waters. This is generally achieved by seeking to 
control the activities that take place on the aquifer outcrop 
particularly in the groundwater catchments of public supply 
boreholes or boreholes that are used for potable water. The 
policy is intended chiefly for application in major aquifers, 
and has the following limitations in a district such as Leeds: 

a) The outcrops of the aquifers are narrow, and the com­
plex geology and faulting make it very difficult to deter­
mine the groundwater catchment of boreholes. 

b) Boreholes usually penetrate more than one sandstone 
and the descriptive logs may not precisely identify the 
horizons that are aquifers. 

Figure 4 Groundwater level 
variations in Leeds. 
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c) The recharge areas (outcrops of aquifers) and hence 
protection zones may be some distance from the boreholes 
and not encompass the borehole site itself. 

d) The recharge areas lie mostly within the urban develop­
ment. The recharge to the aquifer is therefore likely to 
have some degree of urban pollution. 

e) The quality of uncontaminated groundwater over large 
parts of the Leeds district is probably on the borderline of 
potable standards. 

Because of the nature of the structural geology of the 
aquifers, there may be a considerable distance between the 
recharge area and the abstraction point, so travel times are 
long and the risk of bacteriological pollution is therefore 
reduced. The confining mudstones may serve to protect the 
abstraction point from surface contamination at the site, al­
though the design of the headworks may still form an easy 
pathway for pollution of the pumped water. 

EFFECTS OF MINING 

The southern part of the Leeds district has been considerably 
affected by mining. The worked out coal seams sometimes 
form aquifers that may considerably enhance borehole 
yields. However, the withdrawal of hydraulic support in the 
old coal workings may give rise to subsidence and British 
Coal, who are liable for mining subsidence claims, may re­
quire boreholes to be cased and grouted through old coal 
workings. In the areas of suspected mine workings the NRA 
will refer proposed abstraction boreholes to British Coal for 
their comments before granting consent for a borehole to be 
drilled and test pumped. 

GROUNDWATER LEVEL MONITORING 

The NRA monitors the groundwater level monthly in the 
disused borehole at Trident House [285 341]. The hydro­
graph is shown on Figure 4. This is the only borehole 
monitored in the Leeds district, and is situated close to a 
number of licensed abstractions in the Kirkstall Road area. 
The figure shows a progressive rise of groundwater level 
in response to reduced local abstraction. This site should 
not be taken as representative of the district as a whole, 

77 79 81 83 85 87 89 91 

Time period -21 years from January, 1971 
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but may be indicative of a general trend in terms of local 
demand. 

SURFACE WATER ABSTRACTIONS 

The River Aire is generally of poor quality and little used 
as a source of water, except for cooling purposes. Two 
major abstractions for cooling water have used shallow 
boreholes in the alluvial sands and gravels alongside the 
River Aire. No information is available on the quality of 
the water abstracted compared to the quality of the river 
water. One of these abstractions has now ceased. 

FUTURE PROSPECTS 

Water boreholes in the district are somewhat unpredictable 
in terms of groundwater yield and quality. Boreholes in 
Leeds have generally provided yields in the range 25 to 
40 m3/h, sufficient for most industrial uses. The water 
quality is commonly acceptable, in terms of mineral con­
tent, but the presence of iron and manganese, in their re­
duced state, in significant amounts may be troublesome. 
Some form of treatment may be required to remove these 
elements and this may have severe repercussions on the 
cost of private supplies. 

Because of the large reduction in groundwater 
abstraction in Leeds over the last two decades, there are no 
restrictions on applications for groundwater licence ab­
stractions subject to the normal provisos on derogation of 
existing sources. An application to drill and test pump a 
borehole must be submitted to the National Rivers 
Authority before construction of a water borehole. 

Made Ground 

The distribution of the principal areas of made ground is 
shown on Map 4 and, in so far as records exist, the nature, 
maximum thickness and dates of re-soiling of the fill mate­
rials are catalogued in Table 11. The areas of existing 
made ground are mainly: 
Infilled beck valleys 
Made up ground levels on low lying, marshy or soft 
ground which was often prone to flooding 
Backfilled sludge lagoons 
Backfilled quarries, clay-pits and opencast sites 
Demolished large industrial sites 
Demolished areas of (predominantly terraced) housing 
stock. 

The largest volumes of landfill are those of former open­
cast sites (Plate 14). Serious problems can arise where con­
struction takes place on filled sites, and all made ground 
should be treated as suspect because of the likelihood of ex­
treme variability in the composition of the fill materials 
(some of which may be hazardous to health or harmful to the 
environment or building) and their compaction/settlement 
characteristics. Not all made ground will present problems, 
as some of the fill material will be inert and possibly well­
compacted, but the following points should be borne in mind: 

a) where fill has been placed above ground level, as in in­
filled becks and made up levels of low marshy ground, it may 
rest on soft alluvial clays or peats which may themselves un-

Plate 14 Reinstatement of the former Gamblethorpe open cast coal site as a landfill area [368 306]. 
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Figure 5 Settlement rates of 
different types of fill (vertical 
compression plotted against 
10glO time) [from BRE Digest 274]. 
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dergo excessive differential consolidation settlement when 
loaded; this will be additional to that resulting from the com­
pression of the fill itself. The stability of the ground underly­
ing the fill may, therefore, need to be examined. 

b) if structures are built on piles passing through the fill 
into underlying strata, 'drag-down' of the piles due to neg­
ative frictional forces caused by the fill settling under its 
own weight may be a major consideration in foundation 
design. 

c) where the fill is deep, self-weight will often be the prin­
ciple cause of long-term settlement. With granular fills and 
poorly compacted unsaturated fills of all types, the major 
compression occurs almost immediately and consequently 
most of the settlement due to self-weight occurs as the fill 
is placed. Nevertheless, significant further movements 
('creep' settlement) do occur under conditions of constant 
effective stress and moisture content. With many fills the 
rate of creep compression decreases fairly rapidly with 
time and shows an approximately linear relationship when 
plotted against the logarithm of time elapsed since the de-
posit was formed 5). 

It should be remembered that an increase in stress due to 
changes in applied load or moisture content may cause 
much greater movements than those shown in Figure 5. 

d) compression of fills by building loads will be very vari­
able depending on the nature of the fill, its particle size dis­
tribution, compactness, the existing stress level, the stress 
increment and the moisture content. Assuming the stress in­
crements due to building loads do not bring the fill close to 
bearing capacity failure, settlements can be most simply 
calculated using a compressibility parameter related to one­
dimensional compression. This parameter, the constrained 
modulus, is defined as 80y /8£y, where 80y is an increment 
of vertical stress, and 8£y is the increase in vertical strain 
produced by 8oy • Some typical values of constrained modu­
lus for different fill types are shown in Table 2. 

It should be realised that movements which occur during 
building construction are likely to be much less of a prob­
lem than those which occur after completion of the struc-
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ture. The long-term creep component is therefore of partic­
ular significance (see 'c' above). 

e) loose unsaturated fill materials are usually liable to col­
lapse settlement following inundation with water. If this 
occurs after construction, a serious settlement problem 
may arise. It is believed that this is often a major cause of 
settlement problems in building development on restored 
opencast mining sites. Problems can also be caused by 
water penetrating into the fill from the surface through 
deep trench excavations for drains associated with building 
development. 

f) when fine material is placed underwater, as in sludge la­
goons, a soft cohesive fill is formed which is characterised 
by low permeability. Settlement is controlled by a consoli­
dation process in which excess porewater pressures dissi­
pate slowly as water is squeezed out of the voids in the fill. 
This type of fill may be susceptible to liquefaction, and 
often a firm but thin crust, overlying very soft material, 
may form over the surface of the lagoon deposit. 

g) excessive differential settlements, leading to distortion 
and damage to buildings, are to be expected in highly vari­
able poorer types of fill, or where the depth of fill changes 
rapidly. Where the made ground backfills a pit or quarry, it 
will invariably be less compacted than the surrounding nat­
ural ground, leading to differential settlement in founda­
tions that straddle the edge of the filled area. 

h) at sites in areas of demolished industrial buildings and 
housing, load-bearing walls may be present at or close to 
the surface of the fill. New foundations built across such 
walls and the surrounding fill are liable to severe differen­
tial settlements. Such sites may also contain basements, 
cellars, tunnels and service ducts which may be only par­
tially filled with rubble and often remain as complete 
voids. 

i) the problem of differential settlement may be com­
pounded in cases where cavitation results from chemical or 
bacterial breakdown of the fill material. 



Table 2 Compressibility Fill type Compressibility Typical value 
of fills (from BRE Digest of constrained 
274). modulus 

CkN/m2) 
Dense well-graded sand and gravel very low 40 ()()() 

Dense well-graded sandstone rockfill low 15 ()()() 

Loose well-graded sand and gravel medium 4 ()()() 

Old urban fill medium 4 ()()() 

Uncompacted stiff clay fill above the water table medium 4 ()()() 

Loose well-graded sandstone rockfill high 2000 

Poorly compacted colliery spoil 

Old domestic refuse 

Recent domestic refuse 

j) fill compnsmg industrial waste may be potentially 
chemically active and capable of generating dangerous or 
combustible gases and toxic leachates. 

k) domestic refuse will generate methane gas, which is 
highly combustible. 

1) colliery spoil, which probably constitutes the greatest 
part of the made ground in this area, may be liable to spon­
taneous combustion, and tends to produce sulphate-rich 
acidic groundwater leachates causing corrosion problems 
in buried foundations. The leachates may also affect the 
quality of surface water. 

