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INTRODUCTION

Stated in the simplest terms, surface mining consists of
nothing more than removing the tonsoil, rock and other strata
that lie above mineral or solid fuel deposits to recover them.
In practice, however, the process is considerably more com-
rlex.

Wthen compared with underground methods, surface mining offers
distinct advantages. It makec possible the recovery of de-
posits which, for physical reasons, cannot be mined under-
ground; provides safer working conditions; and, most sig-
nificantly it 1s generally cheaper in termé of cost-péer-unit
of production.

o

Surface mining is not applicable to all situations, however,
because the ratio between the thickness of the overburden
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that must be removed in order to recover a given amount of

g

product places a definite economic limitation upvon the oper-

™

ator. While this ratio may vary widely among operationz and
commcdilies owing to differences in the characterisiics of

S o

the overturdesn, types and capacities of the equipment uzed,

and in value of the material beinsg mined, it is neverthelecs

.

the factor that primaril; determinez whether a particular
mining venture can survive in a competitive market.

In the past the mining incustry's nrimary acsignment has been
to provide minerals and fuels to meet the nation's need at the
lowest poscible cost. In a number of cases, environmental
protection now is taking precedence over lowest cost as the
prime objective. An added demand now is that these materials
be produced with a minimum of undesirable environmental dis-
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ruption. This was recently discussed by Risser®*, who states:

“"While some of the public realize that increased costs will

be involved in this shift of emphasis, it is doubtful that the
general public fully recognizes the extent of thece costs or
the fact that they must ultimately be borne by the concumer
through increased pricec if production is to continue.

As the effort toward environmental improvement progresises

and the relative magnitudez of both the costs and benefits
become mors apparent, a zZreater public tendency to balance
one against the other may develop. It may be decided, that
beyond a certain point, the incrementsl benefite do not Justi-
fy the added costs. Neverthelsss, there is a publi¢ mood fto-
day that reflect= a strong conviction that the quality of the
environment must be protected from further deterioration, and
the official government attitude reflects that pubiic mood.
An efiort to point out the magnitude of the cozsts involved

in complying with new regulations iz unlikely to receive much
sympathetic attention today. Nor will the fact that a pro-
posed regulation or procedure appears comvletely impractical
or infeacible necessarily mean that the legislation requiring
such procedure will not be enacted.

S5till another way in which some environmental effects may be
reduced is through improved technology in the productic.a and
use of minerals and fuels. Such technological improvementa
may or may not result in increaced costs. They may, in fact,
bring the dezired results at a reduced cost. Dut new techno-
logy does not just happen. 1Its development requires time,
concerted erffort, and increased investment'.

It i5 hoped that the following discussion on mining methods,
reclamation practices, and environmental regulations of for-
eign countries will benefit the improvement of technology in
a moet important area, namely curface mining of coal, and
brins about a better understanding of the problem.

* Risser, H., E., "Environmental Quality Control and Mineralz",

in "Focus on Environmental Geology", Ronala VW. Tank, Editor,

New York, Oxford University Presc, london 1973, pp. 305-307.
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ﬂ BASIC DEFINITIONE AND TERMINOLOGY

-

£ 1, Conditions Warrantinzs Oven-Cut Work

- Surface mining of coal can be justified technologically and
: economically when the deposit lies at relatively shallow depth.
g To extract the coal by an open-cut method it is necescsary at
?. first 1o remove certain amounts of barren rocks. This oper-
B\ ation is called stripping and the ground removed overburden
., or spoil. Of importance in evaluating conditions that may

.

3 warrant open-cut work is not only the absolute amount of the
ground subject to removal, but its relative volume per unit

of coal to be extracted. It may, for example, prove imprac-

X -4

if tical to strip cover-rock strata 50 feet thick from a coal

I " seam, 1f the seam itself is 5 feet thick, but it might be

5 economical if the thickness of the seam is as much as 15

. feet. The ratio of the overburden volume to the amount of

; coal already extracted or to be extiracted, exprecsed in vo-

1} lumetric or weight units, is called the stripping ratio.

{A When the earth's surface and the coal deposit are more or

Q' less flat, the stripping ratio is fairly uniform (see Figure

A 1). VWhen the surface or deposit slopes, this ratio alters :

b along with the increase in size of the pit (see Figure 2 and ;g
3). For conditions prevailing in each open pit there exists Eﬁ
a maximum proportion of the amount of waste or spoil removed ﬁ%

| EL

to a unit measurement of the coal, which it would be uneco-
nomical to exceed. Vhea this limit is reached and the de- hi
posit lies much deeper still, it is more profitable to change

5

over to underground mining. This maximum proportion depends

/l"k
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Figure 1. Open-pit layout on a flat bed with horizontal
ground surface (from Shevyakov, p. 594).

A 0 -

. L

' r

# Figure 2. Open-pit layout on a flat bed with sloping
e ground surface (from Shevyakov, p. 594).
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Figure 3. Open-pit layout on a sloping bed with horizontal
ground surface (from Kusnetzov, p. 124).
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in general on cost A charged againct mining by the oven-
out method of 1 cubdc yard of coal, ¢ost B of overburden
atripping per 1 cubic yard and the stripping ratio. By
using these symbols, we find that the total cost of mining
1 cubic yard of coal by the open-cut method, including the
cost of stripping operations, will amount to

A + BX.

Conditions economically justifying the usce of the open-cut
methoa instead of underground mining will then be deter-~
mined by the formula

A + BXeC

where C is the mininzs cozt of 1 cubic yard of coal extracted
by the underground method. The maximum stiripving ratio X
can be found Ifrom an equation expressing the cost of nmining
by the open-cut and undersround methodso

&+ EHE = B

\thence

Depending on the reolorsical structure of the deposit, the
gize of the open-vit, the available machinery and labor,
costs 4, B and C may vary widely and, concequently, the
differences in the value of the maximum striponinz ratio
are alzo liable to fluctuate anpreciably. If, depending
on the geological structure of the deposit, the stripving
ratio increases as the depth of the pit increases, the




maximum stirioping ratio rust correspond to an economical
maximum Centh of the vit. In Eastern Wyoming, for examnle,
where 50 to 80 feet thick coal =zeams outcron at the surface
and are cdeposited at dips measuring only a few degrees, 1t
is exvected thal area stripving using long-reach craszlines
equivoped with 50 or 75 cubic yard buckets and 360 feet long
booms, will allow open-tits to be excavated to an economical
maximun depth of approximately 200 feet. Maximum stripping
ratios of thece pits are expected to vary between 1.4 and

Nl

2.0 cubic yards oi overvurden ver ton of coal. The produc-

T e

tion ol some zurface riines in Wyominc ig forecasted to reach

11 million tons of coal a year by 1980.*

.

-

s S

Since the maximum stripping ratio may be quite different, de-

pending on local and geolosical conditione and applied tech-
nology, the practice of taking "current" figures for stripping

'. ratios as a guid

@D

for nlanning mining overationz is to be rul-
ed out altogether. In general, progress of mechanization in
surface mining makes it possible continously to increase this
ratio. In many instances, the depth of a pit is determined
by a <hallow occurins wvottom of the devosit. In other con-

I orp

ditions favorable for the develorment en~cut mining the

R I S e

o]
pits may be very deep. In the Krivoi Rog district of the

U.S.5. R., for examnle, before it changed over to undersground

e

S e

[4]

* Wyoming Coal Gas Co. & rochelle Coal Co., "Avplicante
Environmental Ascescment for a Prorosed Coal Gasification
Project - Campell anda Converse Counties, Vyoming", p. III-3,

(1974).




mining the pits were as much as 40O feet deep.* One brown
coal pit at Korkino (Urals) is at »resent over 600 feet
deep, and it is plauned to deepen it still more. In other
cases, the danger of land zliding on the clopes of a pit
may require to change over to underground mining earlier
than ctipulated by the oroject. Cuch a gituation occured
at one of the open coal cute of the Yemanzhelinla district
in the Jrale. And conversely, special circumstances méke
it emparative to continue oren-cut nining at denths where
underground extraction of the coal would seem more vracti-
cal and economical. A tyvical example iz the mining cf
thick beds of zelf-igniting coal.

2. _Advantaces and Drawbacks of Oren-Cut

VWork ac Compared to Underground Mining

Contrasted with underground mining open -cut work precents
many advantages.

a. The princival advantape is that the efficiency of labor
is considerably higher in open-pite, while the cost of mining
ig lower. In the coal industry a miner achieves 3% to 4 times
ag nuch in open-cut mining as he does underpground., That is

P

* Shevyalkov, L., "Mininas of Mineral Denosite', Foreign
Languages Publiching Houze, Moocow, Zubovsky Blvd. 21,
U.S.5.R. pp. 559 =600.
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becauze it is posszible to use highly eifiricat mining equip-

ment and transport facilities, there being no limits to the
overall d*mensionz of machines, as 1s the case in underground
workinss.

b. Larce workins faces ans the use of highly efficient machi-
nex for the open minins of large deposgits yield considerable
tonnages. The zame factors make it pocsible to increaze out-
put in a newly e:=tablished oven-pnit much faster than in an
underground mine., The reconstruction of an active open-pit
enables tc raise productions more quickly than is the case
with an underground mine.

c. Open-pits may huve a shorter service-life than underground
mines, since here it is possible to transfer the costly main
items of mining and transocort equimmeat and machines to other
pits for further use. Hence, pitc workinz even limited re-
serve: may yield larger annual tonnages.

d. Open-pits neea no ground-suvport, filling, ventilation
and artificial lighting (except at nizht).

e. The percentage of recovery of the coal is considerably
higher in oven work, awounting to 95% - almost full recovery,
as compared to S50% in underground mining.

f. There is less danger of accldents. Also, added to the

greater accident probabilitiec associated with undersround

mining are several industry-linked diseases by which miners
are not aifected working above ground. Most well known of

theze is the coal minertc vneumoconiosis, or "Black Lung”

which afflicts approximately 9 percent of all undergrounc




miners in the U.S.* However, the preseince of numerous ma-

chines in the pits, the wide-flung transport network,
blastins ooerations, and the possibility of rock glides
are a con:tant sorce of rotential accidents. <Strict ob-
servance of safety rules and their enforcement, there-
fore, are just as imperative in the open-cut pitz as un-
derzround.

The disadvantages of open-cut mining are:

a. Well developed open~cut work requires considerable
tracts of land for pits and barren rocks, with the result
that it is temporarely lost to agriculture, wildlife and
recreation.

b. Rainfall and cevere c¢old make work in onen pite rather
difficult. Large-scale overationsz are conducted the year
round, but in severe winter conditions labor and machine
efficiency drovoec coneiderably.

c. Open work at night requires larce areas to be supplied
with electricity for artificial lighing.

d. When larger coal bed:c are excavated by the open-cut

* Lainhart, ¥W.S., et al., "Pneumoconiosic in Appalachian
Bituminous Coal Miners', U.S. Public Health Publication
No. 2000, p. 137, (1969).
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method, the pits at first yield lower-grade coal in the
weathering zone. This decayed coal may, for one thing,

be devoid of coking properties, even though normally coal
in a given bed is capable of coking. These drawbacks of
open-cut mining, however, are outweighed by its advanta-
ges over the underground mining method.

It was originally held that the organizational pattern
of open-cut work was simpler than that of underground
mining. That, however, was true only of small andé pri-
mitively equi ped pits. Large, modern open pits, with
their heavy-duty electric and transport machinery and
installations, require the elaboration of detailed min-
ing plans, more complex than those needed for under-
ground mining.

%, Basic Melhods and Equipment

Employved in Coal-Surioace Mining

Open~cut metnods employed to recover fuel deposits such
as anthracite, bituminous &nd lipgnite are generally clas-

sifieu as- open~pit mining, area stripping, contour
stripping and auger mining. Each has a different effect
on the land.




As defined by the Department of the Interior*:

"Open-.it mining" is used to extract large, concentrated,
near-surface depocit~ of coal and minerals. The nature
of some weutern coal deposits ig cuch that open-pic min-
ing would confine the area of surfeace disturbance and
would enhance total reconvery orf valuable cocal.

"Area strip mining" uswally is practiced on relatively flat
terrain and will be the prime method of recovering coal in
the Western States. A trench or'eox ~v:", is meade through
the overburden to expose a po...on of the deposit, which is
then removed. The first cut may be extended to the limits
of the pit. As each succeeding parallel cut is made, the
gpoil (overburden) is deposited in the cut just previously
excavated (see Figure 4). The final cut leaves an open
trench as deep as the thickness of the overturden pluc the
coal recoverec, bounded on one side by the last spoil bank
and on the other by the undisturbved high wall (see Figure
5). Frequently this final cut may be a mile or more from
the starting point of the operation. Thuu, area strip min-
ing, unlecc graded or leveled usually resembles the ridses
of a gigantic wachboard.

"Contour strip mining" ie most commonly practiced where depo-

* Wtgurface Mining, Its Nature, Extent and Significance",
U.S. Department of the Interior in "Focus on Environ-
mental Geology", Ronald W. Tank, Editor, New York,
Oxford University Presc, London 1973. np. 312 - 334
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Cross section of the initial cut, commonly called

“"the box cut", by shovel operation in level terrain
wvhere the outcrop is not exposed, a common condition
in level country (from Elements of Practical Coal
Mining, AIME, 1973 p. 399).

uncraoen  AREA
ARLA ~
STAUCK ofF
GRADED ¥ } 1

W‘ T
4C7' MINED ARLA - COAL TAKEN OUT o '._;

LAXE - FINAL CUT~s 722
(] rieeo aneas coaL ven -

Figure 5. Typical topography resulting from complete grading,
strike-off grading, no grading and the location of
the final-cut lake (from SME, Mining Engineering

X Handbook, Vol. 2 1973, p. 17 = 146).




Figure 6.

COAL REMOVED BY FRCNT-END LOADER

COAL REMOVED BY AUGER

Sequence of develoyment of a combined dozer-auger
operaticn in steep terrain. Often the bulldozer
merely removes enough dirt and outcrop coal to
afford a face, and room, for an auger to operate.
This 1s especially true when augering on the per-
cipitous slopes in the Appalachianc (from Elements
of Practical Coal Mining, AIME, 1973, p. 406).
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sits oceur in rolling or mountainous country. DBaslcally, this
method consicts of removing the overburden above the bed by
starting at the outcrop and proceeding alon; the hillcide,
After the deposit is exposed and removed from this first cut,
additional cutc are made until the ratio of overburden to
procuct brings the overation to a halt. This type of mining
creates a chelf, or "bench", on the hillside (see Figure 6).

On the hillside it is bordered by the highwall, which may range
from a few to verhan- more than 100 feet in height, and on the
oppasite or outer side by a rim below which there is frequent-
ly a precioticus downclooe that hac been covered by spoil
material cast down the hillside. Unlesc controlied or stati-
lized, this espoil material caen cause mevere erocion and land-
sliding. Contour mining is vracticed widely in the coal fields
of Avpalachia and western phocphate mining regionz because of
the generally ruggeu toncgcraphy. Y"Rim-cutting! and "tenchingh
. are terms that are sometimes used locally to identify work-
benches, or ledges prepared for contour or auger mining oper-
ations.

"Auger mining" is usually associated with contour cirip mining.
In coal fields it is most commonly practiced to recover additio-
nal tonnaces arfter the coal-overburden ratio has become such

as to rencer further mining uneconomical. Augers are also

used to extract coal near the outcron that could nct be re-

covered cafely by earlier underrround mining efforts. As the

e

| & name implies augering is a method of producing coal by boring
t horizontally into the seam, much like the carmnenter bores a .
¢ hole in wood. The coal is extracted in the same manner that Fﬁ.
f' shavings are produced by the carpenter's bit. Cuttinz heads éﬂ
' of some coal ausers are as large as seven feet in diameter. _f_
By adding sections tehind the cutting head, holes may be drilled ~5;
ﬂﬁ
Y
r{,
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in excecss of 200 feet. As augering is generally conducted
afier the strip-mining phase has bheen comvleted, little land
disturbance can be attributed to it. Howaver, it may, to

some extent, induce surface subsidence and disrupt water chan-

nels when underground workings are intersected.

Regardless of the method used, the surface mining cycle usu-
ally conzists of four stevs: (1) Eite preparation, clearing
vegetation «&nd other obstructions from the area to be mined,
and constructing access roads and ancillary installatione -
including areas to be used for the disposal of spoil or waste;
(2) removal and dizvosal of topsoil and overburden; (3) exca-
vation and loading of coal; and (4) trancvortation of the cozl
to & concentrator, processing plent, storage ares, or dirsct-
ly to the rarket.

Reclamation may not be conzidered by a majority ac an integral
component of the mining cycle. EIExperience here and abroad has
demonstrated, that when reclamation of the lard is integrated
with both, the pre-planning and overational stases, it caan be
done more eifectively anc at a lower cocst than as a seperate
operation. Thiz iz particularly true becauze much of the
machinery can be easily used in reducing peaks of spoil piles,
segregating toxic materials and esteblishing controlled drain-
age from the site.

The rapvid ezvanczion of curface mining since Vorld War 11 ray

be attributed vrimarily to the cevelorment of larger and more
comvlex earth movin: equivment. Equiprment used today inclu-

des bulldozers, loaders, scrapers, trucks up to 100 ton cana-
city, and a miccellany of other devices. In Figures 7 and 8 a few
typrical illustirations of rmodern oven pits worked by power

FGEES




Figure 7. Basic layout patterns of mechanized open pits
worked by power shovels (from Shevyakov, p. 610).




Tractor drawn planer Motorised carry-alt
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Figure 8. Basic layout pattern of mechanized open pits
worked by multi-bucket excavators and scraper
units (from Shevyakov, p. 611).
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shovels, draglines and other equipment are precented. These

may be deucribed as follows:

1. Stripping i= done by & large capacity powsr shovel which
conveyc the overburden to a waste dump. The coal is exca-
vated by a power shovel of a s=maller size, which then loads
it into railway cars. (In the U.S. a shovel is now working
that can handle 185 cubic yards in one "bite" with a monster
having a 200 cubic yard tucket on the engineer's drawing
board*).

2. The layout is the same as in 1., but overburden and coal

removal are cone by a dragline. (Draglines of up to 85 cubic
yard bucket capacity are now overating in the U.S. and larger
onez are being planned*).

3. If the material in the pit is made up of hard rock and
strong coal, it is blasted. For this, blast holea are made

by drilling machines. The choit overburden anc coal iz lcaded
by power shovels into railway cars which tranczport the material
to either spwil bank or departure station.

4., The overburden covering the coal iz strinped by multi-
bucket exzcavators and is disvoced of and dictiributed jn spoil-
banks by special long stacking conveyors.

nSurface Mining, It's Nature, Extent and Significance",

U.S. Department of the Interior in "Focuc on Environmental
Geology", lionald VW. Tank, Editor, New York, Oxford Universi-
ty Press, London 1973, p. 315.
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5. Mining is conducted by cable or drag ccravers.

6. Strippinz of the overburden and extraction of coal is
done by tractor scrapers with the use of ripperes and

bulldozers.

7. Overburden removal and extraction of coal involving
the use of a tower or slackline cableway excavator is
shown in this illustration.
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4. Planning of Environmentally Acceptable

Coal Surface Minint - Concurrent Planning

of Mining anc Reclamation

L:rge-scale surfaece mining inevitably interferes with the
landscape and its natural balance. In many instances, timber
is removed, wildlife habitat disrupted, agricultural land
encroached upon, natural ctreams cdiverted or contaminated,
and roade are built in undisturbed areas. Surface mining

may also require that existing facilities such as highways,
railroads, power lines, and even entire towns are relocated.
To be environmentally acceptadvle, planning of coal surface
nining muct be ecologically sound. This requirec that mining
operations are planned concurrently with reclamation.

