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ABSTRACT 

This report on the effects of trip and surface mmmg on the fish and 
wildlife resources in eight \ppalachian · Late is ba eel in part on observation 
made during a tour of str ip and surface mined area by the authors, a members of 
a team of peciali t from ix Federal agencie . ur£ace mining · ha cau eel 
extensive damage to fi h and wildlife habitat and population . tOtal of 832,605 
acres of land have been eli turbecl ; 81 percent of th se are in Ohio, Pennsylvania , 
and We t Virginia. More than 5,000 miles of ppalachian tream and 13, 00 acre 
of impoundments have been seriously contamin ated by acid mine water, ome of 
it from surface mining. dclitional water acreage has been adverse ly affected by 
tremendous quantitie of sil t and sed iment. R eclamat ion o( mined lands i 
needed. Three of the e ight tate vi ·ited in 1965-66 had no law requiring 
restoration of strip-mined lands, and other State needed stronger laws and more 
enforcement (V irgi nia and Tennessee have ince pa eel law governi ng str ip 
mi ning). R eclamat ion a currently practiced in the ppalachian region doe · not 
adequate! ' re Lore mined lands to minimal sta ndards necessary to protect and 
improve fish and wildlife re ources. 
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Cover. - Biackwater Falls in Blackwater Falls State Park, Tucker County, W. Va. 
The gorge below the falls was noted for its trout fishing until this section of the 
Blackwater River became polluted by acid from coal mine operations in the 
1950's. (W. Va . Dept. Natural Resources photo) 
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Appalachia- shaded area indicates coal-bea ring strata . 
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EFFECTS OF SURFACE MINING ON FISH AND WILDLIFE IN APPALACHIA 

The ppalachian Regional Development Act of 
1965 (Public Law 89-4, approved M a rch 9, 1965) 
provides for public works, economic development 
pr g rams, and the planning and coordin a tion 
need ed to d evelop the e activities. 

The Department of the Interior is con cerned 
pa rti cul a rl y with section 205 of the ct, " Mining 
Area R es tora tion ." The purpose of that e tion i 
the rehabilita tion of area damaged by mining. 
Sec tion 205 directs the ecre tary of the Interior to 
m a ke a na tional sLUd of strip and urface mining 
o peration and their e ffect . The fir t phase o f th e 
survey ·was cond uctecl in the Appa lachian reg ion 
by a fi e ld appraisa l team from the Burea u of Sport 
Fishe ri es a nd \Vildlife, the Bureau of fin e · the 
Geo logica l Sun·c ·, t he Forest ervi e th Federa l 
\\ at r Poll utio n Contro l d mini Lra tion , and the 
So il Conservat io n Ser ice. 

. c l ned m ining a rea in Penn lvani a, 'i\ c t ir­
g tt11<t. irg ini a. Ohio, Kcnru ck . T enne sec lvf a ry­
la nd. and labam a we re vi ired and eva lu a ted b y 
the Fi e ld App ra isa l T ea m. Th a rea included 
th prin ipa l m in ra t commoditi es recovered by 
~ ttl fate m ining in a h Sta le . the m o L import ant 
be ing coa l. Tlllt ~ , thi s repo rt d a ls prima ril y with 
~ t r i p and surfa e mining fo r coa l in Appal ac hi ;t 
a nd its cn·ccL On fi h a nd wildlife . 

HISTORY OF SURFACE MINING IN APPALACHIA 

ttrfa cc mining was probabl ' the ea rli es t fo rm 
ol minera l recover in the Ap1 al a hian reg ion. ln 
th e ea rli er cl ays o f th e indu ·rry, the re crvcs of 
min :-~ bl c coa l were consi lered sm a ll , a nd it wa 
anti cipated that th ey wou ld soon be exhausted . As 
Luger m ac h i ncs were 1 rod uc d , reserve · of coa l 
th ere tofore considcre I impossible to mine became 

ac c ·iblc, and the opera tions were in crea eel 
(Gille pi c, 1964) . Extcn ive trip and urfacc min­
ing o f coal has had a brief hi to ry, with the g rea te t 
ex pa n. ion occurring during the las t 25 yea r . 

Surfa ce mining o f min eral (precl omin antl • oa l 
in ppa lachi a), is accom1 li shecl prim aril y b ' rwo 
me thod ·: contour ·tripping and a rea tripping . 
The c m e thod ma y be emplo ·eel cpa ra te ly or ro­
ge th r . d epending on topogra phy, 1 a t mining 
o pera ti o ns. a nd the na ture o r cx rem of the d epo it. 

o nto m stripping . as the na me im p li e , is a con­
tinu o us procc s of following and rem oving a oal 
sc; lln around a hill icl o r m ountain to p until the 
min ra l o r min ra l O\ n er~ hi p ends (fi g . I) . Power 
cquipntcnt removes the material covering the coal 
(o,·crb urclen), whi h i a t a ide o r pu heel Lo the 
ou te r edge o f th e cut (fi g. 2) . The mine pit i a 
re l at i \'f.~ l y I vel bench bounded on th inside b y a 
,·cnica l h igh ,,·a l l and o n th ou t ide by a r idge of 
spo il whi ch ta il s o ff d ownhill. An additional one 
In four a1TI' S nf land may be distu rbed for each 
O(Tt' of coal r('(overed by this tyfJe of m ining. If 
1 here is more th an on e coa l sea m on the a me 
h ill sid e. multiple cur · a re m ade, and poi! ta ilings 
m<t · ext end tO the next lower tri.P mine (fig. 3) . 
Thi , s iLtt a ti on is ommon in part · of Kentucky, 
T nnessce, a nd 'i\ L Virg inia, where in ome areas 
'po i! ba nks cover entir hillside . 

,. \ rca ~tripping i a compli heel in nat to rolling 
Lerr<tin . . \ lo ng trench is made aero s the min ing 
area to expose the coal : after the coal is removed, 
~ po i! fro nt adjacent work ing · i d cpo ited in the 
in it i;tl cut. The operation continu es until the en­
tire a rea i · mined. Thi type of mining leave 
paralle l ridges in rows of var ing he ights (fig. 4) . 
The last cut is genera lly left o pen. These open pits 
often contribute to pol lut ion. 



Figure 1.-Contour strip mine on Bird Mountain in Tennessee. Photograph taken from the same mine 
half a mile away. 

EXTENT AND NATURE OF DISTURBED AREAS 

The extent of str ip min ing in Appalachi a 
presented in table I . The percentage of eli turbed 
area in each State was calcu lated by divid ing the 
tota l State area into the trip-mined area. The 
perc ntage are rather low. but the aggregate area 
is more than 830,000 acres, and with in creas ing 
needs ror coal th is wi ll double or triple w ithin 
th nex t 25 yea rs. This potential disturban ce by 
surface mining is best demonstrated in VIles t Vir­
g ini a, where the tate reclamat ion personnel an­
ti cipate that about 20 percent of its 3,449,600-acre 
coa l fi eld will eventu all y be mined. The magnitude 
of th is disturbance wil l be extremely signifi ca nt 
locally, and cou ld have far-reaching effects na­
t ionall y. Pol lution resu lting from min ing affects 
thou ands of mi les of rivers and streams (Kinn ey, 
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1964) , and 
measurable 
(fig. 5) . 

Table 

St~te 

Al~bama 

Georgia 
Kent uck • 
Maryla nd 
Ohio 
Pennsylvania 
Tennessee 
Virginia 
West Virginia 

Total 

the harmful effects on water are often 
tn area outside the min ing area 

1.- Extent of surface disturbance in 
Appalachia 

Tot~ l ~cres Acres Percent 

in St~te disturbed eli turbed 

33 ,029 ,760 50,600 0. 15 

37,680,640 300 Trace 

25 .852,800 48,289 0 .1 9 

6,769 ,280 2,200 0.03 
26,383 ,080 179,256 0.68 

29,0 13,120 302,400 1.04 

27,036, 160 26,760 0.10 
26, 12 1,600 30,800 0.12 
15,475 ,840 192,000 1.24 

227,362,280 832,605 0.36 



Figure 2.-Bulldozer clearing mine pit by pushing spoil over the edge, Campbell County, Tennessee. 

A common ly overlooked effect of strip and sur­
fa e mining is the treme ndo us acreage of lands 
n1ade in accessib le to wildlife by contour strip op­
eration . In ' est Virginia a lone there are more 
than 4 11 ,000 acres of la nd esentially iolated to 

most anima ls b highwalls thrown around hilltop. 
during mining (fig. 6). tate author ities recognize 
192,000 acres of land el i turbed by su rface mining; 
to this sho uld be added the 4 11,000 acres for a 
total of somewhat more than 603,000 acre which 
have bee n disturbed or iso lated. Similar conditions 
prevail, to varying legrees, in at leas t four other 
Appalachian States. 

