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I.  INTRODUCTION

General Ihtroduction

National demands for environmental pfbteétion ére mounting a]oﬁg with
an increqsing public need for energy and a_cortesponding increase in the
mining of mineral fuels. . The Bureau of‘Mines hés résponsib111ty:for insuring
dh adequaté'natipna1 minerals supply -- and also re;bondihg7to public demands
to meet this respbnsibi]ityIwhi]eAmaintaining'a'quality environment.. |

Perhaps the most deleterious effects of mihing on the environment have
been in the eastern coai?prbducing areas of the United States (Figure 1). In
ﬁ areaé of surface mining and parficu]ar1y in coal producing regions, new'emﬁhasis
is now béing diréctéd_to_mined.area‘reclamatign._

Reclamation cah be genéra]]y defined as action taken to.return mined lands
to productive use.or from'aq_undesiréb]e.cdnéition;"Major rec]amafion '
, objectives_genera]ly iné]udg%the following:

Prevent and contro] erosion

* Facilitate revegetation

L Méihtain air and wafer quality
Reduce Tandscape scarring
Promote proper land use
Sfabi]ize S]qpes

- Protect existing sfruétures

Protect the health and safety of area population

Reclamation of mined lands by definitipn'ddés nof necessarily imply
complete restoration or return to original»cohditions,‘ RéstOration to
origina] conditipﬁs'ﬁn soime instances mfght not be wafranted of_desirab1e;é:g _
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MAJOR U.S. EASTERN COAL AREAS

A
o ' _SOURCE: Netiona! Ceol Aseasloien brochure, 1968 - - _

FIGURE 1



surfaée mining has apparentiy reduced flood hazards in some areas and in'
some cases has added aesthetica11y-desirab1e-re1ief in‘otherwise flat areas.
© Remote sensing defined inits broadest-sense«is.reconnaissance'at a
distance. Remote_Sensing devi ces include, but arelnot 1im1ted:to:‘cameras;
- _{thermai infrared'scanners, radar transmitters’and'recetvers; Taser;vradio;
"_and»sonar eQUipnent The purpose of remote senS1nq is to measure env1ron-
menta1 propert1es and phenomena w1thout phys1ca1 contact between the measur1ng
‘dev1ces and the objects (or phenomena) be1nq exam1ned _Remote sensor p]at-
forms 1nc1ude a1rp1anes and satellites. : ” "A .
| Scientists concerned w1th-rec1amatton specujate.that.remote ééﬁ;iﬁg'
vcan'prOVide'data USefu1~for (1) 1nventorytng the‘1ocation-and7affected
acreage of mined land (2) p1ann1ng rec]amat1on ‘of an- area to be surface
mined; (3) eva]uat1ng the eco]og1ca1 effects of m1n1ng, and (4) mon1tor1ng
the success of m1ned ]and revegetat1on. Repetitive coverage, w1th_the
-corresponding data extractton from the acquired tmagery by skj11ed intere
preters, may prove particular1y useful for providing:government and the
: m1n1ng 1ndustry w1th 1nformat1on for meet1ng reclamat1on obgect1ves :
This study is a pre11m1nary step in detailing mined land rec]amat1on
fobject1ves and documenting rec]amat1on-re1ated remote sensing app11cat1ons‘
known to date The sca]es, platforms, and sensors most . usefu1 for |
1nventory1ng coa1 mined lands and spec1f1ca11y the: spectra1 bands for best
‘ meet1ng mined area 1nformat1on requ1rements have yet to be def1ned ItA
has YEt to be proven that remote sens1ng can be an. econom1ca]1y feas1b1e -

POSS1b1y even'prof1tab1e--r;part of rout1ne,rec]amat1on procedures.



Statement of the Problem

The extent to which remote sencing has been specifically applied to
-prob]ems of coal mined area rec]amatddn has yet to ne definéd.- thle a
wide variety of new laivs toinegulate surface_mfning‘are being prepdred at
federal and state 1evéis; an‘uphto-date statistical base'(inventory) of
disturbed land areas does not exist. A-firsf step towdrd establishing

the excent to which synoptic aerfal and/on orbital remote sensor imagery
can prove useful for conducting a national inventory of mined and reclaimed
lands, and for providing data.which can be used in limiting environmental

~damage from coal mining is.to evaluate applications-experience to date.

