
EIS 148 

!11113111 

Coal mining under stored water 



NSW DEPT PRIMARY 1NUSTR1ES 

AA05591 8 

Coal 
m ining 

under 
Stored 
Water 

REPORT OF THE COMMISSIONER 
THE HONOURABLE MR JUSTICE R. G. REYNOLDS 

JUDGE OF APPEAL, SUPREME COURT OF NEW SOUTH WALES 
ON AN INQUIRY INTO COAL MINING UNDER OR IN 

THE VICINITY OF THE STORED WATERS OF THE 
NEPEAN, AVON, CORDEAUX, CATARACT AND 

WORONORA RESERVOIRS, NEW SOUTH WALES, AUSTRALIA 



Coal 
m ining 

under 
Stored 
Water 

I 

1 48P. 



CONTENTS 

PAGE 
1. INTRODUCTION 

Terms of Reference 	........................... I 
Legal Representation and Appearances 	. . 	. 
Introductory Lectures. Seminars and Inspections 
Overseas Visits and Inspections 	.................... 2 
The Nature of the Inquiry, the Evidentiary Material 	............ 3 
The Geographic Area 	........................ 3 

2. BACKGROUND OF THE DISPUTE 
Sydney's Early Water Supply 	...................... 8 
The Origin of the Problem 	...................... 10 
History until 	1960 	.......................... 10 
Conferences after 	1960 	........................ 10 
Institution of Inquiry 	........................ II 

3. PARTIES CONCERNED AND THEIR INTERESTS 
Board's Attitude and Responsibilities 	.................. 12 
The Water Supply 	.......................... 12 
Board's Major Concern 	........................ 15 
Collieries in Relation to Reservoirs 	.................. 15 
Department's Responsibilities and Attitude 	................ 15 
The Interest of the Companies 	.................... 16 
Proposals by Consultants to be Examined 	................ 17 

4. GEOLOGY 
The Sydney Basin 	.......................... 18 
Sedimentary Rocks 	.......................... 18 
Coal................................ 18 
Structures 	.............................. 18 
Regional Structure 	.......................... 21 
Igneous 	Intrusions 	.......................... 21 
Exploratory Boreholes and Stratigraphic Columns 	............ 23 
Sources of Geological Data in Southern Catchment 	............ 23 
Illawarra Coal Measures 	........................ 23 
Narraheen Group 	.......................... 23 
Hawkeshury Sandstone 	........................ 26 

5. COAL MINING AND ITS EFFECTS 
Introduction to Coal Mining 	...................... 28 
Pillar Design and Sizes 	........................ 29 
Mining Subsidence 	.......................... 29 
Subsidence Engineering 	........................ 34 
Relationship of Subsidence to Strata Disturbance of Permeability 34 
Knowledge of Sub-surface Effects 	.................... 34 
Creation of Voids by Mining 	...................... 34 
Redistribution of Stress 	........................ 35 

6. THE PROPOSALS 
Bord and Pillar Proposals 	...................... 36 
Introduction to Proposals for Panel and Pillar Mining 	............ 36 
Department's Proposal 	........................ 42 
Companies' Proposal 	........................ 42 
Further Panel and Pillar Considerations 	................ 43 
Board's 	Criticisms 	.......................... 44 

7. MINING EXPERIENCE 
Limitation on Undersea Coal Mining 	.................. 45 
Overseas Experience 	........................ 46 
N.S.W. Experience 	.......................... 47 
Southern Coalfields Experience 	.................... 49 
Methane Drainage 	.......................... 49 



PAGE 
8. GROUNDWATER HYDROLOGY 

Porosity 	.............................. 51 
Hydraulic Continuity 	........................ 52 
Aquifers 	.............................. 52 
Permeability 	............................ 53 
Darcy's Law 	............................ 53 
Head ................................ 53 
Flow in a Layered Sequence 	...................... 53 
Testing of Aquifers 	.......................... 53 
Importance of Permeability arising from Secondary Porosity 54 
Groundwater in Overlying Sequences 	.................. 54 

9. FIELD EXPERIMENTS AND TESTS 
Wongawilli Subsidence Grid 	...................... 56 
Cordeaux Dam Tests 	........................ 56 
Kemira Bore Hole Tests 	........................ 59 
Interpretation of Results 	........................ 65 
Discussion of Significance of the Tests 	.................. 67 

10. SEEPAGE IN WORKINGS 
Huntley Colliery and Avon Reservoir 	.................. 68 
Studies of Algae 	.......................... 68 
Tritium Studies 	.......................... 70 
Significance of Huntley Experience 	.................. 70 
Study of Extent of Present Seepage 	.................. 70 

11. COMPUTER STUDIES 
Finite Element Analysis 	........................ 72 
Displacement Discontinuity 	...................... 72 
The Studies 	............................ 72 
Conclusion 	............................ 73 

12. INTERMEDIATE CONCLUSIONS 

MARGINAL ZONES 
Angle of Draw 	............................ 84  
Definition of Boundary of Stored Waters 	................ 86 
Consideration of Interaction of Restricted and Unrestricted Mining 86 

OTHER CONSIDERATIONS 
Mining under or in the Vicinity of Impounding Structures 	.......... 90 
Sink Effect 	............................ 92  
Conclusion 	............................ 92  
Loss of Water otherwise than into the Mine 	................ 92 
Instability of Talus Slopes 	....................... 96 
Faults and Dykes 	.......................... 96  
Uncertain Geology 	.......................... 97  

LONG-TERM STABILITY OF PILLARS 
Progressive Deterioration Leading to Failure 	.............. 99 
Pillar Cores and Yielding Zones 	.................... 99 
Flooded Mines 	............................ 100 
Mines Fires 	............................. 100 
Seismic Activity (Earthquakes) 	.................... 101 
The Unauthorised Extraction of Coal in Excess of the Prescriptions 	 102 

CONCLUSIONS AND RECOMMENDATIONS 
General Discussion and Summary 	.................... 103  
Findings and Recommendations 	.................... 105  

APPENDIX 
List of Submissions to Inquiry 	.................... 115  

Metric Conversion 
Factors used or required. 
1 yard = 0.9144 metres (exact) 
1 foot = 0.304 8 metres 
1 mile = 	1.609 344 kilometres 
1 chain = 20.116 8 metres 
1 acre = 0.404 685 6 hectares 
1 hectare = 10 000 square metres 
I imperial gallon = 4.546 09 litres 
I gal/h = 0.109 18 cubic metres per day 
I ft/sec = 30.303 03 cm/sec 
1 long ton = 	1.0160469 tonnes 
1 lb un2  = 0.006 89476 megapascals 



INTRODUCTION 

TERMS OF REFERENCE 
On 11th July, 1974, the Minister of Public Works, being the Minister within the meaning of Section 

146 of the Metropolitan Water Sewerage and Drainage Act 1924, signed an instrument in the following terms: 
WHEREAS a dispute has arisen between the Metropolitan Water Sewerage and Drainage Board and 
the Department of Mines with respect to coal mining operations under or underground in the vicinity 
of the stored waters of the Nepean, Avon, Cordeaux, Cataract and Woronora Reservoirs AND 
WHEREAS the Department of Mines has referred the said dispute to the Minister for settlement 
by the Governor under and in accordance with Section 146 of the Metropolitan Water, Sewerage, 
and Drainage Act 1924, NOW THEREFORE I, Leon Ashton, Punch, Minister for Public Works and 
the Minister for the time being administering the said Act, pursuant to the power vested in me by 
the said Section 146 DO HEREBY APPOINT the Honourable Raymond George Reynolds, a Judge 
of the Court of Appeal, Commissioner to hold an inquiry into, and report to me on: 

whether, in the public interest, mining should be permitted under or underground in the vicinity 
of the stored waters of Nepean, Avon, Cordeaux, Cataract and Woronora Reservoirs; and 
if so, to what extent and subject to what conditions." 

Section 146 of the Metropolitan Water Sewerage and Drainage Act 1924 provides as follows: 
146. (1) When a dispute arises between the board and another public authority either may refer the 
dispute to the Minister for settlement by the Governor. 

The Minister may appoint any person a commissioner to hold an inquiry and to report to 
him as to any matter arising in or relating to the dispute. 

The provisions of the Royal Commissions Act, 1923, other than those of Division 2 of Part 
II of that Act, and the provisions of section one hundred and fifty-two of the Justices Act, 1902, shall 
mutatis mutandis apply to any commissioner appointed under this section. 

The Governor may make such order in the public interest and in the circumstances of the 
case as may seem to be just and equitable. Any such order shall be final and conclusive and shall 
be given effect to by the board and by the public authority. 

This section shall apply to the exclusion of section six hundred and fifty-four of the Local 
Government Act, 1919. 

That a dispute exists is beyond question but whether it can be resolved by an order under subsection 
(4) is another matter. The terms of the instrument of appointment defining the Commissioner's task are clear. 

LEGAL REPRESENTATION AND APPEARANCES 
The parties to the dispute sought leave to be legally represented in the Inquiry. This leave was granted. 

There were changes in counsel from time to time but the appearances during the important and final phases 
of the Inquiry were as follows. 

Mr A. J. Rogers, Q.C. and Mr Rex Smart (instructed by the Crown Solicitor for N.S.W.) appeared for 
the Department of Mines which will in this Report be referred to as "the Department". 

Mr J. B. Sinclair, Q.C. and Mr R. R. Stjtt (instructed by the Solicitor for the Water Board) appeared 
for the Metropolitan Water Sewerage & Drainage Board which in this Report will be referred to as "the 
Board". 

Leave was given to four companies to submit material and make representations and for this purpose 
to be legally represented during the Inquiry. This leave was granted on the basis that the four companies were 
severally interested in existing mines and pending applications, concerned with the mining of coal under or 
in the vicinity of the stored waters to which reference is made in the instrument of appointment. The companies 
were: 

Australian Iron and Steel Pty Limited; 
Huntley Colliery Pty Limited; 
The Bellambi Coal Co. Limited; 
The Broken Hill Pty Limited. 

These companies, which will be referred to in this report as "the Companies" were represented by Mr T. 
R. H. Cole (instructed by Messrs Allen Allen & Hemsley, solicitors). Australian Iron and Steel Pty Limited 
will hereafter be referred to as "A.I.5.". 

INTRODUCTORY LECTURES SEMINARS AND INSPECTIONS 
Following my appointment the parties advised that they were not yet ready to present evidentiary 

material. It was decided, however, that material designed to provide familiarisation with the basic principles 
underlying the technical evidence which would be presented, and the terminology, could, with benefit, be put 
before the Inquiry at this stage. It was suggested that this course would also assist me in reading the literature 
which would be from time to time submitted. 



With this object a series of lectures and talks h) qualified persons was arranged and held in September. 
1974. These were conducted much as if they were seminars and were open to technical officers concerned, 
consultants to the parties and the companies and to the legal representatives. The subject-matters included 
geology, engineering geology, geological mapping, techniques of coal mining, the design of coal mines. 
geophysics and seismicity, rock mechanics. systems of leasing under the Coal Mining  Act 1973, a description 
of the water supply to Sydney and the South Coast, the significance of the saf'e draft of a reservoir. hydrology 
and hydrogeology with special reference to permeahi1it. An excursion was undertaken to demonstrate the 
geographic and geological features of the region. 

There was an inspection of core samples which the Board had obtained from a drilling site near Cordeaux 
Dam. The five major dams mentioned in the terms of reference and Warragamba Dam were visited. Subsidence 
and cracking near the escarpment was seen and an area known as the Wongawilli subsidence grid was inspected. 
The site of rockfalls on the escarpment were inspected as well as unstable slopes at the foot of the escarpment. 
Underground visits were made to South Bulli and Wongawilli Collieries. 

A report containing proposals of Mr K. Wardell. a consulting mining engineer to the companies. which 
had been already furnished and to which detailed reference will later he made was expounded h him orally. 

Thereafter it was advised from time to time that investigations which included an extensive drilling 
programme were contin uing and that the parties could not he ready to proceed further with the Inquiry until 
early in .1975. This forecast proved optimistic. 

OVERSEAS VISITS AND INSPECTIONS 
Both parties expressed the view that it was necessary for a full understanding of the problems raised 

that I should proceed to certain overseas countries, there to make inspections and receive evidence in one 
f'orm or another from experts. An agreement was made between the parties whereby each included in an itinerary 
those places that they respectively desired me to visit. The places visited and the people to whom I was invited 
to speak were the choice of the parties. 

Immediately before embarking on this overseas visit a further series of talks similar to those held in 
September 1974 was held in the month of August. 1975. Amongst the topics which were then discussed were 
the permeability of rocks, computer anal\sis of strata behaviour h the use of finite element techniques, 
earthquakes in the southern region and identification of water by algological studies. By this time one drilling 
programme had been completed and some reports were available giving the results thereof and interpreting 
them. The authors of these reports expounded them orally. An outline of the mining situations that might 
he expected to he seen overseas was given. 

The overseas work commenced in London on 22nd September. 1975 and there follows a synopsis of 
sshat was done. 

London 
Discussion by Professor J. L. Knill. Mr A. L. Little and Mr R. J. Orchard of the reports which they 

had submitted to the Inquiry. 

Northumberland and Durham, England 
Visits with underground inspection of Ellington and Lynemouth Collieries, Westoe Colliery and Horden 

Colliery. 

North Staffordshire 
Inspection of Shelton Steel Works undermined by Woistanton Colliery. 
Inspection of Trentham Lake undermined by Hem Heath Colliery. 

Warwickshire, England 
Inspection of the cit) of Coventry. 
Inspection of Dunlops factor's 

Leicestershire 
Inspection of Coalville. 

Yorkshire 
nspection of opencast mine at St Aidens, Lowther North. 

Wales 
Inspection of Cwmtiller Reservoir, Llyn Fawr Reservoir (including traversing the Rhondda \Vater tun- 

nel). Lluest Wen Reservoir and the scene of the Aherf'an tip disaster. 

Belgium 
University of Liege. talks with Professor Leon Calembert. Professor of Geology. University of Liege. 
Inspection of subsidence damage in and around the city of Liege. 

West Germany 
Inspection of Duishurg Harbour and the River Rhine. 
[)iscussions and conf'erences with West German mining engineers, subsidence engineers and others. 

Italy 
Inspection of the Vaiont Dam. 

France 
Inspection of the ruins of Malpasset Dam. 

Cape Breton Island, Nova Scotia, Canada 
Underground inspection of Princess Mine. Glace Bay. 
Geological discussion with Dr P. Hacquevard. Senior Geologist. Geological Survey of Canada. 
Underground inspection of Lingan mine. 
Talk h\ Professor ('alder of Queens U niversity. Kingston. Ontario on the Port Hood mine flooding 

in 1911. 
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Scranton and Wilkes-Barre, Pennsylvania, U.S.A. 
Inspection of the area of anthracite mining and discussions relating to mine flooding and problems 

of subsidence. 

Inspection of a backfilling project using a slurry composed of water and mine waste material. 
Morgantown, West Virginia, U.S.A. 

Discussion with Dean C. T. Holland, formerly head of the School of Mines University of West Virginia. 
Morgantown, with particular reference to pillar strengths and sizes; also with officials of the West Virginia 
Division of the U.S. Soil Conservation Service. 

Inspection of subsidence damage. 

Ebensburg, Pennsylvania, U.S.A. 
Discussion with Mr A. T. Sossong of the Bethleham Mines Corporation on his paper submitted to the 

Inquiry by the Department. 
Inspection of undermined reservoir. 

Benton, Illinois, U.S.A. 
Inspection of Rend Lake. 
Underground inspection of Old Ben Mine No. 26. 
Discussions with Mr C. C. Bailie, Manager, Corporate Engineering. Old Ben Coal Company. 

Carlinville, Illinois, U.S.A. 
Underground inspection of Monterey Coal Company mine and inspection of Lake Carlinville. 

Los Angeles, California, U.S.A. 
Discussion with J. Barry Cook. Consulting Engineer, and with Mr J. M. Wool, Senior Waterworks 

Engineer for the city of Los Angeles. 
Inspection of Baldwin Hills Reservoir. 

Fukuoka, Kyushu, Japan 
Discussion with I. Hirose, Director General of the Fukuoka Mine Safety and Inspection Bureau. 
Discussion with Professor R. Takahashi (Professor of Geology of Kyushu University). Professor T. Nishida 

of Kyushu University, Professor Tokumitsu and Professor Kaneshige (Professor of Engineering of Kumamoto 
University). 

Underground visit to Muke Colliery of the Mitsui Company. 
Nagasaki, Japan 

Underground visit to Takashima Colliery of the Mitsubishi Company. 
The overseas visit finished in December. 1975. 
At the beginning of 1976, 1 requested the assistance of a technical secretary. In February. Mr Don Kay 

B.E. (civil) an officer of the Department of Public Works, was appointed for this purpose and he has rendered 
assistance in marshalling the technical evidence and in the compilation of this Report. 

NATURE OF THE INQUIRY, THE EVIDENTIARY MATERIAL 
On 1st March, 1976, sittings in public commenced in the Supreme Court, Sydney. A number of the 

more important witnesses gave evidence and were, by leave, cross-examined, following which submissions were 
made by counsel for both parties and counsel for the Companies. Written submissions by counsel were also 
received. The hearings concluded in April. 1976. 

Subject to the above it was directed that evidence should be placed before the Inquiry in written form. 
A list of the reports which were prepared and submitted to the Inquiry by and on behalf of the parties and 
the Companies is appended. 

The scope of each report is indicated by the chapter headings which have been included. Many of these 
reports were supported by copies of the written material to which reference had been made in the text. These 
were voluminous and have been read and considered. 

In addition, histories of the dispute and its development gathered from the tiles have been furnished 
together with minutes of the many meetings and conferences which have taken place in an effort to solve 
this and allied problems. 

This Report is based entirely upon the written and oral material submitted to the Inquiry, supplemented 
by the observations and discussions arising from the overseas visit. 

The parties and the Companies, being what they are, having the interests they have and commanding 
the knowledge, experience and resources they do, were expected to place before the Inquiry the most valuable 
information and opinions available. In these circumstances, as Commissioner, I did not think it appropriate 
to seek information or views independently of the disputants and to ask for funds to do so. It was made clear 
to the parties at the outset of the Inquiry that the Commissioner would be dependent upon the quality of 
the material placed before the Inquiry to present a soundly based report. 

What has been said, written and seen has been treated as evidence, whether direct or hearsay, and evalu-
ated in the light of the whole body of material. 

The practice adopted in published technical papers of attributing each statement of fact or opinion to 
an author who has made the same or a similar statement on a previous occasion, has not been followed. It 
has not seemed appropriate so to encumber this Report which is not designed as an original contribution to 
scientific knowledge but as a step in the resolution of a dispute. The failure to make any attribution must 
not be regarded as a cclaim to originality in thought or expression. 

THE GEOGRAPHIC AREA 
The geographic area with which this inquiry is concerned is in New South Wales, south of the city 

of Sydney in which is located a coalfield commonly known as the Southern Coaltield, underlying a catchment 
area for water known as the Metropolitan Catchment and five major water storage reservoirs. It is shown 
in the map figure 1. 

The catchment and this coalfield are associated with an extensive plateau which is known as the Woronora 
Plateau. The eastern extremity of this plateau forms the cliff line of an escarpment which is dominated by 
sandstone cliffs. 
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This escarpment intersects the coastline at Coalcliff and it then migrates westward forming a coastal 
plain broadening to a width of about 16 km south of Port Kembla. The escarpment reaches a height of about 
600 in above sea level. The base of the cliff is covered by steep slopes composed of talus or weathered shales 
or soft sandstones. Thius is a collection of debris in the form of broken rock material both fine and coarse 
which has weathered away off the cliff face. 

The coastal plain is generally well settled and contains the industrial and residential complex of 
Wollongong—Port Kembla. 

The plateau is much incised by the valleys and gullies of the drainage systems of many rivers including 
the Woronora, Cataract, Cordeaux, Avon and Nepean Rivers. 

The whole region is part of a sedimentary basin, the Sydney Basin, composed of layers of rock deposited 
one upon the other during geological time. Some of the layers are layers of coal which are known as seams. 
The process of erosion which formed the escarpment and the plain have exposed on the escarpment many 
of these layers which are said to crop out on it. The coal seams appear at sea level near Coalcliff and rise 
to the south to a height of about 300 in above sea level. The coal as a valuable resource was therefore readily 
visible to the new settlers and easily mined by tunnelling in from the escarpment horizontally under the plat-
eau. 

By the middle of the nineteenth century some smaliscale coal mining was taking place and it is known 
that coal was being brought down to the coast for shipment from short tunnels driven into the outcrops on 
the escarpment. A colliery, now known as Kemira Colliery, was opened in 1857 and two other collieries, the 
Bulli Colliery and the South Bulli Colliery, were opened in the year 1858. There are now many collieries under-
mining this plateau. The plan figure 2 shows the present colliery holdings in the vicinity of the stored waters 
and figure 3 shows the Depth from Full Storage Level of each Reservoir to the Bulli Seam, the uppermost 
seam of coal. 
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BACKGROUND OF THE DISPUTE 

SYDNEY'S EARLY WATER SUPPLY 
For the establishment of the first settlement the different coves of the harbour were examined and the 

preference was given to the one which had the finest spring of water. This stream the Tank Stream was afterwards 
found to be scanty, and, though people dug wells and were successful in finding other springs, the settlement 
was only in its second year when it fell into great straits for want of water. 

In the early history of Sydney several attempts were made to provide a permanent supply of water. 
The needs of the Colony soon outgrew each of the following in turn. 

Date Name Catchment (area) Population 

1788-1815 Tank Stream Hyde Park Vicinity (72 hectares) 10,000 
1830-1859 Busby's Bore Lachlan Swamps, Centennial Park 50,000 

(-1886) (518 hectares) 
1859-1886 Botany Swamps Botany Swamps (1 813 hectares) 300,000 

A series of dry seasons and the increasing population growth of the city of Sydney caused the Government 
of New South Wales to appoint a commission in 1867 for the purpose of recommending a scheme for a metropoli-
tan water supply. In 1869 it recommended a scheme which became known as the Upper Nepean Scheme. 
It permitted a staged development and was undoubtedly far seeing and ambitious in concept. 

After some delay the scheme was adopted and work on the first stage commenced in 1880. This stage 
which was completed in 1888 involved the construction of weirs, tunnels, canals, mains and two storage reservoirs, 
one at Prospect and the other at Potts Hill. No dams were constructed on the plateau. The purpose of this 
work was to tap the headwaters of the Nepean River and its tributaries, the Cataract, Cordeaux and Avon 
Rivers, and convey water to the Prospect Reservoir to serve metropolitan Sydney. 

The boundaries of the catchment area involved were published in the Government Gazette in 1880. 
This area of approximately 350 square miles (906.5 km2) of country on the plateau, extended from opposite 
Clifton on the northeast to Robertson on the southeast and to near Appin on the northwest and was known 
as the Metropolitan Catchment. It included large areas of alienated land and coal. It was redefined in 1923 
to embrace a total of 3471/2  square miles (900 km2) (see fig. 4). 

The legislation under which the proclamation was made was deficient in that it did not invest the Board 
of Water Supply and Storage with any effective control or authority over the catchment area, nor did it enable 
redefinition of its boundaries. It did not prevent dealings with the title to land or limit the right to use it. 
However, by interdepartmental co-operation between the Mines Department, the Health Department and the 
Lands Department, a control was in fact exercised over the surface of the catchment area until the passing 
of the present Act in 1924. An important example of this co-operation was the imposition of special conditions 
in grants of mining rights beneath the catchment area requiring the shafts or adits to be situated outside the 
catchment. 

In 1924, the Metropolitan Water Sewerage and Drainage Act 1924 was enacted and dealt with further 
alienations of Crown Land in the catchment and further provided in section 55: 

If a Public Authority proposes 
(b) to grant any lease or licence under the Mining Act 1906; or 

affecting any land within a catchment area, notice of such intention shall be given to 
the board in the manner and of the duration prescribed by the regulations. If notwithstanding 
the representations of the board to the contrary, it might be decided by the Public Authority 
to grant the right, licence, lease, permission, or franchise, or to construct the works as the case 
may be, the board shall be so notified and it may, within fourteen days of the date of such 
notification, refer the dispute to the Minister for settlement in accordance with Part VIII of 
this Act. 
The Public Authority shall not proceed to grant any right, licence, lease, permission, or franchise 
or to construct works except in accordance with the order of the Governor made for the settlement 
of the dispute. 

Section 56 gave the Board power to prevent pollution of the water supply caused by surface activity. 
Thus the Board's power to control mining under its catchment area was and remains limited to its power to 
make representations against a grant of mining rights. 
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ORIGIN OF THE PROBLEM 
Until the commencement of the second stage of the Upper Nepean Scheme which involved the building 

of the first dam on the plateau, the Cataract Dam, the Board's concern as to the use of land in the catchment 
area was directed largely to the matter of pollution. The creation of a storage reservoir gave rise to a new 
concern in the years 1903-1904. It was related to the possible effects of undermining either structures or stored 
water and is the genesis of the dispute which has gone on, with periods of remission, for over seventy years 
and culminates in the present Inquiry. 

HISTORY UNTIL 1960 
In 1904 the Board objected to a proposed grant of authority to mine under- what would soon become 

an area of water impounded by the Cataract Dam. It contended that no mining should be allowed under 
the stored waters or within one quarter of a mile around their limits. A joint inspection was carried out by 
officers of the Department of Mines and of the Metropolitan Water Supply and Storage, following which a 
joint report of the Chief Inspector of Coal Mines and of the Government geologist rejected the contention 
of the Water Board and stated that, subject to complete protection of the dam structure, coal under the catchment 
could be extracted without any danger to the water supply of Sydney. 

On 17th December, 1904, the Premier, Sir Joseph Carruthers, approved special conditions to be inserted 
in leases subject to which mining under the catchment could take place. These conditions included a provision 
for a distance of 45 feet (.13.7 m) between headings, no adits within the catchment area and no ventilating 
shaft within 600 feet (182.9 m) of the impounded waters. Thereafter it would appear that a code of conditions 
was established which was varied slightly from time to time. Typical of the lease conditions were those which 
allowed bord and pillar extraction under stored waters or marginal zones defined by chain measurements but 
prohibited pillar removal. A marginal zone is an area the outer boundary of which is approximately parallel 
to the line of the stored water provided as a protective buffer. This subject which will be dealt with later 
in this Report. 

A substantial variation in these standard conditions occurred about 1950 following a report and recom- 
mendations of two British mining engineers. The marginal zones were defined in terms of chainage. based 
on a 10° limit angle (the meaning of which is discussed later) and bord and pillar extraction was permitted 
vertically between the reservoir or marginal zone provided there was a good sound strata cover of 120 feet 
(36.6 m) between stored waters and the workings. The Board protested against many of the proposed lease 
conditions which were submitted for its consideration. In particular it sought a larger marginal zone and special 
protection in case of geological faults. It seems at that time to have accepted that some mining should be 
allowed under the stored waters and has never invoked the provisions of s.55 (5) of the Metropolitan Water 
Sewerage and Drainage Act 1924 to make representations or refer any dispute to the Minister. It has been 
stated by the Board's President: "Since 1925 the Board's view as to the implementation of its attitude and 
its requirements were unclear owing to general lack of knowledge of the problem." 

In 1959, the Board made an entirely new approach and wrote to the Department pointing out its statutory 
responsibilities and asked the Department to exempt the whole of every catchment from the leasing provisions 
of the Mining Act 1906. What triggered this letter has not appeared. The Department replied that it was not 
prepared to do so but assured the Board that leases would be subject to such conditions as were necessary 
to prevent damage to the reservoirs. In the year 1960 a series of events were set in train, which lead directly 
to this Inquiry. 

In that year three applications were made by A.I.S. which related to ultimate operations under stored 
waters. These applications were referred to the Board which set out in a letter its objections and stated: "for 
the reasons indicated the Board objects to and most strongly and emphatically opposes and advises against 
mining under stored waters or water supply structures or within a rationally determined marginal zone therefrom 
acceptable to the Board". The letter concluded by proposing a conference between the Under Secretary of 
the Department, the President of the Board and appropriate senior officers. The Under Secretary concurred 
and sought reports from his officers. 

CONFERENCES AFTER 1960 
He was advised by the Acting Chief Inspector of Coal Mines that "the impounded waters can be safely 

mined (except where major faults, dykes or seam dislocations exist) in first workings provided lease conditions 
with regard to pillar sizes and width of places are strictly adhered to". The same officer recommended increasing 
the angle of draw (to be discussed in detail later) from 10° to 15°. The Chief Inspector, in cohcurring with 
this report said: ". . . but I am convinced that a large proportion of the coal underlying impounded waters 
can be safely worked without danger either to the water supply or to the persons employed in the mine". 

Copies of these reports were sent to the Board and a conference at which the President and the Under 
Secretary were present was held on 31st October. 1961. After much discussion it was established that the Depart-
ment would not agree to the Board's contention that there should be a total prohibition of mining under the 
stored waters and this and other questions were to be left to the officers to attempt to resolve them in conference. 
It was, however, agreed that, in future, marginal zones would be based on a 35° angle of draw. 

The officers met on 8th February. 1962. when the Board's representatives asked for a buffer zone in 
addition to the 35° angle of draw. The Department would not agree to this except in special cases where accurate 
geological surveys indicated a necessity. The conference agreed that there should be complete sterilisation of 
coal under the major dam structures by provision of barriers of unworked coal of 440 yards (402.3 m) around 
Cataract, Nepean, Avon, Cordeaux and Woronora Darns and of 220 yards (201.2 m) around Upper Cordeaux 
Nos I and 2. 

After the conference the Board by letter asked that the barrier around Woronora Dam be increased 
from 440 yards (402.3 m) to 660 yards (603.5 m). The officers met on 22nd June, 1962, and agreed to the 
proposal increasing the size of the Woronora barrier and they met again on 16th August. 1962. and although 
agreement was reached for the protection of a number of structures, no agreement could be reached on mining 
under stored waters. 
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On 22nd November, 1963, a final conference was held at which the President and Under Secretary 
were present. The long delay between meetings may have been partially attributable to the death of the Board's 
consultant, Professor Phillips. At the outset of,  this conference the President enunciated the Board's policy in 
a statement in the following terms: 

The Board believes that coal mining and water storage are national assets and both can be carried 
out compatibly. But to protect the water storages and retaining structures, the Board is of the opinion 
that there should be a complete prohibition of mining beneath the dam walls and for specified distances 
around these walls, that mining be prohibited under the stored waters and within the marginal zones 
based on a 35° angle of draw, except for an extended system of controlled access roads, and that 
additional buffer zones be provided where the geological conditions indicated the necessity thereof. 

The agreement of the officers that the 35° angle of draw was appropriate was ratified. 
The Board maintained its stand that there should be a total prohibition of mining under the stored 

waters and marginal zones except for an extended system of controlled access roads. The Department also 
maintained its attitude. The statement of policy by the Board made agreement on the subject of mining under 
the stored waters impossible unless the Department capitulated. The only area for compromise was in respect 
of the "extended system of controlled access roads" and it was indeed suggested that such a system, with reason-
able spacing, might be accepted by the Department as a compromise. So far as commercial exploitation of 
the coal under the reservoirs was concerned there was a complete deadlock. 