Reclamation can restore surface-mined lands to productivity
and can create diversified country sites with forests and
lakes for wildlife and recreation. It can reshape spoil piles
and pit clopes to a new topography to blend into the land-
scape pattern. In fact, a coal mining district could serve

as a model for future cdevelopment in which the needs of
economy, agriculture, recreation, concervation of wildlife

and protection of the environment are equally met. To return
the land to a desirable form and productivity including a
stable ecologzical state that does not contribute substantially
to environmental d¢terioration and is consistent with cur-
rounding aesthetic values, it is essential that the likely
effects of mining operations are identified in advance of
actual mining so that they may be dealt with in an orderly
fashion. In its simplest terms, planning for reclamation




requires determination of physical and biological facts
tofore and during mining operations, l.e., a landzcape
analyeis which ig baged on careful assessment of phycsio-
graphic, geologic, hydrologic, and climatic conditions of
the area as well as an analysis of wildlife and vegetatilon.

Environmentally responcible planning of surface mining
includes reclamation regulated by new mining laws. Fortu-
nately, there now are esome states in the U.5. with effective
legislation regulating reclamation of surface-mined land:.,
Before mining operations are startec, these laws require
registration for a permit or licenee. Fees &are Bet on a
flat basis with some added amount based on the number of
acres to be mined. All ctate laws regulating reclamation
require a performance bond., A comparison of state statutory
requirementc reparding reclamation of surlace-mined lands
® in the Wectern United States can be found in Appendix B of
WRehabilitation Potential of Western Coal lands".*

On January 1, 1970, Conjpiress enacted Public Law 91-190, the
"National Environmental Policy Act of 1969". 'The Act under
Section 102 (2) (c¢) imposes the environmental impact require-
ment on vrorozals for legislation and other major federal
actions significantly affecting the quality of human environ-
ment. This means that any major disdurbance prorosed for
public lands must be precedea by an environmental impact

statement. As statea in the National Environmental Policy

L~

Act and in surplemental guidelines from the Council on

ST

- "kehabilitation Potentlial of Western Coal Lands",
‘ Ballinger Publichins Comp., Cambridge, Macs. (1974)
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2 ® Environmental Quality*, federal agencies through the use of
environmental statements must openly discuss the detailc of
a propoced action, predict the environmental impact of the

b oo e T

action, describe and evaluate alternatives, and seek comments
from other federal anu utate agencies and the public before

4 approving or perferming the proposed action. If the proposed
1 action consists of a mining operation, the impact statement

for both the exploration anc mining phase of the project should
include & careful asseccment of the physiograrhic characteris-
tics and geological conditions of the area including hydro-
logy and seismicity as well as an analysis of the atmospheric,
biologic, and socio-ecnnomic environments, and an assesement
of archaeological, historical, and cultural values. Included
too, must be a mining plan showing the location of vproverty
lines, pit limits, accecze roads, and support facilities as

well as transportation, water suvply, and power supply cystems.
In addition. the minin:s plan muct providce information and

data on reserve evaluation vrogramsz, employment schedule:,
methods &nd equipment to be used for townzoil , overburden,

and coal removal, coal vrocessing and waste disposzal, and
objectives as well as alternatives of reciamation. Major
featurec to be diccussed in a reclamation plan chould incluie
topsoil removal and recistribution, grading to final tovo-
graphy, refuce handling, seil nutrients, ceeding mixtures,

time and rate of seeding, and reclamation of mine support
facilities. Alternatives to a propoced reclamation plan should

be discusced under categories of grading, land uce, and re- ;f
f ]
vegetation. +
) ]
In recent years, most European countries and the United States ¢
have enacted legislation that relates to an envirenmental
»
'42
* 36 Federal Register ?7724-=27 (1971) 3
-7
"o
9
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objective, such as clean air or water, rather to a certain

type of inductrial activity. HNational environmental ztatutes
have been enacted only in the United ltate:r, East and Vest
Germany, Javan, the Netherlands, Romania, and tweden. Switzer-
land is currently in the process of drafting an environmental
policy act. There is no single national mining law in effect
for the United States and many countries abroad. A speclal
law, the "Act for Common Planning irn the Khineland Brown-Coal
District" (Geretz fuer die Gesamtplanung im Rheinischen Eraun-
kohlengebiet) was enacted in Germany in April of 1950 becauce
of the relative imrortance of the area. The law requires

that a general plan be prepared to include management of sur-
face waters, lancscape design, and nature concervation. Single
national mining laws have been proposed for Germany and Austria.
These lawz, 1 enacted will regulate mining and reclamation
according to new environmental legislation already incorpo-
rated in other laws. For example, the Austrian Trade Act of
1973 (Oecterreichizche Gewerbeordnung 1973, BGBL 1974/50)
includes legi=lation on water quality standards, air pollution
standards, and statutes related to solid waste disposal,

noize abatement, and local zsoninz ordinances.

The prcpozed nationzal mining legiclation for Austria ino of
special interezt, since Austria's econcmy depends to a great
deal on touricm and exploitation of mineral recsources. The
condition: unZer which minerals are extracted in the Austrian
Alps are similar to those prevailing in the lRocky Mountainc..
The minerzl and petroleum exploitation in Austria is currently
controlled by the Austrian General Mining Law of 1954 (Mining)
ané the Mining Law Amendments of 1967 and 1969 (Petroleum). ﬂp
A summary or theze and other mining laws of the world can bve %%
b 3|
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fovnd in the U. £. Bureau of Mines Information Circular 8631.*
In 1970, the Head of ths Austrian Department of Commerce,
Trade, and Industry ordered the Mining Autnority to draft a
new mining law which aside of oth2r irvortant changes would
‘include provicions for ctates and communities to have a ctronger
position in regulating mattere of land use planning, touricm,
nature conzervatinon and environmental protection. The same
provisions are included in a propoced new forestry law. The
following is a briei discussion of the most important points
of the vroposed new Auctrian mining law as related to environ-~
nental prciection:**

1. New Regulations for Completion of Mining Activities

These regulation: control reclamation of surface-mined land
(ectablichment of zreen belts, planting of treecz, revegetation
of epoil piles, etc.), and other workings to be accomplished
before a mining operation can be declared completed. As in
the case of granting mining permits, the procedures require
that puovlic hearinss are conductea zefore decicions are mace
approving a certain reclamation or land use plan. The public
‘1as the right to take insight into all uwroposals and may pre-
sent state and community officials with suggestions leading

L "Summary of Mining and Petroleum Laws of the Vorld",
Part 5-Eurove, U. .. Bureau of Mines Information
Circular 8631 (1974)

* %

Mach Weber, G., "Juridical Problems of Environmental
Protection in Connection with Minerals Production and
Processing", EHM, 118 Jz. (1973), H. 6, pp. 176-131
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to either imorovement and acceptance, or rejection of a re-
commended plan. In addition, it is required from the operator
that he includes in his statement of comvpletion a final wor-
king plan in which i& outlined now mining operationz were
completed. The plan iz to include maps and other cata which
is put on {file for re-examination of the leacse in cace da-
mages resulting from former workings chould occur to property
located on reclaimed land.

2 New Regulations for Granting Mining Permits: and Permits
for Constructings and Operating Plants and racilities kelated
to Mining Ovperations

The granting of thezse vermits involves regulating matters of
land use planning, nature concservaltion, tourism, and environ-
mental protection. These matters are regulated by state agen-
cies and communities which unde.~ the proposed national mining
law are cstrencthened in their position to enforce environmen-
tal legislation already incorporated in other laws. As dis-
cussed earlier in the report, this legislation incluaes sta-
tutec on water quality, air pollution, solid wacte disposal,
noise abatement, and local zoning ordinances. In all procedures
of aquiring a mining or operator permit, it muct first be
determined whether the environmental impact of the proposed
project will not exceed certain acceptable limits. Thece
limits depencd on pollution level: which peovnle locally are
accustomed to cope with and many other factors most of which
remain unknown until after the mine or plant has been in ope-
ration for a period of time. 1f, the environmental impact

of a proposed project is difficult to predict a permit may be
granted on a trial basis. In such a case, the operator is
still faced with the problem of having to comwly with environ-
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mental regulations and may at a later date ‘be required to
install costly vpollution devices to avoid of having his ope-
ration suspended from production.

Conflicting mineral land use problems and today's energy cricis
may lead to modification of proposed European mining laws
before they are enacted. The demand for land to support both
urban growth and mineral development (particularly sand and
gravel) has created cerious social and political quecztions
in densely populated areas. In addition, when reclamation is
contemplated, dicagreements often occur as to the type of
land use that will contribute most to society. Land planning
is essential to achieve optimum use of living space, however,
in enacting legiclation for environmental protection it must
be kept in mind that the economy and standard of living of a
country depend on its mineral resources which must be available
. for exploitation. A group of professors of the School of
Mines in Leoben waraed the Austrian Government in a recent
report that the implementation of new restrictive legislation,
if not carefully planned (with the advice of experts) could
seriously interrupt mining operations, if not lead to a still-
stand of mineral exploitation in Austria. Environmental le-
Eislation and lanc use vlanning based on suggections made by
other groups thet the Alps muct be preserved for the recrea-
tional benefit of all Eurovpean peoples in a way that woulad
prevent Auctria's economy to grow is to be ruled out altogether.*

* Hagspiel, W., "General Technical and Economic Problems
Regarding kEnvironmental Protection from the Viewpoint of
‘ the Rock Products Industry', BHM, 118 Jz. (1973), H. 6,
. pp. 161=-176
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5. General Layoutsof Open Pits

Layouts of open pits may vary widely depending on the size
and geological structure of the deposit, land topography,
the planned scale of mining and the availability of trans-
port facilities and other equipment. Pit layout patterns
are classified chiefly in accordance with the arrangement
of waste dumps and the development of the transportation
system. Characteristic from this point of view are the
following typical layouts of open pits.

2. Pits with Inside Efvpoil Banks

The layout of an open pit is least complicated when the
overburden is& overcast directly to inside waste dumps as
practiced in strip mining of coal. A series of such lay-
outs are shown in Figures 7 and 8.

Down to a certain depth open pits can be worked with over-
casting or course stacking of overburden even in steep de-
pcsits. The following data on open-cut mining is from a
steeply pitching 20 meter-thick seam of the Kuznetsk coal
fields in the U.S.S.R.* (¥Figure 9). After loose silt de-

# Shevyakov, L., "Mining of Mineral Deposits", Foreign
Languages Publishing House, Moscow, Zubovsky Blvd.
U'S'SORO po 65]
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Figure 9a. Open-cut mining in the Kuznetsk coal fields
using draglines for overburden removal (from
Shevyakov p. 651).
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Figure 9b. Open-cut mining in the Kuznetsk coal fields
vsing power shcvels for coal removal (from
Kusnetzov 1973, p. 130).
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poeits have been stripped by a dragline, working trench (1,
is excavated. The overburuen is first overcast to a tem-
porary waste dump (2) ard later to a permanent spoil bank
(3). All operations are performed by one and the same
dragline over sections extending 100 to 150 meters. The
coal is excavated first in one bench, 18 to 20 meters high,
prepared by the excavation of a working trench, and is loaded
into dump trucks. The second coal bench is worked by a
shovel positioned on the first bank. The shovel dumps the
the coal into piles, from which it is loaded into dump
trucks. Daily output from this type of operation may be
as high as 1,500 metric tons. Working faces can be pre-
pared in 6 to 8 months. A general idea of a pit layout
requiring the building of inside waste dumps with the aid
of an "overburden bridge'" can be obtained from Figure 10.

In the mining of extensive open-pit areas and flat or very
gently dipping deposits, it may be desirable to transport
the overburden to spoil banks in railway dump cars, al-
though the spoil banks themselves lie inside the worked-
out area.

b. Open Pits with OQuteside Waste Dumps

The layout and development of the railway track system, as
well as of other means of transportation for open pits with
outside waste dumps, may vary considerably. Some typical
examples are given below.

L,
t%w
. ‘Jl
Figures 11 and 12 are illustrative of a pit layout distin- gé:
guished by the parallel disposition of stripping and pro- i
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Figure 10. Open-Cast operations at the Balachovek and

Morozovsk pits of the Dnepr Lignite District,
U.S.S.R. (from Kusnetzov 1973, p. 37).
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duction banks and their connection with the outside road
system through trenches. Figure 11 depicts stages 1-2-3
of gradual development of the pit. Stage 3 (full develop-
ment of the pit) is distinguished by the fact that the
spoil excavated in overburden bank h1 is hauled to out-
side waste dumps via stripping trench RK, while the coal
mined in bank h2 is transported to the terminal through
production trench RIK]. The front lines of stiripping and
production faces advancing towards the boundary of the pit
remain parallel. The development of the pit implies the
following operations: excavating of stipping trench (1),
then stripping operations at large and subsequent cutting
of production trench (2), and after that starting of phace
(3), (actual mining of deposit). These operational stages
must be coordinated in time. The location of trenches with
respect to working faces, shown in Figure 11, is given ap-
proximately. Actually, the trenches may be arranged dif-
ferently, although their purpose will remain unchanged.
This depends on the topography of the country and the lo-
cation of waste duup sites and terminals. The boundary
lines of the pit may be irregular and not rectilinear, the
decisive factor in this being the geological structure of
the deposit.

Figure 11 depicts overburden bank h, and production bank h2.
If the overburden and coal deposit are of considerable thick-
ness, there may be not one but two or many such banks. In
such cases, special access ramps to inaividual banks are
branched off from trench tracks.

The layout in Figure 11 is distinguished by the fact that
stripping and production lines are laid down in separate
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Figure 11. Layout of a pit with separate trenches (from

Shevyakov p. 653).




trenches. 1Ina pit worked at great depth this method, al-
though very convenient because it makes independent oper-
ation of overburden and coal remcval vnossible, would re-
quire too great a volume of ear:hwork in excavating trench-
es. In this instance, therefore¢, both lines can be laid

in one trench.

U Sl

The outgoing or exit tracks may be laid on the edge of the
pit, on berms of sufficient width (Figure 12). Althougn
this method requiresc a somewhat smaller arount of earth-
work than the preceding one (since there are no trenches

outside the pit area), it involves more development work,

weod

since the tracks have to be laid on the edge of the deeper

et

part of the pit. Furthermore, the total length of the pit
must be sufficient to allow the construction of roads with
gradients conforming to the type c¢f transportation adopted.

In deeper pits, roads (both rail and motor) may be arranced
as illustrated in Figure 13. Mining of the coal banl- ty a

series of parallel cuts starts when the spiral trench driven
from the ground surface, following the periphery of the pit,
reaches the working level. To open a new horizon the curvi-
linear trench is deepened. Eventually spiral roads encircle
the entire portion of the deposit alotted for open-pit work.

T W A TR A

ey
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6. Excavation of Trenches

bt s g

In open-cut mining it is necessary to make vermanent trenches

SR

(ingoing or entrance trenches and outgoing or exit trenches)
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Figure 12. Layout of a pit with outgoing (ramp) roads running
along the edges (from Shevyakov, p. 654).
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Ffigure 13, Spiral)road layout in a pit (from Shevyakov,
p. 655).




to connect the pit with the ground surface and also working

trenches to develop banks for mining and other purposes.
The trenches may be horizontal or inclined, with a gra-
gient suitable for the transportation system selected.

According to Soviet recommendations (see fhevyakov, L.,
"Mining of Mineral Deposits'", p. 657) with electromotive
traction, the trench gradient should not exceed 0.030
(in extremze cases 0.040); with steam locomotives it must
be not more than 0.020 (raximum 0.025) and for automotive
transport not in excess of 0.080. Trenches equipped with
belt conveyors must have a gradient of 16 to 18 degrees.
The cross-cection of trenches likewize depends on the trans-
portation system, land topography, and the height of banks.
The bottonm widih of entrance and exit trenches for trans-
portation over standard-gauge railways is 7.5 to 8 meters
" for single trackes and 12 meters for double tracks in the
U.5.5.8. As a general rule slope angles should not surpass

those of repoce for the ground in question. (Slope stability
is discuszed in =ection 9 of this chapter). The excavation
of trenches should be mechanized. Power chovels and drag-
lines are usually used. The power shovel is suitable for

the direct excavation of loose zround or blasted rock. 1In
both instances the shovel may unload the spoil directly at

a dump near the trench (rigure 14a) or into a dump-car run-
ning either on the grounc surface or on the floor of the
upper bank. This is called "up-grade loading". Figure 14b

illustrates how a trench is excavated in three cuts. During

R

the first cut (1) the shovel loads the rock into cars (a) on

the ground surface; in the second cut (2) the loading is

I
done into cars standing on the floor of the first cut, and gé,
v A
in the third cut (3) into cars positioned at the bottom of o
\é o
Qi
A
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Figure 14a. Cutting a trench by a power shovel

1 - waste dump; 2 - working face; 3 - overburden
(from Shevyakov, p. 658).
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Figure 14b. Drivig a trench in three cuts (from Shevyakov,
p. 658).
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the trench itcelf. Deep and wide trenches can be dug by
a still greater number of cuts.

Draglines (Figure 15) are particularly useful for excavating
trenches in loose ground, with course stacking along the side
of the trench. Eecause of their long boom, they can ensure
greater digging depths, larger dumping radii and discharge
heights.

7. Drilling and Blasting in Oton Pits

The excavation of overburcen and coal in pit banks with the
aid of explosives usually requires the drilling of large-
diameter vertical blazt holes. In certain instances, how-
ever, ordinary drill heles of smaller diameter are also
used.

The "pin-point" method of blasting is sometimes employed in
excavating trenches. With this method (Figure 16) two rows
of explosive charges are fired, one immediately after the
other. The rock shot by the first bdblast ic thrown aside by
the second. The method has its merits: simplicity and
speed with which work can be done in rocks of any strength;
but there are also disadvantages: difficulties in obtain-
ing the desired shapre of the opening, additional clean-up

work with power shovels, and excavation cost are usually g
greater than obtained with earth digging machines. -
ol
i
Blasting in open pits is chiefly performed with blast holes. 5
3
5
- ]
-
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I —paosition of suaperded Lucket; 17 and Ila--bucket lowersd to the face;
HI—mgging the gootaed, [V-—=holsting a loaded becket; Vedimpinge the
bucket's contents; 7 —bucket; 2 —boom; 5 —peinling deviee, £—load lne
S—hotst Ling; 6—pulley Llock of Loom suspension; ?—bucket-holsting Llovk;
a~—duinpiug Nne; y—~keying puding ciain e the bucket

Figure 15. Dragline (from Shevyakov, p.

Figure 16. Driving a trench by pin-point blasting
(from Shevyakov, p. 658).
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Their arrangement using single and double rows in a bank
is illustratad by Figure 17. In the latter case they are
staggered. Blast holes may have a diameter of 150 to 300

millimeters and their depth should somewhat exceed the
height of the bank.

-,

In the U.5.5.x. the following standards have been suggested

for estimating the burden and spacing of blast holes
(Table 1)*.

s
w

"

Table 1. “.k Height versus Burden

e

. T T, N R P S R

Height oS Bank H Burden W

(meter:s) (meters)

h«5 to 7.6 0.62H + 0.33
7.6 to 18.2 0.24H + %.60
18.2 and above 0.10H + 6.10

a
1
::

Shevyakov, L., "Mining of Mineral Deposits", Foreign
Publishing House, Moscow, Zuboveky Blvd. 2, U.S.C.K.
p. 513
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¥y The burden W is the verpenticular distance from the center
of the charge to the bcak slope (Figure 17). The distance
between the rows of blast holes may range trom 0.5 to 1.0 V.
The spacing of individual blast-holes may have values ranging
from 0.6 to 1.5 V. The charges for the blast holes andé their
diameter are chosen to conform with a unit standard explosive
consumption determined for certain tyves of rock (Table 2).
Explosives used are ammonium nitrate.

