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INTRODUCTION 

Stated in the ~ imples t terms , surface mining con ists of 
no thine morG than removing the topsoil, rock and other s trata 
that lie above mineral or solid fuel depo s it r- to recover them. 
In practice, however, the pl'ocess is considerably more com­
plex. 

When compared with underground methods , surface mining offers 
distinct advantages . It make s poss ible the recovery of de ­
posit s which, for phys ical reasons, cannot be mined under­
ground; provides safer working conditions; and, mo s t sig­
nificantly it i s generally cheaper in terms of cost-per-unit 
of production. 

Surface mining i s not applicable to all situation , however, 
becaus e the ratio between the thickness of the overburden 
that mus t be removed in order to recover a given amount of 
product place ~ a definite economic limitation upon the oper­
ator. While this ratio may vary widely among operations and 
comme ities owing to differences in the characteris tic ~ of 
the overburden , types and ca pacitie s o f the equi ment us ed , 
and in value of the materi a l being mine d , it i s neverthele ~s 
the factor tha t primaril; de termines whether a particula~ 

mining venture can s urvive in a competitive market . 

In the pas t the mining indus try' s nrimary a s i gnment has been 
to provide minerals and fuel s to meet t~e nation' c nee d at the 

lowe s t po sE i ble co s t . In a n'lIcber 0 f ca €I S , environmental 
protection now is t aking precedence over lowe s t co ~t as the 
pri~e objective. An added demand now i s tha t these materia ls 
be produced with a minimum of undes irable environmental dis-
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ruption. This was rec~~tly discuss ed by Risser* , who states: 

"While .... ome of the public realize thnt increas ed co s ts will 
be involved in this ~hift of emphnE is, it i s doubtful that the 
general public fully reco gnize s the extent of the£e co s t s or 
the fact thnt they mus t ultimately be borne by the cons umer 
through increas ed price s if production is to continue . 

As the effort toward environmental improvement progrecs es 
and the relative magnitudes of both th9 co s t s and benefits 
become more a ppa rent , a greater public ten ency to balance 
one agains t the other may develop . It may be decided , that 
beyond a certain point , the incremental benefit E do not ju ti ­
fy the added co s t s . Nevertheless , there i s a public moo d to­
day that reflect s a s tronG conviction tha t the quality of the 
environment mu s t be protected from further deterioration , and 
the official government a ttitude reflect ~ that public mood . 
An effort to point out the magnitude of the co s ts involved 
in complying with new re gulations i s unlikely to l"eceive much 
sympathetic attention to day . Nor will the fact that a pro ­
po s ed regulation or procedure appears completely impractical 
or infea~ ible nec essarily mean that the legi s lation requirin6 
such procedure will not be enacted . 

Still another way i n which s ome environmental effects may bo 
reduce d i s through impro ved technolo GY in the pro d uctio~ an " 
us e of minerals and fue l~ . Such te chnolo gic a l improvement s 
mayor may not re s ult in increas ed co s t ~ . They may, in f act , 
bring the des ired re s ult s at a re duce d co s t. But new techno­
logy doe s not jus t happen . Its develo pment reqLires time, 
concerted effort , and increas ed inves tment" . 

It is hoped that the following dis cussion on minin~ method s , 
reclamat i on pract ices , and environmenta l regulations of for­
eign coun t ries will bene f it the improvement of technolo gy in 
a mo s t im ortant area , namely surface mining of coal , and 

brins about a be t ter unders tanding of the problem. 

* Risser, H. , E. , "Environmenta l Qua lity Control an Mineral :: " , 
in "Focus on Environmental Geology", Rona l d \'/. Tank, Editor, 

New York , Oxford Univ er s i t y Press , London 1973, pp . 305-307. 
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BASIC DEFINITIONS AND TERMINOLOGY 

1. Conditions Warranting Open-Cut Work 

Surface mining of coal can be jus tified technologically and 
economically when the deposit lies at relatively s hallow depth. 
To extract the coal by an open-cut method it is necessary at 
first to remove certain amounts of barren rocks. This oper­
ation is called stripping and the ground removed overburden 
or spoil. Of importance in evaluating conditions that may 
warrant open-cut work is not only the absolute amount of the 
ground s ubject to removal, but it s relative volume per unit 
of coal to be extracted. It may, for example, prove imprac­
tical to strip cover-rock s trata 50 feet thick from a coal 
seam, if the seam jt3elf i s 5 feet thick, but it might be 
economical if the thickness of thp- s eam i s as much as 15 
feet. The ratio of the overburden volume to t he amount of 
coal already extracted or to be extracted , expressed in vo­
lumetric or weight units, i s called the s tripping ratio. 
\fuen the earth ' s s urface and the coal depo s it are more or 
less flat, the stripping ratio i s fairly uniform (s ee Figure 
1). When the s urface or depos it s lopes , this ratio alter.:; 
along with the increas e in s ize of the pit ( s ee Fi gure 2 and 
3). For conditions prevailing in each open pit there exists 
a maximum proportion of the amount of was te or s poil removed 
to a unit meas urement of the coal, which it would be uneco­
nomical to exc eed . Vfhe:1 this limit is reached and ths de­
posit lies much deeper s till, it i s more profitable to chan~e 
over to underGround mining . Thi s maximum proportion depends 
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Figure 1. Open-pit layout on a flat bed with horizontal 
ground s urface (from Shevyakov, p. 594). 
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Figure 2. Open-pit layout on a flat bed with sloping 
ground s urface (from Shevyakov, p. 594). 

Figure 3. Open-pit layout on a s loping bed with horizontal 
ground surface (from Ku snetzov, p. 124 ). 
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in general on cost A charged againct mining by the 0 en­
cut method of 1 cubic yard of coal , cost B of overburden 
stripping per 1 cubic yard and the stripping ratio . By 
using thece symbol"' , we find that the total co<-t of mining 
1 cubic yard of coal by t he open- cut method , including the 
cost of stripping operations , will amount to 

A + BX . 

Conditions econonically jus tifying the us e of the open-cut 
method i nstead of undergr ound mining will then be deter­
mined by the f ormula 

A + 13X < C 

where C i c the minin £ cos t of 1 cubic yard of coal extracted 
by the underground mat ho d . The maximum s tripping ratio X 
can be found f I'om an equation expressi ng the cost of mining 
by the open-cut and underGround me t ho G 

A + BX = C, 

Whence 

C-A 
X '" -g- . 

Dependinr; on t he ·eolO Gi cal structure of th e depo s it , t he 
s ize of the o pen- pit , the available machinery and labor , 
costs A, Band C may vary widely and , cons equent ly , t he 
dif f erences in the value of the maximum G t ripnin ~ r a t i o 
are a.l c·o liable to f l uc t uate a ppreCiably . I f , de nendi ns 
on the GeolO Gical ctructure 0 the dc po&it , t he s t r ipping 
ratio incre~s es a s the dpp t h of the pi t j ncrcase s , tho 
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maxicum s "ri ppint; ratio must corre "' pond t o an economical 
maximum deptb of the pi t . In Eastern Wyomin , for e ample, 
whe~e 50 t o 80 feet thick coal s eanG outcrou at the s urface 
and are deposited a t di ps measuring only a few deGrees , it 
is ex uected thC\.'l area 3tripping using long-rea ch dra "" lines 
equipped with 50 or 75 cubic yard bucke ts and 360 feet long 
booms , will allow open- pits to be excavated to an economical 
maximum depth of approximately 200 fe et . Maximum f; tri pping 
ratio s of the s e pit s are expected to vary between 1 . 4 and 
2 . 0 cubi c yards of overburden per ton of coa l. The produc­
tion of some s urface cines in WyominG i s forecasted to reach 
11 million tons o f coa l a year by 1980 . * 

Since t he maximum s tripping ratio may be quite different , de~ 

pending on local and geolo~ical condition~ and applied t ech­
nolO GY , tbe practice of taking "current" fi gures for ~trippinb 
ratios a~ 0. u:'de for planninG mining operat ion-=- is to be rul­
ed out alt OGet her . I~ General, proGr ess o f mechanization i n 
s urface millins makes i" oos<:ihle cont inoucly to i ncrease this 
ratio. In man' ins talce~ , the depth of a pit is determined 
by a !::halloVi occurin 'ottom of the depocit . In o t her con­
ditions favorable for t he development of 0 en-cut mining t he 
pits nay be very dee p. In the Krivoi ROG district o f t he 
U. S. S . R. , f or example , befor e it chanbed over to under ground 

Wyoming Coal Gas Co . & Roche lIe Coal Co ., "Applicants 
Environmental Asser."'cent for a Pro posed Coal Gacificat ion 

Proj ect - Ca.'!lpell and Con'/ors e Co unt ies , '.'/yoming", p. 111-3, 

( 1974 ) • 
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mining the pito were U" much as 400 feet deep . * One brown 
coal it at Korkino ( Urals ) is at resent over 600 feet 
deep , and it is plrulned to deepen it still more . In other 
cases , the danGer of land sliding on the ~lopes of a pit 
may require to chance over to underGround minin earlier 
than otipulated by the project . uch a situation occured 
at one of the open coal cute of the Yemanzheli~{a district 
in the urals . And conver ely , special circumstances mrute 
it emparative to continue open-cut mining at depths where 
underG't'ound extraction of the coal would seem more racti­
cal and econo~ical . A tyuical example i o the mining of 
thick beds of sel f -iGniting coal . 

2 . Advanta~es and Drawbacks of Onen- Cut 
~--~~ -~~.~-~~~~~~~~~~~~~~~ 

\'!ork a o Cnm a!,ed to Un ders round l1ini~ 

Contrasted \'lith underground mininG a pen -cut vlork presents 
many advantaGes . 

a . The principal advantaGe i s that the efficiency of labor 
is cons jderably hiGhyr in ouen-pit c , while the cost of mini g 

i s lower . In the coal in~us try a miner achieves 3 to 4 times 
as much in open-cut mininG as he does underground . That i 

* Shevyakov , L. , "r'1inin~ of Hincral Depos i t s " , For ien 
Lnn/;ua !'!;e Pu li r: hincr Hous e , Mo .... cow , ZuboVGky Blvd . 2 1 , 

U. S. S. . pp . 559 -600 . 
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beco.us e it is possible t o us e highly e f firi('..lt mininG equip­
ment o.nd trans port facilitie ~ , thero boin no limits to the 
overall ci ·.mensions of machine ::; , as is the cas e in underGround 
\'Iorkin ; s. 

b . Larbe "Iorkin face G and the U Ge of hi hly efficient machi­
ne~ ~or the open mininG of laree deposits yield cons iderable 
tonnages . The ~ame f act ors make it po ~Eible to increa~ e out­
put in a newly e 8tabli ~ h e open- it much fa r ter than in an 
underground mine . The recons truct i on of an o.ctive open-pit 
enables tc raise product i ons nore quickl y than i s the cas e 
with an underground oine . 

c. Open-pit s may have a "'hort er s er ice-life than underground 
mines , s ince here it i 8 possible to t r ansfer the c06tly main 
items of mininb anu trrus port equi pm ~t an~ machines to other 
IJits for further us e . Hence, it s workinJ even limitp,6 re­
serves may yield l ar ger annual tonnages . 

d. Open-pi t s neea no ground-s uoport , fillin g , ventilation 
and artificia' l ighting t except at ni3ht • 

e. Th2 percenta _e of ~ec ov e r of t he roa~ i s cons idera bly 
hiGher i n open wor k , a~ountinG 0 95% - almo s t full recovery , 
a s com pared to 50% in und erbr ound mining . 

f. There i s less dans r of accident ::; . Als o , added to the 
great~r accident pr oba i lit i ps associa t ed with under >round 
mining are s everal ind u~t ry-linked diseas es by which miner s 
are not a f fecte' workin above Ground . Mo s t well known of 
the :: e i " t he coal mi ner .... ~neumoc oniosis , or "Black Lun " 

which a ffl i ct s a ?pr oximat e l y 9 percent of all un ~ erground 
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miners in the U. S . * However , the prese ~lce of numerous ma­
chines in the pi to , the wido-flung trarlGport network , 
blastinb onerations , and the pos s ibility of rock s lides 
are a conc tant s orce of potential accidents . Strict ob­
servance of s afety rules and th~ir enforcement , there­
fore, are just a s im. erative in t he open-cut pit s as un­
derground. 

The disadvantageD of open-cut minin are : 

a. Well developed open- cut work require s considerable 
tract s of land for p~ts and barren rocks , with the result 
that it i s t emporareJ.y l oct to agriculture , wildlife and 
recreation . 

b . Rain fal l and ~ evere cold make work in open pit G rather 
difflc ul t . Large- sc ale o nerations are cond ucted t he yea r 
round , but in s evere winter conditions l abo r and machine 
efficiency dro ps con.ider ab ly . 

~ . Open work at niGht require lar e ar eas to be s upplied 
with electricity for artificial Ii Hing . 

d. 

* 

Vfuen l ar Ger coal bede are excnvated by the open- ut 

Lainhart , 'I . ., et al. , "Pneumoconiosi <- in App.:l.lac h.ian 
Bituminou '" Coal l"inerB", U. S. Public HaIth Publica ion 
No. 2000 , p . 1 371 ( 1 969 ). 
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method, the pits at first yield lower-gradp coal in the 
weathering zone . This decayed coal may , for On thing , 
be devoid 0 f cokj.ne properties , even though normally coal 
in a given bed i ~ capable of coking . The r e drawbacks of 
open-cut mining , how9ver, are outweighed by its advanta­
ges over the under ground mining metho d . 

It waa oriqinally held that the organizational pattern 
of open-cut work was simpler than that of underground 
mining. Tha.t., howe ver, was true only of sm 11 and !J.i­
mitively equ . pod pits . Large , modern open pit s , with 
their heavy-duty electric and trans port mac hi nery and 
in~tallations , require t he elabor ation of detailed min­
ing plans , more complex than tho e neede d for under­
ground mining . 

3· Basic Methods an Equipme>nt 
Employed in Coal-Su~~ Mining 

Open-cut metbods employe to reco\er fuel deposits s uch 
as 'lnthracite, bitumino' s and liGnite ar generally clas ­
sifie~ ag~ open- it mining , area s tripping , contour 
stripping and auger mini ng . Each has a dif ferent effect 
on the land . 
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As defined by the Department of the Int9rior .: 

"Open- ',.,..1. t mining" it. used to extrac t large , concentrated, 
near-s urface depo it ,", of coal and minerals . T,'le nature 
of some we ~tern coal deposits i~ s uch that open-pi~ min­
ing would confine the &roa of surface di~turbance and 
would enhance total recovery of valuable co~l. 

"Aroa strip mining" usually is practiced on relati 'ely flctt 
terr~dn and will be he prime method 0 f rocoveril1e coal in 
the Western ~ tate s . A trenc or Iroo x ,I' ';", is me.de throuch 
the overburden to expose a po~~~on of the deposit , which i~ 
then remo 7ed . The first cut may be ext nded to the limits 
of the pit . As each succeeding p~ralle l cut i ~ made) the 
spoil (overburden) i s e o ~ited in the cut jus t previously 
excavated (s ee Fisure 4). The fina l cut leaves an open 
trench as deep a the thickn9 s of the 0 erturden lUE the 
coal recovered, buunded on one s ide by th e last poil bank 
and on the other by the undi s turbed hibh wall (s ee Fig~re 
5) . Frequently this final cut may be a mile or more from 
the startinG point of tha 0 eration . Thu J, area s ~rip nin­
ing , unlesE graded or level d usually re emb ,os t he rid~es 
of a gigantic wa hboard 

"Contour s trip mining" is mo s t cOr.lmonly practiced where depo-

• "Surface Hining , Its Nature . Extent a.nd Si gnificance" • 
U. S . Department of the Interior in "Fo cus on Envi!'on­
mental GooloGY" . Ronald Y. Tanl, E ' i tor . New YOl'k , 

Oxford University Press , London 1973 . ~p . 312 - 334 



Figure 4. Cros s section of the initial cut, commonly called 
lithe box cut", by s hovel operation in level terrain 
~here the outcro p is not expo s ed, a common condition 
in level country (from Element s of Pract i cal Coal 

' Mining, AIME, 1973 p. 399). 

UNMINl.D 
UNG~ AO~O ~~L~ 

M INr.O A RC.A - COAL. TAKCN O UT ::~"f! l 

LAtt [. e "'NAL CUT ~ GJ rlLL [ O A A,£A 30 C OAL V [,IN 

Fj.gure 5. Ty pi cal topography r esulting from com plete grading , 
strik~-off gr ading , no gr ading and the location of 
the fina l-c ut l ake (from SME , Mining Engineering 
Handbook , Vol. 2 1973, p. 17 - 146}. 
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COAL REMOVED BY rRONT- END LOADER 
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Figure 6. Sequence of development of a combined dozer-auger 
operaticn in steep te rrain . Often the bulldozer 
merely removes enough dirt and outcrop coal to 
afford a face , and room, for an auger to operate. 
This is es pecially true when augering on the per­
cipitous slopes in ' the Appalachians ( from Element s 
of Practical Coal Mining , AIME, 1973, p. 406) . 
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sits occur in rollinG or mountainouG count~y. Bas ically, this 
method cons i sts of removing the overburden above the bed by 
starting at the outcrop and proceeding alone the hillside. 
After the depo sit i s exposed and removed from this fi r s t cut, 
additional cuts are made until the ratio of overburden to 
product brings t he operation to a halt. Thi s type of mining 
creates a s helf , or " bench", on the hillside ( s ee Figure 6). 
On the hillside it i s bordered by the hi ghwall, which may ra!1Ge 
from a few to perhap~ more than 100 feet in height , and on the 
o ppo ~ite or outer side by a rim below which there is f req uent ­
ly a precipticus downslope that has been covered by spoil 
material cast down the hills ide. Unless control Led or s tabi­
lized, this spoil material can caus e s evere eros ion and lru1d­
sliding . Contour minin6 is practiced widely in t he coal fields 
of Appalachia and we s tern phosphate minin g re6ion~ bocause of 
the generally rUGged to pc. graphy . "Rim-cutting" and " benc hing" 
are terms that are sometimes us ed locally to identify work­
benches, or ledges prepared for contour or auger mining oper­
ations . 

"Auger mininG" is us ually associated with contour r.t rip minin£ . 
In coal fields it i s mo s t commonly practiced to reco er additio ­
nal tonnaGes after the coal-overburden ratio has become s uch 
as to render furt her mining uneconomical ~ Augers are also 
used t o extract coal near the outcrop that could not be re­
covered Eafel, by earlier unde r Ground minin; effort s . As t he 
name implies augering i s a method of producino coal 'oy boring 
horizontally into tho seam , much l ike the carpenter bores a 
hole in wood. The coal is extracted in the Game manner that 
s havings are produce d by t he carpenter ' s bit . Cutting heads 
of some coal au ers are as large as seven feet in di~~eter. 

By adding sections behind the cuttinG head , holes rna be drilled 
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in excess of 200 feet . As augering is generally conduc ted 
af\ er the st rip-~ining phase has been completed , little land 
disturoance can be attributed to it . However, it may , to 
some extent, induce s urface subsidenc e and disrupt water chan­
nels when unde r gr9und workings are intersected. 

Regardless of the method used , the surface mining cycle usu­
ally consists of four step~ : (1) Si te preparation , clearing 
vegetation vnd other ubs tructions from the area to be mined , 
and constructins access roads and ancillary ins tallation c _ 

includinG areas to be used for the dispo sal of spoil or waste ; 
(2 ) reT:loval and dis posal of topsoil a~d overburden; (3) exca­
vation a."1c. loadin~ of coal; and ( 4 ) trancportation of the coal 
t~ a concentrator , proce ssing plant , storaGe area , or direct­
ly to the ~arket . 

Reclamation may not be cons idered by a majority as an integral 
component of the mininb cycle . Experience here and abroad has 
demons t r ated , that when recla'nat ion of the lar..d i s inte; rated 
with both , the pre- planning and operational s taGE's , it ca!1 be 
done more effectively and a,t a lower co s t than as a se perate 
operation . This i s particularly t rue becaus e much of the 
mac hinery car.. be eo.s ily us ed in reducing peaks of s poil pile3 , 
segrebating toxic materials ~d os tablishinG controlled drain­
age from the s ite. 

The raoid expans ion of curface ninin c s ince World War II may 
be attributed prim.:u'ily t o t he C:e velo "Cment of larger. an d more 
complex eart h movin ; equi p~ent . Equinment u3ed today inclu­
des bulldozer ' , loa j er~ , ~ craper£ , trucks un to 100 ton caua-

ci tv , and a miscellc?ny 0 f ot her devic es . In Ficures 7 and 8 a f ew 
typical illust rationc of r.:odern open pi t s i'Jorke d by power 

/' 
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Figure 7. Basic layout patterns of mechanized open pits 
worked by power shovel s ( from Shevyakov, p. 6)0). 
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Figure 8. 

Tractor drawn planer 

Bas ic layout pattern of mechanized open pit s 
worked by multi-bucket excavators and scraper 
units (from Shevyakov, p . 611). 
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s hovel s , draGlines and other equipment are pre~ented . Thece 
may be described as follows : 

1. Strippin~ is done by a large capacity power shovel which 
conveJ~ the overburden to a was te dump . The coal is exca­
vated by a power "" hovel of a smaller size, which then loads 
it into railway cars . (In the U.S. a s hovel i'" now worldng 
that can handle 185 cubic yards in one "bite " with a mons ter 
having a 200 cubic yard bucket on the engineer's drawing 
board*). 

2. The layout is the s ame as in 1., but overburden and coal 
removal are cone by a dragline . (DraGlines of up to 85 cubic 
yard bucl~et capacity are noVi operatinG in the U.S. and larger 
one - are being planned* ) • 

.3. If the material in the pit is made up of hard rock and 
strong coal, it is blasted. For thi - , blast holes are made 
by drillinG machines . The s ho t overburden ane coal i s loaded 
by po· .... er shovels into railway cars which tranGport the materi.al 
to either sIOil bank or departure station. 

4. The overburden covering the coal is stripped by multi­
bucket excavatorG and is dispos ed of and di ,.. tribute j.n spoil­
banks by special long stackinG conveyors . 

* "Surface I·lining , It ' s Nature , Extent and SiGnificance", 
U. S . Department of the Interior in "Focuc on Environmental 
Geolosy", Rona.ld W. Tank , Editor , New York , Oxford Uni ver '"' i ­
ty Pres£ , London 197.3 , p • .315 . 



- 14-

5. Mining i s conducted by cable or dra~ -~raper6 . 

6 . Strippinr of the overburden and extraction of coal i s 
done by tractor scraper s with the UDe of ripper s and 
bulldozers . 

