General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



U oA DO 9
-~

se 1ouf GL6L 1dY - gr6L -ady ‘3z0dax 1RUTd  ¥NYIGNI
NI SRITEOYd TYINIWNNONIANI-ONINIK ANV SNINIK

TYOD NI SQMVZYH X134V¥S INIR QIIVIII-FE0IDOVYJ
86G8Z-9LN Ol X¥IOVWI d4d49d 40 NOILVDIT4JY (6Ln0L-9.3)




TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No, ) 3. Recipient’s Cotalog No.
mfs%,nh 5. Report Date
pplication of EREP Imagery to Fracture- OCTOBER 1975
?ated Mine Safety Hazards in Coal Mining- 6. Performing Orgonization Code
Environmental Problems in Indiana
7. Avthor(s) v _ : 8. Performing Organization Report N‘a.
9. Petforming Organixation Name ond Address (10, Work Unit No.
Coal Section, Indiana Geological Survey :
611 North Wailnut Grove 11, Contract or Gront No.
Bloomington, Indiana 47401 ‘ __NASG9-13358 »
v 13. Type of Report ond Period Covered
12, Sponsoring Agency Nome and Address Final Report
Principal Investigations Mgmnt. 0ff1ce April 1973 - April 1975

Lyndon B. Johnson Space Center

Houston, Texas . 77058 - - 14. Sponsoring Agency Code

15. Supplementary Notes

ORIGINAL COETAIES
COLOR ILLUSTRATIONS

16. Abstract

The primary objective of this study, the comparison and evaluation
of EREP and SKYLAB imagery for mine safety and surface mining
environmental studies, was only partially accomplished due to
the Tack of access to underground mines necessary for the
verification of fractures and lineaments mapped. The high
resolution of the SKYLAB systems imagery provided substantial,
and sometimes unique, information about lineaments and fractures
in the test area. The imagery proved part1cu1ar1y useful

for the mapping of areas of surface coal mining and assessing the
regional environmental effects of such act1v1ty

.‘Orlg‘mai photography may be purchased from:
EROS Data Center

10th and Dakota Avenue

Sioux Falls 8D 57198

17. Key Words {& tected by Author(s)) 18, Distribution Statement

Lineaments, Fractures, Mine
Safety, Remote Sensing, Coal
Mining and the Environment

19, Security Closxif. (of this report) 20, Security Classif. (of this poge) ‘|21, 'No. of- Poges {22, Prica®

Unclassified | Unclassified | 57

*For sale by the Clearinghouse for Federal Scientific and Technical Information, Springlield, Virgi‘nil 22151,

i

7




TABLE OF CONTENTS

1.0 INTRODUCTION ........ T AR 1
2.0 BACKGROUND . & & v v v v e v e v v e e h o e e e e e e e e 4
2.1 Historical Development of Investigation . . . . . . . . . .. 4
2.2 Roof Fall Hazérds in Underground Mining . . . . . . . . .. ‘ 4
2.3 Environmental Aspects of'Mining ............... . 5
2.4 Previous Investigations . . . . . . . . .. S 7
2.5 Informatibn SOUPCES v v v v v 4 s 4 o s & s o o o o o e e 7
3.0 ANALYSIS PROCEDURES . . . . . e e e 13
3.1 Methodology . . . &« ¢ ¢ v v v e e e e e e e e e e e e 13
3.2 Lineament Mapping . . . . . .. .. .. ... R 17
3.3 Surface Coal Mine Studies . . ... . R 24
3.3.1 Sultivan, Ihdiana Test Site . . . . . . . oo oL 26

3.3.2 Millport, Kentucky Quadrangle Test Site ., ....... 31

3.4 Non-Fuel Types of Mining T T ST 39
4.0 RESULTS .. ... ... e 83
4.1 General Statements . . . ... ... e e e FEE R RN 43
4.2 Utility of SKYLAB Data for Lineament Mapping . . . . . . . . . 43
4.3 Mined Land Inventory and Rec1amation,Assessment ....... 45
4.3.1 Surface Mining‘for Coal . . . ... _'.'. Ce e ;‘,7. . 45

4.3.2 Evaluation of SKYLAB Imagery for ' |

Nonfuel Surface Mining . . . . . . . .. e e e e Ca 46

5.0 CONCLUSTONS .+ o oo oo ee e s e e e e s 47
© APPENDIX A L o

REFERENCES + « « + & v e e e e e e e e e e e AT



FIGURE

6a.
6b.
6c.