Both sides had made reference to the value of overseas experience in sub-aqueous mining and early 
in the year following this conference M. J. Muir, an Inspector of Coal Mines, when overseas inquired into 
the matter and made a report to the Department. 

INSTITUTION OF INQUIRY 
The question still being no nearer resolution 9 years later the President of the Court of Appeal, Supreme 

Court of New South Wales, Mr Justice Jacobs, was appointed on 11th January, 1973. as a commissioner under 
section 146 of the Metropolitan Water Sewerage and Drainage Act 1924. Having embarked upon the inquiry, 
he was appointed a Justice of the High Court of Australia on 11th February, 1974, and was unable to continue. 
The present appointment followed on 11th July, 1974. 



PARTIES CONCERNED AND 
THEIR INTERESTS 

BOARD'S ATTITUDE AND RESPONSIBILITIES 
For an understanding of the Board's firm attitude to mining under stored waters it is necessary to have 

regard to its responsibilities to the public. The Board is the successor to the Board of Water Supply and Sewerage 
which was constituted in 1880. Its area of operation extends from the Hawkesbury River in the North to Kiama 
in the South and from the Pacific Ocean to the foot of the Blue Mountains on the West, an area of approximately 
10 000 square kilometres as was shown in figure 4. 

In objecting to the proposed mining it sees itself as carrying out its statutory obligations. By its statutory 
charter the Board is charged with the conservation, preservation and distribution of water for domestic and 
other uses and is constituted the sole authority for the conduct of water supply services (Metropolitan Water 
Sewerage and Drainage Act 1924, ss. 30 & 37). The number of persons dependent on the Board's supply is 
well over three million. The importance of water as abasic raw material of life and as a natural resource 
which is essential to civilisation and development cannot be underestimated. 

THE WATER SUPPLY 
In recounting the history of this dispute, the origin and development of the Upper Nepean Scheme 

has been sketched with particular reference to the construction of the first dam on the plateau, the Cataract 
Dam. Increasing demand was met by the progressive implementation of the scheme until there were the five 
major dams on the plateau being those which have been named in the terms of reference. Two smaller dams 
had been built on the Cordeaux River. 

The following table 1 is a summary of dimensions and other relevant statistical data adapted from appen-
dix 3 of "The Water Supply, Sewerage and Drainage of Sydney" (W.V. Aird 1961). 

Figure 1 showed the locations of these dams. 

As the Wollongong-Port Kembla area developed it had to be given the full supply from the Cordeaux 
Dam which was built originally to supply Sydney. Later the waters of Avon Dam have been turned to the 
South Coast and it is probable that the waters of the Nepean Dam will be turned in the same direction, so 
that the water supply with which this Inquiry is concerned is largely that upon which the South Coast will 
be dependent. At the present time the Nepean and Cataract Reservoirs serve the Sydney area. 

In 1946, a site was approved for damming another tributary of the Nepean, the Warragamba, a project 
which had been considered for a long time but which had been thought to involve unacceptable engineering 
problems. The Warragamba Dam was completed in 1960 and, as the following figures show, provided the 
city with a tremendous additional water storage supply. It is a concrete gravity dam, 137.2 in high, with storage 
capacity of 2 057 128 million litres and covers 7 495 hectares. 

At the present time waters from the Nepean, Cataract, Woronora and Warragamba storages are fed 
into the reservoir at Prospect to supply the Sydney area (figure 5 shows this water supply system). This reservoir 
functions as the main service reservoir and sedimentation basin of the metropolitan system. It now has a normal 
storage capacity of about 9 000 million litres. 

In recent years the Board has embarked upon and participated in a scheme known as the Shoalhaven 
Scheme, involving the transfer of water from the Shoalhaven River, by means of suitable pumping, to augment 
the supply both to Sydney and the South Coast. Of the water which will be available from this scheme the 
appropriate authorities have allocated to the Board or recognised the Board's entitlement to 100 million gallons 
per day (455 million litres). The Board is of the opinion that after the first decade of the next century this 
augmentation will be insufficient. 

The Nepean system of storages is irreplaceable since no other uninhabited or sparsely populated catch-
ment of the required capacity exists close to Sydney and the South Coast. Sydney has an erratic annual rainfall 
and is subject to sudden and severe and sometimes prolonged periods of high temperatures. It has been pointed 
out that the first consideration makes it necessary to store more water per head of population than any other 
major city in the world and that the second calls for a distribution system to meet a daily demand which 
can vary by doubling within a few days. 
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TABLE 1: THE FOLLOWING IS A SUMMARY OF DIMENSIONS AND OTHER RELEVANT STA 

TISTICAL DATA ADAPTED FROM APPENDIX 3 OF THE WATER SUPPLY, SEWERAGE & DRAINAGE 

OF SYDNEY (W. V. AIRD, 1961). AND **FROM  MAPS SUPPLIED TO THE INQUIRY. 

Particulars Cataract Cordeaux Avon Nepean Woronora 
General (iota- - 

Commenced—Year 1902 1918 1921 1926 1929 
Conipletcd—Year 1907 1926 1927 1935 1941 
Capacity of reservoir—Million gallons 20743 20 597 47 153 17898 15792 

Structural data— 

Type and Characteristics Gravity. Gravity, curved, Gravity, curved, Gravity, curved, Gravity, curved, 
sandstone. cyclopean cyclopean cyclopean cyclopean 

sandstone, sandstone, sandstone, sandstone, 
concrete. 

Crest level above sea level--ft 957 I 003 I 060 1 066 561 
Full supply level above sea level—ft 950 996 I 050 I 051 553 
Height of wall from foundations—ft 183 191 237 266 216 
Length of wall including pylons—ft 811 I 327 725 710 I 280 
Lake area at f'ully supply level--acres 2 104 I 931 2 609 881 937 
Greatest depth of water-- - ft ISO 170 210 225 201 
Contribution to safe draft—Million gallons/day 18 14,9* 27.3 17.5 11.2 
Cover between Bulli Seam and reservoirs **in  Feet 675-1080 220-880 120-637 340-1000 1330-1670 

* Includes Upper Cordeaux Dams 
I Imperial Gallon = 4.546 09 litres 
I Foot 	 = 0.304 8 metres 
I Acre 	 = 0.404 685 6 hectares 
I Hectare 	= 10 000 square metres 
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BOARDS MAJOR CONCERN 
The major concern of the Board which underlies its opposition is expressed by its President in the follow-

ing terms: 
To ensure that there will be no seepage or drainage (e.g.. 5 million gallons per day or more (22.3 
million litres) ) affecting the safe draft of the reservoirs. The effect of such seepage or drainage cannot 
be ascertained before a drought period occurs: (ref. 63) 

Shortly put, the safe draft of a reservoir is the maximum daily amount of water which can be safely 
drawn continuously from it without the storage being emptied. Having built a dam across a river designed 
to achieve the best practical and economic results, a storage is produced and a percentage of the river flow 
is retained. None of the streams with which we are here concerned produces a perennial supply without storage 
and it becomes necessary to lay down a standard to be observed. The Board's officers, having regard to the 
driest periods on record and the run-off figures for the catchment concerned, calculate the safe draft for a 
particular reservoir which is designed to leave a year's supply of water at the end of a hypothetical drought. 

The following table shows the maximum capacity and the safe drafts of the reservoirs which at present 
serve Sydney and the South Coast: 

Safe draft Safe draft 
Darn Capacity Capacity (million (million 

(million (million gallons per litres per 
gallons) litres) day) da\ 

Warragamba 452 505 2057 128 274.0 I 246 
Woronora 15792 71 792 11.2 51 
Cataract 20 743 94300 18.0 82 
Cordeaux 20 597 93 636 14.9 68 
Avon 47153 214362 27.3 124 
Nepean 17898 81 366 17.5 80 

Total: 574688 2 612 584 362.9 1651 

The Shoalhaven scheme will, in due course, make available a further daily draft of IOU million gallons 
(455 million litres). 

COLLIERIES IN RELATION TO RESERVOIRS 
At the present time there are in existence mining leases which relate to coal beneath the upper reaches 

of the Avon reservoir. These leases are comprised in the holdings of Huntley Colliery, Avon Colliery and 
Wongawilli Colliery. Applications have been made by A.I.S. for mining leases which would encompass almost 
all the area underlying the balance of the stored waters of Avon reservoir and their margins. 

So far as Cordeaux reservoir is concerned, the holdings of three operating collieries underlie the upper 
reaches. They are Nebo. Kemira, Corrimal. Mount Kembla Colliery, which also underlies part of the reservoir, 
is no longer operating. Applications are current for mining leases to cover large remaining areas under the 
stored water of Cordeaux Reservoir. 

Almost the whole of the stored waters of the Cataract Reservoir is underlain by existing colliery holdings. 
These are Corrimal, South Bulli. Bulli and South Clifton. 

Woronora Dam is only underlain in its southern extremity by portion of the holding of Metropolitan 
Colliery. 

The portals to all these mines are on the escarpment where the seams crop out. In all eases there is 
an opening below the full storage level of the reservoir concerned. 

DEPARTMENTS RESPONSIBILITIES AND ATTITUDE 
The Department has a responsibility to develop the mineral resources of New South Wales including 

coal. Entertaining as it does a view that the resources under and near the stored waters, many of which have 
reached the status of measured reserves, can be safely mined, it has a duty to ensure their proper exploitation. 
Recent unpublished statistics compiled by a geologist of the Joint Coal Board (ref. 23) calculate these reserves 
at 470 million tonnes. This work, detailed by seam and dam, is listed in table 2. The 350  angle of draw referred 
to in figure relates to a marginal zone surrounding the stored waters determined by reference to this angle. 
a topic which will be discussed in detail later. Based on today's prices for coal, the extracted value would 
be worth thousands of millions of dollars. 

A study has been submitted to the Inquiry (ref. 70) relating to the economic factors which might be 
thought to influence the recommendations of this Inquiry against mining under the stored waters. The arguments 
and conclusions of this study were not pressed by the Board, nor debated before the Inquiry. It seems to have 
come to be accepted by the Department that only if there is no appreciable risk to the integrity of the stored 
water will mining under or near them be recommended. This approach does not admit any question of'halancing 
a foreseeable risk against the economic advantages to be obtained by assuming the risk or of' considering the 
economic consequences of mining coal in other places. 

There can be no doubt that the coal resources and reserves are valuable assets to the Companies and 
the State. The bulk are in the Bulli and the Wongawilli seams. The Bulli seam is the best quality seam in 
the Southern Coalfields and, because of its high rank, it is economically the most important. 
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TABLE 2: COAL RESERVES IN SITU—STORAGE RESERVOIRS, SOUTHERN COALFIELD 

Woronora Dam 
Bulli seam Balgownie seam 

million tons million tons 
Under stored water 10 7 
Under area defined by 35° angle of draw 47 31 
Under dam wall and surrounding 20 chain barrier 	. 1.2 1.2 

Thtaract Dam 
Bulli seam Balgownie seam Wongawilli seam 

million tons million tons million tons 
Under stored water 	.............. 21 6 24 
Under area defined by 35° angle of draw 51 20 71 
Under dam wall and surrounding 20 chain barrier 	. 2 0.3 0.8 

Cordeaux Dam 
million tons million tons million tons 

Under stored water 	.............. 7 7.5 31 
Under area defined by 35° angle of draw 15 17 77 
Under dam wall and surrounding 20 chain barrier 	. 2.5 1.5 4 

Avon Dam 
Bulli seam Wongawilli seam Tongarra seam 

million tons million tons million tons 
Under stored water 	.............. 22 20 0.9 
Under area defined by 35° angle of draw 52 48 3 
Under dam wall and surrounding 20 chain barrier 	. 2 3 - 

Nepean Dam 
Bulli seam Wongawilli seam 

million tons million tons 
Under stored water 0.8 3.5 
Under area defined by 35° angle of draw 2.5 10 
Under dam wall and surrounding 20 chain barrier 	. . - 

TOTALS 
Under stored water Under area defined 

by 35° angle 
of draw 

million tons million tons 
Bulli Seam 60.8 167.5 
Balgownie Seam 20.5 68 
Wongawilli Seam 78.5 206 

Tongarra Seam 0.9 3 
All Seams 160.7 444.5 
Total under dam wall and surrounding 20 chain barrier 18.5 - 

N.B. the tonnages "Under area defined by 35° angle of draw" includes those "Under stored water", but not "Under 
dam wall and surrounding 20 chain barrier". 

1 ton = 1 016 046 9 Tonnes 

The Wongawilli seam is the second most important and complements the Bulli seam because it makes 
up a deficiency in the Bulli seam coal of vitrinite when the two are blended for steelmaking purposes. These 
coals are in demand both for the local steel industry and for export, recognised as premium grade Australian 
hard coking coals. The collieries are in close proximity to the steel works, the shipping facilities at Port Kembla 
and a railway. So it may be said that the value of these coals lies, not only in their properties, but in their 
location. 

It is claimed that considerations of economy, efficiency and conservation suggest that the coal should 
be mined at the time appropriate to the orderly development of the particular colliery and when it is in demand 
and that easily accessible existing operations should not be unduly limited. That, of course, is if it can be 
safely mined at all. 

These are the considerations upon which the attitude of the Department, as expressed to this Inquiry, 
remains the same as it was in 1963, the date of the last abortive conference. 

Whilst the attitude that mining should be allowed remains the same, there has been a marked change 
as to the type of mining and the minimum depth of cover which would meet with its approval. The Department 
has in the meantime retained a mining engineer of high repute to advise it and make recommendations as 
to safe mining under the waters. It now takes the initiative in this Inquiry by accepting these recommendations 
and putting them forward with its endorsement. These proposals as to the conditions under which mining 
may take place are much more conservative than the type of mining which was contemplated in the discussions 
between the parties prior to 1964. 

THE INTEREST OF THE COMPANIES 
The Companies have an obvious commercial interest in the outcome of this Inquiry. They are interested 

in nine existing collieries which are as follows: 
.4 ustralian Iron & Steel Pty Limited 
Metropolitan Colliery lying at depths of4lO m to 440 m below Woronora Reservoir. 
Cordeaux Colliery lying north of Cordeaux Dam. 
Bulli Colliery lying approximately 220 m to 275 m below Cataract Reservoir. 
Corrimal Colliery lying between approximately 250 m and 300 m below Cataract Reservoir. 
Kemira Colliery lying approximately 85 m to 175 m below Cordeaux Reservoir. 
Nebo Colliery lying between approximately 67 m and 80 m below Cordeaux Reservoir. 
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Wongawilli Colliery lying between approximately 60 in and 165 in below the Avon Reservoir. 
Huntley Colliery Pty. Limited 
Huntley Colliery lying between approximately 60 in and 90 in below Avon Reservoir. 
The Be/iambi Coal Company Limited 
South Bulli Mines lying between approximately 275 m and 330 m below the Cataract Reservoir. 

All the above collieries are operating with the exception of the Cordeaux Colliery which is planned 
to operate north of the Cordeaux Dam. The colliery holdings and their positions in relation to the reservoirs 
and the extent of workings was shown in the figure 2. 

All the relevant areas are held by the Companies under either freehold title or leases granted under 
the Mining Act, 1906 or are held subject to applicauons for renewal of expired leases granted under that Act, 
the applicant companies claiming the benefit of section 107A thereof in each case. 

Very briefly, the title position can be stated as follows: 
The Companies, between them, currently hold eight mining leases of which the terms have not 
expired. The total area of these leases is 1 536 hectares: 
the Companies, between them, have applied for renewals of 53 leases. The area comprised in 
the leases which have expired is 8 315 hectares. 
Of the 53 expired leases: 

One expired in 1954. 
One expired in 1959. 
Six expired in 1961. 
Two expired in 1963. 
Two expired in 1964. 
Ten expired in 1965. 
Nine expired in 1967. 
Thirteen expired in 1968. 
Two expried in 1969. 
One expired in 1970. 
Four expired in 1972. 

In general, the granting of the necessary renewals is held up pending the settlement of the dispute between 
the Board and the Department. 

A similar course of presenting a concrete proposal for mining has been taken by the Companies who 
had retained another engineer. 

PROPOSALS BY CONSULTANTS TO BE EXAMINED 
These consultants each recommend that coal may safely be extracted from beneath the stored waters 

if the limitations which they would respectively impose are adhered to. 
The Board also has not altered its attitude. If anything, it has hardened in its opposition and is adamant 

in adhering to the policy announcement of November, 1963. Its opposition is uncompromising and now extends 
to include objection to any access roads under the stored waters. 

The initial task then is to examine the proposals put forward respectively by the Department and the 
Companies but before doing so it is necessary to deal with matters of geology and to make some general 
observations and explanations. 
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GEOLOGY 

THE SYDNEY BASIN 
This Inquiry is directly concerned with the geology of the Southern Coalfield and the Metropolitan 

Catchment. These areas lie in the southern part of a geological province known as the Sydney Basin. The 
Sydney Basin is the southern part of a much larger structural basin, the Sydney-Bowen Basin. which extends 
from Batemans Bay in southern N.S.W. to Collinsville in Queensland. It contains relatively undeformed gently 
folded sedimentary rocks of Permian and Triassic ages deposited upon an older basement. In the geological 
time scale, the Permian Period commenced about 270 million years ago and the Triassic Period 225 million 
years ago. The Sydney Basin extends from Batemans Bay to a line between Muswellbrook and Rylstone. 

The sedimentary rocks of the basin have been derived by the processes of erosion, which have produced 
vast quantities of material which is broken up into finer and finer fragments: a proportion of the material 
may be dissolved by water and is hence transported in solution. Sedimentary rocks are formed from the deposi-
tion of these fragments accompanied by the precipitation of the dissolved material. A characteristic feature 
of sedimentary rocks is a layered structure known as bedding or stratification. Each layer is a bed or stratum 
and represents the sediment deposited in a certain interval of time commenced and terminated by a change 
in the character of the conditions under which the sediment was being deposited or in the character of the 
material being deposited. 

The Sydney Basin is about 3 000 metres deep in its central area, filled as described mainly by sedimentary 
rocks which were deposited in the Permian and Triassic Periods. All these rocks were laid down in fairly shallow 
water with the basin slowly subsiding to accommodate the in-flowing sediment. As one would expect, the major 
rock units or groups of associated beds (strata) are thick towards the centre of the basin and thin towards 
the margins: individual beds generally show local variations in thickness. The sedimentary sequence as a whole 
has been uplifted by forces from within the earth (tectonic forces) to varying degrees such that in some places 
the strata remain deep in the basin and elsewhere are elevated, in some areas attaining altitudes up to about 
I 220 m above sea level. Subsequent erosion has in places exposed part of most units. 

Figure 6 is a geological map showing the surface distribution of geological units in the area under con-
side ration. 

SEDIMENTARY ROCKS 
Sedimentary rocks can be classified having regard to grain size. The coarsest are the conglomerates 

comprising large and small pebbles. Then follow sandstones which may be of various types: for example, quart-
zose sandstone, if the mineral known as quartz is the dominant constituent, or lithic sandstone, if the individual 
fragments in the sandstone are themselves particles of very fine-grained rocks. Then come the very fine-grained 
sedimentary rocks. siltstones and claystones. When such a sedimentary rock is made up of silt particles or 
clay particles and displays lamination it is called a shale. 

In relation to rocks generally, they are referred to as massive if there is no lamination, being uniform 
when viewed from any direction. As well as the main minerals forming sedimentary rocks, there is the matrix 
of the rocks, the finer sedimentary material which helps to bond the rock together, the most common being 
clay. The rock may be further consolidated by introduction of a chemical cement such as calcium carbonate 
or silica. 

COAL 
Coal is always associated with other sedimentary rocks and occurs as beds called seams. Where strata 

contains coal seams the strata are traditionally known as coal measures. Coal may be described as a sedimentary 
rock derived from carbonaceous plant material. Initially, luxuriant growths of plants under swamp conditions 
are buried under succeeding layers of sediment and form in the first stage peat. As the deposit increases in 
age and sinks deeper, the beds are covered by greater masses of sediment. The pressure and temperatures 
involved may progressively convert the original peat into lignite, bituminous coal such as is found in the Sydney 
Basin, and ultimately anthracite. 

STRUCTURES 
There are three geological structures which need to be mentioned—folds, faults and Joints. It has been 

stated that the strata of the Sydney Basin are gently folded. Most folds are formed when a rock sequence 
is subjected to tectonic forces: the rocks respond to these forces by buckling. This buckling may be expressed 
as gentle flexures or as wrinkles on both large and small scales, depending upon the degree of deformation. 

Fractures may occur in association with, or in place of folding. A fracture along which no movement 
has occurred is called a joint but when the rock on one side of the break has moved relative to the other 
side, the fracture is called a fault. It is generally accepted that faulting in rocks occurs because of stresses 
which may be relieved either by folding if rocks are sufficiently plastic or by faulting if the rocks are brittle. 
In the Southern Coalfield, faults are relatively common but not intensive. 
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The figure below shows a fault diagrarnatically. 

This bed 
displaced 
fault 

Throw of fault is 
its vertical 
displacement 

Plane of fault makes a 
high angle (more than 450) 
with the horizontal 

CROSS SECTION OF A HIGH ANGLE NORMAL FAULT 

Jointing in rocks is of particular importance in this Inquiry because of the relationship of jointing to 
stability and to the hydrologic character of rock masses. A joint has been defined as a break of geological 
origin in the continuity of a body of rock occurring singly or more frequently in a set or system but not attended 
by observable displacement. Alteration, emplacement and/or decomposition products may occur along joint 
surfaces which in some instances may bond the joint. 

REGIONAL STRUCTURE 
The regional structure of the Southern Coalfield is a broad syncline (or trough) which is, in general 

terms, the southern part of the main synclinal structure of the Sydney Basin as a whole. The axis of the syncline 
runs southerly from Camden, shown as the "main controlling syncline" in figure 7. Within this framework, 
the sedimentary sequence is mildly folded into a series of gently plunging anticlines (or arches), synclines and 
monoclines (simple step-like flexures). These generally trend north-westerly in the area, as figure 7 shows. 
This figure depicts all main components of the regional structure of the area and shows axes of principal folds, 
major faults and structure contours of the Bulb Seam. (Structure contours are lines on a map which portray 
the geological structure of a stratum.) 

IGNEOUS INTRUSIONS 
A geological feature of importance in the Southern Coalfield is the occurrence of dykes and sills. A 

dyke is a vertical, wall-like body of rock, once molten, which has forced its way into the pre-existing sedimentary 
sequence. cutting across the bedding planes. Sills are of somewhat similar origin: the),  are more or less horizontal 
sheets of once molten rock, which lie approximately parallel to the bedding planes. Both dykes and sills constitute 
resistant, unproductive barriers of hard rock dispersed throughout the colliery holdings. A typical occurrence 
of dykes and sills is illustrated below. 

EXAMPLES OF DYKES AND SILLS 
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sill 
Dyke Outcrop 
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EXPLORATORY BORE HOLES AND STRATIGRAPHIC COLUMNS 
The nature of rocks which underlie a point may be determined by drilling downwards with specially 

designed drilling equipment. When drilling to test coal deposits, it is customary to obtain a solid cylindrical 
core of the material through which the drill passes. The core is placed in partitioned boxes in the order in 
which it was found and retained indefinitely in this form. It is standard practice for a geologist to log the 
core at the drill site, recording in detail his visual observation of the material recovered from the core. In 
the logging process, the rock types are identified, the thickness of the beds determined, the bedding planes 
identified and some indications obtained of the amount of fracturing or jointing. From this information, what 
is known as a stratigraphic column may be composed showing the various strata in geological sequence. 

Figure 8 shows a stratigraphic column in the Southern Coalfield. 

SOURCES OF GEOLOGICAL DATA IN SOUTHERN CATCHMENT 
A great deal is known about the geology of the southern catchment areas, which is relatively straightfor-

ward. There has been much underground working of coal mines and there have been many test drill holes. 
Nine shafts have been sunk and there are fine natural exposures of rock units, not only along the Illawarra 
Escarpment, but in the innumerable gullies and valleys. The colliery companies and the Department of Mines 
have been very active in test drilling in the area. For example, in the period 1962 to 1966, the Department 
of Mines sank seventy-two fully cored diamond drill holes on approximately three kilometre centres; the total 
depth drilled was 47 366 in. Air photo interpretation and detailed surface and underground mapping carried 
out over the last sixty years in conjunction with drill hole data have resulted in the production of detailed 
maps of the surface distribution of geological units. Other maps depict the geological structures and the thickness 
of geological units including coal seams. Cross sections have been compiled which portray the subsurface attitude 
of the strata and other geological features. The variations within formations are also shown on such sections. 
A series of up-to-date versions of these maps and sections was prepared for the purpose of this Inquiry. It 
is of the utmost importance that information should be available as to the rock types which underlie a particular 
point as there are great variations in the strength characteristics and the permeability characteristics of each 
rock type. 

Figure 9 shows the lines along which eleven cross sections were compiled and part of cross section 
4 of this series. 

ILLAWARRA COAL MEASURES 
The principal coal-bearing sequence in the Southern Coalfield is the Illawarra Coal Measures which 

crops out along the Illawarra Escarpment in steep slopes below the base of the prominent Hawkesbury Sandstone 
cliffs. Up to eleven coal seams have been defined, although in the area of present consideration only four 
are of proven or potential economic significance under existing conditions. The measures have a recorded 
maximum thickness of about 270 in in the area, the significant coal seams being in the upper 150 in of the 
sequence which is termed the Sydney Sub-Group. The deepest of the significant seams is the Tongarra Seam, 
which is up to 6.7 in thick but is of inferior quality over most of the coalfield. Up to 2.7 in of coal in the 
upper section of this seam is mined. The next highest in the sequence is the Wongawilli Seam, which is remarka-
bly uniform in its commercial characteristics and in its makeup as a stratigraphic unit. It is commonly about 
11 m thick of which the bottom 2.7 in is worked. The remainder of the seam is mostly of inferior quality. 
Its importance lies in its coking properties. It is used in blends with coal from the Bulli Seam for the production 
of metallurgical coke in steel manufacture. The Balgownie Seam is not everywhere identifiable, especially where 
there are other coals close by that complicate its identification. Where workable it is commonly more than 
1.2 in thick. 

The uppermost seam is the Bulli Seam which, in the northern part of the coalfield, where it is extensively 
mined, is some 1.8 to 2.1 in thick. Due to its coking properties and low ash content it is a most valuable component 
in steel manufacture. To the south a substantial split of shale divides the seam with associated thinning of 
the coal, so that the seam is there unworkable. The Bulli Seam lies at the top of the Illawarra Coal Measures 
which were laid down in the Permian Period. The sequence in the Illawarra Coal Measures which lies between 
the Wongawilli Seam and the Bulli Seam is of some importance as it provides portion of the cover when 
the lower seam is mined. It is known as the Eckersley Formation, comprising a number of members including 
the Balgownie Seam. It shows considerable variation in character in the Southern Coalfield; in places it consists 
of interbedded sandstone, siltstone and claystone and elsewhere it is almost wholly sandy or clayey. 

NARRABEEN GROUP 
The Bulli seam is immediately overlain by a sequence of Triassic Age, known as the Narrabeen Group. 

This group is a succession of major sandstone and shale units aggregating some 550 in in thickness in its maximum 
development in the northern part of the area. The attributes of the rocks of this group require some emphasis 
in view of their important stratigraphic position in relation to the coal measures. This is so because the Narrabeen 
Group will always provide, in its entirety or in part, cover between coal seams and the base of the area of 
stored water. In ascending order the formations in this group are Coal Cliff Sandstone, Wombarra Shale, Scar-
borough Sandstone, Stanwell Park Claystone, Bulgo Sandstone, Bald Hill Claystone and the Newport Forma-
tion. The Coal Cliff Sandstone is the lowermost unit of the group, comprising 9.1 in of cliff-forming light 
grey quartz-lithic medium-grained sandstone, cross-bedded in places. Thin beds of grey shale and shaly sand-
stone occur within the formation. The Wombarra Shale, 36.6 in thick, overlies the Coal Cliff Sandstone. It 
consists mostly of siltstones and claystones of generally shaly aspect with a little brown claystone. There are 
thin, fine-grained lithic sandstone interbeds. The Scarborough Sandstone comprises 25.9 in of medium to coarse-
grained blue-grey quartz-lithic pebbly sandstone. The Stanwell Park Claystone consists of 36.6 in of claystones 
with soft lithic sandstones. The Bulgo Sandstone includes both prominent sandstone units and shaly units. 
The sandstones, which are lithic and quartz-lithic in composition, occur in beds up to 3 in thick separated 
by discrete shaly units which are themselves made up of interbedded sandstones and shales. The total thickness 
of the Bulgo Sandstone is 118.9 in. The Bald Hill Claystone overlying the Bulgo Sandstone is a persistent 
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formation which tends to maintain its character throughout the entire eastern part of the Southern Coalfield. 
It essentially consists of 15.24 m of claystone. The Newport Formation lies at the top of the Narrabeen Group 
and consists of 18.3 m of thin-bedded clay shales and thin lithic sandstones. To the west, the Newport formation, 
the Bald Hill Claystone. the Stanwell Park Claystone and the Wombarra Shale lens out. Additionally, there 
are changes in the character of the sandstone formations. Collectively, the places of all these eastern rock units 
are taken by correlated formations known as the Caley Formation, which immediately overlies the Illawarra 
Coal Measures, and above that the Grose Sandstone which is overlain by the Burralow Formation. In the 
result, in the southwest the Narrabeen Group is composed dominantly of quartzose and quartz-lithic sandstone 
with minor fine-grained sediments. To the northeast the proportion of fine-grained sediments increases with 
the development of shaly units such as Wombarra Shale and Stanwell Park Claystone towards the base of 
the Narrabeen Group and the Bald Hill Claystone and Newport Formation near the top. 

HAWKESBURY SANDSTONE 
Above the Narrabeen Group is the Hawkesbury Sandstone which dominates the landforms of the area. 

Cliffs of this formation comprise most of the striking vertical faces of the Illawarra Escarpment. The general 
surface of the Woronora Plateau more or less corresponds with the upper surface of the Hawkesbury Sandstone. 
The unit is up to approximately 183 m thick in the northern part of the area. It thins to the southwest of 
the area where it is rather more than half this thickness in maximum exposures. The formation is very largely 
quartzose sandstone. Cross bedding is almost universal and totally characteristic of the Hawkesbury Sandstone. 
Within the Hawkesbury Sandstone are many sedimentary structures apart from cross bedding; vertical jointing 
is a prominent feature of this formation. 

Above the Hawkesbury Sandstone is the Wianamatta Group, which persists in the area under discussion 
only as ridge cappings and other small outcrops; the group has no importance in the subject matter of this 
Inquiry. 