7· Overburden removal and extraction of coal involving 
the us e of a tower or s lackline cableway excavator i s 
shown in this illus tration . 
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4. Plannin~ of Environmontally Acceptable 

Coal Surface Minin ~ - Concurrent PlanninG 
of MininG and Reclamation 

~.rge-scal~ surface m1n1ng inevitably interferes with the 
lalldGcape and its natural balance . I n many instances , timber 
is removed , wildlife habitat dis rupted , agricultural land 
encroached upon , natural streams diverted or contaminated , 
and roads are built in undis turbed areas . Surface mining 
may also require that exis ting facilitie s such as hi ghways , 
railroads , power lines , and even entire towns ar e relocated . 
To be environmentally acceptable , planning of coal surface 
mining muct be ecologic ally s ound . This requirec that mining 
operations are planned concurrently with reclamation. 

Reclamation can restore s urface-mined lands to productivity 
and can create diversified country sites with fore s t s and 
lakes for wildlife and recreation . It can re s hape spo i l pi les 
and pit s lopes to a new t opography to blend into the land­
scape pattern . I n fact , a coal mining district could s erve 
as a mo del for future development in which the nee ds of 
economy , agricult ure , recreation , concervation of wildlife 
and protection of the environment are equally met . To return 
the land to a des irable form and productivi t y includinG a 
stable ecolo ; ic a l ~tate that does not contri but e s ubstantially 
to environmenta l e~erioration an i s con is tent wi t h sur­
rounding aes thet i c values , it i s essential that the likely 
effect s of mi ning operations are ident i f i ed in advance of 
actual mini ng so that they may be dealt wi th in an orderly 
fashion . In its s imples t terms , planninG for reclam tion 
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requires determination of phys ical and biolOGical fact n 
before Qnd durine min inG operations , i . e ., a landscape 
analysis which is ba ed on careful u.sses ment of phY '"'io­
graphic, geologic , hy roloGic , and climatic conditions of 
the area ao well as an analys is of wildlife and vegetation . 

Environmenta lly r esponsible planning of s urface mining 
includes reclamation regulated by new mining l aws . Fortu­
nately , there now are ~ome stat eD in t he U. S. with effective 
l egislation regulating reclamation of surface - mined l and:5 . 
Before mining operations are started , these laws requi re 
regist r ation for a permit or licens e . Fees are set on a 
flat bas i s with s ome added amo unt baoed on the number of 
acres to be mined . All state laws re ulatinr, reclamation 
require a erformance bond . A comparioon of state statutory 
r equirement s regarding reclamation of s urface-mi ned lando 
i n the Hes tern United States can be found in Appendix B of 
" ehabilitation Potential of We s tern Coal Lal'!ds".* 

On J anuary 1, 1970 , Congress enacted Pllblic Law 91- 190 , the 
"Nationa l Environmental Policy Act of 1969" . The Act under 
Sect ion 102 ( 2 ) ( c ) impo~es the environmental impact require ­
ment on propo 2al s for legislation and other major fe eral 
actions significrultly affecting the quality of human enviro n­
ment. This means that a ny major di~durbance propo s ed for 
public lanjs must be preceded by an environmental imp ct 
statement . As stated in the National Environmental Po licy 
Act and in supplementa l guideline3 from t he Council on 

* "Rehabili ta tion Potential of We s tern Coal Lands ': , 
Bal linGer Publishinb Coop ., Cambridge , ~;as.... . (1 97 /, ) 
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Environmental Quality*, federal agencies throuGh the uce of 
environmental statements must openly discu~s the details of 
a propoced action , predict the environmental impact of the 
action , describe and evaluate ulternatives , and seek comment s 
from othor federal and ytate agencies and the public before 
approving or performing the ro osed action. If the propo s ed 
action consists of a mining operation , the impact ~tatement 
for both the exploration and mining pha.se of the project shoul_ 
include a 6areful asses~ment of the phy~iogra hic characteris ­
tic s and geol00ical conditionu of the area including hydro-
10C;y and ("' ei cmici ty as \'/ell as an analYGis of t he atmoGpheric , 
biologic , and socio-ec0nomic enVironment s , and an as ~ e ssment 
of archaeolo~ical , his torical , and cultural values . Included 
too, muct be a mining plan howing the location of pro erty 
lines , ?it limit ~ , acce c£ roads , and s upport facilitie s as 
veIl as tranBportation , water s upply , and power s t:.pply "'ystems . 
In addition. the oininG plan mu~t provide information and 
data on res erve evaluation programs , employment s chedule_, 
methods and eqUipment to be u.s ed for top.:;oil , overburden , 
and coal removal , coal processing and wa !.J te dispo.;al , and 
objectives as well as alternatives of reclamation. t-1ajor 
feature G to be diGcussed in a reclamation plan ~hould include 
top"oil removal and redi s tribution , bra" ing to final topo­
graphy , refus e ha ndlinG, soil nutrient s , ~ eo ding mixture_ , 
time and r a te of see inG, and reclamation of ~ine s upport 
facilitie . Alte:cnative3 to a pro o "'ed reclamat ion plan shoul " 
be discussed under categories of grading , land u ~ e , and re­
vegetation . 

In rec ent years , most European countries and the United ~tateG 
have enacted leGislation tha t relates to an environmental 

* 36 ~ed ral e~ister 7724-27 (1971) 
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objective , such as clean air or water , rather to a certain 
type of indu~ ~rial activity . Nation I environm ntal statute ~ 
have been enacted only in the United State8 , East and West 
~ermany , Japan , the etherlands , Romania , and Sweden. Cwitzer­
land is currently in the process of drafting an environmental 
policy act . There i s no single national mining law in effect 
for the United States and many countries abroad . A special 
law, the "Act for Common Planning in the Rhineland Brown- Coal 
District" (Ge3etz fuer die Gesamtplanung im Rheinischen Braun­
kohlengebiet) was enacted in Germany in April of 1950 becau~e 
of the relative importance of the area . The law requires 
that a general pl~~ be prepared to include management of s ur­
face waters , lancs cape design , and nature cons ervation . Single 
national mining laws have been propo s ed for Germany and Aus tria . 
'l.'hes e laVl~ , i f enacted will regulate! mining and reclamation 
according to new snvironmental legislation already incorpo­
rated in other laws . Fo r example , the Aus trian Traae Act of 
1973 (Oe terreichi=che Gewerbeordnung 1973 , BGBL 1974/50) 
includes legi ~ lation on water qua lity standard s , air pollution 
standards , a nd statutes rela ted to -olid was te dis po ~al , 
noi e abate~ent, an ~ local ~onin s or 'inance ' . 

The propo s ed national minin g ,legi clation for Au ... tria i s of 
speCial intere ~ t, s ince Aust ria ' s economy depends to a great 
deal on touri r'm and exploitation of mineral re s OUFce s . The 
condition un~er which mineral e are extracted in the Austrian 
Alps a re s imilar to thoc:-e prevailinG in the Hocky Mountainc . , 
The minera l and pe : rol eum exploitation in Au ~tria i s currently 
controlle ' by the noU "trian General }iining Law of 1954 0 ining ) 
and the ~~inino :.aw Amendment s 0 f 1967 and 1969 ( Petroleum ) . 
A summary of these .:m d other mining la\':s of the \'lorI ' can be 
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found in the U. E. Bureau of Mines Information Circular 863 1. * 
I n 1970 , the Head of tha Aus trian DEpartment of Commerce , 
Trade , and Industry orde red t he Minins Authority to draft a 
neVI mininG law which aside of oth1r ioportant changes woul ' 
include provis ions for state and com!llunities to have a s tronger 
pos ition in re gulatinG matter ' of l and us e plannin , touri m, 
nat ure cons ervati0n and environmental protection . The s ame 
provi ~ ions are included ~n a pro o ~ ed new fore s t ry law . The 
following is a brief di s cu sion of the most important point ::: 
of the propo s ed new Au .... trian min i n l aw as related to environ­
mental pr0tection : ** 

1. ew P.e~ulations for Completion of Mining Activities 

These regulation ' control reclam tion of s urface-mined land 
(establi hment of r een belt s , planting of trees , rev e .etation 
of poil piles , etc .) , and other workin s to be accomplis hed 
before a minin& 0 eration can be declared completed . As in 
the ca e of granting mi nins permits , the procedure require 
that public hearings are conducted befo re decicions are made 
llpproving a certain reclamation or l and u~ e pl- n . The public 
·.las the right to take ins i s ht into all propo sals an d may pre­
Gent s tate an community officials with uggest ion3 leading 

.. 

*. 

" ummary of lining and Petroleum L:lws of the Wor l d" , 
Part 5-Euro e , U. :3. Bureau of Hine " Information 
Circul r 863 1 (197~ ) 

ll,ach '.'Ieber , G. , "Juridical Problen:s of En vironmental 
Pro tec tion in Connection o:itb Minera l '" ro duction and 
Proces.;.oinl ", EIll!' , 11 8 J • (1973 ), H. 6 , p . 176-1 8 1 
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to either improvement and acc eptance , or reject ion of a re ­
comm~nded plan . In addition, it is requi red from the operator 
that he include ~ in hi s ~tatement of completion a final wor­
king plan i n which i CC" outlined now miHing 0 erat'ons were 
compl eted . The plan is t o include rna s and other data which 
i s put on fi l e for r e- examination of the l ease in case da­
mageG res ul ting from former workings s hould occur to prop r ty 
located on reclaimed land . 

2 . New egulation for Granting Mini ne ermits and ermits 
for Constructing and Operating Plants and 'acilities 1 el ated 
to Minins Operations 

The s r ant i ng of thece permits involve s r egulating matters of 
l and use lanninG, nature cons ervation , tourism, and environ­
mental protection . Thes matters are regulated by s tate agen­
cies and communities which unde ... ' t he propos ed n tion 1 mining 
l aw are st r engthened in their po~ition to en for 0 environmen­
tal legislation already incorporated in other laws . As dis ­
cussed earlier in the re ort , t his le~iG lation inclucieG sta­
tut eoJ on water quality , air pollution , '""olid \'ta ~ te dispo s al , 
no i s e abatenent , and loca! zonin , or inances . In all procedures 
of aquirin~ a mininb or operator permit, it muut fir s t be 
detcrmine d. whether the environmental imp:lct of t he pro pose' 
project will not exce certain acceptable limit ~ . Thc ' o 
limit depend on pollution level which people locally are 
accUGtomed to cope with and many other facto r s mo s t of which 
remain unkno\'m until after the min or plant ha ~ been in 0 e­
ration for a erio of time . If , the en ironmentnl impact 
of a propo .,Nl project is ~ ifficult to pr dict a permit may be 
granted on a trial bas i c . I n s uch a caGe , the operator i " 
s till faced with the problem of havin to comply with en vi ron-
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mental regulation3 and may at a later date'be required to 
install costly pollution devices to avoid of having his ope­
ration s uspended from production. 

Conflicting mineral l and use problems and today' s enerGY criEis 
may lead to modificatj.on of propos ed European minine laws 
before they are enacted. The demand for land to support both 
urban growt h and mineral development ( particularly sand and 
gravel ) has created rerious social and politica l questions 
in densely populated a r eas . In addition, when reclamation is 
contemplated , dis agr eements often occur as to the type of 
land us e t hat will contribute most to s oc iety. Land planning 
in essential to ac hieve optimum use o f living s pace, however, 
in enacting l egis lation for environmental protection it must 
be kept in mind t hat the economy and standar d of living of a 
country depend on its mineral re sources which must be available 
for exploitation . A group of pro fessors of the School of 
Hines in Leo ben war.led the Austrian Government in a rec ent 
report that the implementation of new res t r i ctive legisla t ion, 
if not carefully pl anned (with t he advis e of experts ) could 
serious ly interrupt mining operations , if not lead to a s till­
stand of minera l exploitation in Aus tria . Environmental le­
gi s l at ion and l and us e plannin G bas ed on s ugges tions made by 
other groups t hat the Alps mus t be pr es erved f or the recrea­
tiona l benefit o f all European peoples i n a way t ha t wo uld 
prevent Au~tria' ~ economy to grow i s t o be ruled out altogether .* 

* Hagspiel, W., "General Tec hni cal and E .onomic Pro blems 
Regar ding Environmenta l Protection fror.! t he Viewpoint of 
the Rock Produc ts I ndus try" , 13HH , 11 8 JG. (1973 ), H. 6, 
pp. 161-176 

/' 
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5· General LayoutEof Open Pit s 

Layouts of open pit s may vary widely depending on the s ize 
and geological s tructure of the deposit , land topography, 
the planned scale of mining and the availability of trans­
port facilitie s and other equipment. Pit layout patterns 
are cIa sified chiefly in accordance with the arrangement 
of waste dumps and the development of the trans portation 
system. Characteris tic from this point of view are the 
following typical layout s of open pits. 

a. Pit s with In s ide Snoil Banks 

The layout of an open pit i s leas t complicated when the 
overbu~den i~ overcas t directly to 
practiced in s trip mining of coal. 
out s are shown in Figures 7 and 8. 

in s 'de waste dumps as 
A s eries of such lay-

Down to a certain depth open pit s can be worked with over­
casting or cours e s tacking of overburden even in s teep de­
po sit s . The following data on open-cut mining i s from a 
steeply pitching 20 meter-thick s eam of the Kuznet sk coal 
fields in the U.S. S . R.* (Figure 9). After loos e silt de-

* Shevyakov, L., "Mining of Mineral' Deposits ", Foreign 
Languages Publi s hing House , Mo s cow, Zubovs ky Blvd. 
U.S.S.R. p. 651 



Figure 9a. Open-cut mining in the Kuznet sk coal fields 
using draglines for overburden removal (from 
Shevyakov p. 651). 

n<...::i-----_.~ florizont + 100 m 
:===~==::L ________ ---=~:.Jl!fio~ri. ;ont + 90 m 

________________ ~H~O'~uMt+70m 

·"'X ________ ,, _ _________ H-'o-",izont +50 m 

Figure 9b. Open-cut mining in the Kuznetsk coal fields 
using power shcvels for coal removal (from 
KusnetzQv 1973. p . 130). 
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posits have been s tripped by a dragline, working trench (1) 

is excavated. The overburden is first overcast to a tem­
porary was te dump (2) ar.d later to a permanent s poil bank 
(3). All operations are performed by one and the same 
dragline over sections extending 100 to 150 meters . The 
coal is excavated firs t in one bench , 18 to 20 meters high , 
prepared by the excavation of a working trench , and is loaded 
into dump t ,rucks. The second coal bench is worked by a 
shovel positioned on tpe first bank. The shovel dumps the 
the coal into piles , from which it is loa1ed 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 ins ide waste dumps with the aid 
of an "overburden bridge" can be obtained from Figure 10. 

In the mining of extens ive open-pit areas and flat or very 
gently dipping depo sits , it may be desirable to transport 
the overburden to spoil banks in railway dump cars , al­
though the s poil banks thems elves lie ins ide the worked­
out area. 

b. Open Pits wi t h Outside Wa~ te Dum ps 

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

Figures 11 and 12 are illus trative of a pit layout distin­
guis hed by the parallel dis position of s tripping and pro-
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duction banks and their connection with the outside road 
system through trenches. Figure 11 depictD 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 s tripping trench RK, while the coal 
mined in bank hZ i s transported to the terminal through 
production trench R1K1 • The front lines of s tripping and 
produc tion faces advancing towards the boundary of the pit 
rematn parallel. The de velopment 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 pha"'e 
(3), (actual mining of deposi t). These operational stages 
must be coordinated in time. The location of trenches with 
respect to working face s , s hown in Figure 11, is given ap­
prOXimately . Actually , the trenches may be arranged dif­
ferently, although their purpos e will remain unchanged. 
This depends on the topo Graphy of the country and the lo­
cation of was te dump s ites and terminals . The boundary 

lines of the pit may be irregular and not rectilinear, the 
decisive factor in this being the geological s tructure of 
the deposit. 

Figure 11 depicts overburden bank h1 and production bank h
2

• 
If the overburden and coal depo s it are of considerable thick­
ness , there may be not one but two or many s uch banks . In 
such cas es , special access ramps to individual banks are 
branched off from trench tracks . 

The l ayout in Figure 11 i s di s tinguis hed by the fact that 
stripping and production lines are laid dOVin in s eparate 
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Figure 11. Layout of a pit with s eparate trenches (from 
Shevyakov p. 653 ). 
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trenches . In a pit worked at great depth this method , al­
though very convenient because it makes i .'1dependent oper­
ation of overburden and coal rernl)val possible , would re ­
.quire too great a volume of ear 'chwork in excavating trench­
es . In this instance , therefor~ , both lines can be laid 
in one trench. 

The outgoing or exit tracks may be laid on the edge of the 
pit , on berms of s ufficient width (Figure 12 ). Although 
this method requires a so~ewhat smaller amount of earth­
work than the preceding one (since there are no trenches 
outside the pit area) , it involves more development work , 
since the tracks have to be laid on the edge of the deeper 
part of the pit . Furthermore , the total length of the pit 
must be s ufficient to allow the construction of roads with 
gradient s conforming to the type of trans portation adopted . 

In deeper pit s , roads (both rail and motor) may be arranged 
as illus trated in Figure 13 . Hining of the coal banI", t-y a 
series of parallel cut s s tarts when the s piral trench driven 
from the Ground surface , followin g the peripher y of the pit , 
reaches the working level . To open a new horizon the curvi­
linear trench i s deepened . Eventually spiral roads encircle 
the entire portion of the depo sit alotted for open-pit work . 

6. Excavation of Trenches 

In open- cut mlnlng it i s necessary to make permanent trenches 
( ingoing or entrance trenches and outgoinG or exit trenches) 



Figure 12 . Layout of a pit with outgoing (ramp ) roads running 
along the edges (from Shevyakov , p. 654). 
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Figure 13. Spiral rood layout in a pit (from Shevyakov , 
p. 655). 



L 

-26-

to connect the pit with the ground s urface and also working 
trenches to develo p banks for mining and other purposes . 
The trenches may be horizontal or inclined , with a gra­
dient suitable for the transportation system selec ted . 

According to Soviet recommendat i ons (see Shevyakov , L., 
"I-lining of Mineral Deposits", p . 657) wi th electromotive 
traction, the trench gradient hould not exceed 0 . 030 
(in extreme cases 0 . 040 ); with steam locomotives i.t l'!lust 
be not more than 0 .020 (n:aximum 0.025) and for automotive 
transport not in excess of 0 . 080 . Trenches equipped with 
belt conveyors must have a gr adient of 16 to 18 degree s . 
The cro ss-section of trenches like\lfi s e depends on the trans­
portation system , land topography , and the he ight of banks . 
The bottom vddth of entrance and exit trenches fo r trans­
portation over standard- GaUbe railways is 7 . 5 to 8 meters 
for sinble tracks and 12 meters fo r double tracks in t he 
U. S. S . R. As a general rule s lope angles s hould not surpass 
those of repo s e for the ground in question . (Slope stability. 
i s discussed in ection 9 of thi s chapter). The excavat ~on 

of trenches should be mechanized . Power shovels and drag­
lines are us ually used . The power shovel is suitable for 
the direct excavation of loose GI'o und or blasted rock . In 
both instances the shovel may unload the spoil directly at 
a dump near the trench (Figure 14a) or into a dUl'!lp-car run­
ning either on the Ground surface or on the floor of the 
upper bank . This is called "up- grade loadinG". Figure 14b 
illus trates how a trench is excavated in three cut s . During 
the first cut (1) the shovel loads the rock into cars (a ) on 
the ground surface ; in the second cut (2) the loadinG is 
done into cars standinG on the floor of the first cut , and 
in the third cui (3 ) into cars pasi tioned at the bot torn I) f 
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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). 

Figure 14b. Drivin~ a trench in three cuts (from Shevyakov, 
p. 658). 
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the trench it elf . Deep and wide trenches can be dug by 
a still greater number of cuts . 

Draglines ( igure 15) are particularly useful for excavating 
~renches in loose ground , with cours e s tacking along the s ide 
of the trench. Becaus e of their long boom , they can en ure 
greater digging depths , larger dumping radii and discharge 
heights . 

7· DrillinG and Pla tine :i"n 0 :m Pits 

The excavation of overburden and coal in pit banks with the 
aid of explosives usually require s the drilling of large­
diameter vertical bla~t holes. In certain instances , how­
ever, ordinary crill holes of smaller diameter are also 
us ed. 

The II pin-point II method of bla ting is sometimes employed in 
excavating trenches . With this method (Fi gure 16) two rows 
of explo s ive char ges are fired , one immediate ly after the 
other. The rock s hot by the fir t blas t is throvm as i de by 
the s econd . The method has its meri t s : simplicity and 
speed with which work can be done in rocks of any ,s trength; 
but there are al 0 ciisadvantaees : difficulties in obtain­
ing the de~ired hape of the opening , additional clean-up 
work with power shovels , and excavation co t are us ually 
great er than obtained wi t h earth digging machines . 

Blasting in open pit s is chiefly performe with blast holes . 



8 

1-/lo~ltl on 01 811 11 r,IfC(! IJunel; II ond lIa - I-lIrk t l owcrNj to Ihe f~ ce; 
III - fl h:lJlnq tI, 1;".",,,1, I V - llloi ,tllI!; n 1 0ndl~1 "II, ' k et; - <illll' 1' 1111' litO 

I bu cl.e l '~ vnl III ; 1 - I IUI~ cl; 2-0 011,"; .1 - 1101111111' ,lc\' 1 0; J - lu,1\1 IIlle; 
, ~ -hvl t /I lie; ' - liLlie)' LI.)('k of I, 'JOII ' .'hllell lOll; 7- LllckC!-l,ul ' "I1;; LIUCk; 

I - tJUlU1l 1ui lIu e; ~-k crllllC \lu .111111 chnlll tv tho Luckel 

r 
\ 
\ , 

~\ 
I \ 
I \ 8 

:~~~~~L-------,:r~~ 
I " , 
I " , , 

' m " , 
/ \ 

1 ,~/'! ~DQ 
.~~~~ 

Figure 15. Dragline ( from Shevyakov, p . 62 1). 

Fj.gure 16. Driving a trench by pin-point blasting 
( from Shevyakov, p. 658). 
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Their arrangem nt uGing single and double Z:0\'l S in a bank 
is illustratAd by Figure 17. In the latter ca e they are 
staggered . Blast holes may have a diameter of 150 to 300 
~illirneters and their depth hould somewhat exceed the 
height of th bank. 

In the U. S. S.R. the following s tandards have been suggeste 
for estimating the burden and spacing of bla~t hole ~ 
(Table 1)*; 

Tabl e 1. :- ·:..nk Height versus Burden 

Height 0: Bank H 
(meters ) 

4. 5 to 7.6 
7.6 to 18. 2 

18.2 and above 

Burden \'/ 
(meters ) 

0.62H ... 0.33 
0 . 2~H ... 3 . 60 
0.1 0H ... 6.10 

Shevyakov , L., "Mining of Hineral Deposit ", Foreign 
Publishing House, Mo ccow, Zubov ky Blvd . 2 , U • • S . R. 
p. 613 
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The burden W is the perpenticular distance from the center 
of the charge to the bWlk s lope (Figure 17). The distance 
between the rows of blast holes 'O.ay rans e from 0.5 to 1.0 ~/ . 
The spacing of individual blast- holes may have values ranging 
~rom 0.6 to 1.5 W. The charges for the blast holes and their 
diameter are chosen to conform with a unit s tandard explosive 
consumption dete rmined for certain types of r ock (Table 2). 
Explosive s used are ammonium nitrate. 