Purpose of the Study

The purpose of th1s study is to document applications of aer1a1 remote
sensing to coa1 mined area rec]amat1on, and to. co11ect 1nformat1on concern1nq

available data banks.

Study Background -

The study was initiated by Mr. Paul M. Marcus of the Division of
Environment, United States Bureau of Mines. This study was conducted
under Bureau of M1nes superv1s1on by Dr. Frank J. WObber Director
Geosciences and Environmental App11cat1ons, and Mr.: Dona1d Garofa]o
both of Earth Sate111te Corporat1on, washjngton, D,C.' Part1cu1ar
attention was given to the eastern and midwecfenn coal producing anéas,' |
'and"spécifica11y'Il1inois,‘1ndiana, Ohio;;bennsylvan;a,-West Virginia, -

Maryland, Kentucky, Tennessee and Alabama.
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One of the few oomprehenSiVe studies of surface mining was conducted

by the Bureau of Mines during 1965 to 1966, and published in 1967.1/ The

report,'Surface.Mining‘and‘the”Environment,~is one of the few available ‘

references on the"extent of:surfaoe mining'in the'Untted States. Bureau

.ﬂ_of Mines studies are now underway to eva1uate the env1ronmenta1 effects of

surface mining in the Twin” Buttes and Black. Mesa areas of the western Un1ted
States by remote sensing methods. Thjs_work is under_thevsuperv1s1on of
Mr. William C. Henkes,;uUnited_States Bureau of Mines, as a separate but
related effort to the present study. | L | L
Dr. Frenk J. WObber_(unpub]ished‘monuscript)L%'used 1:24,000 scale
panchromatic phiotography at a mjned land test site,in the Prince William
State Forest, Virginia. The test area was not-typica1 of disturbed lands
in coal-producing areas and the:black and whitehphotography epparently

lacked sufficient detaii for ‘environmental investigations.

AcknoW]edgements

Earth Sate]]iteitorooration‘appreciatesuthe cooperation of the many

" federal representatiVes, coal producers and state coal associations who pro-

vided useful informatton for this study. Particular thanks areddue Mr. Paul
M. Marcus, U.S. Bureau of Mines, for his continuing interest and advice through-

out the project Mr. Rod Krause, National Coal Assooiation made available

1nformat1on concern1ng coal 1ndustry exper1ence in app1y1ng aer1a1 photography

to reclamation and m1ned 1and rec]amat1on 1nformat1on requirements

- /1. Surface Mining and Our Environment . S Department of Interior, 1967.

U.S. -Government Pr1nt1ng Office, Wash1ngton, D.C. 124 pp.

/2  Wobber, F.J. A Study of Acid Pollution in P1edmont V1rg1nwa 1969.
Unpub]1shed manuscript, 30 pp.
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1I. OBJECTIVES

The objectives of tﬁe study are: ’
® To prepare a summary of mined afea inforﬁation requireménts to
which remote sensing methodS'miéht contribute.

To .document remote sensing'tecﬁniques as applied to mined area
reclamation, i,e,,fpfob]em oriehted'stafe-of—the-art summary.

To ihventory remoté sensing data banks having imagery potentially

useful for studies of coal mined land reclamation.

A 1fterature:search revealed early in the study that the'mu1tip]e,
1nterke1ated informatien requfrements of'mihed area reclamation were
apparent]y'not‘SUfficientTy‘O?ganizéd or detai)gd for syStematic compér%son
to POténtia]1Y+C0ntribqting remote sensing techniques, This was ihvesf

tigated as a.principaTipért of this'study.‘ ‘ ST



iII;' APPROACH~ oz A
The following taiks'were'conducted in parallel.. The results were
documented as the stﬁqy‘proceeded:_ -
Task 1: Review appii;ébie literature éhdIState, federal and mfniné
| industry practices to determine hbw remote"sensing techni-
'ques are qurrént]y being ébplied to brob]ens,of mined afea
v | - " rec]amation...  | ’, R o
Ig§5_gf ' To'cdntacf federél,-staté; cb@pany and.uﬁiversity repre-~
| sentatives.to determine the eXfent toiwhich remote sensingb
~is currently app]iédibf béjng.ihvestigated for mined Tand
reclamation. _ | |
Task 3: To determirie the.natUre:of'thé remote sensing data used to
| étudy mined-land areas and the amount of imagery available

in data banks.