Figure 10 shows a generalised geological cross-section from SW to NE touching four of the reservoirs. 
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COAL MINING AND ITS EFFECTS 

INTRODUCTION TO COAL MINING 
The tabular deposit of a layer of coal known as a seam has already been described. Where coal is to 

be mined by underground mining (as opposed to open-cut, open cast or strip mining) access to the seam is 
given by a tunnel which may be vertical (a shaft), inclined (a drift) or horizontal (an adit). Tunnels in the 
seam, commonly referred to as roadways (or in a development situation as headings) form an arterial system 
necessary for the movement of men and materials in and out, for ventilation, the conveying of necessary services 
and the bringing out of the coal. 

If in mining the coal there is no concern for what happens to the surface or as to the extent to which 
the surrounding strata is disturbed then it will be economically advantageous to extract the maximum possible 
amount of the seam. The only limitation will be imposed by considerations relating to the safety of the workmen 
and equipment. 

In these circumstances what is known as total extraction can be practised. It may be more accurate 
to refer to it as unrestricted mining because total extraction in an absolute sense is not possible. In this case, 
coal remains unworked at such places in such quantities and for such length of time as is necessary to ensure 
the safety of men and machines. 

Systems of mining where.. for some additional reason, restriction is placed upon the amount of coal 
that may be extracted or the method that may be used are commonly referred to as partial extraction systems. 

Where coal is left unworked in a mining layout it is referred to as a pillar or pillars. 
In the virgin state, the coal seam may be regarded as one pillar supporting all the overburden and 

uniformly loaded. The deeper the seam, the greater will be the weight of this overburden and the load imposed 
upon the coal seam. The weight also depends upon the density of the overburden which is not very variable. 

When a single roadway or tunnel is first driven into the coal, the pressures or loads originally carried 
by the extracted area of coal are transferred to the solid coal sides. Thereafter, as a mine develops, with an 
increasing number of roadways, the coal that is left between each area of extraction forms a pillar and the 
loads formerly imposed on the extracted areas are now carried by these pillars. Other forces are redistributed. 
The average loading upon mine pillars will increase as the percentage of coal extracted by area increases. 

The figure below gives an indication of the redistribution of forces around a narrow excavation. 

RE—DISTRIBUTION OF FORCES AROUND NARROW EXCAVATION 

Direction of pressure due to overburden weight. 	 V 

Lateral movement of coal sides and immediate roof and floor stratum towards 
28 	the opening or void 

Lateral horizontal stresses caused by the friction between the moving coal 	.. 
and the adjacent rock beds 

Re-distribution of the vertical forces around the excavation is shown by dotted 
lines thus: 	 - - - 



In partial extraction systems of mining the function of these pillars is to give support to the overburden. 
Pillar sizes and thus pillar strength are matters of the greatest importance where it is desired to control the 
strata by minimising its disturbance. 'The pillars must remain stable for so long as it is necessary to maintain 
this control. 

In the present case the proposal that limited mining should be allowed under the stored waters and 
their marginal zones is dependent, not only on the capacity of the pillars to support the overburden during 
the life of the mine. but upon their remaining able to do so indefinitely. They must be virtually indestructible. 
If in a proposed designe d system (to protect the stored waters) the pillars were to collapse or fail during mining 
or at any time during the life of the reservoirs, a situation approaching total extraction would he siid ulated 
with totally undesired consequences. 

PILLAR DESIGN AND SIZES 
It is a problem of mine design to specify pillar sizes which will effectuate the design purpose. The usual 

method had been almost entirely empirical. What was done "as to investigate and find a size of pillar that 
had worked successfully elsewhere and then adapt this to the particular situation. 

In more recent times much research has been done as to pillar sizes and pillar strength in coal mines 
in an attempt to devise a satisfactory formula. Where permanent support is required for the strata, a determina-
tion must first be made of the loads which will have to be supported by the pillars in order to specify the 
dimensions of the pillars required to sustain these loads. 

Upon the basis that for e\'ery foot of cover there is imposed a load of 1.1 pounds per square inch (0.007 6 
MPa) there is a widely used empirical formula for calculating the average load on pillars in a bard and pillar 

system a system which is later described. It is 	
D 

 pounds per square inch--where D is the thickness of cover 

in feet and r is the percentage of coal extracted by area. This is not to say that this average load is uniformly 
distributed over the pillar for it is well-known that the pillar edges are subject to much higher loads than 
the core of the pillar, a subject which is dealt with later in this Report. 

The strength of the pillar designed to withstand these loads depends upon its plan dimension and height 
and the strength properties of the particular coal of which it is formed. The evidence, not only from laboratory 
testing, but also from practical mining experience, confirms a simple fact that mine pillars of very low height 
to width ratio are capable of sustaining high loads without disintegration. 

So far as the particular properties of the coal are concerned, the position seems to be that it is practical 
experience and observation that must be relied upon for the specification of minimum pillar sizes in the Southern 
Coalfields. Formulae developed overseas introducing specific properties of coal strength cannot be used without 
qualification. They may only be useful as a confirmatory guide. One important item of empirical data is the 
experience with pillars in the Southern Coalfield where pillar sizes and bord widths have been regulated by 
lease conditions or more recently by statute, and the pillars have not collapsed. 

MINING SUBSIDENCE 
In order to understand why it is claimed that the proposals would not cause serious permeability changes 

it is also necessary to have some understanding of what is known as to mining subsidence. 
When a mineral found in the earth in tabular form, such as a seam of coal, is mined, the overlying 

strata is disturbed. If a sufficiently wide extraction is made the immediate roof beds break and collapse into 
the mined out area under the influence of gravity' and of other forces. The collapsed beds occupy a greater 
volume than they did in place and, as a consequence, both the original void created by the extraction and 
the volume formerly occupied by the collapsed rocks are in due course filled with the broken uncompacted 
material. The characteristics of the rocks immediately above the seam determines the height to which this 
collapse will extend before the two zones are filled. Collapses above five times the extraction thickness are 
unusual, ten times exceptional. Where hord and pillar mining (see later) is carried out there is no general 
collapse of the immediate roof beds. 

Generally, the disturbance includes a surface manifestation whereby a trough of subsidence forms which 
is a "boundary state in a pattern of movement". In this trough of subsidence the central part subsides vertically, 
the remainder moves inwards in addition to moving downwards. In plan it extends laterally beyond the hounds 
of the area extracted. The amount of this lateral extension gives rise to what is known as the angle of draw 
of limit angle. This may be defined as the angle formed between a vertical line from the edge of the workings 
and a line to the edge of the subsidence: any part of the surface lying at a distance greater than the draw 
from the workings will not be afl'eeted by those workings. In the peripheral zones of subsidence the deformed 
ground has a generally convex shape and the near surface strata are subjected to tension. If it is of sufficient 
severity stretching of the ground or tensile strain will result, tending to open up existing joints in the rocks 
or to cause fresh fractures. In the central zone of subsidence the deformed ground has a generally concave 
shape and the near surface strata is compressed so that the joints in the rock will tend to close and in severe 
cases crushing or buckling may occur. Theseephenomena are illustrated in figure 11 which shows displacements 
indicating tension and compression in a characteristic subsidence profile. 

In respect of a coal seam in a given geological environment the surface will not subside beyond a certain 
maximum depth no matter what area of coal is extracted. This depth of subsidence is known as the maximum 
possible subsidence. It will never exceed the thickness of extraction and it is convenient for maximum possible 
subsidence to be referred to as a percentage of the thickness of the extraction and it is called the "subsidence 
factor". Only an extraction of great enough width in relation to its depth can cause the maxinium possible 
subsidence for a particular thickness of extraction. This width is at least as great as the depth of the seam 
and usually a little greater and is known as the "critical width" or, since the phenomenon is essentially three 
dimensional, the "critical area". An area of working smaller than the critical is called subcritical and it will 
cause a maximum subsidence near the centre of the trough which is less than the maximum possible subsidence 
An area of working larger than the critical area is called supereritical. In this case the amount of subsidence 
does not increase but the area of maximum subsidence does. The figures 12. 13 and 14 are illustrative of these 
concepts, in U.K. experience. 
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SUBSIDENCE ENGINEERING 
It is in comparatively modern times that subsidence engineering has become a special field of study. 

Subsidence engineers are able, in a given geological environment, to predict with reasonable accuracy the degree 
and pattern of surface subsidence which will be caused by the use of particular mining geometry. Having done 
so, they are able to predict and calculate the maximum strain which will arise on or near the surface in the 
subsiding areas. It is this knowledge which allows planned extraction to be undertaken under what are termed 
sensitive areas, such as towns or industrial installations. Important examples are the city of Coventry, and Wol-
stantan Colliery in North Staffordshire in the United Kingdom and the docks area of Duisburg in Western 
Germany. Surface strain is now being used as an index for the regulation of mining under the sea, e.g., N.C.B. 
Instruction P1/1968/8, Working under the Sea, pt 4 (i). 

RELATIONSHIP OF SUBSIDENCE TO STRATA DISTURBANCE AND PERMEABILITY 
It is in this context that the proposals require a designed mine that will minimize subsidence and surface 

strain on the basis that the less the subsidence, the less the disturbance of the strata, and the less the strata 
is disturbed, the less the permeability of the strata will be increased. Their avowed objective was to restrict 
the amount of subsidence and general dislocation of the overlying rocks. 

Mining engineers have long been concerned with mining under water and their designs were required, 
generally speaking, to do no more than to limit or prevent the entry of water into the workings. In approaching 
this task they have done much the same things they would have done to limit surface subsidence and authorities 
concerned to regulate mining under water have, by regulation or statute, made the same prescriptions as they 
would have done to limit surface subsidence and surface strains, whilst recognising that subsidence is only 
a symptom of disturbance. The experience has been that when these designs and regulations have been adhered 
to the mining has been successful but where the provisions, particularly those as to minimum depth of cover, 
have been ignored, in-rushes and other entries of water have occurred. 

This experience suggests in a general way a relationship between surface subsidence and induced per-
meability changes in the strata. It is obvious that rock which is fractured is more permeable than it would 
be in its intact condition and that a rock mass is more permeable if the bedding planes are open rather than 
tight. In both cases the void spaces are increased in relation to the primitive state of the rock mass. 

The Board would challenge any conclusion which is based upon a view that the surface manifestations 
induced by mining are a reliable indication of the degree and extent of sub-surface strata disturbance and 
in particular of permeability changes. It asserts that this Inquiry takes us into uncharted areas where there 
has been to date insufficient research, experience or collated data. 

KNOWLEDGE OF SUB-SURFACE EFFECTS 
Subsidence research has been concentrated almost exclusively on the surface effects of subsidence in 

relation to the protection of surface structures and very little is known as to sub-surface effects and less still 
as to sub-surface permeability effects. 

It has been pointed out, however, that there is much experience in England of overlying second and 
third seams having been worked, which tends to indicate that in these cases the strata remained as impermeable 
as in the primitive state. There was an example in Nottinghamshire where the Top Hard seam has been worked 
first. The overburden contains heavily water-bearing Permian and Triassic rocks and the surface, in many cases, 
contained lakes or small rivers yet the upper workings were dry or nearly dry. 

Professor Whetton and Dr King, in a paper presented in 1959, reported upon their design of a small-scale 
model apparatus for the purpose of simulating strata movements due to undermining. They used gelatine gels 
to simulate strata movements. It is known that other experimenters have used other model apparatuses. These 
attempts are an indication of the difficulty which confronts investigators who, except in isolated cases, can 
only observe strata movements at the boundary levels of surface and seam. 

There is also the experience of methane drainage in England, the work of R. S. Dowdell at Vane Tempest 
Colliery, South Durham and of M. D. G. Salamon in South Africa and the theory known as The Bals concept 
which is that there will be subsidence at each level above the extraction which is approximately equivalent 
to that which would have taken place if such level had been the surface, a theory which appears to be accepted 
by the National Coal Board—(Design of Mine Lyouts—Workinct Party Report 1972). A paper published in 
Russia in 1969 by Silitsa and Vasilenko described a method using a luminescent water-soluble dye to determine 
the vertical extent of communicating cracks to enable an assessment to be made as to safe working conditions 
below quicksand and aquifers. 

However, it is fair to say, as the Board's advisers contend, that the sub-surface behaviour of strata is 
not well understood and, despite the contribution made in this Inquiry by computer analyses and field tests, 
this topic is still a subject for conflicting theories. Rarely have experimental bores been drilled through under-
mined strata in an attempt to observe fracturing and to compare the results with those from another bore 
through similar but undisturbed strata as was done in this Inquiry. So far as this Inquiry has been made aware, 
the hydrological studies carried out in the experiental bores to which reference is later made are unique. 

CREATION OF VOIDS BY MINING 
It is necessary to determine whether the system of mining proposed will or will not result in the creation 

of voids through which in the given environment water can leak from the storages in any direction, whether 
to the mine below or through the strata to the escarpment or into existing ground-water systems. 

Not only must the amount of the voids be considered but also their distribution throughout the disturbed 
strata. Initially a void will be created in the seam by the extraction and where collapse of the roof follows 
there will be voids in the bulk of the fractured rock material which fills the extracted area and the roof zone 
from which it comes. In addition, in zones where tensile stress is developed in the overlying strata, existing 
joints and fissures will be dilated and, if the tensile force is of such severity as exceeds the inherent strength 
of the rock mass, fresh cracks and fissures will be created by fracturing. Where a tensile force operates in 
a vertical direction, bedding planes will be parted and horizontal cracks dilated. There will be a concentration 
of any fracturing and of the opening ofjoints at the free interfaces, i.e. the ground surface and the mine roof. 
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Where only partial extraction is undertaken it will be shown that fracturing is only likely in the immediate 
roof beds but at the surface the widening of existing joints is probable. Both at the roof and at the surface 
the geometry and nature of the Joints, their continuity, whether they are open or tightly closed, their intensity 
and attitude will influence the behaviour of the rock mass after extraction. 

For this reason a study was made of joint occurrence in the relevant strata in the Southern Coalfields 
by McElroy and Probert (ref. 35). The findings showed such variations and complexity in the occurrence of 
Joints that no useful conclusion could be drawn. As will appear, the major concern of the Inquiry on this 
aspect has been with the effects of extraction upon the intermediate strata and the creation or enhancement 
of leakage paths therein. 

Opinions have been expressed during the course of this Inquiry as to the amount of void space generated 
by an extraction which were based upon a consideration of the subsidence factor. This factor, expressed as 
a percentage of the seam thickness, produces a linear value of the maximum possible subsidence occurring 
at a line above the centre of the extracted panel. For example, taking a typical subsidence factor of 90% for 
total extraction in England, it was said that the residual figure of 10% of the seam thickness is the maximum 
"volume increase" which is to be almost entirely accounted for by newly created voids. 

This single dimensional figure, standing alone, is of no value in determining the amount of void space 
or "volume increase" which has been created in the overlying cone-shaped rock mass which has been disturbed. 
This is so for the reason that it is volume increase in the rock mass that matters. Change of shape by elastic 
elongation of the rocks under compressive force in this central line of maximum possible subsidence may account 
for part of the difference between the seam thickness and maximum possible subsidence. However, this deforma-
tion has little or no relevance to volume change. The void spaces generated can only be quantified by a considera-
tion of the difference between the volume of subsided surface (the trough) and the volume of extracted material. 
There are other minor factors. 

The distribution of the voids which are generated is of more importance than their volume for it must 
be such that there is not provided a continuous leakage path from the stored water, a matter which will be 
discussed later. 

REDISTRIBUTION OF STRESS 
In the undisturbed state all points in the ground are unrler compression from the forces due to the 

weight of overlying rock. Mine openings upset the balance of forces in the undisturbed force field and subsidence 
is a product of the redistribution of stress when a mine opening is made. It is redistributed stresses of sufficient 
intensity which cause the strains leading to collapse, fracture and deformation of the rocks as a consequence 
of which the permeability of the afl'eeted rocks will be altered. 

Theoretically, if all the characteristics of the rock types comprised in the rock mass were known and 
all the laminations, bedding planes. discontinuities and variations in the same bed were known, it might be 
possible to calculate what stresses would be generated and what would happen to achieve a new equilibrium. 

In the present state of technology this is out of the question and only approximations and generalisations 
are possible. 

Some information is available as to the strains which arise immediately around the mine opening and 
in all types of mining strains at the surface can be calculated from predicted subsidence or measured in actual 
subsidence. The problem lies in determining what stresses will be produced in the intervening strata and the 
effect of these stresses on permeability generally for in the ultimate analysis it is stress causing strain which 
will change permeability. The sources of knowledge available to the Inquiry are largely inferences from 
experience, field tests and experiments and computer studies and these sources of knowledge will be examined 
in turn. Before doing so attention will be given to the basic proposals. 
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THE PROPOSALS 

BORD AND PILLAR PROPOSALS 
The first proposal (ref. 48) comes from R. J. Orchard, the Chief Surveyor and Minerals Manager of 

the National Coal Board. England. retained by the Department through the N.C.B. Mining Advisory Service. 
It firstly relates to the designed partial extraction system known as bord and pillar mining which is the oldest 
known system of mining ..A network of interconnected tunnels (the bords) is driven into a coal seam leaving 
pillars of coal unworked in a chequerboard pattern as illustrated in figures 15 and 16. He recommended that 
bord and pillar mining should he permitted at depths below the stored waters or their marginal zones in excess 
of 200 feet (60.96 m) with pillars which, to the depth of 400 feet (121.92 m) should have a minimum width 
of 80 feet (24.38 m). 

The second proposal (ref. 64) as to this system of mining is from K. Wardell, a consulting mining engineer 
of Newcastle-under-Lynie. Staffordshire, England. who was retained by the Companies. 

His recommendation is that bord and pillar mining can safely he allowed beneath the stored waters 
and their marginal zones at the same minimum depth of 200 feet (60.96 m) but he has related the pillar sizes 
he recommends to a width to height ratio and his specification is that in bord and pillar mining the minimum 
pillar width should he 15 times the height of the extraction, for example. if the seam is 10 feet thick (3.05 
m) and its full height is to he extracted then the pillars under this system are to he ISO feet wide (45.72 m). 

It will be seen that for seams exceeding 5½ feet (1.63 rn) in thickness the requirement of the ('ompanies, 
consultant is more stringent than that of the Department's consultant. 

The minimum pillar sizes required by existing legislation at a depth of 200 feet (60.96 m) are 24 feet 
(7.32 m) and between 200 feet (60.96 m) and 500 feet (152.4 m), 36 feet (10.97 rn). It is therefore also apparent 
that the specifications of both engineers are greatly in excess of the present statutory requirements. 

Orchard. in specifying 80 feet (24.38 rn) pillars. approached the matter initially by relating pillar size 
to the depth of the workings. He reasoned that in his proposals the deepest working at which bord and pillar 
working would be carried out would be 400 feet (121.92 m) in which case the pillars would he one-fifth of 
that depth. This ratio is twice the requirement of a widely used rule of thumb that in bord and pillar workings 
the minimum pillar size should he one-tenth of the depth. In his view, this requirement would result in pillars 
which would he massive and indestructible. 

Wardell approached the matter somewhat differently. He regarded the width to height ratio as being 
the paramount consideration in the specification of minimum pillar sizes. He had regard to a widely accepted 
proposition that, where a width to height ratio of 12 to I exists, such a pillar cannot he made to fail. The 
particular circumstances of the reservoirs led him to increase this ratio to 15 to 1. A pillar so designed. in 
his opinion, would he virtually indestructable. irrespective of the characteristics of the particular coal. 

Wardell made the following proposal where two seams are to he ssorked by this system in the same 
locality: 

Where two or more seams are to he worked in the same locality by the room and pillar (first working) s\stem, 
it is recommended that the pillars in every seam should hase the same dimensions and those dimensions should 
he related to the thickesi seam, save where the interval between ans two adjacent seams is greater than five times 
the thickness of the lower seam when the dimensions of pillars in the latter may he related solely to the thickness 
of that seam. Where identical sized pillars are indicated by the foregoina. the pillars in each seam should he disposed 
in the same vertical plane. 

No serious case is made in this Inquiry that the system of mining at these depths propounded by these 
engineers will cause sufficient disturbance of the strata to induce significant leakage Irons the reservoirs. Mining 
at these depths within either of the geometrical boundaries would result in only local disturbance in the roof 
beds and cause no surface or near surface effects of any consequence. 

The matter, however, does not end there because the creation of a mine opening, even if the strata 
is not sensibly disturbed, is capable of providing a drain or sink and increasing any existing flow from the 
stored waters. Secondly. if the pillars do not remain stable but. in time. collapse. there will then he caused 
a generalised disturbance of the strata which at these depths would probably seriously affect the permeability 
of the overlying strata. Because these problems are common to the proposal for panel and pillar mining which 
will next he discussed. consideration of them will he deferred until that topic has been discussed. 

INTRODUCTION TO PROPOSALS FOR PANEL AND PILLAR MINING 
Panel and pillar mining is a comparatively modern system of partial extraction. Long panels of substantial 

but limited width are extracted, each panel separated from the next by long pillars of a substantial minimum 
width as shown in figure 17. 

The system was used for mining under the cit'y of Sheffield in the 1930's and has been used extensively 
in the mining of coal in the l.Jnited Kingdom. France and other countries. New South Wales has not used 
this system of partial extraction. The system in general use in New South Wales collieries is the bord and 
pillar system first workings, followed where practicable by pillar removal. However, these second workings 
mostly create a form of total extraction as shown on page 40 
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The panel and pillar system has the advantage that it permits a greater percentage extraction than a 
bord and pillar mining system and allows the use of longwall installations, i.e. the use of modern machines 
which enable coal to be taken from a long working face in a continuous operation. It has the further advantage 
that very large pillars are left instead of many smaller pillars as in bord and pillar workings. However, it has 
the disadvantage that a substantial collapse zone is likely to be created in the roof beds and some subsidence 
must be tolerated with attendant tensile strains at and near the surface. The collapse zone requires that it 
is a system that can only be practised at depths greater than those permitted for bord and pillar systems. 

Subsidence caused by such systems is characterised by a flat shallow surface depression with the main 
curved segments of this subsidence trough over the initial and later the extreme pillars. Hence the surface 
stress distribution is such that over these abutment pillars there are zones of tension, whilst over the panels 
compressive stresses exist. These effects are demonstrated in the figures related to that part of this Report 
which deals with computer analysis of strata behaviour, e.g.. figures 28 and 33. In England the extraction under 
this system is generally made by an advancing longwall technique which permits of solid pillars of coal being 
left and a continuous delivery of coal to the surface. 

_H_H_H___H__H_U_L 

AMI 



In New South Wales this system of partial extraction has not been used. Longwall mining h as been 
practised not in a designed partial extraction system to prevent surface effects but with the aim of extracting 
as much coal as can be safely mined. The unworked pillars are not left for the purpose of providing permanent 
support to the overburden or to minimise surface effects. In these cases a system of retreat mining has been 
used where development headings are driven alongside the panel to be extracted and only when the longwall 
machinery can be installed at the far end and then worked in retreat hack down the panel can significant 
deliveries of' coal be made to the surface. 

SMALL REMAINING PILLARS 
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In the Munmorah-Vales Point area a modified system of panel and pillar mining has been undertaken 
to limit surface subsidence and permeability changes in the intervening strata. In these cases bord and pillar 
first workings have been undertaken followed by the removal of some rows of pillars, thus creating panels 
between the remaining rows of standing pillars. This has the effect of creating long panels and leaving a chain 
of square pillars on either side, each pillar separated by a hord or cut through as in this sketch. Mining in 
this system is carried out by continuous or conventional mining machinery. 
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This system of mining relies upon the same principles as underlie panel and pillar mining though there 
are differences in the structural characteristics of a chain of pillars as compared to one solid pillar of the same 
total length as the chain. 

The Department has established guidelines for mining beneath the tidal lakes and shores of the Central 
Coast area. In accordance with these guidelines approval has been granted to extract coal on this modified 
panel and pillar basis within Newvale No. 2 Colliery, beneath Lake Munrnorah and within Munrnorah State 
Mine beneath Lake Budgewoi. The proposals for mining under the South Coast stored waters are far more 
stringent than these guidelines. 

The present application of panel and pillar mining is based partly upon the proposition that the amount 
of subsidence is a measure of the sub-surface disturbance both immediately below the surface and at depth. 

The proposal for bord and pillar workings requires no consideration in detail of bord sizes because 
it is accepted that the present statutory limit of 6 yards (5.49 m) width would continue to apply. In the case 
of panel and pillar workings, attention must be turned not only to pillar sizes but also to panel widths. They 
are inter-related. The pillars must serve a number of functions, not only must they be strong enough to provide 
permanent support but they must be wide enough to prevent serious interaction between the strata arches 
which the design is intended to create above each panel and to prevent such overlapping of each subsidence 
profile as will inhibit the creation of the desired fiat-bottomed final subsidence profile. 

The literature available to this Inquiry indicates an acceptance of the view that the main strata will 
behave structurally when appropriate limiting conditions are imposed. The panels must be of a minor subcritical 
width and when their width is related to the pillar width the interaction referred to must be avoided. The 
objective is to create a structure whereby a bridging or arching effect is achieved in unbroken strata spanning 
a panel as a bridge deck spans the abutment piers. Similarly, when a series of panels are extracted alongside 
each other, it is analogous to a bridge structure with many spans, abutments supports and intermediate pier 
supports. When this arch is achieved the subsidence will be only a small percentage of the height of extraction 
and the major disturbance of the strata, i.e. fracturing, bed and joint slippage, bed and Joint separation, will 
be below the bridge and greatest near the excavation. Where hydraulic connection between the surface and 
the mine is the concern, the lower the level at which the bridge is formed the better. 

Interesting local examples of these effects are to found at Newvale No. 2 Colliery and Munmorah Colliery 
in the Newcastle Coalfield where the Great Northern seam is mined. The seam is overlain by a strong bed 
of conglomerate which has been able to span an opening ofover 35m without breaking. The Assistant Superinten-
dent of these Collieries has commented that had this bed been unable to span the distance it would have 
broken and collapsed and the next bed would have had a shorter distance to span. Had this bed in turn broken, 
the process would have continued until eventually a bed was reached of such strength as to be capable of 
spanning the remaining opening assisted by the support afforded by the already collapsed roof beds. This 
is a brief indication of the process which produces the dome shaped zone of collapse and these examples illustrate 
not only the structural concept but the great importance of specific geology. In these examples almost all the 
voids are concentrated below the roof bed and there would be a minimal effect on the permeability of the 
overlying strata. 

In England a typical panel and pillar layout would provide panels of a width of .3 to .18 of the seam 
depth and pillars of a width of .25 to .12 of the seam depth. 

Orchard and Wardell have respectively made their recommendations for this type of mining. 

THE DEPARTMENT'S PROPOSAL 
Orchard's proposal is that with depth of cover of 400 feet (121.92 m) or more coal may be mined under 

the stored waters and their marginal zones by taking coal from panels not exceeding D/3 in width and leaving 
pillars not less than D/5 in width where "D" is the depth of cover. He explained that in England where this 
system had been practised under sensitive areas these panels would have been specified as D/4 but experience 
in New South Wales showed that due to differences in geology panels of D/3 would produce the same sort 
of subsidence. Orchard, in prescribing minimum pillar sizes in a panel and pillar layout, was concerned to 
avoid the subsidence profiles created by the extraction of each panel excessively overlapping with those of 
the adjacent panel and it was for this reason that he selected a minimum pillar size of D/5 which, in his 
opinion, was much greater than was required for stability alone. 

The National Coal Board Mining Department Instruction "Working under the Sea" P1/1968/8 provides 
that no longwall extraction shall be carried out where the thickness of the cover between the top of the seam 
and the seabed is less than 105 metres (344.5 feet). He took this as a satisfactory criterion and added a margin 
of 55 feet (16.92 m), "for the reason that the proportion of impermeable rocks to permeable rocks is smaller 
in New South Wales". He judged, in light of his knowledge of successful undersea mining in England and 
elsewhere, that the addition was, as a safety factor, a reasonable concession to the difference in geology. 

COMPANIES' PROPOSAL 
Wardell approached the matter somewhat differently. He assumed a seam thickness of 9 feet (2.74 m) 

and hence assessed the maximum height of a collapsed and disturbed zone above the seam in the Southern 
Coalfields to be ten times the seam thickness (i.e. 90 feet (27.40 m)). He equated this zone to the height to 
which permeability in a vertical direction would be increased. Postulating a necessity for 200 feet (60.97 m) 
of sensibly undisturbed strata, he fixed a minimum cover of 300 feet (91.44 m). This determination bears a 
direct relationship to his determination of minimum pillar sizes and maximum panel sizes. It would appear 
from a consideration of his reports and evidence that he, like Orchard, selected a minimum panel size of D/3 
as a matter of judgment. He was of the view that a bridging effect would be achieved at a level not higher 
than the width of extraction, e.g., if a 100 feet wide panel were extracted a bridging effect would be achieved 
not more than 100 feet above the seam level. Above this level, so he reasoned, the strata would not be sensibly 
affected by the mining. Hence he was satisfied in his determination of depth of cover. 

The determination of the pillar size needs to be related to and complementary to a selected panel size. 
Wardell does not attach the same importance as Orchard to the separation of adjoining subsidence profiles. 
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He is of the opinion that the important matter in this respect is to avoid interference to the strata arch by 
the effects of an adjacent extraction. It is on this basis that he has selected as complementary to a D/3 extraction 
a minimum pillar size of D/5. The provision of D/5 as one controlling dimension ensures that the percentage 
extraction never exceeds a certain percentage whatever the height of extraction and so ensures a satisfactory 
redistribution of load. However, because there is a second important objective in his design which is to provide 
a structurally sufficient pillar, he has specified as an overriding consideration that the minimum dimension 
of a pillar shall never be less than 15 times the seam thickness, which as has already been indicated in respect 
of bord and pillar workings is regarded as virtually indestructible. 

On the same assumption of seam thickness, i.e., 9 feet (2.74 m) he tested his proposal by calculating 
the maximum tensile strain likely to be produced by the application of the system he recommended. He found 
this to be 2 mm per m and was of the view that such a small order of strata disturbance gave a high margin 
of security in respect of the design purpose. 

There are thus two differences between Orchard and Wardell in their recommendations as to panel 
and pillar mining—as to depth of cover and minimum pillar sizes. 

There is a third point of difference between the two sets of recommendations which has received no 
emphasis during the course of the Inquiry. As the proposal ofOrchard has been understood it is based upon 
English practice and experience of mining by advancing longwall systems and each pillar will be of solid coal 
of a length equal to the length of the panel and its width will be of a certain minimum dimension. 

The proposal of Wardell, when properly understood, is for a system which does not have pillars in 
accordance with the panel and pillar system as understood in England. The system is modified by allowing 
a series or chain of square pillars of a minimum dimension as in the Munmorah-Vales Point area, instead 
of a long pillar of solid coal of a minimum width. These square pillars would be separated by cut-throughs 
of a width of not more than 6 yards (5.5 m). 

This discussion indicates that neither engineer was concerned primarily with pillar strength in making 
his recommendation. Orchard was primarily concerned with over-lapping subsidence profiles and Wardell with 
keeping intact the strata arches. It is clear that Orchard is of the view that, in making provision for pillars 
that achieve his primary objective, he was specifying pillars with an enormous reserve of strength and it would 
seem that the reason that Wardell introduced the qualification of 15 times the height of extraction was to 
deal with the case of a chain of square pillars and to ensure that each pillar was virtually indestructible. 

