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ABSTRACT 

Geotechnical engineering applications in opencast coal mining 
- case studies from Northern England 
by David B Hughes 

Opencast coal mining using mechanical excavators has taken place in Northern England for 
over sixty years. In the early years the excavations for coal were relatively shallow and of 
limited area, typically less than 20 m deep and 50 ha in plan. Nowadays, with the deployment 
of very large draglines and hydraulic shovels, opencast mines can be over 200 m deep and up 
to 1,000 ha in area. The investigations, excavations and earthworks failures associated with 
this activity have provided a unique opportunity to study several geotechnical engineering 
aspects of the drift and solid geology of Northern England, and how they impact on the mine 
planning, design and operations processes. 

There are four shallow coalfield areas in Northern England where opencast mining has been 
carried out, namely Cumbria, Northumberland, Durham and Stublick. The geological 
conditions at each of these coalfields have influenced the nature of the geotechnical problems 
encountered therein. All four coalfield areas are overlain by glacial deposits, which are 
typically between 5 rn and 40 m in thickness but can be up to 70 m. In the underlying Coal 
Measures strata the structural complexity varies with faulting and steep bedding being more 
prevalent in Cumbria, County Durham and Stublick areas than in Northumberland, although 
this later coalfield is dissected by a series of major east-west faults. Previous underground 
coal mining, especially shallow'room and pillar'working, is also a feature of the whole region. 

The research carried out in this study of opencast coal mining has led to thirty-one published 
papers covering the five themes of general opencast geotechnical, ground investigations, 
glacial deposits, Coal Measures, opencast backrill and groundwater. The papers are divided 
into three groups: nine that were written solely or mainly by the Candidate and are key to this 
submission, four that are secondary or tertiary authored, and eighteen earlier papers which 
provide further information to support the conclusions. This research has included 
exploratory investigations used in the design of excavations and spoil mounds, investigations 
following ground movements and failures in these earthworks structures, and the opportunity 
to study fresh exposures of the drift and solid geology of Northern England. This has led to 
two main achievements or conclusions. The first is that the work has resulted in an improved 
understanding of the depositional processes and the variability in the succession in the glacial 
deposits together with how these processes and variations have affected the engineering 
properties of the soils, and the impact they have on geotechnical engineering applications. 
The second emphasises the impact that the structure of the Coal Measures (especially faulting) 
has upon excavation design and the stability of excavated slopes. The opportunity to study 
one of the largest slope failures in the UK at St. Aidans opencast mine has highlighted the 
need to accurately locate faults, and to understand the effects of ground strains from mining 
subsidence as well as groundwater pressures and recharge. A theme that runs throughout this 
work is the need to have adequate ground investigations supported by a full understanding of 
the geological processes. 
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CRITICAL APPRAISAL 

Geotechnical engineering applications in opencast coal mining 

- case studies from Northern England 

A compilation of geotechnical publications by David Bryn Hughes submitted for 

the degree of Doctor of Philosophy to the University of Newcastle upon Tyne, 

under staff regulations 

Regulation 47(d): A critical appraisal ofat least 10,000 words will be required incorporating: 

a review of the literature, setting the works in a broader context, 

a drawing out of the linkages between the publications, 

a conclusion. 

1. INTRODUCTION 

Opcncast coal mining presents a unique situation in the practice of geotechnical engineering, 
in that a very large proportion of the ground within the site area is excavated and therefore can 

usually be viewed directly, often from close quarters. This means that predictions of ground 

conditions made from direct or indirect investigations can be checked against what is actually 

exposed during the progress of the works. Also, the assessment of the stability of 'temporary' 

excavated slopes or spoil mounds, which are created during opencast mine operations, can be 

'back analysed' because of failures that occur due to working with marginal Factors of Safety 

(FoS), and/or errors in the prediction of ground conditions or the measurement of 

geotechnical parameters. Therefore opencast mining represents a unique and valuable 

research situation. 

In 1977 the Candidate joined the National Coal Board Opencast Executive (NCB/OE) as a 
Resident Engineer in charge of opencast coal sites in Yorkshire. Subsequently he acted as the 
Regional Geotechnical Engineer (RGE) for Central East-Region. He was appointed to the 

permanent post of RGE for Northern Region in 1979, and held this position until the demise 
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(re-privatisation) of British Coal Opencast in 1994 (BCO - from 1985 when NCB/OE was re- 

named). 

The Candidate was involved in excess of 100 opencast projects during the period 1977 to 

1994. The main papers (1996 onwards - Appendix A) presented herein include case studies 

or data from about 30 of these projects, and the secondary papers (1996 onwards - Appendix 

B) include data from a further 20 or so sites. The papers published prior to 1996 (Appendix C) 

refer to (or contain data from) at least another 20 sites. This collection of case studies has 

been published in the form of technical papers included in international geotechnical journals, 

learned society journals or in conference proceedings. These papers represent virtually the 

whole of the published geotechnical literature relating to opencast coal mining in Northern 

England, and include a very significant proportion of the literature for the UK as a whole. 
They show how this unique opportunity to monitor the geotechnical aspects of opencast coal 

mining has been used by the Candidate for research purposes. 
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2. A HISTORICAL AND GEOTECHNICAL PERSPECTIVE OF OPENCAST 

COAL MINING IN NORTHERN ENGLAND 

This section explains how the impact of slope and mound failures has led to the introduction 

of improved specifications and legislation, codes of practice and geotechnical research, and 

includes the main references to these actions and events. 

ZI A brief history of opencast coal mining in the UK, with particular reference to 

Northern England 

There is evidence that coal mining took place in the UK at the surface and at very shallow 
depths as early as Roman times. Hand-dug coal was for centuries obtained by people directly 

working outcrops or by means of bell-pits. However, opencasting (or surface coal mining - 
Note 1) as we know it today was really only started in 1941, when several civil engineering 

contracting firms began excavating shallow coal on behalf of the UK government. This came 

about because of the war effort (1939-1945) to meet the urgent need for fuel, and was 

overseen by the then Ministry of Fuel and Power (Directorate of Opencast Coal Production) 

following the introduction of the Defence (General) Regulations of 1939. Shortly afterwards 

the rules for opencast coal prospecting, land requisition, and 'authorisation' for excavating and 

mining coal by contractors were set out in Defence Regulation 51A (1942). These statutory 

arrangements continued for some years after the war ended, and initially the opencast coal 
industry was virtually unaffected by the 1946/1947 nationalisation of the UK deep mines (i. e. 

underground coal mines). 

Opencast coal eventually became part of the overall nationalised coal industry in 1952, at 

which time annual opencast coal was recorded as 9.5 million tonnes. All opencast sites were 
taken into ownership by the National Coal Board (NCB), and the NCB Opencast Executive 

(NCB/OE) was established. Large scale participation by the private sector continued, in that 

all 'authorised' opencast coal projects were contracted out to 'approved' major civil 

engineering and earthmoving firms. In addition, private 'licensed' opencast coal sites, for 

yields up to 25,000 tonnes, were permitted under the nationalisation arrangements. Both 

authorised and licensed sites very often included the working of other minerals, particularly 
fireclays and brick shales, as well as coal. 
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The statutes and working arrangements outlined above were subsequently consolidated into 

planning law by the Opencast Coal Act (1958), in that planning applications to work coal by 

opencast methods were made to the then Secretary of State for Energy. The NCB/OE 

continued to use contractors for operating opencast sites, rather than develop its own large 

scale workforce and fleet of excavation and earthmoving plant. However, NCB/OE did 

purchase and (mostly) retain ownership of several large draglines for use on the larger sites. 
This was particularly so in Northern England, where these large items of plant were operated 
by the contractor as part of the contractual arrangements. The directors of NCB/OE took the 

view that the capital expenditure for such items was not reasonable for its contractors to make, 

especially as the contractors could not guarantee their winning future contracts on which to 

deploy large draglines; whereas NCB/OE could be sure that there would be continuous work 
for the draglines themselves. 

Despite threats of down-turns in the required outputs from UK coal mining (particularly in 

1949,1958 and 1967), opencast coal became increasingly important as a supplement to the 

natiores deep mined coal output. Opencast output reached a peak of 14 million tonnes in 1958, 

but from about 1960 to the early 1970s annual outputs reduced to between 6 and 9 million 
tonnes. Then, following the effects of the 1973 OPEC decision to increase oil prices, the UK 

government, NCB and mining unions came to an agreement aimed at securing the future of 
the coal industry. This agreement was published in 1974 as the 'Plan for Coal', and included 

the raising of opencast coal output to a sustained 15 million tonnes per year by 1980. 

