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LAND RESTORATION AFTER STRIP MINING FOR COAL 

Recent legis lat ion requires tha t  lands surface mined fo r  coal be 

" returned to  approximate original topography and tha t  vegetative cover be 

restored. 

The impetus towards the newly enacted 1 eg is la t ion  i n  restoring surface 

mined lands has been the poor es the t ics  and harmful environmental aspects of 

doing nothing t o  mine spoi 1s.  The harmful e f fec ts  to  land are  centered around 

a markedly decreased biological productivity and also a less  rich species 

composition 'which imp1 ies  tha t  raw spoi 1s a re  inherently d i f f i  cul t substrates  

for  plants to colonize. Spoils provide poor rooting habi tat  because of extreme 

stoniness or  excessively slope steepness which provide few niches f o r  seeds to  

become lodged and a lso  spoi 1 may provide poor mineral nut r i t ion ,  poor water 

retention and  sometime,^, the spoi 1 may even have chemical properties detrimental 

to  plant growth (ac id i ty ,  a1 kal i n i  ty  o r  even unusually large amounts of toxic 

mineral elements i . e. ,  copper, sodi um) . 
To provide a substrate  be t t e r  sui ted fo r  plant growth, recommendations f o r  

restoration call  f o r  deep burial of unfavorable substrate  components i .e. ,  rocks 

and materials of unusual chemistry and the dressing of reshaped spoil  w i t h  

topsoil i .e.,  material with the most favorable properties fo r  plant growth. 

Even though a l l  the substrate  requirements f o r  healthy plant growth may be 

met, such as adding a form of 'ava i lab le  nitrogen as f e r t i l i z e r , .  plants will  not 

grow i f  weather conditions a re  extreme. For example, i n  very dry (deser t )  
8 

climates precipitation may be too scanty or  too S r r a t i c  t o  permit the successful 

establ ishment . . /@f ,'many k inds  of p1,ants. Even unde,r the most favorable conditions 

1'' Pub1 i c Law 95-87 - 95th Congress 
An ac t  t o  provide f o r  the'cooperation between the Secretary of the In ter ior  
and the States w i t h  respect t o  the re  ulation of surface coal mining operations, 
and the acquisition and reclamation o 7 abandoned mines and f o r  other  purposes. 



plant productivity as averaged over a period of years i s  low. Also in very cold 

climates the growing season may be limited to  only a few weeks in summer e.g. ,  

a r c t i c  and alpine tundra regions. This shortens the time avai lable  fo r  

photosynthesis and keeps pl an t ,  producti v i  ty 1 ow. 

A number of years ago I did a small scale  fi 'eld study of plant productivity 

that  compared the performance of an ~ l a s k a n  Arctic Tundra plant community a t  

Cape Thompson w i t h  t ha t  of plant communi t y ,  i n  the dry -steppe region of South 

,Central. Washington. Total productivity was about 100 gm-* i n  both regions b u t  

the growing season was 7 months long in Washington and only 2 months long in 

Alaska. Clearly lack of so i l  water was .a l imiting fac tor  i n  Washington where 

annual precipi t a t i  on amounted to  only 6'.J inches per year. The ~l as kan 

communities did not su f fe r  from moisture s t r e s s  since water was standing a t  

the soi 1 surface i n  Erfophorum tussock and -water sedge (Carex) communities. 
I 

The point i s ,  however, t ha t  climate i s  an important determinant of plant growth 
I 

and tha t  over a long period of years d i f fe rent  plant species have become 

adapted to  growth and reproduction i cbntrasti  ng environments. Many ecologists 

believe tha t  the best  source of genetic material f o r  land restorat ion purposes 

l i e s  i n  native plants. Nevertheless there a re  other gene sources i . e . ,  

a1 ien plants and a r t i  f i  cal ly induced-. mutations . 
General obs.erva ti ons of te r res  t r i  a1 1 andscapes show tha t  1 and ' plants are  

able to  grow on the vast majority of the earths surface not permanently covered I 
by ice and snow, deep water. Very steep slopes and very rocky places are  almost 

- \ I 
devoid of plants as are  mobile sand dunes and the gravel bars. associated with swif t  

I 
I 
i 

flowing r ivers  and streams. A1 though plants can grow on most par ts  of a land- ' 

scape, different  parts are  more productive than others. 