In additi on to the di swrbed area g iven in table 
1, it i est ima ted from topographi maps that an 
additiona l 700,000 acres of land are left isolated 

by highwall , or a total of 1.5 million acres seriously 
affected by smfa e mining in Appalachia. 

The problem a so iated with str ip and surface 
mining-acid pollution , sed imentat ion , sil tat ion , 
de ·u·uction of ae tbeti value, etc.-are not n ew. 
R elative ly few act ion program for the allev iat ion 
of problems have be n undertaken and, except for 
revegetation of mine po il s in some areas, those 
undertaken have se ldom recla imed the land (fig. 
7). Coal is a va luable minera l, and in mi n ing 
State it is a ·ignificant and ssentia l part of the 
economy; however, the public is becom ing better 
informed a nd highl y con cious of the need for 
insu ring tha t utilization of one n atura l resource 
sha ll not resu lt in permanent de tr u tion of or 
damage to others (U . . Foret Service, 1962). 
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Figure 3.-Multiple contour str ipping in northeastern Bell County in Kentucky. Note slides from overloaded 
spoil banks. 

EFFECTS OF STRIP AND SURFACE MINING 
ON FISH AND WILDLIFE 

Strip and urface mining in the ppalachian 
region i , in mo t instance , d e trimenta l to both 
fi sh a nd game resources. During an ivc mining 
th ere is omplete destruct ion of terre trial and 
aq uat ic hab itats at th e mining ite, and offs itc d am­
ag s can be fa r reaching. Jn Appalachia, seven 

tate reported th at water have been polluted by 
acid min e wa te -see ta ble 2. Thi table does not 
separate the so urces of acicl drainage, but . ta tes 
reponed th at 10 to 25 percent of this pollution 
orig in a tes in strip min es. M an y inve tigat ion · have 
been made to clocumen t the ser iousness of acid 
po llu tion, siltation , and :cclimentation that result 
from ~urface mining. It is perhap · appropriate to 
summarize the effects of these pollutan ts on fi sh 
and wildlife populations. 

Acid pollution 

i\lin c drainage is rcncl erccl acid by chemical and 
po sibl y b iochemical reactions involving- water, 
ox yge n , and sui ph ur in pyrite, marcasite, a nd other 
mineral · and ore commonl y found with coa l de­
posits ( iclo and Mackenthun , 1963). 
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Acids change the water qual it of . tream. into 
whi ch the y a rc di scharged , a ffect ing fi sh and wild­
life in . c,·era l ways. The acicl. may be present in 
such concentrat ion s as to be directl y le tha l; th ey 
may be harmful bccallSC of anions o f high toxicity, 
or have m <Jrkcd toxic properties as di ssoc iated 
molecul es; and the ' ma · bring about cha nges in 
conditi on of ex istencc <1 ncl rate of growth of fi shes 

Table 2.-Potential fish and wildlife waters 
deleteriously affected by acid mine pollution 

(Adapted from Kinney, 19611 

,\1 ilc' or Acres of Mineral' 
'ilale 'llean1 in1p0u ndm en1 mined 

Penn ylvani a 2,906 10,100 Coal. 
We 1 irginia 1,150 3,533 Coal. 
Kemucky 580 Coal. 
Ohio 278 192 Coa l. 
T ennessee 125 Coa l. copper, 

pho phorus, 
Ma ryland 83 Coal. 
Virg ini ;l 10 Copper, zinc. 

Total 5,132 13,825 4 



Figure 4.-Area mining in Pennsylvania . Spoil banks lie in rows parallel with the last cut in the back­
ground. (USDA- SCS photo) 

(.Jones, 1964; Turner, 1958). Acids a lso cl epre 
or prevent reproduction of des irable sport fi he . 

The desirabl pH range for fi h in the p-
palachi an r g ion i 6.7 ( lightly ac id ) to 8.6 (alka­
lin e) ( .S. Dept. Interior, 1965). Although fi sh 
can live for a hon time at a pH of 4.5 (very acid) 
a plllowcr than 6 i unfavora ble. Lloyd and Jordan 
( 1964) reponed th at rainbow trout died at a pH 

of 1. 1 in of1 water. J onc (1964-) found that trout 
egg developed norm all bet ween pH 1 and pH 5 
but cog di ccl at leve ls below pH 1. O ther authors 
have reported failure or fi h reproduct ion in waters 
h avi ng pH va lu e · below 5.5. 

In add itio n to und es irab le ac id and pH in efflu ­
ent [rom str ip mines, iro n hyd roxide is precipi­
tated when these waters enter stream ·. 1ron hyclrox-

id e or" ellow boy" is only lightly oluble in water ; 
it coat trea m bottom ·, de troying natural beauty 
a nd the hab itat uitab le for aq uat ic life (Cordone 
and Kell y, 196 1; \1\ a rner, 1965). Acid pollu tion of a 
stream may a lso have effect not generally recog­
ni;ed. If water i · too ac i I, it cannot be used for 
ho usehold purpo cs, live tock watering, or indus­
tria l tt s , without expensive treatment. ·w ild li fe, 
unwillitw to drink ac id water, is usually absent 
ncar badly polluted area. Iron hydroxide de­
posits in strea m cha nne ls and lack of des irab le 
fish a nd wildlife in or nea r acid streams result in 
decrca · d land va lue (Parson , 1952) . 

Silt and sediment 

The effects of si lt an I ed imen t on aq uati c flora 
;t nd fauna vary with con entrations of po lluta nts, 
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Figure 5 .- An active mine on the Hickory Creek Watershed, Campbell County, Tennessee. Acid sediment 
and silt originating on this mine are measurable miles from the mining area. 
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Figure 6.- Access to more than 400,000 acres of wildlife habitat is impaired by highwalls in West Vir­
ginia. This unscalable highwall is in Randolph County. 

a nd with species affenccl. ilt re tdts from mining, 
grave l a n d coa l was hcri cs, limestone sawmills a nd 

crushcn, a nd e ros io n . Fin e s ilt ma y ·v ty in ~~ ~ pe n­

sio n : larger panicles drop. blanket ing the strea m 

b o u o m a nd sm o th er ing d s irablc aq ua ti c li fe. Silt 
and ~ dim nl m ay reduce lig ht tra nsmitt a n ce. a lter 

tcmpcratt tr gradi ent , absorb orga ni c ma te ri a ls 
a nd ot her ~ubstanccs. a nd ca use furth er d e po iti o n 
(Pa rsom. 1952: Sido a nd i\ [a kcnthun . 1963) . 

Food , cover, and access 

Conwu r mining ha · a cl e lc tc ri o u ffec t o n ga m e 
populati o ns. \ Vhen la rge ar as o [ former ly pro­

du c t ivc la nds arc denuded , sca lped , and pitted , 
<1 nd rc~ ult a n t mine spo ils :-trc d cpo it d over addi ­
ti o na l an·cagc. th di stu rbed ar a arc unprod u -
ti vc until reveg tat ccl , u ·uall y a fte r m ining is com -

plctcd. On po i! ba nks in arc<t: or steep te rra in , 
rc ,·cgctat io n is ,·c r y s lo11·. R a 11· ea rth i · a common 

, ig ltt o n o ld working: where ne11· c<t nh li ppagc 
h :t \ dc,troycd g ro ttnd o ,·cr. In ge neral. o nl · th e 

pi t , haul:tg :trca. a nd th inn er slo pe or the spo il 
arc planted .. \ t least an equ al <t<Tcagc i. I ft to 
n :uural r c ,-cge ta l ion. 