Table 2. Rock Characteristics versus Explosive

Consumption*
Rock Characteristics Explosive Consumption
(kg/ n°)
Sandstone and limestone 0.4
Sandy cShale, bedded fandstone 0.3
Hard Clay Shale, Sandstone, Gypsum 0.2
Hard Coal 0.1

The data on the consumption of explosives listed in Table 2 are

*For additional data see Shevyakov, L., Table 20, p. 613
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Figure 17. Location of blast-~holes in a bark: a - single
row; b - double row (from Shevyakov, p. 612).
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Figure 18. Large electrically powered blasthole rig
BE 60R for holes up to 12%.in. in dia

(from SME Mining Engineering Handbook, Vol. 1
1973, p. 11 - 26).




rough, since they are based on testing of intact rock which
does not permit to take into consideration the effects of
structure, jointing, nature of bedding, etc., in deter-
mining the breakage characteristics of rock. (The effects
of geological structure and blasting on pit slope stability
are discussed in Section 9 of this chapter).

After the topsoil has been removed and stockpiled, the next
step in implementing a mining plan is usually that of coal
bank or highwalli preparation. This process consists of
drilling and blasting the overburden so that ro~k and con-
solidated eart material may more easily and efficiently be
handled or dug by the overburden removal machines.

In modern strip mining operations in the United States, such
as planned for the recovery of thick coal seams in Eastern
Wyoming, bulldozers will be used to prepare benches for
drilling of the overburden. Blast holes of 10-5/8 inches

in diameter will be drilled on a predetermined pattern with

the holes extencing down to near the top of the coal seanm.
The drills will be of the vertical type, probably in the
BE 50-R and 60-R range and size, and will be electrically
powered (Figure 18). Drill cuttings and the rezultant dust
created by the drilling action, when blown or ejected from
the hole, will be collected By a cyclone dust collection
system, built into the drills. Blast hole patterns will

depend on the composition and thickness of overburden. -

Some typical ratterns for hole spacings will be 18' x 20!, %
20" x 25', and 18' x 30' or any combination that will give ﬁ;
an economic ratio of pounds of powder to cubic yards of ;'

overburden, and produce a material that can be easily ;
handlec by the overburden removal or stripping machines. oy
""‘?
&
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These machines will be draglines with 50 to 75 cubic yard
bucket capacity and up to 360 feet long booms (see Refarence on
page 5 of repert).

With the coal seam uncovered by draglines and clezned by
bulldozers, holes of 5-7/8 inches in diameter will pe drilled
tlrough the coz2l and charged with explozives. Tae blast
holes for a 60 to 80 feet thick seam will be on a pattern of
approximately 25' x 25' with the spacing in alternate rowns
being staggered. The coal will not be blasted to the ex-
tent as may be required for the overburden, rather it will

ve shaken, thereby introducing many fracture planes to allow
easy digging and a minimum of coal fines. The shot coal will
be removed with draglines or power shovels.

8. Dewatering of Open Pits

Water inflow in open pits may be due to precipitation direct-
ly over the area of pits, or it may come from neighboring
catchment basins, or underground sources.

A big danger is presented by surface water coming to the pit
from adjacent catchment areas. This danger is prevented by
diverting the streams through construction of dikes and

ditches.

Groundwater may enter the pit from the walls, where aquifers &

become exposed, or in the case of water under pressure, 53

through the pit floor. CSometimes groundwater is so abun- .%*
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dant, that overburden strata and coal must be drained prior
to making a cut.

To dispose of water in open pits discharge facilities are
‘provided. In certain instances it 's possible to convey
the water from the pit to a stream in a neighboring valley.
For this purpose water conveyance tunnels are constructed.
In other cases the water is collected in ditches and con-
veyed to a low pnint, where a heacder is installed with a
punping plant. In larger open vpits there may be several
such plants. Most coal seams are cdeposited at a =light
angle, requiring production to advance down dip. This
very often complicates the delivery of water to pumps
through ditches excavated in the floor of the pit. In
such cases a vertical shait is sunk in the vicinity of

the pit in the lowest portion of the deposit, and from

it, sloping slightly toward the shaft, a series of adits
are driven, cr holes drilled at a level somewhat below

the planned depth of the pit. The purpose of these open-
ings is to collect water and thus drain the pit. A sump

pump is installed in the shaft to bring the water to the

ground surface.

Some examples of diverting surface water from a pit area

are furnished by the open-cut mining of gold placers.

The methods amployed are analcous to those used in the
drainage of placers worked by underground methods. A

typical drainage system from a placer area is shown in Figure
19. The section of the mined placer (hatched in the drawing)
is located in a valley. To divert the river flowing throuch
the valley a cdam is constructec at a location upstream of

the placer. Further, a drainage ditch is constructed on
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both sides of the valley. This ditch 1is used to convey
river water around the placer area and intercept water
originating from springs and storms running off the

valley slopes.

Measures for controlling ground water in open pits are
explained in Section 9 on slope stability.

a. Prevention of Vater Pollution and Control of Turbidity

Large flows from open pits (such as 1000 gpm) may require
holding ponds to provide the necessary retention period.

Any required holding vonds ghould be located as far from
streams as poszible in an area clear of trees, and pro-

perly constructed to prohibit seepage from the ponds.

Dikes should be constructed of impervious materials and
acequately compacted and have sufficient freeboard to provide
protection from accidental discharge.

Turbid wastewater resulting from mining operations, ground-
water intercepted by drainholes, drainage from spoil piles
and waste disposal areas, etc., should be treated by the
use of acceptable methods for turbidity and pH control.
Any turbidity and pH control facility installed by the
operator should have the capacity to treat the maximum
anticipated flow from the pit and be able to reduce the
suspended 50lié (nonfilterable residue) concentration in
the effluent to more than 25 parts ver million (milligrams
per liter) and be able to maintain pH of the effluent
between 6.5 and 8.5.




b

Approved turbidity and pH control facilities should be
provided with bypass equipment to discharge clear waste-
water flows to the streams if such water has suspended
sediment concentrations lesa than 25 parts per million
(milligrams per liter) and a pH value between 6.5 and 8.5.
The decision to bypass water treatment facilities zhould
be subject to approval by qualified representative of the
operator.

b. Vater Quality fampling and Testing

It should be the responsibility of the ovperator to accomplish
such water quality sampling anc testing as is necessary to
maintain proper control of his turbidity and oH control oper-
ations anc insure compliance with the latest water quality
standards issued by the State and Federal Government. Lo~
cally, these standards would be contained in the latest
edition of the Water pollution ana Control Commission's and
Colorado Department of Health's '"Standards for the Discharge
of Vastes". The sampling and testing of water should be
accomvlicshed according to procedures described in the latest
edition of the EPA publication "Methods for Chemical Analy=zis
of VWater and Wastes". As a minimum the program zhould con-
sist of measuring the pH, turbidity and the water tempera- _
ture of the effluent from the turbidity control facilities ‘g
twice each working day. The location for monitoring the H
effluent should be specified by the operator.

I
As discussed earlier in the report, of equal concern in en- .
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vironmental quality protection related to coal-surface mining
are landscape preservation, preservation of trees, abatement
of air pollution, dust abatement, pesticides, and clean-up
and dispozal of waste materials. An excellent paper on how
to design environmentally sound solid-waste disposal sites
hacz recently been published by Gioia, M., A., et. al. (1974)%.

9. Slope Stability in Open Pit-Mining

a. Application of Rock Mechanics Principles to Pit Slove
Design

The size of most surface mines is sufficiently great that

the angles at which pit slopes are excavated have a major

influence on the econonics of the project. Up until only

a few years ago expenditure of more than a few thousand
dollars on slope stability studies was criticized by many
mining engineers. However, as a result of many pit failures
the economics of stability have recently been the subject of
intense scrutiny. A vigcrous effort is presently under way
around the world to place the design of rock slopes on a

-
*

Gioia, M., A., et. al., "Environmentally Acceptable
Coal-Ash Disposal Site", in Civil Engineering, ASCE
(Cecember 1974), pp. 64 -~ 67
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rational basis. Therefore, a knowledge of ‘strece distri-
butionc in and under slopes is a fundamental requirement
for any mechanistic understanding of rock slope behaviour.
An accurate evaluation of stresses and displacements around
excavations in rock is a difficult task, particularly for
the geometries of rock slopes, if the rock mass in which
the slope is to be cut is not homogereous, isotropic and
elastic.

In Canada*, for example, rock slope research arises primari-
ly from the need for more information on the stability of

the walls in large open-pit mines. During the last decade
the mineral production from onen-pit mines in Canada has
significantly increased, so that now this method accounts

fcr approximately 60% of the total ore mined. In turn this
had led to a great increase in the volume of waste excava-
tions. At prezent the selection of pit slope angles is, how-
ever, still largely a matter of experience and engineering
Judgement. Thus, much thought is being given to the consider-
able economic benefit which would result if pit slope angles
could be made steeper by even two or three degrees., As re-

* Herget, G., "Recent Research on Rock Slope Stability
by the Mining Research Centre" (Canada) in Proceedings
of the Second International Conference on Stability in
Open Pit Mining, The American Institute of Mining and
Metallurgical and Petroleum Engineers, Inc., New York
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ported by C. O. Brawner¥* many pits in Canada now range
betwzen 800 and 2,500 feet in depth. In these, savings
of as mach as 5 to 12 million dollars can be achieved for
each degree the slope can be steepened. This potential
saving has emphasized the benefii of the avpplication of
rock mechanics principles to open-pit mining.

It 1is generally recognized that slope stability depends
primarily, on how the rouck behaves under a stress system
caused by the excavations. In general the design of an
open-pit mine should be such that the slopes are steep
enouvgh to result in economical mining and flat enough to
ensure safety of the crew and the equipment in the pit.
Research work is still required to provide the necessary
scientific information and to show its methoc of applica-~
tion to the design of optimum pits.

1) Factors to be considered in Stability

Assessment and Desiien

Recent laboratory and field research has emphasized the
importance of geolory, rock strength, groundwater and

* Brawner, C., 0., "Rock Mechanics in Open Pit Mining"
i Proceedings of the Third Congress of the Inter-
national Cociety for Rock Mechanics, Vol. 1, Part A,
Printing and Publishing Office National Acadenmy of
Sciences 2101 Constitution Avenue, N.W. Vashington,
D.C. 20418 (1974) pp. 755 - 773
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blasting on pit slope stability. Since these factors will
vary throughout the pit, slopes with variable angles should
be the rule rather than the exeption.

a) Geolorv and Rock Strength: DBecause of stresses

acting on rock slopes and foundations are generally low, frac-
ture of intact rock is seldom involved in the failure of these
structures; their mechanical behaviour being governed by shear
movement or discontinuities, such as faults, bedding planes and
joints. Consequently, ceterminat. .on of the shear strength of
these discontinuities is a questicn of fundamental importance.

In coal pits surfaces of seperation frequently consist of
stratigraphic layers, such as bedding planes and geologically
inducea fractuias, such as faults and joints. These struc-
tural features lLave a tensile strength which is for all prac-
tical purposes zero, and a shear strength which depends on
wall roushness, the filling material, and the amount of im-
brication (arrangement of individual blocks). The most dan-
gerous for stability are obviously the surfaces that are
planer, smooth, filled with soft materials of large areas

and not interlocked. VWhere clay infilled faults or shear
zones dip out of the slopes, slopes as flat as 15 to 20°

may be required. On the other hand slopes in excess of 70°
have been stable in hard, massive, igneous or limestone rock.

It is a widecpread error to believe that benches invariably
increace the stability of rock slopes. They only do so
in certain cases; in general the stability of a rock cut




is dependent on the mean inclination of the slope*. By
artificial reinforcement (anchorage, tying, etc.), the
stabllity ¢’ rock slopes can often be considerably in-
creased. Not rarely, immediate success is achieved by
only small means. In other cases the prospective results
do not warrant the effort. It invariably depends on the
geomechanical propertie:z cf the rock structure whether such
reinforcement is an economic proposition or not. In each
individual case, the decision rests with comparative compu-
tations.

Frequently, borehole information is all that is available
for structural studies. Plans should be made to obtain
maxinum data from the borehole program. The core should be
photographed, logged structurally and where possible, ori-
ented. The structural data should be evaluated statisticai-
ly, using polar plots*#®,

Where the geology prosram locates discontinuities which dip

* Mueller, L., "The European Approach to Slope Stability
Problems in Open-Pit Mines" in Quarterly of the Colorado
School of Mines, Vol. 54, Number 3 (July 1959) pp. 114 - 133

*% Hoek, E., and Bray, W., J., "Rock Slope Engineering"
The Institution of Mining and Metallurgy, London (1974),
PP+ 37 = 55




out of the slope the effective angle of shear resistance
‘@' must be determined. The direction of tests should
coincide with the pctential direction of fallure in the
field and the stress range should coincide with fleld
stress conditions. If gouge exists in the joints, tests
are required for rock on rock, rock on gouge, and in the
gouge, to determine the lowest value.

Shear tests must be performed Lo determine the lowest or
residual angle of shear resistance as well as the peak
value. This has practical significance il a slide has
developed. 1If stabilization is attempted befsore the strain
at which peak strength is developed; much less efiort and
cost will be recognized to stabllize the movement, than if
the strain has been sufficient for the angle of shear re-
sistance to be reduced below the peak value. Procedures for
rock testing are described in the above referenced litera-
ture by 0. C. Frawner and E. Hoek et. al. (197i).

b) CGroundwater: The existance of groundwater

also has a major influence on stability. The drainage of
wet slopes frequently will allow :teepening of slopez by
3 to 10 degrees while maintaining the same safety factor.

Water pressure in discontinuities reduces the shear strength
of rock by reducing the normal forces which develop shear
resistance. Vater which flows through the rock creates
seepage rressures and water which fills tension cracks
creates additional horizontal forces against the slide

mass. \here freezing temperatures exist, special attention
nust be paid to water pressure during winter periods. The
face of the slope may freeze and inhibit seepapge which re-




sults in increased water pressures and reduced stability in
slopes. Consicerable pact literature has attributed failure
of a slope due to the lubrication action of water. Water is
not a lubricant but reduces stability by reducing the effec-
tive pressure which mobilizes shear resistance or reduces
shear strength by softening.

In determining the permeability of the rock mass, consider-
ation should be given to toth coal and overburden. From
permeapility tests estimates can be prerared of the amount

of seepage to expect and subsequent 'in-pit' pumping re-
quirements. Permeability should be determined from

punping tests or borehole permeability tests. <Since it

is the water in the discontinuity that influences sta-
bility, laboratory permeability tests on rock core are gener-
ally meaningless and misleading.

If drainage of pit =lopes will improve stability or allow
steeper slopes to be used =several methods are available.
Horizontal drains 2 to 4 inches in diameter, spaced 20

to 50 feet apart, drilled on a plus § percent gradient

into the slope for a distance equal to about 2/3 of the
slope hight, with a maximum length of 4LOQ feet have been
found very effective on over 30 mining projecis arouni the
world (Brawner 1974, p. 758). In some inctances slope
drairage can be effectively developed using drainage acits
supplimented with percussion drain holes fanned out from
the adit (Hoeck, et. al., 1674, pp. 240 - 243). Where heavy
seepage iz encountered pumping from deep wells may be
successful (Figure 20). Piezometers should always be in-
stalled to monitor water pressures and to determine the
benefit of drainaje. It must be recognized that the amount




Figure 20a. Drainage of an open pit through suction filters
1 - coal; 2 - clay; 3, 4, 5 - banks; 6 - sand
(from Shevyakov, p. 674).

Figure 20b. Dewatering of a coal seam throuch drainage A
workings (from Shevyakov, p. 673). -




of water intercepted is not an accurate measure of the
effectiveness of drainage. The significant factor is the
reduction obtained in the water pressure. Irequently rock
faces which appear dry are inferred to be drained. If the
rate of evaporation exceeds the rate of sespage, the face
will appear dry and may mask high water pressure in the
slope.

¢) Blasting: As discussed in Section 7 of the

report, blasting in open-cut mining is frequently required

for excavating trenches and removal of overburae.. and coal.

if this 1is not performed carefully the shear strength of the
rock in the final slope can be significantly reduced. Shear
stress in the rock is increased by seismic acceleration forces,
discontinuities are opened, new cracks are developed, ground
water enters cracks in the slopes, and the potential of land-
sliding and rock falls is increased.

Up until recently dynamic forces 'vere approximated by super-
imposing an acceleration force as a static force in the slide
zone. 2ynamic stress analysis using finite element methods
(ceed, 1967 * and Prater, 1973 **)now offers more accurate
assessment.

* Seed, H., B., "Slope Stability during Earthquakes", Journal
of Soil Mechanics and Foundation Division, A.S.C.E. Paper

5319 (1967).

** Prater, E., G., "Die Stabilitaet von erdbebenbeanspruchten
Boeschungen'", :chweizerische Bauzeitung 91. Jahrgang, Heft -
47, (2z. November 1973) pp. 1157 = 1162, J;‘
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Blast sizes per hole on mining projects usually range from
500 to 2000 pounds. r'requently many holes are detonated at
one time (per delay) which causes very high acceleration
forces and tension stresses in the rock. II the rock is
jointed, high air pressures frequently develop in the joints,
and if the jointed rock mass is saturated, hydrodynamic shock
forcec develop for considerable distance away from the blast
location.

To minimize the damage to rock slopes by blasting the amount
of explosive per delay chould be as low as practical, angle
drilling of 70 to 75 degrees can be used at the final face,
and line drilling incorporating pre-shear or cushion blasting,
used successfully on many civil engineering projects, should
be considered.

Other factors to be considered in stability assessment and
design of pit slopes are loade induced by equipment and
earthquakes.

d) Equivment: In most strip-mining operations
after the overburder has been lifted, a dragline will position
itself on the shot material and tegin the cigeging of the vre-
pared overburder., The workins weight of a walking dragline
such as manufactured by the firm Bucyrus-EZrie (Model 1570-W
with 70 cubic yard bucket and 320' boom), for example, is
6,480,000 pounis. If rnfavorable geological conditions rre-

vail in a pi. slope and equipment of such weigh*t is operated to
close to the vige of a bank, failure of the bank may occur i
directly under the cragline causing it to &lide into the t

pit. A slope failure of this type could recult in thousands 5
of dollars of equifwment damage, loss of production, and even ﬁﬁ :
loss of life. It is thus imvortant that equipment loads
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are taken into consideration in slope stability analyses to de-
termine safe operating positions for draglines, power chovels,
bulldozers, and other heavy equipment werking in the pit.

e) Earthquakesz: Of equal concern in pit slope

stability are dynamic loads induced by earthquakes. Conse=-
quently a careful assessment of the seismic activity of the
area in which the vroject is located (preferably within a 300
mile racdius of the projoct) vproviding information on evicenter
location, magnitude, intensity, focal depth and reoccurance of
earthquakes, as well as their relalion to geological structure,
is of fundamental importance in planning and design of any
mining project.

The effects of an earthquake are known to be greatest where
seismic waves approach soft or unconsolidated subzoil de-
posits, underlain by firm ground. As reported by M. Wohnlich,
1973*, the greatest amplifications in ground acceleration occur
when the s50il deposits are 20 to 30 meters thick. Among the
structures most affected by earthquakes in open-cut mining
would be spoil banks or waste tipe, tailings dams, dikes for
water diversion, and any structures erected on reclaimed .land.

*Vohnlich, M.,"Erdbebenprogncsis und Selsmisches Risiko"
Schweizerische Bauzeituag 91. Jahrgang, Heft 46 (15.
November 1973) pp. 1139 - 1148.
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According to S. Ocamota, 1973* earthquake cdamage on re-

claimed land may be considerable. The behaviour of such

land can be conaidered to correspond to that of the softest
alluvial soil posing many problems in regard to earthquake
resistance. Therefore individual investigations are necessary
as to the behaviour of reclaimed land at the time of an earth-
quake. Investigated damage from earthquakes in Tokyo and Osaka
has shown that the districts in which houses were destroyed and
great numbers of people have been killed were almost all re-
claimed land. Tokyo and (Osaka are examples where the ground
under the reclaimed fill is extremely soft. Therefore re-
claimed land, if used for residential or industrial purposes,
should be investigated together with the underlying ground

in estimating earthquake resistance.