Man has been able to  increase crop plant productivity by genetic 

selection of s t r a ins  f o r  food; f ibe r ,  pharmaceuticals, etc.', by i r r iga t ion  

and by copious application of f e r t i l i z e r .  Net crop production i s  a lso often 
. . 

increased by applications ,of '  herbicides to  k i  J 1 competi t i ve  weedy plants and 
4t 

/the use of pett icides to  k i l i  insects whi'ch, otherwise would consume a large 

" par t  of primary production.. 

In temperature climates w i t h  abundant rain and deep topsoil  i t  is 

reasonable to  expect good productivity of shaped spoi 1s within a few years. 

However in dry climates < .  9 inches revegetation i s  not so readily accomplished 

and as fa r '  as I know there i s  no 20 year experience to' show .how ef fec t ive  

revegetation real ly  is  in  such regions.   ow ever, i t  i s  unlikely t h a t  shaping 

and topsoiling will  enhance primary productivity which wil l  be low and i s  . 

1 i kely to  be dominated by plants whose major use w i  11 be ' l imited t o  forage use 

by livestock 'and wildl i fe .  

An innovative 'way t o  reshape land t o  enhance primary productivity i n  dry 

regions i s  sponsored by the U.S. Energy Research .and Deve.lopment .Administration 

a t  the Pacific Northwest Laboratory, Richland, Washington. Here. mounds and 

valleys are  engineered to  provide f o r  judicious placement of the best  soi 1 in  

the valleys to serve as rooting substrate  and mineral nutr ient  medium while the 

functions of mounds is  to  intercept  and d i r ec t  the flow of precipi ta t ion t o  

the valley f loor  where i t  can  be stored and used by growing plants.  The area 

of mound interception i s  four times t h a t  of the valley f loor .  Assuming 100% 

effi.ciency,, s ix  inches of annual . r a i n f a l l  can be increased t o  24 inches which 

i s  enough: to  ra i se  cer tain kinds of crop plants. In t h i s  way land with extremely 

low primary productivity and w i t h .  no potential  f o r  crop plant production 

(without i 'rrigation) can be converted to  crop land. The key t o  such landscape 

modification i s  in the waterproofing of the slopes t o  discourage the growth of 



water-wasting weeds and the e f f i c i en t  direction of water to  the valley f loor .  

In cold, wet natural ly forested regions, land restoration engineering 

can be aimed a t  providing a rooting substrate  with good internal moisture 

drainage or  the engineering can be. aimed a t  converting t e r r e s t r i a l  habitats 

t o  freshwater .ponds o r  wet1 ands . 
;i 

Pub1 i c Law 95-87 provides f o r  envi ronmental performance standards and 

Sec. 515 i s  reproduced i n  the following pages. 



I 

. . 

(1) conduct surface coal minsing operations so as to mnximize 
the utilization and conservation of the solid fuel resource k i n g  
recovered so that reaffectbig the land in the future through surface 
coal mining can be minimized ; 

(2 restore the land affected to a condition capable of support- 
ing t 1 e uses which i t  was capable of supporting prior to any min- i 

. ' in or higher or better uses of which there is reasonable likelihood, I 
so 5' on as such use or uses do not present any actual or probable I 
h a d  to pub1ic;h:alth or safet or pose any actual or probable 
threat of water dunmution or pol I' ution, and the permit applicants' 

. declared proposed land use followinp reclamation is not deemed . 
to be hnpmctical or, unreasonable, rnconsistent with applicable 
land use policies and plans involves unreasonable delay m imple- 

. 

mentation, or is violntlve of ~edern l ,  state, or local law ; 
.- (3) exce t as provided in sub~ection (c) with respect to all 

surface ,coa !' mining operations backfill, compnct (where advasable 
to insure stability or to prevent leaching of toxic materials), and 

ade in order to restore the approximate original contour of the 
. End with a11 highwalls, spoil piles, and depressions eliminated 

junless small depressions are needed in order to retain moisture to 
assist revegetatloa b r  as otherwise authorized pursuant to this 

, 

Act) : Provided, lunoever, That in surface coal mining which is 
carried out at the same location over a substantial eriod of time 

-. where the operutio~b transects the coal deposit, an 2 the thickness , 
of the coal deposits-relative to the voluief -tKi overburden is'i' 
lar e and where the operator demonstrates that the overburden 