7a.

7b.

10a.

LIST OF ILLUSTRATIONS
SUBJECT v PAGE
Examples of factors contributing to roof fall as
identified in Indiana . . . . . . . . . . .. . .. .. 8

SKYLAB coverage and test site locationmap . . . . . . 11

An example of small scale, color infrared
aerial photography used in this investigation . . . . . 15

Geological Tineament map prepared from analysis
of LANDSAT and aircraft imagery . . . . . . . . . o .. 19

Geological lineament map prepared from the
analysis of SKYLAB imagery . . . . . . . ¢« v « + « . . 21

Rose diagram of Tineaments mapped on LANDSAT
imagery in the vicinity of the Thunderbird Mine . . . . 22

Rose diagram of 1ineaments mapped on color
infrared aerial photography in the vicinity

of the Thunderbird Mine . . . . . . . e e e e e e e 22
Rose diagram of fractures mapped in the ,
Thunderbird Mine . . . . . . ¢ . v ¢ v v v & « v v . 22
Rose diagram of Tineaments mapped on SKYLAB o
imagery of the total test area . . . . . . . .. . .. 23
Rose diagram of Tineaments mapped on LANDSAT

imagery of the total test area . . . . .. . . . . .. 23
LANDSAT image of the Lynnville, Indiana area

enlarged to approximately 1:250,000 scale . . . . . . . 25
Mined land map of the Lynnville area . . . . . .. .. 27

S-190B color image of the Sullivan,
Indiana area . . + . ¢ v v v e e e e e e 29

v



FIGURE
10b.

11.

12.

13.

14,

15.

SUBJECT
Mined land map prepared from the above SKYLAB

1mage . . . L] » . . . . . . T e e e » e e . . . . »

1:24,000 scale enlargement of S-190B coior <image

of the Minnehaha surface coal mine . . . . . . . .

Surface mined land map of Millport, Kentucky
area prepared on 1:80,000 panchromatic

photography . . . « ¢« v v o 4 b e e e e e e

S-190B image of the Millport, Kentucky area

with a mined land classification overlay map . . .

LANDSAT image of Millport, Kentucky area with

a mined land classification overlay map . . . . . .

S-190B color image enlarged to 1:63,000 scale
showing sand and gravel pits in the Wabash River

floodplain . . . .« v v v v v v o s e e e e

PAGE

. 29



TABLE

LIST OF TABLES

TITLE PAGE
SKYLAB S-190A multiband camera and film charac-
teristics . « v ¢ v e e e e s e e e e . R (¢
Comparison of the utility of EREP image products

for fracture detection, soil tone mapping, and
mined land mapping capabilities . . . . . . . . . . . 44

oo



APPLICATION OF EREP IMAGERY TO FRACTURE
RELATED MINE SAFETY HAZARDS IN COAL MINING AND
MINING-ENVIRONMENTAL PROBLEMS IN INDIANA

1.0 INTRODUCTION

The primary objective of this investigation was to evaluate and
compare SKYLAB (EREP) and LANDSAT imagery for the detection of geo-
logical fractures and lineaments in areas covered by glacial drift and
then to examine the location of these features in relation to areas of
mining hazards. Due to the lack of operating underground coal mines
within the test area, there was Timited opportunity to compare fractures
mapped on the imagery to mining hazards. Secondary objectives were
directed to evaluating the application of LANDSAT-1 and EREP imagery to
other mining problems such as mining progress and environmental assess-
ments. |

This investigation was cohducted to complement the recently com-
pleted LANDSAT-1 investigation for the same test area, entitled "Applica-
tion of LANDSAT-1 Imagery to Fracture Related Mine Safety Hazards in the
Coal Mining Industry" which was conducted from July 1972 to July 1974
under NASA Contract NAS5-21795. As part of this investigation, the |
higher-resolution SKYLAB data héve been éompared,to LANDSAT imagery for .
fault and lineament detection and for discriminating various degrees of‘
- mining activity, mine waste accumh1ation, reclamation activities, and

other environmental problems related to surface mining in the Midwest.