To evaluate te effects which local and distant earthquakes

of various magnitudes might impart to structuree, artificial
embankment=s, elopes, etc., maximum bedrock accelerations a,
velocitles v, displacements d, and durations s, of these
events may be computed and plotted in form of attenuation
curves as illustrated in Figures 21 tlrough 24 (Ueblacker, H.,
Vg7 )ee.

* Qcamota, $., "Earthquake Damage on Reclaimed Land", in
WIntroduction to Earthquake Engineering", John Wiley &
Sons, New York (1973) pp. 108 - 109.

e e

** Ueblacker, H., "Earthquake Analysis for a Prorored

.
,

Wyoming Coal Development Project", unpubliched report

(1974).
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Empirial equations (Newmark and Rosenblueth, 1971* and

Kanai, 1972**) permitting correlation of ground motioa
parameters with magnitude and hypocentral distance (Figures 25,
26) of an earthquake may be used for this purpoce.

Those quations imply that an earthquake originates at one
focus and do not recognize more complicated generating
mechanismes. In particular the structural geology of a
region which is not always known in detail, is important

for the study of seismic epicentral zones, since in reality,
an earthquake is not only the liberation oi energy at a
certain specific point, but in a zone along one or several
faulting linez of the earth crust, where the triggering
action takes place. In addition, it is obvious that the
intensity of motion at the ground surface will be a function
of the mechanical, stratigraphical and hydraulic propertiss
ol the subzoil which overlies the rock formations at a
specific site. Considerable disper=ion should therefore

be anticipated, if the above referenced equations, or en-

# Newmark, N., M., and Rosenblueth, E., "Fundamentals of
Earthquake Engineering", Prentice-Hall, Inc., Englewood
Clifts, N.J. (1971) pp. 233 - 236

** Kanai, "Proceedings of the International Conference
on Microzonation for Zafer Construction, kesearch and
Application', University of Washington, feattle Washing-
ton (1972) Vol 1, p. 177 .




Epicenter

Feult-brecy

W
Focus or
hypocenter

(@) Verticol Plong

Foult-breck

{b) Herizentol Mone

Figure 25. Relative positions of site and fault
(from Schnabel and Seed, 1973, p. 587).

Figure 26. Propagation path (from Schnabel and Seed,
1973, ». 507).




closed attenuation curves are uced to estimate the effectcs
of shallow earthquakei. They are probably adequate for

_ estimatinig the eflfects which earthquakes of moderate and

J long focal distances may impart to structures on firm ground,
i although the dispersion 1s expected to be high even in this
range. Nevertheless, the attenuation curves computed for
maximum rock accelerations (Figure 21) appear to be in
reaczonable agreement with those obtained for recorded rock
motions, at least for earthquakes with magnitudes up to

M = 5.0 (Figures 27 ard 28*).

More reliable data on ground motion parameters for estimating
the effects of earthquake: can be obtained through installation
of seismic monitoring devices at a site (preferably durinzg the
planning =tage of the project) and detailed geological siudies
of seismic eypicentral zones of a region.

On firm ground, given an ectimate of the maximum base acceler-

ation,velocity and displacement, and a measure of the duration
of ground motion, the expectationms of the responses of a wide
variety of ideal structures can be computed following the

* Schnabel, P.B., and Seed, B.H., '"Accelerations in Kock
for Earthquakes in the Western United States.™ Bulletin
of the feismological Ctociety of America, Vol. 63, No. 2,
(April 1973), p. 506 &
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Figure 27. Average values of maximum accelerations in
rock (from Schnabel and Seed, 1973, p. 506).
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suggestions of Newmark, 1968*. These expectations practi-

cally suffice for decign purpoces. After this has been
done, an additional step allows to estimate the dosign
spectra for motions at the surface of smoft soil through
which firm ground motion may filter.

b. £Stabllity of Tailings Dams and Waste Tins

The waste Material from both coal and metal mines falls in-

to two size ranges: Jlarge sized rock or low grade iineral
from developments, variously known as rock, spoil (coal mines)
or mullock (metal minecz); and finely -<round material from the
metallurgical plant or from the coal wachery. Irom a metal
mine mill the fines are usually known as cailings and go to a
tailings pond. Vaste rock in coal mines can be overburden or
spoil ( in the U.Z.) and go to a spoil bank or wacte dump, or
can be chitter (as in Australia) and go to a tip cr bing. ~ror
convenience the terms waste and tip will be used.

Open~-pit coal and metal mines have similar rroblems; they

have to find space in which to dumv the waste ana must dump

it safely. Althoush there nave been frequent slide: of waste
tips and failures of tailings cams, the problems were emotionally
highlightea by the pit heap slide at Aberfan in South Wales, on
Octover 21, 165, in which 144 people lost their lives. Most

of the victims were children at tnc local school which was

* Newmark, X. M., "Earthquake Resistant Building Design",
in Structural Engineering Handbook, Gaylord and Gaylord,
Editors, Mc Graw-Hill Book Comp., New York (17268) Section 3
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over-rin by the slice of mud and fine coal. Previous

slides of thisc type around the world had disrupted ccmmuni-
cations and blocked highways, btut had rarely trapped a group
of victims in this way.

There was an immediate examination of mine waste disposal
techniques in most countries and voth Britain and the U.S.A.
have vpubliched the results of investigations. Ty 24 3 The
National Coal Beard investigations have been endorred in
Britain by governmental legislation, and most States and
Countries now have legislation controlling mine waste dic-
posal. The main field of activity concerns liquification
Jf fines or of argillaceous (clayey) waste, with consequent
dam failure or tip slides.

1) Site Invectigations

Before either a dam or a waste heap is built, the site
shovld be thoroughly investigated. Case studies are given

1) National Coal RBoard N.C.B., "Technical Handbook on
Spoil Heaps and Lagoons'", London (197()

2) Towsenhend - Rose, F.H.E., and Thomson, G. M.,
"Security of Tips - Statutory and Technical Requirements",
The Mining Engineer, No. 125, p. 293 (Feb. 1971)

3) Kealy, C. D., and Soderberg, K. L., "Design of Dams
for Mill Tailiugs", U.S. Bureau of Mines, Information
Circular I.C. 8410, (1969)
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in recent publications by the American Institute of Mining,
Metallurgical and Petroleum Engineers, Inc. 15 8 2 and by
Toland, 1971*, but the following recommendations are based
on the National Ccal Board publicatione, referenced above.
The steps to be taken are:

1. Make a preliminary investigation: 1look at the local geo-
logy, make your own maps if necessary. Decide on possible

future mining subsidence whici can cause instaklility. Look
for evidence of surface instability and chart the local
hydrology, particularly of seasonal springs or sireams.

2. Carry out testz: sink trial pits and toreholes and
collect camples. Classify the surface soil by type and

1) Hartman, H. L., Editor, "Case Studies of Surface Mining",

(1969) 322 p.

2) Brawner, C. O., and Milligan, V., Editors, "Stability
in Open-Pit Mining", (1971) 242 p.

Brawner, C. O., and Milligan, V., Editors, '"Geotechnical
Practice for Stability in Open-Pit Mining", (1972) 274 p.

Toland, G. C., "About Tailings Dams - Construction,
Sealing and Stabilization", Mining Engineering, p. 51,
Dec. 1971
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measure the shear strength and permeability of the surface
s0il, subsoil and underlying rock.

3. Calculate the foundation stability taking into consider-
ation the tip material and its likely water tatle and make
sure it has an appropiate factor of szafety. A tip near a
built-up area needs more security than one ceveral miles irom
habitation. ZEemember that (a) mining subsidence may open

up fissures, creating paths for preferential water flow

(b) seepage vpressures will exist in tips and foundations

(c) clay can give an unsiable foundation, particularly if
saturated (d) if there is a natural =lope to the ground then
it must be drained and stabilized (e€) extending an existing
tip can be dangerous if its previous history is unknown.

k. For a waste tip the final site chosen must be large
Q enough to have space of & least 30 feet clear around the

basze of the tip for access and safety. The clearance should
be increased {or tips on sloping ground, high tipa, or tips
with a low factor of safety.

2) Factors of Safety

A design factor of safety depends on the consequence of failure
with respect to persons am property, the reliability of the
design input data, wud the reliability of the design aszumpidons
over the life of the tip. National Coal Poard recommendatiois
(Great Britain) were, that for new spoil tips on flat ground
where there may be a risk to people and property the factor

of safety should be 1.5, in other cases it may be 1.25. On
sloping sites or in areas where earthquakesz can occur a

safety factor of 1.75 or greater may be required.
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As in stability assessment and design of pit slopes, safe
construction of s=poil banks or waste tips, tailingsdans and
dikes for water diversion, etc., depends on various para-
neters governing the strength of the soil and on the stresses
which develop within slopes and foundationc. Mine waste
material must be assessed for size distribution, specific
gravity, plasticity, moisture content and density. The shear
strength, consolidation and permeability must be determined.
It is also necessary to assess a change in characteristics
with respect to time, such as a breakdown of shales, liability
to spontaneous combustion of carbonaceous materials or sul-
phides, or cementation of some deposits.

In conclusion of this section on slope stability the following
recommendations are made. To achieve optimum safety and
economy in pit slope, waste tip and tailing dam design, a
number of possible situatione should be studied by varying

the angle and drainage of slopes using a representative
mathematical model. Important parameters affecting the
stability of excavated slopes and artificial embankments

are the stress conditions that develop within thesze structures
and their foundations; the state of stress that pervails in
overburden forzations and coal prior to mining, i.e., the
initial state of stress in the rock mass or soil; adversely

oriented structural features of the rock mass; groundwater
conditions, mechanical and hydraulic properties of soil and
rock; seismic lcads induced by blasting and earthquakes; and
equipvment loads. The more carefully and accuratly these para-

meters are determined and taken into consideration in stability

T

analyses, the more confidently can pit slopes, waste embank-
ments and dams be designed and conctructed, i.e., essentially
the more safely and economically can a coal surface mine be
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CAZE STUDIES

1. dustralia

Australia has in the last few years become a notable producer
of minerals. As reported by L. J. Thomas, 1973*, this conti-
nent contains what are probably the world's two larzest iron
ore mines, both located in the Pilbara region of Western
Australia (Figure 29). Hamersley Iron produces about 37.5
miliion tons of ore yearly and the Newmen Consortium about

35 million tons. Present mining is of high grade haematite
with about 64 percent iron.

The aluminium industry has reserves of more than 2000 million
tons of bauxite in the VWeipa area of Horthern Queenslanc alone,
and more than 3,700 million tons available in Australia to pro-
vide for its expansion. The Gladstone Alumina plent (Queens-
land) had a rated capacity of 2,000,000 tons annvaly in 1972,
making it the biggest in the world, ani should by now operate
at a napacity of 2,400,000 tons.

* Thomas, J. L., "An Introduction to Mining", (Exploration,
Feasibility, Dxtraction, Rock Mechanics) Halsted Press,
a Division of John Viley & Sons, Inc., 605 Third Avenue,
New York, N.Y. 10016 (1973) 436 p.
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Figure 29. Western Austria (from National Geographic
Feb. 1975, p. 160).
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There are enormous reserves of coal for that rapidly growing
industry (l'igure 30). 1he world's second largest dragline
with a 100m3 bucket being capable of removing 6,500 tons

of overburden or coal per hour is operating at Moura Mines in
Queencland®*, In some underground mines coal production out-
puls of 900 to 100C tonsz per shitt from a continuous miner are
obtained regularly and several mines are producing 1 million
to 1-1/4 million tons per year with a working force of 100 to
300 men. Only about four percent of coal from New South VWales
is at present won by longwall metheds, but by using equipment
specially strengthened to support the hard sandstone roofs,
high productivity is now obtained.

For heavy mineral sands (rutile, ilmenite and zircon) Austra-

lia is the world's largest producer and has pioneered some dry-

mining techniques. Australia is also the third largest ovroducer
' of lead, exceeded only narrowly dy the United States and the

Soviet Union. In 19€9 the lead content of Australia ore pro-
duction was 445,000 tons. Mount Iza Holdings produced about

one third of this total from its mine at Mount Isa in Queens-
land. This mine also produces quantiiies of copper and zinc and
is probubly the largest undergrcund metal mine in the world.
Nickel production in Australia is rising rapidly, excellent de-
posits of uraniuvm have been found in the Northern Territcries.

* DBossman, M., "Die Abbautechnik im auastralischen
Steinkohlenbergrau, Glueckaui 110 (1974) Nr. 17,
p. 690
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Figure 30. Map of Australia showing coal measures, a, b =
bituminous coal, ¢ = brown coal (from Bossmann,

1974, p. 687).
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Almost every commercial metalliz ore is mined in some part

of Australia. In 1970 more than $170 million were spent on
mineral and petroleum exploration. Private capital invest .
ment totaled $1,750 million, and another %860 million were
spent on extraction, refining and foundry planta. Currently
another $§1,600 million are committed to exponsion of existing
projects, or to new ventures, such as the $14 million asbestos
project in New South Wales.

The Australian population is concentrated mainly along short
strdaches of the coastal fringe, and the interior of the conti-
nent is virtually without water. Many mining cevelopments
have to establizh their own communities. Most homes are air-
conditioned and are constructed at a cost of approximately
540,000 per unit. The companies may have to provicde their

own roads, electricity, water supplies, and railways to the
coast and even their own ports.

Construction materials and equipment may have to be freighted
30G0 km ecross the continent and food may have to be air-
freighted in to @ remote mine. Consequently, the mines must
be planned to produce a large cutput from a small working
force, especially if the ores are low grade. This has caused
a rapid imvrovement in nining technology. =g

AL

To cope with the expansion of mining in Australia many over-

i

seas engineers have been brought in. Overseas technology has

Y

been adapted to local conditions for new minerals, an engineers,
from necessity, produced innovations and increased proauctivity.
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a. Coal Fielas

The principal known coal deposits of Australia are shown on

the map in Figure 30. Most of these deposits are located -
near the continentt!s eastern coast. According to Thomas,
1975, p. 220, domestic electricity utilities take about one
third of Australids coal production. The trend is to huild
the generating station adjacent to the mine. The New South
Viales Electricity Commission operates underground coal mines
as well as power stations. The coal is won mechanically,
conveyed Lo the surface, cleaned, and conveyed to the power
station btoilers without being touched by human hands. Mun-
morah Colliery, for example, produces and conveys 6000 tons
of coal daily from its underground mine to an adjacent power
station with a working force of only 250 men.

As roported by W. A. Veimar, 1969*, sovutheast of Melbourne

enormous brown coal depocits ranging from 200 to 750 feet in
thickness with 50 feet or less of sandy overburden are being
mined by surface methods. The coal is of low grade having a
calorific value of 3000 BTU per lb. and a moisture content of

50 to 70%. The coal is produced for mine-mouth power gener-
ating plante of the IState of Victoria Electricity Commission.
The Commission estimates that the Latrobe Valley here haz 17
billion tuns of coal. The coal is extracted by several chain

* Weimar, W. A., "Australia - Recent Developments in

Surface Mining" in 'Case Studies of Surface Mining', 4
Proceedings of the Second International Surface Mining jb

L d

Conference, The American Institute of Mining, Metalurgi- ¥
cal and Petroleun Engineers, Inc., New York (1969) pp. 3 - 11 -
@
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bucket excavators and bucket wheel excavators, the wheel
digging above the baze and the chain buckets digging be-
low the bench bace.

fost impressive coal mining developments are located in Cen-~
tral Queenslend. They are the Utah Development Pty. Ltd. at
Blackwater which began in 1967 and the Thiesc-Peabody Mitsui
Coal Pty. Ltd. at Moura which began in 1963. Utah has a
walking dragline with a 30-cubic-yard bucket in a 285-ft.
boom. In contrast to Utah and other develonmentis (see Thomas
1973, ». 130), Thiess Peabody Mitsui employes the second
largest dragline in the world with a 130=-cubic-yard bucket

on a 275=-ft. bocn.

1) Open-Cast Workings at Moura

Acccrding to Thomas, 1973, p. 131, open-cazt workings at Moura
produce about 3,100,000 tons of coal annually and another
600,000 tons are produced by underground methods. Open-cast
reserves are about 35,000,000 tons and total reserves are more

than 75,000,000 tons in an area of 470 km®.

The overburden consists of chales and sandstones which are
stripoed down to 48m depth as a cut-off limit. The equip-
mnent includec:

Draglines One Marion 8900 100 m3 electric with 84 m
boom.
Ona Marion 7900 30.1 m® electric with 84 m
boom.
One BE 48OV with a 9.2 m” bucket.
Shovels Two Marion 151M with 10.7 m3 coal loading {'

buckets as main production units.
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Front-end loaders Two Cat 952 with 10.7 m3 buckets for coal
loading. The mine also has two Hough 40O
units for stock-pile duties and a Cat 988
unlit for loading and clean-up duties.

Trucks 14 Euclid bottom dump trucks, mainly 100
ton units with some 50 ton units. These
are only used for coal; no overburden is
moved with trucks.

Drills Two rotary blast hole drills on crawlers
for overburden drilling; both BE6'R using
0.%8 m bits.

The coal also has to be drilled and fired before loadir~ out

on two 10 hr chifts per day. Maximum haul distances are near-
ly 13 km to the dumnp where the coal is themnfed through a rotary
breaker. Coarce cizes are washed in a magnetite dence medium
bath, #mall sizes are cleaned in a denze medium cyclone and

the fines are cleaned by froth [lotation. All coal is cruzhed
Lo minus 32 mm and stockpiled for leadout. Trancport is by
3000 ton unit trains to the port at Gladston 177 km away.

There are Iive seams to be mined but because of their general
dip and vertical interval they are not mineable together.

Fach seam worked is started with its own box cut, the deepest
cen be mined first. Overburden stripping is periormed 24 hours
a doy, 7 days a week. The overburden is drilled with holes in-
clined at about 18°from the vertical to pgive a slopinge highwall
for stability. About 30T holes are put into an area L50 m x 55 m i
(on a 9m x 9 m grid). ANFO explosives are used at atout 0.7

kg/ton.

The walking dragline is the optimum tool for the open-cut
mining of ceams that dip 6 to 18.5 degrees. A crawler mounted i




machine would have difficulties working on such tlopes. Figure
31 shows a cross-section and plan view for open-cast mining
using the dragline btench method as employed at Moura Mine:x,
The 275-£ft. boom machine is uced to uncover a split seam of
coal 190 feet wide in 100 feet of cover. It is not necesesary
for the dragline to mova laterally but to advance lengthwise
of the pit to uncover coal at this depth. & the depth in-
creases, the machine can be stepped sidewise to maintain the
pit width and increase the digging depth. Thie is one of the
many advantagesz of a walking dragline. Figure 32 outlines
port. ns of the dig sovm in Figure 31.

The triangle of bench under the centerline of the machine re-
rresents the maximum amount of spoilwhich must be rehandled
(about 20 of the loose measure of the ©olid¢ bank in this
particular cross-section). The tench can be raised or lower-
ed to fit the reaches of the machine. Lowering the btench re-
duces the rehandle.

In contrast to other mining methods using draglines, the
m~thot just described is less expensive. With this method,
the length of the boom is shorter to reach from the botton
of che cut to and veyond “.he crest of the cpoil, thus the
machine is maintained at an advantageous plane avove the

cdal. Since the use of a schorter boom enables the muchine

to carry a bucket of greester capacity and permitcs greater

acceleration and deceleration of swinging movements, larger t,
and nore Irequent loais can be accomodated. The utilization

of the macrine-suprorting bench and the portion of the tri- y
angul«r bench enables the dragline to-be moved laterally to
a position close to a spoil or close to a digging bank, thus
giving the boom a greater effective leniih; this permits
mining to a greater depth of overturden.
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Firure 31. Cross.-section and plan f r open-cast mining,
using the dragline bench method (from Weimar,
1969, p. 9).




T R & AT e

e

Figure 32,
cast mining shown by plan and in detail in

the cross section (from Weimar, 1969, p. 10).