There are differences in the strength characteristics of a continuous long pillar of minimum width from 
those of such a pillar intersected by cut-throughs of 5.5 in in width so as to create a chain of square pillars. 
The cut-throughs would: 

increase the area of extraction and thus increase the load transferred to the pillars, 
decrease the central core of the long pillar which would otherwise be created by the product 
of the number of cut-throughs x 5.5 in x width of the central core, 
further decrease the central core by creating fresh yielding zones on the rib sides of each cut-
through, 
leave the strata arch over the panel unsupported by an abutment pillar for 5.5 in opposite each 
cut-through. 

There could also be additional effects from the interaction of the results of the additional extractions 
with those of the main extraction, possibly increasing the height of the increased permeability zone. 

Whether these differences existed or would be significant was not adverted to or debated before the 
Inquiry. The proposal of Orchard was endorsed by the Department without qualification in this respect. 

Wardell's variance from the English concept of panel and pillar mining is designed to accommodate 
his proposals to the law and practices affecting local coal mining. As has been stated, the advancing longwall 
technique is not used in New South Wales and there may be difficulties in retreat longwalling because there 
is a requirement for provision of two ways affording means of egress to the surface (Coal Mines Regulation 
Act, 1912, s.50 (1) (bI) (1) ), there are stringent provisions for ventilation at the working face and the economical 
use of shuttle cars requires provision for shunting. 

FURTHER PANEL & PILLAR CONSIDERATIONS 
In cases where more than one seam is worked by the panel and pillar system Orchard would stipulate 

that the panels and pillars would be in the same vertical alignment so that one pillar is above the other to 
give continuous support upwards. The deepest seam would control the pillar size. It would follow from this 
specification that the shallowest seam would dictate the panel width in both seams. 

Wardell's proposal is similar. He also stipulates that it is imperative that panels and pillars should be 
arranged in the same vertical plane irrespective of the thickness of strata between the seams and the pillar 
width in each should be determined by the thickest or deepest seam, whichever would indicate the wider pillar 
and hence the panels in the lower seam will not be wider than those calculated for the upper seam. 

The witnesses speak of "the same vertical alignment" or "the same vertical plane". The dip in the seams 
of the Southern Coalfield is so slight that it may be disregarded for practical purposes, having regard to the 
magnitude of the pillar sizes and the safety factor involved. In their original proposals neither witnesses gave 
consideration to one seam, presumabl.y the upper, being mined by bord and pillar and the lower by panel 
and pillar. 

These proposals can be summarised in the form of the percentage extraction in relation to the total 
area concerned. 

The Bord and Pillar proposal of Orchard's yields a 33.4% extraction irrespective of the seam depth or 
thickness. Wardell, taking the different approach to pillar sizes, is more stringent for seams thicker than 1.6 
in and for a thick seam of 3.6 in the percentage extraction is reduced to 17.6%. Although for a shallow seam 
of 1.2 in the extraction percentage can be 41.3%. 

The percentages vary for Panel and Pillar mining depending on the provision for cut-throughs in forming 
square pillars. Orchard in his proposal for solid pillars enables an extraction of 62.5%. Wardell's proposal for 
square pillars can vary both with seam depth and thickness, however the extreme extraction percentages are 
41.7% for a 3.6 in seam at 90 in depth and 7 1.3% for a 1.2 in seam at 90 m depth. 
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BOARD'S CRITICISMS 
The reports of these two engineers provided the first substantial material presented to this Inquiry and 

this initiative set the course of the Inquiry. The Board sought to show that their conclusions were not soundly 
based for a number of reasons: 

in so far as they placed reliance upon the experience of undersea mining they relied upon irrelevant 
matter by reason of different geology and different objectives. 
that even if the proposed mining systems were successful in keeping water out of the mines it 
was not shown that leakages would not otherwise occur into the surrounding strata and perhaps 
cause instability of the talus slopes on the escarpment. 
that, speaking generally, precise scientific knowledge in these fields is so scant that to allow mining 
as contemplated is tantamount to undertaking a large-scale experiment. 
that even if the proposals would not cause excessive leakage at first the pillars may fail through 
deterioration, entry of water, fire or seismic activity. 
that the regional geology was not and could not be fully known and unknown and unsuspected 
structures may be encountered causing an irreversible loss of water. 

These engineers gave to the Inquiry oral evidence both in Sydney and in London and were cross-examined 
as to their views and the basis for them. 

They were men who had probably unrivalled experience in subsidence engineering, concerned with 
the behaviour of strata in mining in cases where control of strata is necessary in order to minimise and regulate 
subsidence effects. 

They relied upon three main considerations, the limitations that had been imposed for sub-aqueous 
mining, their knowledge and experience of successful sub-aqueous mining in many parts of the world, following 
these limitations, their knowledge and experience of controlling strata when mining under sensitive surface 
areas and a consideration of the local geology. 

These bases will be reviewed and discussed before considering whether their opinions are shown to 
be soundly based in light of the work and critical thought that has been directed to their proposals in more 
than 2 years since they were made. 



MINiNG EXPERIENCE 

LIMITATION ON UNDERSEA COAL MINING 
The following tables indicate the limitations imposed in New South Wales and other countries under 

which undersea mining has been carried out: 

BORD AND PILLAR SYSTEMS 

Cover 
to 
sea bed 
(feet) 

Max. width of 
bords (feet) 

Max. percentage 
extraction by 

area 

Mm. size of 
pillars (feet) 

N.S.W. U.K. Nova N.S.W.-TK  Nova 
N.S.W. U.K. Nova 

Scotia Scotia Scotia 

18 18 20 50 71 49 36 29 30 
18 18 20 462/3  60 46 36 39 34 
18 18 20 431/3  52 42 36 49 42 

200 	............. 
300 	............. 

18 18 20 40 46 39 36 5§ 50 
18 18 20 38 40.5 36 54 69 58 
18 18 20 36 36 34 54 79 66 
18 18 20 34 33 33 54 89 74 
18 18 20 32 30 31 54 99 82 

400 	............. 

18 18 20 30 28 30 54 109 90 

500 	............. 
600 	............. 

18 - - 28.5 - - 78 -. - 

700 	............. 
800 	............. 

18 27.0 - - 78 .- - 

	

900 	............. 

	

I 000 	............. 

18 - - 25.5 - - 78 - 

1100 	............. 
1 200 	............. 

18 - 24.0 - - 78 - - 
1300 	............. 
1 400 	............. 

18 - - 22.5 78 - - 1 500 	............. 
I foot = 0.3048 metres 

MINIMUM COVER 

Location 	- Minimum cover 
to sea bed for 
any_mining  

Form of 
regulation 

Remarks 

N.S.W., Australia 36.6 in Statutory For partial 
and Mandatory extraction 
(Crown Leases). only. 

United Kingdom 60 m Mandatory For partial 
(National Coal extraction only. 
Board Directive). 

60 m* Statutory For partial 
extraction only. 

Japan 	........... 

Chile 	............ 70 in Mandatory For partial 
(Service of extraction only. 
Mines Direction). 

Nova Scotia, Canada 55 in Statutory For partial 
extraction only. 

*This  only applies where there is no clay at the sea bed. If there is at least 10 metres of such clay 
and at least 30 metres of coal measure strata, mining may take place to within 30 metres (100 feet) 
of the seabed. 

tA minimum of 45 metres of the cover must be Carboniferous strata. 
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TOTAL EXTRACTION 

Country Minimum cover 
thickness to sea 
bed at which 
total extraction 
is permitted 

Maximum seam 
thickness 
which may be 
worked at 
minimum depth 

Qualifying 
remarks 

Maximum 
allowable 
calculated 
tensile 
strain 

United Kingdom 345 feet 5.58 feet Minimum thickness 10.0 
of Carboniferous 

Strata 197 feet 
197 feet 2.63 feet Mining must be 8.0 Japan 	........... 

(With non uncon- in sections 
solidated clay with dams 

deposits) 
492 feet No restriction Thickest available 5.03 

seam is 4.6 feet 
Chile 	............. 

Nova Scotia 700 feet No restriction Thickest available 7.71 
seam is 9 feet 

I foot = 0.3048 metres 

The inferences to be drawn from mining experiences under water or sensitive areas may conveniently 
be discussed in three parts: 

Overseas Experience. 
New South Wales Experience. 
Southern Coalfields Experience. 

OVERSEAS EXPERIENCE 
Mining under the sea has been undertaken in England. Canada, Japan and New South Wales, as well 

as in several other parts of the world. In Canada it has continued for over a century and, far from being 
experimental, has in these countries become a commonplace. In Great Britain sixteen collieries are producing 
13.21 million tonnes of coal a year from beneath the sea and 483 million tonnes remain in reserve. 

During the course of this Inquiry, as has been stated, visits were made to coal mines, tncluding 
underground visits, where under-sea mining was being practised off the northeast coast of the Counties of 
Northumberland and Durham in England, off the coast of Cape Breton Island, Nova Scotia, Canada and off 
the coast of Kyushu in Japan. At all these visits, discussions took place with local mining engineers, mine 
managers and geologists. 

It was seen that varying mining methods were used in varying geological situations and at various depths 
of cover and that in all cases the mining had been and was being successfully conducted. The relevant specific 
geology, including structural geology, was in each case made known, considered and discussed and the differ-
ences between the geology in each coalfield and that in the Southern Coalfields was discussed and has been 
reported upon in detail to this Inquiry. 

It is known that mining under the sea has also taken place in Chile, Taiwan. Spain and the U.S.S.R. 
but the experience in these countries has not been inve.stigated in any detail. 

The Board has emphasised the differences in geology in subiñitting that these examples of submarine 
mining, for this and other reasons, are irrelevant to the present Inquiry. 

In addition to mining under the sea, attention has been paid to other examples of sub-aqueous mining 
where fresh water, and stored fresh water in particular, are involved. Three examples will be mentioned—under 
Rend Lake and Lake Carlinville, both in Illinois, U.S.A., and under the Rhine River near Duisburg in Western 
Germany. 

Rend Lake is probably the best example made known to this Inquiry of mining under a large body 
of stored fresh water. A series of coal mines carried on operations under or near the B 

i 
 g Muddy River which 

was dammed to form the lake. They have continued to mine under the stored water. A visit with underground 
inspection was made to one mine where full technical discussions were held. It was shown to be a successful 
operation with no water problems. The reservoir covers 7 649 hectares and holds 410 500 million litres of water. 
Extensive extraction of a 1.98 in to 2.13 in seam takes place at a depth of cover of 200 in. This extraction 
amounts for practical purposes to total extraction. 

A similar visit and inspection was made at the Monterey Coal Company's mine which mines successfully 
under Lake Carlinville. This mine is dry. Under this lake 7.32 in wide bords are taken leaving pillars to achieve 
a 43% recovery. The depth of cover is 90-100 in. 

Near Duisburg in Germany the River Rhine has been extensively undermined by systematic planned 
extraction without significant water entering the mines. 

It is not considered fruitful to set out in this report the specific geology, the depth of cover and the 
mining system used in each case. The Inquiry has had attention directed to many examples other than those 
visited where mining has been for many years and continues to be successfully carried out under bodies of 
water. 

In no case, whether under the sea or under other bodies of water, is the strattgraphy of the overburden 
similar to that in the Southern Coalfields. It would be surprising if it were. Very careful and useful work has 
been done for the Inquiry to provide full technical information relating to the more important examples of 
undersea mining. 

Furthermore, between any one case and the other there are marked differences in the geology. It is 
clear that what has been achieved under a given set of geological conditions can have no controlling effect 
as to what may be achieved under different conditions. There can be no simple comparison. 

However. the total experience of sub-aqueous mining is not, as has been claimed by some wttnesses, 
irrelevant to the present Inquiry and opinions which are based upon a total rejection of the relevance of 
widespread successful sub-aqueous mining become suspect. What the experience has shown is that, by the 
application of a suitable system of mining of controlled intenstty. which has regard to the specific geology 



and, in particular, to the depth of cover, whether it be under the sea or under fresh water, extraction may 
take place without water entering the mine. The large variety of stratigraphic sequences which are involved 
in successful sub-aqueous mining indicates that, given a reasonable admixture of argillacious and arenaceous 
beds, depth of cover is the important factor. 

The Board's submission that the dominant feature leading to successful sub-aqueous mining is the specific 
geology is not acceptable. It is only one of a complex of considerations. 

N.S.W. EXPERIENCE 
Mining under the sea and estuarine waters has been undertaken quite extensively at and near Newcastle 

in the State of New South Wales as shown in figure 18. The following is an account (ref. 40) which has been 
submitted to this Inquiry: 

Extensive underwater mining has been conducted beneath the estuarine waters of the Hunter River. 
Port Hunter and beneath the ocean for about 7 miles along the coast to the south of Newcastle. This 
mining has taken place in the Borehole Seam, the lowest seam in the Newcastle Coal Measures. 
It is proposed in this note to deal with mining under the ocean to the south of Newcastle. 
A ustralian Agricultural Company— The Winning or Sea Pit 
In about 1886, this colliery was developing in the Borehole Seam immediately south of Newcastle 
Harbour. The Borehole Seam, in this colliery was approximately 10 feet in thickness. Intersected by 
nine fault systems varying in displacement from 2 feet to 9 feet it was mined for approximately 1/4 

mile out to sea. Area of cinders up to 70 yards wide were encountered. The area of under sea workings 
was approximately 160 acres. The company left pillars about 16yards in thickness by 35 yards long 
intact, under the sea. 
The records disclose no problem of water from the sea inundating the under sea workings. The distance 
between the seam and the ocean floor at the extremities of the workings appears generally to have 
been more than 140 feet. While there was total extraction beneath the land surface first workings 
only (bord and pillar) took place under the sea. 

The Newcastle Coal Mining Company's A and B Pits 
These pits worked the Borehole Seam to the south of the Winning or Sea Pit and extended approxi-
mately /4 mile out to sea where two major fault systems of 14 feet displacement were encountered. 
About 160 acres of workings were conducted under the sea. The distance between the ocean bed 
and the top of the seam varied from 150 feet to as little as 113 feet. The pillars were 8 yards wide 
and the bords were 6 yards wide. There was no total extraction under the sea but the total extraction 
which took place under the land surfaces was by longwall methods in some instances. There is no 
suggestion in the records of any inundation of the workings from any source. This mine was abandoned 
in 1921, 15 years after cessation of undersea workings. 

Burwood Colliery 
This is situated to the south of the Newcastle Coal Mining Company's Colliery. It commenced working 
the Borehole Seam under the sea in the early 1900's and ceased mining its undersea leases in 1961. 
During this period an extensive area of first workings of approximately 825 acres took place and 
extended almost one mile out to sea. The seam thickness averaged 6 feet 6 inches. The strata cover 
between the ocean bed and the top of the seam was accurately surveyed and exceeded 120 feet. The 
operations were conducted in accordance with the sea lease conditions of the Department. There was 
no total extraction. The pillars varied in thickness from 8 to 12 yards with 6 yard bords. The area 
worked was subject to 10 distinct faults of up to 9 feet 6 inches displacement. A dyke. 80 yards wide. 
was encountered in the workings for a distance of about half a mile out to sea. Mining conditions 
beneath the sea bed were dry and dusty. There were no water problems and no water inundations. 
Burwood Colliery is still operating but the undersea area has been sealed with substantial dams. 

Dudley Colliery 
Operations in the Borehole Seam began in 1895 and were abandoned in 1925. The depth of the seam 
was approximately 7 feet. The pillars were 8 yards and bords were 6 yards. Upon the cessation of 
mining in the Borehole Seam, mining concentrated in two upper seams and continued until the colliery 
was abandoned in 1941. 
The workings in the Borehole Seam extended about 3/4 of a mile to sea over an area of about 240 
acres. The depth of strata cover above the seam varied upwards from 120 feet. The workings of the 
Borehole Seam in the colliery adhered to the lease conditions of the Department and there was no 
total extraction under the sea. 
Departmental permission was sought to drive two exploratory headings further out to sea notwithstand-
ing that the depth of strata cover would be less than 120 feet. It was hoped that within a short distance 
the extent of the cover would rise because of an increase in the dip of the seam, or due to faulting. 
After the headings had extended 180 yards the depth of the cover was only 100 feet. The headings 
were then abandoned. The undersea workings encountered a large number of faults varying in 
displacement up to 8 feet. A dyke 15 feet in thickness traversed the seam for almost half a mile out 
to sea. 
There were no reported occurrences of water inflows and the workings were classed as dry and 
dusty. 

Lambton Colliery 
This is located immediately south of Dudley Colliery and was known as Lambton "B" Colliery when 
development headings extended beyond the sea shore at the beginning of the century. At an early 
stage, the undersea workings were abandoned because of the shallowness of the cover above the seam 
if the operations proceeded further (i.e. less than 120 feet). The area of the undersea workings is 
minimal and no useful information can be gained. 
The Lambton Colliery is still an operating mine with no water inundation problems and no pumping 
problems. 
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FIGURE 18 

NEWCASTLE 	& DISTRICT 
showing mining under tidal and non tidal waters 

(not to scale) 
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Redhead Colliery 
This was located south of Lambton Colliery and an attempt was made to work the Borehole Seam 
beneath the sea but at an early stage the extent of the cover between the top of the seam and the 
sea became less than 120 feet. Only a minimal amount of undersea working of no significance was 
carried out. The colliery was completely abandoned in 1927. 

John Darling Colliery 
This is situated south of the Redhead Colliery and in the Belmont district. On three occasions this 
colliery attempted to mine the Borehole Seam out to sea but the operations were curtailed because 
the necessary 120 feet cover could not be obtained for other than minimal distances. These workings 
are of no significance. This colliery is still operating and does not experience inundation or pumping 
problems. 

In addition, quite extensive coal mining has taken place in the Vales Point-Munmorah District about 
29 km south of Newcastle, where two seams in the Newcastle Coal Measures have been mined, the Wallarah 
and Great Northern Seams. 

These activities have provided further experience in sub-aqueous mining because extraction has taken 
place under tidal and non-tidal lakes. In four mines in this district extraction by first workings have occurred 
beneath waters. 

(I) In Wallarah Colliery approximately 178 hectares beneath Crangan Bay, a part of Lake Macquarie. 
Minimum pillar width is 16.5 m with 5.5 m bards and first workings only have taken place under 
Crangan Bay. The thickness of the solid strata from beneath the lake to the top of the coal seam 
(Wallarah) varies from 120 ni to 140 ni. Wallarah Colliery is considered to be a wet mine. There 
is no difference between underwater and landward workings in this regard. The waters of Crangan 
Bay have not entered the mine. 

Chain Valley Colliery has worked both seams beneath the tidal waters of Chain Valley Bay which 
is part of Lake Macquarie. There are approximately 200 hectares of first workings beneath the 

hay of which 48 hectares have been worked in both seams. Approximately ISO in of strata separates 
the bottom of the lake and the top of the Wallarah seam. The Great Northern Seam lies about 

.27 m lower. Pillar width in both seams beneath the lake are a minimum of 16.5 m with 5.5 in 
hords. Chain Valley Colliery is a wet mine. There is no difference between underwater and land-
ward workings. 

The \Vyee State Coal Mine extensively mines the Great Northern Seam at an average depth 
of 168 m. No workings have occurred beneath tidal waters. Total extraction has taken place beneath 
an ash disposal darn used to dewater ash pumped from the Vales Point Power Station. About 
20 per cent of the area beneath this dam has been totally extracted. This amounts to about 32 
hectares and has not resulted in any increase in water in the workings above that usually encoun-
tered throughout the mine. 

Newvale No. 2 Colliery has mined the Great Northern Seam at depths between ISO in and 180 in. 
Approximately 120 hectares of first workings are beneath Lake Munmorah (a non-tidal lake) 
where minimum width of pillars is 24.7 m with bords of5.5 m. Extraction of pillars has commenced 
under the lake in accordance with guide lines. Newvale No. 2 Colliery is regarded as a dry  mine. 
The workings of Munmorah State Coal Mine have recently extended beneath Lake Budgewoi 
but no detailed information is available to the Inquiry. 

SOUTHERN COALFIELDS EXPERIENCE 
'The experience in the Southern Coalfields has this present relevance. It shows that the geological con-

ditions are not uniquely adverse to permeability considerations and that limited mining can he successfully 
carried out at shallow depths. 

There is no reason to believe that the overburden in the Southern Coalfields is singular in high per-
meability characteristics. All that can be pointed to is an absence of seat-earths or firecla'v and of as much 
clay as in some of the stratigraphic sequences concerned in overseas examples. 

Indeed, the presence and characteristics of the Narrabeen Group give a contrary indication. The Nar-
rabeen Group has been shown, as a layered sequence, to be of low permeability in its natural state. 

The mines themselves provide a large scale laboratory. This is so because about 166 hectares of hord 
and pillar workings lie directly beneath the stored waters. Additionally, about 268 hectares have been mined 
by this system in a 35° marginal zone from which, to the extent of 16 hectares, the pillars have been extracted. 
These areas represent approximately 5 per cent of the area affected by the reservoirs. The depths of cover 
range from about 64.6 m to over 300 m. In all instances except two there is no evidence of continuous substantial 
leakage or percolation. There has been no major unabated inflow of water encountered at any fault or dvke. 

Furthermore, apart from undermining of actual storages, the mines on the South Coast underly ground-
water systems, some of which obviously have as a recharge source the existing leakage from the reservoirs. 
There has been much total extraction yet the mines may be comprehensively described as dry mines. Water 
entry is limited and much of the inflow occurs near the portal zones. This is also an index to the low permeability 
of the rock mass even when subjected to the effects of intensive mining. 

METHANE DRAINAGE AND OTHER SOURCES OF EXPERIENCE 
Another source of experience from which Orchard in particular draws inferences is the practice of 

methane drainage in England. This is the procedure by which methane gas (firedamp) is extracted from the 
strata by boring into it. This gas originates in the seam and migrates up or down into the surrounding strata 
during geological time. 

In England, most rock sequences associated with a worked coal seam have methane-bearing strata above 
and below that seam and the gas will be released if the zones of destressing caused by the mining intersect 
this strata. It will be released into working places and wastes from fractured strata. 

The drainage procedure is designed to avoid this and make the working places safe. The depth from 
which the methane can be drawn off is considered to be an indication of the extent to which permeability 
of the strata has been affected. In England, in no case has it been found that methane can be drained off 



beyond 37 m from the roof of the seam and this includes cases of longwall extraction. Because the extent 
of the upward migration of methane is not known the relevance of these observations is open to some debate. 

Investigations were also made in the U.K. related to methane drainage techniques which involved boring 
into the strata above the goaf. It was observed that at greater heights than about 18 m, the drilling of these 
inclined horeholes tended to be free from irregularities such as would be occasioned by fractures or bed separa-
tion although methane would generalfy be drained for some distance higher. 

There has also been English experience in working at shallow depths under water-bearing rocks. In 
the Leicestershire and South Derbyshire Coalfield aquiferous Triassic sandstones (the Trias) lie unconformably 
on the carhoniferous strata containing the coal seams which have been worked close enough to the base of 
the Trias for small quantities of water to enter the workings 

Fifty-seven cases of longwall faces under the Trias were investigated. The deepest was 155.5 m below. 
Half were dry, the rest were wet or damp. It was shown that seam thicknesses and distance below the aquifer 
were the two important parameters and of these the depth below the aquifer was the most important. Only 
one face deeper than 37 m was not dry. This seems to co-relate with the methane drainage experience. 

The foregoing gives a general idea of the experience known to Orchard and Wardell which allied to 
their general professional expertise and knowledge of the local geology, enabled them to express the opinions 
they have. It was after their reports were made that the results of extensive field tests and experiments and 
computer studies were made known. 
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GROUNDWATER HYDROLOGY 

Before discussing the field tests and experiments it is necessary to have some understanding of' the relevant 
principles of groundwater hydrology. 

Groundwater hydrology may be defined as the science of the occurrence, distribution and movement 
of water beneath the earth's surface. Groundwater is but one portion of the earth's water circulation ssten1 
which is called the hydrologic cycle. Rocks of the earth's crust under certain conditions are capable of storing 
and transmitting water which has entered from the ground's surface. Water enters such rocks by infiltration 
through the surface outcrops of rock and soil. When a rock formation provides conditions for the storage and 
yielding of significant quantities of water it is termed an aquifer. 
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POROSITY 
Interstices of the rock provide the open spaces that serve as storage receptacles for groundwater and 

when interconnected act as conduits for its transmission. The porosity of a rock is a measure of the open space 
of the interstices expressed as a percentage relationship between the volume amount of void space and the 
total volume of the rock. When all the interstices are filled with water the formation is said to be saturated. 
If porosity is measured in a laboratory using a small sample of rock, usually a section of core from a drill 
hole, the porosity determined is almost entirely due to the interstices between the mineral grains making up 
the rock. This porosity is referred to as primary since it is a function of the original rock texture. A secondary 
porosity can exist in the rocks due to features such as bedding plane partings. fractures, joints. f'aults. and 
even caves openings which are induced in the rock after its original formation. 

This secondary porosity is what is important for present considerations because primary porosity has 
little effect in most of the layered sequence with which we are concerned and it is the fractures, joints and 
bedding plane partings which exercise the dominant control of groundwater occurrence and movement. Second-
ary porosity cannot be measured in a laboratory since it is impossible to use a large enough sample to represent 
the rock in situ. Measurements must be made by field tests which in effect sample a large volume of rock. 
These will be described later. The existence of porosity does not in itself imply the existence of permeability 
which is the ability to transmit water. Fractures, cracks, joints, etc., in rocks may provide porosity but cannot 
contain or transmit water unless they are interconnected as conduits and are connected to a source of water. 

Aquifers permit appreciable amounts of water to move through them under the prevailing field condi-
tions. Groundwater also occurs in aquicludes which are formations containing water but incapable of transmit-
ting it in significant quantities. Clay is an excellent example of an aquiclude. 
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HYDRAULIC CONTINUITY 
If two aquifers are connected such that pumping in one aquifer produces a flow of water from the 

other, the aquifers are said to be in hydraulic continuity. The aquifers may be in juxtaposition so that there 
is a ready vertical flow of water from one aquifer to another, or they may be separated by an aquitard which 
allows only a small leakage flow between them. Rock type changes or geologic boundaries cannot be assumed 
to be hydraulic boundaries. 

AQUIFERS 
Aquifers may be classified as unconfined and confined. 
An unconfined aquifer commonly occurs in the following circumstances. Excess rainfall which infiltrates 

below the soil or surface rock will flow downwards through permeable rock until it reaches either an imperme-
able layer or a layer of negligible transmitting capacity. A saturated zone or groundwater reservoir will build 
up until its storage level reaches an outlet at the surface. Outflow will then occur at a rate proportional to 
the hydraulic properties of the rock and the slope or gradient of the stored water surface. Outflow will stop 
when the storage level falls below the outlet level. Within the saturated zone vertical downward movement 
is checked by the underlying aquiclude and the effective direction of flow is near horizontal under a gradient 
between the inflow and the outlet zones. If the aquifer were continuous downwards to say an open unsaturated 
tunnel including a mine then water would flow downwards and out through the tunnel and also horizontally 
to any natural outlets. The proportion of flow in each direction would be a function of the hydraulic properties 
of saturated formation and the hydraulic gradient in each direction. 

Between the ground surface and the top of the aquiclude, the rock through which the water flows is 
permeable but it is saturated only to a certain level. The upper level of saturated storage is able to move 
freely up or down in response to recharge variations and is under atmospheric pressure only; there are no 
confining pressures within the aquifer which may prevent the movement of free water surface, hence the term 
"unconfined aquifer". When a hole or well is drilled into an unconfined aquifer water will be first intersected 
at the top of the zone of saturation. The static level of water in the hole will remain at the upper level of 
saturation in the aquifer. This static water level is called the water table. A rise or fall in the water table denotes 
change in the volume of water stored in the aquifer. 

.A confined aquifer may he defined as a saturated aquifer overlain and underlain by impervious materials. 
The pressure of the water so confined is higher than atmospheric pressure so that when a hole or well is drilled 
into the aquifer the water will rise to a level above the top of the aquifer at that point. A confined aquifer 
acts as a conduit, the movement of water through it being due to the difference in head between the water 
levels at its intake and discharge areas. 

Although aquifers may be broadly classified as confined or unconfined, all gradations from one to the 
other may occur. Also, numerous variations can be found, e.g., a confined aquifer may pass laterally into a 
zone where the overlying or underlying beds are an aquitard. In this case water would be able to flow from 
the aquifer to the aquitard or vice versa depending on the water pressure difference between the two units. 
Such an aquifer is called a semi-confined or leaky confined aquifer. 

PERCHED WATER 

FLOWING (ARTESIAN) 
BORE -. 

WATERTABLE 

CONFINED,UNCONFFNED, AND PERCHED WATER IN A SIMPLE STRATIGRAPHIC SEQUENCE OF 
SANDSTONE AND SHALE 

The flow of water from place to place in porous media occurs in response to a difference in fluid head. 
The absolute magnitude of the head is unimportant because the rate of water flow depends on the hydraulic 
gradient which is the difference in head divided by the length of the flow path between the two points in 
question. In simple terms, water will flow from areas of high head to areas of low head. 
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PERMEABILITY 
Whilst porosity is related to storage capacity permeability is related to flow. 
Permeability of a rock in its simplest sense is a measure of the ease with which a fluid will pass through 

that rock. In homogeneous rocks, such as those normally constituting uniform-grained aquifers. permeability 
is equal in all directions. In many of the horizontally bedded consolidated rocks, such as limestone, shale, 
sandstones, the permeability is far greater in a horizontal direction parallel to the bedding planes than in a 
vertical direction. 

DARCY'S LAW 
The flow through aquifers can be expressed by what is known as Darcy's Law. This states that the 

rate of flow of water through porous media is proportional to the hydraulic gradient. The constant of propor-
tionality in Darcy's Law became known as the coefficient of permeability. The coefficient of permeability 
used in the groundwater industry where the fluid is always water is known as the hydraulic conductivity which 
is defined as follows: the hydraulic conductivity of a rock is the rate at which water can be transmitted in 
cubic metres per day through a cross-sectional area of one square metre normal to the direction of flow under 
a hydraulic gradient of one. The accepted metric units of hydraulic conductivity are metres per day or centimetres 
per second. Hydraulic conductivity of, say, ten metres per day does not mean that water will flow through 
that rock at the rate of 10 metres per day: it can do so only if the hydraulic gradient is one. If the hydraulic 
gradient is I/I 000 then water will flow through the rock at the rate of 0.01 metres per day. (Note, however, 
that the water being transmitted can pass only through the available pore spaces, hence the water particle 
velocity is much higher, e.g., in the latter case, if the porosity is 25 per cent the average velocity of the water 
particles will be 0.04 metres per day.) 

Table 3 gives the range of hydraulic conductivity for unconsolidated rocks and describes their relative 
flow characteristics. The terms aquiclude and aquitard have not been used in this table because their definition 
is qualitative and their application depends on relative permeabilities and available hydraulic gradients. In 
practice these terms are often replaced by the more general term confining bed which can be qualified, e.g.. 
semiconfining bed, according to the situation under analysis. 