Former mining 

1) OPEN CAST SITES 

These sites have been discussed under the category of 
'made ground', and the implications for planning and de­
velopment are as discussed above. 

2) BELL PITS, MINE SHAFTS (AND WELL SHAFTS) 

Early mining of coal (and ironstone) was carried out from 
bell pits, initiated from shafts about 1 m in diameter and up 
to 10m deep. The working of coal from the base of the 
shaft created a bell-shaped void, with an unsupported roof 
to the coal seam. The excavated area of coal was roughly 
circular in plan and up to 6 m in diameter. As examples, 
the Middleton Main Coal was worked in this fashion near 
Hunslet Carr (Figure 6) and Halton (the latter still visible). 

In many cases the bell pits were only partly backfilled 
and the present state of compaction is almost certainly very 
variable. The fill materials usually consist of silty clay and 
moderately to completely weathered mudstone fragments 
with traces of coal and/or ironstone nodules. Rotting tim­
bers are sometimes encountered. Weathering of pyrite in 
the fill may result in high levels of sulphate and acid con­
ditions, but the limited chemical tests obtained in this study 
have not substantiated this. 

Although bell pits have usually been backfilled to a 
greater or lesser degree, mine shafts have often been left 
empty. When shafts are backfilled, a poor state of com-
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very high 

paction nearly always exists in the highly variable fill mate­
rials, and voids are common. Even when a mine or well 
shaft has been capped within the last 40 to 50 years, voids 
may not have been filled and old caps may be in a poor con­
dition (although a number of mine shafts have been capped 
to standards set by British Coal over the last 50 years). 

Collapse of shaft caps over empty shafts, collapse of the 
shaft fill leaving a void, and collapse of shaft linings into a 
void resulting in surrounding superficial deposits being 
drawn into the shaft are all potential threats to surface de­
velopment. Building over shafts can result in severe differ­
ential settlement problems and, at worst, sudden ground 
failure is possible. Building over or close to shafts should 
be avoided, unless they have been treated to a standard 
suitable to safeguard the safety of the development, even 
though some structures have existed over such sites for 
centuries without damage (for example, Mount St. Mary's 
Church, Richmond Hill). 

When located, shafts should be treated to a standard suit­
able for the subsequent use of the site, for example by filling 
with pea gravel, grouting and capping. Grouting of the gen­
erally cohesive backfill in old bell pits may not be success­
ful. Treatment by vibro-replacement to support light struc­
tures is possible, but some differential settlements should 
still be anticipated. It may sometimes be cost-effective to 
opencast sites occupied by bell pits. Foundations can then be 
placed on underlying rock, or on overburden following its 
replacement in well-compacted layers. 

In addition to adverse settlement characteristics, old 
shafts may also provide potential problems as pathways for 
noxious or explosive gases, or polluted groundwater. 

It is essential that efforts are directed to locate the sites 
of old bell pits and mine/well shafts prior to construction 
and development. This is not always straightforward. Very 
few site descriptions given in site investigation reports for 
the Leeds area have noted the presence of open pits or hol­
low depressions in areas of old bell pit workings. This may 
be largely due to these 'tell-tale' features being obscured 
by centuries of agricultural, and other, actIvities. The loca­
tions of many shafts can be obtained from British Coal's 
shaft register, Leeds City Council (Architects Department), 



Figure 6 
The extent of 
shallow 
mining of 
the Middleton 
Main Coal, 
as revealed by 
part of the 
Middleton 
Broom 
Opencast site 
(courtesy of 
British Coal). 

the Inland Revenue Valuation Office and the various edi­
tions of Ordnance Survey topographic maps. British Coal 
retains records of shafts properly filled and capped to pre­
vent collapse. Where old bell pits or shafts are suspected, 
and no records exist, site investigations should consider 
and employ a combination of the following elements: 

Aerial photographs The study and analysis of these is 
often very successful in identifying anomalous tonal fea­
tures indicative of old shafts and pits. 

Geophysical surveys (electromagnetic, magnetic and 
cross-hole seismic surveys and ground probing radar) 
These may be very successful where shafts are empty, con­
tain significant voids, or where backfill material is signifi­
cantly different from the natural ground. Less success is 
likely where insufficient contrast exists between the natu­
ral ground and the infill material (this is particularly likely 
in the case of bell pits). Useful guidance on the geophysi­
cal techniques appropriate to the location of shafts and 
mineworkings, located at different depths and overlain by 
varying thicknesses of fill cover, is given in the Geological 
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Society Working Party Report on Engineering Geophysics 
(Anon, 1988). 

Trial pitting/trenching This should be carried out as 
a matter of course and to confirm the presence of ground 
anomalies identified from aerial photography or geophysi­
cal methods. Where the fill cover is thin «5 m) pitting and 
trenching may be employed as a relatively inexpensive al­
ternative to a geophysical survey. 

Boreholes Boreholes are an inefficient and expensive 
method of locating shafts, but once located, boring is 
essential to prove depths of shafts and composition and con­
sistency of the backfill. If shell and auger tools meet suspect­
ed obstructions within the fill, the holes should be completed 
by rotary open-holing until the full shaft depth, and the pres­
ence or absence of voids, are ascertained. 

3) SHALLOW MINE WORKINGS: PILLAR-AND-STALL (OR 

STOOP AND ROOM) WORKINGS 

During the 15th and 16th centuries, the pillar-and-stall 
method of mining was developed to gain access to deeper 
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Table 5 The relationship between the engineering geological units and the superficial deposits. 

Engineering geological unit Geological unit 

Made ground/fill Made ground 

Mixed, soft to finn cohesive /loose to medium Head 
dense non-cohesive soils Alluvium 

Mixed, stiff cohesive / dense non-cohesive soils 
Till (boulder clay, mouody glacial deposits) with 
glaciofluvial sand and gravel 

Non-cohesive sand and gravel deposits River terrace deposits 

Landslip deposits Landslip 

ing terms) occurs, particularly in the case of highly to 
completely weathered mudrocks of the Millstone Grit and 
the Coal Measures which weather to soft to stiff, silty 
clay. 

Summary values of geotechnical parameters for each en­
gineering geological unit are presented in Tables 12 to 18 
in Appendix III. Detailed descriptions of the engineering 
geological units are given in Appendix II. 

Engineering geology of the supeificial (drift) deposits 
(Map 8; Figure 14). This map is based on the drift (superfi­
cial) geology (Map 3) and the distribution of made ground 
(Map 4). The relationship between the engineering geolog­
ical units and their geological equivalents are shown in the 
map key and Table 5. The engineering geological charac­
teristics of each unit, also described in the map key, are 
shown on Table 6, along with summary comments on engi-
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neering design considerations related to slope stability, ex­
cavatability, foundations and suitability as fill material. 
Brief comments highlighting potential geological con­
straints to engineering development are also given. 

Made ground is a superficial deposit and an indication 
of its distribution and mention of its engineering character­
istics are appropriate here. The materials comprising these 
areas can vary markedly from site to site across the study 
area and this variability is highlighted in the map key and 
Table 5, together with the potential for serious constraints 
to planning and development. 

Summary values of geotechnical parameters for each en­
gineering geological unit are presented in Tables 19 to 24 
in Appendix III. Detailed descriptions of the engineering 
geological units, including made ground, are given in 
Appendix II. 







































The few field permeability values for the mudstones, 
ranging from 10-4 to 10-6 m/sec, classify the rock mass as 
slightly to moderately permeable (Anon, 1972), but this 
may vary depending on weathering grade, fissuring and the 
presence of interbedded siltstones, sandstones and coal 
horizons. Waterlogging of the ground may occur locally 
where the mudrocks are weathered to clay and also where 
mudstone seatearths crop out. 

Design considerations 

i) Foundations 

Shallow mine workings present a potential foundation 
problem throughout much of the Coal Measures outcrop, 
and any site investigation should ascertain the presence, 
depth and extent of these. Once the workings have been 
accurately delineated, piled foundations set in sound rock 
below the worked level present the safest option for all but 
the lightest structures, although ground pre-treatment by 
grout injection has been successfully employed in some 
cases. Problems for development in areas of shallow min­
ing are discussed further on p.19. 

For shallow strip foundations within the weathered zone, 
allowable bearing pressures of 50 to 300 kPa have been 
considered to be satisfactory, increasing to 500 to 1000 kPa 
at depths greater than 1.5 m in fresh to slightly weathered 
competent mudstone or sound siltstone. Working loads of 
about 600 kN are suggested for 0.5 m diameter piles set in 
sound mudstone, with bored cast in situ piles being pre­
ferred to driven piles. In most cases, penetration of three to 
four pile diameters into sound mudstone bedrock is neces­
sary to develop sufficient bearing capacity. 

When exposed to wet conditions, the mudstones swell, 
lose strength and rapidly deteriorate to clays. Mudstones 
with a low silt content appear to be most susceptible to this 
weakening process which may result in a marked reduction 
of bearing capacity and loss of side friction for piles. Such 
lithologies should be subject to slaking tests during site in­
vestigation and be protected from water ingress during exca­
vation by cut-off drains, sheet piling or similar measures. 
Borings for piles should be cased through water bearing 
strata and engineers, aware of the problem, will often base 
pile design on end bearing values only. Fault-zones compris­
ing shattered rock and clay gouge may present problems in 
terms of low bearing capacity and excessive differential set­
tlements and the location of these zones should be part of 
any site investigation and taken account of in planning and 
design. 