- an fi other spoil and waste materials a t  a particular point in the .I 
permit area or otherwise available from the entire permit area is 
insdcient, giving due consideration to volumetric expansion, to 
restore the approximate original contour, the operator, a t  a mini- 
raurn, shall bncMll, gkade, and compact (where advisable) using 
all available overburden ar.d other spoil and waste materials to 
attnin the. lowest practicable grade but not .more than the angle 
of repose, to provide adequate drainage and to cover all aoid- 
forming and other toxic materials, in order to achieve an ecolog- 

- ically sound land uce compatible. with the surrounding region : 
And pr&ided further, Thnt in surface coal mining .where the 
volume of overburden is large relative to the thickness of the coal 
deposit nnd where the operator delnolistrates that due to volu- 
metric expansion t.he. a m o ~ n t  of overburden and other spoil and 
waste materials removed. in the course of the mining operation is 
more than sufficie~it -to restore the approxininte originnl contour, 
the operntor shall nfter restoring the npproximnte contour, :back- 
fill, grade,.nnd coi~~pnct (where ndv.isable) the excess overburden 

- 

and other spoil nnd waste materidls to nttain the lowest grade but ! 
not more than the angle of .repose. rind to cover nll acid-formino 
nnd other toxic materials, in order to achieve an ecologically 
sound land use compatible with .the surrounding region and that 
such .overburden or spoil shall be shaped nnd graded in such n 
wny as to prevent slides, erosion, and wnter pollution and is 
revegetated in accordance with the requirements of this Act; 

(4) 'itabilize and protect all surface nrens iiicluding spoil .piles 
affected by the surface coal mining and rpclnmatioii operntion to 
effectively control erosion and attendant air nnd water pollution; 

I 
(5) remove the topsoil from the land in a separate lnyer, repla& 

it on the bnckfill aren. or if not utilized immediately, segregate i t  I 
in a separnte pile from other spoil and when the topsoil IS not 
replaced on a bnckfill nren within a time short enough to avoid 
deterioration of the topsoil, mnintain a 'successful cover by quick 
growing plant or other menns thereafter so that the topsoil is 
preserved from mind and wnter erosion, remains free of any con- 
tamination by other acid or toxic mnterial, and .is in a usnble 
condition for sustaining vegetation when restored during reclamn- 
tion, except if topsoil is of insuffioient quantity or  of poor quality 
for sustnining vegetation, or if other strata can be shown to be . 

more suitable for vegetation requirements, then the operator shall ' 
remove, segregate, and preserve in a like manner such other strata . 
which is best able to support vegetation; I 



(6) restore the topsoil or  the b e t  nvailab,lc subsoil \vhic.l~ is best 
able to support vegetation ; 

(7) for all prime farm lands ns identified ih section 507(b) (16) 
to be mined and reclaimed, spccificat.ions for soil removal, storage, 
replacement, and reconstruction sllall be established by the Sec- 
retary of Agriculture, and the operator shall, as a minimum, bc 
required t h  

(A) segre ate the A horizon of the natural soil, except ' fl  here i t  can e shown thnt other available soil materials will 
, . create a final soil having a greater productive ca ncity; and 

if  not utilized immediately, stockpile this materia f' separately I 
. from other spoil, and provide needed .protection from wind 1 

and water erosion o r  contamination by other acid or  toxic - material; . I  , 
(B) se egate the B horizon of the natural soi!, o r  under- -- lying C f orlzons or  other strata, or  a combination of such 

horizons or other strata that. Rre shown to be both textu~xlly 
and chenlically suitable for .plant rowth and that can be 7 shown to be equally or  more favornb e for plant rowth tl~arl I Ph the B horizon, in su5oient quantities to create in t e regraded , 

finnl soil a root zone of comparable depth and quality to tliat 
which existed in tlle natural soil; and if liot utilized i~nmedi- ' 
ately, stockpile this material separate1 from other spoil, and 
provide needed protection from win d" and water erosion or  
contnmination by other ncid or  toxic material ; 

(C) replace and regrade the root zone material described in 
( B )  nbove.with proper co~~lpaction and uniforni depth over 
the regraded spoil material ; and 

(D) redistribute and rade in a uniform manner the sur- 
. face soil horizon describe 2 in subparagraph (A) ; 

(8) create, if authorized in tlle approved mining and reclanla- 
tion plan and permit., permanent impoundments of water on 
mining sites 'as part of reclnmation activities only when it. is 
ddequntely demonstmted that- 

(A) the size of t.he impoundment is adequate for  its 
intended purposes; 

(B) the impoundment dam consti.uction will be so designed 
as to achieve necessary stability with an adequate margin of 
safety compatible witli that of structures constructed under 
Public Lam- 83-066 (16 U.S.C. 1006) ; 