Some m il iga t io n or the d es truct i\"C feat ures or 
.\urfacc mining 11·ill rcs ttlt from incrca cd acccs . . 

from cha nges in to ta l cover type. <tnd from re­
pl:tnti ng w ith d cs ir<tb lc trees and shrub that 
prod uc food :t ncl co ,·c r for w i I ell i fe . Lack of ac­
cc-,, to man y th o u. a nds o r acres. cu t off b y ttn­
,,:tl: tb le hig h\\'alls c ircum:cr ibing th e hill · ( fi ~. 8). 
11·ill redtt<c the to tal :trca :t,·ai lab lc for o utdoo r rec­
reation. This t)pC o f loss occur · in a. tc rn Ken­
tuck). Tcnn c~scc. 11·es tc rn \ irgi ni a. ,\l a r yland. a n d 
\\ 'c, t Virg ini a . 
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Figure 7 .-New growth on a 4-year-old shortleaf pine plantation on a strip mine area in McCreary 
County, Kentucky. (USDA-SCS photo) 

ESTHETICS 

De troyed beauty is the primary rea on fo r the 
pre sures throughout ppa lachia to correct the 
prob lems associated with str ip m ine. Di wrbance 
of land and wa ter by su rface mining was accepted 
in the name of payrol ls and progress. As destruction 
and poll ution from stri p mine spread, public 
awarene s and concern increased. Many people 
could no longer accept what had been done to 
nalllre, for a raped and gutted hillside is not a 
th ing of beauty. The dr ive to clean up and repair 
began in many areas. ttempts at improvement in 
appearance a lone helped quiet public reaction, 
even though it d id not correct the poilu t ion or 
make the land usable. 

]n lowland regions with rolling hill s, strip mine 
eli turbances are usually le s severe and can be cor­
rected. In the mounta inous Appalachia, however, 

damage i greater and repair more difficult. It is 
in the e areas that long-lasting effects of surface 
eli turbances are greatest: complete mountainsides 
denuded and covered by mine poi! from mul tiple 
stripping; miles of streams destroyed b y silt and 
sediment; and natural beauty de troyed (fig. 9). 

his i wholesale destruct ion whi ch du lls the senses 
of anyone forced to live in the area and assaults 
the en e of persons pass ing through. 

The problem that must be solved is to allow 
recovery of a natural resource without destruction 
of other renewable resources and to provide for 
the repa ir and replacemen t of damaged lands co in­
cident with the recovery process. Cordone and 
Kelly (196 1) have aptly stated that-

More th an a nything el e we need to deve lop a philosop hy of 
land hu~IJandry th at wil l avo id the creat ion of unt rea ted 
and runni ng sores of th e ea nh·s surfa ce. Man must acq ui re 
a responsibi lity to fu ture genera tions tha t matches the po\\'er 
he has ga ined through the development of hea vy machinery. 



Figure 8 .-An indication of how land is isolated by inaccessible highwalls circumscribing hills. (USDI­
BM photo) 

Existing Conditions by States 

Th e f o ll o \\"i ng- . ectio ns d eal with I h e concl i ti o ns 
cx ist inK in arh o f th e e ig ht ,\ ppa lachi a n . ta les. 
Th e c n·ects o f ~ urrare mining o n fi h and game 
rcsot trccs. current re. to ra t io n programs . a nd meas­

u res nere . ;1 r · to pro tec t a nd improve conditions 
fo r fi ~h a nd wild li [c are di scu · eel . 

ALABAMA 

Exisfing conditions 
Strip and surface mtntng tn Abbama h <1 s not 

been full y d e,·e lo p 'd. Current . urface di sturban ce. 
fo r c oa I a ncl iro n o re, is e' t i mat ed to exceed 50,600 
ac res . Thi ~ i-; lc's than I percent of the m inera l 
acreage acce~~ ibl e to surfrt ce mining fo r these 

min era Is. 
la bama author it ic: do not consid er strip 

and sttrfa cc mining a probl em at thi s time . a nd 
t he l eg is l :~t ure has no t e nacted regubtory leg isla ti o n 

rccptiring rerhma t io n. nl css regul a ted . furt her 
c'plo it a t ion o f min erals ma y create adverse condi­
l io n' o r a n apprec ia ble m agnitude. 

Importance of strip and surface mining 
to fish and wildlife resources 

In spection o[ se lected iron a nd coa l mtntng 
are;1 s by th e Fi e ld .\ ppra i a l T eam dur in ?; "\f arrh 
1%() d isclo eel th a t recog ni 7ab le damage to fi sh 
a nd H"ild li fc reso urces has occurred. !though in 
.\l a ba ma onl y small amo unt o[ acidic m a teria l 
a rc :tssoc i:tted ,,· ith coal and iron de pos it ·, there is 
som e a id po llutio n o r stream ·'Y tems. Th e ,\l ab ama 
\ \'at r Impro ,· m cnt Comnti ss ion re ported in 1949 
that o nl y o ne sma ll stream (in 'i\ a lker County) 
\\"as affected b · ar id min e dra in<1ge . The A l ah:~m <1 

C eol ogic tl Sun·ey no\\" re ports th <lt at lea t fi,· e 
~.treams a rc aiTcct ecl by thi s po llu ta nt. 

9 



Figure 9.- A panorama of destruction. (USDI- BM photo) 

The denuding of 50,600 acres of land and their 
ub equenL reforestation as s ingle-purpose forest 

production units has e limin ated some desirable 
wildlife habitat. R educt ion of wildlife populations 
will probably occur with additional mining . 

To avoid de truction o f fi sh and wild life habitats 
by surfa c mining, particular attention hould he 
g ive n to measures d es igned to maintain water 
qualit y, by controlling acid wastes, by preventing 
ilt and sed iment pol lution, and by revegetating 

the mined areas to meet a variety of planned uses. 
Ben efit s rath er than losses shou ld then re ·ult to 
fi h and w ild life. 

Accomplishment in restoration programs 

Lacking leg islat ive ru le a nd regulations , recla­
mati on of di stu rbed areas has been very limited 
in .\ labama. Rc[o rc ·tation [or fore st products pro­
dtt ct ion apparently is the major reclamation ob­
ject ive. I n al l areas vi ited by the Fi c ici Appraisa l 
Team, this type of reclamation ha not adequately 

10 

c0mpcnsatccl for adverse cffcns on fish and wilcl­
lif resulting from mining. 

h ;.. conditions resu lting from str ip and surface 
mining in ,\ labama point to a need for adequate 
State legis lati on that will protect other natural 
rc~ourccs . The potential di turbancc of over two 
m iII ion acres i nd ic ttt:'> H"idc:prcad reduction of fish 
and game habitat ttnlc. s adeq uate afcguards arc 
provided. 

KENTUCKY 

Existing conditions 

Strip ;111d surface mtntng has ex panded rapid ly 
in eastern Kentucy dming the pa t 15 yea rs; c·t i­
tn atcs 111adc from aer ia l photograph · and on-the­
grou nd inspections indi ate mo re than 4 ,000 acres 
of ~tr ip-m in ed lands in eastern Kentu cky . P erso n­
nel of the State Division of R eclamation est imate 
that ·1,000 new acre are di turbed each year". 



Figure 1 0.- Evidence of auger-mmmg in exposed coal seam is readily visible after 20 years of natural 
slumpage, Randolph County, West Virginia. 

In the mountain of ea tern Ken tucky, coa l seams 
are generall y found at the upper le els of the 
hill s, rather like the mea t in a sa ndwich . Strip 
miner in thi · area character isti ally bulldoze a 
" ha ul road" up to the earn and carve a long, 
broad "bench" at the leve l of the seam. The coal 
is stripped (rom the expo eel earn . Overburden 
a nd coa l often have to be blasted loose. In past 
m ining, mu h of the dirt, ton e, and debr i dug 
out by power shovel from the face of the hill 
cascaded cl own the hillside. The development of 
rotary drilling equipment, better explosive , and 
excavator has con tributed to the increased ca le 
a nd effi ciency of such contour stripping operations 
(Walsh , 1965) . 

Pollution of streams by acid , sil t, an] sed iment 
and mass ive erosion are a d irect resul t of surface 
mining. Thousands of acres of land have been 

buried under con tantly mo ing spoil, a nd addi­
tional acres have been cut off from u e by wildlife 
by continuous unbroken highwalls. These high­
wall , ttn ca lab le by man and beas t, are character­
i ·tic of many mounta inous areas being mined . 

R eclamation laws origina ted in 1954 a nd were 
amended in 1956, 1960, 1962, 1964, 1965, and 1966. 
Prio r to stu·face m ining for coa l, operators mu t 
obtain a 1 ermit and pot a boncl , which is sub­
ject to forfeiture if reclamation doe · not meet 
, tate p cifi at ions. They must report on reclama­
ti on prog-re s wh ich require grad ing and plant ing 
of disturbed areas. 