Direction of movement of ovarburden in open-
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According to V. A. Weimar, 1969, who lists a number of other
advantages, this method was developed primarily for deeper
stripping out undoubtedly was ahead of its time, as the past
three decades have been devoted to shallower strip mining.

2) Oven-Pit Coal Mining in Victoria

As already mentioned, the soft brown coal deposits of the
Latrobe Valley in Victoria are used as a source of fuel for
rower generation. The coal is extracted by open-pit mining.
According to case studies reporited by O. C. Brawner, 1974%,
a typical open pit is approximately 1-1/4 miles long, 1 mile
wide and up to 500 feet deep. Production is approximately
14 million tons annually.

The brown coal occurs in two thick seams. The upper coal
seam, which is being mined, is 270 to 540 feet thick. This
seam is underlain by about 30 feet of over-consolidated clay

resting on about 30 feet of sand. Artesian water conditions
exist within this sand stratum which is referred to as the

upper aquifer. The lower coal seam is 150 to 200 feet thick
and is underlain by a thick sequence of clay and sand strata,

* Brawner, 0. C., "Rock Mechanics in Open-Pit Mining",

Proceedings of the Third Congress of the International ¥
Society for Rock Mechanics, Vol. 1, Part 4, Printing ;'
and Publishing Office National Academy of Sciences [
B
2101 Constitution Ave., N.W. Washingtoun, D.C., 20418 _{
(1974) pp. 761 - 765
¢
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referred to as the lower aquifer zone. Artesian water pres-
surez greatly in excess of those in the uypper aquifer exist
within the lower aquifer.

Large-scale ground movenents have occured as a result of the
mining operatinns. By 1970 movements of the following mag-
nitudes had occured: veriical heave of the pit floor in
excess of 12 feet; horizontal movements of the pit slopes
of 8 to 10 feet; and vertical settlement of up to 3 feet
within a town which is located adjacent to the rit. An
extensive invectigation was undertalken to determine the
cause of these movemenis and their implication with respect
to the future operation of tne mine and influence on the
town.

a) Groundwater: An important factor influencing

the ground movements iz the groundwater regime. The unit
weight of the coal averages only 71 1lb./cu. fi. The difference
between the unit weights of the coal and of water averages only
8.5 1b/cu. ft. For most rocks this difference is about 100

1k, /64, 1%,

b) Floor Heave: With expansion of the pilot

opening from the 300 feet level to the 350 feet level, the

pit floor heaved up to 12 feet. This was accompanied by

the development of cracks in the pit floor from which water
flowed at the rate of about 1,500 gal./min. The invesztigation

established that the heave was caused by the artesian water
pressures in the lower aquifer. Although approximately 250 )
feet of strata szeperated the pit floor from the lower aquifer, 7
the uplift water pressures in the aquifer was about 5,000

1b./sq. ft. greater than the pressures due to the weight of
the overlying strata. Complete 'blow-up' of the pit floor '
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was prevented by the vertical shear resistance between the
250 feet of strata underlying the pit floor and the strata
underlying the pit walls (Figure 33).

Prior to the investigation, the existence of the lower aquifer
was unknown and it had been thought that the heave was caused
by water pressures in the upper aquifer which was being de-
watered. As heaving of the base of the pit continued the
existence of the lower aquifer was postulated. This was sub=-
sequently confirmed with piezometers and multiple-borehole
extencrometers. Dewatering of the lower aquifer was undertaken,
and further heave has been controlled.

c) Slope Stability: Inward slope movements 8 to

10 feet, opening of cracks on the slope faces, and the heaving
and cracking >f the pit {loor raised questions concerning slope
stability. A detailed shear strength and geologic mapping pro-
granm indicated the strensth and jointing characterictics of the
coal precluded a major pit slope failure within the coal. How-
ever, the average resicdual angle of shear resistance '@r' of the
clay stratum at the base of the upper coal seam was found to be
only bl Any major slope failure would therefore occur ar a
block failure bounded by the weak nearly horizontal clay stratum
and the vertical joints in the coal.

The stabilizing chear force in the clay stratum is proportional
to the weight of material avove the clay less the uplift force 3
of the water pressure in the clay. Eecause of the coal's low

unit weight, this stabilizing force is relatively small and

the motivating force is almost entirely due to hydrostatic

pressure within the vertical jointes. As this force is pro-

portional to the square of the height of water in the cracks, r
the elevation of the water table within the coal controls the
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slope stability. Analyses showed that the stability of the
toe of the slope is essential. 1If the toe'were to become
unstable, it was estimated that the failure could progress
back into the slope a distance of 2,000 feet or more.

Horizontal movements and water pressures were monitored and
mearurements were made to depthe up to 700 feet successfully.
Horizontal drains up to 800 feet long are being installed in
the toes of the pit slopes to lower the water table, and there-
by improve stability.

d) Settlement oi Town: The aquifer dewatering in
the pit area, required to prevent blow-up 2f the pit floor, has

reduced the aquifer water pressures within a radius of several
miles from the pit. Reduction of the fluid pressures in an
aquifer will cause consolidation of a compressible stratum
which is hydraulically connected to the aquifer. The extensive
dewatering of the thick coal strata has resulted in large-szcale
regional ground settlement about the pit (Figure 34).

By Mid-1971 the settlements under the town varied from in

excess of 3-1/2 feet near the mine to about 6 inches on the

far side of town. Analysis indicated that the dewatering

necessary for future mine development to mid-1980 would cause

ultimate settlements ranging up to 9 feet acdjacent to the pit.

An assecsment of the influence of these settlements indicates 1

they are not exvected to cauce extensive damage to buildings. -

However, some damage to the sewer and water lines, and dis-

-

ruption of the hydraulic flow characteristics of the sewer

™

-

system are anticipated.

If the magnitude of the settilement begins to cause damage it
has been proposed that deep de-watering wells be drilled on the Ja

e
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far =ide of the town to lower the water pressures in that
area. This will increase the settlement away from the pit
and recduce the differential settlement across the town.

b. Mining Laws and Environmental Legislation

Throughout Australia practically all minerals are the property
of the government, and their exploration and exploitation are
administered by the State Department of Mines. Surface owners
do not control the minerals. Their mining codes protect the
prospectors. If a prospector obtains a permit, "miners right",
it entitles him to search for minerals any place within the
state, only holdins him responsible for damages he may incur
in his exploration. 1If he finds something of interest, he
may then apply for an authority to prospect, which gives greater
@ latitude and protection in his work to develop the find. How-
ever, he will be oblizated to spend a minimum specified amount
to exclusively hold an area. He will be required to furnish

maps, analyces, and geological data to the Mines Department.
Presuming that he has located something economically valuable
for mining, he may then apply for a mining lease or be granted
a franchise to produce a specific material. It will contain

a quantity clause so that the area cannot be held indiscriminate-
ly without production of the mineral (Weimar, W. A., 1969, p. 3). &

The problem of living down a bad past also applies to Aus-
tralia. Approaches for a mining lease may be greeted with
objections to possible blasting vibrations, dust, noise atmos-
pheric pollution, water pollution and increased traffic density.
It is not always realized that vibrations, dust noise and
pollution can be greatly limited by modern mining methods. In-

deed leg.slation now exists in Australia to confine mining to
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approved methods. As mentioned earlier, land restored after
mining can be more fertile farmland or new recreational areas,
or be returned to original within very few years. Some Aus-
tralian mineral sands companies are spendin: $1250-2500 per
hectare (%500 to $1000 an acre) to restore land worth less
than $12.50 per hectare (§5 per acre). An increased trafiic
density may even be an advantage because the mining company
will have to widen, strenthen and resurface the roads which
benefit local traffic. Most governments require a financial
bond to be devosited before mining can start to cover the
anticipated cost of making good after mining.

It is unlikely that a mine would be iforced to work under-
ground instead of open-cut methods to avoid public nuisance
but it is perhaps fortunate that most larze open-cut mines

are remote from all but their own workforce and tourists,

who seem to enjoy the guided visits that enlightened companies
provide. Some minez have a noticeable operational budget item

in public relations booklets and free samples which, with staif
wages, can reach tens of thousands of dollars per year.

1) Government Aids and Controls

Apart from environmental control, which ic often administered
by non-mining government departments, there iz usually a rigid
control of mining by a state or federal Mines Department with

its inspectors. There is also a tax man, who in the early
years of a project can give as well as take away.

In the field of environment mounting public agitation has
caused most countries or states to enact legislation to control
the effects of mining. Great Britain, for example, passed itis
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Tovn and Country Planning Act many years ago and this contirols
the general use of any land for any purpose, including mining.
All surface works have to be suitably ccreened or of aesthetic
appearance. Heights of waste tips and of building structures
are restricted. Pollution in Britain may be controlled by
several acts at once so that a succession of inspectors may
call on a mine and care must be taken to consult local govern-
ment authorities as well as national bodies.

In Australia there may be an overlap between Federal and State
laws., It is too soon to be certain but air and water vpollution
may well be controlled by Federal laws whereas mining is governed
by State acts. In New South Wales the Mining Act No. 49, 1906,
which governs general mining activities, was amended in July
1971 to provide a new Regulation, %9A, which prohibits uncon-
trolled drainage, or pollution of water, and states that all
open-cut mines must be left in a safe condition. It also lays
down that the land must be revegetated to prevent erosion if the
finister (for mines) so directs. Previously to this mining
pollution was controlled in that applications for mining lea:secz
would only be granted subject to controls on methods of working,
and land restoration if necessary.

Some aspects of damage to public property are controlled by other
acts. New South VWales has a Mine Subsidence Compensation Act
1961-1967 which regulates that asvect of working mines cf coa
and shale, It is difficult to summarize an act in a few wordz
but, roughly, if mine workings damapge property already built,
then compensation must be paid to the owner of that property.

If however anyone builds on land already proclaimed as a mining
area, then that person will not be compensated for subsequent
damage, Common law rights may also exist in relation to eome
operations.

= T v R
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In addition to meeting thu costs of environmental controls a

mining comnany also han to conform with legislation which con-

trols working practice:z. Similar legislation exists through-

out Ausiralia. The state Mining Acts usually control pros-

pecting and grantimgof leases, and then there will be an Act,

or Regulationz, to control th~ actual working practice at

mines. Thus in New South Wales, in addition to the Mining e
Act 1906, there iz the Mines Inspection Act 1901-1968 which N
deals with working all mines except thoce of coal and c=hale,
and the Coal Mines Regulation Act, No. 37, 1912 which covers
coal and shale workings. As if this were not enough there is
a Scaffolding and Lifts Act, 1912-1960. If an engineer is
engaged in tunneling work other than mining, or in deepening
his harbour, then the Regulations of this Act will control
his work under the most inappropriate title. The practizing
mining engineer thould know his local mining laws by heart
and thece may include E:plosives Acts, Mines Rescue Actis,
Viorkers Compensation Acts, and 50 on.

Mining acts and their administration need money. Conzequently
every ton of mineral nmined is likely to have royalties and
levies imposed on it. However come royalties and taxes can

be semi-returnable. Governments make initial prospecting and

marketing surveys. They may also pay prospecting subsidies

or offcet all exploration money against tax. For small miners

o -4_.'-‘_.“

New South Wales hires out exploration equivment at low rates,
and will make current interest loans to enable small conpanies

s

to buy essential equipment to start up a mine. In some types

of mining there may be initial tax offset advantages for deve-
lopment of prescribed minerals. The tax laws have to be studied
carefully and can have advantages as well as diradvantages.
(Thomas, J. L., 1973 pp. 66-68).




2) legislation and Restoration of Pits

When an opeén-cast coal mine is abandoned there 1s a risk that
the seam will catch on fire, becauce of spontaneous combu:ition.
Consequently mining legislation may lay down what is good
practice in any case. The outcrop of the seam must be sealed
off with a thick bank of earth and rock. 'The pit floor may

be bulldozed up against the seam but a more efficient method
is to drill and blasi the crest of the highwall so that it

is thrown down into the pit. This both seals the seam out-
crop and reduces the highwall slope to an angle at which it
can be safely abandoned. Many underground fires (particularly
in the United States) might never have =z=tarted if this proce-
dure had been oboerved. Once a fire starts t> creep along
underground it can be expensive and almost impossible to
extinguish.

LEE

The following paragravh is taken from the Eighth Schedule of
the Coal Mines Regulation Act, No. 37, 1912, of New South Wales.
It is typical of most acte.

"The owner, agent, contractor cr manager of any open-cut working
shall, unless otherwice directed by the Minister, cause to be re-
moved separately for revlacement as far as may be practicable,
the top soil on such part of the area as may be disturbed, and
such owner, agent, contractor or manager chall, a¢ work prorres-
ces, caucse the strata removed for the vurnose of extracting a
seam ol coal or shale and all other residues, to be returned to
the excavations made, or depositecd on such sites, in such manner
s the Minister may in writing direct. Suech work shall be conple- .
ted within eix months of the giving of such direction. In all
worked areac, the exposed coal seam shall be effectually covered
with inert material to vrevent fire hazards and the side of the
cut shall be battered to a safe low anple and graded to slopes
and contourc consistent with the surrounding land, the top soil
previously removed chall be replacea and all deprescions effectu-
ally drained unlecs such depressions are, with the concent of the
Minieter, to be used for the purpose of ponding water or deporit=- 3
ing other materials; cuch fillings, battering, grading and drain-
age chall be carried out to the caticfaction of the Minister",

by ]
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The Mining Act, No. 49, 1906 of New couth Wales, which governs
metalliferous mines, makes a wimilar statement and in addition
nay require the area to be renlanted with shrubs and trees. It
also requires prover drainage to prevent erosion and treatment
of drainage water to prevent pollution.

This brings out a basic difference between the two types of de-
poeits. With a bedded deposit the excavation can be filled in
and contoured ac the open cul progressen, Vith direct back
casting the operation is simple. Vhen the last cut is taken
the material {rom the box cut is restored ip its proper order
and the surface iz made good. “Yhe swell of the broken ground
over s50l1id (bank) volume will usually compensate for the coal
that has been removed.

A mined area can be used as pasture or farmland for a few years
before it is used for building or other operations requirins
stabilized ground. With fertilization and contour drainage

the rectored surface can be used to grow croncs immediately

and full fertility is restored within 2 or 3 years. Depres-
sions may be left deliberately for recervoirs, stovk ponds or
recreaticnal lakes. Shrub or tree planting may be adopted for
recerves and amenity areas.

A large oven-cut mine may have to remain as a hole in the
ground, put some mines in Australia have produced ambitious
restoration plans. A natural terraced amphitheater can be
easily constructed by restoring tue subsoil and toncoil which
should have been saved. The bottom of the pit can be a lake
withplcnic areas on the banks. The minimum requirement of cafe
slopes and fencing, if adopted close .to an urban area, might
well produce refusals for futher mining leacses.

— T ———— . WG T
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¢. Reclamation Practices

Restoration of nined areas is alco an essential part of
mineral sanis mining i Australia, and the companies have

to post a financial bond to cover restoration before the
State will grant a mining lease. Costs of restoration can
vary from about $200 per hectare (8500 an acre) to %400 per
hectare for bad arzasz that may need double treatment. [igure
35 shows the restoration plan.

The general treatment of the mining area is similar for all
types of surface rining. Topsolil should te removed and stored
for later replacement before any mining takes place. Thiz is
escential because it contains the humus anz a reserve of seeds
needed to regenerate ihe area.

Revegetation of sand dunes is difficult because the light top-
soil is particularly suvsceotible to wind erosion. The first
area to be mined has its vegetation removed and the topsoil
bulldozec to one side. After mining has progressed the tailings
are contoured and the topcoil spread evenly across the area

ready for revegetation. The area should be reseeded as soon

as poseible althoucsh the time interval between stripping and

seeding is around 6 months because the sand mu:it be allowed to 4
settle before the topsoil is replaced and cereals sown. Thi:
necessitates an area of about 150 m by 450 m being open for

mining and tailings concolidation.
fthen the area is ready for restoraticn it is divided into
three zones. The frontal dune area (not always vresent) is
L
expoted to wind and salt spray and spreads about 4O to S0 m
up the beach. It must be stabilized with a brush mat which J £
o
4
L
5
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gives a wind cover to newly planted spinifex or marram grass.
These graczes throw out ruanrere which bind the sand Logether.
With fertilizers and a proper rainy season the grass will
bind the so0il before the mat decays. The brush is obtained
mainly from scrub ¢cut from the area to be mined.

The second zone is the hind dune immediately behind the frontal
crest. It is slightly protected but may occasionally have to

be treated as frontal dune. However it is usually possible to
sow with cerrals and to brush mat. The brush mat drops seed
pods, and the company plants other seeds and shrubs. Horse-
tail oaks, coaztal wattle and bitou bush are planted for per-
manent growth. Pig face and flannel {lowers may be added.
Cereals and legumes such as rye and sorghum, and West Australian
lupins, are planted either in advance of or with the natives,
and fertilized. These provide shelter for the young aatives and
extra humus when they rot down. They are not harvested.

The third zore is the heath area which is wind and calt free.
When its own topsoil is replaced and fertilized the native
generation is usually satisfactory. The area can be developed
as pasture, or quick growing native seedlings may be added to
speed restoration.

mxtra expense is caused when dry periods hold up restoration,

or kill ofi partly restored areas and necessitate replanting.

It may alco be necessary to fence areas and leave proper tracks
to the beach to prevent indiscriminate leisure use from damaging
young-shooted areas. It is perhaps worth nothing that tracks

on sand dunes, whether for mining access or post mining leisure,
should run along the crest of dunes. 'The wind then keeps them
clear instead of drifting sand onto them. Plastic netting pegged
out as windbreaks can help slow down drifting sand.




Governmental concern is now such that advice from agronomists
is easily available for any mining restoration and the large
mineral sands mining companies also employ their own specialist
staff. Companies such as Associated Minerals have research
facilities for revegetation and maintain their own nurseries.
The latest AMA innovation is to use an elevating bowl scraper
to remove topsoil and transfer it directly to the area to be
restored. This preserves the essential bacterial life and
native seeds to accelerate restoration (Thomas, J. L., 1973

pp. 95 - 96).

2. Western Europe

a. General Remarks on Energy

The rates of current and projected consumption of the world's
energy sources are of equal concern to Western Europe. As in
the United States, they have led to considerable discussion
about the adequacy of coal, oil and natural gas for future
industries and domestic use, and the possibilities of substi-
tution, esrecially with nuclear fuel. Distribution of coal
is relatively well known because of the accuracy with which
coal deposits can be mapped (Table 3)*. Agreed estimates on

* Sipmons, I. G., "The Ecology of Natural Resources', John
Wiley and Sons, New York (1974) p. 253
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reserves of other fuels are uncommon, and most depend on

assumnption about economics, technology and politics that

may underso alteration during the periods about which prog-

noses are made.

Table 3, Minable Coal and Lignite (Metric Tons x 109)

Region Estimated Established
Resources by Mapping

USSR including European

part 4,310 25950

USA 1,486 710

Asia outside the USSR 681 225

North America outside

the USA 610 70

Europe 377 280

Africa 109 35

Oceania 59 25

South and Central America 14 10

Total 7.6x10'2 4.5%10'2

Bradley (1975) in his recent revort on Germany states that

*

Bradley, J. W., "Germany, Coal ana the Community", Min:ag

Congress Journal, (Feb. 1975) pp. 60 - 65

-




amonf;, even the most dedicated backers of coal, it woulcu be
going a bit far to call the 1973 0il embargo and price
boosts blessingsin disguise. But as long as cheap and abun-
dant 2il and gas were available at the turn of a tap, there
was little incentive to invest large sums of money in coal

R&D and in mine improvements. Accordingly, from the mid-=50's
on, the European mines that were not closed down had to put

up with inadequate investment in maintenance and new equipment,
even though thnse that continued to operate macde vast improve-
ments in mechanization and output per man-shift. But social
conziderations often had as much to do with keeping a mine
open as did economics. Behind each decision there was always
the question, "What will we do with the miners if we close the
mines?" It was in the background of <he carefully worked out
German Energy Policy of 1973. Promulaged only a month before
the Arabs imposed the oil embargo, it called for increased re-
liance on 0il, gas and nuclear energy over the next ten years
while cutting coal production back gradually from 97 million tons
that year to 83 million in 1978. And this level could ke main-
tained only with the help of substantial subsidies. 1In other
Buropean countries the trend was the same, while the cost in
subsidies for maintaining whatever production was to be main-
tained was even higher.