It was not entirely possib1e within the time and cost constraints of |
the study to fully assimilate information contained in all related literature.
:Représentative publications were however examined when recbmmended-by»fndividuais

~ and groups know]édgeab]e in,reéiamation. -

W



IV. | COAL MINED AREA RECLAMATION COMMUNITY. INTERESTS - d

Federal Interests

:;; The federa] government has a vital ro]e in mined area rec]amat1on on
Ind1an ‘and public Tandse Applicants who intend to mine federal lands .
arefnow required to submtt a reclamation p1an and ft]e a performance bond
Recent]y, bills were be1ng 11troduced in Congress, ‘the purposes of wh1ch
var% from str1cter m1n1ng rec]amat1on enforcement to the complete abo11t1on .

of surface m1n1ng\operat1ons

0perat1 ona] Assistance

o

The federa] government and spec1f1ca11y NASA and u.s. Department of

Inter1or have extens1ve exper1ence in remote sens1ng app11cat1ons wh1ch
1f fu]]y exploited, can address reclamation prob]em so]v1ng Th1s exper1ence :

is ava11ab1e to 1nterested state and pr1vate groups 1nvo]ved 1n mined 1and

.!
I

redmmhon R L S o

Education ¥
Many coal compan1es are unaware of remote sensing capab111t1es -'ﬁ
or be11eve that ground stud1es and/or b]ack and white 1magery prov1de the
on]y data requ1red for successfu1 rec1amat1on operat1ons State agenc1es
1ack exper1ence in u51ng remote sensing state of- the art techn1ques as: do
manx federa] groups.‘ Many state and federa] groups.charged w1th rec]amat1on
responsfbi]ities rely largely on ground inspections or mfne company regorts
-forldata acquisition Such systems of ground 1nvest1gat1on (wh1ch W1]]‘_.
Ha1ways be a necessary part of mine- rec]amat1on) m1ght benef1t from remote
‘sens1ng to Tlimit ex1st1ng_t1me consuming procedures or Iack of tra1nedt
personne1. . | )

b . L .. . . . o ) s .
9 - : N . .
. ) . -8~
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State Interests . §

”States have the responsibility to déve]op Jaws which insure the

-env1ronment is protected Twenty~-four states ‘have surface m1n1ng Taws :!
wh1ch (in genera]) requ1re the mine operator to meet grading requ1rements,>
to dlspose of refuse, and to revegetate stripped areas. In most states . 1t

is a standard procedure to ‘require the mine operator to post a bond wh1ch

i

| is not returned until the state is satisfied that reclamation has been

effective. o | - o o |

Mon1tor1ng

State 1nspectors regu]ar]y conduct F1e]d ‘checks to 1nsure that coa]

companies are comp]y1ng with state rec]amat1on Taws .- Some state agenc1es
C T v . ' 3 |
use aerial photography to supplement their investigations but the majority

rely solely on ground obServatiOns. “As monitorjhg‘kequirements expand,: many
states are developing an interest in remote sensing technology. Because

of a lack of knowledge as to remote sensing capabi]ities and at times a:
! | | | |
reluctance to invest in unproven techniques, states have adopted a waiﬁ;

and-see attitude. Many states assume that the ‘federal government w111

prov1de the needed 1ncent1ve : ' o : : )

\Operationa] ASsistance

Even if states become more 1nvo]ved with remote sens1ng techno]ogy,

";1t is doubtfu] they w111 be in-a position. to transfer th1s techno]ogy to _,f";'f
|
pr1vate m1n1ng compan1es Informa] guidance from state agencies for pr1vate

compan1es can, however, be anticipated.