TABLE 3 
HYDRAULIC CONDUCTIVITY IN CENTIMETRES/SECOND 

IC 	10 	1 	iD' 	I0' 	iD' 	10" 	ID" 	IC' 	IC' 	IO 
Soil Class 	Clean gravel Clean sands: mixtures Very fine sands: silts: Unweathercd clays 

of clean sands and mixiures of sand, silt, and 
gravels clay: glacial till, stratified 

clays: etc. 
Flow characteristics 	Good aquifers Poor aquifers Impervious 

HEAD 
For water to move through rocks the head available has to overcome frictional resistance. The energy 

of the available head is thus being dissipated into the rock during the process of flow. It is possible to have 
rocks of such low hydraulic conductivity that they require large differences in head to overcome the frictional 
resistance and therefore transmit negligible quantities of water. Such rocks are termed impervious or imperme-
able despite the fact that they may process some hydraulic conductivity. Use of this knowledge is made in 
the design of engineering structures such as rockflll dams. 

FLOW IN A LAYERED SEQUENCE 
Rock sequences are difficult to classify into distinct hydro-geological units as they are made up of a 

series of layers each with different hydraulic conductivity. In a layered sequence the flow is not likely to be 
equal in all directions. There is considerable difference between the horizontal and vertical flow. Where water 
is flowing vertically downwards through the layered sequence in which the layers are of different thickness 
and of different vertical hydraulic conductivities, the existence of a difference in head on each side of a layer 
does not prove a flow through that layer. There must be shown to be pressure gradient through the layer 
and if no pressure exists within the layer then there is no through flow. There is, however, the practical difficulty 
of detecting and measuring pressure heads in materials of very low hydraulic conductivity. The vertical flow 
of water through a layered sequence cannot be obtained by using the average vertical hydraulic conductivity 
of the layers, the prime controls being the layer of lowest vertical hydraulic conductivity and the head acting 
on it. 

TESTING OF AQUIFERS 
The testing of aquifers for hydraulic properties is carried out on the rocks in Situ by means of pumping 

water out of or into a borehole over a period of time. There are a number of basic types of tests: 
Pump-out test. 
Injection type tests: 

pump-in test 
falling head test or slug test 
pressure test or Lugeon test 

(a) Pump-out Test 

When water is pumped from a borehole there is an immediate drop in the water level in the hole. 
This creates a hydraulic gradient between the water table (assuming an unconfined aquifer) and the water 
level in the hole. The water will then flow radially towards the hole under the influence of the hydraulic gradient. 
The shape of the new water table around the hole is called a cone of depression and its radius will increase 
with time and will not stabilise unless and until it intercepts an area capable of supplying enough water to 
support the pumping draft. 
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The shape of the cone of depression can be observed and its movement monitored by measurements 
of the water level in observation holes placed around the pumping hole. The rate of change of the water level 
in an observation hole is a function of transmissivity. and hence hydraulic conductivity, of the aquifer. 

The hydraulic properties of an aquifer can be derived from careful measurements of water level in 
relation to time in observation holes around a pumping hole. A graphical plot of such measurements is a 
particularly useful tool in groundwater hydrology. The shape of the curve of the graphical plot for an unconlined 
or water table aquifer is different from that of a confined aquifer and that of a leaky aquifer, and it can 
thus help identify the aquifer type. With the application of mathematical equations to the data the hydrogeologist 
can determine the hydraulic parameters of the aquifer. 

The pump-out test is used wherever possible since it samples a very large portion of the rock and has 
a reliable theoretical basis. Where insufficient water is available to be pumped out then various injection tests 
can be used to obtain approximate values of permeability. 

(b) Injection Type Tests 
Pump-in tests are carried out in bores which have penetrated aquifers. the permeahilities and transmis-

sivities of which are too low to allow a high enough discharge for a pump-out test but not too low to allow 
water to pass into the rock. They are the reverse of pump-out tests. Water is pumped into the bore (not under 
pressure) and the water levels in the observation bores rise. If the test is carried out for a sufficient period, 
say in excess of eight hours, it can provide results similar to those of the pump-out test. 

A falling head test, or slug test, involves an instantaneous injection of a slug of water of known 
volume into the bore. This results in a certain rise in the water level within the bore. Measurements are taken 
of the rate of fall of the water level back to the original static level. 

Slug tests are performed in aquifers of low permeability when there is insufficient water to conduct 
a pump-out test, in aquifers of extremely low permeability which have not the capacity to take water in during 
a pump-in test, and in cases where aquitards or even aquicludes need to be analysed for permeability. Aquifer 
assessments and storativity calculations cannot be made with this test. 

Pressure test or Lugeon test: Water is injected under high pressures into the rock sequence in a 
hole in a zone bounded by sealing packers. The test is carried out for a short time period, generally less than 
ten minutes, and is repeated for at least three different pressures. The rate of loss of water is some function 
of permeability: the unit of measurement is called a Lugeon unit (I Lugeon unit = lO cm/see). This test 
is designed for foundation engineering studies in order to assess the amount of cement grout needed to seal 
a foundation. The pressures used in the test are necessary for foundation testing, but tend to induce permeability. 
Because of this and other factors the test is not reliable for absolute permeability calculation but is of assistance 
in determining relative permeabilities. 

Injection tests can provide useful information on the permeability variations within a rock sequence. 
but the),  should be used with care because of difficulties which can occur during the testing procedure. The 
difficulties which most frequently cause error are: 

leakage around packers, 
reduction of permeability due to a clogging by fines or sediments in the test water, 
airloeking due to gas bubbles in the rock and water, 
flow of water into cracks which are opened by excessive pressure of injection. 

Due to the short duration of this test it is often used as a quick rough guide to ground conditions. If time 
is available, however, it is preferable to use the falling head test. Pump-out tests are eventually required to 
give a comprehensive assessment of an area. 

IMPORTANCE OF PERMEABILITY ARISING FROM SECONDARY POROSITY 
It has been indicated that it is permeability occasioned by secondary porosity which is in point in the 

present Inquiry because porous zones in the rocks themselves play only a minor role in the natural groundwater 
regime of the area. It is in the firm rocks such as sandstones that voids allowing the storage and movement 
of water level are more pronounced. Whilst soft rocks such as shales may have as high a percentage of voids 
as the firm rocks, they will not transmit as much water. The size of the voids and not their percentage is the 
controlling feature. 

Stress relief allows fractures to become more open particularly near the surface where there are no 
great confining pressures. Weathering processes also allow the widening of fractures and joints which reach 
the surface. 

A special example occurs on the flanks of deeply incised valleys where the removal of rock by erosion 
has relieved the lateral stress and allowed joints to expand and be weathered. 

GROUNDWATER IN OVERLYING SEQUENCES 
The following is an account of groundwater as related to the Hawkesbury Sandstone and the Narraheen 

Group. 
Hawkesburv Sandstone: The formation most favourable for yielding groundwater. and hence also for 

transmitting water, is the Hawkesbury Sandstone. It exhibits pronounced joint patterns and occurs over the 
majority of the surface in the area, including much of the margins of the stored waters. Because of its topographic 
situation and being in a surface zone where it is affected by weathering, groundwater commonly is encountered 
in joints and bedding plane partings in the sandstones. Some horizons appear to be sufficiently porous and 
permeable to act as limited aquifers but this mode of groundwater occurrence is subordinate to fracture porosity. 
Nevertheless while it is true to say that this formation is the most favourable in the area for groundwater, 
it is stressed that this is relative and that, as indicated by the relatively low yields, in the natural situation 
it is not capable of transmitting water at high rates. Also, because the underlying rocks (e.g.. the Bald Hill 
Claystone of the Narrabeen Group). are more or less impervious, downward drainage is retarded and the 
dominant direction of groundwater movement in the sandstones is horizontal. 

It is common for aquifers to be encountered at a number of levels in the sandstone, each having a 
successively deeper standing water level (i.e. the level at which water from the aquifer concerned will stand 
in a bore exposed to that aquifer). The sequence in water levels is due to there being relatively impermeable 
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layers in the strata and these ietard downward movement of water. In consequence, under these conditions 
the upper aquifers are said to be "perched", i.e. water is being retained in aquifers at elevations above the 
general level of saturation in the rocks. Thus, in the extensive elevated sandstone areas between the storages. 
groundwater may be obtained at a series of levels above the storage levels and above the main water table 
or general level of saturation. 

Narrabeen Group: Rocks of the Narrabeen Group underlie the Hawkesbury Sandstone Formation and 
outcrop around a large proportion of the stored waters. Within the Group. and interbedded with shales, are 
sandstones, notably of the Gosford. Bulgo Sandstone, and Scarborough Sandstone Formations. Particularly 
in areas where they occur within say 90 m of the surface, these sandstones usually yield groundwater from 
Fractures. Some porous zones also appear to be present in the sandstones and small supplies have been encoun-
tered at considerable depths, e.g., water from "friable sandstone with high clay content" at 255.4-258.8 m in 
Scarborough Sandstone in Bulli No. 3 Shaft. Other evidence suggests the water-bearing zone in this sandstone 
to be extensive in area. However, whether in fractures or porous zones, virtually all of the yields from the 
Narrabeen Group formations are low, and it is evident that they are incapable of transmitting water at high 
rates. Again, the dominant direction of groundwater movement is in conformity with the more or less horizontal 
layering of the rocks, the intervening layers being essentially impervious. 

One matter needs special emphasis and that is that porosity changes in a small part of the rock mass 
are not necessarily relevant. Water cannot flow through a fracture unless it has access to it and it cannot flow 
appreciably through a confining bed unless there is a sufficient hydraulic gradient. 
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FIELD EXPERIMENTS AND TESTS 

WONGAWILLI SUBSIDENCE GRID 
A site where tension cracks were visible due to intensive mining was indicated as suitable for a drilling 

programme to ascertain the depth of these cracks. Subsequently, a programme was devised to include teStin
b
g. 

throughout the stratigraphic column at the chosen site. It was an area already known as the Wongawilli Su-
sidence Grid, situated above the Wongawilli Colliery holding. See figure 19. It was thought that the stratigraphic 
conditions were peculiar to and reasonably representative of the Southern Coalfields and sulIicientiv remote 
from the escarpment so as to be unaffected by stress relief. Furthermore, the site was that of the most severe 
extraction and subsidence in the coalfield. The Bulli seam had been totally extracted for a seam height of 
1.8 m and the Wongawilli -seam for a seam height of 3 in. This mining had caused a maximum subsidence 
of about 2.1 m in the central part of the subsided area. The width of both extractions was such as to be super-
critical. 

The Board undertook a major part of the drilling programme, although its experts expressed some doubt 
as to the extent to which the drilling would yield useful data. The programme was designed to provide informa-
tion on: (a) the depth of penetration of surface cracking, 

the intergranular porosity of the rocks encountered, 
the (bulk) permeability of the rocks in the area, and 
the effects of total extraction of both seams on the groundwater regime. 

The stratigraphic column at the site consists in descending order of about 90 in of Hawkesbury sandstone, 
180m of the strata of the Narrabeen Group. 1.8 m of Bulli Coal. 30 m of interseam Illawarra Coal Measures 
and 3 in working section of Wongawilli Coal. The stratigraphic column as shown in Figure 20. Two fully 
cored inclined holes were drilled so as to penetrate the Bald Hill Claystone imnediately below particular surface 
cracks. Four vertical holes were drilled, two of which were fully cored. The main purpose of the holes was 
to provide: 

a framework of two inclined and two vertical holes to produce cores. 
two inclined holes  and one deep vertical hole for packer tests at approximately 6.1 in intervals. 
one large diameter vertical bore and two vertical observation bores for groundwater pumping 
tests. 

The programme had one obvious deficiency in that it did not attempt to establish any difference between 
the conditions overlaying this goaf area and those in a similar adjacent area undisturbed by mining. 

As will be seen hereafter, an attempt was made to overcome this deficiency by another exploratory 
programme in the Kernira Colliery holding. 

Apart from the provision of cores for inspection, the programme designed to investigate the groundwater 
hydraulics beneath this area of major surface subsidence involved the following tests: 

static water level observations in open holes during drilling 
water pressure testing (Lugeon tests) at intervals in the two inclined holes and a vertical hole 
a bore hole camera survey on all holes 
down hole velocity surveys in three vertical holes 
a pump out test 
a slug test or falling head test 
a water quality test. 

The figures resulting from the hydraulic testing have been recorded and presented in tabular and graphic 
form. The cores have been photographed and logs made of the fractures which were observed. 

The fracturing which is recorded in the logs show it to have occurred at a very high frequency throughout 
the whole column. The attempts to demonstrate that surface tension cracks extended downwards for hundreds 
of feet failed and the opinions that such cracks did continue vertically downwards for 90 in or were a continuation 
"vertically downwards, directly or indirectly, of the surface subsidence cracking" are unsupportable by the 
evidence yielded from this investigation and must be rejected. So also must those opinions which are solely 
based upon this conclusion. 

CORDEAUX DAM TESTS 
Although the Wongawilli programme of itself did not include a direct relevant comparison with an 

undisturbed area. the Board had in 1973 undertaken work about 11.3 kilornetres away at an undisturbed site. 
A full report (ref. 21) of this work has been made available to this Inquiry. It involved a drilling programme 
covering the close environs of the Cordeaux Dam wall and was designed to determine the presence of any 
large-scale geological structures such as faults which, if present, could cause subsidence movement by mining 
outside the barrier around the wall and so affect the foundations of the dam wall and endanger the structure 
itself. 
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There were other purposes not related to this Inquiry included in the programme and, in all, eleven 
holes were drilled. The report includes all these holes and photographs of the cores. All holes were pressure 
tested for water permeability and a number of core specimens were taken for laboratory testing. The following 
table is a composite version of the stratigraphy of the area tested. 

TABLE 4 

Depth RL of top Stratigraphic member Thickness Description 
0-1 88ft 982ft Hawkesbury Sandstone I 88ft Interbedded medium to granular quartzose 

sandstone 
188-210 802ft Newport Formation 22ft v Interbedded coarse sandstone and shale 
2 10-299 772ft Bald Hill Claystone 89ft Interbedded chocolate shale, grey shale, 

tonstein and lithic sandstone 
299-688 684ft Bulgo Sandstone 389ft Mostly quartz-lithic sandstone with some 

shale and siltstone bands 
688-698 293ft Stanwell Park Claystone lOft Greenish claystone siltstone 
698-876 283ft Scarborough Sandstone 250ft Quartz-lithic sandstone with shale and 

siltstone bands 
876-993 I O7ft Wombarra Formation 45ft Mostly shale to siltstone with some lithic 

sandstone bands 
993-1027 12 Coal Cliff Sandstone 34 Mainly One sandstone with numerous shale 

bands 
1027-1035 —42 Bulli Coal 8 Coal 
1035-1107 —50 Eckersley Formation 72 Interbedded sandstoneaand shale and includes 

3ft thick Balgownie Coal Seam 
1107-1129 —125 Wongawilli Seam 22 Coal with some shale and sandstone interbeds 
1129-1158 —147 Kenibla Sandstone Interheds of shale and sandstone 
Ift = 0.3048m 

The report concluded (inter a/ia) that drilling showed the rock to be mostly impermeable. It was con-
sidered that the area was typical of an unmtned zone west of the escarpment of the southern coalfields. The 
cores showed generally sound rock with low crack and joint frequencies and water permeability testing in 
the bore holes gave generally low permeability results. No indication of any large-scale structural features 
such as faults or folds were found. Two dykes were found at the dam. 

Table 2 of that report shows that most permeability values are about 10 cm/sec. This figure could 
be contrasted with the finding of permeabilities of Wongawilli where the majority of the values recorded were 
of the order of 10 cm/sec., with some values of 10 cm/sec. It must be indicated that these values were in 
each case obtained by Lugeon Tests and so may be compared. However, they are not of value as a measure 
of the actual permeability but merely as relative to values similarly obtained. 

KEMIRA BORE HOLE TESTS 
The third programme involved an investig holding. Two bore holes were drilled which are ation of the strata above the coal seams in the Kemira Colliery 

known as Kemira No. 6 and Kemira No. 7 and will be referred 
to as K.6 and K.7 respectively. 

The drilling at K.6 commenced on 30th September and was completed on 26th November, 1975. Figure 
22 shows the resultant Stratigraphic Column. The programme involved the progressive drilling and permeability 
testing of successive vertical sections and the making of a test record of the results. The hole was cored from 
a depth of 91.44 metres to a depth of 272.96 metres, a point which was 63 metres above the roof of the Bulli 
coal. After portion of the upper section had been cored the hole was cased to a depth of 116.54 metres for 
the purpose of sealing off groundwater in the top section and permitting permeability testing of the sections. 
In the result, cores are available and have been photographed from the level of 91.44 metres in the chocolate 
shale of the Bald Hill claystone to the level of 272.96 metres in the Scarborough sandstone. A log was made 
of the fractures observed in the core. Figure 21 shows the plan position of K.6 in relation to the plan of extraction 
in the Bulli seam. 

Falling head permeability tests were carried out at approximately 9-metre intervals below 106.56 in. 
Table 5 shows the findings taken from the records which were made by officers of A.I.S., the colliery owners. 
These cores and the records derived thçrefrom and the figures from the hydraulic testing have been the subject 
of expert interpretation for the Inquiry, particularly by way of comparison with the results obtained from K.7. 
The fracture log shows substantial cracking over the length of the cored section. 

From just above the Junction of the Bulgo Sandstone and the Stanwell Park Claystone (227-230 in) there 
was heavy fracturing which must be attributed to mining. 

Below this and from the junction of the Stanwell Park Claystone and the Scarborough Sandstone to 
the base of the hole (250-272 m), appeared the most intensively fractured part of the cored sequence. 

The prominent and frequent fractures were properly attributed to mining. 

The permeability testing showed that if water had access in the lower section from the middle of the 
Stanwell Park Claystone at 240 m in depth vertical drainage would exist to the workings. 
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TABLE 5 
KEMIRA No. 6-PERMEABILITY & WATER PRESSURE DATA 
Surface Level; 423.5 metres 

Hole depth 
metres 

Interval 
tested 
(D metres) 

Hydraulic 
conductivity 
(K cm/see) 

Water 
Pressure * 

(metres) 

Leakage 
coef. *2 
(K/D see') 

106.56-116.54 9.8 4 x 10 75.70 4 x 10 
123.51 6.75 1.7 x 10°  85.72 2.5 x 	10.8  
132.66 9.15 4.3 x 10°  78.66 9x 10'° 
138.76 6.1 1.7 x 10° 26.02 2.8 x 10 9  
147.91 9.15 1.3 x 	10 42.30 1.4 x 	0° 
157.06 9.15 8.6 x 10°  0 9.4 x 10 0  
166.21 9.15 6 x 10°  0 6.6 x 	10'°  
175.36 9.15 5 x 10°  1.01 5.5 x 10'0  
184.51 9.15 2 x 106 7.65 2.1 x 10 °  
193.66 9.15 I x 	106 5.95 1.1 	x 	10 °  
202.81 9.15 2 x 10 6  4.68 2.3 x 10°  
211.96 9.15 2.6 x 10°  17.34 2.8 x 10°  
221.11 9.15 6.4x 10.8 41.58 7x 10-" 
229.91 8.83 1.7 x 10° 15.33 1.9 x 10 8  
236.31 6.1 5.3 x 10°  4.97 8.7 x 10" 
242.15 6.1 2.6 x 10.6  26.50 4.3 x 10°  
248.56 6.1 7.7 x 10°  6.78 1.3 x 10°  
254.66 6.1 4 x 10°  0 1.6 x 10°  
260.76 6.1 1.2 x 10 0 1.9 x 10°  
266.86 6.1 7 x 10° 0 1.1 	x 	10 7 

 

272.96 6.1 2.3 x 10 0 3.8 x 10 

* I Pressure measured as a height of water above the packer. 
*2 Calculated on assumption that tested interval is isotropic. This is untrue according to pressure data. It is calculated 

that K 5  > 1000 Ky  hence the actual leakage coefficients for impervious beds should be multiplied by 10 °  to get 
the correct order. 

TABLE 6 
KEMIRA No. 7-PERMEABILITY AND WATER PRESSURE DATA 

Hole depth 
(metres) 

interval 
tested 
(metres) 

Hydraulic 
conductivity 

Water 
pressure * I 
(metres) 

Leakage 
coef. *2 
(5ec) 

137.89-165.44 27.55 I x 10 8  1.65 3.6 x 10°°  
172.23 6.40 5 x 101  2.94 7.8 x 10°  
181.38 9.15 8x 10.8  86.46 8.7x 10°  
190.53 8.85 1.1 	x 	10.8 5.81 1.2 x 10°  
199.68 9.15 1.3 x 10° 5.77 1.4 x 10°  
208.83 9.15 1.8 x 108 3.95 2 x 10°  
214.93 6.10 8.3 x I 0°  3.32 1.4 x 10°  
224.08 9.15 1.7 x 10 7 

 23.52 1.8 x 	10.8  
233.23 9.15 4.5 x 10°  43.03 4.9 x 10 8  
239.33 6.10 8.2 x 10 3.64 1.3 x 10.8  
248.48 9.15 1.7x 10°  1.95 1.8x 10° 
257.63 9.15 3.4 x 10.8  4.11 3.7 x 10 9  
266.78 9.15 2.4 x 10°  36.75 2.6 x 10°  
275.93 9.15 2.1 x 10°  4.05 2.3 x 10 9  
285.08 9.15 8.1 x 10° 3.82 8.8 x 10°0  
294.23 9.15 5.5 x 10 4.77 6 x 10'° 
303.28 9.05 7.6 x 10°  5.31 8.4 x 10°°  
312.53 9.15 6.8 x 10 9  3.77 7.4 x 10°°  

*1 Pressure measured as a height of water above packer. 
*2 Calculated on assumption that tested interval is isotropic. This is erroneous and true coefficients will be in order 

of 10°  less than shown. 

Notwithstanding the drainage, distinct retarding layers remain at higher levels permitting very little down-
ward drainage and resulting in isolated reservoirs of stored groundwater. 

The drilling of K.7 was commenced on 4th December, 1975 and was completed on 29th January, 1976. 
It was at a distance of about I 875 metres from K.6 in an area considered to be free of mining effects or 
geological abnormalities and involving a similar stratigraphic sequence. The programme of drilling and per-
meability testing was similar. Cores were obtained from 136.37 metres to 382.93 metres[the floor of the 
Bulli coal] Figure 23 shows the resultant Stratigraphic Column. The hole was cased from the surface to 165.44 
metres and from this point to the base of the hole similar permeability testing to that used in K.6 was undertaken. 
Table 6 shows the data arising from these tests. 

The fracture log, in K.7 as would be expected, shows a complete absence of fracturing induced by mining. 
Two groundwater systems can readily be identified. At all levels the bulk permeabilities measured are signifi-
cantly less than in the corresponding stratigraphic sequence in K.6. The difference is of about two to three 
orders, i.e. K.6 is about one hundred to one thousand times more permeable than K.7. So far as downward 
drainage in K.7 is concerned, it is either absent or minute. 

The evidentiary material from the Kemira testing came forward at a late stage of the Inquiry and evidence 
on permeability changes induced by mining without such assistance as it may afford needs re-appraisal and 
the earlier findings in respect of Wongawilli and Cordeaux must be considered in light of it. 
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FIGURE 23 
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INTERPRETATION OF RESULTS 
The interpretations of the results of all the permeability tests have been the subject of expert opinions 

which apparently are widely divergent. The Department preferred the views of Dr. W. H. Morton, a Director 
of Australian Groundwater Consultants Pty Ltd, who is a hydrogeologist of considerable experience, and those 
of W. H. Williamson who is Senior Hydrogeologist. Water Conservation and Irrigation Commission of 

.S.W. 

The Board offered a critique of their conclusions in a joint report of 16th February. 1976 prepared 
by P. Whincup. who is Chief Flydrogeologist of Layton Groundwater Consultants of Perth, WA., and J. Forth 
who is a Research Fellow in Hydrology at Griffith University, Brisbane. Queensland. 

Layton Groundwater Consultants were commissioned by the Board in January. 1974 to advise on and 
interpret the Wongawilli tests. Mr Whincup of that firm was present on the site during the progress of drilling 
and made a number of underground inspections. No report was furnished to me as to his work and any conclusion 
he drew therefrom. The Joint report which was submitted was requested by the Board on 5th February 1976. 
only 11 days before it was dated and forwarded. It is largely in the form of criticism of the work of Williamson 
and Morton whose findings were differently interpreted and some of their test procedures were questioned. 

The Board also offered evidence, both written and oral, by Professor Knill. Professor of Engineering 
Geology Imperial College. London, who had reported on the whole problem and the earlier findings at Won-
gawilli. 

In respect of Wongawilli, one view is that hydraulic continuity in a vertical direction is limited to a 
depth of 12.2 in and that in the top 122 in of overburden there remain aquifer systems and vertical flow of 
ground water is non-existent or too small to measure. Another view is expressed in the following terms: 

In summary, the ground water regime at WongaA illi is very complex. Water is moving down through the Hawkeshury 
Sandstone, the permeability of which has been greatly increased both horizontally and vertically by mining subsidence 
siress relief. The horizontal component appears to have been increased rather more uniformly than the vertical. 
with which the increases seem to he associated more with zones of stress relief than with general opening of vertical 
joints and cracks, though this is no doubt a contributory f'actor. The water then, is moving down through the Hawkes-
bury Sandstone via devious interconnections, at the base of which it encounters the shales and claystones forming 
the top strata of the Narraheen Group. These it seems have a lesser vertical permeability than the overlying and 
under_lying sandstones, and thus impose a restriction on downward movement leading to a perching efl'ect as water 
is flowing down at a faster rate than it is able to pass through the shales. The mining subsidence efl'ects have, 
then, increased the vertical pernicabilaN to the point where the shales and claysiones which would otherwise have 
formed quite an efl'ective harrier to the downward percolation of ground water, are merely restricting the flow. 
It is felt that the permeabilities of the Bulgo Sandstone are sufficient to allow this water to continue its downward 
passage in the absence of a static water level, and once again via complex interconnections of vertical and horizontal 
joints and cracks, to the point where, in the near vicinity of the worked out area, it would he virtually uninhibited 
in its downward flow. 
Thus it is felt that water is passing from the surface strata down into the worked Out areas, but with a restriction 
at the shale and claystone beds at the top of the Narrabeen Group. and that this is as a direct consequence of 
increased permeability brought about by jointing and cracking during subsidence as a result of mining. (Ref. 62.) 

A further view is: 
We have no evidence to suggest that there are a series of distinct isolated aquifer systems. To the contrary, we 
believe that there is a continuous flow system through which water is moving both horionially and vertically down-
wards. (Ref. 67.) 

The word "apparently" has been used in the above sentence "The interpretations of the results of all 
the permeability tests have been the subject of expert opinions which apparently are widely divergent" because 
it has seemed that the differences lie largely in terminology and matters of degree. The better view of the 
evidence is that, both at Wongawilli and K.6, there remain, notwithstanding the extensive mining, retarding 
layers which inhibit the vertical flow of water from a continuing horizontal flow system. Thus there remain 
leaky aquifers and not in the strict sense confined aquifers. No one has denied that there is some vertical 
flow. Morton concedes that it may exist but he too small to measure. Whincup and Forth do not attempt 
to quantify it and it is felt that the above quoted statement places particular emphasis on the words 'distinct 
isolated aquifer systems". 

Williamson has stated that, in his view, systems of horizontal flow remain intact at Wongawilli which 
drain as rapidly as they can in a vertical direction. He believes that in a sedimentary rock sequence of this 
nature there is always some leakage though it may he very small. 

Professor Knill is of the opinion that the test material from Wongawilli shows there is a downward 
componentf groundwater flow suggesting drainage towards the mine workings. He does not attempt to quantify 
it. The thesis of Professor Knill is simple. It is that there is no such thing as an impervious rock layer in nature 
generally and in particular in the Southern Coalfield. Any groundwater will drain vertically even though the 
flow may he so small that it cannot be measured. It is upon this basis that he states: 

Undermining of a body of water by mining or tunnelling will result in a downward movement of ground water 
towards the excavation and thus a radical change in the ground water flow pattern. The extent of this downward 
drainage will be largely determined by the permeability of the rock and soil materials between the body of water 
and the underground excavation. If the body of water is in surface storage, such as a lake, the sea, or a reservoir, 
then there must be a risk of seepage or leakage into the ground water system and thus a loss from storage. (Ref. 
25.) 

Upon this theory it follows that there will be increased losses from the reservoirs by the creation of 
an),  mine opening below them, even if the strata remained undisturbed, a matter which will be discussed later. 
If there is disturbance of the strata its permeability will be increased and so the position will be aggravated 
by a further increase of the leakage. This as a matter of pure theory is not understood to be the subject of 
dispute. It is agreed on all sides that no rocks are impermeable in the strict sense and that to a degree they 
can all transmit water. 

A pictorial concept of this theory is shown in figure 24. 
It has seemed that the proper approach to this problem is to have some understanding in the context,  

of the iords "to a degree". Theory must be related to reality and some quantitative assessment must be made 
before relevant conclusions are drawn. Those witnesses whose professional activities are directly concerned 
with groundwater hydrology, though conceding the theory, spoke in what may be considered more realistic 
terms. If water will not flow through rocks except at heads which are not encountered in nature, they are 
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prepared to describe the rock sequence as being of nil permeability. Furthermore, practical hydrogeologists 
speak of a rock or rock sequence as being impermeable if it can resist an expected flow of' water to an extent 
that the flow through it cannot be measured. 

The arguments which have been generated during this Inquiry appear to originate from this difference 
of terminology and viewpoint. It' full credence were given to the theory there could he no such phenomenon 
as a confined aquifer, yet in the field of groundwater hydrology the term is commonplace and its meaning 
well understood. 

An example may be found of the relationship of the theory to practical considerations in two statements 
by Morton (ref. 41): 

Pumping results for the aquifer system within the Haa kesbur sandione demonstrate a flow system completely 
confined to the horizontal plane with no vertical movement of water into or out of the aquifer. 
What the Leakage Coefficieni means in practical ierms is that between the Hasvkeshurv Sandstone aquifer and 
the Upper Narraheen aquifer under the existing pressure difl'erence a vertical flow of 160 gallons per hour oser 
an area of one square mile could take place. 

DISCUSSION OF SIGNIFICANCE OF THE TESTS 
The evidence shows that both at Wongawilli and K.6. notwithstanding the mining and the disturbance 

of the strata, horizontal flow systems have not been destroyed, though they may have been modified and it 
follows that there is no such vertical hydraulic continuity between these systems as to create a significant drainage 
of water towards the mine opening and it also follows that there remains at the base of the lower aquifer 
system such a retarding layer as will not permit downward drainage therefrom of measurable magnitude and 
this view accords with the fact that neither at Wongawilli nor at Kemira were the mines other than dr notwith-
standing the disturbance of the strata involved in the intensive mining. 