In Great Britain, where coal mining comes closer to making

a profit than on the Continent, there was less of a headong
rush away from coal to other forms of energy. Even so, pro-
duction there fell from 147 million tons in 1971 to 130 million
in 1973; and if in the accounting year ending in March the
record shows 120 million tons mined, the mining community will
be vastly gratified. The National Coal Board is running an
aggressive sales cawpaign to encourage domestic and industrial
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use of coal, pursues research and development vigorously and
has an active exploration program which was responsible a few
years back for the discovery of the Selby field, with a potential
output of 10 million tone a year by 1985. According to Bradley
k1975), labor rather than faulty government policy or mining
difficulties has been the greatest obstacle to the maintenance
of a high rate of coal production in Great Britain. The 1973
strike brought on the three-day work week, an officially pro-
claimed national emergency and the fall of the Conservative
Government. In 1974 the Communist wing of the Miners Union
Executive Committee was responsible for the union's rejection
of a productivity and bonus scheme proposed by the National
Coal Board, much to the shock of its more conservative members
and the bitter disappointment of the Coal Board's management.
The union will shortly lay out its demands for what it calls

a substantial increase in basic pay amounting to almost 86%.

With this, all hopes for profits will probably be gone and with
them the chances of modernizing and expanding the industry. To
be sure, Britain still has North Sea oil reserves to fall back

on, with the promise of eventually making it independent of y
imported oil. But that happy day is at least ten years off;

and meanwhile government policies that are widely criticized

by o0il men, plus threats of confiscatory taxes, are cooling the
ador of prospectors and drillers for that sector of the North
Sea. Obviously, the higher prices that oil and gas are now
fetching have influenced the policies and aims of both the
board and the union. It is recognized that oil and natural

gas are premium fuels which should be used where coal can not
do the job. As a result of the National Coal Board's and

others' campaigning in this direction, coal is the primary
energy for 66% of Great Britain's electric pcwer production,
compared to 32% in Germany, with lignite contributing an r
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additional 33%.

The effect of the oil embargo and subsequent price rise in
Germany was to force the Zconomics Ministry to overhaul radi-
cally the Energy Policy it had promulgated only a month be-
fore; and it was painfully slow about that. The 197, Energy
Policy, designed to deal with the o0il crisis, was made public
on October 1974, just a year and five days after the start of
the embargo. The actual changes in projected energy demand and
the shares to be met from different sources as set out in the
two programs were not great. Starting from the base of 387 mil-
lion tons of coal equivalent in total ernergy demand in 1973,
the program of that year projected a demand of 510 million tons
by 1980. Of this, 0il would provide 270 million tons and coal
97 million. The 1974 policy reduces the total demand in 1980
to 475 million tons oi coal equivalent, with oil covering 221
million tons and coal 117 million. Nuclear energy, which now
meets 4.5% of the country's total energy requirements (i.e.
11,763 mw of electric power) would, under the 19?73 policy,

have been expanded to 18,000 mw in 1980 and 40,C00 in 1985.

The 1974 policy raises the targets to 20,000 mw in 1980 and

to between 45,000 and 50,000 mw by 1985. Natural gas now
supplies 10.2% of total energy requirement. The 1974 policy
gives gas an 18% share by 1980 (87 million tons of coal equi-
valent) and the same share in 1985, but equal to 101 million -

e i

-y

tons of coal equivalent. Holland, Russia, Norway and Iran will
be the principal suppliers, and expenditures for domestic gas

fnd

exploration would be stepped up, with over DM4O million help
from the federal covernment. Between 1974 and 1985 lignite

production is to be expanded modestly from %3.1 million tons
of coal equivalent to 38 million, which will lower its share
cf the total energy input from 9 to 7%. More important than
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these quantitative changes is the governmentt's acknowledge-
ment that is must rely more than it has in the past on in-
digenous resources. This has reassured the coal industry
that it is not to be treated as a stepchild in the national
economy which, it is hoped, will encourage new investment,
stimmulate research and development and contribute to the
build-up of a stable labor force. rurther, it provides the
means of stabilizing productica by making funds available to
finance the stockpiling of 10 million tons of coal.

In France and Belgium, with or without the higher oil prices,
coal production will have to be curtailed, since several of

the main mining areas in both countries are either close to
exhaustion or the mines in them are far more costly to work

than German or British mines., Thus, France will go ahead

with plans to cut its current output of 25.6 million tons to
around 15 million tons by 1985; and Belgium, with 8.8 million
in 1973 will be down to 7 million in 1985. These decreases
could be tempered slightly by new investments to raise pro-
ductivity in the mines that are to be kept going. Holland's
last mines were closed in November 1974. England ncw has no
surplus coal for export nor will it in fcreseeable future.

This leaves Germany as the single West European country with

an exportable surplucs to meet the needs of its coal-short neizgh-
bors: about 23 million tons with production at 94 million tons
a year. This is based on a demand of 25 million tons for the
iron and steel industry, 35 million for electric power generation
and 11 million for domestic heating and miscellaneous small
users., The German mine operators would like to have long term
contracts from the EEC countries guaranteeing their purchase

of this surplus; but as matters stand.now they are selling it

on a spot basis. Without an assured outlet for around 20 mil- /
lion tons, that much capacity could conceivably be shut down.
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VWhatever the outcome of that problem will be, German mine
owners are now investing substantial sums in mine lmprove-
ments. Since 1968, when Ruhrkohle AG was founded to congoli-
date operations of the better mines in the Ruhr area and
closed the less efficient ones, lnvestments have been running
at about DM1 billion a year. There was a lot of catching up
ol deferred maintenance and general improvement to bhe done
during that period, not to mention the joint operation of a
nwanber of neirhboring mines. In the last few years the feder-
al government and the governmente of the states of North

Rhine VWestiphalia and the Saarland have been contributing

about DM120 million a year to this work. Under the 1974 poli-
cy, they will contribute DM210 million a year initially, and
may g£0 higher later. Much of this money has gone into mechan-
ization, which is now about 96% compleie. As a result, the
output of Cerman mines averages 4.068 tcn: per man-shift, com-
pared to %3.91 tonz in Great Britain anc btetween 2 anc 32 tons
in France and Belgium, although the French Lorraine fields,
with an output of over 10 million tons a year, have the best
record in Eurove with 4.4L96 per man-shift. Consequently,
further mechanization will yield marginal improvements in pro-
ductivity, so whatever gains are to be made {from here on will
depend on nore efficient cutting machines, improved roor
suprorts, better transportation esystems in the mines and safer
ané healthier worxing conditions for the miners. Much of the
research and development work uncder way at the industry's Coal
Research Center at Essen-Kray (Bergbauforschunzg GmbH) is de-
voted to these ends. It has an annual operating budget of

1490 millicn from incdustry sources which is supplemented by
the rederal government and the state of North Rhine VWestphalia.
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Within the period of time covered by the 1974 Energy Policy,
i.e. up to 1985, no provision is made for any substantial
expansion of coal production. In an emergency, output could
be hoozted by about 10 million tons a year by expanding the
work force in the mines now in production, but it would take
five to eight years to open new mines. Geology rules out
surface nmining of coal, though all lignite is mined by that
method, and its course, including the development of the
biggest pit ever, is set for the next 50 yesrs. Whether or
not production will be expanded depends on the outcome of the
Coal Research Center's current rescarch and development work.
Among the projects beilng studied there that could lead to an
increased demand for coal are coal gasification through in-
provemants in the Lurgi process, with a DM30 million budget
between 197% and 1976; vressurized gasification of coal dust,
employing oxysen or enriched air, DM 4% million between 1973

and 1979; and cocal liqueraction by the SKC progress, DM 115

million between 1974 and 1979. The objectives o these pro-
jecis by the dates chown are pilot plants, after which pro-~

duction plants would have to be designed and built. Thus,
assuming success all along the line, it would be at least 1985 5
before they could have any effect on the total demand for coal.

Basically, the European coal problem settles down to the

clash btetween winning independence from foreign energy supplies
and the high cost of mining the coal that is available in Eu-
rope in great abundance. I1f the price alone were chief con-
siaeration, Polish, Russian and, eventually Couth African im-
ports could take care of a major chare of the Community's

needé. But that would leave it in the same hazardous rposition
recarding coal as it{ already is regarding oil. Hish mining
cosls make subsidy payments necessary in all European countries.
They range from about §0.8C a ton in Germany, and probably a




L" . - .

el
TN U, T g 1 ' 4.0 & .Ri\' '
o b T m.-ﬁi'? s O s Gl

2 e — A

-80=-

bit less than in England, to about $12 a ton in the poorer
fields of Belgium and France. Fortunately, coal from the
good fields of Germany, Great Britain and rrance, which
accounts for about 235 million tons a year, can in many
cases be s0ld at a profit with the average price at $50

a ton. By contrast, production cocts in the poorer fields,
which now have an output of 36 million tons a year, are
roughly twice as high.

b, Open-Tast Mining o1 German Erown Coal

In spite of its relatively low calorific value of 1600 to

290C hcal per kg, brown coal is the cheapest form of primary
energy in the Federal Republic of Germany because of its
shallow surface cover enabling it to be worked predominantly
by large-scale opencast mining using high-capacity equipment
for optimum production. To satisfy the high consunption of
coal at the brown coal power plants, output has reached mnore
than 100 million tons per annum and this output requirez the
removal of more than 267 million yd3 of overburden which can
only be achieved by complete mechanization of voth the winning
and conveying overationz. In addition to the carboniferous
coal seams of the Ruhr deep mining coalfield, Germany has vast
Tertiary brown coal depcsits, most of them near the surface.
The total reserves of Cerman brown coal average some 100,000
million metric tons and of this some 60,000 million tons are
within the i'ederal Republic. About 9000 million tons of this
can be won by the present open-cast mining techniques, 85% of
it from the Lower Ehine resion in which lie the main deposits,
others being near Helmstedt in Lower Saxony, at Regensburg in
Bavaria, near the zone boundaries and in Hesse near Franklurt.
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The deposiis of brown coal in the lower Fhine area (Figure 36)
are the most important in the Federal Kepublic of Germany and
nake up the largesti browQ-coal mining area of Europe. They
cover an area of 250C km~ and have been duscussed in detail

]’2’3

by a number of{ authora.

In contrast b deep-mined 'black coal' German brown coal is
mainly overlain by loose material such as sand, gravel, clay
or loam. Miocerne brown coal from the Lower rhine has a calori-
fic value of 7000 Btu per kg (3182 Btu per 1b) with a moisture
content of 60 to 62% ancé ash from 2 to 8%. Bulges in ihe

1) Tilman, V., "Brown Coal Mining in Wesztern Germany" in
YSurface Mining' The fizerican Institute of Kining, Metal-
lurgical and Petrolews EZngineers, Inc., liew York (1968)
pp. 955 ~ 968

2) Gartner, E., "Garsdorf Liznite Strip Mine - Operations
to unusual Depths", in +Case studies of Surface Mining!
(publisher as above) (1969) pp. 12 = 35

3) Kausch, P., "Der rheinische Braunkohlenbergbau und
seine lMoeglichkeiten zur land- und forstwirtscharftlichen
Rekultivieruns sowie zur Landschaftsgestaltung" BHM,
118 Jg. (1973) H. 6, pp. 199 - 204 (see Bibliosraphy
of Foreirn Lanruage Literature in back of report, page 3).
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underlying rock have caused faults running south-east to
ncrth-west and have split seams originally horizontal and
from 32.5 ft to 195 ft thick, averaging 130 ft. (Figures
37 and 38). The open-cast workings are, however, getting
deeper and will reach a depth of over 8CO It which, to en-
able work to vroceed, will entail the complete de-watering
of the area by deen filter wells 6.5 It. diameter with sub-
morsible pumps of 1300 hp with eleven ctages raising 3300
gallons per minute against a head of 1000 ft.

Some 550 wells are in operation in the Lower Rhine district
to keep the water table 500 ft below the deepesti point of the
opencast, ithe total annual pumping load in the Rhine district
being 400,000 million gallons, the water to coal ratio being
1% %@ 1.

e In the dictriéts where open-cast mininc commenced the over-
burden to coal ratio is 0.35 to 1 but in new fields it will
be 3-1/2 to 1 rising te 6 to 1.

The type of overbvuraen and che relative softness of the coal .

has enabled continuousl: operating excavators to be used and
these were at firct bucket chain dredges mounted on rails or
caternillars with a cutting deo»th of 130 ft and still in use. i

They weigh up to 1400 tons with bucket capacities of 3 yd3 and )

[

outputs of up to 70,000 yd”™ per day and consist of a bucket
ladder carrying a bucket chain with a bucket every fourtih
link, which is susvended {rom a boom by wire ropes controlled
by winches,

In the newly opened deposits in less favourable conditions
the bucket-wheel excavator without travelling boom has become

V4
the dominant type. Transport to the surface is by belt con-
o veyors the buckets doing the digsing only. DBucket-wheel ex-
-
)
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!
B ?ii : ‘ !




[/

 rrafoons —=
{ "-:—.'r-‘) os:_sumsr-/(

E\' MINE

i / 'W
I": \

1

& (
N
: .

GLESCH \rl . bl 4 > gk
AF\-.____‘“‘ 2
ENDORE = s
b oo N Spdon
FORALH BTAT O . % A O\g:. “a ;
g s ART b ANE - 4 4 4 'I'.-'.-
% aussu\{
Ef cvanmors c, ,‘: '
- \.}

A5 oers ano wiasre
—— PTG BORCE O DS ANTY = AR
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Figure 38. Geological profile of the Garsdorf lignite
geam (from Gartner, 1969, p. 15).
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cavators are used to win the coal as well as for removing

the overvurden (Figzures 39 and 40), with a maximum cutting
height of 163 ft and down to a depth of 82 ft. Conveyor belts
up to 86 in in widéth are used for transport at 780 it per
minute and for transport to power stations rail haulage is used
with large wagons, of 128 ydp capacity. The overburden coneist-
ing of sand, gravel and clay is dumped on outside dumps or
close behind the worlkins race or into worked-out pits, over-
burden cpreaders being used with discharging belt conveyor

boon un to 325 ft in length. Transport to the dumping site is
by conveyor or rail,

According to a recent naper by Ceorgen et. al. (1974)%, a
buclzet.-vtheel excavater currently under desipn and scheduled

for 0poration at the Gasdorf lignite mine in 1976 will have

a capacity of 200,000-cubtic meters per day. Assemblage of the
nachinre wes started in Ausust 1973, This excavator is 220
netvers long, 84 meters high and weighs about 13,000 metric
tons. '"he wheel has a diameter measuring 21 meters and con-
sisto of 18 buckets each having a capacity of 6.3 cubic-nmeters.
The wheel is operated by four electric motors consuming a
total of 2520 kw Conveyor belts are 3.2 meters wide and

have been aesigned to transpert nsalerial at a speed of 3.8
m/sec. The maximum cutting height of the machine is 51 meters.

* Georgen, H., et. al., "Die Tagebautechnik in der
Bundesrepublik Deutschlandv, Glueckauf (3. October
1974) pp. 763 - 767
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The body of the bucket-wheel excavalor rests on underframe 1,
Gtted with crawler bogies or caterpillar wheels, The body of the
machine is made ta turn avound its vertical axis by swinging mecha-
nisms £. Opecating wheel 3 of the excavalor has eight or six curved
blades (buckets) 4. The wheel itself is cet up at the end of frame (jib) 3,
shaped like a girder truss or beam. The jil carries belt convever 6,
which transfcrs mined ground o the loading. tail part of the muachine,
made tn the <shape of a swinging cantflever or arm 19, This cantilever
is furnished with belt conveyer 9. Rocks are dumped into a railway

‘car ¢

Figure 39. Bucket-wheel excavator (from Shevyakov, p. 627). ¥
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Figure 40.

Plan view and cross-section of mining operation
at Arjuzaux, France, using a bucket-wheel excavator

manufactured by the firm KRUPP, Germany (from
Coal and Metal Mines,

Woodruff, "Methods of Working

Vol. 3, p. 430, Pergamon Press, New York 1966).




1) Land Reclamation

In the brown coal area of the lower Rhine district some 130

2 have

kma have been taken over for open-casting and 60 km
been restored and of this area 34 km2 have been forested,

16 km2 returned to agriculture and 10 km2 have found other
uses. The landscape undergoes great alteration during open-
casliing on the 70 km2 area in use for mining, involving the
removal of agricultural and forestry areas, villages, rail-
ways and roads but regulations require the mining companies
to restore the landscape as far as possible to its former
state. There is no single national mining law regulating
reclamation practices in effect in Germany. As mentioned
earlier in the report, a special law, the "Act for Common
Planning in the Rhineland Brown-Coal District' (Gesetz fuer
die Gesamtplanung im Rheinischen Braunkohlengebiet) of April
25, 1950, was enacted because of the size and importance of
this area. This act requires that a general plan be pre-

pared to include maragement of surface waters, landscape

design, and nature conservation.

As reported by Gartner (1969) there are about 1,300 people

per square mile in the Nordrhein-Westphalia province. Lig-
nite mining by underground caving methods would have caused
serious surface damage without the possibility ot economically
restoring the land to its original condition. Even if costly
stowage techniques were applied, irregular subsidence of the
surface would have occured. Only with surface mining, en-
tailing the removal of overburden was it possible to restore
the landscape. In addition to the density of population, the
Rhineland has another unusual aspect: besides the lignite

deposits there is another valuable natural resource on which
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is based extensive agriculture, i.e., a very fertlle loess
topsoil, which was deposited by aeolian action. In order

to conserve the valuable loess, it is carefully scraped

away and then spread on the surface of the overburden fill.