-]Q-



o B i

X . . Private Interests . ;

A majority of coal companies have a sincere increasing interest in

surface mine reclamation and some have_yoluhteri]y"gpne beyond meeting

minimdm_state,leqal reaufreménts for reclamation.
l Most coa] companieS'afe direct]y invo]ved’With:rec1aiming disturbed'éreas
and as such are conscibus of the effects which their operatwons have on the
‘env1ronment This has not always been true in the: past but serious p]ann1ng
for rec]amat1on has now been introduced into a maJor1ty of strip mining
operat1ons ' | | b

Coal industry groups such as National Coal Association have estab]iéhed
information distribution networks which are particularly ammenable to ;
introducing remote sensing technology to coal companies. _ f ﬁ

These groups haveﬁhisforica11y cooperated with the Uhited States

1
E

Bureau of Mines and state agencies, and could prov1de add1t1ona1 1eader-4
ship in demonstrating the va]ue of remote sensing techn1ques to rec]amat1on

problems. " : ' ‘ It

-11-
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V. I;E‘IFORMATION REQUIREMENTS i
ﬁéc1amation information needs in coal mined areaé are categorized ,i | A

in Tagje-]. These data are based solely on literature review and inter- j |

views{%the list includes phendmené for which remote sensing imagery cOuldé

most Iike]y provide identifiable signatures.
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Genefa] Information Requirements

To inventory extent of disturbance
and classify mined Tands.

Specific Information ﬁequiréments

* Extent of disturbed'area
* Acreage of unreclaimed lands
® Acreage of current]y ~-mined

Tands

Type of mining (e.g., pit
or contour benches)

Acreage of reclamation com-
pleted or in progress

Culm banks

Pre-mining eco]og1ca] record
Rates of mining progress and
spoil generation .

Size of operations -
Presence, type and quantity
of m1n1ng equipment

To develop a reclamation (user) plan
for lands to be reclaimed, to -
after-uses.

X

L

® Soi].texture

Pre-mining ecological record

Access to highways and pop-
ulation centers

Recreation sites (Takes, dams ,
_camping, etc),

Fire Lanes

Hazardous areas

Existing water bodies

Land use in adjacent areas

Water impoundment (runoff
holding) sites !
Ground water supplies

Soil productivity

To survey the area to.be mined and
subsequent]y rec1a1med

TABLE 1.

vy,

DN I

Coal outcfops (evidence of -
shallow overburden)

® Spoil site 1ocat1oq5 _
®* Location of ex1st1ng toxic

materials

Location of ex1st1ng acid
seepage A

Historical or archaeo]og1ca1
site preservation:
Vegetation and wildlife pre—
servation

Soil types

Soil productivity -

~Available water - supp]1es

Water 5upp11es affected :
Projected drainage;changes
Utility right of ways

Area Drainage Patterns.

Information Requirements of the Mined Area
" ~ Reclamation Community and Principal Phenomena -

;

i
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. To deteﬁhine plant response following
~ reclamation - revegetation

4
{
{
i
B

i

® o 0 ¢ o

"~ patterns

- !

Vegetative vigor &
Density of vegetative cover

Areal extent of vegetat1on

Type of vegetation

Cause and extent of vegetat1ve
damage

Rates of vegetative growth
Natural vegetation on spo11 banks .

Seeding and planting ("skip")
i

To protect and monitor reg1ona1 water
quahtya

(J

{

.I"

e - 0 0 0 © ©

Areas of "yellow boy" !
(ferrous anhydr1de{ _

Areas of stream turb1d1ty and
sedimentation i

Drainage patterns

Stream size and flow rates

Areas of flooding or h1gh»water

Groundwater outfalls 3

pH (acidity/atkalinity)

Areas of acid seepage B

Areas of standing (stagnated)
water

1]
2t
b

To determine the nature of mined area
spoil preliminary to regrad1ng and revege-
tation, and following revegetat1on s

H
Spoil texture, rock and part1c1e
size , d
Porosity - ' i
Color of spoil debris d

® Consolidated versus unconso11dated

parent materials . J

® Zones of compaction

Soil productivity -

- To determine the composition of mined
area spoil preliminary to regrading

® 0 6 o @ 0 o

pH (acidity/alkalinity) J

Mineral content of parent material
Organic nutrient content.