Outputs of opencast coal were steadily increased from the mid- I 970s, and 15.3 million tonnes 

was achieved in 198 1. Thereafter outputs fluctuated between about 14 million tonnes and 17 

million tonnes per year, until 1994. The Northern Region of NCB/OE (i. e. Northern England) 

was usually responsible for producing about a quarter to a third of the total national output. 
(The other UK opencast regions were Scotland, Wales, and two Central England regions. ) 

From the late 1970s, following 'Plan for Coal' and the steady increase in the number of 
opencast sites and coal output, there commenced a growing national trend in public opinion 
which was against opencast mining. This was primarily due to the perception that opencast 
mining causes environmental nuisance and damage (e. g. dust, noise, vibration and landscape 
damage). A particular consequence of this was that in 1985 the Government made a major 
change to the opencast coal planning application procedure. This change was introduced in 

4 



the form of a revision to the Mineral Planning Guidance Note No. 3 (MPG 3) which required 

that applications to work opencast coal should no longer be dealt with by the Department of 

Energy (as in the Opencast Coal Act (1958)), but should be treated like all other mineral 

extraction schemes whereby planning applications were then (and still are) made to the 

Mineral Planning Authority (MPA), which is usually the local County or District Council (i. e. 

as per the Town and Country Planning Act (1971)) (H. M. S. O. 1981). This has led to many 

opencast coal planning applications being refused on environmental nuisance grounds, with 

subsequent appeals against refusal being made to the Secretary of State for the Environment. 

The overall effect of this 1985 change to the opencast planning procedure has been to make it 

much more difficult to obtain approval for new projects. Another change made in the mid- 
1980s was that NCB/OE changed its name to British Coal Opencast (BCO). 

The latest major change for opencast coal mining was the re-privatisation of the UK coal 
industry in 1994. BCO's interests in the English Coalfields (including Northern England) 

were taken over by RJB Mining (UK) Ltd, which later became UK Mining Ltd. It is obvious 
that the 1985 change in opencast planning application procedures plus the 1994 re- 
privatisation has led to the present cut-back in the number of working sites and reduction in 

opencast coal output. In Northern England there were 22 working opencast sites in 1990,19 

sites in 1992, and only 6 sites by the end of 2001. 

In the 1940s the maximum excavation depth at opencast sites was generally less than 15m, 

and excavation ratios (overburden to coal) were generally around 5 to I or 6 to 1. In 1952, for 

the whole of the UK, it was recorded that 40 civil engineering contracting firms were working 
22 sites, and that a finther 63 sites had been identified. Over the last 50 years excavation and 
earthmoving plant has become very much larger and more economical to operate, resulting in 

larger and deeper opencast mining projects. Nowadays maximum excavation depths can be 

up to 200m or even 250m, with excavation ratios commonly 25 to I and up to 30 to 1. 

The two largest sites to have been worked in Northern England are at Butterwell and 
Stobswood in Northumberland. These sites also hosted the two largest draglines ever to be 
deployed in western Europe, i. e. 'Big Geordie' (Bucyrus-Erie 1550W) at Butterwell, and the 
'Ace of Spades' (Page 757) at Stobswood, both machines having bucket capacities of 50e. 
Butterwell was worked between 1976 and 1993 and yielded 13 million tonnes of coal from a 
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maximum excavation depth of 13 Sm. Stobswood, having started in 1990, is still working and 
has so far yielded 14 million tonnes of coal from a maximum excavation depth of 200m. 

Z2 The development of geotechnical engineering in the UK opencast coal industry, 

including staffing and statutory aspects 

During the late 1950s and 1960s, as opencast workings began to be dug to greater depths and 
to cover much larger areas, failures in the excavated slopes became fairly commonplace. 
Both NCB/OE and their opencast site contractors realised that these slope failures represented 

a serious safety hazard. Probably of even greater concern (to them) was that these failures 

resulted in extra costs arising from the deployment of extra plant and/or double handling of 

spoils, and interruptions to the coal production process. As a consequence, staff at NCB/OE 

began to pay more attention to the geotechnical and (especially) the slope stability aspects of 

opencasting. This then led to NCB/OE participating in a major geotechnical research 

programme at Imperial College in London, jointly with several other international mining 

organisations (Sharp, 1970; Stimpson and Walton, 1970; Ross-Brown, 1973). 

Probably the most important and useful outcome from this research was the book'Rock Slope 

Engineering' by Evert Hoek and John Bray (Hoek and Bray, 1974). This has now been 

released in three editions (1974,1977 and 1981) and has become a standard text and slope 
stability manual used by geotechnical engineers worldwide. However, prior to 1975, 
NCB/OE only employed one geotechnical specialist on their staff. He was based in the 
headquarters (then located in Harrow) but spent much of his time on secondment to the 
Imperial College research project. 

In 1972, the UK Health and Safety Executive (HSE) published 'The Law Relating to Safety 

and Health in Mines and Quarries, Part 4 Quarries' (Anon, 1972) which gathered together all 
the then current pieces of legislation that related to quarry working (including opencast coal 
mining - Note 2). The following items contained therein were particularly relevant to 

geotechnical matters. 

(i) Mines and Quarries Act, 1954 

Regulation 108(l) required that quarrying operations should be carried out so as to 

avoid danger from'falls of ground'(i. e. no slope failures). 
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Regulation 108(2) required that the face and sides of the quarry should not be worked 

so as to cause any'overhang'. 

(ii) Quarries (General) Regulations, 1956 

Regulation 2 required that daily inspections should be made of all quarry faces, sides 

and overburden, and that these inspections should be recorded on M&Q Form No. 236. 

Regulation 3 (1) required that the 'overburden' at or near the top of the face or sides of 

the quarry should be cleared back for a sufficient distance and depth to avoid danger 

from falls. For opencast sites 'overburden' was interpreted as superficial deposits (i. e. 

engineering soils) and this regulation therefore made the provision of rockhead safety 
benches a legal requirement. 

This HSE Part 4, Quarries publication (Anon, 1972) also contained the then recently 
introduced legislation on mines and quarries tips, being the: 

Mines and Quarries (Tips) Act, 1969; 

Mines and Quarries (Tips) Regulations, 1971; 

Mines and Quarries (Tipping Plans) Rules, 19 71. 

However, both the NCB/OE and their contractors disputed the application of these tips 

statutes to the temporary storage of topsoil, subsoil and overburden spoils at UK opencast 

coal mining sites, i. e. they contended that they were not 'permanent tips' but 'temporary 

storage mounds. (See Hughes and Clarke (2002 - PAPER A8) for illustrations of the 

progressive operation (excavation, mounding and backfilling) of opencast coal workings, and 

particularly the temporary nature of storage mounds. ) 

On January 14th 1974, at Westfield opencast coal site in Scotland, a fatal accident occurred 

when a bulldozer and its driver were buried by a 'fall of ground'. This catastrophic slope 
failure was reported in the national press and was investigated by Her Majesty's Inspectorate 

of Mines and Quarries (HMIM&Q) which was part of HSE. Norton (1983) subsequently 

recorded the details of this failure as being "on the western wall, and approximately 92m high, 
by 230m wide, by 3 to 4m thick. The overall slope angle (elevation) was 35", with a convex 
upwards roll-over at the base of the slab where dips in excess of 60* were observed. " The 

mechanism of failure was "slab-buckling" (Hughes and Leigh, 1985 - PAPER C2). The 
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failure event was very rapid, probably only a few seconds, giving the bulldozer driver 

insufficient time to escape. 

Following their investigations into the Westfield slope failure, HMIM&Q held several 

meetings with the directors of NCB/OE. These resulted in the post of Regional Geotechnical 

Engineer (RGE) being created in each of the five UK regions (i. e. three in England, plus one 

each in Scotland and Wales - Note 3), but this was still only a small number of specialists in a 

major excavation and ground engineering organisation with an annual turnover of about E500 

million (i. e. at 1974 prices - Note 4). Also, the headquarters specialist geotechnical post was 

terniinated and never re-introduced (Note 5). 

At this time there were important additions and changes made to the NCB/OE standard 

opencast mining Contract Specification. These included that the newly appointed RGEs 

would provide a pre-contract geotechnical report for each new opericast project which would 
be called the Initial Stability Assessment (ISA). In addition, tenderers for opencast contracts 

would provide details of their proposed excavation slope profiles (face heights and elevations, 

and bench widths etc. ) on plans and sections to be included with their Method Statement. 