To lower the cost ot recultivation, a technique has been de-
veloped whereby loess it sluiced with water in a 1 : 1 ratio
into evaporation ponds set up on the surface of the overbur-
den dumps. After evaporation of the surface water, the loess-
filled ponds are grouped together and are cultivated for 5 to 7
years by the mining company; thereafter, the loess thus pre-
pared can be given to farmers who were relocated because of
the mining operation. Another contribution to the welfare

of the population is the reforestation, for recreation pur-
poses, of the land reclaimed by fill. Although the inhabi-
tants of villages at first adopted a critical attitude to-
wards resettlement, yet, after the move was completed, they
could note a substantial improvement in their standard of

living. The new houses are larger and equipped with modern
facilities; environmental conditions are substantially im-
proved. Villages, once plagued by the dust and noise of 'f
through-traffic have been replaced by quiet, well planned |
localities with green space, set up away from relocated high-

ways, railroads or streams, and yet easily accessible. By a

well planned blending of access to transportation with the

landscape, mistakes of the past were avoided. By 1968, 18

years from the date of the decision to exploit the Garsdorf

field by surface rather than underground mining, the decision

was fully justified. The company has succeded in reaching a

depth of 660 ft, mining lignite without sustantial loss of
substance at a low cost, and transporting it separately as
briquets and steam coal to the principal customers. The
company has used waste to create an attractive new landscape




and, by so doing, has set an example of how to solve the
problems encountered in surface mining of coal. (For illustra-
tion see Civil Engineering ~ ASCE, December 1974, p. 58).

a) Methods of Restoration: The methods of agri-
cultural reclamation which are undertaken depend on the thick-
ness of the loess deposits, which range up to 20 m in the
western and northern parts of the area. It is a relatively

young loess with high contents of lime and sand and only small
amounts of clay. The high proportion of lime and the great
permeability of the undisturbed loess provide a favorable air
and water balance that are important for agricultural use.
However, if the loess is excavated and thei deposited in an-
other area, it will soon develop a poor water balance and will
become very vulnerable to erosion caused by overland flow. Due
to thie vulnerability to erosion, newly created arable land:=
should have a slope of less than 1 to 1.5%. This is especially
necessary when shaping the dumps for agricultural purposes. De-
pendinug upon the distence from the origin of the loss material,
the new areas destined for agricultural use are covered with
loess layers of 1 to 2 m. A loess covering of 2 m results in
optimum yields. Of the different methods of placing 1loess on
the restored lands, two types have proved to be most effective:
(1) spreading with a big machine, and (2) flooding with loess
slurry. As already mentioned, in the so-called '"wet procedure",
loess and water are mixed in a 1 to 1 ratio, and the mixture is
poured on the dump area into previously established evaporation
ponds of 2 to 3 ha. Studies have shown that one year after
cultivation the loess placed on the lands by this method has

a higher pore volume than loess remaining on its natural sites.
Original loess areas cultivated in the normal manner show a
pore volume of about 46%; loess layers put on the reclaimed
lands by the dry procedure show values between 43 to 45%; but
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loess layers put on the lands by the wet procedure reach a
pore volume of 43 to 50% after 12 months of cultivation.
This is due to the desiccation of the loess ftollowing the
swelling of the soil particles when they were in contact
with water. By this desiccation, hollow spaces which will
fill up with air are created. Over a long period consider-

reclaimed areas. The older plantations in the southern parts
of the mining area were established about 30 years agn when
reforestation was initiated using coniferous trees, primarily
pines and larches. Since Vorld War II, deciduous trees have
been used more and more. To prepare the area for afforestat-
ion, theyare covered by a so-called "“forest-soil" consisting
of a mixture of diluvial gravel with alluvial constituents
and sone loess-loai; the large proportion of very fine soil

forest-soil was better than a layer of very fine soil and

topsoil, as no soil horizons develop to hinder the roots
from growing quite deop. Ii it becomes necessary to plant
the trees in soill low in clay and nutrients and only a very
small amount of fine soll or topsoil is available, one must
carefully mix this valuable s0il with the subsurface soil.
With these procedures, afforestation will be speeded up and
certain seral stages can be skipped. It is possible to grow

T R T

more demanding plants of higher seral stages as well as the
pioneer species on sites improved in this manner. An admix-
ture of topsoil proved to be advantageous in all seeding trials.
According to Olschowy (1973)* two aspects of afforestation on

* Olschowy, 4., "Landscape Planning on an Ecological Basis'", in
'‘Ecology and Reclamation of Devastated Land', Vol. 1, Gordon
and Breach, New York, (1973) p. 48}

able experience has been gained concerning reforestation of L

material helps to achieve satisfactory tree growth. This :‘.'




new lands are given the greatest consideration: ( ) agricultur-
al areas should generally be separated from and p .tected
against settlement or industrial areas by broad forest belts;
(2) the extended edges of waste banks must be afforested with
plants ¢of naturally adapted forest communities in order to
blend the banks into the surrounding landscape. Waste banks

or dumps actually provide a number of severe problems for good ‘T
landscape designing, but they can be used for creating quite a

dynamic and varied scenery. Molding ot the dump edges proves

to be most important for blending waste banks into the surround-

ing landscape. The shape of the dump must be designed so that

there will be no abrupt changes in topography and wind currents

will be led upward withont causing undesirable effects. To

achieve these two aims, the slope of the edges must not be

steeper than 1 to 3. Broad steps or terraces must be con-

structed to prevent erosion, and afforestation should be the :_ﬁ
principal method of revegetation. As enough material to fill b

all of the excavations is not available, ground water runs in-

to the depressions and turns them into artificial lakes. There

are many such lakes in the older southern portions of the min-

ing area; these cover a total area of about 400 ha. Their value

for recreation or as an ecological asset must be judged by how 7
well the lakeshores have been designed and constructed. They 3
should be kept nearly flat, with an inclination not steeper !
than 1 to 3 and without any sharp incisions at the foot or the

upper edge of the slope, so that the transition to adjacent

levels is smooth. Lakesides to be used for bathing must be

levelled to a slope of 1 in 10. Waters to be used for fish-

ing must have some steep banks to serve as shelier fer the

fish; also, flatter portions should be set aside for spawning.
Lakesides not used for bathing are desisned as habitats for

wildlife, especially birds, by encouraging growth of a suit-

able community of reeds and other plants. Permanent protection A




of the lakeshore has to be achieved, and biological self-
purification of the water must be promoted. When it is
desirable to prevent the reeds (Phragmites communis) from
reaching too far into the open water of the lake, terraces

are built around the shores; these terraces are 50 cm below
the water surfaces and the reeds are plan.ed upon them.

The oldest of these lakes in the southern part of the area

are 50 magnificently fitted into the surrounding landscape,
mainly through their masterly designed lakeshores, that plant
and animal lite is hardly any difterent from natural waters.

A very rich bird life especially can be observed as the reeds
ofter them favorable habitats. Because of the large water
area of 400 ha, the southern part of the mining area offers
good recreation tacilitles for the inhabitants of the city

of Cologne and the Ruhr Industrial District. We can find

here a beautiful and impressive scenery of lakes, forests,
hand hills; this is partially protected as a so-called "land-
scape reserve" (Landschaftsschutzgebiet) by a special Land-
scape Protection Ordinance. The lakes in the Rhineland brown-
coal district total 39. To provide for recreation more green
spaces covered with forests, hedges, and shelter belts are
needed. The forests, lakes and even the agricultural areas
will be opened up for recreational use by properly designed
roads and &£~enic routes. The landscape plan is divided into

a basic part and a develovment part. Ecological and analyti-
cal research with respect to the landscape belongs to the
basic part. Proposals and measures for modeling and develop-
ment of the landscape founded on this basic research are dealt
with in the development part. Thus the landscape plan can pro-
vide a reliable basis for regional planning, town planning, and
other special planning projects, and it must, as far as possib-
le become an integral part of authoritative planning.
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In the Rhineland brown-coal district, a new landscape has
been created in which the requirements of agriculture, eco-
nomics, recreation and nature conservation are equally met,
even though one would expvect some controversial results from
this confrontation of different interests within the same
area. All of thece interests must be kept within the limi-
tations set by the natural balance of the landscape. Thus
ecological research provides the basic plattform for all
planning and design. The Rhineland brown-coal district has
demonstrated that technology, economics, and nature nced not
to conflict, but that arrangements and compromises can be
achieved in a reasonable way.

3. Russia and Poland

a. General Remarks on Energy

In contrast to West Europe's troubles in finding a balance
between supply and demand of energy sources, Russia and
Poland are doing extremely well in their respective stheres.
While the Arabs are getting most of the headlines and pub-
lic abuse for boosting oil prices, the Russians are taking
their share of the gravy with very little attention and
even less criticism.

Even before the 1973 blow-up, oil was Russia's biggest
foreign exchange earner. Now, with oil prices four times
higher than they were, its earnings from oil are expected
to swell to nearly 53 billion a year - roughly half of the
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value of all exports to non-Coimmunist countries. 1In
addition the Soviet Union has contracts with Ruhrgas AG of
Essen, Germany, for the delivery of 10 billion cubic meters
of gas a year by 1980.

Poland is expanding its coal production steadily through the
development of new mines, which will be highly mechanized,

the mechanization of the older ones and the treatment of

coal miners as privileged citizens in matters of pay, social
benefits and national prestige. Production in 1974 probably
exceeded 160 million tons, compared to 100 million in 1960,

to put Poland in fourth place among the world's coal pro-
ducers, after Russia, the United States and China., Particular
attention is being paid to coking coal, of which 24 million
tons were mined in 1974, a threefold increase since 1960.

Mine safety, reported to be as low as 0.7 injuring accidents
per million tons of coal mined, is said to be the best in the
world. Average output per man-shift is now three tons and is
improving steadily. As with oil and gas in Russia, coal is
helping Poland‘s foreign exchange balance. In 1973 it ex-
ported 37.5 million tons. Thirteen million of this went to
western Europe, up two million from 1972. This is a major
annoyance to the German coal industry, as well as to potential
exporters from other non Communist countries, since the Polish
price is consitently below the world prices.*

* Bradley, J. W., "Germany, Coal and the Community",
Mining Congress Journal (Feb. 1975) pp. 60 -~ 65




b. Open-Cast Lignite Mining in the USSR

According to recent figures published by Kusnetzov (1974)*, the
Soviet Union disposes over 6,000 x 109 tons of mineable coal
which is more than 50% of the world's rescurces. The main port-
ion of this vast reserve, amounting to 5,600 x 109 tons, is lo-
cated in the provinces east of the Ural Mountains. The main
bituminous coal producing areas are the Donetls Basin in the
Ukraine, the Kuznetsk Basin in Siberia, the Karaganda Basin in
Kasakhstan and the Petschova Basin of Northern Russia. The dy-
namic development of \hese basine is reflected by their in-
creased output in receit ye~rs. (Table 4).

Table 4. Annual Output of the Main Coal Producing
Provinces in the USSR (Million torns)

Basin 1965 1970 1572
tonets 205 216 217
Kuznetsk In 110 119
Karaganda 31 38 L2
Petschova 18 22 23

Source: Kusnetzov, K.XK., Glueckauf 110 Nr. 2(Jan. 24, 1974) p. 55

* Kusnetzov, K.K.,(Noscow) "Now Develbpments in the Field of
Mining Engineering in the Soviet Coal Mining Industry®
(in German) Glueckauf 110 (1974) Nr. 2, pp. 55-60




In 1972, the USSR produced a total of 655 million tons of

coal of which 156 million tons were lignite. Projections for

1975 (Figure 41) indicate that Soviet coal cutput will reach

»95 million tons. To satisfy fuel requiremnents of the nation-

al economy coal production must be increased two fold by 1990.

This increase i1s expected %o be obtained by wide advances in

coal mining technology, through improvement of existing sur-

face and underg.round minzs, and the development of new mines. =
Very large open--cast coal operations, with potential annual 5'?
outputs of up to 100 million tons, are currently under develop-
ment in the eastew regions ol the Soviet Union. These operations
are designed to provide the growing industry of West and East
Siberia and Kaskhstan with low-cost fuel. ror example, brown
coal from open-cast mines in the Kansk-Achinsk Basin o Siberia
and Ekibastuz Basin of Kasakhstan is planned tc be primarily

used f{or generatinz electricity. A huge energy complex con-
Bisting of mine-mouth operated power plants with a capacity cof
34,000 MW will be installed in the western section of the
Kanek-Achinek basin within the next 10 to 15 years.

1) The Kansk-Achinsk Brown Coal Basin

The Kansk-Achinsk Basin is of special irerest since it is the
largest fuel source of the Soviet Union*. It is located in the
province of Krasnoyarsk and extends partially into the district
of Kemerovo and Irkutsk (Figure 42).

B e

®* Kusnetzov, K. K., ‘Die Stein- und Braunkohlentagebaue der
Sovietunion" (The Bituminous and BrownCoal Surface Mines
of the Soviet Union) Rohstoffwirtschaft International Bd. 2,
Verlag Glueckauf GmbH, Essen Germany (1973) pp. 168 - 187




Figure 41.
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Figure 42.

Mining and Manufacturing in the Soviet Union
(from Encyclopedia International, Grolier, Inc.
New Yorit, 1968, E/I p. 342).




The physiography of thise 45,000 kxm® area is cheracterized

by rolling plains with changes in elevation between 250 and
400 meters. Drainage to the west of the basin is controlled
by the river Chulym, a tributary to the river Ob., Water from
the eastern part of the basin drains into the river Kan and
Birjusa.

The climate of the region is strictly continental with a

long cold winter and short summer. The mean annual a. .-
temperature is +0.5° C. Absolute maximum and minimum temgper-
atures are at +45°C and -50°C. Annual precipitation aver-
ages 35/ mm and snowfall does not exceed 5C c¢m. Frost pene-
tration is 1.5 to 2.5 meters.

The Kansk-Achinsk Basin contains a number of deep depressions
and flat folds in which the coal is deposited. These depres-
sions and folds occured during the Jurassic period approxi-
mately 190 million years ago. The basin contains an estimated
670,000 million tons of lignite of which 140,400 million tons

are suitable for opean-cast mining. Most of the coal is de- ) o
posited in gertly dipping seams (2 to 9°) which range from & to g.‘
15 meters and 60 to 96 meters in thickness. The geological ex- '
ploration program is 40% completed. Todate a total of 24 devo- k

sits have been located within the basin, the most impor ant cnes
being the Itatsk, Berezovsk, ard Bogotolsk deposits. Their geo-
logical cross-sections are shown in Flgure 43. The overburden
material consists of Jurassic sand and clay deposits covered
with Quaternary loam. Where coal deposite are flat cover-rock
strata is 80 to 90 reters thick. Vhere gently dipping de-
posits are present overburden increasing in thickness from

200 to 400 feet will have to be removed.
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Geological cross-section through Itatsk (a)
Berezovek (b) and Bogotolsk (c) demosits

of the Kansk-Achinsk Basin, USSR (Kusnetzov,
1973, p. 177).




Quaternary deposits may reach 25 to 30 meters in thickness
(Bogotolsk), but generally aie only 10 to 15 meters thick. The
overburden to coal or stripping ratio of most investigated de-
posits 18 1 to 2 m3/ton and does not exceed 3.5 m3/ton. The
rock below the coal consists of sandstone interbedded with
layers of argillaceous shale. Most formations are loosély
cemented with calcerous clay as bonding agent. Physical pro-
perties of cover-rock are given in Table 5. The prevailing
hydrological conditions in the basin are fairly complicated.

A total of four water bearing horizons have been discovered

in the Quaternary sediments, in the sandstone formations above
the coal seam, within the sea.. -.nd the rock formations below
the coal. Computed discharge values per kilometer of pit
length amount to 1000, 1000-1200, 500, 150 and 200 m3/h for
the Itatsk, Berezovesk, Nazarovsk, Irsha-Borodinsk and Abansk
deposits respectively. The "MosEnij" coal seam of the Bere-
zovsk deposit (Figure 43) contains the largest aquifer.

The coal of the Kansk-Achinsk Basin is predominantly lignite
containing 21 to 44% water, 7 to 13% ash and 0.3 to 0.7% sulfur.
Its calcrific value varies between 3040 and 4440 kcal/kg. As
already mentioned the brown coal from the Kansk-Achinsk Basin
will mainly be used for generating electricity. Trying of the
coal and converting it into dust, prior to burning it in the
power plant boillers, will raise the coal's calorific value to
4,900 and 5000 kcal/kg.

At present there are only the Nazarovsk and Irsha-Borodinsk
deposits mined by open-cut methods. Their combined annual
output is 14 to 15 million tons. However, production of these
mines will be considerably increased in future years as mech-

anization of the pits using more efficient mining machinery
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Table 5. Physical Properties of Cover Rock from the Berezovsk Deposit of the
Kansk- Achinsk Brown Coal Basin
Rock Density Vilater Content Pore Vol. Friction Angle Cohesion Compressive g
o
(t/mz) %) % (Degrees) (ke/cn”~) Strength s
2 L33
(kg/cn™) e
‘)I'.
Loam 1.8-2.1 20.1-33.6 36-L7 22 0.40 9.7
Argillite 1.9-2.3% 10.L=-22.4 23-41 21 0.45 510
Sandstone 1.7-2.1 2.4-20.1 20-41 31 0.5 63.0
Source: Xusnetzov, K. K., "Die Stein- und BraunkoRlentagebaue der Soviet Union"

Rohstoff-Wirtschaft International Bd. 2, Verlag Glueckauf GmbH, Essen
Germany (1973) p. 171
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progresses, and is expected to reach 50 million tons per

annum by 1990. The equipment presently in use for over-
burden and coal removal consicsts of Type SE-3, EKG-4 and

EKG-8 vower shovels. In addition to the three shovels used

at each mine the Nazarovsk pit employes a walking dragline

of the type ES-15.90 which is used for back casting of over-
burden into mined-out areas of the pit. This dragline (Figure
L4) is equipped with a 15 m> bucket and a 90 m boom. The
ES-15.90 weighs 1613 tons. The shovel EKG-8, for example, is (i
available with bucket capacities of 6, 8, and 10 m” and has
a boom length of 13.35 meters. The EKG-8 (Figure 45) weighs
363 tons. Transportation of overburden and coal is by rail

Ead o A
St WA 1.

using steam locomotives. Truture operations at the Nazarovsk
pit, where coal seams are 15 to 20 m thick, will employ drag-
lines of the type E5-80.100 and bucket-wheel excavators of the
type ER-1250. The overburden will be deposited in the pit as
illustrated in Figure 46. Thus rail transport of overburden
to outeide waste dumps will be eliminated. The walking drag-
line ES-80.100 is equipped with a 100 m boom ané has a bucket
capacity of 80 m3, it weighs 8400 tons. The ER-1250 bucket-
wheel excavator is capable of transporting 1800 tons of over-~ .
burden or coal per hour. It's maximum cutting heisht is 18
meters. (For more details on Soviet mining machinery see
Kusnetzov, K., '"Die Stein- und Braunkohlentagebaue der Soviet-
union", 1973, pp. 298-323).
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In mining the Itatsk, Berezovsk and other deposits, where
seam thickness vary between 60 and 10C meters, it is nece-
ssary to continue overburden removal with power shovels. The
cover-rock stratum contains hard lenses of sandstone which
prevent bucket-wheel excavators of current design to be used

at these locations. Overburden and coal is being transported
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Figure L. Soviet Dragline ES~15.90 {(from Kusnetzov,
1973, p. 303).
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Figure 45, Soviet Power Shovel EKG-8 (from Kusnetzov,
1973, p. 299).
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e




by rail to dumms and storage facilities located outside the
pit. Electric locomotives with 360Mp pull running on 10KV
AC power are used for rail transport.

The main consideration in planning new open-cast mines in the

Soviet Union is the ucse of fully automated, highly productive
stripping equipment which when employed in minimum numbers,
will produce at a high unit rate with a correcsponding increase
in output per man-hour. The chcice of equipment depends on
the mining geology so trat at sites where the seam is flat and
comparatively thin, up to 65 ft thick, a dragline system of
working is adopted using draglines with bucket capacities of
30 to 12C yd3 and bocm lengths of 31C to 375 ft. The normal
methods adopted are strip mining or cut-and-fill when over-
burden material is handleua by draglines on to spoil banks in
wined-out areas. If there is insufficient room to place the
waste rock in the spoil banks, rehandling is adopted and for
this purpose draglines are stationed on the spoil banks.
Shovels are used to load the coal into road or reil transport,
roads made or rails being laid on the bottom of a bench, one,
two or more benches being used for loading. If the general
dip of the strata does not equal 10° and the thickness of
overburden is ccnsiderable combined methods of mining are
adopted. For example, at the Veakhrushev open pit in the Urals,
in mining a seam 97.5 ft. thick, the upper benches of the rock
overburden are ercavated and transported to spoil banks by road
or rail while the lower bench is excavated by the cut-and-fill
method. In this case the overburden waste is dumped on to
spoil banks in & mined-out area. In order to meet the require-
ments of the chief consumers of open-cast coal, the electric
power stations, the work routine at most large oven-cast sites
provides for a continuous working year of 360 to 365 days.




o 1>

{’: -98-

Complete mechanization oi auxiliary process 1s a necessity

for efficient working at large open~cast sites in the USSR,
Vork is in progress on automatic operational control of
equipment and transportation through automatic monitorin5.1’2’3

1) Kusnetzov, K. K., "Planning Large Opencast and Under=-
ground Coal Mines for High Productivity", Mining Maga-
zine, December 1966, Vol. 115, No. 6, p. 452

2) Sobitsky, V., "Open-Cast Coal Mining in the USSR:
Methods and Technology" in 'Case Studies of Surface

Mining', Proceedings of the Second International Sur-
face Mining Conference, The American Institute of Min-

'. ing, Metallurgical, and Petroleum Engineers, Inc., New
York, 1969, pp. 57 - 64

3) Kusnetzov, K. K., et. al. "Die Hauptentwicklungsrichtang
bei der Vervollkommnung der Technik und der Technologie
der Kohlegewinnung in den Tagebauen der UdSSR", Neue e
Bergbautechnik, 3. Jg., Heft 10, Oktober 1973, pp. 732 ~ 736 y
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¢, Ouen-Cast Brown Coal Mining in Poland

Although relatively small in area and population (120,664
square miles and 33 million people), Poland (Figure 47) ranks
fourth among the nations of the world in coal production since
1972. Compared to the USA, the USSR and China which produced
535, 500 and 400 million tons of bituminous coal respectively
in 1972, Poland's output was 150.69 million tons. Bituminous
ccal production in 1974 probably exceeded 160 million tons
(Bradley, 1975) and output for 1975 is projected to consist

of 167.2 million tons of bituminous coal and 36.5 million %
tons of lignite (Table 6). According to figures published -
in 1974*%, Poland di~poses of 60,903 million tons of bitu-~
minous coal and 11,500 million tons of lignite.