Table 2 . Rock Characteristics vers us Explosive 
Consumption* 

Rock Characteristics 

Sandstone and Limestone 
Sandy Shale , bedded Sandstone 

Explo s ive Consumption 
(kg/ m3 ) 

Hard Clay Shal~ , Sandstone , Gyps um 0.2 
Hard Coal O. 1 

The data on the cons umption of explos ives listed in Table 2 are 

*For additional data s ee Shevyru{ov, L., Table 20 , p . 613 



Figure 17. Location of blast-holes in a bar:k: a ··- single 
row; b - double row (from Shevyakov, p . 612). 

Figure 18. Large electrically powered blas thole rig 
BE 60R for holes up to 12i . in. in dia 
(from SME Mining Engineering Handbook, Vol. 
1 973, p. 11 - 26). 



L 

-30-

rough, since they are bas ed on testing of intact rock which 
does not permit to t ake into cons ideration the effect s of 
structure, jOinting , nat ure of beddinG, etc., in deter­
~ining the breaka ge characteris tic s o f rock. (The effects 
of geological s tructure and bla ting on pit s lope s tability 
are dis cussed in Section 9 of this cha pter) . 

After the topsoil has been removed and s tockpiled , the next 
step in implementing a mining plan i s us ually that of coal 
bank or highwal~ preparat i on. 7his process consists of 
drilling and blas ting the overburden s o that ro ~k and con­
solidated earhmateria l may more eas ily and efficiently be 
handled or dug by the overburden removal machines. 

In modern s trip mining operations in the Un~ted States , such 
as planned for the recovery of thick coal s eams in Eas tern 
Wyoming , bulldozers will be 

drilling of the overburden. 
in diameter will be drilled 

us ed to prepare benches fo~ 

Blas t holes of 10-5/8 inches 
on a pred etermi ned pattern with 

the holes extencing do wn to near the to p of the coal s eam . 
The dr i lls will be o f t he vertical type, pro bably in the 
BE 50-R and 60-R range and ~ize, and will be electrica lly 
powere d (Figure 18). Drill cuttings and the re sultant dus t 
created by the drillin; action, when blo\'m or ejected from 
the hole, will be collect ed by a cyclone dus t collection 
system, built into the drills . Blas t hole patter~s will 
depend on the compo s ition and thickne s s of overburden. 
Some typical patterns for hole s pacings will be 18' x 20 ', 

20' x 25 ', and 18' x 30' or any combination tha t will give 
an economic ratio of pounds of powder to cubic yards of 
overburden , and produce a ma terial tha t can be eas ily 

handle~ by the overburden removal or s tripping machine s . 
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These machines will be draglines with 50 to 75 cubic yard 

bucket capacity and up to 360 feet long booms ( s ee Rp.fqrence on 
page 5 of report) . 

With the coal s eam uncovered by dragline s and cle~ ned by 
bulldozers, holes of 5-7/8 inches in diameter will 06 drilled 
tl'rough the coal and charged with explos ives . Tlle blast 

holes for a 60 to 80 feet thick seam will be on a pattern of 
approximately 25 ' x 25 ' with the s pacing in alternate rowns 
being staggered . The coal will not be blas ted to the ex­
tent as may be required for the overburden , rather it will 
~e shaken, thereby introducing many fracture planes to allow 
eas y digging and a minimum of coal fines . The s hot coal will 
be removed with draglines or power s hovels . 

8. Dewatering of Open Pits 

Water inflow in open pit s may be due to precipitation direct­
ly over the area of pit s , or it may come from neibhboring 
catchment bas ins , or underground ~ources . 

A big danger is pre sented by s urface water coming to the pit 
from adjacent catchment areas . This danGer is prevented by 
diverting the streams through cons truction of dikes and 
ditches. 

Groundwater may enter the pit from the walls , where aquifers 
become exposed, or in the cas e of water under pressure , 
through the pit floor . Sometimes groundwat er i s 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 ' ? 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 i s collected in ditches and con­
veyed to a low point, where a header is installed with a 
PQmping plant. In larger open pits there may be several 
such plrultS. Most coal seams are deposited at a s 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 shaft is sunk in the vicinity of 
th~ pit in the lowes t portion of the deposit , and from 
it, sloping s lightly toward the shaft , a s eries of adits 
are driven , or holes drilled at a level somewhat below 
the planned depth of the pit . The purpose of thes e open­
ings is to collect water and thus drain the pit . A sump 
pump is installed in the s haft to bring the water to the 
ground surface . 

Some examples of diverting s~rface water from a pit area 
are furni s hed by the open-cut mining of gold placers . 
The methods amployed are ana logus to tho s e us ed in the 
drainage of placers worked by underground methods . A 

typical drainage sys tem from a placer area i s sho\ffi in Figure 

19. The section of the mined placer (hatched in the draWing) 
is located in a valley. To divert the river flowing throus h 
the valley a dam is cons tructed at a location ups tream of 
the placer . Further, a drainage ditch is constructed on 



Figure 19. Diversion of water in surface mining of a 
placer (from Shevyakov, p. 672). 
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both 8ides of the valley. This ditch is used to convey 
r iver water around the placer area and intercept water 
originating from s prinGs and storms running off the 
vall( y slo pes . 

Meas ures for controlling ground water in open pit s are 
explained in Section 9 on slope stability. 

a. Prevention of \'later Pollution and Cont rol of Turbidity 

Large flows from open pi t s (s uch as 1000 gpm ) may require 
holding ponds to provide the necessary retention period . 
Any required holding ponds should be located as f a r f rom 
streams as po s ible in an area clear of trees , and p 0-

perly cons tructed to prohibit ~eepage from the ponds . 
Dikes s hould bo cons tructed of impervious materials and 

adequately compacted and have s ufficient freeboard to provide 
protection from accidental di (' charGe. 

Turbid wastewater r esulting from mining operations , Ground­
water intercepted by dr ainhole " drainage f rom s poil piles 
and was te di po sal areas , etc ., should be treated by the 
us e of acceptable methods for turbidity and pH control . 
Any turbidity and pH control facility ins talled by the 
operator s hould have the capacity to treat the maximum 
anticipated flow from t he pit and be a ble to reduce the 

suspended solid (nonfilterable re s idue) concentration in 

the eff luent to more than 25 part s per mill ion (mi lligram r­
per l iter) and be able to maintain pH of the effluent 
between 6. 5 and 8.5. 
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Approved turbidity and pH control faciliti~s s hould be 
provided with bypass equipment to dis charge clear was te­
water flows to the s treams if such water ha~ s uspended 
sediment concentrations less than 25 part s per million 
(milligrams per liter) and a pH value between 6.5 and 8.5. 
The decision to bypass water treatment facilities =hould 
be subject to approval by qualified representativ~of the 
operator . 

b. \'Jater Quality Sampling and Test,ing 

It should be the , res ponsibility of the operato r to accomplish 
such water quality sampling and tes ting as i s necessary to 
maintain pro per control of his turbidit y and pH control oper­
ations and insure compliance with the latest water quality 
standards issued by the State and Federal Government. lo­

cally, the ce s tandards would be contained in the lates t 
edition of the \'later pollution and Control Commission ' s and 
Colorado Department of Health ' s "Standards for the Discharge 
of \'/as tes" . ':P he s amplino and tes ting of water s hould be 
accompli -hed ac co~~ing to procedures desc r ibed in the latest 
edition of the EPA plblication "Methods for Chemical Analysis 
of Water and Was te s ". As a minimum the pro gram should con­
sist of meas uring the pH , turbidity and the water tempera­
ture of the effluent from the turbidity control facilitie c 

twice each worki ng day . The location for moni toring the 
effluent s hould be s pecified by the operator . 

As dis cussed earlier in the report, of equal concern in en-
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vironmental quali t y protection related to coal-s urface mining 
are lands cape preservation , preservation of trees , abatement 
of air pollution , dust abatement , pesticides , and clea~-up 
and dis posal of was te material c:- . An excellent paper on how 
to des ign environmentally sound sOlid-waste dispo aJ sites 
ha u recently been publis hed by GiOia, M. , A., et. ale (1 974 )*. 

9· Slope St ability in Open Pit-Minin~ 

a. Applic ation o f Rock Mec hanics Principles to Pit SloEe 
DeSiGn 

The size of mo s t surface mines is s ufficiently great that 
the angles at which pit s lopes are excavated have a major 
influence on the economic ~ of the project . Up until only 
a few year ago expendi tu.:"e of more than a few thousand 
dollars on slope stabili ty s tudi es was criticized by many 
mlnlng engineers . However , as a res ult of many pit failures 
the economic s of stability have recently been the s ubject of 
int ense s crutiny, A vigu rous effort is pre sently unde r way 
around the world to place the design of rock slopes on a 

• GiOia, N., A., at . ale , "EnVironmentally Acce ptable 
Coal- Ash Disposal Site" , in Civi l Engineering , ASCE 
(December 1974) , pp. 64 - 67 
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rational bas i o . Therefore , a knowledge of "strens distri­
butions in and ~der slopes is a fundamental requirement 
for any mechanistic underctanding of ock slope behaviour . 
An acc urate evaluation of stresses and displacements around 
excavations in rock is a difficult task , particularly for 
the geometries of rock s lopes , if the rock mass in which 
the slope is to be cut is not homogeneous , i otropic and 
elastic. 

In Canada*, for example , rock slope res earch ar i es primari­
ly from the need for more information on the s tability of 
the walls in large open-pit mines . Durins the last decade 
the mineral production from open-pit mines in Crulada has 
significantly increas ed , so that now this method accounts 
fer approximately 60% of t he total ore mined . In t urn this 
had led to a great increas e in the volume of was te excava­
tions . At pres ent the s election of pit s lope angle is , how­
ever , still largely a matter of experience and engineerine 
judgement . Thus , much thought is being given to t he con ~ider­
able economic benefit which would res ult if pit s lope angles 
could be made s teeper by even two or three degrees . As re-

* Herget, G., "Recent Re earch on Rock Slope Stability 
by the Hining Research Centre" (Canada ) in Proceedings 
of the Second International Conference on Stability in 
Open Pit Hininc , The American Ins titute of Mi ning and 
Metallurgical and Petroleum Engineer ", Inc. , New York 
(1972) pp . y7 - 66 



L 

-37-

ported by c. o. Brawner* many pit" in Canada now range 
between 800 and 2, 500 feet in depth . In the s e , avings 
of as much as 5 to 12 million dollars can be achieved for 
each degree the ~lope can be steepened . This potential 
saving hac emphasized the benefit of t he application of 
r ock mechanic s principle to open-pit mining . 

It is senerally r eco gnized that slope stability depends 
pr imarily , on hoVi the r()ck behaves under a s tre E'f:'; system 
caus ed by the excavations . In general the design of an 
open-pit mine s hould be s uch t hat the slopes are steep 
enough to res ult in economical mining and flat enough to 
ens ure safety of the creVi and the equipment in the pit . 
Research work is still required to pro vide the necessary 
scientific information and to show its method of applica­
tion to the design of optimum pit s . 

11 Factors to be considered in Stability 
Assen ment and Desi6n 

Recent laboratory and field reo earch has emphasized the 
importance of geology , rock s trength , groundwater and 

* Brawner , C. , 0 ., " ock Mechanics in Open Pit Mining" 
il. Proceedings of the Third Congre s of the Inter­
national Society for Rock Mechanics , Vol . 1, Part A, 
Printing w1d Publi shing Office National Academy of 
Sciences 2101 Constitution Avenue , N.W. Vas hington , 
D.C . 20418 (1974) pp . 755 - 773 
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blasting on pit s lope stability . Since these factors will 
vary throughout t!1E! pit , slopes wlth variable angle s hould 
be the rule rather than the e~E1Jtion . 

a) Geolo[y and Rock St rength: Because of tresses 
acting on rock s lopes and foundations are generally low, frac­
ture of intact rock is s eldom involved in the failure of these 
structures; their mechanical behaviour being governed by shear 
movement or discontinuitie s , ~uch as faults , bedding planes and 
joints. Consequently , determinat .'.on of the shear strength of 
these discontinuities is a question of funda~ental importance. 

In coal pi~ surfaces of seperation frequently consist of 
strat igraphie layers , s uch as bedding plrules and geo logically 
induced fractu .. '\~S , such as faults and jOints. TheBe struc­
tural feature '" }.ave a tens ile trength which is for all prac­
tical purpo es zero , and a shear trength which de_ends on 
wall roubhness , the filling material, and the a:i1ount 0 f im­
brica ion (arrangement of individual blocks ). The most dan­
gerous for tability are o~viou 1y the s urfaces that are 
planer , smooth , filled with "'oft materials of laroS e areas 
and not interlocked . Where clay in filled faults or shear 
zone dip out of the s lopes , slopes as flat as 150 to 200 

may be required . On the ot},er hand s lopes in exce C' ''' of 700 

have been stable in hard , massiv~ igneouo or 1imestonA rock. 

It is a wide C' pread error to believe that benches invaria 1y 
increa ~ e the stability of rock slopew . They only do so 
in certain ca es; in general the stability of a rock cut 
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i s dependent on the mean inclination of the s lope* . By 
artificial rei nforcement (anchoraGe , tying , etc .), t he 
stability ~~ rock e lope - can often be con~iderably i~­

c rea~ed . Not r arely , immediate s uccess i achieved by 
only emaIl means . In otler cases th~ prospective res ul ts 
do not warrant the effort. It invariably depend~; on the 
geomechanical properties cf the rOGk s tructure whether s uch 
rei nforcement is an economic propo s ition or not. In each 
individual ca e , the decisi on rests with comparative compu­
tations . 

Frequently , borehole information is all that i s available 
for structural studies . Plans should be made to obtain 
maximum data from the borehole program . The core s hould be 
pho t ogr aphed , logged struct urally and where po sible , ori­
ented . The 'tructural data should be evaluated statistical­
ly , ubing polar plots** . 

Where the geology progr am locates discontinui ties which dip 

* Nueller , L., "The European Approach to Slope Stability 
Problems in Open- Pit Nines" in Quarterly of the Colorado 
School of Hines, Vol. 54 , Number 3 (July 1959 ) pp. 11 4 - 133 

** Hoek , E., and I3r y, W., J ., "Rock Slope En ineering" 
The Insti t ut.ion of }!ining and Metallurgy , London (1 97 /. ) , 

pp . 37 - 55 
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out of the slope the effective anGle of shear resistance 
'¢' must be determined. The direction of tests should 
coincide with the po~ential direction of failure in the 
field and the strecs range should coincide with field 
stress conditions . If gouge exists in th9 jOints, tests 
are required for rock on rock , rock on gouge , and i n t he 
gouge , to determine the lowest value. 

Shear tests must be performed to determine the lowest or 
residual angle of shear resistance as we 1 as the peak 
value . This bas practical sibnifican~Q if a ~lide ha 
developed . If stabilization i s attocpted bef~re the st rain 
at which peak stren£th i r- developed; much les'" effort and 
cost will be recoenized to stabilize the movement , than if 
the s train has been sufficient for tbe rulgle of shear re­
sistance to bF-) reduce d below the peak value . Procedure r ' for 
rock test~ng are deccribed in the a~ove referenced litera­
ture by O. C. Erawner and E. Hoek et . a l. ( 197J,) . 

hl G!'ound1,','at er: The exis tance of groundwater 
also has a major influence on 'tabili ty . 'l'he drainage of 
wet s lo pes frequently will allow Lteepening of slopes by 
3 to 10 det;ree '" while maintaini ng tbe "rune safety fac tor . 

'later pre 'sure in d~scontinuities reduces the s hear s t:ength 
of rock by reducing the normal force ~ which develop s hear 
res istance . \'later wbich loVis throuGh the rock creates 
seepage pressures .:md \'/<lter which fillo tension cracks 
creates additional horizontal forces agains t the s lide 
mas ' . ~bere freezing temperatures exi ~ t, s pecial attention 
mu ~ t be aid to water pre sure during winter periods . The 
face (If the slope may freeze and inhibit eepage Vlhtch re-
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suIts in increaced w&ter pressurw and reduced s tability in 
slopes . Cons iderable past literature haG attributed failure 
of a s lope due to the lubrj.cation action of water. Water is 
not a lubricant but reduces stability by reducing the ~ffec ­

tive pressure which mobilizes s hear resistance or reduces 
shear strength by softening . 

In determining the permeability of the rock mass , cons ider­
ation s hould be given to both coal and overburden . From 
permeability tests estimates can be pre pared of the amo~nt 
of seepage to expect and ubsequent 'in-pit ' pumping re­
quirement s . Permeabilit y sho uld be determined from 
pumping test s or borehole permeability test <O' . Since it 
is the water in the dis continuity that influences sta-
bili ty, la oratory pern.aabi li t y tests on rock core are gener­
ally mean~ess and mis leading. 

If drainage of pit 10pe8 ~ill improve s tability or allow 
steeper s lopes t o be us ed several method s are available . 
Horizontal drains 2 to 4 inche s in diameter, spaced :0 
to 50 feet apart , drilled on a plus 5 percent gr adient 
into the s lope for a distance equal to about 2/ 3 of the 
slope hight, with a maximum lenGth of 400 feet have been 
found very effective on over 30 mining proj ect s around t he 
world (Brawner :974, p . 758) . In some in"' tance s lope 
drai~age can be effectively developed using dr a inage adit s 
supplimented with percu~sion drain holes fanned out from 

the adit (Ho eck, et . al ., 1974, pp . 240 - 243) . Where hea vy 
seepage i s encountered pumping from deep wells may be 
s uccessful (Figure 20 ). Piezometers sho~ld always be in­
s talled to monitor water pressure s and to determine the 

benefit of drainaGe . It must be recognized that the amount 
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Figure 20a. Drainage of an open pit through suction filters 
1 - coal; 2 - cl~y; 3, 4, 5 - banks; 6 - sand 
(from Shevyakov, p. 674.). 

Figure 20b . Dewatering of a coal seam throus h drainage 
workings (from Shevyakov~ p. 673). 
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of water intercepted is not an accurate measu~e of the 
effectiveness of drainage . The significant factor is the 
reduction obtained in the water pressure . Frequently rock 
.faces which appear dry are inferred to be drained . If the 
rate of evaporation exceeds the rate of seepage, the face 
will appear dry and may mask high water press ure in the 
&lope. 

c) Blas ting : As discussed in Section 7 of the 
report, blas ting in open-cut mining is frequently required 
for excavating trenches and removal of overburae~ and coal. 
If this i s not performed carefully the s hear s trength of the 
rock in the final s lope can be s ignificantly reduced. Shear 
stress in the rock i s increar- ed by seismic acceleration force s , 
discontinuitie s are opened, new cracks are developed , ground 
water enterE' cracks in the slopes , and the potential of land­
sliding and rock falls i s increased . 

Up until recently dynamic force s ',vere approximated by s uper­
imposing an acceleration force as a static force in the c' lide 
zone. Dynamic tress analysis us ing finite element methods 
(Seed, 1967 * and Prater, 1973 **)now offers more accurate 
asses sment. 

* Seed , H., B., "Slope Stability during Earthquakes", Journal 
of Soil Mechanic s and Foundation Division , A. S.C. E. Paper 
5319 (1967). 

** Prater, E., G., "Die - tabilitaet von erdbebenbeanspruchten 
Boe ~chunben", ~c hweizerische Bauzeitung 91. Jahrgang , Heft 
47, (22 . November 1973) pp. 1157 - 1162 . 
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Blast sizes per hole on mining projects us ually range from 
500 to 2000 pounds. Frequently many hole s are detonated at 
one time ( per delay) which caus es very high acceleration 
forces and tension s tresses in the rock. I f the rock is 
jOinted, hi gh air pressure- frequently develop in the jOint s , 
and if the jointed rock mass i s saturated , hydrodynamic ~ hock 
force s develop for cons iderable di stance away from the blas t 
location. 

To minimize the damage to rock s lopes by blasting the amount 
of explosive per delay ~ hould be a s low as practical, angle 
drilling of 70 to 75 degrees can be us ed at the final face, 
and line drilling incorporating pre-s hear or cus hion blasting , 
used success fully on many r.ivil engineering projects , s hould 
be cons i dered . 

Other factors to be cons idered in s tability assessme~and 
des i gn of pit s lopes are load induced by equipment and 
earthquakes . 

d ) Equi ment: In mo s t strip-mining operations 
after the overburden has been lifted , a dr ag line will po ' ition 
its elf on the Fho t mater ial and begin the digging of the pre­
pare overbur er' . The working we ight of a wa l king dragline 
such a s manufactured by the firm Bucyrus - Erie (Mode l 1570- VI 

with 70 cubic yard bucket and 320 ' boom), for example, i s 
6, 480,000 pouD·is . If 1'.nfavorabl e geolo gica l conditions pre­
vail in a pi~ slo p~ and equi p~ent o f s uch weight is operated to 
clo se to the ~ ~o ~ ~ f a bank , failure of the bank may occur 
direc tly under the cragline caus ing it to lide into the 

pit. A s lope failure of this type could re ~ul t in thousands 
of dollar of equ~ ment damage , lo es of pro duction , and even 
10 s of life. It i s thus important that equipment loads 



are taken into cons ideration in slope s tability ana lys e " to de­
termine safe operating posi tions for dragline ~ , power 2hovels , 
bulldozerB , and other heavy equipment working in the pit. 

e) Earthquakes : Of equal concern in pit s lope 
stability are dynamic loads induced by earthquakes . Con s e­
quently a careful assessment of the s eismic activity of the 
area in which the project is located (preferably within a 300 

mile rae ius of the project) providing information on epicenter 
location, magnitude, intens ity, focal de pth and reoccurance of 
earthquakes , as well a s t heir relation to geological s tructure, 
is of fundamental import ance in planning and de s ign of any 
mining project. 

The effect s of an earthquake are known to be greatest where 
seismic waves approach ooft or unconsolidated s ubcoil de ­
po sits , underla in by firm ground. As reported by M. Wohnlich , 
1973*, the greates t amplifications in ground acceleration occur 
when the soil depo sits are 20 to 30 meters thick. Amon g the 
structures mo s t affected by earthquakes in open-cut mi..ning 
would be s poil banks or was te ti ps , tailings daos , dike s f or 
water divers ion, and any s tructures erected on r eclaimed .land. 

*V'ohnlich, H., "Erdbebenprognc s i s und Seismis che r3 Risiko" 
Sc hweizerische Bauzei tu."1g 91. Jahrgang , Heft 46 (15. 
November 1973) pp. 1139 - 1148. 
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AccordinG to S. Ocamota, 1973* earthquake dama~e on re-
claimed land may be con siderable. The behaviour of such 
land can be con "idered to corre pond to that of the softest 
alluvial soi l posing many problems in regard to earthquake 
resistance. Therefore individual inves tigations 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 i s extremely soft . Therefore re­
claimed land, if used for residential or industrial purposes, 
should be investigated toge ther with the underlying ground 
in estimating earthquake resistance. 