The extent and distribution of the fractures induced by the mining and the consequential increase of 
permeability might have been thought to he a variance with the theories advanced bN mining engineers at 
an earlier stage of the Inquiry as to the effects of extensive extraction. They were given the opportLllntV to 
reconsider their recommendations as a result of the findings resulting from the drilling  programmes. They 
did not change their recommendations but were able to accommodate the results within their previously expres-
sed opinions and theories, either by pointing to differences in the mining plan or by adjusting the formula 
employed. 

On the other hand. hydrogeologists took the view that the findings at K.6 required a further element 
of conservatism to be introduced into the question of minimum depths for partial extraction. 

As to the mining beneath K.6, it will he seen from figure 2 that the bore is in the centre of a panel 
117 in in width, i.e., the width is .35 of the depth of 334.7 m. One side of this panel is hounded by a chain 
of pillars formed by a series of cut-throughs in a pillar otherwise as long as the panel and 3 1.7 m wide, a 
width which is .09 of the depth. These pillars provide the division From atother panel which is 153.6 iii wide, 
which is .46 of the depth. 

This mining geometry may not fit the general description of total extraction but it is certainly not an 
example of planned partial extraction. At that site the mining which had been undertaken was not designed 
to protect a sensitive surface area. 

It does appear. however, that the site was chosen as being the nearest example available in the Southern 
Coalfield of the type of panel and pillar partial extraction which the proponents of mining under stored waters 
advocate. It can fairly he said that the fracturing and increased permeability which these tests demonstrated 
were not substantially at variance with the theory expounded during this Inquiry as to the efl'ect of total extrac-
tion. 

On the other hand, it has not been contended that the results have no reles ance to a consideration of the 
efl'ects of a designed panel and pillar partial extraction of the kind contemplated. 

The findings at Kemira indicate that the problems related to partial extraction and permeability cannot 
he dealt with or solved by the application of a siniple proposition that three zones will he created in the over-
burden of which the central is tightly constrained and impervious. However, they do not destroy a view which 
is based upon the experience of sub-aqueous mining that, if the cover is sufficient in relation to the mining 
method employed, poorly permeable zones in a generally central zone will not he so afl'ected by fracturing. 
Joint opening. joint slippage, bed separation or bed slippage as to lose their retarding qualities. 
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SEEPAGE IN WORKINGS 

HUNTLEY COLLIERY AND AVON RESERVOIR 
It is convenient at this stage to give attention to the evidence of the entry of water into drives under 

an arm of the Avon Reservoir and to the testing which was undertaken in an effort to determine its source. 

From the earliest stages of this Inquiry it has been known that the shallowest cover under stored waters 
where extraction has taken place is at Huntley Colliery under the upper reaches of the Avon arm of the Avon 
Reservoir. 

Four roadways have been driven in the Wongawilli seam. Two are under the stored waters and one 
is at their extremity. In one of the roadways which is under the reservoir there is a bad roof zone of strongly 
jointed siltstone which requires support by steel arches for a distance of about 155 m. Heavy dripping has 
been observed over about 61 in of this section. The plan figure 25 shows the four roadways in relation to 
the stored waters and it also shows the position of the "drippers". Estimates have been furnished as to the 
quantity of water which is entering the mine in this way which vaty from 2 000 to 2 500 gallons per hour 
to 809 gallons per hour, (220 to 270 m3 /day to 88 m3 /day.) 

Following an inspection made in June, 1973 the following notation was made: 
In the Wongawilli Seam, the Central West Development section of the mine extends under the upstream end of 
the stored waters of Avon Dam. The cover to the base of the stored waters is the shallowest of any of the mines. 
viz.. 212 feet. In this location under stored water there is a "bad roof" zone of strongly jointed siltstones, and this 
is supported by steel arches for about 170 yards. Heavy dripping occurred over about 200 feet of this section, constitut-
ing the largest entry of water observed in any of the mines. I was informed that a Mono pump with discharge 
capacity of 3.000 gallons per hour is installed in this location to deal with the inflow, but it is not operating continuously. 
This would indicate the aggregate rate of inflow to be somewhat less than 3 000 g.p.h., and this would seem in 
reasonable accord with the observed inflow. However, it would be impracticable to accurately assess the aggregate 
inflow by observation. (Ref. 68.) 

This indication of the rate of inflow was obviously not intended to form a basis for authoritative calcula-
tion and could not be so used. A statement furnished by the Colliery management certifies that there is pumped 
from this section a maximum of 136 000 gallons of water per week. i.e.. 809 gallons per hour (88 m3  per day) 
and there is no reason why these figures should not be accepted as correct. 

On the basis of the larger estimate and on the assumption that all the water came from the stored waters, 
calculations have been made by expert witnesses to indicate a high degree of vertical permeability (7 x 10 
cm/see) between the overlying waters and the mine roadway. The mistaken assumption as to quantity deprives 
the conclusion of validity. 

Furthermore, these calculations were based on the premise that all the water pumped out came from 
only 183 in of roof in a 6 in roadway. whereas it has been made to appear that the pumping figure relates 
to water entering from the four drives beneath and adjacent to the arm of the Avon Reservoir, as shown on 
figure 25. 

Attempts were made to identify the source of the dripping water and estimate how long it had taken 
the water to reach the roof from its source. Samples of the dripping water were collected from investigation 
by biological methods to determine whether the water was seepage from the overlying reservoir. The method 
of investigation should be briefly indicated. 

STUDIES OF ALGAE 
Every body of standing water is inhabited by a group of microscopic plants called algae. Certain algae 

occur only in standing fresh water. Only a limited number of species are found in any one body of water 
and the assemblage of species can be characteristic of one lake. By a process akin to fingerprinting an algologist, 
familiar with the algal flora in the different bodies of water in a district, is able to determine with relative 
ease the origin of a sample of water collected from a site in the district by microscopic examination of the 
algae present in the sample. 

Algae can develop and multiply only in the presence of a strong light source, normally sunlight, and 
die without it within a certain period. Therefore, any algae which are found in the lightless environment of 
a colliery must have been introduced from an external source and if they are characteristic of a certain body 
of standing water then the water must have come from that body. 

The samples of drip water were found to contain algae. This established that some of the water originated 
front surface ponded water, although the correspondence of the algal types would not admit of definite identifica-
tion. The view was expressed that, having regard to the location of the Avon Reservoir, it was probable that 
it was the source of a component of the drip water (ref. 7). That view must be accepted. 
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TRITIUM STUDIES 
Another investigatory project was undertaken to determine whether or not a substantial proportion of 

water seeping into the Wongawilli and Huntley Collieries originated from the Avon Reservoir. This was carried 
out by a technique of comparing the levels of environmental tritium in samples from seepage points within 
the mines with samples from corresponding points in the reservoir. The relevant conclusion was that, in view 
of the high tritium levels in samples of seepage from the Huntley Colliery, a substantial proportion of the 
water is probably rainfall percolating through the surrounding area. (Ref. 1.) 

SIGNIFICANCE OF HUNTLEY EXPERIENCE 
It is contended by the Board that any consideration of a prescription as to the depth of mining should 

commence with the premise that under all stored waters there will be seepage through the rocks in their natural 
state to a depth of about 60 in. The view is open that what is shown to have occurred at Huntley Colliery 
must, at least for abundant caution, be presumed to be prevalent at all points under stored water—this because 
all the water is stored in valleys, the floors of which have been destressed by the removal of the strata in 
the process of erosion. 

It is to be observed that at all free interfaces on a more or less horizontal plane the surface rocks have 
been destressed in respect of vertical forces in the same way that valley sides have been destressed in respect 
of horizontal forces. This being so, there would appear to be no real difference in relevant respects between 
surface rocks in a valley and those on a plateau from which strata had been eroded in the course of geological 
time. The only difference would be related to a phenomenon known as valley bulge or valley anticline which 
may have caused some disruption of surface rocks not extending more than a few feet below the very base 
of the valley. 

This view, in so far as it is based upon the theory that valley floors are more destressed than other 
near horizontal surfaces and consequently more permeable, is not soundly based. Nor has suflicient attention 
been paid to the specific geology including structural geology at this place in Huntley Colliery. The cover 
includes only 37 in of the Narrabeen Group and it must be added that, of this, the Important retarding layer 
of Wombarra Shale is attenuated to no more than 6 in in thickness. 

Other factors are that in this area there is undoubted evidence of considerable igneous activity. A dykc 
intersects all the roadway running on a Nw-SE axis. Large cindered areas abut the working in question in 
the Bulli, Wongawilli and Tongarra seams. 

In evaluating the significance of this situation, regard must be had to the rest of the evidence of hord 
and pillar workings under the stored waters and their margins and to the extensive mining under groundwater 
systems. Whilst this is the case of the shallowest cover, there are numer'ous- examples of workings at depths 
of 76. 79 and 82 metres where they remain dry. 

The choice is not the absolute one between a conclusion that there is always hydraulic continuity down-
wards to 60 in. or a conclusion that there is never downwards permeability to 76 m. The situation at Huntley 
is a reminder of the importance of adequate cover of layers of low permeability and of the specific geology 
in this regard. The evidence establishes it is an essentially localised situation and it would be a mistake to 
derive a controlling parameter from these facts, although it supports a view that a cover of 60 in of undisturbed 
strata of the Narrabeen Group is desirable. 

The second case of leakage of any consequence is in the Wongawilli Colliery in the Bulli seam where 
a heading intersects the Wongawilli fault at a depth of cover of 114.3 m and a roof drip sample suggested 
a possible leakage from the Avon Reservoir. 

Table 7 collates information relating to shallow workings at various points under the stored waters. 

STUDY OF EXTENT OF PRESENT SEEPAGE 
Williamson undertook the work of collating information and relating the acreage of workings in the 

mines at present active in the Southern Coalfields to the amount of water which is discharged daily from 
these mines (ref. 69). The table which he prepared is reproduced as Table 8. It indicates that, of the total 
acreage of workings of 22 530 acres (9 118 hectares). 411 acres (166 hectares) were under the stored waters 
and 662 acres (268 hectares) in addition were under a marginal zone delineated by an angle of draw of 350 
This compilation indicates that there is discharged daily from the active mines 3 million gallons (m.g.d.) in 
a normal season. This discharge includes that by pumping, exhaust ventilation and the moisture content of 
coal leaving the mine. 

The primary purpose of the study was to obtain some value of the effective gross permeability of the 
rocks above the mines. It will be observed that this ranged from 5.2 x 10 cm/sec to 0.7 x 10 cm/sec. For 
present purposes the compilation gives some idea of the maximum extent to which water from all sources 
enters the mines. These sources include the reservoirs, surface water entering near the portal zones, water entering 
from shafts or bores, introduced deliberately and entering from groundwater systems. Furthermore, it should 
be noted that nearly half of the water discharged comes from workings in the Wongawilli seam, the upper 
section of which, is commonly water bearing and may be described as a low yielding aquifer. This aquifer 
is structurally controlled and the evidence indicates that its recharge source is probably in outcrops on the 
escarpment and not the overlying stored water. This fact makes any estimation of the seepage from a reservoir 
extremely difficult. 

This knowledge and experience coupled with a consideration of the characteristics of the rocks of the 
Narrabeen Group leads to the view that through any sequence of 60 inor more of these rocks in their natural 
state when underlying stored waters there will not be a significant vertical flow of water. 
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TABLE 7 

Depth Colliery Reservoir Arm Mining method Conditions cited 
in metres 

64.6 m Huntley Avon Avon Arm Four access drives. Heavy dripping in three of drives. 
Full details in other sections of report. 

76-90 m Wongawilli Avon Flying Fox No, 3 Arm Extensive pillar and stall mining. Abutting major fault. 
Wongawilli Gallaher's Arm Mining. Part of old mine developed 25 to 50 years ago. 
Seam (Old Mine) This area was not pumped after abandonment and water gradually filled the 

working and overflowed into the present mine area. This flow has stopped except 
after heav3 rains. 

114-122 in Wongawilli Avon Flying  Fox No. 1 Arm Pillar and stall. Area has in proximity a major fault and three dykes. Minor drippings but new 
--Bulli Seam New Mine No. 2 Arm mine relatively dry except flow from higher areas of old mine. 

70 in Mt Kembla (Bulli Seam) Cordeaux Goondarrin and Kembla Vast areas of pillar and stall mining Working occurred in 1936 to 1952. From reports roof dry except for odd drippers, 
76 m with pillar extraction of vast areas right some small make of water from floor in isolated areas, with one area where a small 
84 m up to the Marg. Zone, pump was installed. 
79 in 

84-90 in Nebo (Wongawilli Seam) Cordeaux Cordeaux No. 2 Dani Drives and heading with total extraction Dry as regards water intake through roof. Water does enter through roof near 
up to Marg. Zone, escarpment. 

114-122 m Nebo (Wongawilli Seam) Cordeaux Cordeaux No. I Dam Many drives and headings in preparation Dry as regards water intake. etc.. "as ahove7 
for panel work. 

84-90 m Kemira (Bulli Seam) Cordeaux (joondarrin Arm Headings and minor pillar and stall. Dry except for some water from two air shafts. 

TABLE 8 

Colliery - 	 Area worked 
acres 

Pillar extraction 
acres 

Seam 
worked 

Average total* 
discharge of water 
for mine in m.g.d.  

Efl'ective gross vertical 
permeahili ty** 

Normal Wet season Normal Wet Season 

2 790 840 Bulli 1.094 2.184 5.1 x 	0°  1.0 x 10' 
2460 740 Wongawilli 0.576 1.200 3.1 x 10 6.3 x 10' 

(h) 	............. 680 270 Bulli 	,J 
Huntley (a) 	............. 2 140 430 Wongawilli 0.865 0.865 5.2 x 10' 5.2 x 10 

(h) 	............ 534 210 Tongara 

Nebo 	................. 
Wongawilli (a) 	............. 

4 800 I 760 Bulli .052 .052 1.4 x IC8  1.4 x 10.8  
2820 I 	130 Bulli 0.176 0.176 8.1 x 10° 8.1 x 10' 

Bulli 	................. 

2 700 I 356 Bulli .212 .212 1 .0 X  lQ' 1.0 x 10°  
Kemira 	............... 
Corrimal 	............... 
South Bulli (A) 	............ 490 100 Baigownie1 .029 .403 0.7x 10' lOx lO 

(B) 4820 3370 Bulli  

* Total discharge includes water pumped out, moisture removed by exhaust ventilation, and moisture content in coal leaving mine. 

Permeability estimate is based on area worked. Where two seams are worked, the larger of the two areas has been adopted. Areas of pillar extraction, being within the worked areas, have not been used in the 

calculations. 



COMPUTER STUDIES 

FINITE ELEMENT ANALYSIS EFFECTS 
A technique known as finite element analysis has been developed in recent times which allows computa-

tion of the stress distribution around the most complex excavation shapes. This is a numerical method of calcula-
ting stresses and displacements in a solid body which requires the use of a large computer. It is an approximation 
technique whereby the continuous body is divided into a finite number of elements. For a two dimensional 
problem triangles or quadrilaterals are used. Within each element the deformation pattern is made to follow 
a simple formula while the elements remain connected at their corners and deform to suit the loads and boundary 
restraints applied. The finer the elements the better the approximation. 

A model must be taken which in some respect comprises as much relevant information as time and 
money will in the circumstances permit. For example, in a problem relating to a mass of layered rocks only 
a certain number of rock layers with their attendant bedding planes may be modelled being less than those 
in nature. Information is then supplied to indicate how a rock or the rocks respectively will behave under 
applied forces. e.g., the tensile and compressive strengths of the rock material and the resistance of rock surfaces 
to slippage or parting. 

More advanced computer programmes have been devised in which "joint elements" between ordinary 
elements may be introduced. Thus discontinuities may be introduced into the model such as joints or bedding 
planes at which slip or separation may occur. For such a programme additional values need to be determined 
for cohesive strength. angle of friction, shear stiffness, normal stiffness and a closure limit. 

DISPLACEMENT DISCONTINUITY 
During the course of this Inquiry a further computer technique was developed which permits a more 

economical solution of the type of programme under consideration. This technique is based on the method 
known as displacement discontinuity. It involves a more complex mathematical function but much less data 
is needed. In this programme triangles or quadrilaterals are not used but a uniform elastic rock mass is assumed. 
Though layers can be modelled each must be endowed with the same properties. In this case it becomes 
appropriate to attribute average properties to each layer. 

The boundaries of the excavation and any other breaks in the rock mass are represented by straight 
line slits or segments—each segment with its own characteristics. A localised displacement applied at one segment 
will have an influence on every other segment, depending upon the distance between them, their orientation, 
depth below ground surface and the rock properties. For example, a segment representing a bedding plane 
joint will have a liability to slip or separate depending upon what force is applied. If it does one or the other 
it will influence other discontinuities. 

The computer programme is designed to enable the computer to determine the pattern of segmental 
displacements (discontinuous displacements) having regard to the characteristics of each segment. 

Analyses have been made for the purpose of this Inquiry by both methods. 

THE STUDIES 
The Department employed a consultant (ref. 6) who in 1974 used the finite element technique to evaluate 

the possible influence of 100 feet panels (30 m) at 300 feet (91 m) on the surrounding strata. He assumed 
pillars of 135 feet (41 m) being 15 times the seam thickness of 9 feet (2.75 m). He assumed the rock mass 
to behave in an isotropic elastic manner and based the elastic parameters of the rock beds on laboratory testing, 
allowance being made to give an in situ modulus. The analyses undertaken yielded the principal stress com-
ponents for each element. 

It was not claimed by the, author that the method of analysis and the interpretation of the results gave 
more than a guide. The opinion was expressed that the study demonstrated that for such an excavation the 
tensile zone in the vicinity of the extracted panels extends to a maximum height of 100 feet (30 m) above 
the workings; that near the surface the maximum depth of the tensile zone is not greater than 50 to 70 feet 
(15 m-21 m) and that a substantial thickness of the overburden is hardly affected by the mining excavation. 

Because the analysis considered the strata overlying the coal seam to be continuous elastic material 
the model was admittedly unrealistic and its limitations are obvious, though it will appear that it was nevertheless 
of value as part of the whole computer investigation in showing a consistency of results. 

The next work in the field was undertaken by a firm of consultants on behalf of the Board (ref. 12). 
It was an attempt to elucidate sub-surface strata behaviour and was directed particularly to the factors likely 
to increase strata permeability, namely, bed separation, bedding plane slip and the creation of zones of tensile 
horizontal stress leading to fracturing and opening of vertical joints. Finite element analysis was used but it 
was more advanced than the earlier work in that the influence of bedding planes on strata behaviour was 
introduced. The models which were used introduced a maximum of eight bedding planes. Obviously, there 
would be many more in nature. Verticaljointing was not included and each rock layer was assumed to behave 
elastically. Collapse and caving of the strata was not modelled. Those who reported on the results of this computer 
study were of the view that these simplifications did not detract from the value of the analysis in giving an 
overall appreciation of the degree and extent of strata disturbance resulting from the postulated mining. 
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After a preliminary study to evaluate the application of the method and to investigate the influence 
of weak bedding planes, studies were made of the model of a 7 feet (2.1 m) coal seam at a depth of 300 
feet (91 m)with a mine spans of 600 feet (183 m)and I 000 feet (305 m). These super-critical widths of extraction 
were analysed with: 

I bedding plane (2 layers). 
3 bedding planes (4 layers). 
7 bedding planes (8 layers). 

By this time a series of tests had been performed on some samples of Hawkeshury sandstone and rocks 
of the Narrabeen Group at the request of the Board. The work was carried out at the School of Mining Engineer- 
ing. University of New South Wales. under the auspices of Unisearch Limited. The object was to investigate 
in the laboratory the strength and deformation characteristics of the rock samples. The results were reported 
upon by Dr A. K. Bhattacharyya (ref. 5). A general conclusion was reached that the behaviour of the rocks 
under progressive loading was predominantly elastic ending in brittle fracture. No clear difference was observed 
between the sandstones and the claystones tested regarding their behaviour when subjected to progressive load-
ing. These results were used to enable realistic rock properties to be assumed in the analyses. 

The analyses indicate that for total extraction of critical or supercritical areas strata disturbance is exten-
sive and would undoubtedly lead to major increases in strata permeability. 

Of more direct importance were the analyses designed to simulate the proposal to mine under the stored 
waters by a panel and pillar system. A 7 feet (2.1 m) coal seam 300 feet (91 m) deep was taken with a panel 
width of 100 feet (30 m) (1/3 the depth) and a pillar width of 105 feet (32 m) (15 times the seam thickness). 
Three cases were analysed: 

panel and pillar. 5 panels. 4 pillars. 
2 pillars removed (510 feet span) (155 m), 
4 pillars removed (920 feet span) (280 m). 

Typical geological conditions for 91 m of cover from the Bulli seam were assumed and 8 weak bedding 
planes were included in the model. All other necessary data as to strata properties was fed in as well as values 
for vertical and horizontal in situ ground stress. Figures 26 and 27 are introductory, whilst figures 28. 29 and 
30 show the models which were taken in these studies. 

In case (a) figure 28, the strata disturbance was shown to be restricted to the area immediately above 
each panel together with zones of tensile stress on the abutments. The results in cases (b) figure 29, and (c) 
figure 30 were summarised as follows: 

When two pillars are removed (case (b) ), the extracted width increases to 510 feet (155.5 m) and there is a dramatic 
increase in strata disturbance and increase in surface subsidence. A feature of this disturbance is the widespread 
developmeni of bed separation above the extracted area. This is related to the variation in layer thickness and layer 
modulus in this analysis. 
Removal of a further two pillars (case (c) ) increases the span to 920 feet (280 m) and further increased the degree 
and extent of strata disturbance. The zones of bed separation migrate outwards and there is some bed reclosure 
centrally above the extracted area. In practice, this reelosure will not be perfect and permanent voids will be formed 
in these areas. Also, post-elastic collapse of the strata (not modelled here) will give rise to greater strata disturbance 
than shown here. (ref. 12). 

The conclusion was drawn that in the panel and pillar layout in case (a) there would only be a small 
effect on strata permeability, however, the authors expressed reservations which will be dealt with elsewhere 
in this Report. Although it was not specifically investigated, the authors were prepared to deduce that bord 
and pillar mining would not cause significant strata disturbance except at very shallow depth. 

The third series of analyses used the displacement discontinuity technique and five problems were studied 
(ref. 13). The most important for present purposes were: 

a panel and pillar system with 100 feet (30 m) panels and 105 feet (32 m) pillars at 300 feet 
(91 m) depth, the seam thickness being 7 feet (2.1 m) with bedding planes and vertical joints. 
a panel and pillar system with 300 feet (91 m) panels and 180 feet (55 m) pillars at 900 feet 
(274 m) depth with the same seam thickness with bedding planes and later a section with some 
vertical joints. (Figures 31 to 33 indicate the results of the analysis). 

It was concluded by the authors (inter a/ia) that the patterns of surface subsidence and strain in relation 
to sub-surface strata disturbance confirm the suggestion that surface observations may not be an adequate 
indication of sub-surface behaviour. It was further concluded that the analysis of panel and pillar layouts at 
91 m and 183 m depth indicate that the central region on the strata remains sensibly undisturbed provided 
the integrity of the pillar system is maintained. However, there is extensive strata disturbance above the panels 
and zones of surface cracking in the abutments. The degree of this disturbance increases with depth, that is 
as panel width increases. 

CONCLUSION 
It is concluded that these computer analyses give a sound general indication of sub-surface strata 

behaviour in the conditions modelled. 
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FIGURE 26 
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FIGURE 27 
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INTERMEDIATE CONCLUSIONS 

The views of the mining engineers based upon their knowledge and experience, have been tested and 
examined in the light of the results of the test procedures in the field, of computer studies of other evidence 
and by cross-examination. They have not been shown to be other than soundly based though there are indications 
in some areas requiring a more conservative approach. 

It is at this stage that some intermediate conclusions may be reached. 

Depth of Cover: 
1. For mining under the stored waters it is necessary to ensure that a sufficiently thick sequence of normal 

strata of the Narrabeen Group which remains sensibly undisturbed lies between the mine opening and 
the base of the stored waters. Such a sequence will provide vertical impermeability in a practical sense. 
It has not been established that any sequence of 60 m of strata, even if undisturbed by mining, will be 
sufficient to provide layers of low vertical permeability. The experience at Huntley Colliery throws doubt 
upon an unqualified acceptance of 60 m of undisturbed strata being sufficient. 

2. The required thickness of undisturbed Narrabeen sequence is 60 m. 

Bord and Pillar: 
3. Mining by the bord and pillar method with bords no wider than 5.5 m and pillars with a minimum dimension 

not less than 15 times the height of the extraction or one-tedth of the depth of cover, whichever is the 
greater, will not cause strata disturbance at the surface and only minor roof disturbance at the seam where 
the depth of cover is 60 m or more. (The alternative pillar size is stipulated in case mining by bord and 
pillar is undertaken at great depth.) 

4. This type of mining at this depth will at most locations under the reservoirs therefore substantially provide 
the requisite sequence of undisturbed impermeable strata. 

5. At depths of cover of 76 m or more, bord and pillar mining may be undertaken irrespective of the nature 
of the cover. With depths of cover of 60 m or more to less than 76 m, no mining should be undertaken 
unless the cover includes 60 m of rocks of the Narrabeen Group. 

Panel and Pillar: 
6. At depths of cover of 90 m or more, by following certain patterns of mining geometry, it is possible to 

obtain a reasonably high percentage of extraction whilst localising the stresses which are developed and 
lead to rock fracture or other disturbance to zones near the surface and near the seam. 

7. At this minimum depth, if subcritical panels of appropriate width are extracted, the immediate roof beds 
will generally collapse and fill the void causing a zone of collapse up to five times the height of the extraction 
but conceivably extending to ten times. 

8. Above this zone will be a zone where some fracturing of rock joint opening and some separation of the 
beds will occur. 

9. A level is reached where progressively the strata will begin to behave as a bridge and deflect only slightly. 
10. From this level to near the surface the strata will remain sensibly undisturbed except for minor deflection 

at the centre of the panel of extraction. It will be tightly constrained and its permeability will not be 
affected. 

11. When a series of panels have been extracted under this system separated by pillars of appropriate size 
a shallow flat bottomed trough of subsidence will be formed. Above the pillars at the limit of such a 
layout tension effects will occur but only to shallow depths. 

12. In normal geological situations the bridging effect will be achieved at a height above the extraction not 
more than the distance in width of the extracted panel. 

13. In the series of substantially parallel panels there must be separation by pillars of a specified width for 
three reasons: 

to avoid disturbance of the strata above a panel interfering with the stability of the strata arch 
above adjacent panels. 
to avoid excessive overlapping of subsidence profiles, and 
to provide permanent support to the strata. 

14. Pillars of a length co-extensive with the panel length, with a minimum width no less than one-fifth of 
the depth of cover or 15 times the height of extraction, whichever is the greater, is the appropriate specifica-
tion. 

15. Necessary caution and conservatism demands that any proposal for a chain of pillars be not accepted. 
16. At all depths in excess of 90 m, if panels not exceeding one-third of the depth of cover are extracted 

and pillars are of the dimensions specified, there will be provided at least 60m of undisturbed strata of 
the Narrabeen Group. 

17. Nevertheless, other considerations may demand a more conservative decision as to the minimum depth 
of cover. 
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These conclusions have been described as intermediate because they are intended to mean no more than 
that, if mining is practised at these minimum depths by these systems, there will be no such disturbance 
of the strata as will increase seepage from the reservoirs and allow the water to enter the workings. 

It remains to consider other matters which are outstanding. These are: 
the size of the marginal zone for the stored waters, (the impounding structures and minor struc-
tures). 
whether water may nevertheless enter the workings because the mine has created an opening which 
can operate as a sink or drain even if the strata remains wholly undisturbed. 
whether the disturbance of the strata by limited mining under the reservoirs may cause water to 
leak increasingly into the strata without finding its way into the mine openings, and the effects 
of such increased leakage on the stability of the Illawarra Escarpment. 
whether the existence of faults and dykes encountered in mining may upset the predictions, of safety 
by causing different or increased strata disturbance or by themselves providing leakage paths. 
whether the pillars will provide the required support by maintaining stability for an indefinite period, 
particularly in respect to progressive deterioration, effects of water, mine fires and seismic activity. 

It is proposed to examine each of these matters in turn. 
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MARGiNAL ZONES 

Where the surface or installations thereon require protection from the effects of mining, recognition 
must be given to the fact which has been discussed earlier, that these effects extend beyond the plan dimensions 
of the excavation projected vertically. 

Where it is the stored waters or associated structures which require protection from the effects of unres-
tricted mining, the mining must not be allowed to approach so closely to the margin of the stored waters 
or to the structures as to permit the propagation of effects harmful to the integrity of the stored water or 
the structures. 

This fact has been recognised by providing a zone surrounding the stored waters. This zone, called the 
marginal zone, was at one time prescribed in lease conditions as being the land situated within a certain number 
of chains measured externally and horizontally from the boundaries of the areas of the stored waters. Beyond 
the vertical line drawn from this boundary to the coal seam, unrestricted mining was permitted, inside it restricted 
mining was permitted. The chainage varied with seam depths. Figure 34 shows the application of the concept 
to stored waters. 

ANGLE OF DRAW 
More recently, by reason of increased knowledge of subsidence effects and because it facilitates prescrip-

tion in general terms, the limitation has been related to an angle. This angle has been derived from and deter-
mined by a consideration of the extent to which the surface effects of an extraction in the given geological 
environment extend beyond the plan shape and size of the extraction. It was based on an assumption that 
no effects (including sub-surface effects) from the mining will extend outside a line drawn from the rib side 
to the limit of surface effects. In subsidence engineering this angle is referred to as a limit angle or angle 
of draw. 

The use of these terms which appear to be interchangeable may lead to terminological difficulties unless 
it is understood that, in the present context, the selection of the angle under discussion involves an exercise 
of judgement. Involved in this judgement are— 

an assessment of the extent of measureable effects; 
an assessment of the nature and severity of the effects; and 
a consideration of the liability to damage of that which requires protection from these effects. 

Whether or not mining is permitted under the stored waters, the determination of an appropriate marginal 
zone and of an angle of draw to define it is essential to protect the stored waters from the effects of mining 
which is not under the water. 

Apart from the exercise of judgement in selecting an appropriate angle of draw for a particular purpose, 
there is the difficulty of determining precisely the theoretical angle of draw because the ground movement 
diminishes gradually towards the limit and for some considerable distance both subsidence and horizontal 
displacements may occur in amounts so small as to be impossible to record, having regard to the limits of 
accuracy of even precise survey measurements. Furthermore, attempts to establish a quantitative relationship 
between observed values for the angle of draw and the particular physical and geological characteristics of 
the strata have been inconclusive. It has been noted that slight subsidence and small alternating tensile and 
compressive strain values continue for considerable lateral distances from the perimeter of mining. If an angle 
of draw were determined to encompass all these movements, some of which may be more apparent than real, 
it would be a large angle. 

The question then is to determine at what point these small irregular movements should be ignored 
as negligible in selecting an angle for practical purposes. It is here that a judgement must be made and the 
answer may differ according to what must be protected and from what effects it must be protected. For example, 
a larger angle may be stipulated where a sensitive structure such as a dam wall is involved than where increased 
permeability changes in strata are to be guarded against. 