Importance of strip and surface mining 

to fish and wildlife resources 
Onsite a nd o ffsite effects of str ip mining have 

been harmfu l to both wild li fe and fi h popu lat ions 
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endemic to the coal fie ld . The Kentucky D epart­
m ent of Fi h a nd \\ ilcllifc R c. ourc r pon. that 
about 5 0 mi les of fi shabl e st reams and river 111 
Kentuck arc h armed b · mine acid drainage (l(in ­
ney, 196·1). , tate c timatc: show th at at lca. t 25 
percent of t he. c. or 145 miles , arc h a rlllccl b · . tri p 
mining ('W als h . 1965). Tn add it io n there ar(' thou­
sand. of mi les of . mal l headwater tributari c: a nd 
main streams in whi c. h numbers of fish a nd the ir 
foods arc supp rc sed o r g rea t! ' reduced as the 
re ul t of sed ime ntation , si ltation , o r sublet hal 
amounts of ac id water enter ing drainag direct! 
from urfacc m in ing operat ions. It is gen era ll y 
agreed th at most min e ac id come from deep 
mine , but surface drainage ent er. these m in es 
from surface eli . turbed trip-min ed la nd . E \·cry 
str ip-mi ned area visited by the Field r\ ppraisa l 
Team in Ke ntu cky had exposed ac idi c material 
or ac id-po ll utcd water somewhere on th e trip. 

The detrimenta l effect of turbidity and . il la­
ti o n on aq u(lt ic organi m were evid en t in a ll 
perm a ne n t s tr ams vis ited b y the Appraisa l Team. 
A lth ough ad ult fi hes ca n withst(l nd la rge amo un ts 
of sed iment, the ir eggs a nd fry can be de troyed by 
small amounts. 

Befo re m ining bega n, the ea te rn coa l fi e ld were 
large ly timbered with second and thi rd growth 
h a rd woods in unbroken sta nd . Huntabl e popu la­
tions of quirre l, ruffed grou c, ra bbit , raccoon , 
turkey, white-tai led d eer, a nd clove frequ ented the 
a rea. t leas t a 25-per cn t reducti on in w ildlife 
h as occurred in mined areas. L a rge tra cts of forest 
have been despo iled b y urface mining a nd con-
tru ct io n of h a ul roads. Den tree , food , cover. 

a nd territoria l ranges have bee n great ly red uced 
if no t e limin (ltcd . F ish and wildlife resources 
which h ave been hi storica ll y im por tant in th e 

ta te of Kentu cky are ra pid ly disappea ring in 
mining a reas. 

Accomplishment in restoration programs 

R ecla mat io n progra m s un til recentl y h ave been 
directed at resto ring surface cond ition ·. In D ecem­
ber I 965, n ew State legisla t io n was pa sed. T hi s 
in creases bond requirements, regula tes the width 
of ben ch allowable by degree of s lope, a nd spec i­
fi es the type of surface restoration by d egree of 
slope. It a! o regu lates, by othe r basi c instructions , 
the ha nd ling of tox ic m ate ri a l , construct ion of 
ha ul road , and m e thods of revege ta tion. 
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MARYLAND 

Existing conditions 

St rip mining in J\f arylancl i restricted to r\ll ega ny 
a nd Carrctt C:ountic~ in th e wc~ t c rn part o [ t he 
State. This area is m ountai nou s, confining surfac 
mi n ing to co nto ur stripping m ethods. To ne o f the 
min es arc la rge; mot a rc 10 to 100 acres a nd arc 
" ·o rkcd with sma ll equipme nt , pr in cipa ll y bull ­
doter. shove l. , and drag lin es w ith bu ck IS ho ld ing 
lcs: than 18 cubic ya rds. trip m in e opcrat i ns 
ha \'C in crea~ d la nd rosio n a nd ha ve pol lut ed 
str ams with a id , s ilt , and . ccl imcnt. 

The prob lem o( str ip a nd surfa ce mining in 
\fary la nd i. confined to a mall pan o f th . tat . 
.\ t present only ~.200 acr s, less than I p rccnt ol 
\fary i:J JHI·s tota l area, have been el i tu r bccl. A n 
:Hld it iona l '100 acre. o[ new mining occurs ca h 
year. and thi s i not expected 10 in crease 5ubsta n­
t ial ly. Th e co(i l m ining r g io n of ~f a r y l a nd , like 
that or ne ighboring Pennsylvan ia and \Vet Vir­
ginia. is pr dominat ly underlain w ith hale a nd 
sa nd~1o n . Since o nl y minor amount · o f lim e. ton 
occur. 1hcre i · littl e bufl cri ng a bilit to neu tra li ze 

ac icl. 
It i · c t im ated th at I 15 mile o[ fishabl e . trea m , 

" ·ith 500 su rfa acres of water. arc polluted to a 
moderate or . evcrc degree (R cpp n , 1964). The 
exte nt to whi ch strip mining contribute to thi s 
po llutio n ha: no t been d e t rmincd , but it is 
tho ug ht to be a sub ta nti a l port ion of the tota l 
ac id load carr ied b 1\ far rJa ncl's W'tter . 

:\f ary la n d law requir s that a ll surface mi ne 
operato rs post a minimum bond of , 2,000 per 
tract , or . 500 per acre, based o n th e number o f 
acres of coa l expected to be min ed. T he reclama­
t io n l(iw req ui res back fillin g ov r th e coa l eam 
to a d ep th o( 3 feet a nd a surface ·lope of n ot 
o \·er '15 d egrees. T hi must be accompli h eel a t the 
conclusion of mining or u e of the pit a rea as a 
hau l road . 

Importance of strip and surface mining 
to fish and wildlife resources 

From visits to elected a reas in the coa l m1n1ng 
reg io n of Maryla nd , the Fi e ld Appraisa l Team 
conclud ed that there ha bee n a ge nera l d e line in 
fi sh and w ildlife hab itat o n th e stripped a reas. 
Ev id ence of aci d min e dra in age wa o bse rved 
thro ug ho ut th e to ur. There were few insta nces of 
ons itc c iTcc ts, but there were m a n y indi ca tions o f 
offs ite pollution. A large percentage of po lluti on 



observed occurred directly from deep m ine dra in­
age with a n unknown con tribution to thi di scharge 
from surface mining. A is the case in other coal 
producing area , the two types of poll ution can­
not be readily eparated . Conservative calcula tions 
indi ca te that the ab ence of a productive fi sher ' 
in the acid-polluted tream. of GarreLL a nd Al­
legan · Counties represents a lo s o[ more than 

100,000 a yea r to the economy of the two countie 
(R eppert, 196-1). '"'i th i ncrea eel a llention to acid 
pollution problems assoc iated with strip mine rec­
lamat ion and prope r planning, benefits rather 
than losses should result. 

Accomplishment in restoration programs 

Maryland law does not recognize min e acid a 
an industr ial pollutant; therefore, water quality 
control is not co nsidered a primary object ive in 
reclamation , which consists in limited earth moving 
to achi eve minimal coverage of exposed minerals. 
Sloping to the highwal l may increase su rface 
drainage into the deep min es with a resultant in­
crea e in acid water discharge. It is apparen t that 
until the discharge of aci d water is identified by 
law as a pollutant and water quality control is 
recogni zed as the major problem, damage to the 
aquat ic environment will continue. 

OHIO 

Exist ing conditions 

The topography and geology of the coal prod uc-
ing region of Ohio make area . trip m1n111g pos­
ible. Limited contour tri pp ing i practiced in 

the hi !Jy southeastern ect ion of the State. Lime­
stone depo its are as ociatecl with mo t of the over­
burden found with the coal measu res in the region, 
and thee depo its effective! buffer most of the 
a id drainage waters as ociated with surface min­
ing. Acid pollution has affected 392 miles of 
st rea m in Ohio (Kinney, 196'1), however, no eli­
tinction i made between surface and deep mining 
in thi s report. 

trip mining in Ohio has affected 179,256 acres, 
of which 137,503 have been reclaimed according to 

tate law. This law require. that all new strip 
min es (a n est imated 10,000 acres annually) shall 
be reclaimed to the following minimal require­
ments: 

I. Spoil piles will be graded to flattened top 
surface of not under 20 feet in width . 

2 . . lopes . hall be short and not exceed an angle 
of 45 degree . 

3. Long uninterrupted lopes ha ll be terraced to 
m1n1mi7e erosion . 

4. Earth cl am will be con tructecl, where fea ibl e 
or practica l, in the last cut of an operation. " ' hen 
ponding is not fea ibl e oth r procedure are re­
quired in grading to control water pollution . Con­
sideration of inund at ion of a ll acidic materiaL 
1 in cluded in thi regulation (Section 1513.04, 
Administrative R egulation , R ev i eel Code of 
Ohio). 