To evaluate te effects which local and distant earthquakes 
of various magnitudes miGht impart to s tructures , arti ficial 
embankment s , s lo pes , etc ., maximum bedrock accelerations a , 
velocities v , displacements d, and durations s , of these 
event s may be computed and plotted in form of attenuation 
curves as illustrated in Figures 21 tirouGh 24 (Ueblacker , H., 
1974 )**. 

* Ocamota, S., "Earthquake Damage on Reclaimed Land" , in 
"Introduction to Earthquake Engineering", John Wi ley & 
Sons , New York (1973) pp. 108 - 109. 

** Ueblacker, H., "Earthquake Analysis f or a Propo ~ e d 

Wyoming Coal Development Project" , un publi c- hed report 
(1974) . 
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Erapirial eq uation (N€>wmark and Ro . enblueth , 1971* and 
Kana~ 1972**) permitting correlation of ground motion 
paral:le ter with magnitude and hypocentral di tance ( },i gur~ 25 , 
26) 0 f an earthq uoke may be us ed f or this purpo "e . 

Thes e quations imply that an earthquake originates at one 
focus and do not reco gnize more complicated generating 
mechanisms . In particular t he structural geo lo gy of a 
region which is no t always kno wn in detail, i s important 
for the study of seismic epicentral zone s , s ince i n reality , 
an earthquake i no t only t he liberation of energy at a 
certain 3pecific point , but in a zone a lone one or several 
faulting lines of the earth crus t , where the triggering 
action takes pl ac e . I n addition , it i s obvious that the 
int ens ity of motion at the ground surfac e will be a f unction 
of the mechanical , strati6raphical and hydraulic pro pert~e 
of the s ubsoil which overlies the rock formatio ns at a 
s pecific s ite . Co ns iderable dis per~ ion s hould therefore 
be antiCipated, if t he above referenced equations , or en-

·it Newmark , . , M., and Ro enblueth , E. , "Fundamenta l s of 
Earthquake EngineerinE;", Prentice- Hall , Inc . , Englewood 
Clifts , N.J . (1971) pp . 233 - 236 

** Kanai, " Pro ce edings of the International Conference 
on Microzonation fo r Safer Cons truction , te search and 
Application" , Univer r i t y of Washington , Seattle Washing­
ton (1972) Vo l 1, p . 177 
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c lo ~ ed attenuation curves are uned to es ti~ate the effect~ 
of s hallow earthquakes . They are probably adequate for 
estimating the effect s which earthquake s of moderate and 
long focal di tances may impart to s tructures on firm ground , 
although the diGpers ion is expected to be high even in this 
range . Ievertheless , the attenuation curves com puted for 
maximum rock accelerations (Figure 21) &ppear to be in 
r easonable agreement with those obtained for recorded rock 
motions , at' least for earthquakes with magnitudes up to 
M = 5 . 0 (Figures 27 and 28* ). 

More reliable data on ground motion parameters for estimating 
the effects of earthquaka. can be obtained through installation 
of seismic monitoring devices at a site ( preferably during the 
planning qtage of the project) and detailed geological studies 
of seismic e picentral zones of a region . 

On firm ground , given an e,ctimate 0 f the maximum bc::.se acc eler­
ation , v~locity an d dis placement, and a mea s ure of the duration 
of ground motion , the expectation3 of the res pen es of a wide 
variety of ideal tructured can be computed following the 

* Schnabel , P. B. , and Seed , B. H., "Accelerations in Rock 
for Earthquakes in the Western United States ." Bulletin 
of the ('eismological Society of America , VoL 63 , No . 2 , 
(April 1973) , p . 506 
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suggestions of Newmark , 1968* . Thes e expectations practi­
cally s uffice for de~ign urpo es . After this has been 
done, an additional step allows to e timat the de ign 
spectra for motions at the urfaco of Boft oil t hrough 
which firm ground motion may filter . 

b. Stability of TailinGs Dams and Vas te Tics 

The was te Mater ial from both coal and metal mineR falle in-
to two size ranges : large 'ized r ock or low gr ade ~ineral 
from development s , variously known as 1'0ck , "' poil (coal mines) 
or mullock (met 1 mine s ); and finely Jround material from t he 
metallurgical plant or from the coal washery . rom a metal 
mine mill the fine !., are us ually known as tailings and go to a 
t ailings pond . VIa te rock in coal mines can be overburden or 
spoil ( i n the U. oS .) and go to a spoil bank or wacte dump , or 
can be chitter (a ~ in AUot ralia) and go to a tip or bing . fo r 

convenience' t he term was te and tip will be used . 

Open-pit coal and metal mines have ~imilar problems ; they 
have to fin 
it safely . 

pace in which to dump the wa :~ te and mus t dum 
Althou~h there r.ave been fre quent s lides of waste 

tips and failures of tailiugs cams , the probloms wore emo t ionally 
highlighted by the pit heap lid€) at Aberfan in C'outh '1ale~ , on 
October 21, 196G , in which 144 people lo s t their lives . }10st 
o f the victims were Children at t~~ local s ohoo l which was 

* Newmark , H., "Earthquake ReSistant Building DO"' i gn", 
in Structural Engineering Handbook , Gaylord and Gaylord , 
Editors , ~c Graw-Hill Book Comp., New York (1 ?68) action 3 
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over-rll.n by the s lide 0 f mud and fine coal. PreviouF. 
s lides of this type arounj the world had di s rupted ccrr.muni­
cations and bloc'.ed hiGhways , but had rarely trapped a group 
pf victims in this way . 

There was an imme di a t e examination of mine was te dis po sal 
techniques in most countries and both Britain and the U. S.A. 
have publi~hed the ~e sult s of investigations . 1,2, 3 The 
National Coa l Board investigations have teen endor~ ed tn 
Britain by Govern:nelltal legislation , and mos t States and 
Countries now have legi ~ lation controlling mine wast e dis­
posal. The main field of activ ~_ty concorns liquification 
Jf fines or of argillaceous (clayey) was te, with consequent 
dam failure or tip s lides . 

1 ) Site Inve ~ ti~ation~ '. 

Before either a dam or a wa~te hean i s buil t , the site 
s hould ~e t horoughly inves tigat ed . Cas e studies are given 

1) a tional Coal Board .r. C. B., "'l'echnical Handbook on 
Spoi l Heaps and Lagoons ", London (197() 

2) 'low enhend - Ro s e, F.H . E., and Thomson , G. M., 
"Security of: ips - "tatutory and lechnical Requirements ", 
The Mining Ensineer , !o . 125 , p . 293 ( eb . 1971) 

3) Kealy , C. D., and Soderberg , R. L., " De i gn of Dams 
for 1-1ill Tail ' 11 £;S ", U. s . Bureau of Minc "' , Information 
Circular I . C. 8410 , (1 969) 
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in recent publications by the American Ins titute of MininG, 
Hetallurc;tcal and Petroleum Engineers , Inc. 1,2,.3 and by 

Toland, 1971*, but the following recommendations are bas ed 
on the National Ccal Board publications , referenced above. 
The stenB to be taken are: 

1. Make a preliminary investigation : look at the local geo­
logy, make your own maps if necessary. Decide on poss ible 
future mining s ubs i dence whic~l can caus E. ins iablility. Look 
for evidence of s urface instability and chart the local 
hydrolo gy, particularly of s easonal springs or streams . 

2. Carry out tests : siru~ trial pits and boreholes and 
collect ·amples . Classify the surface soil by type and 

1) Hartman, H. 1., Editor , "Cas e tudies of Surface }1ining", 
( 1 969) 322 p. 

2) Brawner, C. 0., and Milligan, V., Editors , "Stability 
in Open-Pit Nining" , (1971) 242 p. 

3) Brawner, C. 0., and Hilligan , V., Editors , "Geotechnical 
Practice for Stability in Open-Pit Mining", (1972 ) 274 p. 

* Toland , G. C., "About Tailings Dams - Construction , 

Sealing and Stabilization", };ining Engineerin5 , p. 51, 
Dec . 1971 
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meas ure the shear strength and permeability of the s urface 
s oil, s ubsoil and underlying rock . 

3. Calculate the foundation stability taking into consider­
ation the tip material and its likely water table and make 
s ure it has an appro~ate fact or of safety . A t ip near a 
built-up area needs more s ecurity than one ~ everal mile f rom 
habitation~ Remember that (a ) mining s ubsidence may open 
up fissure , creating paths for preferential water flow 
(b) seepage pre ssures wi ll exis t in tips and foundations 
(c) clay can give an unstable foundatio n, particularly if 
saturated (d ) if there i s a natural s lope to the Gro und then 
it mus t be draine d and s tabilized ( €) extending an exis ting 
tip can be dangerous if its previous his tory is unknown. 

4. For a was te tip the final "ite cho -en mus t be large 
enough to have s pa ce o f ~least 30 fee t clear around the 
bas e of the tip for acce s and safety . The clearance s hould 
be increas ed for t i ps on s loping ground , high tips , or tips 
with a low fac t or of safety . 

2) Factor s of Safet~ 

A des i gn factor of safety depends on the cons equence of fai lure 
wi t h re ~pect to pers ons a~ property , t he reliability of the 
des i gn input datq , ~ld the reliability o f the design assumption Q 
over the life o f the tip . National Coal Roar d r ecommendati02!s 
(Great Britain ) were , that fo r new s poil tips on f lat ground 
where there may be a risk to people and property t he factor 
o f safety ' hould be 1. 5, in ot her ca~es it may be 1. 25 . On 
s loping sites or in areas where earthqurute s can occur a 
safety fac tor of 1 . 75 or greater may be required . 

J 
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As in stability a~~ es8ment and design of pit s lopes , safe 
construction of s poil banks or was te tips , tai ling dams and 
dike s for water divers ion, etc., dapends on various para­
meters governing the ~ trength of the soil and on the s tresses 
which develop within s lopes and foundation~ . Mine was te 
material mus t be assessed for size distribution , specific 
gravi ty, pla~· tici ty , moisture content and density . The shear 
stren6th , consolidation and permeability mus t e determined . 
It is also necessary to as s ess a change in characteris tics 
with respect to time, such a s a breakdown of shales , liability 
to spontaneous combustion of carbonaceous materials or s ul­
phides , or cementation of some depo s its . 

In conclusion of this s ection on s lope s tability t he following 
recommendations are made . To achieve optimum safety and 
economy in pit s lope, was te tip and tailin dam deSign , a 
number of possible s ituations s hould be s tudied by varying 
the angle and drainage of slopes using a re pres entative 
mathematical model . Important parameters affecting the 
s tability of excavated s lo pes and artificial embankments 
are the stre3S condit i ons that develop within thes e s tructures 
and their foundations ; the state of s tress that pervails in 
overburden iorreations and coal prior to mining , i.e. , the 
initial state of stress in the rock mass or soil; advers ely 
oriented s tructural feature s of the rock mass ; groundwater 
condition~ , mechanical and hYrlraulic pro perties of soil and 
rock; seismic loads induced by blas ting and earthquakes ; and 
equipment loads . ~he more carefully &nd accura~ the s e para­
meter~ are determined and taken into consideration in s tability 
analys es , the more confidently can pit slopes, wa te embank­
ment s and druns be des igned and con tructed , i.e ., essentially 
the more safely and economically can a coal urface mine be 
operated. 
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CASE STUDIES 

1. Australia 

Austr alia has in the las t few years become a notable producer 
of minerals. As reported by 1. J. Thomas , 1973* , this conti­
nent containa what are probably the world ' s two largest iron 
ore mines, both located in the Pilbara region of Western 
Australia (FiGure 29) . Hamersley Iron produces about 37.5 
million tons of ore yearly and the Nel'lmC> Consortium about 
35 million tons . Present mining is of high grade haematite 
with about 64 percent iron . 

The aluminium industry has reserve s of more than 2000 million 
tons of bauxite in the Weipa area of Northern Queens l and alone , 
and more than 3 ,700 million tons available in Australia to pro ­
vide for its expansion . The Gladstone Alumina plant (Queen -- ­
land) had a rated capacity of 2 , 000 , 000 tons annu.aly in 1972 , 
making it the bigGes t in the world , ani s hould by no VI operate 
at a ~apacity of 2,400,000 tons . 

* Thomas , J. 1. , "An Introduc t i on to Mining", (E:{ploration , 
Feasibility, :Sxtractj.on, Rock Nechanic s ) Hal s ted Press , 
a Divis ion of John Wiley & Son, Inc. , 605 Third Avenue , 
New York, N.Y. 10016 (1973) L~36 p. 
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There are ellormou ~ reserves of coal for that rapidly growing 
inductry (Figure 30). rIhe world I S second larGest dragline 
\' i th a 100m3 bucket beinG capable 0 f removing 6,500 tons 
of overburden or coal pel' hour is operating at HOlL':'a Mines in 
Queens lan .!t . In some underground mine.:.> coal production out­
puis of 900 to 1000 tons per shilt from a continuous miner are 
obtained r~Gularly 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 coa: from New South Wales 
is at prescnt Vlon by longwall methods , but by using equipment 
specially strengthened to s upport the hard sandstone roofs , 
high productivity is now obtained . 

For heavy mineral sands (rutile, ilmenite and zircon) Austra­
lia is the world ls largest producer and has pioneered some dry­
mining techniques . Australia is also the t hird larges t producer 
of lead, exceeded only narrowly by the United State and the 
Soviet Union . In 1969 the lead content of Australia ore pro­
duction was 445,000 tons . Mount I sa Holdin6~ produced about 
one third of this total from it s mine at . ount I sa in Queens ­
land. This mine also produces quantitlCS of copper and zinc and 
is probubly the largest underground metal mine in the worl d . 
Nickel production in Aus tralia is riSinG rapidly, excellent de­
posits of uranil~ have been found in the Northern Territcries . 

* Bossman , M., "Die Abbautechnik im aus tralischen 
Steinlwhlenbergb.:l.U" , Glueckauf liO (1974 ) Nr . 17, 
p . 690 
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Figure 30 . Map of Australia showing coal meas ures , a , b = 
bituminous coal , c = brown coal ( from Bossmann , 
1974 , p. 687). 
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Almost every commercial metallic ore i mined in s ome part 
of Aus tralia . In 1970 more than $170 million wer~ spent on 
mineral a~d petroleum oxplorat i on . Private capital invest . 
ment to taled $1 , 750 million , and another S860 mi llion were 
spent on extraction , re fining and foundry plant . Currently 
another $1, 600 million are comwitted to expan sion of exis ting 
projects , or to new ventures , s uch as the Sl L+ million asbestos 
project in New Sout h Wales . 

The Austr alian popule.tion is concentrated mainly along 'hort 
str(~he& of t he coas tal f r inge , and the interior of the conti­
nent i s virtually without water . Many mining deveJopment s 
have to establish their own communi ties . Ho s t hO'Iles are air­
conditioned and are con~tructed a t a cos t of approximately 
$40 , 000 per unit . The companies may have to provide their 
own road s , electricity , water s upplies , and r ail ways to the 
coas t and even their o\m port s . 

Construction mater ials and equipment may have to be frelghted 
3000 km ac ro ss t he continent and food may have to be air­
frei ghted in to a re!.!lot e mine. Con [~equently , the mines mus t 
be planned t o produce a large output from a small working 
force , es pecially if the ores are low s r a e . This has cau~ ed 
a rapid improvement i n oini ng technoloGY. 

To cope with the expan ion of mining i n Aus tralia many over­
seas engineers have been brought in . Overs eas tec hno loCY has 
been adapted to local conditions for new mine r al s , an engineers , 
from nec essity, produc ed i nnovations and increased pro ductivity . 
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a. Coal Fiel ds 

The principal knovm coal deposits of Australia are shovm on 
the map in Figure 30 . HO Dt of these depo r- its are located 
near the continent ' s e~rn coast . According to Thomas , 
1973 , p . 220 , dome ~~ tic electricity utilities take about one 
third of Australia~ coal production . The trend is to build 
the generating station adjacent to the mine. The liew outh 
Wales El~ctricity Commission operates underground coal mines 
as well as power s tations . The coal is won mechanically, 
conveyed to the s urface , cleaned , and conveyed to the power 
st."I.tion boilers without being touched by hum .J.n hands. }!un­
morah Colliery , for ex~aple J produces and conveys 6000 tons 
of coal daily from its unuerground mine to an adja~ent power 
station with a working force of only 250 men . 

As repo ted by V. A. V/eim3.r , 1969* J uutheas t of Helbourne 
enormous brovm coal c. epe e-it s ranging from 200 to 750 fee t in 
thicknes s with 50 feet or le s of s andy overburden are being 
mined by surface methods . 'r he coal i s of low grade having a 
calor~c value of 3000 BTU er lb . and a mois ture content of 
50 to 70%. The coal i s produced for mine-mouth power gener­
ating plan~ '-" of the State of Victori a Electricity Commission . 
The Commission e ~timates t hat the Latrobe Valley here has 17 
billion tuns of coal . The coal i s extr acted by everal chain 

* Weimar, W. A., "Australia - Recent Development · in 
Surface Mining" in ' Case St udi es of Sur ace Mining ', 

ProceedinGs of the Second International ~ urfaco lining 
Conference , The AI:ler ican Ins titute of lining , Metalurgi -
.cal and Petroleum Engineers , Inc ., New York (1 969 ) pp . 3 _ 11 
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bucket excavators and bucket wheel excavators , the wheel 
digging above the base and the chain buckets digging be­
low the bench base . 

Most impressive coal mining developmentc are located in Cen­
tral Qu~encland . They are the Utah Development Pty . Ltd . at 
Bl ackwater which b'9Gan in 1967 and the Thiess -Peabody r.ritsui 
Coal Pty . Ltd. at Houra. which began in 1963 . Utah has a 
walking dragli.ne with a 30-cubic-yard bucket in a 285- ft . 
boom. In contras t to Utah and other developments ( s ee Thomae 
1973 , n. 130» ) Thiess Peabody Mitsui employes the s econd 
largest dragline in the world VIi th a 130-cubic.·yard bucket 
on a 275-ft . boem. 

1) Open-Cast Workings at Hou.co. 

According t'J Thomas , 1973 , p . l31, open-cas t workings at Moura 
produce about 3 ,1 00 , 000 tons of coal annually and another 
600 , 000 tons are pro duced by underground methods . Open-cast 
re s erves are about 35,000,000 tons and total reserves are more 
than 75,000,OCO tons in an area of 470 km2 • 

The overburden consis t s of G'nales and sandstones which are 
stri pped dorm to 48m depth as a cut-off limit . The equip­
ment includes : 

Draglines 

Shovels 

Olle Harion 8900 100 m3 electric with 84 m 
boom. 

Ona Marion 7900 30 .1 m3 electric with 84 m 
boom. 

One BE 480\'1 with a 9.2 m3 bucket . 

TV/o Marion 151M with 10.7 m3 coal loading 
bucket s as main production unit s . 
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Front-end loaders Two Cat 952 with 10 . 7 m3 bucket s for coal 

loading. l'he mine aloo has two Hough 400 
unit e for stock-pile duties and a Cat 988 
unit for loading and clean-up duties . 

~rucks 14 Euclid bottom dump truck~, mainly 100 
ton unitG \'lith some 50 ton unit s . The -e 
are only u~ed for coal; no overbur den i ~ 

Drills 
moved with trucks. 

Two rotary blas t hole drills on crawlers 
for overburden drilli ng ; both BE6 R us ing 
0 .38 m bits . 

The coal alGO has t o be drilled and fired beforo loadi~~ out 
on two 10 hr shi ft e per day . Naximum ha.ul distances are near­
ly 13 km to thE' dump whE're the coal i s then fed through a rotary 
breaker . Coarse sizes are was hed i n a magnetite den 'e medium 
bath , emall sizes are cleaned i n a dens e medium cyclone and 
the fine s are cleaned by f ro t h f lotation . All coal is crus hed 
to minus 32 mm and Rtockpiled for loadout . Tr anr.port i s by 
3000 ton unit trains to the port at Glad .. ton 177 km away . 
There ~ro fi ve serunt., t o be mined but ber. au ;e 0 f their General 
dip and vertical interval t hey are no t mineable together. 
Each seam 'Iorked is started with its own box cut , t he deepest 
can be mined firGt . Overburden st r ippi ng is perforoed 2LI hour!:; 
a day , 7 days a week. The overburden i s drilled wit h holes in­
clined at about 18° f r om the vertical to cive a slopinf highwall 
for s tability . About 30C hole - are put into Dn area 450 m x 55 m 
(on a 9 m x 9 m G~id ) . ANFO explo s~veG are us ed a t about 0 . 7 
kg/ton . 

The walkinr: dragline is the optimum tool for t he open-cut 
mining of ',eam "'" that dip 6 t o 18 . 5 degr eeG. A crawler mounted 
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machine would have difficultiel" wor\ting on s uc h (; lopes . Figure 
3 1 ~hown a cros - soction and plan view fo 0 en-cas t mining 
usinG the draGline bench nethod a~ employed at Houra l1ine .., . 
The 275-ft . boom machine i c; us ed to uncover a <' pli t seam of 
coal 190 f eet wide in 100 feet of cover . It is not necessary 
for the drag line to move laterally but to advance lengthwise 
o f the pit to uncover coal at this depth . As t he depth in­
crea 'es , the machino CM be tepped s idoVlis e to maintain the 
pit width and increase the digging depth . Thi~ is one of t he 
many advantau e ~ of a walki ng draljJ.ine . Figure 32 outlines 
port_ ns 0 f the dig sovm in Figure 31 • 

The trianGle of bench utlder the centerline of the machine r e­
r r eoents the maximum runo'.Ant of spoil which mUGt be rehandled 
(about 20% of the loos e meas ure o f the "'olia bank in t his 
particular croso- section) . The bench can be rai e' or lower­
ed to fit the reaches of t he machine . Lo~ering t he bench r~­
duces the rehandle . 

In contrast to other minin[ metho d~ using draglines , the 
mpthod just described is 1 · ~s expensive . With this metho d, 
the length of the boom is s~orter to reach from the bottom 
of che cut to and beyond ~ . he crest of the Gpoil , t huD the 
machi ne i s main~aine ~ at an advantaGeo us pI ne Qbo ve the 
c~a.l . Sinc e the use of a s~orter boom enQbl~s the mac hi ne 
to carry a bucket of greeter cap"'.city and errlit ~· greater 
acceleration and dec eleration of s winGing mo vement , laruer 
and more frequent l oa can be accomodatod . The utilizat~on 
of the macr.i ne - s uplJo r tinG bf:lnch and the portion of the tri­
anguJ'~ bench enables t he dr agline to·be moved laterally ~ o 

a po sition clo,e to a spoil or clo e to a iGgine bank , thus 
giving the boom a Greater effective length ; this permit I 

mini nG to a grea tor depth o f ovorburden . 
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F!.~ure 31. Cross o-se tion and plan f ,r 0 en-cast mllline, 
u6ine t he draf line bench method ( from Woimar. 
1969 , p. 9). 
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Figure 32. Direction of movement of ovarburden in open­
cas t mining sho wn by plan and in detail in 
the cross section (from Weimar, 1969) p. 10). 
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According to VI. A. Weimar, 1969, who lis ts a number of other 
advantages , this cethod was developed primarily for deeper 

stripping out undoubtedly was ahead of its time, as the past 
three decade~ have been devoted to shallower strip mining. 