In further response to the Westfield disaster and the subsequent pressure from HMIM&Q 

(HSE), NCB/OE sponsored a number of PhD research projects at Nottingham University 

starting in 1976. The main topics researched included slope stability and slope monitoring, 

groundwater, diggability and backfill settlement, and resulted in theses by Young (1979), Rao 

(1980), Cobb (1981), Hassani (1981), Scoble (1981), Denby (1983), Muftuoglu (1983), 

Norton (1983), Stead (1984) and Reed (1986). In the NCB/OE Northern Region research into 

backfill settlement was carried out in conjunction with the Building Research Establishment 

(Charles et al, 1977,1984 (PAPER C 1) and 1993 (PAPER C 15)). Later, research was done in 

conjunction with Newcastle University into groundwater (Minnett, 1987; Blythe, 1990) and 
into 'intraformational shear zones' (Jameson, 1995). 

The next major geotechnical development was in 1980 when the HSE indicated that they were 

not in agreement with the NCB/OE and its contractors (who were now represented by the 
Coal Committee of the Federation of Civil Engineering Contractors (FCEC)) about the UK 
Mines and Quarries Tips legislation not being applicable to opencast coal sites, and threatened 
to go to the courts over this issue. Indeed there had been several spoil mound failures at UK 

8 



opencast sites, including some in Northern England (Rostron, 1976; Babakhanians, 1977; 

Blythe et al, 1993 (PAPER C14); Hughes and Clarke, 1997 (PAPER A3)). This resulted in 

NCB/OE and FCEC jointly proposing and drafting a code of practice about the siting and 

construction of temporary spoil mounds at opencast coal sites (FCEC, 1982) which was 

accepted by the HSE as being equivalent to their tips legislation. 

The 1982 spoil mounds code of practice was divided into two parts. Part I required that the 
NCB/OE's RGEs (as Competent Person for Part 1) should carry out ground investigations in 

all areas of a proposed opencast site where spoil mounds could be located, particularly in the 

superficial or drift deposits, and especially where the MPA had indicated that they should be 

located following the planning application process. The RGE would then assemble all the 

available ground information and carry out outline designs for the spoil mounds. All of this 
information would be included in the opencast site tender documents. Under Part 2 of the 

code of practice, the successful tenderer was required to appoint a second Competent Person 

(i. e. a suitably experienced geotechnical engineer) to design the spoil mounds in detail, to 

carry out inspections and to provide geotechnical reports on the spoil mounds at specified 
time intervals after their construction. 

The introduction of a small number of specialist geotechnical engineering staff by NCB/OE in 

the mid-1970s, plus the extra geotechnical safety requirements in the Contract Specification 

and the spoil mounds code of practice (FCEC, 1982), did appear to bring about some overall 
improvements in the safe working of UK opericast sites. However, sites were becoming even 
larger and deeper than before, and were being worked through ground conditions that were 
becoming ever more difficult and geologically complex. Consequently, throughout the late 

1970s and 1980s, large slope failures still continued to occur (Leigh et al, 1980; Scoble, 198 1; 
Hughes and McLean, 1986 (PAPER C8); Hughes and Clarke, 2001 (PAPER A7); Hughes and 
Clarke, 2002 (PAPER A8)). 

One of the largest and most publicised slope failures at a UK opencast site occurred in March 
1988, when a massive (600,000ml) failure took place adjacent to the River Aire in West 
Yorkshire (Hughes and Clarke, 2001 (PAPER A7)). This resulted in the rapid flooding of the 

working void at St Aidans Extension Opencast coal site. Unlike the Westfield failure of 1974 
(Norton, 1983) nobody was injured, but considerable damage occurred to the banks and bed 

of the River Aire watercourse, and the security of a nearby major navigation canal was 
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seriously threatened. Coal production at St Aidans Extension Opencast site was suspended 

for 10 years, and the total remedial and recovery costs came to f. 56 million (Hughes and 

Clarke, 2001 (PAPER A7)). 

Following the River Aire slope failure, both BCO and HSE set up inquiry panels and 

produced reports (BCO, 1988; Davies, 1988). The HSE then presided over a 'panel of 

experts' (which included the Candidate) which drafted a new geotechnical code of practice 

and this was introduced into the UK opencast coal mining industry at the end of 1989. The 

title was The stability of excavated slopes at opencast sites' (FCEC, 1989) and provided 

guidance on the ground investigation and design of stable excavations. The format was 

similar to the earlier spoil mounds code of practice (FCEC, 1982) in that a Competent Person 

for Part 1 provided the ground investigation data and outline designs, and a Competent Person 

for Part 2 carried out the detailed designs and inspections. Under this code the BCO RGEs 

provided a major geotechnical report with many appendices (geotechnical site investigation 

reports and borehole logs, underground mining and subsidence reports, prospecting geology 

reports and borehole logs etc. - see later) such that the total weight of hard copy data was 

usually between 10 and 30 kilos dependent upon the size and complexity of the mining 

proj ect. 

The introduction of the 1989 'excavations' code of practice resulted in a very large increase in 

workload for the BCO geotechnical staff, which led to the recruitment of small geotechnical 
teams in each region. The management structure for Northern Region for the period 1990 to 
1994 is shown in Table 1. It can be seen that the RGE and the Geotechnical Department were 

part of the Regional Projects Group under the direction of the Regional Projects Manager 

(who was also the Deputy Regional Director). The involvement of geotechnical engineering 
in an opencast project, following the 1989 excavations code, is illustrated by Hughes and 
Norbury (1996 (PAPER Al)) in a case study for Plenmeller opencast coal site. Table 4 of 
that paper shows how geotechnical engineering contributes to the planning, prospecting, 

operations and restoration phases of a project. Table 3 of that paper shows the expenditure on 

each aspect of the geotechnical investigations for the Plenmeller project. Once the full extent 

of the BCO geotechnical obligations under the new code were fully understood, and started to 
be complied with, the annual geotechnical investigation budget for Northern Region 

amounted to between E0.5 million and ELO million (i. e. at 1990s prices). 
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As stated previously, the demise (privatisation) of BCO came at the end of 1994 (Note 6). 

Ownership and responsibility for the remaining opencast sites in Northern England passed to 
RJB Mining (UK) Ltd, which subsequently became UK Mining Ltd. After 1994 the HSE 

began drafting new regulations for health and safety at quarries (which includes opencast sites) 

which were published and applied from 1999 (Health and Safety Commission, 1999). An 
'approved code of practice' which includes geotechnical requirements is included with these 
latest regulations. It appears that most of the ideas and requirements of the now superseded 
opencast geotechnical codes (FCEC, 1982 and FCEC, 1989) are included in this new quarries 
legislation. 

Z3. Geotechnical reportingfor opencast coalprojects 

As stated previously and illustrated by Hughes and Norbury (1996) for the Plemneller site, 
geotechnical input is required at all stages of the planning and operation of an opencast coal 
site. These stages include prospecting, statutory planning, design and construction of all 
infrastructure works including coal processing and disposal facilities, design and excavation 
of rock and soil slopes, design and construction of spoil storage mounds and water treatment 
lagoons, and restoration aspects. Ground investigation works are required to provide the 
geotechnical input data for the analyses and designs required at the above listed stages of a 
project. The details of how geotechnical ground investigations are carried out and applied are 
given by Hughes and Blythe (1987) (PAPER C9) and Hughes (1991) (PAPER C13). The 

structure of the Geotechnical Stability Report (GSR), which contained all the geotechnical 
information supplied at tender stage, is summarised in Table 2 (from Hughes, 1991 (PAPER 
C 13)). 

The GSR was always signed personally by the RGE (as the Competent Person for Part I for 
both geotechnical codes of practice) and was expected to contain the details of all the 
investigations and findings of the BCO Regional Geotechnical Department for that project up 
to going out to tender. The next task for the RGE and his team was to assess the 'Method 
Statements' of the tenderers to ensure that the data provided, and any problems described in 
the GSR, had been understood, and that adequate solutions had been devised or designed. 

Once work began on site, then legally the main geotechnical responsibility rested with the 
successful contractor's 'Competent Person! (for Part 2 of the codes), who was always an 

12 



experienced geotechnical engineer. However, BCO still had responsibilities under the Town 

and Country Planning legislation to the MPA, and to adjacent landowners etc. In practice this 

meant frequent site visits by the RGE and his staff to monitor progress, and regular meetings 

with the contractor's geotechnical representative(s). Hence, this resulted in the RGE (the 

Candidate in this case) obtaining detailed knowledge of the operational aspects of each 

project. 

The gathering of all this pre-tender geotechnical information, and post-tender involvement in 

site operations, has enabled the Candidate to record and publish the detailed case studies 

which form the main part of this submission for a higher degree. 

Note 1: In the UK 'opencast mining' is also referred to as 'opencast quarrying, especially in legal or statutory 
documents; but worldwide 'surface mining' is the term most commonly used. Also, in the UK, the term 
'site'rather than 'mine'isfrequently used when referring to opencast coal operations. 