' (C) the qun1it.y of impounded water will be suitable on a 
~er~nilnent  basis for its intended use and that discharges 
iron1 the impotmdnlent will not degrade the water qliallty 
below water quality standards established pursuant to 
a.pplicnble Federal and State lam in the receiving strenn~;  

(D) the lerel of writer will be r'easonably stable;. . . 
(E.) finnl grnding mill provide adequate safety nnd access 

for proposed water users; and 
. (F) such water impoundnients will not result in the dimi- 
nution of the quallty or  quantity of water utilized by adjacent 
or. sui.rounding Inndowners for  agricultural, industrial recre- 
ationnl. or  domestic uses ; 

(9) conducting any nugering operation associated with surface 
mining. in a manner to masinlize recorerability of mineral 
reserves remainin after the operation and reclamation. are com- f plete; and seal a1 auger holes. with an impervious and noncom- 
bustible material in. order t o  prevent drainage except where the 

, 

regulatory authority determines thnt the resulting impoundment 1 
of water in such auger'holes may create a hazard to the envi- 

permitting authority may prohibit augering if necessa to 
I ronlllent or the public health o r  safety: Provided, Tha t  the , 

maximize the utilization. remverability or conservation o y t h e  
solid fuel resources or  to protect against adverse water qualitp 

' im acts; 
50) minimize the disturbances to the prevailing hydrolo 'c 

I 
balnnce at  the mine-site and in associated offsite areas and to  t f e 
qunlity and quantity of wster in surface and ground water sys- 
tems both during and after surface coal mining operations and 
during reclamation by- 

(A)  avoiding acid or other toxic mine drainage by such 
i 

measures ns, bllt not limited to- 



(i) preventin or removing water f ~ o m  contact with 9 . I toxic producing eposits; 
(ii) treating drainage to reduce toxic' content which 

adversely aflects downstream water upon being released 
to water courses; 

. in no event shall contributions be in excess of requirements 
set by applicable State or Federal law; '. 

-. (ii) constructing any siltation structures pulsuylt to'sub- 
paragraph (B] (i) of this subsection prior to commencement 
of surface coa mlning operatioxis,~such structures to be cer- 
tified by a qualified registered engineer to be constructed as 
desi ed and as approved in the reclamation plan; (8 cleaning out and removing tempoiary or large. settling 
ponds or other siltation structures from drainrays after dis- 
turbed areas are revegetated and stabiiized; and de ositing 
the silt and debris at a site and in a manner approve by the 
regulatory authority ; 

I 
' (1)) restoring recharge capacity of the mined area to 
ap  roximnte premining conditions; 
[E) avoiding channel deepening or e.nlargement in .pe~a- 

tions requiring the discharge .of water from mines; 
. . (F) prcscrving throu hout the mining and reclamation 

* . process the essential hy d rologic functions of alluvial valley 
' ,,floors in the arid and semiarid areas of the country; and 

( G ) .  such other actions as the regulatory authority may 
' .prescribe; I 

'(11) with respect to surface disposal of mihe wastes, tailings, 
coal processing'w.astes, and other wastes in axxias other than the 

' mine workin or  excavations, stabilize all waste piles in desig- 6 nated areas t rough construction in compacted la ers including 
the use of incombustible and impervious mater~a I s if necessary. 
and assure the'final contour of the waste pile will be com atible 
with natural surroundings and that. the a t e  can and r i l l  & sta- 

' bilized and reve thted according to the provisions of this Act; 
(12) refrain P rdm surface coal mining within five hundred 

feet from active and abandoned underground mines in order to 
revent breakthroughs and to protect health or snfety of miners: 

$mided, That the regulatory authority shall permit an operator 
to mine near, through or partially through an abandoned under- 
ground miqe or closer to an active underground mine if ( A  the 
nature, timlng, and sequencQ of ,the approximate coinci *d ence 
of specific surfnce mine activities with specific underground mine 
activities are jointly approved by the regulatory authorities con- I 
cerned with surface mlne regulation and the hea1t.h and safety of 

. underground miners, and (B)  such operations Kill result in 
improved resource recovery, abatement of water pollution, or 
elimination -of hazards to the health and safety of the public; 

(13) design, locate, constnict, operate, maintain, enlarge, mod- . 
ify, and remove or abandon, in accordance wit.h the standards 

] 
' . 
