2) Ouen-Pit Coal Mining in Victoria 

As already mentioned , the ~oft brown coal deposits of the 
Latrobe Valley in Victoria are used as a source of fuel for 
F~wer generation . The coal is extracted by open-pit mining. 
According to case studies reported by O. C. Brawner, 1974* , 
a typical open pit is approxim~tely 1-1/4 miles long, 1 mile 
wide and up to 500 feet deep . Production is app~oximately 
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 i s underlain by about 30 feet o f over-consolidat ed clay 
resting on about 30 feet of sand . Artes ian water condi tions 
exist within this sand st ratum which i s referred to as the 
upper aquifer. The lower coal seam i s 150 to 200 feet thick 
and i s underlain by a thick s equence of clay and sand strata, 

* Brawner, O. C., " Rock Mechanics in Open- Pit Mining", 
Proceedings of the Third Congress of the International 
Society for Rock Mechanic s , Vol. 1, Part A, Printing 
and Publishing Office iational Ac ademy of Scienc es 

2101 Constitution Ave ., N. W. Washin G"oI , D. C., '04 18 
(1974) pp . 761 - 765 

,/ 
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referred to as the lower aquifer zone. Artesian water pres­
sures great ly in exc ess of tho s e in the u~per aquifer exist 
within the lower aquifer. 

Large- scale ground moveoents have occured as a result of the 
mining operations . By 1970 movements of the following mag­
nitudes had occured : vertical heave of the pit floor in 
excess of 12 feet; horizontal movements of the pit s lopes 
of 8 to 10 feet; and vertical settlement o f up to 3 feet 
within a tovm i7hich i s located adjacent to the F~t . An 

extensive investigation was undertaken to determine the 

cause of these movements and their implication with respect 
to the future operation of tile mine and influence on t he 
town . 

a) Groundwater: An important factor i nfluencing 
the ground moverlent s i s t he groundwater regime. ThE' unj_ t 

weight of the coal averages only 71 lb./cu. ft . The difference 
between the unit weights of the coal and of water averages only 
8.5 lb/cu. ft. For most rocks this difference is about 100 
lb./cu. ft. 

b) Floor Heave : \'lith expans ion 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 develop:nent of cracks in the pit floor fron which water 
flowe d at the rate of about 1, 500 gal./min . The investigation 
establi ~hed that the heave was caused by the artes ian water 
press ures in the lower aquifer . AlthouGh approximately 250 
feet of strata seperated the ?it floor from the lower aquifer, 
the uplift water pressures in the aquifer was about 5 ,000 
lb./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 chear resistance between the 
250 feet of strata underlying the pit floor and the Et rata 
underlyinG the pit wall s (Figure 33). 

Prior to the investibation, the existence of the lower aquifer 
was unknown and it had been thought that the heave was caused 
by water press ures 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 po s tulated. This was sub­
sequently confirmed with pieZometers and mul tjple-borehole 
extencometers. Dewatering of the lower aquifer was undertaken, 
and further heave has been controlled . 

c) Slope Stabili~ Inward s lope movements 8 to 
10 feet, opening of cracks on the s lope faces, a~d the heaving 
and cracking Jf the pit floor raised questions concerning s lope 
stability . A detailed s hear s trength and geologic mapping pro­
gram indicated the s trength and jointing characteris tics of the 
coal precluded a major pi t s lope failure within t he coal. How­
ever, the average re i dual angle of shear r esistanc e '0r' of the 
clay ,s tratum at the base of the upper coal s eam was found to be 
only 120 . Any major s lope failure would therefore occur a s a 
block f ailure bounded by the weak nearly horizontal clay s tratum 
and the vertica l joints in the coal . 

The s tabilizin s hear force in the clay s tratum is proportional 
to the weight of material above the clay less t he upli ft force 
of the wa t er pre ssure in the c lay. Becaus e of the coal' s low 
unit weight, thi R s tabilizing force i s relat i vely s mall and 
the motivating force i s almost entirely due to hydro s tatic 
pressure within the vertical joints . As this force i s pro­

portional to t he s quare of the height of water in the cracks, 
the elevation of the water t able within the coal control the 
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s lo pe stability . Analys es s howed that the s tability of the 
toe of the s lope i s ess ential . If the toe were t o become 
unstable, it was estimated that the failure could progress 
back into the s lope a di s tance of 2 , 000 feet or more . 

Horizontal movement s and water pre ss ure ~ were monitored and 
,mea urernents were made to depths up to 700 feet s uccess fully . 
Horizontal drains up to 800 feet long are being 'nstalled in 
the t oes of ' the pit s lopes to lower the water table , and there­
by improve s tability . 

d ) Settlement 01 To\m : The aquifer dewat ering in 
the pit area , required to prevent blow-up I f the pit f loor, has 
reduced the aquifer wat er pressure s within a radius of several 
miles from the pit . Reduction of the flui d pressures in an 
aquifer will caus e consolidation of a 'compressible stratum 
which i s hydr aultcally connected to the a quifer. The extensive 
dewatering of the thick coal s trata has res ulted in large- scale 
regional ground settlement about the pit (Figure 34 ). 

By Mid-1971 the s ettlements under the town varied from in 
excess of 3-1/2 feet near the mine to about 6 inches on the 
far s ide of town . Analys i indicated that the dewatering 
necessary fo r f uture mine development to mid -1980 would cause 
ult imate s ettlement s r anginG up to 9 feet adjacent to the pit . 
An asses sment of the influence of thes e s ettlements indicates 
they are not expected to caus e extens ive damage t o building, . 
However , some damage to the s ewer and water lines , and dis­
ruption of the hydr aulic flow charac teris tic s of the s ewer 
syst em are anticipated. 

If the magnitude of the s ettlement begins to cau e damage it 
has been propo s ed that dee p de-wateri'ng wells be drilled on the 
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far side of the town to lower the water pressures in that 
area. This will increas e the set tlement away from the pit 
and reduce the differential sett lement across the town. 

b. Mining Laws and Environmental Legislation 

Throughout Australia practically all minerals are the property 
of the government , and t heir exploration and exploitation are 
administered by the State Department of Mines . Surface owners 
do not control the minerals . Their mining codes protect the 
pro ~ pectors . If a prospector obtains a permit , "miners right", 
it entitles him to search for minerals any place within the 
state , only holding him re sponsible for damages he may incur 
in his exploration. If he finds s omething of interest , he 
may then apply for an authority to prospect , whi ch give ~ ereater 
latitude and protection i n his work to develop the find . How­
ever, he will be obligated to spend a minimum specified amount 
to exclus ively hold an area . He will be required t o furnish 
maps , analy es , and geo logical data to t he Mines Department . 
Pres uming that he ha s located s omething economically valuable 
for ruining, he may then apply for a mining leas e or be granted 
a fran chi e to produce a ~ pecific material . It wi ll contain 
a quantity clause so that the area cannot be held indis criminate­
ly without prod uc tion of the mineral (Weimar , W. A., 1969, p . 3) . 

The problem of living down a bad past also applies co Aus ­
tralia. Approaches for a mining leas e may be greeted with 
objections to possible blasting vibrations , dust , noi-e atmo s ­
pheric pollution, water pollution and increased traf fic density . 
It is not always realized t hat vibrations , dust noise and 

pollution can be greatly limited by modern mining method s . In­
deed legis l at ion now existn in Au~ tralia 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 Au£­
tralian mineral Gand~ companies are spendinb $1250-2500 per 
hect are ($500 to $1000 an acre) to restore land worth lesR 
than $12.50 per hectare ($5 per acre). An increased traffic 
density may even be an advantage becaus e the mining company 
will have to widen, strenthen and res urface the road s which 
benefi t local traffic . Most government s require a financial 
bond to be deposited before mining can start to cover the 
anticipated cost of making good a fte r mining . 

It is unlikely that a mine would be forced to work under­
ground instead of open-cut methods to avoid public nuisance 
but it i s perhaps fortunate that most large open-cut mines 
are remote from all but their own workforce and tourists, 

who s eem t o enjoy t he guided visi ts t bat enlightened companies 
pr ovide . Some mines have a noticeable operational budget it em 
in public relations bookle ts and f ree samples which, with s taff 
wages , can reach ten ~ of thousands of dollars per year . 

1) Gov~rnment Aid s and Controls 

Apart from environmental control, which i s often administered 
by non-mininb government departments , there is usually a rigid 
control of mining by a s tate or federal Mines Department with 
its inspectors . There is also a tax man , who in the early 
yea.rs of a pro ject can give as well a s take away . 

In the f ield of environment mountinb .public agitation has 
caused most countries or states to enact legi s lation to control 
the effects of mining . Great Britain, for example, passed its 
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Tovm and Count ry Planning Act many years aG~ and thiR controls 
the c;eneral us e of any land for any purpo s e , including mining . 
All s urface works have to be suitably .croened or of aes thetic 
appea.rance . Heieht <' of Vla ~ te tips and of building <· tructures 
are restricted. Pollution in Britain may be c.ontrolled by 
several act s at once so that a s uccession of in~pectorc may 
call on a mine and care mus t be taken to consult local govern­
ment authorities as well as national bodie s . 

In Australia there may be an overlap between Federal and State 
laws . It ,is t oo soon to be certain but air and water pollution 
may well be controlled by Federal laws whereas mining is governed 
by State acts . In New So uth Wales the Mining Act No . 49, 1906 , 
which governs general mining activities , was amended in July 
1971 to provide ~ new Re gulat ion , 59A , which prohibits uncon­
trolled drainaGe , or pollution of water , and s tate '" t hat all 
o pen-cut mine s mus t be left in a s afe condi t ion . It also lays 
dOVin that the land mu be reveGe tated to prevent erosion if t he 
Minister ( for mines ) so direct s . Previously to this mining 
pollution was controlled in that application" f or mining leas es 
Vlould only be gr ant ed s ubject to controls on methods of working , 
and land r eGtoration if necessary . 

Some aspects of damaGe to public property are controlled by o t her 
act s . New South ~ales has a Mine Subs i dence Compensation Act 
1961-1967 which regulates t hat a pect of working mines of coal 
and s hale. It is difficult to s ummar i ze an act in a few word s 
but, roughly , if mine workings damage property already built , 
then cO,mpensation InU "' t be paid to the owner of that property . 
If however a~yone builds on land already roclaimed as a mining 
area , then that person will not be co~pen~at e d for ubs equent 
damaGe . Common law rieht s may also exis t in relation to s ome 
o pera tions . 
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In addition to meet ins tn~ costs of environmental controls a 
minins com pany also ha r to conform with lecii s lation which con­
trols workinb practice~ . Similar leGi s lation exi ts through­
out Au"tr lia . The sta t e Mining Act ~ us ually control pros­
pectinG and s rantirgof leas es , and then there will be an Act , 
or RegulationG, to control th~' actual workinG practice at 
mines . Thus in New South Wales , in addition to the Hining 
Act 1906 , there is tbe Mines Inspection Act 1901- 1968 whic h 
deals with working all mines except tho s e of coal and shale , 
and tbe Coal Mines Regulation Act , 10 . 37 , 1912 which covers 
coal and shale workings . As if this were not enough there is 
a Scaffolding and Lifts Act , 1912-1 960 . If an engineer is 
engaged in tunneling work other than mining , or in deepening 
his harbour , then the RcculatiO. s of this Act will control 
his work under the most inappropriate title . The practizin& 
mining en ineer should know hi e; local mining laws by heart 
and thes e may include E:,plosives Act "' , Mines Rescue Act s , 
\','orker (:' Compensation Ac~ , and so on . 

l.fining acts and t heir acminiGtration need money . Cons equently 
every ton of mineral mined is likely to have royaltie" and 
l evies impo s ed on it . However ome royalties and taxes can 
be semi-returnable . Go vernment s make initial pro fi pecting and 
marketing ur ey . They may also pay pro spectino s ubsidies 
or off et all exploration money against tax . For small miner 
New South ~ales hires out explorat i on equipment at low rates , 
and Vlill f,lMe current interest loans to enable ~mall companies 
to buy essential equipment to start up a mine . In some types 
of mininc there may be initial tax offs et advantaGes for deve­
lopment of pres cribed minerals . The tax l aw'" have to be tudied 
carefully and can have advantages as well as di sadvantabes . 
(Thoma , J . L., 1973 pp . 66-68) . 
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g~Legi slation and Res toration of Pit r 

When an open-cast coal mine is abandoned t here is a r i sk t hat 
t he s eam will catch on fire , becaus e of spontaneous combuc; tion . 
Cons equently mining legislation may lay down what i '" good 
pr actice in any case . The outcrop of the s eam mus t be sealed 
o ff with a thick bank of earth and roch: . Tho pit floor may 
be bulldozed up aGains t the Ream but a more efficient method 
is to drill and blast t he cres t of the highwall 0 t hat it 
is thrown do"m into the pit . This both seals t he Geam out ­
cr op and reduce s the hiGhwall s lope to an angle at which i t 
can be safely abandoned . Many undereround fires ( par ticular ly 
i n the United States ) might never have ·tarted if this proce­
dure had been obs erved . Once a fire s tar t s t? cr eep a long 
underground it can be expens ive and almost impossible t o 
extin ruis h . 

The followi ng paraur aph is taken from the Eighth Schedule of 

the Coal ~ ine s Regul ation Act , No . 37 , 1912 , of New South Wales . 
It is typical of ~os t acts . 

"The owner , acent , contracto r or manager of any open- cut working 
s hall , unle ~;s othen/is e di r ected by the Hini ter , cau"e to be re­
moved Reparately for replacement as far as may be practicDble , 
the to o soi l on s uch ~art of the a rea as ~ay be di~turbed , and 
such ovmer , aGent , contractor or manager ""hall , a ... \'Iork pro re s-

e s , caus e t he "' t r ata removed for t he pur pos e of extrac ting a 
seam o f cO Dl or s hale and a ll other re 3idue ~ , t o be returned t o 
the excavations made , or depoRi tee; on s uch ',i te s , in s uch manner 
a s t he Minisier ay in writ i nG direct . Such VJo r k 1" hall be com ]e­
ted within six month~ of the ivin~ of Auch diroction. In all 
worked are - ': , the expo ::; ed co al s eam '~ hall be p. ff ectually covered 
with inert mater ial to orevont fire hazards a~d t he Si de of t he 
cut shall be ba ttered tb a safe low ancle and Gr aded t o s lo pes 
and contour" consi "' tent \'lith the <;urroundin.; l and , the top soil 
previou'l ly remo ve i r:hall be re place ci and al l ' epr '1s ions effectu­
ally dr ained unle"~ such depr esoions are , vi th the con 'l ent 0 1 t he 
Mini e-ter , to be used fo r the urpo ~; e of pendinG wat er or depO: 'it ­
ing other materials ; .such fillinG '" batt rin r , gr adin and dr ain­
age '"hall be carrie out to t he cati::: fact ion o f the Mini r,t er" . 
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The Mining Act , No . L~9, 1906 of New ~outh \'/ale6 , whit:'h govern" 
metalliferou" mine c' , makes a E1imi lar stat ement and in addition 
may require the area to be replanted with s hrub '" and trees . It 
also requi re s pro er dr ainage to prevent eros ion and reatmen 
of drainare water to prevent pollution . 

This brings out a bas ic difference between the two types of de­
po c;,it c. . With a bedded epe it the excavation can be filled in 
and contour~d 8c the open cut progresses . With direct back 
castinb tho operation is simple . V/hen the last cut is taken 
the material from the box cut i restored in its ro per o~ ' er 
and t he Gurface is made good . 'rhe swell of the broken ground 
over solid (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 year" 
before it is used for building or other operations requiring 
stabilized ground . With fertilization and contour drainage 
the restored s urface can be used to grow cro ps immediately 
and full fertility is res tored within 2 or 3 years . Depre ­
sions may be left deliberately for re ervoirs , stol.:k ponds or 
recreati0nal lakes . Shrub or tree planting may be ado ted for 
re serve and amenity areas . 

A large open- cut mine may have to remain a a hole in the 
groun , but some mine ~ in Auc tralia have produced ambitiou r 

restoration plans . A natural terrace amphitheater can be 
easily constructed by re "' torinb tl!~ "' ub ""oil and to!n oil which 
should have been saved . 'l'he bottom of the pit can be a la}te 
withpl cnic areas on the banks . The minimum require ent of r;afe 
s lo pe .. and fencing , if adopted close .to an urban area , might 
well produce refusal~ for futher minin laaces . 
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c. Recla~ation PracticeG 

Res toration of ~ined areas i s al r- o an essential part of 
mineral sartis mining il~ Aus tralia , and the companies have 
to po s t a financi al bond to cover r estoration be fore the 
State will grant a mining lea e . Cost of reB oration can 
vary from about $200 per hectare ( $500 an acre) to 4j400 per 
hec t are for bad ar sas that may need double treatment. Figure 
35 hoYls the restor ation plan. 

The general treatment of the mining area i s similar for all 
types of s urface mini ng . Topsoil s hould be re~oved and stored 
for later re lacement before any mining take place . This i e 

e s~ ential oecause i t contains the humus and a res erve of s eed s 
needed to regenerat e t he area . 

Reve etation of sand dunes i~ difficult because the libht to p­
soi l i s particularly 'usceptible to wind ero s ion . The fi r st 
area to be mined ha~ it s vegetation remove ' ru1d the to p~oil 

bulldoz d t o one s!de . After mininG h~s progressed the tailings 
are cont oure d and t be t opcoi l spread evenly acros the area 
ready for reve -etation . The area hould be reseeded as soon 
a po s ible al t houbh the time inter val be t ween s t rippi ng and 
seedi n '" is around 6 months because t he san mu_ be allowed to 
s e t tle before t he topsoil is r eplaced and cer eals s o\'m . Thi f' 
nece sit a te s an area of about 150 m by 450 m being open for 
mining and t ailings consolidation . 

When the area i8 rea 'y for re t~toration it i di vidod in 0 

three zone ~ . rrho f rontal une are (11vt a l way8 re s en t ) i s 
expo ~ e to wind an salt s p~ay and s preads about 40 t o 50 m 
up t he beach . I t mu t be tabilized wi h a brus h mat which 
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gives a wind Cover to neVlly planted spinifex or mar ram grass . 
These grac es throw out r'..<!ll.; ~r which bind the cand t.:>gether. 
Nith fertilizerc and a pro per r ainy s eason the s raSG Vlill 
bind the soil before the mat decays" The brush i s obtained 
mainl from scrub cut from the area to be mined. 

The second zone i s the hind dune immediately behind the frontal 
cres t. It is slightly protected but may occas ionally have to 
be treated as frontal dune. However it is us ually possible to 
sow with cereals and to brus h mat. The brush mat drops s eed 
pods , and the company plantb other s eeds and shrubs. Horse­
tail oaks , coas t al wat tle and bitou bus h are planted for per­

manent growth. Pig face and flannel floViers may be added . 
Cereals and legumes s uch as rye and sorghum, and West Aus tralian 
lupins , are planted either in advance of or with the natives, 
and fertilized. These provide shelter for the young natives and 
extra humus wh~n they rot down . They are not harvested. 

The third zore is the heath ar~a which is wind and salt free. 
Whl?:1 its own to psoil i s replaced and fertilized the native 
g~neration i s us ually satisfac tory. The area can be developed 
as pasture, or quick growing native s eedlings may be added to 
speed res toration. 

Extra expE'!1s e i s caused when dry periods hold up re s tora.tion, 
or kill off partly res tored areas and necessitate re planting . 
It may also be necessary to fence areas and leave proper tracks 
to the beac h to prevent indiscriminate leisure us e from damaging 
young-shoo t ed areas . It is perhaps worth nothing that tracks 
on sand dunes, whether for mining access or po t mining leisure, 
should run along the crest of dunes. 'The wind then kee ps them 

clear instead of driftinG s and onto them. Plastic ne t t'ng pegged 
out as windbreaks can help s low down drifting sand . 
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Governmental concern is now such that advice from agronomis t s 
is easily available for any mining reLtoration and the large 
mineral sands mining companie als o employ their own specialist 
staff. Companies such as AS ciociated Minerals have res earch 
facilities for revegetation and maintain their own nurs eries . 
The lates t AHA innovation is to use an elevating bowl scraper 
to remove topsoil and transfer it directly to the area to be 
restored. This preserves the ess ential 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 cons umption of the world' s 
energy sources are of equal concern to Western Europe. As in 
the United States, they have led to cons iderable discussion 
about the adequacy of coal , o~l and natural gas for future 
industries and domestic us e, and the posRibilities of s ubsti­
tution, especially with nuclear f uel. Dist ribution of coal 
is relatively well known becaus e of the accuracy with whic h 
coal depo sits can be mapped (Table 3)*. Agree d es timates on 

* Simmons , 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 
assumption about economies, 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 

USSR including European 
part 
USA 
Asia out side the USSR 
North America outside 
the USA 
Europe 
Africa 
Oceania 
South and Central America 
Total 

Estimated 
Res ources 

4,310 
1 .486 

681 

610 
377 
109 
59 
14 
7.6xl012 

Established 
by Mapping 

2,950 
710 
225 

70 
280 
35 
25 
10 
4.3x1012 

Bradley (1975) in his recent re port on Germany states that 

• Bradley, J. W. , "Germany, Coal an~ the Community" , Min:'. ne; 
Congres s Journal, (Feb. 1975) pp . 60 - 6~ 
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among even the most dedicated backers of coal, it woul~ be 
gOing a bit far to call the 1973 oil embargo and price 
boosts blessin~in disguise . But as lonG as chea and abun­
dant ~il and gas were available at the turn of a tap, there 
was little incentive to invest large s ums 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 Vii th in~dequate investment in maintena,oc e and new equipP,lent , 
even though those that continued to operate made vast improve­
ments in mechanization and output per man-shift. But social 
considerations often had as much to do with keeping a mine 
open an did economics. Behind each decision there was always 
the question , "What will we do with the miners if we clo s e the 
mine ..., ?" It was in the background of i-.he carefully worked out 
German Energy Policy of 1973. Promulaged only a mont h before 
the Arabs imposed the oil enbargo, it called for . increased re­
liance on oil, gas and nuclear energy over the next ten years 
while cutting coal production back gradually from 97 mil l ion tons 
that year to 83 million in 1978. And this level could be main­
tained only with the help of substantial subs idies. In other 
Euro pean count ries the trend was the same , while the cost in 
subsidies for maintaining whatever prodilction was t o be main­
tained was even higher. 