Note 2: AsJor as the Candidate was able to ascertain both NCBIOE and its contractors were mostly unaware of 
the existence of much of the 'Quarries'legislation prior to thepublication; in 1972, of The law Relating 

to Safety and Health in Mines and Quarries, Part 4 Quarries'(Anon, 1972) 

Note 3: A particular feature of the exposed coaytelds of Northern England (comprising Cumbria, 

Northumberlang 7ýne and Wear, and County Durham) is that they are generally covered by a thick 
layer of glacial deposits, usually between 5m and 40 m depth (Hughes et al, 1998). The Candidate 

took up the post of RGE in Northern Region from February 1979 and, due to the size and geological 

conditions in this region; an assistant geotechnical engineer was also appointed. 

Note 4: Inflation to today !s (2003) values would increase this amount by at least five-fold to around 12,500 

million. 

Note 5: Following the St. A idans disaster in March 1988, and the completion of the subsequent investigations, 
BCO commissioned an independent consulting engineer to review its geotechnical engineering 
capabilities. One of the main recommendations from this review was that a Chief Geotechnical 
Engineer post should be created within the BCO headquarters management team to co-ordinate the 
work of the RGEs within the Regions. This proposal was adopted by BCO directors, but unfortunately 
the start of the re-privatisation process (around 1990) meant that an appointment was never made. 
However, the Candidate carried out many of the duties which had been assigned to this headquarters 
post on apart-time basis. 

Note 6: The re-privatisation of the UK coal industry (British Coal) in 1994 ended the Candidate's employment 
in that industry. 
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3. REVIEWS OF PUBLICATIONS AND LINKAGES (INCLUDING KEY 

REFERENCES, IMPACTS AND CITATIONS) 

In this section each of the Candidate's thirty-one publications is briefly reviewed and its 

relationships (linkages) with some of the other publications is shown. List A papers (being 

the main works) have generally been discussed at more length than List B and C papers. 

All of the publications given in Lists A, B and C have been assigned to one of five main 

subject categories or themes, which are General Opencast Geotechnical, Ground 

Investigations, Glacial Deposits, Coal Measures, Opencast Backji'll and Groundwater, and 
these represent the majority of geotechnical applications in opencast coal mining. Many of 
these publications contain information which falls into two or more categories, and hence it 

has been necessary to assign each one on a 'best-fif judgement. 

The overall linkage between the publications is the geotechnical aspects of opencast coal 
mining in the UK (mainly in Northern England) Many years have been spent researching, 
investigating, designing and specifying over a hundred major opencast projects. The work is 
based on many thousands of hours spent actually present on sites inspecting the exposed 
geology, examining slope and mound failures, and observing site operations including 

restoration and remedial works. 

3.1 General Opencast Geotechnical 

The following four papers are included in this category 

PAPER Al PLENMELLER (Q. J. E. G. ) 

PAPER C2 GENERAL (Q. M. ) 

PAPER C7 GENERAL (B. G. ) 

PAPER C 16 PLENMELLER (Q. M. ) 

PAPERS Al and C16 are specifically about Plemeller site, whereas PAPERS C2 and C7 are 
more generally about geotechnical engineering and the LIK opencast coal mining environment. 
The purpose of these four papers has been to illustrate to other geotechnical engineering 
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professionals the particular problems encountered in the UK opencast mining industry. These 

include the planning procedures and constraints, the HSE involvement (previously Codes of 
Practice, and now Quarries Regulations (Health and Safety Commission, 1999)), the 

particular ground conditions (specifically Coal Measures bedrock, and the overlying glacial 

materials), ground investigations (both for geotechnical purposes and for coal prospecting), 
the types of failures encountered in excavated slopes (both bedrock and superficials), spoil 

mound stability, groundwater problems and control, and finally backfill settlement and site 

restoration. 

In the above paragraph the topics of ground investigation, glacial deposits, Coal Measures 

bedrock, opencast backfill settlement and groundwater are all listed as constituents of these 

general papers. Therefore these papers illustrate the overall linkages between the several 
topics within opencast mining geotechnical engineering, and which are the subjects of the 

remaining twenty-seven papers discussed hereafter. 

3.1.1 PAPERAI PLENMELLER(Q. J. E. G. ) 

"Plenmeller ovencast coal site: a geotechnical and planning case study" 0 996), 

by D. B. Hughes and D. R. Norbu 

This paper shows the contribution of geotechnical engineering in a large and complex 

opencast mining project, from the initial identification of the coal deposit, through the 

prospecting and engineering design, the planning application, the award of the contract and 
site operations, and finally the restoration and aftercare stages. The paper also shows the 

costs of the geotechnical investigations and identifies every aspect of geotechnical design 

where ground investigations are necessary. The geological succession and stability aspects 

are described, including the glacial deposits and the Coal Measures bedrock. An account of 
the previous underground workings is given. Also, the stability aspects of working in the 

vicinity of the Stublick Fault are discussed. This paper, therefore, may be viewed as a 

suitable guide to anyone whose experience in opencast geotechnical engineering is such that 

they need an example to follow. 

The Candidate and the second author (D. R. Norbury) were the 'Competent Persons' for Parts I 

and 2 (respectively) for the opencast industry geotechnical codes of practice (FCEC, 1982; 
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FCEC, 1989) for the Plenmeller opencast coal site in SW Northumberland. This site was one 

of the first to go out to tender following the introduction of the 'excavations code' (FCEC, 

1989), and therefore was covered by a Geotechnical Stability Report (GSR). The site was 

especially interesting due to the complex bedrock geology (faulting, steep bedding, old coal 

workings, groundwater) overlain by thick glacial deposits and peat, and a moorland location 

necessitating extensive infrastructure works. 

Eight references are cited in this paper, the two main ones being the two geotechnical codes of 

practice referred to above (FCEC, 1982 and FCEC, 1989 (which are labelled Anon, 1982 and 
Anon, 1989 in the paper)). These codes/references are discussed in SECTION 2. Also, the 

paper by Hughes (1991 - "The Geotechnical Stability Report") is an explanation of the BCO 

input into these codes of practice. 

The impact of this publication can be shown by the fact that two Regional Groups of the 

Geological Society invited the Candidate to present his paper in their programmes of 
technical meetings (these being the Northern Group and the West of Scotland Group). Also, 

the Northern Geotechnical Group held a technical visit to Ple=eller site. Therefore, this 

paper has been of particular interest to Engineering Geologists and Geotechnical Engineers in 

professional practice. 

3.1.2 PAPER C2 GENERAL (Q. M. ) 

"The stability of excavations and spoil mounds in relation to ovencast coal mining" (1985). 
by D. B. Hughes and W. J. P. Leigh 

and PAPER C7 GENERAL (B. G. ) 

"Geotechnical engineering in opencast mining" (1986), 
by D. B. Huphes 

Both papers were written entirely by the Candidate. 

PAPER C2 is a technical account of the practice of geotechnical engineering in UK opencast 
coal mining up to the mid-1980s. It includes descriptions of excavation operations and 
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various slope and spoil mound failure mechanisms. There is also an account of the legislation 

and contractual aspects relating to that period. It has been presented to the Institute of 

Quarrying (North of England Branch), the Institution of Civil Engineers (NW Branch) and the 

North West Geotechnical Society. This paper had a major impact on the UK opencast mining 
industry at that time and sections of it were reproduced in GSRs and BCO technical 

handbooks, as well as other citations. 

PAPER C7 is a shortened version of PAPER C2, but with additional emphasis on the 

NCB/OE organisation and potential career aspects. This paper was presented to the 

Institution of Geologists/Geological Society (North of England Group). 

3.1.3 PAPER C 16 PLEMELLER (Q. M. ) 

"Plenmeller OCCS -a ground engineering case history" (1994), 

by D. B. Hughes and D. R. Norbury 

This paper was in fact an early draft of PAPER Al PLENMELLER (Q. J. E. G. ) (Hughes and 
Norbury, 1996). This 1994 version was produced by the Candidate for presentation at a joint 

Geological Society/Institute of Quarrying seminar at Keyworth in March 1994. The 

Technical Editor of 'Quarry Management' asked if it could be published in that j ournal in its 

then early form. Subsequently, the two authors reviewed and considerably extended the paper 
before successfully submitting it to the Quarterly Journal of Engineering Geology, which had 

always been their target publication. 

3.2 Ground Investigations 

The three papers included in this category are as follows: 

PAPER C5 SITE INVESTIGATION 

PAPER C9 DRILLEX'87 

PAPER C13 GEOTECHNICAL STABILITY REPORT 

All the papers relate to acquiring geotechnical information about the ground through which it 

is intended to carry out major excavations or construct foundations. PAPER C9 concentrates 
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mainly on drilling and boring techniques. PAPER C 13 extends this finiher by bringing in the 

examination of other relevant records (topographical, aerial photographs, walk-over surveys, 

weather, mining, other ground investigations and industrial archaeology etc. ). PAPER C5, 

although the earliest of the three papers, also includes several ground investigation case 
histories related to the opencast mining industry. 