Sulphate concentrations recorded in this study fall into 
Class 1, and occasionally Class 2, of the BRE classifica­
tion (BRE Digest 250, 1981). However, as noted previous­
ly, locally high groundwater sulphate concentrations have 
been recorded in the Upper Carboniferous rocks elsewhere, 
particularly in the vicinity of colliery tips, and special mea­
sures may be required at some locations to avoid attack on 
buried concrete. 

ii) Slope stability 

A few, generally shallow, dormant debris slides/flows and 
rotational slumps have been recognised during the geologi­
cal mapping. The landslip deposits generally occur on or 
near the middle to lower parts of slopes with angles over 
about 8-10°, in weathered mudstone below a coal seam 
and/or a capping sandstone. Minor, shallow slope move­
ments (too small to be indicated as individuallandslips on 
the geological maps, but identified from the presence of 
low arcuate scars above hummocky ground) are probably 
fairly common in the weathered mantle and/or Head de-
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posits on such slopes. These minor, usually very shallow, 
slope movements should pose no serious problems to de­
velopment provided they are identified during site investi­
gation. The larger (mapped) slope movements are relative­
ly isolated and are discussed in more detail on p.23 and 
p.53. 

Temporary excavations in fresh to moderately weath­
ered mudrocks should be stable but slumping may occur in 
the highly weathered zone or the completely weathered 
clay mantle. The mudstones are highly susceptible to dete­
rioration and softening when relieved of overburden pres­
sure and in the presence of water. Siltstone and sandstone 
beds may give rise to water seepages and accelerated dete­
rioration of cut faces by rain and heavy construction traffic 
may exacerbate these processes. To prevent deterioration 
in open excavations, the mudrock should be covered with a 
layer of blinding concrete as soon as formation level is 
reached; temporary cut slopes may need protection by 
spraying with bitumen or covering with plastic sheeting or 
tarpaulins. Side slopes of 1 V :2H are recommended for pre­
liminary design of excavations and cuttings but perched 
water tables may present considerable difficulties and in 
some cases regrading of cut slopes to 1 V:4H with suitable 
drainage may be required. 

iii) Excavatibility and use as fill 

The mudrocks can be readily excavated by mechanical 
scraping or digging, but ripping or pneumatic breakers 
may be required at depth or for major excavations. 
Although successfully used as embankment fill, the materi­
al should be placed as soon as possible after excavation 
and subjected to minimum construction traffic when wet. 
Soaked and unsoaked CBR test results confirm the sensi­
tivity of mudrock fill to compaction moisture contents. 
Remoulded undrained shear strengths of 150 to 350 kPa 
have been quoted in embankment design for material com­
pacted at in situ moisture contents between 15 and 22 per 
cent, but these values may reduce markedly with an in­
crease in moisture content of only 2 per cent of dry weight 
in wet conditions. Checks on 'field' moisture contents 
should therefore be maintained during construction. Plastic 
limit versus moisture content plots for in situ material indi­
cate that near surface, highly weathered mudstones/clays 
may be classified as cohesive for compaction purposes. 
Less weathered mudstones, below about 6 to 7 m depth, 
are generally classified as dry cohesive. 

Engineering geology of the superficial deposits 

The superficial deposits of the study have been divided 
into five geotechnical units. The relationship of these units 
to the geological divisions of the natural and man-made 
deposits are shown below: 

Engineering Geological Units Geological Deposits 

1. Made ground/fill Made ground 

2. Mixed soft-firm cohesive/ i) Head 
loose-medium dense non- ii) Alluvium 
cohesive soils 

3. Mixed stiff cohesive/ 
dense non-cohesive soils 

4. Non-cohesive sand and 
gravel deposits 

5. Landslip 

Till (boulder clay, moundy 
glacial deposits) with 
glaciofluvial sand and gravel 

River terrace deposits 

Landslip 



Geotechnical units 2 and 3 (and in some areas unit 4) 
consist of variable and/or mixed deposits of clays and non­
cohesive sands and gravels of contrasting engineering 
characteristics. However, interdigitation and impersistent 
layering and lensing of these lithologies make it virtually 
impossible to refine their characteristics by geological 
mapping. The geotechnical units are, therefore, selected to 
reflect this variability in the superficial (drift) deposits as 
shown on the geological maps. 

1. MADE GROUND 

Made ground is ubiquitous in many parts of the Leeds 
urban area. Reflecting the industrial and residential devel­
opment of the region, these areas, some of which have 
been subject to extensive landscaping, are mainly: 

- Infilled beck valleys 

- Made up ground levels on low lying, marshy or soft 
ground which was often prone to flooding 

Backfilled sludge lagoons 

Backfilled quarries, clay-pits and opencast sites 

- Demolished areas of (predominantly terraced) housing 
stock 

- Demolished large industrial sites 

The distribution of existing made ground, generally over 
3 m thick, is shown on Map 4 (see also Map 8). As an en­
gineering geology unit, made ground, also known as fill or 
backfill, is variable in composition, geotechnical properties 
and thickness (1-2 m thicknesses are common but locally, 
in areas such as old quarries and opencast sites, thicknesses 
of 10 to over 20 m occur). In so far as records exist, the na­
ture of the fill material and dates of re-soiling for the 
various made ground sites are presented in Table 11. Infill 
materials at these sites may consist of chemical, mining 
and quarry waste, domestic refuse, and construction mate­
rials such as bricks, concrete and other rubble, in addition 
to bulk fill derived from the bedrock formations. 

Although fill materials show a wide range of engineer­
ing properties, properly engineered fills, such as those typi­
cally used in the construction of highway embankments, 
may have excellent engineering properties. Recently­
placed domestic refuse would be at the opposite end of the 
range. It is important that site investigations make it possi­
ble to initially classify the fill, in a qualitative manner, in 
terms of this wide range of behaviour. Classification 
should be carried out under the headings listed in Table 9. 
From a classification of this type, deductions can be made 
about the causes and possible magnitude of settlement of 
the fill subsequent to construction. Field loading tests 
should then be carried out to enable quantitative estimates 
of settlement to be made with more confidence. On the 
basis of these estimations, it is useful to distinguish be­
tween three different situations: 

a) Small movements (vertical compression of the fill sub­
sequent to construction everywhere smaller than 0.5 per 
cent) This is likely with granular fill that has been 
placed under controlled conditions and received adequate 
compaction. Such a material forms a good founding medi­
um and there should be few problems. 

b) Significant movements (vertical compression of the 
fill subsequent to building estimated to have a maximum 
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value between 0.5 and 2 per cent) A granular fill 
placed without compaction, with little organic matter and 
which has been in place for some years, may come into 
this category. In this situation special attention must be 
given to foundation design. If piling is considered to be un­
economic, basic alternatives are either to use some ground 
treatment technique to improve the load carrying proper­
ties of the fill or to design the foundations to withstand dif­
ferential movements caused by settlement. Reinforced con­
crete rafts with edge beams have been used for two-storey 
dwellings, but where large differential settlements are like­
ly, very substantial foundations may be needed and build­
ings should be kept small and simple in plan. 

c) Very large movements (vertical compression of the fill 
subsequent to building estimated to exceed 2 per cent) 
This category may include recently-placed domestic refuse 
with high organic content liable to decay and decomposi­
tion, and fine-grained materials which have been dis­
charged into lagoons, as a suspension, to form highly com­
pressible cohesive fill which might be susceptible to lique­
faction. Severe settlement problems are likely and ground 
improvement techniques may have limited effect. With re­
cently-placed domestic refuse methane emission may also 
be a major problem and such sites may be prohibitively ex­
pensive to develop. 

Insufficient data are available to enable a geotechnical 
assessment to be carried out for the made ground areas in 
this study, but the general problems and implications for 
development on made ground are discussed further on 
p. 17. The reader is also directed to the Building Research 
Establishment Digests 274 (1983a) and 275 (1983b) for a 
general appraisal of construction on existing filled areas. 

2. MIXED SOFT-FIRM COHESIVE/LOOSE-MEDIUM DENSE NON­

COHESIVE SOILS 

Head 

Head deposits are superficial materials derived from 
bedrock and other superficial deposits by the action of 
periglacial freeze-thaw processes and hillcreep, solifluction 
and gelifluction. Such deposits are variable but the most 
common lithology is that of a soft to firm sandy, silty clay 
with stones; locally it may be a gravelly silty sand or clayey 
sandy gravel. The variable composition reflects the local 
derivation. Head commonly forms an extensive cover on 
the lower slopes of all the exposed bedrock formations, 
usually as a thin veneer less than a metre thick, but greater 
thicknesses may have accumulated at the foot of slopes and 
in hollows. Thicknesses ranging from less than 1 m to 
about 6 m (and occasionally more) are recorded in many 
site investigation reports, but the distinction between in situ 
soil (derived from completely weathered bedrock) and 
Head is generally unclear, the one grading into the other. 
The mapped distribution of Head as shown on Map 3, is not 
fully representative. It should be assumed to occur else­
where as a patchy veneer of varying thickness, which 
should be ascertained, and its geotechnical characteristics 
established, prior to the design of foundations or cut slopes. 

Summary geotechnical properties for all Head deposits 
are shown in Appendix III, Table 19. No distinction has 
been made between the Head developed over the Upper 
Carboniferous and Magnesian Limestone lithologies owing 
to the broad overlap of recorded parameter values and the 
substantial statistical bias towards data obtained for the 
Head developed over the Upper Carboniferous rocks, 
which crop out over the major part of the study area. 







Table 10 Loading criteria for shallow foundations in Head deposits. 