In Great Britain, where coal mJ.nJ.ng comes closer t o making 
a profit than on the Continent , there was les s of a headlong 
rUs h away f rom coal to other forms of energy. Even so , pro ­
duction there fe ll from 147 million tons in 1971 to 130 mi llion 
in 1973; and if in the accountinG year ending in March the 
record s hows 120 million tons mined, ~he mining community will 
be vastly Gratified . The National Coal Board is running an 
aggressive sales campaign to encourage dome s tic and indus trial 
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use of coal, pursues research and development vigorously and 
has an active exploration pro~ram which was responsible a few 
years back for the discovery of the .selby field, with a potential 
output of 10 million tons a year by 1985. According to Bradley 
(1975) , labor rather than faulty government policy or mining 
difficulties has been the greatest obs tacle to the maintenance 
of a high rate of coal production in Great Britain . The 1973 
s trl.ke brouGht on the three-day work week , an officially pro­
claimed national emergency and the fall of the Conservative 
Governoent. In 1974 the Communist wing of the MinemUnion 
Eyecutive Committee was responsible for the union's reject ion 
of a productivity and bonus scheme propo s ed 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 layout 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 wodernizing and expanding the industry . To 
be sure , Bri tain still has North Sea oil reserves to fall back 
on, with the promise of eventually making it independent of 
imported oi l. But that happy day is at leas t ten years off; 
and meanwhile government poliCies that are widely criticized 
by oil men , plus t hreats of confis catory taxes , are cooling the 
ador of prospectors and drill.ers for that s ector 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 recognizeJ that oil and natural 
gas are premium fuels which s hould be use d 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 power production , 
compared to 32% in Germany , with lignite contributing an 
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adtlitional 33%. 

The effect of the oil embargo and subsequent price rise in 
Germany was to force the Ec onomic s Ministry to overhaul radi­
cally the Energy Policy it had promulgated only a month be­
fore; and it was painfully s low about that . The 1974 Energy 
Policy, designed to deal with the oil cris is , Vias made public 
on October 1974, just a year and five days after the start o f 
the embargo . The actual changes in projected energy demand and 
the s hares 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 energy demand in 1973, 
the program of that year projected a demand of 510 million tons 
by 1980 . Of this , oil would provide 270 million tons and coal 
97 million . The 1974 policy reduces the total demand in 1980 
to 475 million tons of coal equivalent , with oil covering 22 1 
million tons and coal 117 million . Nuc lear energy, which now 
meets 4. 5% of the country's total energy requirements (i .e. 
11 ,763 mw of electric power) Vlould , under the 1973 policy , 
have been expanded to 18, 000 mw in 1980 and 40 , 000 in 1985. 
The 1974 po licy raises the targets to 20 , 000 mw in 1980 and 
to between 45 , 000 and 50 ,000 mw by 1985. Nat ural gas now 
supplies 10. 2% of total energy requirement . The 197Lt policy 
gives gas an 18% share by 1980 (87 million tons of coal equi­
valent) and the s rune share in 1985 , but equal to 101 million 
tons of coal equivalent . Holland , Russia , Norv/ay and Iran will 
be the principal s uppliers , and expenditures for domestic gas 
exploration would be s te pped up , with over DM40 million help 
from the federal Government. Between 1974 and 1985 lignite 
production is t o be expanded modes tly from 33. 1 million tons 
of coal equival~nt to 38 million, which will lower its share 
cf the total eneroy input from 9 to 7%. ~ore important than 
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these quantitative changes is the government' s acknowledge­
ment that is mus t rely more than it has in the past on in­

digenous resourc~s . This has reassured the coal industry 

that it is not to be treated as a s tepchild in the national 

econo my which, it is hoped , will enc ourage new investment , 
stimmulate research and deve lopment and contribute to the 

build-up of a stable labor force . ~urther , 1~ provides t he 
means o f st~bilizing product~r. n by making funds available to 
finance the stockpiling of 10 million tons o f coal. 

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

the main mining areas i n both countries are either clos e 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 out put 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 . Thes e decrease s 
could be tempered slightly by new investments to raise pro­

ductivity in the mines that are t o be kept going . Holland ' s 

last mine s were closed in November 1974. England now ha s no 
s urplus coal for export nor will it in fcZ"eseeable fut ure. 
This leaves Germany as the single West European country with 
an exporta ble sur plus to meet the needs of its coal-s hort neigh­

bors : about 23 million tons wi th nroduction at 94 million tons 
a year. This is based on a demand of 25 million tons fo r the 

iron and 3teel indus try , 35 million for electri~ power generation 
and 11 mil lion for domestic h~ating and miscellaneous small 
users . The German mine operators would like to have long term 
contract s from the EEC countries guaranteeing their purchase 
of this surplus ; but as matters ~tand now they are s elling it 

on a spot basis . Without an ass ured outlet for around 20 mil­
l ion tons , that much capacity could conc eivably be shut down . 
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Whatever the outcol/1e of that problem will be , German mine 
owners are now investing s ubstantial sums i n mine impro\·e­
ment s . Since 1968, when Ruhrkohle AG w s founded to consoli­
date operat ions of the better mines in the Ruhr area and 
closed the less efficient ones , investments have been running 
at about DM 1 billion a year. There was a lot of catching up 
of deferred maintenance and general improvomont to be done 
during that period , not to mention the joint operation of a 
number of neiGhboring mines . In the last few years the feder ­
al government and the government s of the states of North 
Rhine Westphalia and the Saarland have been contributinG 
about DM120 million a year to this work . Under the 1974 poli ­
cy , they will contrib~te DM210 million a year initially , and 
may go hiGher later . Much of this money bas gone into mechan­
ization, which is now about 96% complete. As a result , the 
output of Geroan mines averages if . 068 tons per man- shift , com­
pared to 3 . 91 tons in Great Br itain and between 2 and 3 tons 
in France and Belgium , although the :rench Lorraine fields , 
with an output of over 10 mil l ion ton s a year, ha e the best 
record in Europe with 4.496 per man- s hi ft . Cons equently , 
further me~hanization will yield marginal improvements in pro­
ductivity, so whatever gains are t o be made f rom here on will 
depend on more e fficient cuttino machines , improved roo f 
supports , better transportati.on systems in the mines and safer 
and healthier working conditions for the miners . Much o f the 
res earch and development work under way at the in~ustry l s Coal 
Research Center at Essen-Kray (BerGbaufolsc hung GmbH) i s de­
voted to these ends . It has an annual operating budbet of 
DM90 million from industry sources which is supplemented by 

the federal government and the state of North Rhine Westphalia . 
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Within the period of time covered by the 1974 Energy Policy , 
i.e . up to 1985, no provis ion is made for ~ny subs t antial 
expansion of co~l production . In an emergency , output could 
be . oo ~ ted by about 10 million tons a year by expanding the 
work fo rc e in t he mines now in pro duction, but it would take 
five to eibht years to open new mines . Geolo~y rules out 
surface mininG of coal , though all lignite is mined by tha t 
method , and its cours e, i ncluding the developmont of the 
biggest pit ever , is s et for the next 50 years . Whether or 
not production will be expanded depends on the out come of the 
Coal Re €larch Center's current r esearc h and developcent work . 
Among the projects being s tudied there that could lead to an 
incroased demand fo r coal are coa l gasification through im­
prov em8nt s in the Lurgi proc ess , with a DM30 million budget 
between 1973 and 1976; pressuri zed gas ification of coa l dus t , 
employing oXYGen O~ enriched air , DM 45 rnillj on between 1973 
and 1979; and coal lique faction by the SHC pro greBs , DH 11 5 
million between 197i~ and 1979. The objective of these pro­
jec ts by the dates ~ ho\,1D are pilot plants , after which pro­
duct i on plants would have to be de i gned and built . Thus , 
assumine success al l alone the line , it would be at leas t 1985 
before they could have any effect on the total demand for coal . 

Basic~lly , the European coal problem settles down to the 
clash between winnine i ndepend ence f rom f oreign energy supplies 
and the high cost of mining the co 1 that is available in Eu­
rope in great abundance. If the pric e alone were chief con­
si eration, Polis h , Russian and , eventually Couth African i m­
port s could take care of a major s hare of the Co mmunity ' s 
needs . But that would lea ve it in the arne hazardous po s ition 
regar ding coal as it alr eady i~ reeardin ~ oil . HiGh mining 

cos s m~e ubs idy payments nece sary in all European countrie ~ . 

They r ange fro m about 0 . 80 a ton in Germany , and probably a 
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bit less than in England , to about 512 a tO,n i n t he poorer 
field s of Bolgium and France . Fortunately , coal from the 
eood field .... of Germany , Great Britain and France , which 
account s for about 235 million tons a year , can in many 
cases be old at a profit with the average price at J50 

a ton . By contras t , product i on co ~ t in the poorer fields , 
which now have an output of 36 million tons a year , are 
I'oue;hly twice as hiGh . 

b . Open-Cast Minin Brown Coal 

In spite of its relatively low calorific val e of 1600 to 
2900 Kcal per kg , brown coal is the cheapes t form of pr imary 
energy in the F deral Hepublic of Germany because of it s 
s hallo\,1 sur face cover enabling it to be worked prodominantly 
by large- cale opencast mini n usinb high-capacity equi pment 
for optimum product i on . To satisfy the high consumption of 
coal at the brown coal power plant s , out put has reached more 
than 100 million ton s per annum and thi s output requires the 
r emoval of more than 267 million yd3 of overbur den whi ch can 
only be achieved by compl te mec hanization of both the vlinninb 
and conveying o perationc . In addition t o the carhonife rou3 
coal earns of the Ruhr deep mininG coalfield , Germany has vast 
'rertiary brown coal depo~its , mo",t of them near the s urface . 
The total res erves of German brown coal avera e orne 100 , 000 

milli on metric tons and of this s ome 60 , 000 milli on ton are 
within the .. 'ederal Republic . About 9000 million tons of this 
can be wo~ by the present open-cast mininu tochnique , 85% of 
it from the Lower Rhine reSion in which l ie the mai n de posits , 
others being near Helmstedt in Lower Saxony , at ROGens burg in 
Bavaria , near tho zone boundaries and in Hesse near Frankfu t. 

) 
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The depo its of brown coa in the Lower Rh"ne area (Figure 36 ) 
are the most important in the Federal Republit; of Germany and 
make up the l argest brown-coal minine area of Europe . They 
cover an area of 2500 km

2 
and have been du~cus~ed in detail 

by a number of author~ . 1, 2 , 3 

I n contrast b deep-mined 'black coal ' German brovn coal is 
mainly overlain by loose material uch as sand , sravel , clay 
or loam . 1" iocene brown coal from the Lower Rhine has a calori­
fic value of 7000 Btu per kG (3182 Btu per Ib ) with a moistur e 
content of 60 to 62% and ash from 2 to 8%. Bulges in the 

1) Tilman , \'/ ., "Brown Coal l"tining in 'Ne ,.. tern Gernany" in 
'Surfa.co MininG' 'l' he Junerican Institute of Minin , Metal­
lUr[~ical and Petroleun En3ineers , Inc ., -e\'l York (1968 ) 
pp . 955 - 968 

2 ) Gartner , E., "Garsdorf LiGnite Strip Mine _ Operations 
to unusual Depths" , in lCase Gtudies of Surface Mining ' 
(plblisher as above) (1969) pp . 12 - 35 

3 ) Kau eh , P., "Der rheini sche Braunkohlenbers bau und 
aine 11oe6 ichkei ten Z_lr land- und for s twirtschaftlichen 

Rekultivieruns ,owie zur LandsehaftsgestaltunG" BHM , 
118 Jg . (1973 ) H. 6, pp . 199 - 204 (see BibliOGraphy 
of Forei J ~n L:u1Gu.:lt;e Liter.:lture in back of report, page 3) . 



Figure 36. Location of the Rheini sh lignite area in 
northern Europe ( from Gartner, 1959, p . 13). 
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un" rlying ~ock hav · caused fault a running Gouth-eas t to 
north-west and ha"/ -9 ~plit s runs originally horizontal and 
from 32 . 5 ft to 195 ft thick , averagins 130 ft . O~iGures 

37 and 38 ). The o.en-cact workingG ar , however , 6et tinc 
dee per and will r a h a depth of ove!' 800 i t which , to en­
able work to proceed , will entail the complete do-watering 
of the area by doe . :'ilter well. 6. 5 ft . diameter with sub­
mar 'itle pumps of 1300 hp with eleven "'tages rai sing 3300 
gallons per oinute again ~ t a head of 1000 ft . 

Some 550 wells are in operation in the Lo wer Rhine distric t 
to keep he water table 500 ft below the deepeGt point of the 
opencast , t he total annual pum i nG load in the Rhine district 
being 400 , OUO million gallons , the water to coal rat io being 
15 to 1. 

In the di <'" trict s where open-t,;ar.t minins commenc ed the over­
burden to coal r a t io is 0 .35 to 1 but in new fields it will 
be 3-1/2 to 1 ri sing to 6 t o 1. 

The type of overbur n and , he re lative Bof tne ~ of the coal 
has enabled continuousl:' operatin excavators to be used and 
thece lore a t first bucket chain dred ges mounted on r ails or 
caterpillars with a cutting de pth of 130 ft an still in UL'e . 
They weiGh up to 1400 ton l. Wi't h bucket capaci t iE's of 3 yd3 and 
output s of up to 70 , 000 yd3 per day and consist o ~ a bucket 
ladder carrying a bucket chaj n with a b~cket every fourth 
l i nk, whic h i s sucpended ~rom a boom by wire ro pes controlled 
by winches . 

In the ne vly opened de pe i t s i n less favourable conditions 
the bucke t - wheel oxcarator without travelling boom has become 
the ciolllin. nt type . 'l'ranr.po rt to t he surface i s by belt con­
veyors the bucket s dOinv t he diGGinG only . Bucket-wheel x-
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Figure 37 . Location of the Garsdorf lignite vpen pit 
(r!'!'lm Gartner, 1969 p . 15 ). 

Figure 38. 

GLESCH RATH 

t.6 'IMes I tIOlit n 

lOESS GRAVELS SA '0 CLAY lIGflTE 

Geological profile of tho Garsdorf l ignite 
s am ( from Gartner , 1969 , p. 15) . 
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cavator" ara used to win the coal as well as for removing 
t he o7{'!rhurdpu C:'iGures 39 and 40 ), with a maximum cutting 
he iGht o~ 163 f t and down to a depth of 82 ft . Conveyor bAIt s 
up to 86 in in width are u~ed for transport at 780 ft per 
minute and for tra!1sport to poVler Ci tation!:> rail haulace is us ed 
wi th lo.rce \'Iat)ons , of 128 yd-' capacity . '.!.'he overburden consist ­
ing of sand , grc:.vel and clay is duml)ed on out side dumps or 
close behind the wo:cldng face or into worked-out pits J over­
burden preader s baing used with di'""charging bel t conveyor 
boom u~ to 325 ft in length . Transport to tha dumping site is 
by conveyor or rai l . 

Accordinb to a recent paper by Georgen et . a le (1 974 )*, a 
bucket-wheel excavator currently under desiGn ane scheduled 
for operation at the Gasdorf lignite mine in 197b will have 
a capacity of 200 , 000-cubic meters per day . Assemb~eofthe 

machine was started in Au:_;ust 1973 . Thi excavator is 220 
meters lon~ , 84 meters high and weighs about 13 , 000 metric 
tons . '1'he \'/heel has a diameter measuring 21 meters and con­
sist~ of 18 bucket s each having a capacity of 6 .3 cubic-meters . 
The wheel is operated by four electric motors consuming a 
total of 2520 l .. w. Conveyor belts are 3.2 maters wide and 
have been lesiGned to trans art m~tcrial at a speed of 3 . 8 
lD/sec . The maximum cuttinG hei ght of the machine is 51 meter ~ . 

Georgen , H., et . a1. , "Die Ta[,ebautechnik in der 
Bundes re publik Deut s chland" , Gluec}"auf (3. October 
1974 ) pp . 763 - 767 
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The bod)' of the bucket-wheel cxeanl tol' rcs ts on under£l'a lli c 1, 
fitt ed with rrawlpr bogies or cat rpillar wh ee ls , The body of thu 
ma hine is madt' to tUl'll Hro und it ~ verticnl axis by . \\'illging mccha­
nisms 2, Op('ratill~ \\'h('(' 1 3 of th e exca va tol' has eight or six cu n 'cd 
blad es (bucket s).J, i 'be wh eel it. elf i s ,t up at the elld of fr ame (ji b) 5, 
shaped like a gird er t ru!' or L('am, The jib ca rrics be lt com','.-el' G, 
wltich trans f('r::; mill(,o groun d to th e load illo, la il pil rt of the mac hin c, 
made III th t' ~ h il P (' 'lf a ::,\\' ill g- ill g' run t q (' vcr or arm HI , This ca ntil C\' l'r 
is furoi~ hed with Lell CUII\'()Yl'r 9. Hucks are d UIlI PNI into n ('at\way 

'car .-

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

) 
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Figure 40. Plan view and cross-section of mlnlnb operation 
at Arjuzaux, France , us ing a bucket-wheel excavator 
manufactured by the firm KRUPP, Germany ( from 
Woodruff, "1·1ethods of Working Coal and Metal Mines , 
Vol. 3, p. 430, Pergamon Press, New York 1966). 

J 
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1) Land Reclamation 

In the brown coal area of the Lower Rhine district some 130 
km

2 
have been taken over for open-cas ting and 60 km2 have 

been res tored and of this area 34 km2 have been forested, 
16 km

2 
returned to agriculture and 10 km2 have found other 

uses. The lands cape undergoes great alteration during open­
cas ting on the 70 km2 area in us e for mining, involving the 
removal of agricultural and forestry areas , villages , rail­
ways and roads but regulationR require the mining companies 
to res tore the lands cape a s far as poss ible to its former 
state. There i s no single national mining law regulating 
reclamation practices in effect in Germany. As mentioned 
earlier in the report , a s pecial law, the "Act for Common 
Planning in the Rhineland Brown-Coal Dis trict" (Ges etz fuer 
die Ges amtplanung im Rheini s chen Braunkohlengebiet) of April 
25 , 1950 was enacted bec aus e of the size and importance of 
this area. This act requires that a general plan be pre­
pared to include mar.~gement of s urface waters, landscape 
design , and nature cons ervation. 

As reported by Gartner (1969) there are about 1,300 people 
per square mile in the Nordrhein-Wes tphalia province. Lig­
nite mining by underground caving method s would have caus ed 
serious s urface damage wi thout the possibi lity of economically 
res toring the l and to it s original condition. Even if costly 
stowage techniques were applied, irregular s ubs idence of the 
surface would have occured. Only with s urface mining, en­
tailing the removal of overburden was it possible to res tore 
the lands cape. In addition to the denSity of population, the 
Rhineland has another unu s ual as pect: besides the lignite 

deposits there is another valuable natural resource on which 
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is based extensive agriculture , i.e., a very fertile 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 low~r the cost Of recultivation, a technique has been de­
veloped whereby loess if sluiced with water in a 1 : 1 ratio 
into evaporation ponds set up on the s urface of the overbur­
den dumps. After evaporation of the surface water, the loess­
filled ponds are grouped together and are cul~ivated for 5 to 7 
years by the mining company; thereafter, the loess thus pre­
pared can be given ~o 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 
through-traffic have been replaced by quiet, well planned 
localities with green space, set up away from relocated high­
ways , railroads or s treams, and yet easily accessible . By a 
well planned blending of access to trans portation with the 
landscape, mistakes of the past were avoided . By 1968, 18 
years from the date of the decision to exploit th~ 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 s us tantial loss of 
substance at a low cost, and transporting it separately as 
briquets and steam coal to the prinCipal customers. The 
company has used was te to create an attractive new landscape 

) 
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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 eros ion caus ed by overland flow . Due 
to this vulnerability to erosion, newly created arable lands 
should have a s lope of les s than 1 to 1. 5%. This i s especially 
necessary when s haping the dumps for agricultural purpo s es. De­
pendil!g upon the dis t ance from the origin of the 108s material , 
the new areas de s tined for agricultural us e are covered with 
loess layers of 1 to 2 m. A loess covering of 2 m res ults in 
optimum yields . Of the different methods of placing loess on 
the re s tored 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 d~mp are~ into previous ly established evaporation 
ponds of 2 to 3 ha. Stuuies havo shown that one year after 
cultivation the loes s placed on the lands by this method has 
a higher pore volume than loes s remaining on its natural sites . 
Original loess areas cultivated in the normal manner s how a 
pore volume of about 4b%; 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 des iccation of the loess following 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
able experience has been gained concerning reforestation of 
reclaimed areas. The older plantations in the southern parts 
of the mining area were established about 30 years ago when 
reforestation was initiated using coniferous trees, primarily 
pines and larches. Since World War II, deciduous trees have 
been used more and more. To prepare the area for afforestat­
ion, they are covered by a so-called II forest-soil" consisting 
of a mixture of diluvial gravel with alluvial constituents 
and some 10ess-loa1j the large proportion of very fine soil 
material helps to achieve satisfactory tree growth. This 
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 de~p. If it becomes necessary to plant 
the trees in soil low in clay and nutrients and only a very 
small amount of fine soil or topsoil is available, one must 
carefully mix this valuable soil with the subsurface soil . 
With these procedures , afforestation will be speeded up and 
certain seral stages can be skipped . It is possibl& to grow 
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, G., "Landscape Planning on an Ecological Basis" , in 
'Ecology and Reclamation of Devastated Land', Vol. 1, Gordon 
and Breach , New York, (1973) p. 481 
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new lands ar~ given the greatest consideration: ( ) agricultur­
al areas should generally be separated from and p~ ~tected 

against settlement or indus trial 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 s urrounding lands cape. Waste banks 
or dumps actually provide ~ number of severe problems for good 
landscape designing, but they can be used for creating quite a 
dynamic and varied scenery . Molding 01" 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 without causing undesirable effects. To 
achieve thes e t,vo 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 s hould be the 
principal method of revegetation. As enough material to fill 
all of the excavations i s not available, ground water runs in­
to the depressions and turns them into artificial lakes. There 
are many such lakes in the older so uthern portio~s 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 
well the lakeshores h~ ve been designed and constructed. They 
should be kept. nearly flat, with an inclination not steeper 
than 1 to 3 and without any s harp incisions at the foot or the 
upper edge o f. the s lope, so th at the transition to adjacent 
levels is smooth . Lru{es ides to be used for bathing mus t be 
levelled to a s lope of 1 in 10. Waters to be used for fish-
ing must have some steep banks to serve as shelter for the 
fish; also, flatter portions s hould be set aside for spawning . 
Lakes ides not used for bathing are desi0ned as habitat s for 
wildlife, especially birds , by encouraging growth of a suit­
able community of reeds and other plants . Permanent protection 

./ 
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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 tho shores; these terraces are 50 cm bel01 
the water surfaces and the reeds are pla.n '~ed upon them. 
The oldest of these lakes in the southern part of the area 
are so magnificently fitted into the surrounding landscape, 
mainly through their mas terly designed lakt s hores , that plant 
and animal life is hardly any diffe:cent from nat ural waters. 
A very rich bird life especially can be observed as the reeds 
offer them favorable habitat s . Because of the large water 
area of 400 ha, the southern part of the mining area offers 
good recreation facilities for the inhabitants of the city 
of Cologne and the Ruhr Industrial District. Vie can find 
here a beautiful and impressive s cenery of lakes , forests , 
hand hills ; this is partially protected as a so-called "land­
scape reserve" (Lands chaft sschutzgebiet) by a special Land­
scape Protection Ordinance. The lakes in the ffilineland brown­
coal district total 39. To provide for recreation more green 
spaces covered wtth fore s ts, hedges , and shelter belts are 
needed. The fore s ts, lakes and even the agricultural areas 
will be opened up for recreational use by properly desiGned 
roads and ~enic routes. The land s cape plan is divided into 
a basic part and a development 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 res earch are deal t 
with in the develo pment 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 poss ib­
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 , 
~ven though one would expect some controversial results from 
this confrontation of different interests within the same 
area. All of these 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 technolo gy , economics, and nature n(led not 
to conflict, but that arrangements and compromis es can be 
achieved in a reasonable way . 