The ground investigations for opencast coal sites in Northern England mainly involve drilling 

and sampling and testing in glacial deposits and Coal Measures bedrock. Therefore 

considerable overlap (or linkage) of subject matter and content with papers in the following 

sections (especially 3.3 Glacial Deposits and 3.4 Coal Measures) is inevitable. 

3.2.1 PAPER C5 SITE INVESTIGATION 

"Site investigation in relation to ovencast coal mining in Great Britain" (1985), 

bv D. B. Huahes 

Following the introduction of the "Spoil Mounds Code of Practice" (FCEC, 1982) into the UK 

opencast coal mining industry, the senior'management at NCB/OE decided to produce a 

geotechnical engineering manual or guide for issue to all its staff, and to make it available to 

other participants in the industry (e. g. Contractors, HM Inspectorate, Planning Authorities 

etc. ). The Candidate was a regular lecturer on geotechnical topics at courses and seminars 

given on behalf of NCB/OE and British Mining Consultants Ltd, and his lecture notes were 

adapted to become chapters in the "Geotechnical Engineering Guide". This "site 
investigation" chapter describes in detail the methods of drilling and boring for engineering 

soils and rocks, in-situ and laboratory testing, and includes several case histories to illustrate 

the use of geotechnical parameters in opencast mining related design and analysis situations. 
The Candidate was also the main author of a lengthy introductory chapter included in this 

same "Geotechnical EngineerinL7 Guide". 

3.2.2 PAPER C9 DRILLEX'87 

"Sub-surface investigations by drilling and boring for opencast coal mining projects in the 
United Kingdom" (1987). 

byD. B. Huphes and D. A. Blvthe 
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This paper describes in some detail the drilling and boring methods used by the UK opencast 

coal industry to prospect for coal, and for geotechnical investigation purposes, including some 
'down-the-hole' geologging techniques. The paper has been cited in other opencast 

geotechnical and site investigation publications. 

3.2.3 PAPERC13 GEOTECHNICAL STABILITY REPORT 

"The Geotechnical Stability Report" 0 99 1). 

by D. B. Hughes 

Following the introduction of the 'Excavations Code of Practice' (FCEC, 1989), the Health 

and Safety Executive arranged a conference at Leicester in 1991 to allow the participants in 

the UK opencast coal industry to discuss the progress of the implementation of this code. The 

Candidate was asked to prepare and present a paper about the Geotechnical Stability Report, 

and particularly about the acquisition and presentation of factual geotechnical data as required 
by Part I of the (then) new Code of Practice. This paper has been cited in other publications 

relating to opencast geotechnics. 

3.3 Glacial Deposits 

With twelve publications relating to research on glacial deposits, this topic represents by far 

the largest expenditure of research effort by the Candidate on any aspect of opencast coal 

mining. 

PAPER A2 ENGINEER! S VIEW 

PAPER A3 SPOIL MOUNDS -NORTHERN ENGLAND 

PAPER A4 GLACIAL SUCCESSION 
PAPER A6 HERRINGTON 

PAPER B1 TILLS FRAMEWORK 

PAPER B2 GLACIAL HISTORY 

PAPER B3 TILLS IN EARTHWORKS 
PAPER B4 NETDATA 

PAPER C6 DERWENT-TYNE CONFLUENCE 
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PAPER C14 SPOIL MOUNDS - DESIGN & CONSTRUCTION 

PAPER C17 NORTHUMBERLAND TILL 

PAPER C18 NORTHUMBERLAND TILL DISCUSSION 

Although the common theme to all of the above papers is the engineering geology or 

geotechnical aspects of Northern or North East England glacial deposits, several different 

aspects are included. However, all the papers discuss the glacial succession to a greater or 
lesser degree. 

PAPER A2 is a general introduction to the engineering geological aspects of the glacial 
deposits in Northern England and was written as a summary of a lecture which was given to 

the Cumberland Geological Society. PAPER A4 is a detailed account of the development of 

our knowledge of the glacial history of Northern England, which is followed by a description 

of the engineering geological aspects of the glacial deposits based mainly on the Candidate's 

own research on opencast coal sites. PAPER B2 is an account of the glacial history of North 

East England (main author D. A. Teasdale) and cites from PAPER A4. PAPERS A3, A6, C6 

and C14 are all case histories about excavated slopes and spoil mounds. PAPERS B I, B3, B4, 

C17 and Cl 8 are all papers which present and discuss engineering parameters for the layers or 

units within the glacial succession as found in Northern England. 

3.3.1 PAPER A2 ENGIMEER! S VIEW 

"The glacial deposits of Northem England: an engineer's view" (1996). 

by D. B ughes 

This paper is a set of notes supplied by the Candidate following his lecture to the Cumberland 

Geological Society in September 1996, and subsequently published in the Society's journal. 
Just a few days prior to the lecture date there had been announcements in both the national 
and local news about plans for a "Great North Canal" linking Port Carlisle to Tynemouth, a 
distance of some I 10 km across northern England. Such a waterway, if constructed, would 
have to be cut through glacial deposits for virtually its entire length. Although this proposal 
has found very little public or government support, it did provide a topical way to introduce 

the research being carried out by the Candidate at Newcastle University into the engineering 
aspects of the glacial deposits in Northern England. This included illustrations of exposures 
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of the glacial geology (particularly at opencast coal sites) and the acquisition of geotechnical 
data from ground investigation boreholes and soil mechanics laboratory testing. Examples of 
design and construction problems encountered in projects which involved working on or in 

glacial deposits were also described. 

3.3.2 PAPERM SPOIL MOUNDS -NORTHERN ENGLAND 

"The glacial tills of Northem England in relation to the stability of screeniniz and svoil 
mounds at ol2encast coal mines" (1997). 
bv D. B. HuRhes and B. G. Clarke 

This paper shows a very simplified sequence of working for opencast coal sites, which is then 

used to introduce the siting of storage and spoil mounds (topsoil, subsoil and overburden). 
The glacial successions for Cumbria and North East England are included, which are 
somewhat abridged versions of the detailed accounts given in PAPER A4 GLACIAL 
SUCCESSION (Hughes et al, 1998), thus demonstrating the link with that paper. Some spoil 
mound design considerations are discussed, and finally three anonymous case studies of spoil 
mound failures are described. 

There are 9 references given in this paper, of which 5 are the Candidate's own papers. These 

are Blythe et al (1993 - PAPER C14), Hughes and Leigh (1985 - PAPER C2), Hughes and 
Blythe (1987 - PAPER C9), Hughes et al (1998 - PAPER A4 (referenced 1996 - as 
presented in Glasgow)) and Robertson et al - PAPER C17 (1994). The first two deal with 
spoil mound construction, the third with ground investigation techniques, and the last two 
with glacial deposits. 

Boulton et al (1997) describe a British ice-sheet model for the Late Devensian. Eyles and 
Sladen (1981) propose the 'weathering theory' for Northumberland tills instead of separate 
upper' and 'lower' tills (i. e. the whole glacial succession was deposited from a single ice sheet 
as lodgement till). Both of these papers are discussed in some detail in PAPER A4 
GLACIAL SUCCESSION (Hughes et al, 1998). The two opencast industry geotechnical 
codes of practice (i. e. for 'spoil mounds' (Anon, 1982) and for 'excavations' (Anon, 1989)) 
have been referenced in this 'Critical Appraisal' as FCEC (19 82) and FCEC (19 8 9), and have 
been described in detail in Section 2. 
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Note: The initial version of this paper was somewhat longer and more detailed, as it was 
intended to be a journal paper. However, when details of the International Engineering 

Geology Conference (in Athens) were received it was decided to target the paper there, and 

so it had to be reduced to just six A4 pages. Also, the regulations for the 'staff PhD by 

publications route I were not known at that time (these were first published in August 1997). 

These regulations emphasise the requirement to publish in peer-reviewedjournals, and had 

this been known in time, this paper would have been kept nearer its original length and 

submitted to a suitable journal. However, the paper was anonymously reviewed for the 

conference, and a copy of the reviewer's report is available (which rated the paper as "good'ý. 