Foundation Depth Nett Safe 
Type (m) Bearing Capacity 

{kPal 
0.5mSTRIP 1.0 100 

0.5mSTRIP 1.0 150 

RAFT 0.5 100 

RAFT 0.5 150 

ii) Slope stability 

Minor natural slope failures, often compnsmg areas of 
hummocky ground, may occur in the Head deposits. Such 
movements are too small and isolated to show on the geo­
logical maps. Even on low angle slopes, Head deposits may 
also contain relic shear surfaces (resulting from solifluction 
and multiple sliding movements during its formation under 
periglacial conditions). Shear strengths on these surfaces 
will be at or near residual values and this should be ac­
counted for in slope design calculations. Cutting side slopes 
of 1 V:2H are suggested as a guide for preliminary design in 
Head with no identified shear surfaces. 

iii) Excavatibility and suitability as fill 

Head deposits may be easily excavated with normal soft 
ground excavating plant. Problems may be encountered lo­
cally due to ponding of water in depressions where imper­
meable clayey Head is present. Head may be suitable for 
use as bulk fill, but locally may be too wet to achieve satis­
factory compaction. No CBR data were obtained for Head 
deposits in the area but values may be expected to increase 
if compacted at optimum moisture contents (ranging from 
about 10 to 16 per cent) and to reduce considerably as 
moisture contents increase above optimum. 
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Alluvium 

Alluvial deposits occur extensively on the valley-floor of 
the River Aire, and are also present in minor tributary val­
leys. Although extremely variable in terms of lithology on 
both a regional and local scale, and with highly variable 
geotechnical properties and engineering behaviour, the al­
luvial deposits may be broadly subdivided as follows: 

'Upper Unit' Brown-grey mottled, soft to firm, silty 
CLA YS and clayey SILTS with local organ­
ic (peaty) horizons, and sand and gravel 
components becoming more common with 
depth. 

'Lower Unit' Medium dense, fine to coarse-grained 
SANDS and angular to rounded, fine to 
coarse-grained ORA VELS with variable 
clay content and local lenses of organic silt 
or brown, pebbly, sandy clay. 

The depths and thicknesses of the above units vary 
across the area. In the Aire valley combined thicknesses of 
up to 10m are commonly recorded in site investigation re­
ports, but thicknesses of c.14 m may occur locally (e.g. in 
a meander loop of the River Aire near Rodley sewage 
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works). At many locations the soft upper unit of the alluvi­
um has been removed and replaced with fill. Summary 
geotechnical properties are presented separately for the 
two units in Appendix III, Tables 20-21, but lithologies 
(and engineering properties) may vary markedly at specific 
sites due to local layering and lensing. 

Standard penetration test (SPT) N-values for the sands 
and gravels range widely from below 10 (loose) to over 
100 (very dense), the great majority falling within the 
medium dense/dense range (N-values of 20 to 40) and 
showing an overall increase with depth. SPT N-values for 
the silts and clays are consistently below 40 (median 10) 
with no clear trend of increasing N-values with depth. 
These consistently low values reflect the low shear 
strengths of these materials. 

The data for the silts and clays when plotted on the plas­
ticity chart (Figure 19), indicate materials ranging from 
low to high plasticity, but zones of organic clay and peat 
(not recorded in the current database) will have very high 
plasticities. The silt/clay units may be expected to exhibit 
medium to very high compressibilities with very slow rates 
of consolidation settlement, particularly where soft organic 
clays and peat are present. 

Design considerations 

i ) Foundations 

Low bearing capacities (undrained cohesion commonly 
around 20 to 40 kPa), high compressibilities, high 
groundwater tables and water uplift pressures, and the 
likelihood of excessive total and differential settlements 
pose problems for foundations in the alluvium. Where 
limited thicknesses occur, wholesale removal and re­
placement of the alluvium with suitable fill may be an 
economic option, but elsewhere alternative solutions are 
required. Of these, piling and raft foundations are most 
commonly used in the Leeds area. For heavy structures, 
bored or driven piles should be used to transfer loads to 
the basal gravel or into the underlying bedrock. Mini­
piles bearing in the granular alluvial deposits should be 
suitable for light to moderately loaded structures. For 
piles in thicker alluvial deposits, consolidation of the 
clays may cause 'drag-down' of the loaded pile and this 
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should be anticipated. Raft foundations have been suc­
cessfully employed for light structures where large settle­
ments need to be allowed for in design. 

Maximum embankment heights of about 4 m with 
1 V:2H side slopes have been suggested for construction on 
alluvium. Very low rates of consolidation settlement may 
be partly overcome by the use of lightweight embankment 
fill or staged surcharging, for both embankments and light 
structures. Monitoring of settlements during construction 
should be undertaken and the likelihood of differential set­
tlement accounted for in pavement design. 

Due to the artificial straightening of the River Aire 
channel, abandoned meanders occur at several locations. It 
is important that these features (which may contain soft, 
compressible organic clays and silts hidden beneath made 
ground) are identified during site investigations prior to 

. planned development. 
The recorded groundwater sulphate concentrations in 

Class 2 of the BRE classification indicate that care is 
needed in the selection of buried concrete. 

ii) Slope stability 

High groundwater levels mean that excavations in the allu­
vium are subject to severe water inflow problems and im­
mediate support is normally required to maintain the stabil­
ity of trench sides and cut faces. Running sands may also 
be encountered below the water table. 

iii) Excavatibility and suitability as fill 

Alluvial deposits are readily excavated using normal soft 
ground excavating plant but severe water inflow problems 
may be encountered during working. These deposits are 
generally unsuitable as fill material. 

3. MIXED STIFF COHESIVE/DENSE NON-COHESIVE SOILS 

This engineering geological unit comprises glacially derived 
material termed 'till' and 'glaciofluvial sand and gravel' on 
the geological maps. The till in the area is lithologically 
variable, but includes dominantly boulder clay and, at some 
localities, laminated silts and clays. It also includes moundy 
glacial deposits (morainic drift) which occur as low, elon­
gated mounds over a small area in the Aire valley upstream 
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from Leeds. No geotechnical data were obtained for these 
latter deposits and no engineering assessment of them is 
made here. It is likely, however, that they were never sub­
jected to substantial ice loading and, as such, their engineer­
ing behaviour may be more akin to gravelly clayey Head 
rather than an overconsolidated boulder clay. The glacioflu­
vial sands and gravels grade into the till deposits. 

Boulder clay, found mainly on the higher ground, typi­
cally comprises brown, stiff to very stiff, stony, sandy clay 
with clasts of sandstone, chert and ironstone. Limestone 
clasts are present where it lies close to the Magnesian 
Limestone outcrop. The deposit is often variable and 
lenses of sand, intercalations of laminated clays and in­
terbedded sandy gravels may occur locally. Summary 
geotechnical data for the boulder clay (till) is shown in 
Appendix III, Table 22. SPT results mainly range from 15 
to over 60 (median 31), with N-values increasing with 
depth. Depending on the sand/silt content, the till matrix 
consists of clays ranging from low to high plasticity 
(Figure 20), with low to medium compressibility and gen­
erally high shear strength (typical undrained cohesions of 
around 100 kPa and angle of shearing resistance 10°). 

Glaciofluvial sands and gravels may grade laterally and 
vertically into boulder clay. They range from slightly cohe­
sive, clayey silty sands to highly permeable, dense/very 
dense non-cohesive sandy gravels with layers and lenses of 
silt and clay developed locally. Summary geotechnical data 
for these deposits are shown in Appendix III, Table 23. 
SPT N-values rarely fall below 30 and show a general, but 
erratic, increase with depth which possibly reflects variable 
clay contents and local silt/clay layering and lensing. 
Insufficient data were obtained to tabulate summary 
geotechnical results for laminated glacial/glaciolacustrine 
silts and clays. Limited SPT results recorded N-values 
ranging from 14 to 40 with a median value of 25. 

Design considerations 

i) Foundations 

Till should present no major problems for shallow foun­
dations provided lithological variations are determined 
during site investigations (particularly the presence of 

Figure 21 
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laminated silts and clays) and potential differential settle­
ments are accounted for in design. 

ii) Slope stability 

Temporary cuts or excavations in 'homogeneous' boulder 
clay should remain stable, but the presence of layers or 
lenses of laminated clays may necessitate side support. 
Bands of silt and sandy gravel may result in perched water 
tables and seepage and, where exposed, excavations will 
require support. Cut slopes of IV :2.5H have been recom­
mended for long-term stability in relatively homogeneous 
boulder clay. Excavations in glaciofluvial sandy gravels 
will require immediate support and where water-bearing, 
measures to regulate water ingress will be required. 

iii) Excavatibility and suitability as fill 

Till may be easily machine-excavated but ponding of sur­
face water in low permeability boulder clay may cause 
problems during working. The laminated clays may prove 
unsuitable for use as fill, as may boulder clay occurring 
near water-bearing beds of sand and gravel. 

4. NON-COHESIVE SAND AND GRAVEL DEPOSITS 

This unit comprises river terrace deposits, which occur as 
irregular but often elongated, impersistent low planar fea­
tures along the Aire valley immediately upslope from the 
alluvium. The surface level of these deposits lies about 5 m 
above the alluvium (c.25 m above OD) and the surface 
climbs upslope imperceptibly to merge with hillwash 
and/or Head deposits on the lower Aire valley-slopes. 