Importance of strip and surface m ining 
to fish and wildlife resources 

trip m ining in Ohio has destro)ed con iderable 
fi~h and wildlife habitat duri ng the a Live opera­
tions . but favorable topography and reclamation 
method have created or im proved hunting and 
fishing opportunities in many min ed areas. 

T here ha been an in crease in fishable water in 
Ohio as a direct re ult of smface mining. Approx­
imate! 690 a res of these impoundments, ranging 
in . i7e from 0.5 to 50 acres (average 31 a res), 
are ma naged fo r public fishing b ' th e Ohio De­
partment o[ Ta tural Re ources on lands mined by 
the Ohio Power Compan y. It was estima ted from 
the number of permit i ·sued and from pot check 
by compa ny per onnel that these areas provide 
more than that 10,000 man-cia of fishing per 
ear (14 man-cia s per acre) . An est imated 100 

sma ll ponds. rang ing from 0.25 to 15 a re , h ave 
been crea ted a the result o f surface mining on 
\\ '<~y ne National Fore, t, Lawrence County, Ohio. 
These areas were devoid of impoundments before 
mining operation . 

\Vildlife of interest to the hunter ha · benefited 
from reclamation of , trip-mined la nds through the 
de,·elopment of habita t conditions, ·ometimes bet­
ter 1 h<In those former! found on the area. Other 
strip-min ed areas are being reclaimed for agri­
cultura l or forest crop production, and thee area 
may not support the game species and numbers 
that they did before mining. 

Accomplishment in restoration programs 

Under present regulations, Ohio strip m in c rec­
lamat ion meet minimal requirements to improve 
and pro tect the fi h and wildlife resources in most 
area of the State. R ecovery of water quality is 
aided large ly by limestone formations in the coal 
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prod ucing- reg-ion. R eclamat ion fo r water qualit ' 
control o a water. hed ba i. could rc>ult in phy i­
cal a nd biologica l conclitiom equa l to . o better 
than , tho~e that exi~t cd before mining. 

PENNSYLVANIA 

Existing conditions 

Strip a nd ' u' face mming for coal in Pennsyl­
\'ani:~ include' both the ,mthracite am the bitu­
mino m coal fi eld . Fran!-. (1964 ) c tima tcd t1:lt 
11 2.000 acre. of ~trr fac di~turbamc. from mining 
cxi,ted rn the -1 7->yuarc-milc amhrac itc coa l 
ficll. The tota l di,turb;~nc in the biwminous oa l 
rcgi n i. 0\'(~ r ~00 .000 acre .. 

E ~emia ll y there arc cwo problem in trip min­
ing operation in Penmyh·ania : ( I) Acid and cdi­
mcnt r ~ulti ng from mining pollut e . trcam" a nd 
pon<b: a nd (2) in rea~cd water pr duction from 
d ep mine) occurs a a re u lt o f directi ng urface 
drainage un dergrou nd . Pen n yhania ha in cxce ·s 
of 2,900 mile~ of a ici-cle troyed tream .. fh i tota l 
doc not includ e hundred o f milc5 of small head­
water stream . c nsiclcred to h ave little fish ery po­
tential (Kinn ey, 1964) . Jn add it ion to acid pollu­
tion , larg amount o f uspended , il t and sedim ent 
ad ve r el) affect fish and other aqua ti lil e. 

l n 196- Penn ·h ·ania ena ted tro ng la \1' for the 
regul a t io n o f strip mining . . II new, or re"vorked 
old . stripped area n ru t be restored LO contour, 
and acidi materi a l m u t be eparated a nd buri ed 
under clea n fill material. lined a rea mu t be 
graded LO ac hi e, ·c adequate dra in age. The Penn-
ylva ni a law has a ll th e elements needed for a 

succe sful reclama tion program. 

These active ·tr ip mine reclamation programs 
a re urrentl y in progres : (1) Joint Federal-Com­
mo nwea lth proj ect , co t sha red on a 50-percent 
ba is, a nd (2) Commo nwea lth of Pennsylvan ia 
projects. To elate, 84 str ip mine reclama ti on pro­
jects have b en completed under both programs. 
The cost of recla iming uch a reas va ri e tremend­
ous ly from p roject to project. Stra ight backfilling 
of aba ndo ned trip pits generated a range of per 
acre co ·t o f 43.50 LO .'2,375 in Luze rn e and 
L ackawanna Counties. The average cost per acre 
for 1,490.2 acres recla imed under the State pro­
gra m was 424, whereas the average cos t per acre 
for the jo int Federa l- tate proj ect · was .. 744-. It is 
po ibl e that the higher a verage cos t m ay reflect 
co ts for item other than backfilling, such as 
depth of pit, access ibility, e tc. 
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Importance of strip and surface mining 
to fish and wildlife resources 

;\fo 1 of l'cn n'>yhan la · ~tnp mining areas were 
fore tecl. It i ~ es timated tha 80 percent of th d eer 
and 95 pcnent o( the bear ki ll ed by hunt er are 
han·e t d in the hitumrnou coa l region . The Field 
pprai~;tl Team concluded that wild life popula­

ti on have d e'cl ined at lea . t 15 percent in unr -
cl<1 rm ed ~ll 'I ' mi ne ar l'a' in Pennsylvan ia. Squ irT I 
and wrke) 1 ange l~<tH' been d es tro •eel thro trgh 
the lm. of den a nd ma~t IJC'<' ' a nd throu ~h change~ 
from open-,tand hard\\'O d fores t to d ensely 
mi xed '!><'ri c.:. O n rec !;>in c·d ar a s me mall ­
game populatiom such a the couonta il ra bbit, 
' no\\'shoe hare . a nd rtdl ed gro m e have increa. cl 
th rough <rca ion of opcni n ~ ' a nd vege tati\e li ver­
~ifr :t l ion wh i< 1 follo\\'td 1 I( dr-ruption of l>Oli d 

e' u r-:lg< '< 'I J ill , >I h :n d IHI ··' 

\ < id . -.d t ;rnd cdimc·nt J>•d lu r ion of :..: <lOt• miJc, 
of '>treanb in P nn. ,han ia has cl es troved an ex­
tremely , a Ju ab le fi . her' n ' -.m rrce. A thi rd of th 
~at i o n '. populat ion re-;id e \\'it hin 200 milc5 of 
P nnsy h·an ia' . coal fi e ld s. \ Vith the in crease in 
I i,u re time and the imprnvement of hi e;hway s -
tems, a large percentage of t hi . popu lation wou ld 
tllil i7e 1 he fi h and wild I if re o m ce in the area 
(ORRRC Study R eport 7, 1962). 

Accomplishment in restoration programs 

Penns ·Jvania\ leg i lat io n governing strip m tn c 
rec lamation i ~ th e trietest in the ation . R eclama­
ti on ha~ been d irected toward re taring the urface 
conto ur. a nd revege ta ting th e land . Much effort 
wem intO grading a nd backfi lling. Section 5, Arti­
cle 700, Rul es and R egul a t ions of th e Sta te's Sani­
tary \\ <Her Board , sta tes that in order to protect 
the water of th e Commonwealth from pollu t ion 
a ll ac id forming m a teri a ls d istu rbed during each 
cut of the operatio n sha ll be buri ed in the pit 
under an impervio us layer of clea n fill (Pen nsyl­
,·a n r;r mendm em :\rticle 700, 1965) . 

Enforcemen t of the present State law with full 
recogniti on of the signifi can ce of water qu ality 
contro l on a wa tershed bas is is tantamount to suc­
ess ful reclam at ion of strip-min ed a reas. 

TENNESSEE 

Existing conditions 

T enn e see has over 25,000 acre · of strip-mined 
coal land in 16 counti es. This acreage increa es 
annua lly b y approximate ly 8,500 acres. Only 2,000 



of these acre. ha\'e been reclaimed by printe and 
Federal ag-encie . . " 7ith th exception ol th e Ten ­
ne. see Valle) Authorit). " ·hi h included gradi ng 
a nd pond romtrunion in it. reclamation project~. 

most rechmation h: t ~ been ingle-put pose planting 
for fuwre timber production. 
.Tenn cs~ec now h a. strip mine leg i lat ion: also, 

th e Tennes. ee \ 'a lley :\ uthor ity require strip mine 
reclamation a-. a pan of all ne,,· coa l conu acts. 