Degree of ‘leaching = =

Toxic debris concentrations

Soil type and profile
Toxicity of debris -

To: determ1ne the mo1sture ho]d1ng
' propert1es of m1ned area spoil

.‘® @ e e & o

Spoil saturation var1at1qns _

‘Relative permeability

Zones of infiltration
Rate of evaporation
Zones of compaction

Areas of standing water
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{
To determ1ne the extent to which raw
spoil or revegetated areas are subject
to erosion or have already.been eroded

Spoil particle size

M-~d~ -

Amount and rate of w1nd/w
denudation
Degree of slope

A

Sy

Gullying or sheet erosion “areas
Variation in compaction

Rate of water run-off
Distribution of exposed soil areas

Drainage density and patterns ,

Areas of vegetation coverage

Alteration of drainage 11nes

Sediment affects on stream flow

Sediment affects on waterquality

Density of vegetative cover/unit
area : 4

Extent of stream sedimentation
(flow retardation, filling, bars,
etc.) %

To determ1ne the nature of the surface
to be cleared and reclaimed

¢ o0 06 e 0 ¢

Frozen and/or saturated a#eas
Areas in standing water .
Areas of brush, trees, and outcrops
Tree diameters
Tree stump sizes 0
Large boulders H
Toxic debris to be bur1edr
i

L

To facilitate reclamation backfill and
grading operations in mined areas

Quantity/quality of oveerrden
removed i
Quantity of overburden useful
for reclamation i
Sites for storage of overburden
‘1

To reduce and pred1ct areas of slope
1nstab111ty

© 0 ¢ 000 0 e o

Zones of spo1] saturat1onjf

- Location of groundwater outfal]s
"Tension cracks
" Fracture systems in h1gh wa]]s

Slope - grade B ,

Spoil texture '

Nature of the bedrock 4
Vegetation root-holding capab111t1es
Spoil infiltration rates . ,
Quantities of vegetat1on bur1ed

by spoil 4
Vegetative vigor

R
Y ¢
!
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To better -understand the dynamic - ° Disturbance (ero§ion) of
processes in progress in reclaimed access roads (fire 1anes).
areas o0 : Disturbance to water locations

- Potential slide areas
Areas and type of erosion,
kffects of slopes on reclamation
Effects of slopes on erosion
Effects of slopes on run-off stream
. flow rates
Sources and rates of sedimentation



VI. SUMMARY OF APPLICATIONS OF REMOTE SENSING IMAGERY

Withjincreasing néfﬁbhéf concern for'protécting the ndfura] environ-
ment, there has been a correSponding'increase in acti&ity directed toward
, éxploiting.tééhnical innovations for reducfhg ecological damage. ‘Remote
| sehsing féchnoiogy has déveibped at a'rabid rate from black and-whité aerial
photography to an array of mu1t1 spectra] cameras, scanners, spectrometers
and radar sensors.’ Remote sens1ng techn1ques app11ed operat1ona11y to
Aminéd area réc1amaf1on to date are 1arge1y conf1hedito large scale black
and white aériallphothgraphy. Black and whité aerialfphotography'is
current?y an impdrtant.tho]vfor addréssing‘mined:area'réc1amaf1bh'phob1en5
_fhr.many large mining companies,'bﬁt‘is ofﬁen”used only as a supb]ementary
field photomap. The vast majority of recjaﬁafion data acquisition needs
are filled by ground studies. The capabi]itieshof sensor systems have not
.yet been d1rected to most problems of mined area rec]amat1on

‘Table II spec1f1es ‘the extent to which a variety of organ1zat1ons
concerned with mined land reclamation have app11ed remote sensing to rec]a-
mation problems. Additional operationg] experience in the app]ication |
of remote sensing technology for solving reclamation problems is 5ti11
required. Experimental studies of most mined érea:prob]ems have yet to
be conducted, and few afé currently in progress or beihj planneq.”