The terrace deposits consist mainly of medium dense, 
fine to coarse-grained sands and medium dense to dense, 
sandy, sub-rounded to rounded, fine to medium gravels 
with occasional cobbles. The gravel fraction is mainly of 
locally-derived Carboniferous sandstone with occasional 
ironstone, shale and limestone. Although these granular 
materials predominate, sandy clays and silts (in places, 
laminated or with included gravel) occur locally (e.g. in 
the Hunslet area), typically as a surface veneer over the 
sands and gravels and/or at the margins of the terraces 
where they merge imperceptibly with weathered clayey 
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NATIONAL MAXIMUM 
GRID SQUARE NGR RECORDED NOTES 

THICKNESS (m) 

2530 25253040 Farnley Wood Side: quarry 
258300 8+ Farnley Wood Beck: embankment 

2630 269309 c.25 Gelderd Road: brick pit. Landfill site with industrial, inert, 
domestic and some notifiable wastes 

2730 27083059 Gelderd Road: former railway cutting 
27043066 Gelderd Road: ?fireclay pits 
27063084 ?c.12 Ravell's Pit: colliery waste tip 
27633026 4.3 Cottingley Drive: quarry 
27923077 ?c.6 Crow Nest Lane: embankment 

2830 28243014 6.4 Millshaw opencast coal site (part). Restored 1959 
283301 10.4 Millshaw: ?opencast waste 
28243004 c.5 (14.1 in area Millshaw opencast coal site (part). 

ofSE 22 NE) Restored 1959 

SE 33 NW 

3139 312396 3.0 Moortown East Reservoir: former quarry 
319396 3.0 Shadwell Lane: quarry 

3239 321 396 3.0 Darkwood Close: quarry 

3038 301 382 Woodbourne A venue: quarry 

3138 310 387 9+ Sportsman's Hall brickyard 

3037 309372 9.0 Allerton Park: quarry 

3337 334373 6+ Waterloo Lake: former ?quarry 

3036 302364 11.5 Scott Hall: quarries 
301 360 c.8 Scott Hall: quarries and backfill area 
300367 8.5 Potternewton Lane: quarry 

3136 320368 c.15 Fitzroy Drive: quarry 

3236 c. 322368 c.15 Fitzroy Drive area: quarries (see map) 
324367 22.5 Oakwood Crescent: quarries 
323366 7.5 Ravenscar View: quarry 

3035 301 351 10.5 Servia Drive: clay pit 

3235 322357 Hovingham Ave: colliery waste tip 
321 352 4.5 Lane Pit: colliery waste tip, undefined area, ?partly removed 
327351 4.5+ Gipton (No 1) coal pit: ceased coaling 1917 

3335 332355 4.0 Gipton Colliery: waste tip (restructured) 

3435 342355 c.8 Fearnville recreation ground 
34953545 8.5 Seacroft playground: ?opencast coal working 

SE 33 NE 

3539 35233953 Grove Lodge: ?quarry 
356394 Birkby Hill: area includes a service reservoir 

c. 358395 Birkby Hill: quarries 

3639 3641 3901 Intake Farm: quarry 

3739 c. 370398 2.4 Carr Farm: quarries 
37303995 4.6+ Westfield Lane: quarry 
37593988 Main Street: ?quarry 
37033909 Intake Dairy Farm: quarry 
3710 3903 Holly Croft: quarry 
37853912 Thorner Bottoms Wood: quarry 
37953991 6.1 Littlemoor Lane: quarry 

3839 38753911 Saw Woo.d: ?clay pit 
38873915 Saw Wood: quarry 

3939 39343935 Kiddal Hall: quarry 
39503930 4.6 Kiddal (,limestone') Quarry Farm 
39463918 Kiddal ('limestone') Quarry Farm 
39123905 Kiddal Quarry Farm: ?'limestone' quarry 

c.393391 2+ Kiddal Quarry Farm: sandstone (and ?'limestone') quarries 

3538 c. 351 389 6.1 Hobberley Lane: quarries 
35193873 Wetherby Road: brickfield 

3638 36953883 Thorner Lane: quarry 

3537 354376 6.1 Coal Road: 'limestone' quarries 
352374 4.9 Lime Pits Wood 
353370 5.7 Ramshead Wood: 'limestone' quarries 
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NATIONAL MAXIMUM 
GRID SQUARE NGR RECORDED NOTES 

THICKNESS (m) 

3637 36233720 Grimes Dyke Farm: landfill area 
36503713 York Road: landfill area 

3837 c. 385372 Rakehill Road: quarries 

3937 39253733 Rakehill Road: landfill area 
39933768 Wendel Hill: 'limestone' quarry 

3536 35403681 Ramshead Approach: 'limestone' quarries 

3636 365365 ?c.5 Farndale Approach: landfill area 

3736 37383676 Wood Lane: brick pit 

3836 38373605 Bog Lane: quarry 
c.389367 Limekiln Hill: 'limestone' quarries 

3535 35573543 3.1 Inglewood Drive: quarry 
35853540 Inglewood Place: quarry 
35883531 York Road: quarry 

3635 36283523 Victoria Pit: quarry 
36603530 Sandbed Lane: quarry 
36663512 4.6 Church Lane: quarry 

3735 375355 31.6 Stanks opencast sites and extensions (see map): restored 1956 
379354 22.1 Cock Beck opencast sites: restored 1948 

3835 384357 21.2 Cock Beck Extension opencast site: ceased coaling 1948 

3935 392353 42.4 The Springs and Extensions 1 to 4 opencast site: restored 1964 
398354 29.5 The Springs Extension 5 opencast site: ceased coaling 1967 
39183584 Upper Barn Bow Farm: 'limestone' quarry 
39383576 Upper Bam Bow Farm: 'limestone' quarry 

c. 396358 Upper Bam Bow Farm: 'limestone' quarries 
39503554 Upper Bam Bow Farm opencast site 

SE 33 SW 

3034 30153485 13.7 Servia Hill: clay pit 

3134 31203465 ?21.5 (10.7 proved) Roseville Road brick pit 
315346 10.7 Dolly Lane brick pit, 19.4 m of beds were exposed 
31653440 4.9 Beckett Street: brick field 
318341 4.6 Burmantofts Brickworks: kiln area 

3234 321 345 Harrison's Pit (coal and clay), Burton Way, 11.4 m of beds were 
exposed 

321 343 9.1 Trent Road: clay pit 
326344 Lupton A venue: brickworks 
328341 Prince of Wales Pit: landscaped area of colliery waste and 

refuse 

3334 340342 8.5 Wyke Beck valley, York Road: embanked areas 

3133 317 338 20+ Burmantofts brick pits 
316334 4.1 Lavender Walk quarry (?enlarged) 
31753343 9.1 Pontefract Lane quarry 
31843337 9.4 Pontefract Lane quarry 

3233 324330 East End Park: colliery waste tips 

3333 333333 11.2 Osmondthorpe Colliery: waste tip 
337330 7.3+ Halton Moor Ave: ?colliery and domestic waste tip 

3433 347340 17.3 Killingbeck Colliery: landscaped colliery and waste tip 
(industrial, inert, domestic) 

3132 316322 7.0 Knowsthorpe industrial estate (former railway yard) -
?including gravel working (industrial, inert, ?domestic waste) 

3232 328327 7.1 West View opencast site (west) ; restored 1954 
325320 11.0 Knostrop opencast site; restored 1954 

3332 332326 6.6 West View opencast site (east); restored 1954 
33653220 14.0 Wyke Beck opencast site; ceased coaling 1951 

3031 306319 16.1 Jack Lane Pottery 
30653178 22.3 Hunslet Brickfields (central) 
30673172 24.7 Hunslet Brickfields (south) 
30853185 Hunslet Brickfields (east) 

3131 318315 infilled channel of River Aire 

3231 327314 Knostrop sewage works (west) 

3331 336314 Skelton Grange Power Station 
340310 Knostrop sewage works (east) 
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NATIONAL MAXIMUM 
GRID SQUARE NGR RECORDED NOTES 

THICKNESS (m) 

3431 349318 19.4 Spring Wood extension opencast site; restored 1946 

34903115 8+ Pontefract Lane opencast site 

3030 304308 5.2 Hunslet Carr: brickfield 
30903085 10.0 Arthington Ave: brick pit 
305303 c.15 Middleton Broom opencast site; ceased coaling c.1977 
303300 c.29* Lockwood opencast site; ceased coaling 1980 
305305 8.8 Hunslet Carr general area, excluding above 

3130 318301 c.20 East View opencast site (north); ceased coaling 1958 
311 307 22.1 Sandon Place: brick pit 
31003035 c.6 Belle Isle: quarry 

3230 327310 9.8 Thwaite Lane: gravel pit (industrial and inert waste) 
329302 5.3 Stourton area excluding sites below 

3330 330307 5.9 Haigh Park Road: gravel pit 
331 303 c.9 Bison Works: gravel pit 
330300 16.5* Bell Hill opencast site; ceased coaling 1960 

3430 343303 11.2 Skelton Grange sludge beds: the thickness of made ground 
given may be exceeded where sand and gravel extraction has 
taken place. (Industrial, inert, domestic waste) 

* not in area of 
Sheet SE 33 SW 

SE33SE 

3534 35133495 5.3 Foundry Lane-York Road: infilled area 
354346 c.ll Seacroft Hospital: landscaped area 
3571 3425 & 35773428 The Mount, Whitkirk: colliery spoil 

3634 36803457 Austhorpe Lane: backfilled railway cutting 

3834 386342 c.16 Austhorpe opencast site: ceased coaling 1945 
389343 c.9 Manston opencast site: ceased coaling 1945 
386349 Cock Beck: private landfill site 
386345 Manston Lane: colliery spoil 

3934 396342 c.9 Garforth opencast site: ceased coaling 1945 
391 346 6.2 Barnbow Pit: colliery spoil and landscaped ground 