Almost all of the Lituminous coal is in the Upper Silesian
Basin (Figure 48), which extends over more than 6C00 km ,
has thick seams (3.5 m) and lies at an average depth of
300 m beneath the surface (Strzyszcz, Z., et. al., 1974)*%*.

* Sajkiewicz, 5., "Der Stand und die Entwicklung des
polnischen Rerghaues!", Neue Bergbautechnik, 4. Jg. Heft
8 (August 1974) p. 557

** Strzyszcz, 2., et. al., "Reclamation of Coal-Mined Land
in Poland" in 'Second Research and Applied Technology
Symposium on Mineral Land Reclamatiqn, National Coal
Association, The Coal Bldg. 1130 7th Street, N. W.,
Washington, D.C. 20036 (197L) pp. 242 = 252
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Table 6. Coal Production of Poland since 1938 with Projections to 1990

1938 1945 1950 1955 1960 1965 1970 1975 1960 J985 ‘1950 s

Bituminous Coal
(in mill. metric tomns) 13.8 27.4 978.0 94.5 104.L 118.8 140.1 167.2 190.0 205.0 225.0

Brown Coal
(in mill. metric tons) 0.01 - 4.8 5.9 9.3 22.6 32.8 36.5 28.7 85.6 120.2

Source: Sajkiewicz, J., Neue Bergbautechnik, 4. Jg. Heft 8 (August 1974) p. 556
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Because of these rich coal deposits, the Upper £ilesian
Region has become the most highly industrialized regioa
in Poland, and ranks near the top among the industrial-
ized regions in the world. About two million people 1live
in this metropolitan area. However, instead of a single
large city dominating the area, there are many smaller
ones; Katowice, the largest has a population of less than
300,000. The conceniration of coal mines within this high-
ly populated and highly industrialized region has two im-
portant consequences: (1) a large number of people are
affected significantly by mining and subsequent reclama-
tion; and (2) high levels of air pollution impose con-
straints on reclamation programs.

Mining of brown coal, which is used primarily for generating
electricity is centered in the Turoszow area, which produces
about 55% of the total, the Zary area, 2%, both of which are
in southwestern Poland, and the Konin-Turek area, 43%, in
central Poland. The brown coal is currently mined by the
open~cast method to a depth of ahout 100 m; in the future,
the depth will likely exceed 200 m.

1) Mining Operations

The brown-coal mining operations are highly mechanized. The
coal is removed from vast open-pit mines and transported to
electric generating stations by a system of conveyor beltis

and railroads. The overburden is removed by huge bucket-wheel
excavators, transported by a conveyor-belt system, sometimes
for miles, and plled in several layers, one above the other.
Conveyor belt installation in Polish lignite pits exceeded

100 km in 1974 and will reach 350 km by 1990. Initially,

the overburden is plled outside the mined areas, 1. e. in
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external dumps; later, it is plled in areas from which the
brovyn coal has been removed, i.e. in internal dumps. T ring
the operations, water is pumped from deep wells in order to
depress the water table below the mining level. 1In 1970
waier inflows of ar much as 120 m3/min. were recorded &t

the Datnow open-pit. The final phase of the operation in

any one area thus will result in twe formation of a depres-
sion which will :—obably fill with water. The most serlous
problemstherefore are t..e hydrologic problems associated wit!
the mining and final reclamation.

2) PReclamalion of furface-Mined Land

Because the rrorerties of the overburden materiai differs
among the three areas, different methodr of reclamation are
used. The Turoszow devosits lie to the souvth of the town
of Zgorzelec in the =o-called Zytawa Basin, wnich is a de-
pression structure of tectonic origin. The lithological
compcsition of the overburden is 80 to 90 percent Tertiary
clays and marls and 10 to 20 percent sands and gravels.
Despite wide lithological variations, all formations re-
presented in the overburden have an acid reaction.

Tha coal deposite in the Zary region occur in the Tertiary
strata; in the overvurden are Quaternary formations reore-
sented by marls, morainic clays, and sandstones. The litho-
logical composition cf tne series overlying the coal measur-

es is 75 percent arenaceous formations, 18 percent argillacec is
and marly formations, 7 percent interlayers of lignites. Ex-
cept for the surface layers, the reaction of the overburden
ranges Irom acid to very acid.
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In the Konin-Turek region, there are in principle two de-

posits, both very similar in geological structure. The
overburden, composed of both Tertiary and Quaternary for-
mations, consists of 17 to 20 percent sandsand gravels,

4O to 55 percent marls, and 20 to 27 percent clays of various

. ~uds, Virtually all the formations have a basic or neutral

reaction.

The area occupied by all these surface mines is currently
atout 800 ha (1900 acres) of which about LOG ha (950 acres)
are in pits and internal dumps, about 300 ha (740 acres) in
external dumps, and the remainder is occupied by buildings
and cther rtructures. Research and experiments conducted
for more than a dozen years provided the basis for the
elaboration, during the period 1961 to 1968, of a reclu-
mation system for land disturbed by open-cast mining of
brown coal. The reclamation, scheduled to be accomplished
over a four-year period, has the following stages:
(1) reshaping the topography to suit the requirements
of the given reclamation method;
(2) regulation of the hydrogeological regime;
(3) constructicn of essential access roads;
(4) creation of suitable so0il conditions for plant life; and
(5) introduction of trees and other plants and the stabili-
zation of slopes through engineering and vegetative
methods.

Soil properties are recreated by adding suitable fertilizers
and neutralizing toxic formations. Agricultural lime is gener-
ally used for neutralization, but sometimes magnesium-oxide
lime, a waste product in zinc metallurgy, is used. This latter
compound has proven to be particularly active as a neutralizing
agent and is applied to the severely toxic dumps in the Zary
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region (pH in KCL 2.0 to 2.5) at the rate of 30 mt/ha
(13 tons/acre). Following liming and fertilizing, trees
of either pioneer or production species are planted. Sever-

al different combinations of species, planting patterns, and

methods of mixing the seedlings have been developed. The

one recommended for a specific site depends upon the proper-

ties of that site and the reclamation objective. Among the

pioneer species used for improving conditions for future

plant liire, best results have been achieved with European

and grey alder and aspen. Of the production species, the

. best growth and development has been mad2 by European larch,
sycamore maple and various species and hybrids of populus.
Stabilizing the slopes is accomplished by planting differ-
ent species in strips along ccntour. The number and width
of the strips d2pend on the height and gradient of the slopes.
Such biological stabilization becomes an extraordinarily com-

l plex undertaking in cases such as the dump at Turoszow whos:
eventual height will be 250 m. The species forming tha major
part of the tree complex for stabilizing the slopes are black
locust, grey alder, hybrid porlar, willows, and sea buckthorn.
By the time exploitation of these brown-coal fields has been
completed, more than 14,000 ha (35,000 acres) will be re-
claimed or scheduled for reclamation, 7,000 ha (17,000 acres)
of which will be forest recultivation and 4,600 ha (11,000
acres) agricultural. Most of the rest will be in water
storage.

3) Current and Future Reclamation Research

As reported by Strzyszcz, Z. et.al., (1974) there are two
main groups of Polish scientists actively engaged in re-
search in the reclamation of industrial wastelands, the
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Institute of Environmental Protection of Industrial Regions
of the Polish Academy of Science at Zabrze and the Institute
of Shaping and Protection of the Environment of the Academy of
Mining and Metallurgy in Cracow. They cooperate closely with
industry, which is charged with carrying out the reclamation,
and with the governmeni agencies resvonsible for drawing up
the regulations concerning reclamation. Industry relies
heavily on the institutes for advice in their reclamation
projects, and the institutes often incorporate large-scale
studies into these projects. As a result, most of the re-
search is of an applied nature. Nevertheless, some basic
studies are currently underway or have recently been cormdet-
ed. These include:

(1) determination of the rate of weathering of shales and

=)

sandstones; :?I

(2) 1lysimeter studies on the rate of leaching of mineral Q
salts from coal-mine wastes and their effect on tree ;%ﬁé

seedlings;

(3) 4influences of grass cover on the process of salt up-
take and release, especially in regard to the role
transpiration plays in preventing water from perco-
lating through the spoil to the groundwater;

(4) research on the development of microorganism popu-
lations on the reclaimed wastes;

(5) influence of various forms of nitrogen on a number
of species planted on the wastes; ,

(6) relative tolerance of various tree species to high
soll temperatures; and

(7?) rooting characteristics of various tree species plant-
ed on a variety of waste materials.
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Scientists at these two institutes have published many papers
describing the results of their research. The most important

publications are listed below. 122,53

An important uncolved problem in Poland is that of hydrologi-
cal disturbances caused by mining. Some areas become exces-
sively wet; others, excessively dry. Since the mining in-
dustry itself can do little to lessen this type of adverse
effect, other departments must develop and undertake long-
term preventive measures to reduce the degradation of the
surface which inevitably follows such hydrological distur-
bances. A perculiarly difficult problem is that of counter-
acting the effects of excessive drainage and a declining
groundwater level in sandy soils, especially under conditions ‘
of high atmospheric pollution. Both theoretical investiga- G
tions and field experiments are being conducted con this prodb- (i
lem. Work is being done on the reclamation of other types of HE L

1) Paluch, J., "Problems of Reclamation of Post-Industial
Lands" in ‘'Matenaly Symozjalne, Part B', ZBN GOP-DAN
Bull. No. (1965)

2) Hutnik, R. J., et.al., "Fcology and Reclamation of De=-
vasted Land", Gordon and Breach Sci. Publ. New York,
Vol. 1, 538 p.

3) Greszta, J., "The recultivation of Post-Industrial
Territories", in 'Protection of Man's Natural Environ-
ment', Polish Sci. Publ. Warsaw, p. 396 - 417 (1973).
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indvstrial wasteland. Among these, the most serious unsolved
problems are associated with: (1) land defdrmed in the ex~
traction of sulfur by underground-leaching method in areas
having a high water table, which leads to servee demical and
hydrochemical pollution; and (2) land degraded due to winning
of rock materials (slow-weathering granites, dolomites, and
limestones) where topography and poor soil-forming properties
of the rock material hinder effective reclamation (Skawina,
Kamieniecki, and Strzyszcz, 1973)*.

Polish scientists are convinced that preventive action, in
its widest interpretation, must necessarily form an integral
part of all reclamation plans.

* Skawina T., Kamieniecki F., and Strzyszcz Z., Urowen i

perspektiwi rekultywacji w Polsze. V Mezunarodnyj Symrozjum i'b.

e
"Razrabotka sposobow rekultywacji landszafta naruszonego !
promyszlennoj dejatelnostiu". Burgas (19/3) v

-
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O LT WY

Matschak, H., Schaef, H., J., Hille, R., "Deformation of
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mines in winter time. Methoas triea with cuccess are suggest

for protectiing the zone in front of the open-cast mine, the
excavator slopes and planes of ceparation against ireezing.
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Neue Zergbautechnik 3 (1973) ¥Nr. 11, pp. 809 - 815,

An abcolule prerequisite for continuously operating lignite

mines also in the winter month: is an undisturbed overburden =

trancsportation ana coal production. This 1s the reacson why -
a detailed account is given for the technology and economy i
>f frostprroof brines made by the potash industry of the G.D.R.,

whose corrosive vroperties are outlined. As fromr the energetic 1
point of view electric coal car heating ic very expandve for

preventing the freezing of raw orown coal onto the walls, attemopis .
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mental program for discussion.

Scheibe, U., "Experiences with the Use of Jet Engines for
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Till ract 1990 the brown coal will remain the most imvortant
source of primary enercy in the G.D.k., and will keep its
importance as a fuel anc car aon carrier far into the 21:t
century. The future picture of brown-coal mining will be
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chanpged by new developents, such ac fully mechanized and
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capacity of 60 m. VWhere such conveyor bridpges can not be
operated, new high- efficiency bucket wheel excavators, belt
conveyors and ovep\uruen .Dreader will be usea for output
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tivity, even if the conditions of mining are somewhat un avour-

able. The ancwerc are found in a choice of ootimum mining methuds
for individual phases of production with rreat emnhacis placed

on a proper choice and tetter utilization of the types orf
equipment available.
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| Many technical-economical and technological boundery con-
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brown-coal oren-~cast mines. By means of large comnuters
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to making an optimum decision. The vresent and future
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by the Method of Finite Elements with Digital Computers',
Neue Bergbautechnik 3 (1973) Nr. 6, pp. 424 - 431.

Foerster, W., VWalde, M., Zwingmann, A., "Geomechanical
Problems of Designing Dams for Cealing off Water-3earing
Layers in Urovn-Coal Cpen-=Cast Minea',

Neue Bergbautechnik 3 (1973) Nr. 3, pp. 177 - 183.

Graever, P., W., "Method for a Time-Discrete Llectric Simul-
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of xylite of defined groups of coalfields presents significant
differences. as far as coal refining is concerned, the maximum
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Neue EZergbautechnik 2, (19?2) Hr. 12, pp. 907 = 910,
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Zvaiuatinz KNoi=ze',

leue Berghautechnik 2 (1972) lir. 12, v»p. 930 - 934.
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Franke, H., Goetschke, V., Schulze, H., Strzodka, K.,
WRegulationg in thre —xnlo*t tion 01 Mineral Leposital,
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Mines".

Neue Bergbautechnik 2 (1972) Nr. 1C, po. 762 - 767.

A description is given of the effects produced by recidual
and surface waters on the stability of pit slopes and spoil
banks. Problems of surface drainage and dewatering of the
pit are discussed.

Strzocdka, K., "Theoretical Studies of the Efficiency of Cut-
off Walls. Part 3: Mathematical Conzideration of Kotation
Symmetrical Flow throuzh Complete Cut-0ff Walls in the Homo-
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in the Brown Coal Industiry and Problems Derived from it'.
Neue Bergbautechnik 2 (1972) lr. 9, pp. 641 = 6;6.
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Neue Bergbzutechnilk 2 (1972) Nr. 9, np. 648 -~ 649.

Nowotnick, G., “Operation of Overburden Conveyor Bridges
under Difficult Geological and Hyrological Conditions in
the lohsa Open-Cast Mine",

Heue Bergbautechnik 2 (1972) lr. v, pp. 650 - 653.

Reisper, H., "Development Trends in Draining Open-Cast Mines!.
Neue Eergbautcchnik 2 (1972) Nr. 9, op. 657 - 660.

Bothe, H., Calcdonazzi, 0., Mielke M., "Increasing the Availa-
bility of Drainage Vorks by Remote Suvervizcion and Control
with Recvect to the Zafety of Open-Cacst Mines!.

lleue Bergbvautechnik 2 (1972) &ir. 9, ©n. 660 - 661.

Rechenvercer, H., Peukert, D., "Transierring Recults of
Research Vork to the Field of Cpen-Cast Mine Drainage'.
Neue Herzbautechnik 2 (1972) Lir. 9. pp. 661 - 663,

Tomczak, H., J., "Protection of Environment of Brown Coal
Mines".

Neue Berzbhautechaik 2 (1972) lir. 8, vo. 565 -~ 567.
Comprehensive precau,lonh must be taken by the bdbrown-coal
industry in order that the socialistic TAn:'cape treatment
might be realized. The passing of the Germen standard Speci-
fication TC 24,663 entitled "Maximum Concentration of EZmiesion
for the Discharge or Cust" macde it possible to show technical
and organizational solutions conceived for “rlorwty objectives
still to be solved. They include effects produceda by the trown
coal on the water resources of the G.D.R., with emphasis placed
on the nultiple utilization of water. A varticular atten 1ition
is devoted to the rectoration to agriculture and forestry of
mining districtz, as well as to their further uses as local
recreation centers.

Eckart D., “iypes and Cauces of Damages from Completed Mine
o*kanJ
Neue uer-h utechnik 2 (1972) Nr. 8, pp. 619 - 625.
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Fischer, M., Hackeschmidt, M., "On Determining the Level

of Residual ¥Water when Draining Brown-Coal Opencaxt Mines

by the ~ingularity llethou and Electric Analogy".

Neue Bergbautechnik 2 (1972) Hr. 6, pp. 433 = 436.

Residual water levels afifecting the stebility of overburden
slopes and tips precent themselves when draining the covering
beds of brown-coal onen-cast mines. Proceeding from the
equation for determining the level of residual water in the
case of ¢ingle bars (limiting bars), an equation is developed
for its determination in the case of douple bars, which is
based on the singularity method.

Busse, H., G., Mueller, D., "The Subgrade in Open-Cast Mines -
Its Characteristics and Importance to Curface vrainage''.

Neue bBergbautechnik 2 (1972) Nr. 6, pp. Lkl = 445.

A high eifect of discharge is necessary in order to recuce

the influence exerted by rainfall on the subgrade. From
theoretical conzicerations and comprehensive surveys general
statistical regulerities are developeua and a relatively simple
mathematical model is developed for a =ubgracde, which can be
used to determine cepths of ditches and to serve as a basis
for calculating the effect of discharsge.

Junghans, R., "The New Legislation on Noise Abatement in the
G.D.F., with Special KReference to Working Places in Open-Cast
and Undergrouni Mines".

Neue Bergbautechnik 2 (1972) Nr. 5 pp. 322 - 324.

Ae a result of the law of socialist landscape treatment
comprehensive and very concrete regulations were publishec

in 1970 in execution of this law as far as the noise avatement
is concerned. FrResults of new measurements show for many working
places below and abcve ground ccntinucus equivelent zound levels
which in part are consicerably above the limiting values. Noice
acatement measures are suggested.

Krummsdorf, A., "Third International Conference on Phyto-
amelioration (Growing of Field Woods) in the Peoples Eepublic
of Polana".

Neue zZergbautechnik 2 (1972) Nr. 1 pp. 79 - 80.

Sajkiewicz, J., "The Present Status and Development of the
Polish Mining Industry".

Neue Eergbautechnik 4 (197,4) Nr. 8. pp. 556 - 566.

The Peoples Republic of Poland cisposes of comprehensive
deposits of mineral and raw materials. In this article a
description is given of the present status and planned de-
velopment of coal and lirnite mining, of the proauction of
natural stones and aggregates, of lead and zinc mining, as
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well as of copper ore mining. The technical develorment of
these branches of mining is discussed together with associated
problems.

Rudolf, H., "Causes of Earth Movements in the Gelsel Valley

and Occurance of Damages Due to Mining".

Neue Bergbautechnik 4 (1974) Nr. 8, pp. 567 - 573.

The individual causes of earth movements are described ani
explained, with examples characterizing them quantitatively

on the basis of mine surveying observationz. Their different
effects on the environment of open-cast mines are also shown.
Furthermore, a description is given of relations that may exist
between the indivicual causzes and the occurence of damages Zue
to mining, dealing in particular with the lowering of the water
table to be considered in this respect.
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