3.3.3 PAPER A4 GLACIAL SUCCESSION 

"The Wacial succession in lowland Northem EnWand" Q 998) 

by D. B. Hughes, B. G. Clarke and M. S Money 

This paper started as a presentation to the 'Glacial Geology and Engineering' seminar in 

Glasgow in October 1996 (organised by the West of Scotland Regional Group of the 
Geological Society). The presentation mainly comprised the photographic evidence from 

opencast coal mining sites showing the glacial succession in Northern England. The editor of 
Quarterly Journal of Engineering Geology (QJEG) and the seminar organisers asked if a 

paper could be prepared for publication in QJEG. They particularly wanted a review of the 
history of glacial geology research for the region, together with the evidence from opencast 
mining which the Candidate had presented. The preparation of this paper therefore required a 
major review of the literature. In the paper 83 references have been cited, but well over 200 

articles, papers, theses and books were consulted whilst carrying out this review. 

In reviewing the historical development of the concepts of the glacial succession for Northern 
England several late nineteenth and early twentieth century publications were referred to. In 

particular Wood and Boyd (1863) plotted the locations of deep drift filled valleys in County 
Durham, and Howse (1864) promoted the idea of the 'Glacial Theory' by explaining the 

significance of land-based ice sheets and their erosive power. Goodchild (1875) concluded 
that ice which had accumulated on the western side of the region had flowed eastwards 
through both the Tyne Gap and the Stairunore Pass. Mackintosh (1877) was the first to 

23 



identify a tripartite succession in Cumbria and NW England, and Kendall (1902) was 

probably the first to identify a tripartite succession in NE England with his work in the 

Cleveland area. The tripartite succession in both the NW and NE is generally referred to a 

lower boulder clay (lower till), middle sand (and/or laminated clay), upper boulder clay 

(upper till). British Quaternary ice sheet modelling, glacial deposition and ice flow directions 

have all been the subject of publications by Boulton (1972) and by Boulton et al (1977,1985 

and 1991) 

For the western side of the region the Geological Memoirs published by the British 

Geological Survey (BGS) have developed the concept of the tripartite succession and these 

included Dixon et al (1926), Eastwood (1930), Eastwood et al (1931), Trotter et al (1937), 

Eastwood et al (1968), Taylor et al (1971) and Bames et al (1988). Huddart and Huddart et 

al (8 publications between 1970 and 1997) have named the lower boulder clay/till as the 

Lowca till, and they have presented the evidence for Late Devensian re-advances of the ice 

sheet, southwards, along the Cumbria coast. Eyles and McCabe (1989) suggested that these 

coastal deposits were of glaciomarine origin, but later work by BGS on behalf of NIREX 

(Anon (1997) and Merritt (1997)) refuted the glaciomarine theory in favour of the re-advances. 

On the eastern side of the region all of the BGS memoirs (Fowler (1935), Smith and Francis 

(1967), Taylor et al (1971), Land (1974), Mills and Hull (1976), Lawrence and Jackson 

(1986), Lawrence and Jackson (1990), Smith (1994)) also support the idea of the tripartite 

succession. For NE England several views have been presented on the formation of the upper 
(red/brown) till as distinct from the lower (grey) till. Carruthers (1939,1946 and 1953), 

Smith and Francis (1967), Smith (1981,1982 and 1994) and Catt (1991a and b) favour the 
idea that an earlier western ice stream deposited the lower till and that a later northern ice 

stream deposited the upper till, thus explaining the different clay matrix colours and clast 

suites and orientations in the two till layers. Eyles and Sladen (1981) and Eyles et al (1982) 

presented their ideas which involved a single but complex till deposit and that the red/brown 
colour (rather than grey) for the upper till was due to post-glacial weathering. Lunn (1995) 
discussed these two different views and came out in favour of the 'weathering' theory. 
However, a third explanation (at least for some areas where an upper till occurs) is that there 

could be solifluction effects (Anson and Sharp (1960), Taylor et al (1971), Smith (1981 and 
1994), Douglas (1991) and Turner and Smith (1995)). 
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About 60% of the paper is devoted to discussing the Candidate's own evidence for the 

Northern England glacial succession based on his records and photographs obtained from the 

many opencast coal sites with which he has been involved. Figures 3 and 7 show, in 

engineering terms, a schematic succession for the glacial deposits for both the west and east 

sides of the region. 

Although this paper was only published in August 1998, it has been cited in several recent 

publications (apart from being cited in the Candidate's own subsequent papers). Examples 

include the BGS Quaternary geology - towards meeting user requirements (Foster et al, 1999); 

plus papers by Clarke et al (1998), Bell (2002) and Davis and Horswill (2002). The newly 

published Geological Conservation Review Series - Quaternary of Northern England 

(Huddari and Glasser, 2002) cites the paper many times and includes some of the Candidate's 

original diagrams. Therefore, it appears that this paper has made a very significant 

contribution in the fields of glacial geology and engineering geology for Northern England. 

3.3.4 PAPER A6 HERRINGTON 

"Herrington Colliery ovencast coal site" (1999), 

by D. B. Hughes and D. A. Teasdale 

In April 1999 the Quaternary Research Association (QRA) held their annual field meeting in 

North East England. The QRA asked the Candidate to organise a site visit to view Late 

Devensian glacial deposits exposed at an opencast mine and to write an account for their Field 

Guide. The site at Herrington had very good exposures of these deposits which included the 
Tyne-Wear Complex (as named by Smith, 1994). The Candidate's collaboration with D. A. 

Teasdale (of Durham University) led to two papers being published in the QRA North East 

England Field Guide (1999) (Hughes and Teasdale, 1999 - this one (PAPER A6); and 
Teasdale and Hughes, 1999 - PAPER B2). 

This paper discusses the glacial geology exposed at Herrington Colliery opencast coal site 

which is located on the edge (an embayment) of the former Glacial Lake Wear (the Tyne- 

Wear Complex). The glacial succession is described in engineering geological terms, and this 
is related to the glacial ice flows. 
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The site visit took place on 9th April 1999, and involved about 90 QRA members. At that 

time the excavation face in the superficial deposits almost exactly coincided with the section 
line in Figure 4 (in this paper) which had been the intention/prediction of the Candidate and 

site staff when the paper was being written. Several earthworks ramps and platforms were 

constructed by the site contractor to allow close examination of the freshly exposed glacial 
deposits, especially the Tyne-Wear Complex (glaciolacustrine) formation. Of particular 
interest on the day of the visit was a series of overffirusts in the upper levels of the 

glaciolacustrine (laminated) deposits, which were overlain by a thin layer (0.5rn to 1.0m 

thickness) of red/brown till (lodgement? ). This indicated a possible late re-advance or surge 
in the coastal (northern source) ice. These features are not described in the published paper 
because they were not exposed until after the QRA Field Guide had been printed. The site 

visit overran by about 1 V2 hours as the QRA members found this location to be of very great 
interest and they were reluctant to leave. The advantage of visiting very large excavations (i. e. 

opencast voids) for inspecting till exposures was thus demonstrated. 

Probably the most important reference is Smith (1994) which is a revised version of Smith 
(198 1) in which he describes the various shorelines and levels of Glacial Lake Wear, together 

with the ice flow directions during the Late Devensian glaciation. Differing explanations of 
the history and patterns of glaciation have also been published by Carruthers (1953), Catt 
(1991a) and Eyles and Sladen (1981). In particular, evidence against the Eyles and Sladen 

'weathering theory' (i. e. all the till was deposited as lodgement till by a single ice-sheet, with 
the upper red/brown till being in fact weathered lower grey till) is described where red/brown 
till was found beneath grey till. These alternating layers of the two main colours of till could 
perhaps be explained by the 'waxing and waning' of separate (northern and western sourced) 
ice flows, which vied for superiority (and therefore overran each other) during the latter stages 

of the Late Devensian. Huddart and Glasser (2002) in their massive book "Quaternary of 
Northern England" refer to this paper several times, particularly in relation to the sequence of 
the brown and grey till units. 

In this paper, by reference to BS 5930: 1981, the use of engineering descriptions of soils is 
introduced as a way to consistently describe glacial materials. However, this has now been 

superseded by BS 5930: 1999. 
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3.3.5 PAPER BI TILLS FRAMEWORK 

"A framework for characterisation of glacial tills" (1997). 

bv B. G. Clarke, E. Aflaki and D. B. Huahes 

This paper is based on research done in North East England and highlights the variability of 

glacial tills. The glacial and depositional environment in which tills are formed is discussed 

in relation to their physical and geotechnical properties. The Candidate contributed the 

description of the glacial geology and some of the geotechnical data on which the paper was 
based. 

3.3.6 PAPER B2 GLACIAL HISTORY 

"The glacial history of north-east England" (1999). 

by D. A. Teasdale and D. B. Huphes 

As the title suggests this is a brief account of the glacial history of north-east England. The 

paper was written almost entirely by D. A. Teasdale, although some of the information 

contained therein was taken from Hughes et al (1998) (PAPER A4 GLACIAL 

SUCCESSION). The paper is cited in Huddart and Glasser (2002) and Clark (2000-200 1). 