3. RU6sia and Poland . 

a. General Remarks on Energy 

In contrast to We s t Europe'6 troubles in finding a balance 
between supply and demand of energy sources , Ruscia and 
Poland are doing extremely well in their re s pective eres . 
While the Arabs are gett i ng 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 les6 criticism. 

Even before the 1973 blow-up, oil was Ru ssia ' s biggest 
forei gn exchange earner. Now, with oil prices four times 
higher than they were, its earnings from oil are expected 
to swell to nearly ~3 billion a year - roughly half of the 
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value of all exports to non-Cornmunis t countries. In 
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 incr&ase 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 i now three tons and i s 
improving steadi ly. As with oil and gas in Russia , coal i s 
helping Poland's foreign exchange balance. In 19'73 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 indus try, as well as to potential 
exporters from other non· Communist countries , since the Polis h 
price is consitently below the world prices .* 

• Bradley, J. W., "Germany , Coal and the Communi~y" , 

Mining Congress Jo urnal (Feb. 1975 ) pp . 60 - 65 
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b. Open-CQ!t Licnite Mining in the USSR 

According to recent fi gures published by Ku netzov (197ll )., the 
Soviet Union disposes over 6 , 000 x 109 tons of mineable coal 
which is more than 50% of the world's l 'e" ources . The main port­
ion of this vast reservo , 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 Donets Basin in the 
Ukraine, the Kuznetsk Basin in Siberia , the Karaganda Basin in 
Kasakh,c·tan and the Pet s chova Basin of Northern Russia . The dy­
namic development of \hese baSins is reflected by their in­
creased output in rece, ye~rs . (Table 4 ). 

Table 4. Annual Output of the Main Coal Producing 
Provinces in the USSR (Mi lion tous ) 

Basin 

Donets 
Kuznet sk 
Karaganda 
Petschova 

1965 

205 

94 
31 
18 

1970 

216 
11 0 

38 
22 

1 ??2 

217 
119 

42 
23 

Source: Kusnetzov , K.K., Glueckauf 110 Nr. 2 (Jan. 24,1 974) p . 55 

• Kusnetzov , K. K., ( .oscow) "New Developments in the Field o f 
Mining En ineering in the Soviet Coal Hining Industryll 
(in German) Glueckauf 11 0 (1 974) Nr. 2 , pp . 55-60 
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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 require~ents of the nation­
al economy coal production must be increaoed two fold by 1990. 
This increase is expected t o be obtained by wide advances in 
coal mining teuhnology , through improvement of existing sur-
face and underg::-ound min '~ , and the develo pment of new mines . 
Very large open··cast coal operations , with potential annual 
out puts of up to 100 million tons , are currently under develop­
ment in the east~ regions of the Soviet Unior.. These operations 
are designed to provide the growing industry of West and East 
Siberia and Kaskhstan with low-cost fuel . For example, brown 
coal from open-cast mines in the Kansk-Achinsk Basin of Siberia 
and Ekibas tuz Basin of Kasakhstan is planned to be primarily 
used for generatinJ electricity . A huge energy complex con­
sisting of mine-mouth operated power plants with a capacity of 
34,000 }M will be installed in the western sec tion of the 
Kansk-Achinsk basin Within the next 10 to 15 years . 

1) The Kansk-Achins k Brown Coal Basin 

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

• Kusnetzov, K. K., :/Die Stein- und Braunkohlantaeebaue der 
Sovietunion" (The Bituminous and BrownCoal Surface Hines 
of the Soviet Union) Rohs toffwirt schaft International Bd . 2, 
Verlag Glueckauf GmbH, Essen Germany (1973 ) pp . 168 - 187 
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The physiography of this 45,000 km2 area is characterized 
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 . 50 C. .Absolute maximum and minimum temper­
atures are at +450 C and -50°C. Annual precipitation aver­
ages 354 mm and snowfall does not exceed 50 em. 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 i s deposited . These depres­
sions and fold s 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 mil jon tons 
are suitable for open-cast mining . Most of the coal is de­
posit ed in ger:t. ly dipptrg seams (2 to 90

) which r ange from 6 to 
15 meters and 60 to 96 meters in thickness . The geological ex­
ploration program is 40% completed. Todate ~ total of 24 depo­
sits have been locat ed with~n the basin, the most impor" ant ones 
being t he Itatsk , BCI'ezov"'k , a r.d Bogotolsk deJY.>si ts. Their geo­
Jngical cross-sections are shown in Figure 43. The overburden 
material consists of Jurassic sand and clay deposits covered 
with Quaternary loam. Yfuere coal deposits are flat cover-rock 
strata is 80 to 90 m ters thic~. Where ' gently dipping de ­
posits are present overburden increasing in thickness from 
200 to 400 i6et vdll have t o be removed. 



Figure 43. Geological cross- s ection through Itatsk (a) 
BeJ.'ezov k (b) and Bogotolsk (c) depo sits 
of the Kansk -Achinsk Basin, USSR (Kusnetzov, 
1973 ,. p . 177) . 
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Quaternary deposits may reach 25 to 30 meters in thickness 
(Bogotolsk), but generally aloe only 10 to 15 meters thick. The 
overburden to coal or stripping ratio of rno~. investigated de­
posit s is 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 . Host formations are loo - ely 
cemented with calcerous clay as bonding agent. Physical pro­
pertie 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 d~scovered 
in the Quatornary sediments, in the sandstone formations above 
the coal seam, within the sea .... ·md the rock formations below 
the coal. Computed discharge values per kilomoter of pit 
length amount to 1000 , 1000-1 200 , 500 , 150 and 200 m3/h for 
the Itatsk, Berezovsk , Nazarovsk , Irs ha-Borodinsk and Abansk 
deposits respectively. The IlMos~nijll coal s eam of the Bere­
zovsk deposit (Figure 43) contains the larges t aquifer. 

The coal of the Kansk-Achinsk Basin i s predominantly lignite 
containing 21 to 44% water, 7 to 13% ash and 0.3 to 0.7% sulfur . 
Its calorific value varies between 3040 and 4440 kcal/kg . As 
already mentioned the brown coal from the Kansk-Achinsk Basin 
will mainly be us ed f or generating electricity. Trying of th~ 
coal and converting it into dust , prior to burning it in the 
power plant boilers, will raise the coalls calorific value to 
4900 and 5000 kc~l/kg . 

At present there are only the Nazarovsk and Irs ha-Borodinsk 
deposits mined by open-cut methods . Their combined annual 
output is 14 to 15 million tons . However, production of these 
mines will be cons iderably increased in future years as mech­
anization of the pit s 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 Vlater Content 
(%) 

Loam 1.8- 2 .1 20.1 - 33.6 

Argillite 1 . 9-2 .3 10.4- 22.4 
Aleurolite 1 . 8- 2 . 3 ·4 . 8- 21 .8 
Sands tone 1 . 7- 2.1 2.4- 20.1 

Pore Vol.- Friction Angle 
(%) (Degrees) 

36- 47 22 

23- 41 21 
21 - 38 31 
20- 41 31 

Cohesion 
(kg/cm2 ) 

0 . 40 

0.45 
0 . 72 
0 . 56 

Compressive 
Strength 

2 
(kg/c~ ) 

9 · 7 

51.0 
15·0 
63.0 

Source : Xusnetzov , K. K. J "Die Stein- und Br aunkolUentagebaue der Soviet Union" 
Rohstoff-Wirtschaft International Bd . 2 , Verlag Glueckauf GmbH , Essen 

Germany (1973) p . 171 
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progres ses, and is expected to reach 50 million tons per 
annum by 1990. The equipment presently in use for over­
burden and coal removal cons i ··ts of Type SE-3 , EKG-4 and 
EKG-8 power shovel s . In addition to the three s hovels used 
at each mine the Nazarovsk pit employes a walking dragline 
of the type ES-15.90 which i s used for back casting of over­
burden into mined-out areas of the pit. This drag line (Figure 
44) is equipped with a 15 m3 bucket and a 90 m boom. The 
ES-15.90 weighs 1613 tons. The shovel EKG-8, for example, is 
available with bucket capacities of 6, 8, and 10 m3 and has 
a boom length of 13.35 meters. The EKG-8 (Figure 45) weighs 
363 tons . Trans~ortation of overburden and coal is by rail 
using steam locomotives . Future operations at the Nazarovsk 
pit, where coal seams are 15 to 20 m thick, will employ drag­
lines of the t ype ES-80.100 a nd bucket-wheel excav&tors of the 
type ER-1250. The overbur den will be deposited in the pit as 
illustrated in Figure 46. Thus rail transport of overburden 
to outside was te dump:s will be eliminated. The walking drag­
line Es-80.100 i s equipped with a 100 m boom and has a bucket 
capacity of 80 m3 

J it weighs 8400 tons. The ER-1 250 bucket­
wheel exc avator i s capable o f transporting 1800 tons of over­
burden or coal per hour. It's maximum cutting height is 18 
meters. (For more detail s on Soviet mining machinery see 
Kusnetzov, K., "Die Stein- und Br aunkohlentagebaue der Soviet­
union", 1973, pp . 298-323). 

In mining the Itatsk, Bere~ovsk and other deposits', where 
seam thickness vary between 60 and 100 me ters , it is nece­
ssary to cont inue overburden remo val with power s ho ve l s . The 
cover-rock s tratum contains hard lenses of s ands tone which 
prevent bucket-wheel excavators of current design to be used 
at thes e locat ions . Overburden and coal is being transported 



Figure 44 . Soviet Dr agline ES-15 .90 (from Kusnetzov , 
1973 , p. 303). 

Figure 45. Soviet Power Shovel EKG-8 ( f~om Kusnetzov, 
1973, p. 299 ). 
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by rail to dum~ and s torage facilities located outside the 
pi t. Electric locomot i ves with 360Mp pull runni ng on 10KV 
AC power are used for rail trans port. 

The main cons iderat ion in planning new open-cas t mines in the 
Soviet Union i s the us e of fully automated, highly prod~ctive 
stripping equipment which when em ployed in minimum numbers , 
will produce a t a high unit rate with a corres ponding increas e 
in output per man-hour. The choice of equipment depends on 
the mining geology so that at s ites where t he s eam is flat and 
comparatively thin, up to 65 ft thick, a dragline sys tem of 
working i s ado pted us ino draglines with bucket capacities of 
30 to 120 yd3 and boom lengths of 310 to 375 ft. The normal 
methods adopted are s trip mining or cut -and-fill when over­
burden materi al i s handlea by draglines on to s poil banks in 
wined-out areas . If there i s insufficient room to place the 
waste rock in the s poil banks , rehandling i s adopted and for 
this purpos e dragl i nes are s tationed on the spoil banks . 
Shovels are used to load the coal into road or rail transport, 
roads made or rails beinG laid on the bo t tom o f a bench, one, 
two or more benches being us ed for loading. If the general 
dip of the s trata does not equal 100 and the thickness of 
overburden is cons i derable combi ned methods of mining are 
adopted. For example, at th~ V~khrushev open pit in the Urals , 
in mininG a seam 97. 5 ft . thick, the upper benches of the rock 
overburden are eycavated and trans ported to s poil , banks by road 
or rail while the lower bench i s excavated by the cut-and-fill 
method. In this cas e the overburden waste is du@ped on to 
spoil banks in a mined-out area. In order to meet the require­
ments of t he chie f cons umers of open-cas t coal, the electric 
power stations, the work routine at mO Et large o ~en-caRt s ites 
provides for a continuous working year of 360 to 365 days . 
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Complete mecha.nization of auxiliary process is a necessity 
for efficiont working at laree open-cast sites in the USSR. 

\l,brk is in progress on automatic operational control of 
equipment and transportation through automatic monitoring . 1, 2 ,.3 

1) Kusnetzov , K. K., "Planning Large Opencas t and Under­
ground Coal Mines for High Productivity" , Minin8 l1aga­
zine, December 1966 , Vol . 11 5 , No . 6 , p. 452 

2 ) Sobits17, V., "Open-Cast Coal Bining in the USSR : 

Hethods and Technolo gy" in ' Cas e Stlldies of Surfac e 
HininG', Proceedings of the Second International Sur­
face Hining Conference , The American Ins titute of Min­
ing , Metallurgical , and Petroleum Engineers , Inc ., New 
York, 1969. pp . 57 - 64 

.3) Ku "" netzov , K. K., et. al. "Die Hauptentwicklungsricht ,mg 
bei der Vervollkommnung der Technik und der Technologie 
der Kohlegevrinnung in den Tagebauen der UdSSR" , Neue 
Bergbautechnik , 3. J g., Heft 10 , Oktober 1973 , pp . 732 - 736 
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c . Ot>en-Cas t Bro\'m Coal Hining in Poland 

Although relatively small in area and population (1 20 , 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 
coal production in 1974 probably exceeded 160 million tons 
(Bradley , 1975 ) and output for 1975 is projected to consist 
of 167 . 2 million tonD 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 bituminous coal is in the Upper Silesian 
Basin (Figure 48) , which extends over more than 6000 k..m2 , 
has thick seams (3 .5 m) and lies at an average depth of 
300 m beneath the surface (Strzyszcz , Z., et . al ., 1974 )** . 

* Sajkiewicz , S. , "Der Stand und die Entwicklung des 
polnischen Bergbaues " , Neue Bergbautechnik , 4. J g . Heft 
8 (Augus t 1974) p . 557 

** Strzys zcz , Z., et . aL , "Reclamation of Coal-Hined Land 
i n Poland" in ' Second Research and Applied Technology 
Symposium on Mineral Land Reclamation , National Coal 
ASSOCiation , The Coal Bldg. 1130 7th Street , N. W. , 
Washington , D. C. 20036 ( 1974 ) 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 1980 1985 1990 

Bituminous Coal 
(in mill . metric tons) 13.8 27 .4 78.0 94.5 104.4 118.8 140.1 167.2 190.0 205.0 225.0 

Brown Coal 
(in mill. metric tons) 0.01 4.8 5.9 9.3 22.6 32.8 36.5 38.7 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 Silesian 
Region has become the most highly industrialized recio~ 
in Poland, and ranks near the top among the industrial­
ized regions in the world . About two million people live 
in this metropolitan area . HowevElr , instead of a single 
large city dominating the area , there are many smaller 
ones , Katowico, the larges t has a population of leGs than 
300,000. The concentration of coal minee 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 subs~quent reclama­
tion, and (2 ) high level s of air pollution impose con­
straint on reclamation programs . 

Mining of brown coal, which is use~ primarily fo r generating 
electricity is centered in the Turoszow area , Vlhich produce 
about 55% of the total , t he Zary area , 2%, both of 'l'Ihich are 
in s outhwestern Poland , and the Konin-Turek area , 43%, in 
central Poland . The brown coal is currently mined by the 
open- cD t 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 i s removed from vas t open-pit mines and trans ported to 
electric generating stations by a sys tem of conveyor belts 
and r ailroads . The overburd~n i s removed by huge bucket-wheel 
excavators , trans ported by a conveyor- belt s ystem, sometimes 
for miles , and piled in several layero , one above the other . 
Conveyor belt ins tallation in Polish 'liGnite pits exceeded 
100 km in 1974 and will reach 350 km by 1990 . Initially , 
the overburden is pil~d outside the mined areas , 1. e . in 
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external dumps ; later , it is piled in areas from which the 
brown coal has been removed , i . e . in int rnal dumps r ,ring 
the oyerations , water i pump~d from eep wells in order to 
depress the water table below the mining level . In 1970 

wa"er inflows (If a r, much as 120 m3/min . Vlere recorded £). 

the Datnow open-pit . The final phase of the operation in 
anyone area thus will res ult in t~e formation of a depree­
sion Vlhich will :~obably fill with water . The mo&t serious 
problems therefore are t;.e hydrologic problems associated wit 
the mining and final reclamation . 

2 ) Reclamation of Surface- '~ined L!lnd 

Because the pro erties of the overburden material di~fer 
among the three areas , different m~thods of reclam~tion are 
used . The Turoszow depo sits lie to the sor.th 0 f t he town 
of Zgorzelec in the so-called ZytawD BaSin, nhic h 1s a de­
pre s ion structure of toctonic 0rigin . The lit holo&ical 
compos ition 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 rpa~tion . 

Th~ coal deposit ~ in the Zarf ragion occur in the Tertiar y 
strata ; in the overburden are Quaternary formations re pre­
se~ted by ma~ls , morainic clays , and sandstones . The litho­
logical compo s ition cf the s eries overlying the coal measur-
es is 75 percent arenaceous formations , 18 percent argi llacec ls 
and marly formations , 7 pe cent interlayors of lignites . Ex­
cept fo r the surface layero , the reaction of the overburden 
ranges from 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. Th~ 

overburd en , compos ed of both Tertiary and Quaternary for­
mations, consists of 17 to 20 percent sandsand gravels , 
40 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 thes e surface mines is currently 
a10ut 800 ha (1 900 acres) of which about 400 ha (950 acres) 
are in pit s and internal dumps, about 300 ha (7~0 acres) in 
externnl dumps , and the remainder is occupied by buildings 
and o t her tru~tures . Research and experiment s conducted 
for more than a dozen years provided the basis for the 
elaboration, during the period 1961 to 1968, of a recl~ ­

mation s ystem for lnnd disturbed by open-cas t mining of 
brown coal. 'I.'he rec:i.ama.tion, scheduled to be accomplished 
over a four-year period , has the following stages : 

(1) res haping the topography to suit the requirements 
of the given reclamation method ; 

(2) regulation of the hydrogeological regime; 
(3) construction of ess ential access roads; 
(4) creation of suitable soi l conditions for vlant life; and 
(5) introduction of trees ~nd other plant s and the s tabili-

zation of s lopes thr0ugh engineering and vegetative 
methods. 

Soil properties are recreated by adding s uitable fe;tilizers 
and neutralizing toxic formations . Agricultural lime i s gener­
ally used for neutralization, but sometimes magnes ium-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 s everely toxic dumps in the Zary 
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region ( pH in KCL 2.0 to 2.5) at the rate o~ 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 life. best res~lts have been achieved with European 
and grey ~lder and aspen . Of the production species . the 
best growth and development has been mad9 by European larch. 
sycamore maple and various species and hybr i ds uf populus. 
Stabilizing the slopes is accomplished by planting differ­
ent species in strips along contour. The number and width 
of the strips depend on the height and gradient of the slopes . 
Such biological stabilization becomes an extraordinarily com­
plex undertaking in cases such a 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 poplar, willows, and s ea buckthorn. 
By the time exploitation of these brown-coal fields has been 
completed, more than 1 ~.000 ha (35,000 a~res ) will be re­
claimed or s cheduled 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 wat er 
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 
~ning and Metallurgy in Cracow . They cooperate closely with 
industry, which is cha~ged with carrying out the reclamation , 
and with the government agencies responsible for drawing up 
the regulations concerning reclamation. Industry relies 
heavily on the ins titutes for advice in their reclamation 
projects , and the ins titutes often incorporate large-scale 
studies into thes e project s . As a re s ult , most of the re­
search is of an applied nature. Nevertheless , some basic 
studies are currently underway or havo recently been co~et­
ed . These include: 

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

(2 ) lysimeter studies on the rate of leaching of mineral 
salt s from coal-mine wastes and their effect on tree 
seedlings; 

(3 ) influences of grass cover on the process of salt up­
take and releas e~ especially in regard to the role 
transpiration plays in preventing water from perco­
lating through the s~il to the groundwater ; 

(4) res earch on the developme~t of microorganism popu­
lations on the reclaimed wastes ; 

(5 ) influence of various forms of nitrogen on a number 
of s pecies planted on the wastes ; 

(6 ) relative tolerance of various tree species to high 
soil temp~ratures ; and 

(7) roo t ing characteristic s of various tree s pecies plant­
ed on a variety of waste materials . 
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Scientists at these two institutes have publi shed many papers 
desc~ibing the results of their research. The most important 
publications are listed below. 1,2,3 

An important unsolved problem in Poland is that of hydrologi­
cal disturbance s caused by mining. Some areas become exces­
sively wet; others , excessively dry. Since the mining in­
dustry it self 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
tions and field experiment s are being conducted on this prob­
lem. Work is being done on the reclamation of other ' types of 

1) Paluch, J., "Problems of Reclamation of Po s t-Indus tial 
Lande" in ' Hatenaly Symozja lne, Part B' , ZBN GOP-DAN 
Bull. No. (1965 ) 

2) Hutnik, R. J., et.al., "1i'!cology and Reclamation of De­
vasted Land", Gordon and Breach Sci. Publ. New York, 
Vol. " 538 p. 

3) Greszta , J., "The recultivatioll of Post-Industrial 
Territories ", in ' Protection of Man's Natural Environ­
ment ', Polish Sci. Publ. Vlarsaw , p. 396 - 417 (1973). 
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indl1.s trial wasteland . Among thes e, the most s erious unsolved 
problems are associated vith: (1) land deformed in the ex­
traction of sulfur by underground-leaching method in areas 
having a high water table, which leads to s erva~ ctemical and 
hydrochemical pollut ion; and (2 ) land degraded due to winnin 
of rock materials ( s low-weathering granites , dolomites , and 
limestones ) where topo braphy 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 Hezunarodnyj Sympozjum 
"Razrabo tka sposobow rekultywacji l ands zafta narus zonego 
promys zlennoj dejatelnostiu". Burgas (19'73) 

. 
) 
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11 Lner , K., .sauer , H., "The ~inimu.'ll Thickne GC"! of Layers 
Capable of Being Cultivated on Tip Sites to Be Used for 
Agricultural Purposes" . 
Neue Bergbautechnik 4 (1 974) 1, pp . 34 - 36 . 

Siebol , K., " ~ tatuG and Development of Mechanized Earth­
work in the G.D .R. with Special es pect to Mass Movement 
in the Lignite In u ~ try" . 
Neue i3ergbautechnik 3 (1 973) l;r . 12, pp . 873 - 879. 

Go lczyJt , W., Willert , 0 ., SzabE.jo s , L., Strzodka , K. , 
"On the Preli.inary Est imate of Overbur en TranRportation 
in Open-Cas t Lignite Hining". 
Neue Bergbautechnik 3 (1 973) Hr . 12, pp . 896 - 902 . 

Folkens , K., "Theoretical ,on ider ation of the Production 
of a Grout Curtain for Draininc Open-~as t Mine ~ in the 
Presence of '?'orri ferou" Groun ' Water ." 
Neue 3e r gbautechnik 3 (1973) , r . 12, pr o 891 - 896 . 