Vertical aerial photography has beenIUSedialmost éxc1usive]y to date.
~In a few cases, Tow ob]iquerphotographs héQnge;n obtained from light air-
craft us1ng hand-he1d cameras. Based on analysis of hand-held photography,

ob]1que coior infrared 1magery may contain more useful data than vertical

-13-



5§r1a1 photography fof-deteéting revegetaﬁed‘areasl/ and'evidence df plant
stress or missed areas, e.g., bare soil areas,: This is particu]ér]y true
where reclaimed land is fe1ative1y level; low altitude oblique imaging
" of vegetafed areas‘mqy.yié]& less usefuT'informatioh in mountainous terrain
(e.g., Appalachian Province) because area’66Ver§ge will be limited by reTief.
' "Contaété with mined area reclamation user groups suggest that the
“information needed to define imégihg tebhﬁidués and platform requifements
versus mined area reclamation needs ih'détailn(Abpendix'II) is unavailable:
Thorough analysis of imagefy in_éxistingtdaté’banks'ana/df‘néw aerial data
'acduisition is quuired.to estéb]ish thé'hti1ity‘of fEmote:senang'for
mined areas reclamation burposes. A
The frequéncy of observation requireé to inventory mined lands requfres
a further evaluat1on of federa] and state 1aws Somé mining companies cQ]1eét
4month1y aerial photograph1c coverage of rec1a1med areas for reclamation
planning before mining operations beg1n° other compan1es limit coverage tob,
- once or twice a'year A minimum semi- annua] -survey period will probab]y
be required to meet most state and federal 1nventony needs, 1.e., to

1nventony m1ned 1ands A period of up to"three”years might be required

_before the success or fa11ure of revegetat1on cou]d be fu]]y evaluated.

-1/ The usefulness of oblique imaging may.extend to detection of tension
cracks indicative of unstable slopes, analysis of stream sed1mentat1on
or stud1es of acid water discharge.

-14-
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Wobber (1971)l/<i§>current1y investigating the uti]ity-of snow

cover for enhancing terrestrial features; snow enhancement tech-:

niques are being évaluated for their application to mined area

req]amation.

v]/ Wobber, F. J., 1971? Discrimination of Terrestrial Phenome
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~ Using Snow Enhancement Techniques. (Publication expected,
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. )
3 APPIIDIY 1
B MINLD ARCA RUCLARATION TRTURVIECY RECORD g
, : ATANLIR AN AT AL 2
f Ageney /Tirm: N . - :
¢ :
¢ Representative (Wame): ___ :
Address ~ o :
A |
! Telephone :
. .
¥ Mined Arca Reclamation Information Needs and Pata Categorics. ‘
-
1
. . ".
‘- v
i
.
"
v .
) :
F I
i T

7
i

! :

i Information and Data Needs Listed in Order of Importance? .

;; . 55T . a i

5, YES } KO j

\"» = wad a

1"

i

p .

[



{ 't
Yes Analytical Technlguas being Used _ i
3
ot
Applicatiens Exverience
WHO:

WHEN: Before Mining
After Mining - :
t
WHY : Reclamation Planning ¥
—_ A i
: )
Monitoring of Reclamation ﬁ
Progress i

Historical Envirconmental
Record

Update Cbmpany Maps

Meet State/Federal Law

Others ) [:: . f




Procedures befng Used

v

Description of Image Data Bank
Type Imagery Scale Used How Source
T - Long
]

Arca Covered

, Available for Reference: YES NO i 5

- Location of Data Bank:

Address as above: )




- APPENDIX  I1
Remote Sensing Applications Form
(Source: EarthSat)
R el - AL A TR S ARIVERIT ST 6 S RING TS MR T AR T AW T TRA STERLIC G 4 AL TP AL ED Y Vet SR W SO BARA TSR T T LR LN ATFIRT ‘

MINED AREA RECLAMATION

INFORMATION

Interestued
Groups

—_— i o) en =

ITMAGING TECHN QU
REOUTRE "’__"
General
Platfore:
Class

5 Vs,
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