In the present Inquiry, in this, as in most things, there is no unanimity of opinion. The Department 
contends that an appropriate angle is 261/2 0,  The Board's advisers contend that it should be at least 35°. 

Those who make a judgement in favour of 261/2 °  do not dispute that small orders of subsidence and 
strain may occur outside the zone produced by that angle. They base their judgement upon angles which have 
been used successfully in overseas experience, the experience in the Southern Coalfields and the local 
geology. 

It has been reported that observed angles of draw in the subsidence measurements made in the Southern 
Coalfield range from 11° to over 400  for the zero subsidence limit and from 5° to 39° for the 0.05 feet subsidence 
limit. 

The Department, the Board and A.I.S.have in recent years been carrying out in a co-ordinated manner 
subsidence surveys to determine angles of draw and horizontal stress over areas being actively mined by different 
methods. (Ref 16.) The mines over which the Board is carrying out its survey are the Metropolitan and Bulli 
Collieries. The work on the Metropolitan Colliery has proceeded to the stage where it is thought conclusions 
can be drawn. The work on Bulli Colliery is not sufficiently complete for this purpose. 
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The Department has made available to the Board the results of its survey over South Bulli Colliery. 
The results obtained from the Metropolitan and South Bulli Collieries show some variations. The studies 
included a determination of the angle of draw to a subsidence amount of 0.02 feet. There was considerable 
variation between the two collieries. 

The "backwards" or behind the direction of extraction angle of draw in both cases is similar. 330  and 
350 and the same applies to the maximum "sideways" or right angle to the direction of advance angle of 
draw. 43° and 40°. However, there is a wide variation in the angle of draw for "travelling" or ahead of the 
direction of advance. 

In these cases the figures are 26° and 47°. 
There are indications in this work that subsidence profiles following an initial extraction in the Southern 

Coalfield may not be as symmetrical as are typically found in the U.K. 
If this work does produce evidence to this effect the major strains may well occurin such relationship 

to the extracted area that the direction which the mining takes in relation to the stored waters and thus margins 
will have to be ordered accordingly. 

The computer studies by finite element analysis or displacement discontinuity analysis do not support 
a view that a limit angle of 35° is unduly conservative. 

One approach is to consider the problem in relation to strains caused in the tensile zones of the subsidence 
area. Subsidence effects in the Southern Coalfields will undoubtedly extend beyond the line defined by an 
angle of 26/2°. The recent studies show this and if the line is drawn to encompass the limits the angle could 
well exceed 40°. 

If only significant effects are regarded and if significant effects are defined as those horizontal strains 
exceeding .2 or .3 mm per in then 261/20  would be an appropriate angle. Another approach is to regard the 
practical limit of subsidence as occurring at an angle of26'/2°  and subsidence outside that angle as being debatable 
and in any event measurable as a mm or two. 

Having regard to the purpose of the stipulation. it is concluded that an angle of draw of 261/20  will 
afford sufficient protection against the effects of total extraction to avoid loss of stored water, unless specific 
geology in a particular locality requires an additional buffer zone. If small orders of subsidence and strain 
occurs beyond this 26/2° there is the added safety factor that it is most unlikely that these effects will affect 
the aquiclude beneath the water table enveloping the stored waters. 

This conclusion is reached with the knowledge that at a conference described as "top level" held on 
22nd November. 1963, it was agreed between the President of the Board and the Under Secretary of the Depart-
ment. that in coal leases granted thereafter affecting the stored waters a marginal zone determined by reference 
to an angle of draw of 35° should be provided for and that an attempt should be made in respect to then 
existing leaseholders by the Department either giving a direction where legally possible, or, seek an undertaking 
that a 35° angle of draw would be observed, instead of a 10° angle. 

DEFINITION OF BOUNDARY OF STORED WATERS 
It is necessary to define the boundary of the stored waters from which the angle of draw is taken in 

order to establish the marginal zone. This boundary should be the contour line where the stored waters intersect 
the valley sides at the full storage level (F.S.L.) of the reservoir. F.S.L. is the level of the water surface when 
the reservoir is at maximum operating level. Where dams have fixed weir crests, as in the Nepean system, 
F.S.L. corresponds to the spillway crest level and it follows that the boundary of the stored water for present 
purposes is to be taken as the contour line for the same height above the datum level as that of the relevant 
spillway crest. 

In times of flood the maximum water level associated with a reservoir, known as the top water level 
(T.W.L.), results in an appreciable but temporary increase in the area of stored water. Where steep valley 
sides are involved little difference may be made in the boundary line but in other places the profile of the 
valley may admit of a considerable increase in the area under water. 

It is nevertheless considered that the F.S.L. is an appropriate criterion from which the angle of draw 
is taken in order to establish the marginal zone. 

CONSIDERATION OF INTER-ACTION OF RESTRICTED AND UNRESTRICTED MINING 
The problem would end here if the provision of a marginal zone was related only to mining to take 

place outside it. If, however, there were to be permitted partial extraction inside it and under the waters as 
well, then new considerations would arise. They are: 

the redistributed stresses arising from the unrestricted mining might overload the outermost pillars 
of the limited mining system, whether bord and pillar or panel and pillar, or otherwise might 
impair the designed purposes of the system; and 
the surface and sub-surface effects of the outside mining might combine with, or interact with, 
those of the inside system of mining so as to provide a potential leakage path from the waters. 
This topic is to be discussed further when the subject of leakage paths otherwise than into the 
mine is considered. 

Wardell and Rosengren on the one hand, and Orchard on the other hand, have expressed different 
views as to the first consideration. 

The view is that if total extraction came right to the limit of the marginal zone, the final pillar or pillars 
of the partial extraction system would have to sustain a load greater than that which was contemplated when 
the system was specified, in that the pillars at the margins would have to sustain a load greater than those 
under the water. 

The view of Rosengren and Wardell is that this would be likely to impair the structural integrity of 
the partial extraction system. Orchard's view, in reference to a panel and pillar system, is that the pillar sizes 
specified are much wider than they need to be for the purposes of adequate strength or permanent stability. 
He is of the opinion that the fifth depth pillars, which he has specified, are big enough to sustain the abutment 
loads from both sides, the total extraction and the partial extraction, and still to have a large safety margin. 
Of course. the final pillar of the pillar extraction system must be at the boundary of the marginal zone. otherwise 
there would be an intrusion of total extraction into the marginal zone. Figure 35 shows Orchard's concept. 
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I have come to the view that the apprehensions of Wardell and Rosengren cannot safely be disregarded. 
I agree with Wardell that it is not possible to make any general prescription to overcome the difficulty in 
all cases. Amongst the reasons that this is so, is that coal mining is generally carried out by straight line methods, 
whilst the highly indented boundaries of the stored waters are markedly irregular. Furthermore, the direction 
from which mining, having regard to the many constraints upon it, may approach the marginal zones, cannot 
be foreseen and remains uncertain. A solution for one case may not be apt for another and it must be left 
to the Department, with a power to disapprove plans for limited mining, to make such requirements as it. 
in its discretion, deems proper to ensure that there is no interference with the structural integrity of the partial 
extraction system. 

Expedients which suggest themselves are an extension of the partial extraction system or the requirement 
of a larger barrier pillar near the boundary of the marginal zone. 

It is probable that the simple juxtaposition which figure 35 envisages will rarely arise. Figure 36 is an 
illustration of the relationship between partial extraction systems carried out with straight lines and right angles 
to the irregular outlines of stored waters and it also demonstrates the extension of the recommended partial 
extraction system beyond the boundaries of the marginal zones. 

The proper exercise by the Department of a power to disapprove mining plans under the stored waters 
and their marginal zones, will sustain the validity of the view that angle of draw of 261/2 0  is sufficient. 
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OTHER CONSIDERATIONS 

MINING UNDER OR IN THE VICINITY OF IMPOUNDING STRUCTURES 
This Inquiry, by the instrument of appointment, relates to the question (inter alia) of whether mining 

should be permitted in the vicinity of the stored waters of the five major dams. The waters, of course, are 
in each case in contact with the impounding structures on the upstream side. 

There has not been any doubt in my mind at any stage of the Inquiry that the Report for which the 
appointment calls, would deal with the question of mining under or near these structures. It is indeed difficult 
to see how a decision could be made as to the extent of mining under the stored waters without dealing with 
the question of how close the mining might approach an impounding structure on its upstream side and this 
question would necessarily involve consideration of an unworked pillar of coal totally surrounding the structure 
because unrestricted mining would be allowed up to some point on the downstream side. It follows, that almost 
of necessity an unworked pillar of coal of some dimensions under the impounding structure would be the 
subject of a recommendation. 

These observations are made because a written submission has been received from the Board on the 
1st June. 1976. i.e., since the conclusion of the hearings. This submission states that the Board has not regarded 
the question of mining under the impounding structures as one to be considered or determined by the Inquiry. 
This statement is difficult to accept. It is true that the Board placed no material before this Inquiry on the 

question. This, however, is in accord with the attitude adopted by the Board of not debating any matter that 
might suggest that the possibility was contemplated by it that mining in any form would be permitted under 

the stored waters. 
By its submission the Board asks, in effect. that the question should remain unresolved only to be deter-

mined hereafter by agreement between the Board and the Department. Experience and the terms of a copy 
letter accompanying the submission written by the Board to the Under Secretary of the Department of Mines 
dated 21st May, 1976, do not indicate a promising prospect of agreement being reached. 

It is proposed to set out the material which was submitted upon this question. 
Orchard in his original report (ref. 48) said: 

"In my opinion the dam walls themselves should not be subjected to any possible risk of movement of the ground 
which could cause loss of strength or fraciuring or even affect the foundations or the toe of the dam wall or the 
flanks in the hill sides. Thus, although there are many indications that the limit angle in the Souih Coast Coalfield 
is 300  or less from the vertical a pillar of unworked coal should be left in each case delineaied at an angle of 
35° from the vertical, which is the U.K. and European practice. This is not to say that single headings or tunnels 
could not be driven through the pillars where essential to the economy or safety of the colliery concerned without 
affecting the stability of the whole pillar and the safety of the dam wall. 

Wardell in his original report (ref. 64) said: 
It is recommended that the dam head structures, which impound the stored waters, should be protected by leaving 
unworked pillars around them defined by an angle of draw of 35°. This is the angle stipulated for the protection 
of highly vulnerable structures in European Coalfields. although the evidence of observations in New South Wales 
appears generally to suggest a somewhat smaller angle. However there is no technical reason why limited access 
roads should not be permitted through such pillars. 

A. L. Little in his report (ref. 29) said: 
No mining should be permitted beneath dams, spillways, draw-offs or intakes and other important facilities. All 
these structures should be protected by pillars of adequate dimensions. Emphasis is laid on the word adequate: 
past experience has shown that pillars provided have sometimes been insufficient. In a discussion on Wardell (1953). 
Professor Whetton speaking of the angle of draw says '. . . it is now accepted that the angle is greater than that 
which was formerly thought to be the case". Alder, Walker and Walker (1942) say that the angle of draw varies 
from 7° to 60°. It is recommended that an angle of draw at least 45° should be used for protection of the hoard's 
facilities. In addition, a careful geological check should be made to ensure that no faults, dykes or other discontinuities 
will effect the structures; if they are found the pillar size should be increased as required. The I.C.E. Report (1959) 
recommends that no structure should be positioned within 50 feet of the outcrop of a known fault. 

Later Little (ref. 30) said: 
If mining beneath the stored waters were allowed the Board would be put at risk in four ways: 

(c) The dam headworks might be damaged. Even if a pillar is provided, the Statements of both Mr Orchard 
and Mr Wardell propose access roads, driven beneath the dam headworks. Any mishap in this vital area 
could lead to the collapse of the headworks. 

30. The third risk carries implications which are unthinkable. Failures of dams in inhabited areas cause the loss 
of numerous lives and immense property damage. Under no circumstances should any form of mining be permit-
ted beneath the headworks or near to them. 

In reply to Orchard (ref. 49) Little said: 
The suggestion that access roads could be driven through pillars beneath the dam headworks should be resisted. 
Any loss of integrity of such a pillar could be disastrous to the dam. Accidents such as an explosion or fire might 
cause such severe damage to the pillar as to weaken it to the point where subsidence could occur. 

and in reply to Wardell: 

NE 



In 2.5, the statement expresses reservations about aiming at a precise value for the angle of draw and yet 6.9 is 
confidently recommending an angle of 35° to protect dam headworks. In view of the very serious effects which 
could stem from damage to the headworks and the uncertain nature of the effects of mining subsidence, a minimum 
angle of 45° does not seem unreasonable: additionally, a search should be made for faults in the area and no mining 
should be allowed within 50 feet of them (more, if the zone of disturbance is wide or ill defined). 

The Companies' statement (ref. 8) contains the following paragraphs: 
The Companies' view is that mining can be carried out under and within the vicinity of stored waters, except under 
the dam heads and within a marginal zone around them to be defined, subject to conditions which will be placed 
before the inquiry and which will provide adequate and proper margins of safety. 
The colliery companies accept that the dam head structures should be protected by unworked blocks of coal. 

Knill in his report (ref. 25) said: 
Protective pillars have been left below the dam and associated works. The size of the pillars is defined by 35° 
angle of draw: for the reasons given in 6.5 it would be imprudent to reduce this angle. In view of the potential 
risks of uncontrolled leakage or drainage to the structure, headings below the dams shall not be permitted (R. J. 
Orchard 9.1 and K. Wardell 6.9). 

Rosengren in his report (ref. 53) said: 
Failure of the dam walls due to subsidence movements. The walls are concrete masonry  structures which would 
be very susceptible to failure by small differential movements. Results of such failures would be disastrous and 
an extremely conservative approach would be required in designing safety pillars. At present there is no reliable 
Australian experience on which such pillars could be designed. 

It was understood that the visits arranged by the Board to the Vaiont Dam in Italy and the Malpasset 
Dam in France were related to this question. 

The Department made a submission as to the appropriate protection for impounding structures which 
was received without objection or debate. Contrary to the submission of the Board, I conceive it to be my 
proper function to deal with this matter and make a recommendation. 

All the above quoted views and observations were made in the most general terms and left undefined 
the surface line from which the appropriate angle should be taken. The Board submitted no material in the 
course of the Inquiry to define the limits of the vulnerable impounding structures or indicating the nature 
and extent of' their abutments, foundations or grout curtains except as shown on figs 37 and 38. It may be 
that in respect of some of these structures, not constructed by the Board or its predecessor, detailed plans 
and information are not available. Some assistance is to be derived from a consideration of the history of 
this question. 

In the year 1962 at conferences between Senior Technical Officers of the Board and the Department, 
it was agreed that a barrier of unworked coal should be left around the walls of the main dams of the Nepean 
system, namely. Cataract, Nepean. Avon and Cordeaux plus Woronora, of 440 yards (402 m), it was further 
agreed that in respect of the minor dams Cordeaux Nos I and 2, the harrier should be of 220 yards (201 
m). In the case of Woronora it was subsequently agreed that the harrier be extended to 660 yards (604 m). 
This agreement was subject to the decision of a high level conferenc attended by the President of the Board 
and the Under-Secretary of the Department. Such a conference was held on 22nd November. 1963, and the 
minutes of that meeting appear to confirm the officers agreement. 

The provision of pillars of coal around the dam walls of Upper Cordeaux Nos I and 2, presented a 
special problem because the coal in the vicinity is private coal which has been acquired by A.l.S.. and forms 
part of the Neho Colliery holdings. 

In 1962, the Department at the conference between Technical Officers of the Board and the Department, 
was prepared to regard as reasonable and proper the Board's request that these dam structures be protected 
by a pillar of coal defined by a fixed harrier of 220 yards on all sides. 

A decision was made that the Board would seek an agreement and undertaking from the Company 
not to mine within this pillar and to inform the Company that the Department regarded the provision of a 
pillar of these dimensions as reasonable and necessary. 

The problem which then existed has been resolved by the enactment of 53BA of the Coal Mines Regula-
tion Act in 1972. which empowers the Minister to order the leaving of a pillar or harrier in such a case. 

Doubtless the dimensions of the pillars sought by the Board took account of the lack of design information 
and of an appropriate angle of draw,  and their general application was rela ted to the fact that there was no 
significant difference in underlying seam depth in the case of the major dam structures. In the Inquirs the 
Department took the initiative and suggested a prescription in the following terms: 

No coal shall, under any of the said reservoirs, be extracted within a pillar of support: 
(a) under the concrete impounding structure thereof or within a distance of 200 metres from the 

furthest edges of the concrete impounding structure, and 
(h) delineated by a 35 degree angle measured outwards from the vertical from a point 200 metres 

from the furthest edges of the concrete impounding structure. 
Provided that in any case where the Minister thinks fit he may increase the distance of 200 metres 
to such greater distance as is in his opinion necessary to fully safeguard the integrity of the impounding 
structures having regard to the size and type of the impounding structures, the geology and topography 
of the area. 

Whilst a conclusion has already been expressed that an angle of draw of 261/2 ° is appropriate for the 
purpose of defining a marginal zone around the stored waters away from the dam structures, where the purpose 
is to protect the dam structures, the exercise of judgement to which reference has earlier been made in this 
Report results in a view that an angle of 35° is proper. 

This proposal is designed to ensure that there will be no effects of mining within 200 m of the concrete 
impounding structure, a distance which should encompass all abutments and grout curtains and which is designed 
to provide a zone of structurally competent and undisturbed rock around the dams. Having made the determina-
tion as to an appropriate angle of draw. I accept the Department's proposal as one which will provide the 
necessary protection to the impounding structures. 

There is no significant quantitative difference between the sizes of the pillars for which these proposals 
call and those which were the subject of agreement in 1962. The protection recommended is shown diagra-
matically in figure 39. 



There are certain other structures which are in the vicinity of the stored waters which require protection 
in some degree from the effects of mining. 

Avon pumping station in the Avon Reservoir, for example. The question of whether that structure needs 
protection greater than that afforded to the surrounding waters, has not been debated before this Inquiry 

The Nepean-Avon tunnel as a structure may need protection if there is economic coal below it, but 
this matter also has not been considered. 

There are two pumping stations at Upper Cordeaux. One would appear to be sufficiently protected 
by the pillar which protects the impounding structure at Cordeaux No. 2. The other may require some protection 
but the matter has not been debated before this Inquiry. 

In the case of existing leases, where it is desired that a pillar of unworked coal be left under a structure 
the Minister of Mines may no doubt exercise the powers conferred by  s.38A (I) (a) (ii) of the Coal Mines 
Regulation Act 1912 and make an appropriate order. 

SINK EFFECT 
If an opening is made in a coal seam at a place to which water already has access it will create a drain 

or sink. The path along which the water was flowing is shortened and an opening subject to atmospheric pressure 
is substituted for rocks which are resistant to the flow. This causes an increase in hydraulic gradient and thus 
an increase of flow. 

The Board contends primarily that this factor, when added to increased permeability due to disturbance 
of the strata, will result in unacceptable losses of stored water. 

It goes further, however, in the case of bord and pillar mining. Assuming that this system of mining 
with the limitations proposed does not cause any strata disturbance capable of affecting permeability, it contends 
that nevertheless the bords will constitute drains which will increase existing seepage to an unacceptable 
extent. 

It has already been observed that before a drain will have an effect the water must percolate to it. 
The question here relates to depths of cover of a minimum of 60 in. To substantiate this objection it would 
need to be shown that stored water does in fact percolate to the coal seam at this depth in appreciable quantity. 
The sources of knowledge available are the actual mines and the result of the field experiments. 

It can be taken that at a depth of cover of 64.6 in under an arm of the Avon Reservoir in the Huntley 
Colliery water leaks through to a mine opening in the wongawilli seam operating as a drain. From this section 
approximately 88 000 litres per day was pumped in March 1976 of which some unknown quantity comes from 
the stored water. This amount is the original seepage augmented by the drainage effect. 

CONCLUSION 
The experience in the mines as shown in Williamson's compilation and the other factors that produced 

the conclusion that through any undisturbed sequence of 60 in or more of rocks in the Narrabeen Group, 
there will not be a significant vertical flow of water, also lead to the conclusion that provided the undisturbed 
cover exists there will be no appreciable flow to be increased by drainage effect. 

LOSS OF WATER OTHERWISE THAN INTO THE MINE 
The Board has always maintained that mining engineers in dealing with sub-aqueous mining have only 

been concerned to keep the mines free of water from consideration of safety and the mininhising of pumping 
costs. 

It points out that there is a special consideration in the present case that even though the mines are 
kept relatively dry there may nevertheless be caused an unacceptable loss of water which does not enter the 
mine workings. This could happen by the creation of a new horizontal flow path or by connecting the reservoirs 
to an existing aquifer. 

The evidence indicates that the rocks which surround the stored waters are saturated, though insufficient 
data exists to define precisely the flow systems. The information available indicates also that the water table 
around the reservoirs is higher than the water level in them. 

This means that existing groundwater systems are already connected to the reservoirs and that any further 
fracturing or dilation of the joints in the rock envelope would have a minimal effect. 

The only concern could be with shallow aquifers and it must be remembered that between the stored 
waters and the escarpment the surface rises. 

A consideration of the relative heights of the stored water and the land surface and the dip of the strata 
from the escarpment towards the reservoirs as, e.g.. both are shown in figure 9 indicates that surface effects 
of mining are unlikely to penetrate to sufficient depth to have any relevant effect in increasing the seepage 
from reservoirs. 

There was considerable discussion of the effects of extraction between the storages and the escarpment. 
It was said that permeability had been increased in tension zones and decreased in zones of compression. 
and that these zones would be so alternated that there would not be an increased porosity in sum. 

It was also stated that in areas where supercritical extraction had occurred there would have been waves 
of alternating tensile and compressive stresses which would have almost cancelled one another to result in 
a flat-bottomed subsidence trough. 

This may be so but a consideration of the relevant topography excludes the view that whatever these 
effects might be they would lead to the passage of stored water along shallow aquifers to the escarpment or 
would so modify existing flow patterns as to permit significant additional seepage into the water table to which 
the reservoirs are already connected. 

It is clear, however, that the effects of the total extraction should be entirely segregated from the effects 
of partial extraction. The final pillar of any panel and pillar system must be so placed in relation to the boundary 
of a marginal zone that tensile effects of the partial extraction system, are separated from the tensile effects 
of total extraction outside the marginal zone. 

It is true that if mining causes some tensile cracking or opening ofjoints and bedding planes and allows 
water for the first time to seep from the storage into a flow channel there will be some additional loss but 
the evidence has not shown this to be a real possibility, if an appropriate marginal zone is observed and the 
final pillar of a panel and pillar system is properly disposed. 
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INSTABILITY OF TALUS SLOPES 
Concern has. in the past. been expressed that leakage from the reservoirs may affect the stability of 

the slopes at the base of the Illawarra escarpment. 
The cliff line of the escarpment has retreaed to the west and broadened the coastal plain by a proces 

whereby the exposed layers of the Narraheen Group have been weathered away undercutting the Hawkeshury 
Sandstone until it fell. This process produced accumulations of debris at and below the cliff base in the form 
of broken rock material both fine and coarse. As the debris moved downslope by gravity it incorporated the 
weathering products of material lower in the statigraphic sequence and, as a result, changed in character. Most 
of the slope below the escarpment is covered with a mantle of varying thickness of this material known as 
talus and the slopes are referred to as talus slopes. Similar talus accumulations occur on the foreshores and 
valley sides of the reservoirs. Below is a schematic section through the Illawarra Escarpment. 

-- 
HIGH RESISTANCE HAWKESBURY- 	- 
TO WEATHERING SANDSTONE 

VARIABLE BUT NARRABEEN 
LGvVER RESISTANCE GROUP 
TO WEAThERING 

_j_____ 

TALUS BLANKET CONSIS1'ING OF 
SOIL ROCK MIXThRE - 

ILLAWARRA COAL MEASURES 

SCHEMATIC SECTION THROUGH ILLAWARRA ESCARPMENT 

Talus slopes are marginally stable and those on the escarpment with a high clay,  content are relatively 
impervious. There is no doubt that water is important in initiating slope failure. There have always been slope 
stability problems along the Illawarra Escarpment but, as the population has increased, flat land has been 
at a premium for building, requiring resort to the slopes. 

Consultants to the Board have expressed the opinion that "the failure of a storage dam through excessive 
seepage into the underlying or adjacent rock sequence would, in our opiniod. increase the likelihood of hydro-
static pressure build-up beneath the soil covered slopes to the east and result in increased slope failures". (Ref. 
2.) 

Another consultant has stated: 'There remains an uncertain and serious risk of instability in the talus 
slopes above the Wollongong coastal plain if significant seepage is generated from the reservoirs into the underly-
ing rocks." (Ref. 25.) 

There can he little doubt that the existing problem of unstable slopes would be aggravated by increased 
leakage from the reservoirs towards the escarpment but, for the same reasons which lead to the conclusion 
that there will not he ariv significant increase of flow towards the escarpment. the fear is not well founded. 

This matter of unstable talus slopes was one which, after f'ull investigation by well qualified persons. 
was not pressed as being of importance in the final submissions. So far as the talus slopes on the reservoir 
valley sides are concerned, the view of Dr. McElroy, consultant geologist for the Department, must he accepted 
that they do not create a danger of precipitating any catastrophic situation. (Ref. 34.) 

FAULTS AND DYKES 
Consideration must he given to the effect which may he creaked when faults, dykes or similar discon-

tinuities are disturbed or intersected h mining. Faults and dykes may form hydraulic connections between 
a water source and mine workings or otherwise provide a leakage path as shown in figure 40. Faults may 
change the pattern of strata disturbance by mining and thereby the distribution of stress. Faults may he disturbed 
by seismic activity. 

In the Southern Coalfield faulting is widespread and dykes and other igneous intrusions are common. 
Direct evidence as to the effect of faults and dykes on groundwater conditions is confined to those cases where 
faults and dykes have been encountered in the workings. I have inspected a number and Williamson has 
inspected and reported upon many. Some of these faults and dykes pass beneath the stored waters. The findings 
may he summarised as follows: 

(a) 	the dy kcs were mainly dry with only a few showing slight seepages. and 
(h) the intersection off'aults by the mine workings does not cause undue problems due to groundwater 

entry from either the fault plane or associated fractures. 
Despite two earthquakes in the region of substantial magnitude. no activity on fault planes in underground 

workings has been reported. Neither has there been any change in the status or presence of water at those 
places. 

It is concluded that a power in the Chief Inspector of Coal Mines to make a suitable prescription when 
a fault or d - ke is encountered or its existence is suspected will, in the environment of the Southern Coalfielcls. 
afford sufficient protection against undue loss of water. Orchard has observed "There is no difficulty in arranging 
the Aorkinas of any collier carrying out partial extraction in order to avoid contact with large faults or dykes. 
when there is any likelihood of water being transmitted by them." (Ref. 49.) 



UNCEWIAIN GEOLOGY 
It is correct to say that the geology of the Southern Coalf3eld is not and cannot he documented in ultimate 

detail but I accept that there is, as MeEvoy says, a good approximation. (Ret'. 34.) He states: 
A great deal is known about the geology fo the Southern Catehment Areas. This knowledge has reached a standard 
in excess of all other regions of comparable extent in New South Wales. Although other areas, such as parts of 
the N ewcastle Coalfield . has e been studied in great detail, they lack the u ni0 ue co ni bin ation o 	si phscal attributes 
cht racteristic of the SOU there Coalbeld These attributes include retatis clv straightforward geology. u ndcrgrou rid 
workings of coal mines, mans test drill holes, mine shafts and fine natural exposures of rock units along the illastarra 
Escarpment and in innumerable gullies and valleys. Airphoto interpretation and detailed surface ttnd u ndergrou rid 
mapping carried out over the last 60 sears, in co nj unction with the drill hole data, base resulted in the prod uction 
of detailed maps of the surface distribution of geological u nits. Other maps depict the geological struct tire and the 
thick ness of geological units including coal seams. Cross sections have been corn piled 'a Ii ieh portr:tv the subsurface 
attitude of the strata and other geological features: the variations within formations are also slims ii on such sections. 
A series1  of up to date versions of these maps and sections has been prepared to assist iii the understanding of 
the geological conditions relevant to the Inquiry. 

Although the rel:ttivc standard of geological work is high, there is no practicable means whereby the geolog of 
an area of regional extent ea ii he documented in u ltini:tte detail. Professor Edgesvorth David has written that geological 
history is ...... a tale which wilt surely never all he told. Yet just thereiit ties its charm, for it is full of the old. 
but for us ever changing, yet not 'aholly elusise. mystery and wonder of the world around us. To attain to absolute 
truth, we neither aspire nor desire, content, however faint or weary to he still pursuing. for in the pursuit itself 
'a e find an exceeding great rew ard'. 

(3 eo logical k nowledge the re f'ore rem a iiis au ap prox iii a tion. In the present ci rc u ms Ut ices. sve has e a good a 	PP  roxi in a- 
tion. [lie accuracy of geological boundaries and lines depicting structure on the maps and sections presented depends 
upon mans variables. These incfttde (i) the scale: (ii) the accuracy of the base m:tp and sections: (iii) the clarity 
of the geological exposure (i.e. the degree to which it is masked by soil or se(-,etation or rock debris): (iv) spacing, 
depth and type of drill holes and the detail and accu racy of drill logs: (v) local conditions such as flooding obscti ri Jig 
important exposures. heavy ram and fog or smoke impairing visibility during the mapping process: (vi) facilities 
for the geologist to pinpoiiit the position of geological features on the map and the ability of the geologist to use 
these facilities to best adsantage. Additionally, the general perception of the geologist is a sariable. It is well to 
hear in mind that more than one interpretation of the position of a geological boundary of the nature of a geological 
phenomenon is possible and acceptable in the light of the data its ailable at the time. Si cii arty, interpretations nt ,tde 
at different times iiiLty call upon ditl'ereiit sets of data and hence the result may he difierent. 
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LONG TERM STABILITY OF PILLARS 

It is fundamental to the proposals for limited mining that the substantial pillars which are designed 
to minimise subsidence and permeability changes should remain capable of continuing to do so for the possible 
life of the storages. Centuries and not decades are involved. 

The Board, conceding for this purpose only that the pillars are capable of giving the protection for 
which they are designed, contends that there is such a risk of change to the pillars from one cause or another 
that on this account, if for no other reason, the proposals are not acceptable. The Board does not contend 
that pillars of a specified larger dimension would remain stable indefinitely but is content to assert in a general 
way that any pillars which would admit to the extraction of coal in commercial quantities are liable to fail 
in the relevant future. 

The possible causes of failure which have been canvassed before this Inquiry are: 
progressive deterioration of the pillars at the edges by high loads or chemical action or both, 
failure by the effects of water. 
failure by the effects of mine fires. 
seismic activity. 

It is a fair view of the whole of the evidence that pillars of the size which might be recommended 
will not, whilst retaining their present properties, be liable to mechanical failure. They are indeed virtually 
indestructible mechanically and this matter has been dealt with earlier in this Report. 