In area~ , ·isitcd b) the Field Appraisal T am 
tno t "·ater found in the , ·icinit) of th e mines wa-, 
acid. 1L was reponed by TV A (Elmore. 196 1) that 
" lt can be . tate<! confidently that the acid mine 
dt ainage o[ thi reg io n will not develop in to a 
pollution p roblem of majot proportion ... became 
of th:? orcut-renc( of calcatcou materi al (lime-
tone and dolomite) in the o\·e rburclen o( much of 

the Tennc sec \'aile). It should be noted, however, 
th at \\'henevet total acid loads in a watet · · tem 
e'"eed the buffering <apa it) of that sy tern, del­
cteriou acicl condition <an te ult. 

Importance of strip and su rface mining 
to fish and wildlife resources 

The Game a nd Fish Commission reports that 
fi sh habitat in over 125 mil es of stream has been 
de troyed. These streams form er!} conta ine! an 
abundan e of sma ll mouth bass ant! muskc lunge 
(Parson s. 1952). dclitional mi le> of tream h ave 
been degraded b · la rge amounts o f silt and sed i­
ment whi h blanket th bolt m and smoth er de-
irabl c aqu atic organi m . \ Vith additional mining 

these form s of pol lution will increa e. and the ir 
e lTects wi II become more ev icle n t. 

D es irab le w ild life habitat h a been reduced in 
mining a rea. Iso lated hilltops of littl e \'alue to 

wildlife o r hunter a re created b y unsca lable high­
wa lls. \\' here toxic spo il cond ition have re ultctl 
from min ing, use by wildlife is li m ited. Burial of 
toxi c poi ) materi a l can crea te good hab itat for 
wi ld li fe. 

Accomplishment in restoration programs 

Voluntary reclamatio n of mined land in Ten­
n cs ce h as been very lim ited. T he str ip min e 
prob lem is manifested in man ways: acid water 
d ischarge; loss in bea u ty; sed im ntat ion; ·il lat io n ; 
u ns table terra in; and u nusab le la nd. R ecen tly 
p assed legi la ti on sh ould h e lp re m ·ely the ·e con­
ditions. 

VIRGINIA 

Existing condit ions 

I n \'irginia . trip and . urface mmmg fo r coa l 
and manganc e is in nine southwe~tern counti '· 
'dwre :!0.000 acre~ of land have been di~ttll bed. 
or I he-, e. a II but 1.000 acre~ ate confin ed to coa l 
t''llaction; th 1,000 acre~ of mang-~tnc,t· mini ng 
a t e principalh in Sm , the Count\, where 500 acre 
ha\T been mined in the .J elTer on ;..iational Forest 
The State has tcccntl • ena ted legislation on Hrip 
mintnp;. 

~c1 mm ermion a nd . iltation were found at all 
'tt fare mining ::1rca' ,.i,ited ]),· the Field \ppra i a l 
Team .\!though ariel pollution has not been re­
>ottl'd a a problem in Virginia (Ki nne\ . 1%1). 

a< id \\':tter and acidic materials " ·ere fotllld on 
mmt areas in pccted. 

Importance of strip and su rface mining 
to fi sh and wildlife resources 

T o date. fish and game re.ources in Virgi ni a 
ha\'e not bee n evere ly afTcnecl by surface mining. 
Thi' ca n be accounted for by th abundan c of 
calcareou' sub. urf ace materi a l and th rela tively 
~mall alllount of distut bancc b mining. 

\ cgetati ,·e growth o n mined land. gen rally ex­
ceed~ tha t of unmincd area. trip mining can b e 
con id ered deep plowing by which mineral are 
mad e a \·a ilable to plants for additional growth. 
\Vildlife food and cover re ult rapid !) on mined 
land in mo t area 111 this tate. 

i\ lajor stream system in the m in ing regions of 
Virg inia hav not been ath·er e l • affec t c! by acid 
po llution . All majo r stream sy tern effective ly 
neutrali;c mine ac id but neutra l iza t ion makes 
" hard' ' water and increa e iron precip ita te. Al­
though these e n;cct have not yet h ad a n aclver e 
effec t on fishing they arc danger ignal . Extreme 
hardne s assoc iated with neu tra li zed acid mine 
water a n be as harmful to aquatic li fe as the 
a icl it elf. 

An addit io nal hazard to fish ery resources th e 
les en ing of stream flow . ~ I an mile of stream 
arc nO\\' interm itte n t in flow , a a d irec l re ult 
su rface mining (Mart in, persona l com m u ni at ion , 
19ofi). r\ ,· tate hatchery lo atcd on a dra inage in 
t he manganese m in ing area was closed because of 
ofisi te effects of m ining. 
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Accomplishment in restoration programs 

R e toration o[ stri p-mined lands in V irg inia was 
not required by law un t il 1966 and wa nol clone 
unle s specifi a ll y requ ted b the minera l owner 
or a publi agency. 'When reclamation wa u nder­
taken, m ini mal wil d life hab itat re ul tecl . clverse 
effects on aquatic hab ita t have been alleviated in 
area of manga ne e mi n ing where so il ero ion has 
been con trolled. 

WEST VIRGINIA 

Existing conditions 

trip mi n ing, probably the earlies t fo rm of coa l 
mining prac ti ced in the Sta Le, ha bee n an in­
d m tr y in \\ e t Virg ini a ince 1916. In 1922 and 
1923 thi s form of min ing a co un ted for abo ut 0.3 
percent o[ th e tota l coa l prod uct ion in the Sta te. 
It ro~e . teacl il y unti l 1947, when a prod uct ion o f 
21,937.542 to ns amounted to 12.5 percent o f the 
coa l mined in the Sta te. R ecen t product ion h as 
Ou cLu a tecl . but it norm a lly amounts to 6,000 .000 
Lo n [or reg td ar stri pp ing a nd 3,000,000 tons for 
auge ring, or approx ima L ly 8 percent of the total 
Sta te p rodu ctio n (G ille p ie, 1964) . 

umero us e Li mates have been m ade in the las t 
20 years o ( the amo un t of lane\ a ffected by strip 
m ining in West Virg ini a . T he passage of legisla­
tion in 19'15, 1958, and 1963, ' ith amendm ents in 
196'1, e rabl ishecl regula tio n which required m in­
ing permit ·, bonds, a nd reclama t ion procedures. 
The 1963 amend men t (sub t itute for Hou e Bill 
296) to ' ta te tr ip m ine regul a t ion p rov ides for 
the indus tr y assessmen t of . 30 per acre for a ll new 
tr ip m inin cr operat ion . T hese monies were to 

fin a nce th e recl a ma tion o( a n e ti ma tecl 30,000 acres 
f unrecl a imed land no t overed by ea rl ier str ip­

! ing reg ulation . T hi s amendm en t made it impera­
ti ve tha t a re lia bl e est ima te of el i tu rbed lands b e 
ob ta ined. 

D r. W illi am H . G ill espie, We t Virgini a U niver­
sity, on tracted to design a nd carry ou t such an 
in v ntory. T he ·urvey, com ple ted in 1963, loca ted 
tJ. ,6 9 m iles or tr ip mines o n 7 1 quadra ng les in 
37 co un t ies . T hee mines rep resent an es tima ted 
d i turbecl acreage tota lling 192,000 acres whi_ch D r. 

ille p ie redu ced to 179,172 acre a a conservat ive 
e ti mate. £-I (urth er reported in Sep t mber 1965 
th at ·trip mining h as d isturbed in excess o f 5.2 
per en t o( the 5,390 square mi les of a rea o verl ying 
the known coa l reserve in W est V irginia . If strip 
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m ining shoull ultima te! a ffect four t imes th e 
pre en t acreag , a common! ' quo ted fi g u re, it wi ll 
invo lve 4.6 percent of the tota l area of the ta te, 
or 20.8 percen t of the area in which the industry 
w ill be concentra ted . 