3.3.7 PAPER B3 TILLS IN EARTHWORKS 

"Characteristic Parameters of Tills in Relation to Earthworks" (2002), 

by B. G. Clarke, D. B. Huphes and S. Hashemi 

The glacial geology and tills properties for North East England and Ireland (especially the 
Dublin area) are compared in relation to their use in earthworks and national roadworks 

specifications. This paper was written almost entirely by B. G. Clarke, but the Candidate 

contributed geotechnical data and information on glacial geology. 
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3.3.8 PAPER B4 NETDATA 

"NETDATA -a relational database for the geotechnical lDror)erties of Northem England 

glacial tills" (2003? ), 

by S. Hashemi, D. B. Hughes and B. G. Clarke 

This paper has been submitted to the journal Geotechnical. and Geological Engineering, and is 

currently going through the review procedure. It describes a relational database which has 

been constructed to analyse ground investigations and soil mechanics test data for the glacial 
deposits of Northern England. The Candidate has contributed all of this data from his 

employment in the opencast coal industry. In the paper he contributed most of the 
"Introduction" and the sections on "Source of Data" and "Glacial Geology of the Northern 

Counties". 

3.3.9 PAPER C6 DERWENT-TYNE CONFLUENCE 

"Ground investigations and foundations in deeR alluvial deposits near the Derwent-Tyne 

confluence 098 6), 
by D. B. Hujzhes 

This paper describes ground investigations and foundation problems at Swalwell, where 
NCB/OE had a large coal disposal facility. The conditions encountered included made 

ground overlying glaciolacustrine and glaciofluvial deposits, with tills and bedrock down at 
32 m to 38 rn below surface level. Two new structures were to be constructed. The first was 
a large coal storage bunker which was founded on a shallow raft, and allowed to settle. The 

second was an elevated rail loading hopper (small coals plant) for which piled foundations 

were chosen. The paper describes the ground conditions, settlement monitoring and analysis, 
and pile installation and testing associated with these structures. 

3.3.10 PAPER C14 SPOIL MOUNDS - DESIGN & CONSTRUCTION 

"Design and construction of spoil mounds" (1993). 
by D. A. Blythe, D. B. Hughes and B. G. Clarke 
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In 1990, geotechnical staff at BCO and at Newcastle University began a programme of 

collaborative research into the engineering geology and geotechnical properties of the glacial 

deposits, especially those found in Northern England. BCO's interest was particularly related 

to spoil mound and slope failures. This paper was the first publication which resulted from 

that joint research and describes two spoil mounds for which adequate ground investigation 

data was available for analyses, namely Acklington Extension and Colliersdean. 

3.3.11 PAPER C 17 NORTHUMBERLAND TILL 

"Classification and strengy-th of Northumberland Till" (1994). 

by T. L. Robertson, B. G. Clarke and D. B. Hughes 

and PAPERC18 NORTHUMBERLAND TILL DISCUSSION 

"Classification and strenath of Northumberland Till - reply to discussion by RD Boyd" (1995) 

by T. L. Robertson, B. G. Clarke and D. B. Hughes 

Since appearing in 'Ground Engineering' in 1994, this paper has had considerable impact, and 
has been cited several times in subsequent publications relating to UK glacial geology and 

glacial engineering geology/geotechnical parameters. The paper summarises the results from 

the compilation of a simple spreadsheet database and the analysis of geotechnical parameters 
for glacial deposits as sampled and supplied by BCO (the Candidate) from Northumberland 

opencast coal sites. The results are expressed as means and ranges for the various horizons 

(units) in the glacial succession. This paper is also a result of of the research collaboration 
between BCO and Newcastle University. 

The discussion by R. D. Boyd included a question about the moisture condition value (MCV) 

test, which is related to the use of glacial tills in highway earthworks construction. 
Compaction of fills is seldom carried out at opencast sites in Northern England, so the MCV 

test is rarely performed. The authors were able to express additional views on undrained 

shear strengths and glacial geology/geornorphology terminology. 
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3.4 Coal Measures 

There are four papers included in this section, which are as follows: 

PAPER A5 FAULTING - UK 

PAPER A7 ST. AIDANS 

PAPER A8 FAULTING - N. E. ENGLAND 

PAPER C8 FAULTING - BUCKHEAD 

The common theme to all these papers is bedrock (Coal Measures) faulting. PAPER A8 gives 
five case histories of slope failures due to faulting, and particularly relates slope failure 

potential to excavation methods and cut orientations. PAPER A5 also relates working 

methods and cut orientations to potential fault related slope failures. PAPER C8 is a detailed 

account of excavations through the Wigglesworth Fault zone at Buckhead site, and shows 
how ground movement monitoring was used to ensure stability. PAPER A7 is a detailed 

account of the major slope failure at St. Aidans site, which occurred along a zone of minor 
faulting that ran sub-parallel with the endwall of the excavation. However, ground strains 
from underground mining and continuously recharged hydrostatic pressures were also 
important factors at St. Aidans. 

3.4.1 PAPER A5 FAULTING -UK 

"The effect of faulting in UK opencast coal mining operations" (1998). 

by D. B. Hughes 

This is a very short paper which was presented to the 1998 "Young Geotechnical Engineers 

Conference" in Newcastle, to introduce opencast coal mining operations to the conference 
delegates prior to the Candidate leading a site visit to Herrington opencast site. 

Table I of the paper shows the degree of tectonic disturbance in the UK coalfields, following 

work by Price et al (1967), but with input from the Candidate's own experience. The effect of 
faulting on the choice of cut orientations is explained, and case histories are referred to 
(Hughes and Leigh, 1985 - PAPER C2; Hughes and McLean, 1986 - PAPER C8; Hughes 

and Norbury, 1996 - PAPER Al). 
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3.4.2 PAPER A7 ST. AIDANS 

"The River Aire slope failure at St. Aidans Extension Ovencast Coal Site, West Yorkshire, 

United Kingdom" (2001) 

bv D. B. Hughes and B. G. Clarke 

This paper deals with one particular slope failure located adjacent to the River Aire in West 

Yorkshire. A comprehensive description of the site geology and strata succession is given, 
together with a detailed account of past underground mining and groundwater conditions. 
The main focus of the paper is the discussion of evidence about the size, geometry and causes 

of this massive slope failure. In particular the contributions from previous underground 

mining subsidence strains and from high groundwater pressures are emphasised. A detailed 

back-analysis was carried out which, together with photographic evidence, supported the 
Candidate's model of the failure. 

Following the River Aire slope failure at St. Aidans in March 1988, the directors of BCO set 
up an internal inquiry panel of senior staff (who had not had any previous involvement in the 
St. Aidans Extension project) and the Candidate was included on this panel as the 

geotechnical expert. A draft confidential report relating to the probable causes of the slope 
failure was completed by the panel and the Candidate was the major contributor to this 
document (BCO, 1988). The BCO directors expressly forbade any publication or divulgence 

of the technical details of this slope failure at that time. However, following the UK coal 
industry re-privatisation in 1994, ownership of the site passed to RJB Mining (UK) Ltd (now 
UK Mining Ltd), and in 1999 they were asked for permission to publish this paper, which was 
subsequently granted. 

The thesis by Scoble (1981 - reporting Waltoifs earlier work), the technical reports submitted 
to the Aberfan Tribunal (1969 - especially by Bishop), the papers by Forrester and Whittaker 
(1976), Walton and Taylor (1977) and Siddle et al (1985) all gave examples of how tensile 

strains due to underground coal mining had contributed significantly to instability in spoil 
mounds and in opencast excavations. With the exception of Siddle et al (1985) all of these 
publications pre-date the commencement of the St. Aidans Extension contract (1981) and 
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therefore the potential effects of these strains adjacent to the River Aire should have been 

known to the geotechnical staff who were involved in the project. 

Case studies provided by Leigh et al (1980), Scoble (1981), Hughes and Leigh (1985 - 
PAPER C2) and Hughes and McLean (1986 - PAPER C8) all show the importance of 
locating zones or planes of faulting, even where the throws are fairly small as was the case at 
St. Aidans. 

Rao (1980) and Gosden et al (1998) provided site specific data on the geotechnical 
parameters for the seatearths at St. Aidans. Stimpson and Walton (1970), Salehy et al (1977) 

and Jameson (1995) also provided additional information on weak horizons in the Coal 
Measures. 