3633 36173331 4.2 Whitkirk: bowling green 
36863359 3.0 Whitkirk Lane End: embanked area 
364338 c.4 Prince Arthur Pit: colliery spoil 

3733 375337 9.6 West Yorkshire Colliery: Austhorpe: colliery spoil 
37803385 Brown Moor Pit: colliery spoil 

3833 381338 Ellen Pit: colliery spoil 

3532 352323 19.0 Pump Wood opencast site: restored 1944 
353325 <17.1 Beechwood opencast site: ceased coaling 1943: some fill later 

removed 
35223286 15.5 Temple Gate, West, opencast site: restored 1953 
35443279 15.8 Temple Gate, East, opencast site: restored 1953 

3632 369322 17.1 Colton opencast site: restored 1947 
366329 Colton Pit: colliery spoil 
364320 18.6 Dawson Wood opencast site: restored 1946 

3832 38403235 Swillington Lane: quarry 
3932 39353225 motel site: landscaped area of fill 

39473281 Wakefield Road: quarry 

3531 352314 5.5 Spring Wood Extension opencast site: restored 1947 
356318 27.1 Dunstan Hills I and II opencast sites: restored 1947 
35723196 Temple New_sam: ornamental gardens 

3631 365315 c.77 Opencast sites: ceased coaling 1946 (Avenue Wood), 1979 
(Charcoal), 1986 (Gamblethorpe), 1973 (Oxbow Extension); 
restored 1945 (Waterloo). Gamblethorpe is currently a landfill 
site (industrial, inert, domestic waste; also some notifiable waste 
materials) 

360317 17.9 Park opencast site 

3831 386315 Swillington Brickworks: spoil from working quarry. Also spoil 
embankments to the east. 

3931 390313 Primrose Colliery: landscaped colliery spoil. 
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NATIONAL 
GRID SQUARE NGR 

3530 358303 

3730 37253015 
37353025 

3830 38743010 
387306 

3930 39143010 

MAXIMUM 
RECORDED 
THICKNESS (m) 

56.5+ 

3.7 
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NOTES 

Oxbow, Newsam Green and Leventhorpe opencast sites: now 
Oxbow ash disposal site for pulverised ash and inert waste 

Newsam Green Road: spoil from Gamblethorpe opencast site 
Gamblethorpe landfill site screening embankment: colliery spoil 

Little Preston Hall Farm: levelled, infilled area 
Swillington Nurseries: levelled, infilled area 

Little Preston Hall: area of tip 



Table 12 Summary gotechnical data for the Cadeby Formation (Lower Magnesian Limestone) 

ENGINEERING GEOLOGY 
DESCRIPTION 

Buff, weathered, fine to 
coarse-grained, marly dolo­
mitic LIMESTONE with local 
oolitic horizons. Thinly to 
massively bedded. 

INDEX AND CHEMiCAL TESTS 
MOISTURE LIQUID PLASTIC 
CONTENT LIMIT LIMIT 

Ctl ell ell 
27 7 

17 36 21 

13 20 31 41 18 24 

12 23 

7 

ENGINEERING GEOLOGY 
COMMENTS 

SUMMARY FORMAT 

25% 

TEST 
PARAMETER 

No of 
Samples 

50% 

75%-
(percentiles) 

10% 90%-

No. of 
Samples 
>5 

>10 

>25 

Variable rockhead level 
with possible karstic 
conditions. Highly weath­
ered zones and solution 
cavities (infilled and 
open) may cause excessive 
differential settlements 
and inadequate bearing 
capacities for shallow 
foundations. 

2.5% 97.5%- >100 

PLASTIC BULK DRY S03 
INDEX DENSITY DENSITY pH class* 

{ll {MgLm3} {MgLm3) 
7 3 4 

18 7.8 1 

10 20 

FIELD MEASUREMENTS 

SPT RPT RQD 
N-VALUE (mm (%-) 

24 22 
56 77 17 

~7 100 50 90 13 

12 

PARTICLE SIZE DISTRIBUTION 
CLAY SILT SAND 

(%) (%) (%-) 

CONSOLIDATION AND COMPACTION TESTS STRENGTH TESTS 

27 

20 

23 

Mv Cv MDD OMC CBR CBR Cu 4>u UCS PT. LOAD 
class* class* (Mg/m3) (% ) unsoaked soaked (kPa) (degrees) (MPa) diam. 

(1) ~L- (MEg) -
! 5 5 

88 8 

• Classes defined in Annex A 

If 
(mm) 

GRAVEL 
(%) 

PT. LOAD 
axial 
(MPa) 













Table 18 Summary geotechnical data for siltstones of the Millstone Grit and Coal Measures (moderately to completely weathered) 

ENGINEERING GEOLOGY 
DESCRIPTION 

Greyish brown, moderately 
strong to moderately weak 
clayey SILTSTONES and firm 
clayey SILTS and silty 
CLAYS (weathered siltstones 
of the Millstone Grit and 
Coal Measures) . 

INDEX AND CHEMICAL TESTS 

MOISTURE LIQUID PLASTIC 
CONTENT LIMIT LIMIT 

ill {ll {ll 
260 88 88 

17 38 22 

14 20 34 44 19 24' 

11 23 29 50 17 27 

9 30 

ENGINEERING GEOLOGY 
COMMENTS 

SUMMARY FORMAT 

TEST 
PARAMETER 

25%" 

No of 
Samples 

50% 

75%" 
(percentiles) 

10%" 90%-

No. of 
Samples 
>5 

>10 

>25 

Variable depth of weath­
ered zone. May be weath­
ered to silty clay soil 
within top 1 to 5 m of 
ground surface. Variable 
strength and bearing 
capacity associated with 
depth and grade of weath­
ering. 2.5%" 97.5%" >100 

PLASTIC BULK DRY S03 
INDEX DENSITY DENSITY pH class* 

{ll {MgLm3 1 (MgLm;3} 
88 178 28 72 72 

17 2.11 1.81 6.7 1 

14 21 2.03 2.18 1.6B 1.BB 6.15 7.3 1 1 

9 25 1.92 2.23 1.56 1.93 5.3 7.B 1 1 

1.75 2.35 

FIELD MEASUREMENTS 

SPT RPT RQD 
N-VALUE (mm (%") 

178 57 48 
B3 110 0 

49 134 75 150 0 34 

32 164 43 225 0 0 

20 225 

PARTICLE SIZE DISTRIBUTION 

CLAY SILT SAND 
(%) (%) (%) 

6 6 7 
14 44 20 

CONSOLIDATION AND COMPACTION TESTS STRENGTH TESTS 

Mv Cv MOD OMC CBR CBR Cu ¢u UCS PT. LOAD 
class· class· (Mg/m3) (%") unsoaked soaked (kPa) (degrees) (MPa) diam. 

{l} (l} (MPg} 
I 32 32 B 4 152 152 2 9 

3 4 B 7 90 0 16.5 0.4 
0 9 

3 3 3 4 3.5 9 ~5 134 0.3 0.7 
0 20 

2 3 3 4 42 190 
0 30 

~O 308 

• Classes defined in Annex A 

If 
(mm) 

GRAVEL 
(%") 

'j 

22 

PT. LOAD 
axial 
(MPa) 

29 
1.3 

O.B 2.4 

0.3 3.5 













Table 24 Summary geotechnical data for river terrace deposits 

ENGINEERING GEOLOGY 

DESCRIPTION 

River terrace deposits compris­
ing medium dense fine to coarse 
SANDS and medium dense to dense 
fine to medium GRAVELS, with 
occasional cobbles. Granular 
materials predominate but sandy 
CLAYS and SILTS (sometimes lam­
inated) occur locally, usually 
at terrace margins. 

INDEX AND CHEMICAL TESTS 

MOISTURE LIQUID PLASTIC 
CONTENT LIMIT LIMIT 

(%) (%) (%) 

149 25 25 
15 27 17 

12 18 23 30 17 20 

9 23 21 38 14 24 

6 30 

PARTICLE SIZE DISTRIBUTION 

5 

4 

SUMMARY FORMAT 

25% 

TEST 
PARAMETER 

No.of No. of 
Samples Samples 

50% >5 

75% >10 
(percentiles) 

10% 90% >25 

2.5% 97 . 5~ >100 

PLASTIC BULK DRY 
INDEX DENSITY DENSITY 

(%) (Mg/m3) (Mg/m3) 

25 93 
8 2.10 1.81 

13 2.03 2.17 

15 1.89 2.24 

pH 

7 
6.8 

6.3 

6.1 

4.8 

FIELD TESTS 

SPT 
N-VALUE 

131 
22 

12 32 

9 47 

95 

S03 
class* 

57 5E 
1 

7.3 1 1 

7.7 1 1 

8.0 

CONSOLIDATION AND COMPACTION TESTS 

CLAY + SAND GRAVEL Mv Cv CBR CBR 
SILT 

(%} 
30 

13 

4 16 22 

1 29 9 

STRENGTH TESTS 

Cu tPu 
(kPa) (degrees) 

94 94 
51.5 9 

28 90 0 17 

19 140 0 24 

(%) (%) 

30 
28 58 

42 43 

54 27 

class* class* unsoaked soaked 
{%} (% ) 

3C 

70 

8 

ENGINEERING GEOLOGY 
COMMENTS 

Granular terrace deposits should prove a suit­
able founding medium for most light to medium 
structures, provided lithological variations 
are established during site investigations. In 
some areas, these deposits may infill buried 
channels which must be delineated prior to 

*Claeeee defined foundation design. Excavations/bores require 
in Annex A innnediate support/ casing. 