Gebhar , R., Jendre t zky , P., "New Aspect c' for Designing 
Tran fer Point s in the Conveyo r oC'lt Plant ~ lI. 
Neue Bergbautechnik 3 (1 973) ,Nr . 12 , p • 906 - 910. 

Bahr , J. , Gro . iet s ch , U., "Stre s Impose on Bucket Wheel 
Dr i': e", when Excavating in Heavie s t .soils ". 
Neue Bergbau technik 3 (1973) Nr . 12 pp . 910 - 91 5'. 

Sc hu hma..1D , H., "~:ea -ure Taken in the Zone in Front of the 
Open-va.s t Mine and a long Excavator ~ J.ot)e wi,th a View to 
Improving ',:,rin t er ::ork in Open Ca"" t LiGnite ?~ine ". 
Neue : ergbaute chnik 3 (1 973) Nr . ", pp . 801 - 807 . 
A de_cri _tion is given of re ~ul ts of inve~ti ation r and 
preven ive measure - to improve working in open-cas t lignite 
mines in wint er time . let ho tiQ tried wi t h ~ ucce ~ are RUg es te' 
for ro t ectin0 the zone in front of the open-ca - t mine, the 
excavator slopes and planes of ~ eparation a6ain ~ t f reezing . 
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Graf , W., " .. 'i t tinG ear Ripper .. , into DEl' or T 100 H Bul l ­
dozer ::: for Intermediate Working Plane " and 'riltin r, r;: r enche - II • 

Neue Ber gbautechnik 3 (1 973) lr . 11, pp . 807 - 808 . 

Ro t he , D., " r~ethod 3 for Preventing the Freezing of Overburden 
and Raw Brown Coal at the \'1:)11 of Coal Car - in Lignite Hine' 
during Winter Time ': . 
Neue Bergb~utechnik 3 (1 973 ) Nr . 11, pp . 809 - 815. 
An abcoluLe pr erequisite for continuous ly ope r ating lignite 
mines also in the winter oon h ' i s an undi s turbed overburden 
t r ansportation an coal pro uction . Thi s i" the rea[iOn why 
a detailed account i ~ ; iven for the technoloGY and economy 
I.) f fro s tproof brine rna e by the potash indus try of the G.D . R., 
whose corro cive prop rtie ~ are outlined. As from the energetic 
point 0 f view elec tric coal car heating i ro· very expand ve for 
preventing the freezinG of raw brown coal on~the walls , attempt s 
are described for attain~ S t he same effect by coatinb the wall 
with PE panels as well a s by us ing other methods . Suitable 
sugge tion are pres ented for practical operation . 

Unger , S., fl U e of Bla tine in Open- Cast Lignite Hines fo r 
Controlling Definite 'i',inter Pro blems " . 
Neue BerGbautechnik 3 (1973 ) r . 11, pp . 816 - 821 . 
From analy s e of the winter 1962/63 and 1963/64 the limit 
pres ently jus ti.ied for usinG bla ting i ~ con ~ id ered , with 
the particular emph ::: i s on evelo i nc; a s andard rotary 
drilling equi pment i n lignite minin g . Final remarks 'eal 
wlth details of the blas ting techn i que and s ubmit an experi­
mental p~o gram for discus ion . 

Scheibe , U., " Experiences with the U e of Jet Engine for 
Controlling Difficulties Encountered in Open-l-:a s t Lignite 
Mine ~ in Winter 'l'ime" . 
Neue Ber bautechnik 3 (1973) Nr . 11 , pp. 821 - 8~5 . 
A de cription i s given of ex _ eri ~nce s at~ained with jet en~ines 
fo r keepinG free point s and travelli ng linee , for clE'ani ng 
coal and overbur den cal' ~; , a[: well as for removinG s now and 
cleaning belt in or 'er to be able to control di f ficul · ie 
encountere in winter i .1 0 en-cas t lignite mine s , and in 
particulc,r in ma s trans portation . The cons truction of an 0 er·· 
ation of such i ns tallation3 are des cribe • . 

Strzodka , K., Ph~ke , G., "Tasks and robloms of Brown-Coal 
HininG in the G. D. R.". 
Neue Ber buutechnik 3 (1 973) r . 10, pp . 725 - 731. 
Till a..,t 1990 t he brONn coal will remain the mo s t important 
source of r i mary o~er~y i n the G . ~ . • . , n will k ep i t s 
j.mportance a~ a fuel an ' ca rbon C ·:trrier fa r into the 21 st 
century . ThE' future picture of brown- coal mininG will be 
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chanGe by new developent ~ , s uch a e fully echanized and 
partially automated overburden c~nvcyor bridGe~ with a di~Ging 
capacity 0 f 60 c . 'here "uch conveyor brid~e can not be 
operated , new hi~h- efficiency bu ket wheel excavators , belw 
conveyors and ove~~urden 'preaders will be usea for output s 
of about 15 , 000 mJ/h . A prominent part will be playec by 
drainaGe and recult ivation . 

Ku '-'nezo\'/I' K. K., Scharkow, A. 1., "The Main Develo1Jment 
Tr nd~ in the Perfection of the Technique snd ~ echnolo gy 
of Coal ininG in Open- Cas t Mines of the U. (' . C . .". 

Neue BerG aut ochnik 3 (1 973) Nr . 10 pp . 732 - 736 . 

Zajac , Z., Kozlowski , Z., "Optimization of he Coal Quality 
from 1ultiple- ~ tep Brown-Coal Open-~ast M~~es , Illustrat e' 
by the Projected Open-Car t l-1ine of Belachl.uw ( ol and )". 
Neue Ber gbautec hnik 3 (1 973) I r . 10, pp . 737 - 740 . 

TscherneGow , Y. A., " Planning and Cont r ol of the C:cientific ­
Technical Profre cs in the lUning In dus t :.:y of tha U. C' . ~ . R .". 
Ne ue rlercbautechnik 3 (1 973 ) pp . 740 - 7' 5. 
The orGanization fo controlling the s cientific - technical 
progreFs in the national economy of the U . ~ . S . R . ( i n General 
a s well a~ ' in particualr in t he min ins in ' u try) is particular­
ly improved by widely usinG an optimum planning whic h, for ith 
part , a r " ume:-- a comprehen[,ive operation o f electronic com puters . 
A de scription is given of the optimum planning a s applie ~ to 
the solution of two problems of planning the scientific- tschnical 
pros re in the mining indurs try . 

Sj.monovic , M., KLln , J . ~ "Th Brown- voal lining in the Power 
ProducinG Indu~try of the Socialis tic Federative Republic 0: 
Yugo " lav~a" . 
Neue Berbbautechnik 3 (1 973) Nr . 10, pp . 745 - 751. 
The LrOI'ffi coal will continue> to occu 'Oy an i. portant place j n 
the power pro.ucinG ind Ftry of !u ,0 ·1Gl.via , I, arocul<:4r with 
r egar, to ~)atis ~yin " the n .e s 0 l a r Ge thel 'I 'l l. po leI' ~tations , 
that is to say vith reGar ' to he pro' uc tion :; 01 ctricity . 
The i fficul t ~roblem that faceR t h~ Yuoos lav brown coal indus~ ry 
10 to maintain the cost of pro uction by an inc reas ed pro duc­
tivity , even if the conditions of mining are omewhat un favour­
able . The an Fver ~ ar foun in a choice of ootimurn minin~ meth~~s 
for ind1vi ual phaGE' S of pro uction with ~reat em ha~i6 placed 
on a proper choice and better utilization of the type s of 
equipment available . 
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Popa , A., Fodor , D., "Th Brown-Coal Mining Indurstry 
Rumania". 
Neue Ber~b ' ut chnik 3 (1 973 ) ire 10, p, . 752 - 755 

Milde, ., t1ilde- Darmer ) K' I " Pr actical Con·-;lu '· ion'"" to .ue 
Drawn f rom Influences Exerted by the Dra~n ge of Mine on 
L"' nd ca . ing" 
Neue Be r .. : ":.la I te 1mi], . (1 973 ) Jr . 10, . p . 755 - 761. 
0n the b.:: ,- i ~ of 00 ....... ole "trinci al influence of 7:leaSUT u talc n 
for t he rainagu- o:' m:i,ne "-on landsca . i.1g ( surface ub! .dence - , 
loweri ns of ··"ter tac..le t q' al:i.tive infl uence on the out .al l 
ditch by dr ~inace · .... at.:;,r ), a di <: cuGF'ion i pr s ('\nted o j problem 
connected ~ith the ffect of lowering the water table ~n of 
, :iter inlet .. . 

Hit r ega , J ., "The Fuel and Energy Ba i s of The Peopl_ 
Republic of I·oland , To ' ay and in thE' Year 2000" . 
1 oue BerGbautechn~l~ 3 (1973 ) : r . 9, pp . 637 - 641. 

Boc "'anczy , J ., Eru'Zca , F ., Gozor. J. , " 'I'ec hnical and 1 ;c hno­
logical Stu ie of Proauct ion in the Vi~cnta Brown- Cell Open­
Cast Kine . (Hun gary ) 
~ ' ue .erooautechnik 3 (1 973 J ~~r . 8 pp . 573 - 578 . 

Ti~tz , W. , Koch, B., L:>renz H. -J., "ll.etl:o of Detero: ninG 
t he Capacity of a Eel t - Conveyor Operat9d in Open- Cas r-:inas ". 
Neue ergbautechnik 3 (1 973) ·r . 8, pp . 578 - 583 . 

Draganow , L., " 'Th e >:' l c-ctro ,ae ~ical Con <;olidati.on - e Method 
for Incr a s ilJ €:; t he C:;lrryinr Ca . aci ty of Clays in tbf ':' ub­
toJtruc t ux e 0 f .stat ~.onar 'l"!'ack in 0 en··Ca~ t Mine -- " . 
Neue Berg'oautechni k 3 (1 913 ) j'r . 8, pp . 584 - 588 . 

Schrnidt , 1., Arnold , E., " Experience S3.inc d fro m an . nu a llation 
for Monitoring t Utilization of Belt Conveyors in'~ n-C · t 
Nine,:- " • 
Neue BerGbautechnik 3 (l S/3 ) Ir . 8, pp . 594 - 597 . 

Brandl , A., Go") "ze /., Friedrich K., " Control of the oad 
of Conv eyance in ~ro\'m-Coal Open- .;· ... t l ines by Hean f Ov r-
dumping Control Units". 
Neue Ber~ autechnik 3 (1 973 ) Nr. 8 ~ pp . 597 - 599 . 

Festner, ~l ., :oerc: ter , K.-H ., Noack, A., liThe Na:!.nten Ice of 
Overbur en Con/eyor Sri e s " . 
Neue BergbL l' .ecbnik 3 (1 973; Nr . 8, pp 599 - 602 . 
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Almasan , B., "'l'he Mining InduBtry of Rumania". 
Neue lergbautechnik 3 (1 973 ) Tr . 6, pp . 409 - 412. 

l1ueller , D. , " Use o f Electronic Data Processing in t he Bro \'m­
Coal Industry" . 
Neue Bergbautechnik 3 (1 973) Ir . 6, pp . 415 - 418. 

Nobis , K., H., " Use of Large Compute r s in t he Brown- Coal 
I nd ustry for the Point o f View of AUTEVO". 
Neue Bergbaut echnik 3 (1 973 ) Nr . 6, pp . 419 - 423 . 
Many te~hnical-econonical and technolooical bo und~ry con­
ditions must be ubs erved when plannins highly expensive 
br own - coal open- cas t mines . By means of large computers 
a great number o f variants can be calc ulated w:th a view 
t o making an optimum decision . The present and fut ure 
utilization of pro grammed computers is explained . 

Kaden , St ., Luckner , L., Quas t , J ., "Practical Examples 
Illus trating the Solvi n of Problems of Groun dwater Flow 
by t he Method of Finite Element s with Digital Compute r s ". 
Neue Ber[;bautechnik 3 (1 973) Nr . 6, pp . 42/1- - 431. 

Foers ter , 1,'l ., \'hl.lde , M. , ZWi ngmann , A., "Geomechanical 
Proble~s of Desj,gning Dams for (' ealinG off r/ater-Bearing 
Layers in Bro ','m-Coal Ooen- Cas t Hines" . 
Neue Berobautechnik 3 ~ 1 973 ) i r e 3 , pp . 177 - 183 . 

Gr aeber , P., \'/ . , "Hcthod for a Time-Discrete Zl ec tric Sir.lUI­
ation and Numerical Calculation of the Equation for t he 
Horizontal - Plane Ground\'/at er Flow . " 
Neue Bere~bautechnik 3 (1973) Nr . 3 , pp . 183 - 18/1- ' 

Bilz , P., " Lo n6t erm Hovement '" in a Slo pe .syst em Cons i stj,ng 
of Filled Cohesive Nixed Soils Due to the Ris e of Ground 
Water" . 
Neu~ Bergbaut~chnik 3 ( i973) Nr . 3 , pp . 185 - 195 . 

Piatlwwiak , N., "A Eodel for Planninr; and . cheduling the 
Operat ion of Hachinery and Equi pment" . 
Neue Dergbautechnik 3 (1 973) 1, pp . 33 - 35. 

Suess , H., Sonntag , E., ". ew Geological and Petrological 
Knowledge on the Problem of Xylite Contained in Lusatian 
Brown Coals . 
Neue ercbautec hnik 2 (1 972) Nr . 12 pp . 898 - 907 . 
I t i s s hown by analy~, c s bas e on s tat i c·tic~; that the content 
o f xyli t e o f deline ~ groups of coalfiel B presents significant 
differences. .i;. ~) far a" coa l re fil inc; i ~; concerned , the m.:lximum 
limit permitt ed for xylite content s is often exeedec. , parti-
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cularly in the bas e depo DitD of VEB Gaskomhinat chwarze 
Pumpe and VEE Kraf twerk Boxberg . 

Doers chel , D., Dut s chke , L., LanGheinrich , G., "Us e of the 
Zielbaum ·fethod for the Exact De f i nition of ProbleI:ls in 
Open-Cast kining Techniques " . 
Neue Ber~bautechnik 2, (1972 ) Nr . 12, pp . 907 - 910. 
A des cription is Giv8n for definine problems of res earc h 
in the fi eld of o pen-cast mining techniques , using the 
"Zielbaun Nethod" . 

Wiehe , J ., ·"ProbleT:J.s and Open Que stion ..; on Heasuring and 
Evaluati:!1~ Nois e" . 
Neue Berg~autechnik 2 (1972) Tr . 12, pp . 930 - 934. 
Open questions and problems on measuring and evaluating 
nois e are discussed . As the noise level ~ oe s not uermit 
to evaluate correc tly the s pectrum , errors occur when 
evaluatin the noxi ous nc 'n of noi ~ e . In cas e of doubt the 
l imit curve metho d is still jus tified . Hore attention mU3t 
be devoted to the parar.let er ' q ' dependent on the load when 
determini nG the 'Leq ' level . For nois e containinG pul ' es the 
peak value must be us ed f or the purpo ~ e of evaluation . 

Kraus e , H., Burtke , J. , "The .s urveyinG of Track" Reviewed 
from the Point o f View o f Brown-Coal 1-:inin[;" . 
Neue Bersbautechnik 2 (1972) fr . 12, pp . 936 - 938 . 

Siebold , K., "The Development o f the Brown-Co a l Indus try in 
the Gerrac.n Der.locratic Republic " . 
Neue BerGbautechnik 2 ( 1~72 ) Hr . 11, pp . 837 - 840. 

Franke , H., Goe tschke , "I ., Schulze , H., St rzo dka. , K., 
"Regulations in tte Exploitation of V.iner a l Deposit s ". 
(Con[;re s'" Lecture) . 
Neue Ber gbautechnik 2 (1972) Nr . 11 pp. 854 - 859. 

Peu..l{ert , D., ReichenberGer , H., "Contribution to the 
Effect o f Re idual and <' urface i'/at ers in Brown-Coa l Open- Cas t 
Mine s ". 
Neue Ber gbautechnik 2 (1 972) Mr . 10 , pp . 762 - 767 . 
A de scription i s given of the effectc produced by r es idual 
and surface waters on the stability of pit s lopes and spoil 
banks . Problems of s urface drainage an ' dewatering of the 
pit are di s cuss ed . 

Strzodka , K., "Theoretic a l Studies of the Efficiency of Cut ­
off Walle . Part 3: Mat hematical Cons i deration of Rotation 
Symmetrical }low throUGh Complete Cut - Off \'JaIl s in the Homo -
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genou3 and Inotropic Aquifers with en d without Partial 
Percolation". 
Neue Bergbautechnik 2 (1 972) Hr . 10, pp . 768 - 770. 

Siebold , K., li The Pre e- ent State of ('afety of Opencas t !-line. 
in the Brown Coal Indus t ry and Problel:ls Derived from it ". 
Neue Bergbautechnik 2 (1 972 ) Hr . 9, pp . 641 - 61!-6 . 

Reinis ch , E., "Role of the Safety ':/orking Group in Open-Ca::.t 
Mine s as a Control Instrument of the \;orks IvjanaGer" .; 
Neue Berg'oautechnik 2 (1 972) lTr . 9, pp . 6L~8 - 649. 

Nowotnick , G., "Operation o f Overburden Conveyor Bridges 
under Difficult Geological and Hyrolo gical Conditions in 
the Lohsa Ooen - Cas t Eine" . 
Neue Bergbautechnik 2 (1972) Hr. )', po. 650 - 653. 

Reisner, H., " Develo pment Trend s in D::-aining Open-Cas t Hines". 
Neue Eergbautochnik 2 (1 972) Nr. 9, pp . 657 - 660 . 

Bothe, H., Caldonazzi , 0 ., Mielke M., " Increas ing the Availa­
bility o f Dr ainaGe r:orks by Rel:}ote Supervision and Control 
with Res pect to the ..,afety o f Open- CaEt JUne s ". 
Neue Bergbautechnik 2 (1 972) lTr . 9, pp . 660 - 66 1. 

Rechenberger , H., Peukert , D., "rrransferring Re sult s o f 
Res earch ,,',1ark to t he Field of Open- Cast Hine Drainage" . 
Neue BerGbautechnik 2 (1972) Nr . 9, pp . 66 1 - 663 . 

Tomczak , H., J ., "Protection of En ironment of Brovm Coal 
Hines ". 
Neue Ber obautechnik 2 (1 972) Hr . 8, pp . 565 - 567. 
Cocprehensi ve precautions mus t be taken by the brovm- coal 
indus try in order that the sociali ~ tic land e- cape treatoent 
might be r ealized . r. he passinG 0 f the Ger:n.:?.n standar d r'peci __ 
fic a tion TGL 24,663 entit led "Haximoo oncent ration of iliission 
for the Di Gchar~e 0 1 ':; '.l3t " !:lade it pos s ible to s how technical 
and orgnni zation31 olutions conceive' for priority ob j ectives 
s till to be solved . They include eff e t produced by the brown 
coal on the water resources o f the G. D. R., wi t h emphas is placed 
on the multi ole utilization of water. A oarticula r attent i on 
is devote d to t he r e r t orution to aGriculture and fore s try of 
mining dist ric t , as well as to t heir f ur t her uses as local 
recreation centers . 

Eckart, D., "'rypes and Causes of Damases from Completed Hine 
V,'orkin0s " • 
leue Bergoautechnik 2 (1 972) Nr . 8, pp . 619 - 625 . 
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Fis cher, M., Hackes chmidt , M., "On Determining the Level 
o f Residual Wate r when Draining Brown-Coal Opencazt Mine 
by the !:inbulari ty r·!ethod and Elect ric Analo gy". 
Neue Ber gbautechnik 2 (1 972 ) Nr . 6 , pp . 433 - ~36 . 
Residual water levels affec ting the s t ability of overburden 
s l opes and tips pre s ent them~elve s when dr aining t he covering 
beds of brown-coal open- cas t mine. Proceeding f rom the 
equation for determining the level of res i dual water in the 
case of ingle bars (limiting ba r s ), an equation is develo ped 
for its determina tion in the cas e of double bars , which i s 
bas ed on the s ingularity method . 

Busse , H., G., Mueller , D., "The Subgrade i n Open-Ca t Mines -
It s Cha r ac teris tic and Importance to Surface Drainage". 
Neue Bergbautec hnik 2 (1972) Nr. 6, pp. ~4 1 - ~45 . 
A high effect of discharge is nece "sary in order to reduce 
the influence exerted by r ainfall on the s ubgr ade . rom 
theoretical cons i derations and comprehens ive Burv eys general 
statistical regularities are de e lope and a relatively imple 
mathematical model is developed for a ~ubgrade, which can be 
used to determine depths of ditches and to ~ erve as a bas is 
for calculating the effect of di s charge . 

Junghans , R., "The New Le gislation on Noi c:' e Abatement in the 
G. D. R., with Special Reference to ~orking Places in 0 en- Cas t 
and Un erground t~ine s ll. 
Neue Ber gbautechnik 2 (1 972) Nr. 5 pp . 322 - 32~ . 
As a res ul t of the law of ocialis t land s cape treatment 
comprehens ive and very concrete regulations· were publis hed 
in 1970 in execution of this l aw as far as the nois e abatement 
i s concern ed . Res ult s of new meas urements s ho w fo r many working 
place below an ab(ve ground continuou~ equivalent sound levels 
which in part are cons i derably a ove the limiting values . NoiGe 
abatement meas ur eG are s ugges ted . 

Krumm ~dorf , A., "Thir d International Conference on Phyto ­
amelioration (Growing of Field Woods) in the People s Republic 
o f Poland". 
Ne ue Bergbautechnik 2 (1 972 ) r. 1 pp. 79 - 80 . 

Sa jkiewicz , J., "The Present St atus and Develo pment of the 
Polis h }!in':'ng Indu.3 try". 
Neue Eergbautechnik 4 (1 974) Nr . 8! pp . 556 - 566 . 
The Peoples Republic of Poland di. poses of comprehens ive 
depo s it s of mineral and r aw materials . In this article a 
des cript ion is given of the re s nt s tatus a nd planned de­
velopment of coal an" lis nite mining , of the pro "uction of 
natural s tones and aggregate s , of lead and zinc mining , a s 
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well as of copper ore mining. The technical development of 
these branches of mining i s discussed to sether with a S50ciated 
problems. 

Rudolf, H., " Cau es of Earth 10vement <'"; in the Geisel Valley 
and Occurance of Damages Due to Mining". 
Neue Ber ,;bau t echnik ~ (197LI ) Nr . 8, pp . 567 - 573 . 
The individual caus es of earth movement s are des cribed an d 
explained , with example s characterizinG them quantitatively 
on the basis of mine s urveying observat ions . Their different 
effect s on the environment of ouen-cas t mines are also s hown. 
Furth~rmore, a de scription i s given of relations that may exis t 
between the indivi ua l causes and the occurence of damaGes ~ ue 
to mining , dealing in particular with the lowering of the water 
table to be considered in this re spect . 
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