Table 3. - Strip mines in West Virginia 
f As reported bl' Gillesp ie ( 1964 )] 

Count y 

Barbour 

1\oonc 

1\ r:tXtOn 

Broo ke 

Cia) 
F:l\Clle 

(,iJmcr 

C: rant 

Crccnhrict 

ll ancock 

ll ~rri,on 

Ka na\\·ha 

l .ewi · 

l. inroln 

l .oga 11 

M c Dowel l 
.\ l a r ion 

\ Ia, on 

.\f erec t 

,\ l incra l 

\1ingo 

\LOJlongcll ia 

:-\ icholas 

O h io 

PI asant 

l'oca ho tlla ' 
P res t o n 

l'u tnam 
Ral c i ~h 

R a ndolph 

S u mmer~ 

T ay l01 

T uckc• 

l Jpsh u t 

\\' a~ ne 
\\' ehs lc t 

\\ ' ,otll in g 

T ota l 

~t t mber 
of 

't r ipped 
:trca..;; 

129 
93 
13 
56 
28 

2-15 
25 
23 

11 •1 
15 

188 
195 
I 0 

5 
37 

192 
32 
17 
29 
39 
92 

140 
128 

4 
G 
9 

322 
15 

109 
73 

58 
36 
92 

3 
44 

102 

2,8 9 

.\I i les Acres 
o l i~o l~ tcd 

't rip \ uc' h ' 
111inc< dis ll ih u tcd ' ltig lHr:J! Is " 

I ;, I 

20() 
19 
99 
3i\ 

.)~{) 

32 
I I 

JR(i 

9 

370 

·106 
I 7 I 

3 
I Rl 

329 
12 
II 

17·1 
26 

25.i 
1 2.~ 

217 
3 

21 
23:> 
22 

28 1 
Il l 

2 
71 
!)7 

(-) ~) 

2 
.i 9 

1!)2 

4,689 

8.607 
9.-1 13 

-1:) I 

.').040 
9, 0 

14,72 
1,0. 0 

550 
6.290 

302 
2!i.384 
20.250 

9.91. 
61 

·1.1 10 
9. 1.') 

406 
342 

•I, , 72 
7 11 

6.462 
4.97·1 
6,01 8 

61 
•16 

1,0 11 
10.664 

665 
9.52 1 
3.774 

·15 
2.500 
I. 79 
2. 13? 

37 
1.3 10 
:).348 

179. 172 

1.330 
12.5 17 

1.8 15 
7.57 1 
2.930 

51.1 36 
13,0 1·1 

1.42 1 
20 ,611 

·Il l 

2·1,955 
32 .524 
I I ,306 

25 
18,9 4 
25,8 13 

644 
I .342 

13. 94 
2.575 

I . 25 
•1. 150 

27 ,524 
417 
67 

2,342 
14,056 
2,04 7 

39;136 
13,11 8 

I 15 
4,948 
7,55 1 
·1.965 

184 
12,266 
13.718 

•11 0,7 3 

1 Rc(l c<.h a ! :"") perce nt decrease from meas ured acrc :-t gc o f strip mines 
h' Ci ll cspic w insure o nscrvativc da ta. Other reports sh O \\" 192 ,000 
acres d isturbed . 

' 1965 data. 



Importance of strip and surface mining 
to fish and wildlife resources 

Strip mining has been detrimental to fi h and 
wi lcl li(e in West Virginia. K inn ey (1964), reported 
that approx imate ly 1,150 miles of potential fish­
ing strea ms a nd 3,533 surface acres of reservoirs 
and ponds contained min e acid pol lut ion. cicl 
water discharge results from both deep a ncl u rfa e 
mining of bituminous coa l with an est imated 25 
percent o( this di charg-e resulting from strip min­
ing. 

Mountain tops are rendered inaccess ible by un­
broken 20- to 70-foot highwalls as stripping opera­
tions ircumscribe the hil ls (Gi llespie, 1964). A 
recent ca lculat ion plouecl from topographic m aps 
identified more than 4 11 ,000 acres of land in \!\lest 
Virgi nia that are essent ial ly isolated to most 
ground-dwelling anima ls. 

I t is conceivab le that certai n rare and endangered 
fauna and flora ind igenous to the State ould be 
eliminated by continued strip mining. The Cheat 
Mou!1Lain sa lama nder (Plethoden nettingi) is an 
examp le of a unique species found in restricted 
areas within the coal fields. (Collins, 1959) . 

Accomplishment in restoration programs 

R eclamation in West Virginia, except for a few 
isolated cases, has been directed primarily toward 

reforestation. Tree pl anting- ha been primarily 
(an estimated 90 percent) black locu t; however, 

sheet and gull y erosion , ·illation, and sedim nta­
tion were found a sociatecl with thee plantings in 
man instance . Change in revegetation pra tice 
must be initiated before stab ilization o( spoil i 
rea lit.ed and detrimental effects of mining elim­
inated. 

'With minor changes in urrent reclamation 
practice , beuer enforcement power ·, and e t<• blish­
ment of water quality control as the m ain recla­
mation objeCLi e, mo t detrimen ta I effects of act ive 
strip and ttrface mining operations ou ld be elim­
inated. It will require higher bonding, preplan­
ning, greater reclamation expenditure , and in 
some areas new techniques for coal extraction . 

Most \\ e t Virginia stream have little to no 
buffering capacity, and smal l amou nts of acid ca n 
destroy en tire stream s tems. 

large pollution problem exists in the abandon­
ed mines of thi s State. Although deep mine dis­
charge is common ly blamed for the bulk o( ac id 
pollution , as mu h as 75 percent of this wat r ma 
have or iginated (rom surface min s (U PHS, un­
published repon; Dierk et a l. . 1964). With more 
tringent laws and better enforcement, We t 

Virginia cou ld lessen the deleterious effe ts of sur­
face mining and improve the fish a nd wildlife 
re ou rces o( the tate. 

Reclamation Accomplished 

ppala hian State · have differing leg islation de­
signed Lo correct problems wh ich are direct re ults 
o( surface mining. Reclamation mea ure · are pres­
ently directed at segments of the total problem 
i.e ., revegetation o( spoil banks, contro l o( erosion, 
and treatment of exposed highwall , and various 
degrees of surface restoration. These fforts contr ib­
ute, on ly in pan to the primary objective control 
of wa ter quality. 

The combinat ion of iron- and sulphur-bearing 
materials with a ir and mo i ture create many om­
pounds, including su lphuric acid. If a ny one of 
th e three components is mi sing, acit! cannot be 
formed (Moulton , 1957; Penn lva ni a Sanitary 
W ater Board, 1965). T his concept is recognized by 
leg islat ion in most State . T he laws and regulations 
state that exposed pyritic materia ls shall be covered 
with clean so il following mining. The depth they 
sha ll be buried varies considerab ly State by State. 

R estorat ion of mined lands to con tour requires 
the moving of spo il into pits and surface gradi ng 
to near original condition . o grades are left 
steeper than tho e originally found on the area, 
and no depre sions are left that will accumulate 
water . This type o( reclamation is mo t eas ily ac­
complish d in areas of moderate relief such as 
found in parts of Pennsylvania and Ohio. 

McKee and ' 1\lol[ (1963) state that although a 
moderate amount o( silt may have a beneficial effect 
on aqu; tti c life by in crea ing the ava ilab le amou nt 
of ntin era l nutrient ·, ex ·es ive quantitie are del­
e terious to all de irablc u es of water. 

Eros ion and silting hinder fi sh populations 
(Peters, 1962) , smother food organ isms, and de­

stroy spawn ing areas and aquatic hab itat (Bullard, 
1962 ; Warner, 1 960) . Smith (1 940) reponed that 
si lting red uced the bottom fauna o( the R ogue 
Ri ver by 25 to 50 percent. 
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The effluent · from coal washing operations are 
both directl y and indirec tl y harmfu l to fi sh. Evi­
dence ha · been adva nced which indi cates that ilt 
particles cau e abrasive injuries to delica te g ill 
filaments of fishe a nd other aquat ic fauna. Indi­
rectly the absence of fi sh from water rece ivmg 
these effiuents is du e to lack of food. The uspended 
coal dust prevents ligh t transmittance through the 
water, maki ng plant photosynthes i imposs ible. 
Without pl ants there ca n be no invertebrates and 
without plants and invertebrates there can be 
no fi sh O ones, 1964) . 

In hill y and mountainou. areas, partial or ter­
race backfilling is used. Backfilling is accom­
plis heel so tha L no slope exceeds 45 degrees, but it 
may not be sloped away from the highwall , as 
spec ified in Pennsylva ni a' regul at ions (P.L. 1198, 
1963). Jn m an in tances grading direct surface 
dra in age in to the highwall and is permissible under 
mo t State laws. 

Five o[ th e eight States vis ited in 1966 had reg­
ulations requiring expo e I coa l measures to be 
covered with earth as a recl amation requirement. 
Maryland require · the exposed face of coal meas­
ures to be covered to a depth of at least 3 ft. 
(Art icl e 66C, 1d. 1965). Coal ea ms ex posed by 
augering in West Virginia , Kentu cky. and Mary­
land were not covered as pecified in regu lations. 
Coal opera tors and reclamation officers felt that 
in time natural subsidence or slumpage from the 
highwalls would adequately cover exposed coal , 
although comparab le areas are not genera ll y cov­
ered by natura l slumpage (fig. 10). 