It is important that the sulphate content of groundwater 
and soil is known as ordinary Portland cement deteriorates 
in the presence of sulphate. Knowledge of sulphate con­
centrations enables a suitable sulphate resisting or high 
alumina cement to be used in appropriate concrete mixes 
for applications below ground leveL 

3. Strength tests 

TRIAXIAL COMPRESSION TEST 

The triaxial compression test is the most widely used test 
for determining the shear strength of cohesive soils and a 
number of different methods may be used depending on 
the application of the results. 

In general terms, an undisturbed cylindrical specimen 
(usually 76 mm x 38 mm) is placed between rigid end caps 
and covered with a rubber membrane. The assembly is 
then placed in a triaxial cell which is filled with water, tak­
ing care that all air is removed. The confining water pres­
sure in the cell is then maintained at a prescribed constant 
value while the axial load on the specimen is increased at a 
constant rate of strain. The test continues until the speci­
men shears or a maximum vertical stress is reached. 
Vertical displacement and axial load on the sample are 
measured during the test. The test is repeated on two fur­
ther specimens (from the same sampling point) at different 
confining pressures. From the results obtained from the 
three tests, a standard graphical construction (based on the 
Mohr-Coulomb failure criterion) enables the measured 
principal stresses to be plotted so that the shear strength of 
the soil can be determined in terms of its cohesive and fric­
tional components (i.e. cohesion, C, and angle of internal 
friction,<p ). 

The test may be carried out with the sample either 
drained or undrained (with or without pore pressure mea­
surement), and the type of test will depend upon the site 
conditions and type of engineering works being under­
taken. 

An unconsolidated-undrained (UU) test is used for foun­
dations on normally consolidated clay soils (where 
drainage would be slow). The test normally takes only a 
few minutes, as pore pressures are not allowed to dissipate, 
and is thus often known as a quick-undrained (QU) test. 
The strength parameters determined in this test are the total 
or apparent undrained cohesion and friction values (Cu and 
<Pu, respectively). 

In a consolidated-undrainea (CU) test, free drainage of 
the specimen is allowed under the cell pressure for 24 
hours before testing (that is, the sample consolidates). The 
drainage valve is then closed and the load increased rapid­
ly to failure. This test is applicable to situations where a 
sudden change in load takes place after a period of stable 
conditions (e.g. as a result of rapid drawdown of water be­
hind an earth dam). 

A consolidated-undrained test with pore pressure mea­
surement may also be carried out. In this test, the measure­
ment of pore pressure enables calculation of the effective 
strength parameters, C' and <p' (sometimes referred to as the 
"true" cohesion and "true" angle of internal friction), in ad­
dition to the undrained parameters, Cu and <Pu. 

A drained (CD) test is suitable for sandy soils or for clay 
embankments in which drainage blankets have been laid. 
Free drainage of the sample is allowed during both the 
consolidation and loading stages of the test, with the sam­
ple loading applied at a rate slow enough to allow dissipa­
tion of pore pressures. The test conditions enable the deter­
mination of the effective strength parameters, C' and <p'. 
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UNIAXIAL COMPRESSION TEST 

This test measures the unconfined (uniaxial) compressive 
strength of rock samples of regular geometry and is mainly 
intended for strength classification and characterisation of 
intact rock. 

Test specimens are required to be right circular cylinders 
having a height diameter ratio of 2.5-3.0 and a diameter 
preferably of not less than 54 mm. The sides and ends of 
the specimen should be smooth and end surface treatment 
other than machining is not permitted. Samples should be 
stored and tested in such a way that the natural water con­
tent is preserved. If other moisture conditions are used, 
they should be reported with the test results. 

The prepared rock cylinders are placed in a suitable load 
frame and the load applied continuously at a constant 
stress rate such that failure will occur within 5 to 10 min­
utes of loading, alternatively the stress rate should be with­
in the limits of 0.5 to 1.0 MPa/sec. The specimen is loaded 
to failure and the maximum load recorded. The number of 
specimens tested should be determined from practical con­
siderations, but at least 5 are preferred. The uniaxial com­
pressive strength is calculated by dividing the maximum 
load carried by the specimen during the test, by the origi­
nal cross-sectional area. 

POINT LOAD TEST 

The point load test provides a rapid, economical and rea­
sonably accurate index of rock strength and strength 
anisotropy, the principles of which have been described by 
Broch and Franklin (1972) and Bieniawski (1975). The test 
involves loading a sample of rock to failure between two 
standard-shaped steel cones mounted in a portable hydrauli­
cally-operated press. The load at failure is determined from 
appropriately calibrated pressure gauges and the Point Load 
Strength (Is) calculated from the relationship: 

Is P1D2, where D is the initial distance between the load­
ing cones holding the sample; and P is the maximum pres­
sure recorded on the gauge (i.e. the failure load). 

The test is usually carried out on pieces of rock core 
placed both diametrically and axially between the loading 
cones to obtain an indication of strength anisotropy. For di­
ametral tests the diameter:length ratio (DIL) of the core 
should be > 1.4; for axial tests the DIL ratio should be 1.1 
(where D i,s the axial distance between the cones). The test 
may also be performed, less accurately, on irregular lumps 
with DIL ratios of 1.0-1.4. 

It is usual practice to correct the point load strength (Is) 
to a standard 50 mm reference diameter using a set of stan­
dard curves to give the Point Load Index, IS(50)' This index 
is essentially equivalent to the point load strength multi­
plied by correction factors for shape and size. The 
Anisotropy Index (Ia) of the rock may be expressed as: 

Ia = Is(50) [diametral] 

Is(50) [axial] 

5. Consolidation and compaction tests 

CONSOLIDATION TEST 

If a saturated cohesive soil is subjected to an increase in 
loading, the pressure of the water in the pore spaces will 
increase by the same amount as the applied stress. The 
water will therefore tend to flow towards areas of lower 
pressure at a rate controlled by the soil permeability. The 



removal of water causes a decrease in volume of the soil, a 
process known as consolidation. 

The consolidation parameters are measured in the labo­
ratory by placing a disc of soil confined in a metal ring, in 
a water filled cell. A constant normal load is applied to the 
disc and its decrease in thickness measured with time. 
When it reaches a constant thickness for a given load, the 
load is increased (usually doubled) and the readings repeat­
ed. The loading is continued depending on the soil type 
and the structure for which the data is required. The coeffi­
cient of volume compressibility, Mv (m2IMN), can then be 
calculated. This is a measure of the amount of volume de­
crease that will take place for a given increase in stress. 
The coefficient of consolidation, Cv (m2/year) is also cal­
culated, and is a measure of the rate at which the volume 
change will take place for a given increase in stress. 

Consolidation test results are important for foundation 
design and the calculation of the likely settlements that 
will take place during and after construction. The test re- . 
suIts also enable the planning of phased construction stages 
to allow full consolidation settlement (dissipation of pore 
pressures) to take place prior to successive load stages. 

COMPACTION 

The compaction test determines the moisture content (the 
'optimum') at which a soil may be compacted to its maxi­
mum dry density. A quantity of soil (5 kg) is compacted in 
a standard (Proctor) mould using a standard (2.5 kg) or 
heavy (4.5 kg) rammer which is dropped from a standard 
height (300 mm or 450 mm) a standard number of times 
(27). The density of the compacted soil is then measured 
and its moisture content determined. The procedure is then 
repeated using the same soil at different moisture contents. 

The dry density of the compacted soil is plotted against 
its moisture content and the moisture content at which 
maximum compacted density may be achieved is read 
from the curve. Details are given in B.S. 1377:1990. 

The results of the compaction test are used to determine 
the optimum moisture conditions at which to place a given 
soil as general or embankment fill. 

CALIFORNIA BEARING RATIO (CBR) 

The California Bearing Ratio test is an empirical test carried 
out in the laboratory, or in the field, which compares the re­
sistance of a soil to penetration by a standard plunger to the 
resistance to penetration shown by standard crushed stone: 

CBR = Measured force x 100% 

'Standard force' 

There are, however, various ways of preparing samples 
for the test. The samples may be either undisturbed or re-
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moulded. Remoulded samples may be compressed into a 
standard CBR (or Proctor) mould under a static load, or 
dynamically compacted into it, at the required moisture 
content, either to achieve a specific density or by using a 
standard compactive effort. Undisturbed samples may be 
taken on site in a CBR mould, either from natural ground 
or from recompacted soil such as an embankment or a road 
sub-base. Specimens may be tested in the mould as pre­
pared (or as received) or after soaking in water for several 
days. 

For soaked CBR tests on remoulded soil at maximum 
compaction, for example, the test normally involves a se­
ries of samples which are compacted in a 152 mm diameter 
mould at moisture contents around the optimum. A sur­
charge weight is placed on the soil which is then immersed 
in water for four days. The mould is placed in a load frame 
and a plunger 48.5 mm in diameter is forced into the sam­
ple to a penetration of 2.5 and 5 mm. The CBR value is de­
termined as the higher of the ratios of the resistance at 
2.5 mm and 5 mm penetration to the standard resistance of 
crushed stone at the same penetrations. Details are given in 
B.S. 1377:1990. 