Two other key references are the accounts of investigations into the causes of the River Aire 

slope failure by Davies (1988 - for the HSE) and Farmer (1996 - I. W. Farmer Associates 

were retained by Leeds City Council (the MPA) to report to them because the planning 
conditions and the ownership boundaries had been breached as a result of the failure). Both 

of these authors stated that the lowest failure surface was through the Barnsley Rider seatearth. 
However, the Candidate's research proved that the basal failure surface was through the 
Barnsley Top Softs seatearth, both from photographic evidence and from back analysis of the 
failure itself. 

This massive slope failure at St. Aidans led to major improvements in the statutory 
requirements for geotechnical engineering inputs in the UK opencast coal mining industry 
(FCEC, 1989; and Health and Safety Commission, 1999). 

This paper was adjudged "Honourable Mention" (i. e. runner-up) in the 2001 R. M. 
Quigley Awards of the Canadian Geotechnical Society for the best paper published in 
the Canadian Geotechnical Journal for that year. 

In the academic year 2001/2002,4th year Civil and Environmental Engineering students at 
the University of Alberta, Calgary (Canada) used the St. Aidans paper as the basis of a major 
project and corresponded by e-mail because of the difficulty in obtaining some of the 
publications referenced therein. The Candidate supplied photocopies of these. 
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3.4.3 PAPER A8 FAULTING - N. E. ENGLAND 

"Faulting and slope failures in surface coal mining - some exam0es from North East 

Enaland" (2002) 

by D. B. Huizhes and B. G. Clarke 

The purpose of this paper was to put forward the Candidate's own guidance on how to deal 

with faulting in large opencast excavations, by referring to some of his own slope failure case 

records from North East England. The paper contains several topics, including regional 

geology, ground investigations, faulting characteristics, opencast working methods, faulting 

induced slope failures, and the case histories themselves. 

The cited references for the regional geology are the main standard texts for NE England, 

being Taylor et al (197 1), Johnson (1995), Scrutton (1995) and Wam (1995). Figure I in the 

paper shows that the regional dip of the strata is eastwards, and that the main faults are mostly 
aligned approximately west-east. Table 1 shows the geological history and generalised 
downward succession. The Ninety Fathom - Stublick Fault system, which approximately 
follows the Tyne Valley, divides the Northumberland Basin (Northumberland Coalfield) from 

the Alston Block (Durham Coalfield). 

The ground investigations section is a brief summary taken from Hughes and Blythe (1987 - 
PAPER C9). Faulting characteristics were mainly taken from the Candidate's experience, 
with reference also to Williamson (1967) and Knight (1990). Information on shear strengths 
of weak horizons and fault gouge has been taken from Stimpson and Walton (1970), Salehy et 
al (1977), Spicer (1981), Denby (1983), Robertson and Rodger (1990) and Jameson (1995). 

1 

The illustrations and descriptions of opencast working methods are again from the Candidate's 

own knowledge, and include references to Hughes and Leigh (1985 - PAPER C2) and 
Hughes and Clarke (2001 - PAPER A7). Reference is also made to Walton and Atkinson 
(1978) and Brook and Thornley (1985). The section on faulting induced slope failures is also 
from the Candidate's own work, some of it original to this paper, and some from Hughes and 
Leigh (1985). There is also reference to Hoek and Bray (1981). 
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The case histories are all the Candidate's own, and with the exception of Buckhead (Hughes 

and McLean, 1986 - PAPER C8) and Plenmeller (Hughes and Norbury, 1996 - PAPER Al) 

they are all new to the published geotechnical literature. A limit equilibrium analysis has 

been carried out for the Buckhead failure since 1986, and the Plenmeller failure is discussed 

in much more detail than in 1996. The Oasys: SLOPE (1997) program was used to carry out 

the actual stability analyses given in the paper. 

The discussion and conclusions in the paper particularly relate to choosing the correct method 

of working in relation to the fault zone structures and geometry. 

This paper was only published in December 2002, and therefore its impact is, as yet, unknown. 

3.4.4 PAPER C8 FAULTING - BUCKHEAD 

"Stability monitoring of ground movements in faulted Coal Measures and Glacial Drift in 

Northem Enaland (1986), 
by D. B. Huphes and A. A. McLean 

Buckhead site in County Durham was a particularly difficult site to work due to its high 

density of faulting, steep bedding dips, and a thick cover of glacial drift. The Wigglesworth 

Fault is the main fault in the area, and ran through the northern part of the site, at one location 

running beneath and sub-parallcl with Esperley Lane. This paper describes the ground 

movement monitoring carried out adjacent to Esperley Lane, and the steps taken to ensure 

ground stability as the excavation works passed through this zone. 

3.5 Opencast Backfill and Groundwater 

Seven of the following eight papers were produced before the Candidate registered to read for 

this higher degree. The research was carried out over a considerable time-span during his 
direct employment in opencast coal mining. 

PAPER A9 RECLAMATION 

PAPER Cl HORSLEY I 

PAPER C3 DEWATERING 
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PAPER C4 NORTHERN BACKFILL I 

PAPERCIO NORTHERN BACKFILL 2 

PAPER CII NORTHERN BACKFILL 3 

PAPER C 12 NORTHERN BACKFILL 4 

PAPERC15 HORSLEY2 

PAPER A9 mainly discusses the incorporation of colliery and quarry tips (and other landfills) 

within opencast backfills as a way of reclaiming derelict land. PAPERS Cl and CIS are 

accounts of backfill settlement monitoring at Horsley site which was a joint research project 
between BCO and the Building Research Establishment. PAPERS C4, C 10, CII and C 12 (in 

chronological order) are accounts of backfill settlement monitoring at four sites in 

Northumberland. The theme of all the above six papers is the rates of settlement of the 

surface and within the body of the backfilling, and the effect of other factors such as method 

of backfill placement, placing and removal of surcharge material, and changes in groundwater 
levels. PAPER C3 DEWATERING is the only publication from this entire submission which 
is specifically about groundwater, although groundwater is a major factor in many of the other 

papers submitted (especially the papers listed in this SECTION 3.5 (above) and PAPER A7 

ST. AIDANS (Hughes and Clarke, 2001)). 

3.5.1 PAPER A9 RECLAMATION 

"Surface coal mining and the reclamation of tivs. landfills and quarr es - some geotechnical 

case studies from Northem EnWand" (2003) 
by D. B. Huizhes and B. G. Clarke 

This paper describes public opposition to opencast mining (Benyon et al, 2000) and sets out 
to illustrate the potential benefits where reclamation of derelict land can be included in a 

project. Six case histories, from the Candidate's own experience and records, are described 

where reclamation has been (or in one case could be) incorporated into the works. These case 
histories involve both glacial and Coal Measures strata, and slope or spoil mound stability is a 
major factor in four cases. Detailed back-analyses are given for three of the sites. 

The topic is introduced using Figure 2 in the paper which shows a relationship between 

underground and surface coal mining, quarrying, tips and spoil mounds, landfills and 
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contamination. This is followed by an introduction to the legislation, quasi-statutory codes, 

and industry guidance, e. g. National Coal Board (1968 and 1970), Health and Safety 

Executive (1972), FCEC (1982 and 1989), Institution of Civil Engineers (1993) and British 

Standards Institution (2001). 

Case histories of instability and characteristics of tips and spoil mounds are given by 

McKecknie-Thompson and Rodin (1972), Bishop (1973), Hughes and Leigh (1985 - PAPER 

C2), Hughes and Clarke (1997 - PAPER A3), and Hughes et al (1998 - PAPER A4). 

Stability analyses are taken from the work of Bishop (1955), Janbu (1957), Little and Price 

(1958), and the actual analyses given in the paper were carried out using the Oasys: SLOPE 

(1997) program. Contamination, and especially sulphate content of colliery spoils, are 
discussed by Fraser and Lake (1967), Sherwood and Ryley (1970), Sherwood (1975), and 
Forth and Beaumont (1999). Backfill settlement problems that arise at restored opencast coal 

sites are discussed by Singh et al (1985 - PAPER C4), Reed and Hughes (1990 - PAPER 

C 12), and Charles et al (1993 - PAPER C 15), etc. 

The conclusions of the paper highlight the positive value of opencast coal projects especially 
in facilitating the clean-up and remediation of derelict land in former coal mining areas. 

This paper was published very recently in the International Journal of Surface Mining 

Reclamation and Environment, Volume 2 for 2003. Therefore its impact is, as yet, unknown. 

3.5.2 PAPER C1 HORSLEY I 

"The effect of a rise in water table on the settlement of backfill at Horsley restored ovencast 
coal mining site, 1973-1983" (1984). 

by J. A. Charles, D. B. Hujzhes and D. Burford 

and PAPERC15 HORSLEY2 

"Settlement of opencast coal mining backfill at Horsley. 1973-1992" (1993). 
by J. A. Charles, D. Burford and D. B. Hughes 
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