PROGRESSIVE DETERIORATION LEADING TO FAILURE 
It is well established that in a mine pillar the highest concentrations of stress are upon the pillar edges 

and, as has been observed, part of the problem of pillar design is to provide a central core of sufficient magnitude 
to render ineffective the results of these high stresses at the edges. Nevertheless, it is possible that in any pillar 
there will, for this reason, be some minor degree of spalling at the edges due to this factor. Spalling is the 
horizontal peeling or fracturing from the force due to and in the direction of the extracted void. Additionally, 
the creation of the mine opening admits air and possible moisture for the first time for hundreds of millions 
of years. This fact leads to some chemical changes, notably oxidation of the exposed margins of the pillar. 

It is argued on behalf of the Board that these effects will progressively nibble away the pillar until 
it is so attenuated that it can no longer withstand the load for which it was originally designed and there 
will be ultimate failure. This proposition is denied by the mining engineers for a number of reasons. 

The condition of pillars in the Southern Coalfields, which have been standing for 70 or 80 years, is 
considered to have evidentiary value. It is said that this at least gives some indication of the rate at which 
this deterioration progresses and it is argued that if there has been no observable deterioration in that time 
it is unlikely that there would be such a disastrous deterioration as suggested in, say. 300 years' time. 

Attention has been directed to and an inspection has been made of pillars in the coalfields of Nova 
Scotia, which have stood for over 100 years. and their bulk has not significantly diminished in that time. 

Attention has also been directed, on the other hand, to pillars of the South Scranton Pennsylvania mine 
workings which appear to be approaching collapse. The original size of these pillars was not made known 
to the Inquiry. It is not open to doubt that if pillars are underdesigned for providing permanent support there 
is a risk of serious spalling with consequent failure. On the other hand, it is established that in the case of 
pillars with large factors of safety no significant spalling occurs. 

PILLAR CORES AND YIELDING ZONES 
A theoretical explanation has been advanced for this observed fact. (An Hypoihesis concerning Pillar 

Stability—A. H. Wilson 1972.) A pillar is supposedly divided into two zones, a yielding zone and a pillar core. 
The outer yielding zone constrains the inner core because it resists spalling by means of the frictional forces 
between the roof, floor and within the fractured coal and the interlocking of the coal blocks fractured by the 
mining process. 

A research investigation (ref. 6) has been carried out in South Bulli Colliery under the supervision of 
Professor Budavari in the Bulli Seam at a depth of 300 rn. 

The Wire-Extensometer technique was used to record the lateral deformation occurring in the rib sides 
during mining. The results indicated that the excavation of the hord affected the coal measurably only in the 
zone between 0 and a maximum of 3 in on each side. In this zone the displacement was in excess of 3 to 
4 mm relative to the anchor point. 

Professor Budavari expressed this opinion: 
If for the conditions described the pillar width is taken to be 130 feei which is close to boih suggesied and calculaied 
pillar widths, then only a small proportion, say 10 feet on each side of the pillar would be affected h the load 
transferred to the pillar by its formation. Under these condiiions the overall stahiliiv of the pillar would certainly 
be assured. 

99 



When bords or panels of the maximum permissible width have been formed any coal which has spalled 
from the pillars must be allowed to remain where it has fallen. Such a directive ensures that the slope of 
spalled coal will provide some support and some insulation for the pillar, and would discourage any temptation 
to diminish pillar sizes. 
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THE BEHAVIOUR OF PILLARS AS AN AID TO STRATA CONTROL 

II a pillar is sufficiently large an area near the centre will be completely "constrained" so that 
the coal cannot crush, and it will carry any load placed upon it. Because of the strata pressure, 
the pillar sides tend to move sideways into the bords and the coal breaks off and the pillar becomes 
less useful as a support. The large pillar shown in Diagram A, will carry a much greater load than 
the four small pillars in Diagram B with the same total area of 2,500 sq yds. The arrows indicate 
coal movement, and the relative effectiveness of the pillars is illustrated in the elevation coloured 
black. 

This diagram (from Roo/ Suppori in Coal Mi,ies—R. A. Menzies) gives an indication of the concept 
of pillar cores and also shows the loss of pillar core which occurs when cut throughs are made through a 
large pillar. 

The conclusion is reached that, having regard to the massive proportions of and, in particular, the width 
to height ratio of the pillars which are contemplated in the partial extraction systems under review, there will 
be no such progressive loss of bulk by these processes as to give rise to significant risk. 

FLOODED MINES 
Abandoned mines generally become flooded after pumping ceases. Not a great deal is known as to 

the long-term effects of water upon coal in situ but no case has been referred to where it is believed that 
mine pillars have in fact collapsed in a flooded mine. To the contrary, cases have been pointed to where a 
flooded mine has been dewatered and the pillars were seen to remain intact. A notable example is Plat's Pit 
in Wigarn in England which was flooded in 1620 and dewatered in 1960, a period of 340 years, exposing a 
systematic pillar and stall lay-out. 

A further circumstance is that if workings become waterlogged the oxidation of the coal is prevented 
by the exclusion of air. 

Coal is very poorly permeable but if it becomes saturated to the limit of its porosity it might, on that 
account, lose its strength to the order of 10-15 percent. It seems reasonable to conclude that ultimately, when 
abandoned, but at what point of time it is impossible to say. the South Coast mines will become filled with 
water. 

There is. however, a countervailing factor to this possible strength loss and that is that the water surround-
ing the pillar would exercise a restraint upon it so as to increase its supportive function. It is concluded that 
there is no risk of pillars of the size under consideration failing by reason of the effects of water. 

MINE FIRES 
Fires may be caused in mines by the introduction of a source of ignition or by spontaneous combustion 

of the coal. Fires in an operating mine are a real and ever present risk against which the most elaborate precau-
tions are laid down and enforced. Such fires may arise from inadequate maintenance of equipment, friction, 
short circuits or the like. 

Such an ignition usually involves the mechanical or electrical equipment involved in the first instance. 
Not only are the regulations which govern such matters very strict. but the equipment and facilities which 
must be available in a mine enable any fire to be speedily controlled. If such a fire reaches proportions where 
it cannot be dealt with by ordinary methods it is usual to seal off the part of the mine involved and thus 
deprive it of oxygen. 



Once a mine ceases to operate these sources of ignition cease to exist. In any event, the risk that any 
type of fire will ignite pillars is extremely remote. The existence of the inflammable -as. methane, in the mine 
is not really relevant to this problem. Though it may cause an explosion, it burns rapidly and will not materially 
effect the intensity of a fire otherwise caused. 

The other type of fire to be considered is that which arises from spontaneous combustion which relates 
to the ability of some coal to ignite independently of an external heat source. Not all coals have this quality. 
In the Southern Coalfields there is no history of spontaneous combustion either in the mines, in the waste 
heaps on the surface, or in stock piles. The coal is of relatively low volativity and does not have a high sulphur 
content which are characteristics tending against spontaneous combustion. 

Fires caused by spontaneous combustion do not present any risk to the pillars in the Southern Coalfield, 
either in an operating mine or in a disused mine, particularly in the latter case if it becomes flooded. 

SEISMIC ACTIVITY (EARTHQUAKES) 
For many years the Board has been interested in investigating possible active tectonism in the area 

under consideration. Indeed in 1958-9 the Board set up an array of seismic stations to monitor the seismicity 
of the region in which the Board's dams are situated. The attention of this Inquiry was perforce directed to 
the question of whether mining would increase the risk of loss or damage to the Board's storages and structures 
by earthquakes. The term "seismic" pertains to earthquakes or other earth vibrations. An earthquake has been 
defined as a naturally occurring movement of the earth's crust, beginning suddenly and of short duration, 
which causes vibrations to travel through and around the earth generating shaking at the earth's surface. 

Most earthquakes are caused by the displacement of rocks in any direction along faults. The magnitude 
of an earthquake is an absolute measure of the size of the originating disturbance at its source (hypocentre). 
The magnitude is calculated from the measurement made by an instrument called a seismograph. A scale 
of magnitude has been devised which is popularly known as the Richter scale. The breaking strain of rocks 
of the earth's crust impose an upper limit to the magnitude of an earthquake and it is not likely to exceed 
9 on the scale. The smallest earthquake that can be felt by man has a magnitude of about 2. 

In contrast to the magnitude of an earthquake, the intensity of an earthquake is a descriptive measure 
of the degree of shaking at a specified place on the earth's surface. Thus an earthquake has only one magnitude 
but an indefinite number of intensities and these intensities depend upon a number of factors other than mere 
distance from the hypocentre. 

Australia has less seismic activity than any other Continent apart from Antarctica and has in this connec-
tion been called the quiet Continent. There is a minor seismic zone within the southern and western part of 
the Sydney Basin. 

For present purposes two earthquakes in that zone require notice. On 21st May, 1961, an earthquake 
of magnitude 5.6 on the Richter scale occurred near Robertson and on 9th March, 1973, another earthquake 
of magnitude 5.5 occurred in the Burragorang Valley. Other earthquakes in New South Wales are shown on 
the figure below. 
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EARTHQUAKES IN NEW SOUTH WALES. 
1909 -1973 

Opinions have been expressed to this Inquiry that faults which have been once disturbed or are near 
the limit of equilibrium might be activated by a seismic tremor of sufficient magnitude. Further, it was suggested 
that the creation of artificial defects by mining might itself lead to increased seismic activity. It was also suggested 
that any major seismic tremor might cause pillar collapse, or cracking over panels. 

Evidence was given by a seismologist (ref. 9) who stated that the return time of earthquakes in the 
southern catchment area of the magnitude of 5.5 on the Richter scale is approximately 40 years and the return 
time of earthquakes of the magnitude of approximately 6.5 on the same scale is approximately 400 years. 
The opinion was expressed that earthquakes of magnitude of approximately  5.5 very rarely cause surface faulting. 
In Australia, earthquakes of this magnitude are associated with rock fracturing at a depth of the order of 10 
km and it is most unlikely that fracturing would extend to within 1 km of the ground surface. It would follow 
that no fear should be held in respect of seismic activity of this magnitude. 
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Where the magnitude is approximately 6.5 rocks may break all the way down to the focus of the 
earthquake, that is the place at which the rocks first break. This was the opinion expressed: 

Thus an earthquake of magnitude approximately 5.5 is not likely to fracture hard rock at the ground surface or 
within a kilometre of it; an earthquake of magnitude of approximately 6.5 is very likely to fracture hard rock at 
the ground surface or near it. Rock fracturing below a reservoir could lead to considerable leakage of reservoir 
water if there were mine excavations not far below the reservoir. 

The statement as to the return time for these seismic occurrences is an estimate and the estimate of 
400 years is made by regarding its periodicity as being ten times that for an earthquake of 5.5. a somewhat 
arbitrary selection probably based upon the view of Richter that the frequency of shocks at any level of magni-
tude is roughly 8 to 10 times that about one magnitude higher. There is no record of any earthquake of the 
intensity of 6.5 having occurred in New South Wales. It is also to be noted that the Board's geologist was 
dtscussing a return period of 900 years in a paper published in 1974 for a 6.5 earthquake. He commented 
"this possibility is indeed remote on this and other grounds". 

The estimate of a return time of 40 years for an earthquake of magnitude 5.5 is very much open to 
question depending, as it does, on the interpretation of statistics extending over about 54 years. 

If seismic activity of the order of 6.5 on the Richter scale (with a high intensity at the site of mining) 
is to be allowed for in any design then it would seem no limited mining under sensitive areas would ever 
be undertaken because of the risk of fissuring and it has been observed with some force that if there was 
an earthquake generating sufficient intensity, not only the mine pillars might fail, but possibly the dam heads 
as well. The only prescription against unforeseeable seismic activity is to do what has been done to design 
the mine pillars on the notion of indestructibility. 

Following the earthquakes of 1961 and 1973, despite specific inquiries, no movement then or at any 
other time along fault planes in any underground workings has been reported. Neither has there been any 
change in the presence or quantity of water at these points. Certainly no pillars were affected. It is constdered 
that the risk of movements of destructive intensity is so remote and the safety factor included in pillar sizes 
so great that this consideration should not be regarded as significant. 

There are recorded instances of earthquakes being caused or aggravated by the extra load placed on 
the earth's crust by impounding large bodies of water or by the pore pressure created by transmission of water 
through fractures. This has happened especially in the filling stage. Since the reservoirs under consideration 
have been filled for many years without causing any damaging seismic activity this risk is considered 
negligible. 

THE UNAUTHORISED EXTRACTION OF COAL IN EXCESS OF THE PRESCRIPTIONS 
It was contended that whilst operating mines were subjected to supervision and inspection, once they 

were abandoned there was an added risk of pillar failure. This could only be due to pillar robbtng and in 
modern times the idea of coal being stolen or secretly taken in breach of the law from a dtsused mine does 
not warrant real consideration. 
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CONCLUSIONS AND 
RECOMMENDATIONS 

GENERAL DISCUSSION AND SUMMARY 
What has gone before in this Report is an attempt to state as compendiously as possible the issues 

and considerations which have been identified from the large mass of material, both written and oral, which 
has been placed before this Inquiry. 

The Board, the Department and the Companies, apart from using their own resources to provide eviden-
tiary material, have engaged highly qualified men, many of international reputation, to give the Inquiry the 
benefit of their knowledge and experience. In the course of the overseas visit, in addition to inspecting relevant 
mining operations. I was able to have discussions, both formally and informally, with many men of great 
experience and knowledge on one aspect of the Inquiry or another. 

There were indeed involved in this Inquiry. many disciplines and special fields of study. There can 
be no doubt that in the course of this Inquiry a great deal has been learned by all concerned in the seminar 
type procedure which was used. Evidence was not taken on oath and as much informality as possible was 
allowed. It did not appear that the course of the Inquiry was any worse for that. 

It was obvious that on many aspects new ground was being broken and the studies which have been 
done for this Inquiry will be valuable and a basis for further research and study. The Inquiry became a scientific 
inquiry of importance in which the parties spared no reasonable effort to substantiate the validity of the view 
they had espoused with sonic degree of intuition, for so long. The Companies made a valuable contribution. 

When the Board in November 1963, formulated in writing, its policg to oppose any mining under the 
stored waters and marginal zones it was dealing with a problem entirely different from that which confronts 
this Inquiry. In the first place there had been specified a marginal zone based upon a 100  angle of draw. 
This has now been shown to be inadequate. When it persuaded the Department to agree to a marginal zone 
based on a 350  angle of draw outside which unrestricted mining might take place it was still faced with a 
situation where lease conditions permitted mining inside the boundary of that zone at depths of cover of only 
120 feet and with pillars less than one-half the size of those now proposed and, in some cases. one-quarter 
of the size. These pillars were of a dimension where concern might well be felt as to their long term stability 
and they could not be regarded as virtually indestructible. The depth of cover was inadequate. 

If this Inquiry was concerned to determine whether the Board in the light of present knowledge was 
justified in the attitude it took at that time, the answer must be in the affirmative because mining under those 
conditions could not now be recommended for the future. 

A perusal of the minutes of the conferences held between the Board and the Department in the years 
1961 to 1963 does not suggest any attempt to accommodate the mining system to the problem of preserving 
the integrity of the water storages. It seems always to have been assumed that the choice was between no 
mining at all or a continuance of mining under existing lease conditions. It was not until Muir's visit abroad 
on behalf of the Department in 1964 and the time when the proposals by Orchard and Wardell were made 
that a different approach was adopted and a different question required attention in this Inquiry. 

The Inquiry has indicated that there is a need for the Department to acquire and build up for itself 
experience and knowledge in the field of subsidence engineering as it relates to New South Wales conditions. 
For the future the Department should not be so dependent upon overseas consultants for advice in this field. 

The National Coal Board, operating a vast nationalised industry, has for long had on its establishment 
a subsidence engineer with the particular responsibilities the title implies. In New South Wales, coal mining 
operations are carried out by many companies and this makes it appropriate that the Department should fulfil 
the need which I see. Many highly qualified persons have during the course of this Inquiry identified or indicated 
areas requiring further study investigation and research. 

If the recommendations of this Report are implemented, a continuous watch from a scientific viewpoint 
should be maintained and the experiences as they develop should be evaluated at a level different from that 
of routine mines inspection. Liaison is necessary, not only between the Department and the Board on these 
questions, but with other authorities and persons interested in the surface affected or likely to be affected 
by subsidence effects. Consideration needs to be given, not only to the protection of existing structures, but 
to the design of proposed structures. Buildings, pipelines, roads, railways and bridges should be so designed 
as to be capable of withstanding predicted subsidence and design engineers should have access to reliable 
data. 

As it seems to me, this need can be best met by the creation within the Department of a position for 
a suitably qualified person under the title of "Subsidence Engineer" or similar title, who can (jilter aija) initiate, 
supervise and co-ordinate research projects. advise on sub-aqueous mining, co-operate with the inspectorate 
and acquire the knowledge and expertise to advise the Department on matters relating to subsidence and strata 
control in relation to its effects, not only on the existing surface and structures, but upon the design of future 
structures. 

103 



One difficulty in the Inquiry was attributable to the differing approaches that may be made by persons 
trained in different disciplines, as well as to the well known tendency of consultants to support the party which 
retained them where it was arguably possible to do so. Those expert witnesses whose experience was related 
to the construction industry, including dam engineers, are accustomed to designing with materials, the properties 
and characteristics of which are well known and to use formulae which are also well known and proved. Where 
in building dams or reservoirs or other structures, a knowledge of the surrounding strata is important. they 
are accustomed to being supplied with full data after appropriate investigation. On the other hand, those experts 
who are associated with mining have been obliged to rely upon experience and to allow safety factors of such 
magnitude as will cover the lack of precise knowledge and the risk involved. Investigation in ultimate detail, 
of a relevant geological region is not possible and generalisations and approximations must be resorted to. 
Furthermore, if a mine is regarded as a structure, it is of a kind that develops and changes as conditions may 
require. The mining engineer, if he is seen as creating a structure by his mine design, is using the rocks of 
the earth's crust as his major building material and in the nature of things their precise characteristics as a 
building material cannot be known. He has few proved formulae to rely upon. 

It is little wonder then that there was such a divergence of view between the civil engineers and mining 
engineers and that the civil engineers would espouse a view that the mining proposals were experimental and 
for this reason should not be undertaken. It is similarly not surprising that the mining engineers should turn 
to actual experience rather than theory and pay most regard to what has been done and what has happened 
in the Southern Coalfields and in other parts of the world. 

The Board has submitted that unless it can be guaranteed that there will be no loss of water there 
should be no mining and has on a number of occasions sought to disclaim any responsibility for anything 
that might occur as the result of mining under or near its reservoirs, an attitude which is understandable. Many 
theoretical propositions have been advanced to the Inquiry on behalf of the Board which have, in the end, 
in the light of practical experience in the Southern Coalfields and for other reasons, to be discounted as being 
unrealistic and out of perspective. 

That the solution of the problem, as between the parties, was intractable can be understood, because 
there can be no answer demonstrated to be correct on well-known and accepted scientific principles. In the 
end, the answers must be an exercise of judgment based upon a consideration and evaluation of the many 
and varied opinions of men expert in their particular fields in so far as they are based on established fact. 

It is not appropriate in this context to speak of guarantees. The circumstance that the problem is unique 
and therefore without precise precedent, demands caution and conservatism, but it cannot be allowed to dictate 
the result of this Inquiry. 

I have endeavoured to introduce that degree of conservatism into the recommendations which follow 
which is appropriate to the matters at stake and to the uncertainties. 

A number of the technical studies submitted by the Board have been directed to showing the effect 
at the suri'ace of supercritical areas of extraction. Cracks, rock falls and other surface manifestations have been 
measured, photographed, their positions plotted and they have been studied in great detail. In addition, a 
large amount of the material in the reports of experts submitted by the Board has been directed to the effects 
of total extraction. 

It is desired to emphasise that these matters only have relevance to the size of marginal zones which 
are designed to protect the stored waters and their impounding structures from the effects of such extensive 
mining. A natural tendency to look at the tension cracks which have appeared above areas of extensive mining. 
particularly when close to the escarpment or any other cliff, and to relate these effects to the proposed systems 
of mining, must be resisted. Except for the purpose mentioned above in relation to marginal zones. they are 
wholly irrelevant. The Board has not, during the course of the Inquiry, attempted to suggest that cracks of 
this nature could possibly be caused by the limited systems of mining which have been proposed. Popular 
concepts as to mining subsidence tend to mislead as they are invariably associated with extensive unplanned 
mining. 

In its earlier submissions the Board urged that there was danger of catastrophic losses of water involving 
destruction of property and loss of life on the coastal plain. This possibility arose from the relative levels of 
the mine adits and the water levels in the reservoirs. 

In all the mines concerned there is an adit below the water level in the relevant reservoir. If an inrush 
occurred into a mine the loss of storage might not be confined to the amount of water required to flood the 
mine fully but could extend to such amount as would reduce the storage level to the adit level or, indeed, 
could result in a total loss of water. This being so, a dangerous flow to the plain below, it was said, could 
be envisaged. 

As the Inquiry proceeded it was recognised that such fears were quite unrealistic at the depths of cover 
and with the systems of mining proposed. In the end the submission was abandoned and in the light of the 
evidence it came to be submitted by the Board that the danger lay in the insidious depletion of stored waters 
by the loss of "invisible water", i.e., water percolating to the mine roof in such amounts that it was not detectable 
by the human eye but which became significant in total as a proportion of the safe draft of the reservoir. 
Groundwater moves very slowly and changes in the pattern of groundwater entry into the mines should be 
monitored and the cause investigated. 

Changes that indicate possibly.unacceptable leakage will be of slow onset and not irreversible or 
irremediable. 

I have been persuaded that mining is possible under the stored waters if carried out with proper 
safeguards. 

The evidence has satisfied me that bord and pillar mining under the reservoirs at a minimum depth 
of suitable cover of 60 in will not cause a sufficient disturbance of the strata to increase any existing seepage 
from the reservoirs. No suitably qualified witness in the Inquiry expressed a contrary opinion. If the minimum 
pillar size in such a system is fifteen times the height of extraction the long-term stability of these pillars is 
ensured. The possibility of their failure from any suggested cause is so remote that it may be disregarded. 
I am further satisfied that the bords in this system will not of themselves, by creating a drain, lead to any 
significant increase of seepage where the cover contains not less than 60 m of rocks of the Narrabeen Group. 
This follows from the earlier conclusion that through any sequence of 60 in or more or rocks in the Narraheen 
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Group in their natural state when underlying stored waters, there will not be a significant vertical flow of 
water. Where the Bulli Seam is being worked by this method, being at the top of the tilawarra Coal Measures 
the requisite minimum cover (except in exceptional circumstances such as the intrusion of the Cordeaux 
Crinanite the permeability of which was not established) will always include a sequence of 60 in of strata 
of the Narrabeen Group. In the case of such workings in deeper seams, the minimum cover may include a 
supplement of rocks of the Illawarra Coal Measures to make it up, e.g.. in Huntley and Wongawilli Collieries 
under the upper reaches of the Avon reservoir. 

In the case of partial extraction by the panel and pillar system I am satisfied that, provided there is 
a sufficient depth of cover, a system can be devised which will so localise stresses that are developed that 
there will be no significant loss of water into the mine or in any direction. 

The same conclusion as to the relative impermeability of a sequence of 60 in of strata of the Narrabeen 
Group makes it desirable to achieve, in general, in panel and pillar mining a result which leaves such a sequence 
undisturbed by the results of mining. The recommendations are designed to do so. 

There have been conflicting expressions of view as to the minimum depth at which panel and pillar 
mining should be permitted. Wardell said 300 feet (91 m). Orchard 400 feet (122 m), Budavari 400 feet (122 
m). Morton 450 feet(l37 m). and Williamson 600 feet (183 m). I have already made an intermediate conclusion 
that at a minimum depth of 90 m with panel and pillar mining it was possible so to minimise strata disturbance 
as to leave 60 in of undisturbed strata. An examination of the bases upon which Morton and Williamson ex-
pressed their views does not compel an acceptance of them, though they invite conservatism. Orchard's view 
must be respected but most importantly it is embraced by the Department. Though he conceded mining with 
the suggested geometry might safely be performed at the minimum depth proposed by Wardell, it was his 
judgment that 400 feet (122 m) was an appropriate minimum. It becomes mine and I am of the opinion that 
the minimum depth for panel and pillar mining should be 120 m. This figure does make allowance for some 
surface tension effects and for the unexpected consequences of dykes, faults and discontinuities. that may be 
encountered. 

The system of panel and pillar mining which would have the desired effect of so localising the stresses 
as to leave at least 60 m, of strata of the Narrabeen Group undisturbed is basically that proposed by Orchard. 

It would, however, include the proviso proposed by Wardell that the minimum pillar size should never 
be less than fifteen times the height of extraction. 

These may be some problems in accommodating the mining techniques, safety requirements, and 
economic considerations current in New South Wales to the recommendation in respect of long solid pillars 
in panel and pillar mining. 

However, it was not suggested by the Department or indeed by the Companies that any proposal was 
not feasible and although some difficulties are foreseen and discussion of the technical problems that may 
be involved is beyond the scope of this Report and any problems will have to be left to be solved by the 
companies and the Department. 

FINDINGS AND RECOMMENDATIONS 
The following are my findings and recommendations: 

(I) I would answer the first question in the terms of reference in the affirmative. I have formed 
the opinion that, in the public interest, the relevant mining should be permitted because the valu-
able resource of coal reserves may be mined without endangering the security of the stored waters 
if the mining is carried out with proper safeguards. 
The following paragraphs indicate my views relating to the second question of the terms of 
reference as to the extent of such mining and the conditions subject to which it should be carried 
out. 

Restricted Mining Only: 
Mining under the stored waters must be restricted to specified systems of partial extraction, 
There must be a zone around the margin of the stored waters within which only this restrieted 
mining is practised. 
Minimum depths of cover for mining must be observed. 
No mining or driving of access roads should be permitted at a depth of cover under the stored 
waters or their marginal zones of less than 60 m. 

Bord and Pillar Recommendations: 
Bord and pillar mining at depths in excess of 60 m should be allowed with bords of a maximum 
width 5,5 in and pillars of a minimum width 15 times the height of extraction or, one-tenth of 
the depth of cover, whichever is the greater, provided the cover includes not less than 60 m of 
rocks of the Narrabeen Group. 
Where the depth of cover is 76 m or more, bord and pillar mining with bord and pillar sizes 
as in (7) should be permitted. 
Where the depth of cover is in excess of 60 in but less than 76 m, but does not include 60 m 
or more of rocks of the Narrabeen Group, only the driving of access roads should be permitted. 
Where two or more seams are worked in the same locality by the bord and pillar system, the 
pillars in each seam should have the same dimensions and these should be related to the thicker 
seam. Where the interval between the two seams is greater than five times the thickness of the 
lower seam the dimensions of pillars in the lower seam may be related solely to the thickness 
of that seam. Where the pillars are required to be identical in size, the pillars in each seam should 
be disposed in the same vertical plane. 

Panel and Pillar Recommendations: 
At depths of cover of not less than 120 m partial extraction of coal by the panel and pillar method 
may be carried out provided that panel sizes do not exceed one-third of the depth of cover and 
pillar sizes are of a length co-extensive with that of the panel extracted and of a width not less 
than one-fifth of the depth of cover or fifteen times the height of extraction, whichever is the 
greater. 
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If more than one seam is worked, one above the other, by the panel and pillar system, the smaller 
panel applicable and the pillar larger in width should be taken to apply in both seams and the 
pillars should be in the same vertical alignment. 

Marginal Zone Recommendation: 
The marginal zone around the stored waters should be determined by an angle of draw of 26'/2° 
taken from the boundary of the stored water at full storage level. 

Dam Wall Recommendation: 
There should be no mining or driving of access roadways within a pillar of coal under and sur-
rounding an impounding structure. 

The size of the pillar of unworked coal under any impounding structure should be determined 
by an angle 'of draw of 350  taken from a line on the surface 200 metres from the edge of the 
concrete or masonry structure. The Minister for Mines and Energy should have power if thought 
fit in a particular case to increase the distance of 200 metres. 

Further Recommendation: 
A detailed plan should be submitted to the Department of all proposed mining under the stored 
waters and their marginal zones. The Minister should have power to disapprove such a plan 
in whole or in part, notwithstanding that it complies with these recommendations, if, in the opinion 
of the Minister, it is proper to do so. 
In particular, the Department should ensure that the mining plan in so far as it relates to the 
pattern of extraction at and near the boundary of the marginal zone is such that the integrity 
and effectiveness of the partial extraction system will not be impaired or reduced. 
Periodical inspection of the working under the stored waters or the marginal zones should be 
allowed by a representative of the Board. Coal which has spalled from pillars the size of which 
is specified to these recommendations should not be removed. Special powers to halt mining 
under the stored waters and their marginal zones should be reserved to the Department. 
Severe sanction should be imposed for any breach of the mining conditions relating to mining 
under the stored waters or their marginal zones. 

Figures 4 1-48 show the areas under the stored waters and marginal zones indicating the possible impact 
of these recommendations in each case. 

The recommendations are expressed in general terms but they do. I believe, resolve the substantial issues 
debated in this Inquiry. In so far as they are accepted. their detailed implementation will require working 
out and no doubt some modifications. For example, depth of cover will require precise definition as to whether 
it is to be taken as relating to the base of the stored water, the full storage level or to the actual ground surface 
and whether it is to have the same meaning in determining panel sizes as for determining pillar sizes. These 
are questions which have not been debated in ultimate detail before the Inquiry. An example of the treatment 
of this problem is to be found in figure 34. 

It is not reasonably possible to deal with the multifarious problems which must be met and solved in 
dealing with a particular seam in respect of a particular reservoir when related to a proposed mining layout 
and these recommendations should be accepted as guidelines. A reserve power in the Department to modify 
or prohibit mining which might otherwise be authorised is essential. Whether these recommendations, if 
implemented, should be given effect to by lease conditions or by statute or partially by lease conditions and 
partially by statute is a matter which must be left for determination because the considerations which bear 
upon this question have not been canvassed before this Inquiry and may include policy matters beyond the 
scope of the terms of reference. 

Consideration will have to be given as to whether s.55 of the Metropolitan Water Sewerage and Drainage 
Act 1924 should be superseded in its operation in respect of coal mining under or in the vicinity of the stored 
waters. If the section remains unamended this report can do little more than provide guidance to the Minister 
of Public Works in advising the Governor under s.146 of that Act in a particular dispute if ss.55 and 146 
should have been invoked. 

Consideration will also have to be given to whether the Mine Subsidence Compensation Act 1961 should 
apply to Mine under or to the vicinity of the Stored waters. These would seem to be good reason why it should 
not. 

A useful exercise was undertaken by the Department in an attempt to express in legislative form the 
proposals for mining that it advocated and a method of implementing them. The Department chose the expedient 
of inserting by way of amendment a new Division in the Coal Mines Regulation Act 1912 applying to the 
working of coal underneath the reservoirs and zones surrounding them and their impounding structures. This 
work does not provide a basis for a recommendation that legislation in the form suggested or in any other 
form is appropriate to implement the recommendations contained in this report. Its value lies in demonstrating 
that the recommendations would need to be filled out in detail and in identifying the types of problem which 
will necessarily arise and require solutions within the framework of these general recommendations. 
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