The CBR value of recompacted soil is very sensitive to 
variations in moisture content and dry density. Some typi­
cal laboratory CBR values for British soils compacted at 
natural moisture content are indicated below: 

Plasticity index (PI) 
Type of soil Range Range of CBR * 

Clay 40-70 1-3 
Silty clay about 30 3-5 
Sandy clay 10-20 4-7 
Silt 0 1-2 
Sand (poorly graded) NP 10-20 
Sand (well graded) NP 15-40 
Sandy gravel (well 

graded) NP 20-60 

*Lower values relate to water table depth <600 mm below formation 
level. Upper values to water table >600 mm below formation level. (From 
TRRL Road Note 29, 1970). NP= non-plastic 

In the field test, the plunger is jacked into the ground 
against the reaction of a heavy lorry. Field values are usu­
ally lower than laboratory values and the results of these in 
situ tests are not directly comparable with laboratory test 
results. The laboratory test in the CBR mould is recognised 
as the standard test. The results of the CBR test are used to 
assess the suitability of soils for use as base, sub-base and 
sub-grade in road construction. 



APPENDIX V 

Table 29 Groundwater abstraction licences 

Appn Licence Grid Name/Site 
No No Ref 

SE23 
41 16/40 224355 Broom Mills 
111 17/37 258330 Silver Royd Winery 
301 16116 221371 Sandoz Products 

325 17/5 273337 Phillips Yeast Products 
599 17112 283341 Jonas Woodhead & Sons 
672(1) 16/34 216355 Sunny Bank Mills 

742(2) 17/54 268318 Providence Dye Works 
1033(1) 17/15 267318 Wortley Low Mills 
1614 16/33 218377 Low Mills 
2335 17/115 266307 Beeston Royds 

267305 
2718a(2 171136 284339 Yorkshire Chemicals 
3037 17/66 283341 Associated Dairies 
3773 17/106 290330 Monk Bridge Ltd 
4727 171141 283371 Highbury Works 
5013 171142 297358 Howard Cook Ltd 
5432 171156 282313 Leeds United 
5793 17/171 2436 GKN Axles Ltd 
6049 16/193 214392 J Penny & Sons 

SE33 
487 1717 305330 Brewery, Hunslet Road 
488 17/8 305330 Brewery, Hunslet R(')ad 
489 17/9 306330 Brewery, Hunslet Road 
1243 17/91 304352 Sheepscar Tannery 
2718 17172 306328 Yorkshire Dyeware 
3613 17/131 391337 Barrowby Hall Farm 
5468 17/160 385328 Swillington Common Farm 
5615 171163 353370 Howson-Algraphy 

TOTAL LICENSED ABSTRACTION 

* P = Purpose 
C = cooling 
M = manufacturing 
SI = spray irrigation 
D&A = domestic & agricultural 

T = Transmissivity 

Licensed abstraction p* Borehole T* 

cu.m.h cu.m.d tcma 
diam depth 
mm m m2/d 

34.10 818.28 136.38 M 300 131 4 
4.55 27.28 6.82 C 200 76 

92.51 2182.08 c568.00 M [ 375 82 7 
375 198 

18.18 436.42 90.92 M 150 101 40 
18.18 436.42 34.10 M 200 46 20 
9.09 90.92 22.73 M [ 275 183 

914 21W 
56.83 545.52 140.93 M 225 37 
19.09 459.15 153.81 C - 42 8 

272.76 2273.00 500.06 M 500 92 70 
31.82 159.11 15.91 [ 200 152 17 

250 45 
50.01 1136.50 409.14 C 300 61 22 
95.47 381.86 139.38 C 300 46 112 
68.19 1636.56 554.61 M/C 450 79 50 
18.18 309.13 77.28 M 200 120 2 

- 31.82 9.55 2134 12W 
37.00 296.04 10.00 SI - W 
77.00 1640.00 575.07 C Shallo\ wells 

9.09 113.65 20.46 150 105 

48.64 272.76 68.19 M - 170 20 
45.46 272.76 68.19 M - 174 15 
45.46 845.56 181.84 M 610 174 15 
84.10 409.14 22.73 M 250 76 5 
50.01 1200.14 290.94 300 93 3 

- 4.55 - D&A 1200 12W 
4.55 27.28 10.00 SI 150 52 
8.50 195.02 60.01 M 230 180 

1198.77 14236.95 4167.05 
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Table 30 Leeds groundwater abstraction licences - revoked 

Appn Licence Grid 
No No Ref 

SE23E EVOKEI 

17 17/95 251365 
29(2) 17/2 270348 
96 17174 285341 

115(2) 17/42 239325 
166 17/47 248356 
187 16/49 223356 
189 17175 296359 
226 17/60 251377 
309 17/69 295333 
482 17/6 240382 
484 17/44 299379 
614(1) 17113 283340 
688 171114 296331 
971 17/84 257325 

1122 17/63 297358 
1262 16/66 220378 
1269 16/52 220378 
1473 17/35 279301 
1552 17/29 284332 
1619 17/97 289326 

1925 17/110 -
-271344 -
-269342 -

2242 17119 258355 
2344 17/39 273329 
3856 171127 263340 
4212 171130 275342 
4721 17/51 289338 
4765 171105 270317 
4870 171138 290328 
5024 161162 219388 
5186 171146 289333 
5204 171148 237358 
5225 171149 248385 
5437 171157 262355 

* R= year licence revoked 
P= Purpose 

C= cooling 
M= manufacturing 
SI= spray irrigation 

T= Transmissivity 

Name/Site 

GKN Axles Ltd 
Burley Mills 
Silver Blades Ice Rink 
Troydale Mills 
Wellington Mills 
Bank Bottom Mills 
Cliff Tannery 
J Pickard, Tannery 
Whitehall Soap Works 
Horsforth Steam Laundry 
Moor Allerton Golf Club 
Aire Place Mills 
Hardings Ltd 
Butterbowl Mills 
Valley Mills 
Woodbottom Mills 
Woodbottom Mills 
Millshaw Leather Works 
Wortley Gas Works 
Victoria Mills 

Kirkstall Power Station 

Whitbread & Co. 
Crowther 
Winter Green Mills 
Armley Mills 
Joseph Clark Ltd 
TRF Pland Ltd 
Leeds Ind. Co-op 
Park Mills 
Thomas Bennett Ltd 
Ross Textile Mill 
Woodside Dye Works 
Abbey Printing Works 

TOTAL SE 23 

Licenced abstraction 

cu.m.h cu.m.d tcma 

45.46 590.98 147.75 
22.73 104.56 25.00 
29.55 65.01 227.30 
77.28 909.20 227.30 
17.05 168.20 40.91 
10.00 120.01 35.91 
56.83 227.30 56.37 

4.55 27.28 3.64 
- 272.76 emergency 

54.55 545.52 200.02 
11.37 113.65 11.37 
75.46 1818.40 454.60 

2.27 2.27 -

45.46 454.60 109.10 
- 54.55 13.64 

22.73 386.41 136.38 
34.10 454.60 136.38 
56.83 454.60 104.56 
54.55 454.60 113.65 

- 68.19 emergency 

- 5527.94 795.55 

45.46 340.95 68.19 
- 13.64 3.55 
0.91 8.18 2.05 

13.64 54.55 1.64 
136.38 1363.8 329.58 

2.27 18.18 4.80 
34.10 1909.32 99.10 

- 363.68 63.64 
22.73 227.30 70.92 
22.73 272.76 90.92 
72.74 727.36 181.84 

127.28 75.01 27.38 

999.01 18195.36 3782.89 
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R* p* Borehole T* 
diam depth 
mm m m2/d 

83 C 200 55 14 
74 M 260 24 
can C 200 46 
84 M 460 67 20 
77 M 430 107 12 
76 C 150 18 
72 M 380 136 
70 M 1524 18W 
89 C 355 77 70 
can M 350 120 7 
71 SI 200 58 6 
84 M 300 46 15 
73 - 46 
69 M 300 198 175 
68 C - 12W 
76 M 300 76 10 
73 M 300 76 
73 M 2134 46 
76 M 392 114 130 
68 M 100 18 

78 C 4x 1220 W 

68 C 1828 16W 
87 M 200 92 
75 - -

72 M 100 213 
- M - 122 
87 M 200 65 
80 C 355 122 4 
78 M 250 176 25 
79 C 200 97 
83 M 300 76 40 
- M 380 91 30 

305 52 



Table 31 Leeds groundwater abstraction licences - revoked 

Appn Licence Grid NamelSite 
No No Ref 

SE33E EVOKEI 

59 17/4 30453328 Hey & Humphries Ltd 
490 17110 308328 J P Simpson & Co Ltd 
491 17111 308340 Melbourne Brewery 
935 17/48 306323 Fowler, Leathley Rd, 

Leeds 10 
1618 17/96 300346 Charge Court, Albion St 
3275 17/49 373349 Cables & Plastics Ltd 
3306 171100 393325 J Wilson, Brookfield Fm 
4638(1) 20/44 398350 Garforth Golf Club 
4836 17/137 30803223 Specialloid Ltd 
5022 171143 314321 Thomas Bennett & Sons 

TOTAL SE 33 

TOTAL REVOKED ABSTRACTION 

* R= year licence revoked 
P= Purpose 

C= cooling 
M= manufacturing 
SI= spray irrigation 

T= Transmissivity 

Licenced abstraction 

cu.m.h cu.m.d tcma 

4.55 36.34 9.09 
34.10 159.11 54.55 
52.28 1254.70 l36.38 
30.46 243.66 60.92 

- 127.29 3.82 
6.82 45.46 11.37 

100.01 0.64 
9.09 45.46 4.55 

22.73 159.11 47.73 
113.65 34.10 

160.03 2284.79 363.15 

1159.04~ 4146.04 
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R* p* Borehole T* 
diam depth 
mm m m2/d 

can C 150 49 10 
90 C 203 110 2 
74 C 380 96 
74 M 250 332 

78 250 99 4 
87 C 150 90 1 
68 SI 1220 4W 
72 SI 150 45 

M 107 
74 M 762 7W 