\ .Yater entrapment along the highwall , or con­
·tru ction of ponds and lake in str ip-mined areas, 
is a llowed in onl y five of the s ix State having 
strip mine regulations. But such action is en­
couraged in Ohio which requires tha t earth clam 
be co nstru cted in the las t cu t o[ a n opera tion , for 
in reas ing ava il able water a nd for control of Oood , 
erosion, and pollution (Sec. 1513.6, R eg. To. 20, 
1960). 

Pond a nd la ke construction is recognized as a 
reclamaiton method by \ !\Tes t Virg ini a and Penn­
sylvania, but requires separa te approva l under 
present regul ation s. Considerable effort is m ade 
LO discourage impoundment construction if the 
mine i · located below drainage. Tox ic waste or 
spoil ma terial s arc sorted and buri ed under an 
impervious laye r of ·o il in Pennsy lva nia , Mary­
land, a nd Ohio, a relativel y new regulation that 
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require strict onsite invest igat ions to be effective. 
H pyriti c or toxic m ateri a ls are properly buried, 
no ac id should be generated. 

l\le thor1s u eel to revegetate mined lands differ 
among States and with reclamati on 1 urposes. As­
sortments of grasses and legume are used for 
pasture; black locust, black alder, white pine, 
cotch pin e. aspen, and others are used for forest 

product plantings. Excluding areas of ex treme tox­
icity, methods and species are available to vegetate 
most di Lurbed area . Stabilization of spoil and 
sedim ent i · genera ll y adeq uate within 10 year · of 
planting. In only a few isolated areas was im­
mediate p lant cover part of the reclamation plan, 
nor is it required under current strip mining reg­
ul a tions. 

\t\Tatcr quality control as the primary obj ective 
of recla mat ion could re ult in adequate restOra­
tion to mee t minimum fi h a nd ga me requirements 
a long with other water use . R eclamation regula­
tions of Ohio, ' "'e t Virg ini a, Pennsylvani a, and 
th e Tennessee Va lley uthorit y pecifi ca lly men­
t ion water control; however, thi bas ic approach 
has not been ta ken by a ny State until recentl y. 
Pennsylvania ha passed leg isla tion whi ch does rec­
ogn ize water qua li ty a nd ets standards for mine 
dra in age. Gradi ng, filling , and planting are sepa­
ra te face ts o( this concept and would be u nder­
taken to fulfill this program. 

EFFECTIVENESS O F RECLAMATION 

Past a ttemp ts to res tore surface mining d isturb­
a nces ha ve been concerned with minor facets of 
the recl amation effort. Mine reclamation is a water­
shed problem, and any re torative measures should 
be conducted und er a watershed ma nagement plan . 
Past strip mine reclama tion programs h ave made 
a piecemea l approach to the problem and have 
fa iled with the exception of those in which the 
goa l was control oE water qu ality. 

Ohio was th e onl y State that ment ioned water 
qua lity in its statute , but even th ere it is not the 
prim ary obj ective of reclam at ion. R ecen t legislative 
act ion · in Penn sy lvani a recognize the water qual­
ity concept, and rigid control on the discharge of 
min e pollutants will soon begin. Three other Ap­
palachi a n States have recl ama tion laws, but basic 
obj ectives and provisions of these laws differ con­
sid era bl y in detail. Water quality has only recently 
been considered of major importan ce in remedial 
programs. 



BENEFITS IN FISH AND WILDLIFE 

Recla imed trip mine areas ha e a large poten­
tial for fish and wildlife. R estored and reveg tated 
strip mine, combin ed with impoundments, could 
provide hunting a nd fi shing opportunities on 
tho u ancl s o[ acres. n indica tion of the fi h and 
wildlife va lue which accrue [rom st rip mine rec­
lamation in Appa lachia is found in table 4. These 
va lues rene t only the benefits ob erved b y the 

ppraisal Team at selected reclamation projects 
and a re derived b y assigning moneta ry value to 

m an-d ays of hunting or fi hing per a re for the 
species which responded to the re lamat ion. R e­
sulting table would be higher if a ll reclaim ed 
areas in a State were eva lua ted. 

H nc fi t to fi h a nd ga me [rom strip mine rec­
lamation in mo t cases have been indirect, i.e., 
the proje t were designed for other purpo e . Had 
th e project design stipul ated reclamation for thee 
reso urces, the benefits would likely have been mu ch 
highe r. 

R eclamation whi ch produced clea n water would 
restore productivity to a sig nifica nt port ion of 
6 .000 mil e · of fish a ble streams and over 14,000 acres 
of lake and impoundment. lL would b po ·ible 
in many " ·atersheds to justif the co t of reclam a­
tion w ith benefits d eri ed rrom fi sh and game. Th 
e onomics of fi h and ga m e hould be ca refull y 
"·cighed and included in a ll reclamation pl an . 

nrecla im ccl trip mine la nd , in mo t areas, 
have smaller fi h and wildlife population than 
the had before mining. Ex eption to th i · ru le are 
in gent! rolling terrain underlain w ith alcareou 
material. . ha ll ow water tables in the e area h aYe 
produced ponds of good qu alit water, and n ewly 
expo d mineral have benefited plant growth. 

Table 4 .-An indication of the economic values of 
reclamation (one-time values) 

E" imatcd F~timat ccl 
. elected to tal to tal 

Late reclamation Total "ildlifc 
projects acre 

Ohio ,~ 2.49 1 :>.250 
\Vest Virgini a I ,132 6.9RO 
Penn. yl\'ania II 1.270 !) .·175 9.:\61 
Kcntncky 7 3,175 1.070 123 

Total 30 H.OGR 32.22i 2. 1.91 (j 

;\ I ining in thee areas ha re ulted in improved 
" ·ifdlifc habitat capab le of upporting greater num­
bers and pecies than before. 

Few .\ ppa lac hi an tat have gco l g i forma -
tio ns whi ch a ile iate th e lc lete ri o us e ffect of sur­
fa ce mining. Exten i,·c depo it. of calca r Ott ma­
terials :1 id in the neutrali za tion o f ac id a nd pro­
mote plant g rowth on raw spoil. '"c t Virginia , 
Pennsylva nia , i\far land , and minor areas of other 
Appabchian tate arc und erlain with n n alcare­
ous materia Is which offer I i ttle buffe ring a pa ci L y 
to ac id condition , and expo ure o[ a idic mat rial 
produces ond iti ons detrimental to biologi a ! com­
muniti s. The rec lam at ion of eli turbcd lands in 
these ar a requires m ore inten ive treatmcm (and 
is more xpcm i,·e) than in States a nd region with 
gen t!) rol ling topography a nd favorable geo logy. 

nrec lai med strip min e in m o t of ppa lachi a 
arc p or fi h a nd game habitat; their lamaging 
cn·cns arc long Ia ting ~t nt! not e·1. il y modified. 
Exist ing econom ic condi t ion · in the ppalachian 
reg ion viYidl y indi ca te the lo s that will occur b y 
exploitation of one re ·our e without rega rd for 
others. 

Recommendations 

lt is recommended that-

I. r\11 strip mining sho uld I e controlled by ade­
quate legis lation which provides fo r wi e use of 
a ll natura l rc ·o urces. 

2. All rec lamat ion shou ld be preplannecl to in­
sure the primary objective of water quality con­
trol. 

3. Prior to the extract ive 1 roce s, fi h a nd wilcl­
li(c must be Cull y con ide red a nd measu res for 

th e ir protection and enhancem ent ' in lucl ecl as an 
imcgral part of reclamation p lans. 

4 . Oth er na tura l re o urce . part icularl y water , 
should be protected fro m deleterious effects a t­
tributable to the min era l ex tractive proce 

5 . .-\ 11 mined la nds sho uld be restored to a con­
dition which will support the ir be t use , and on­
~ id ring the natura l beauty o[ the a rea. 
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The Department of the Interior, 

created in 1849, 

is concernea with manage·ment, 

conservation, and development of 

the Nation's water, wildlife, fish, 

mineral, forest, and park and 

recreational resources. It has 

major responsibilities also for 

Indian and Territorial affairs. 

As America's principal 

conservation agency, 

the Department works to assure 

that nonrenewable resources 

aTe developed and used wisely, 

that park and recreational resources 

are conserved for the future, 

and that renewable resources 

make their full contribution 

to the progress, 

prosfJerity, and security 

of the United States, 

now and in the future. 
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