New information on 1lineaments and fracture patterns in the bedrock
of Indiana and I11inois was extracted from analysis of both EREP and
LANDSAT imagery. Although general structural trends and fracture direc-
tions were well known prior to this and the LANDSAT-1 investigation, the
presence of pronounced major lineaments or fracture systems in the
central part of the I11inojs basin was unsuspected. This information
has contributed to furthering geological understanding of this portion
of the I1linois Basin.

There is a close correlation between directions of lineaments
mapped from EREP, LANDSAT, and complementary aircraft imagery, fractures
measured on bedrock outcrops, and fractures measured in the underground
mines. Operators of the Kings Station underground mine, a primary mine
test site in the LANDSAT study, confirmed a correlation between actual
roof falls and predicted roof falls as determined from satellite and
aircraft image analysis. Based on these and other findings, majof coal-
producing companies in the eastern United States have begun evaluating
the relationship between 1ineaments and roof falls in their underground
’mines. Some companies have been able to reduce mining costs by adjust-
ing the direction of main entries to avoid the effects of excessive
weakness of roof rock due to fractures.

Although the resolution of the EREP and LANDSAT data is such that
only a few. {extremely large) aréas of mine subsidence can be detected
directly, lineament daté (indicative of zones of structura1'weakness)
~derivéd from these data can aid mappihg‘subsidence hazards.

- This experiment c1ear1y.demonsthates the utility of an integrated
EREP,‘LANDSAT-l; and high altitude éircraft data analysis approach for a

number of mining industry problems, including roof fall and mine subsi-



dence prediction, coal refuse inventory, mined land inventory, and
manitoring reclamation status for coal, sand and gravel, c¢lay, and other

types of surface mined lands.



2.0 BACKGROUND

2.1 Historical Development of Investigation

In the spring of 1973, the Coal Section of the Indiana Geologi-
cal Survey and Earth Satellite Corporation began an EREP investiga-
tion to complement the existing LANDSAT-1 experiment to test the
féasibility of integrating.fracture data (derived principally from
satellite imagery and high-altitude aircraft photography) for
application to coal mine safety and other coal-related problems.
These investigations promised particular benefits to states within
the Eastern Interior Coal Basin that are mantled by a glacial drift
cover which ranges from a few feet to several hundred feet in
thickness. In these areas, fracture mapping by conventional ground
methods is costly and often impossible. Successfully demonstrated
mapping techniques would also benefit other states where bedrock

structure is obscured by a deep unconsolidated overburden.

2.2 Roof Fall Hazards in Underground Mining

Underground mining is generally more complicated and costly
than surface mining; hazards to miners are also considerably greater.
United States Bureau of Mines statistics identify roof falls as the
primary caUse‘of}deéths in underground coal mining. Roof falls and
ro¢k bursts may account for only one or two fatalities in a single
incident, but there are many such potentia]1y deadly accidents.

A roof fall results when the roof rock falls into the opening
created by the remova1 of the}cOa]a Massive roof falls may fill
the mihe room or tunneTrwith rock rubble and leave a conical shaped

“hole extending upward as much as 30 feét. Anything that_cbn-
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tributes to weakening the supporting strength of roof rock will
increase the likelihood of roof falls. Such factors include poor
mining practices, and lithologic differences, rock expansion due to
reduction of lithostatic pressure, i.e., the introduction of water.
Significantly, a large number of roof falls result from rock weakened
by fractures.

Mine operators cannot predict the preéence and magnitude of
fractures that they will encounter as mining progresses. Although
coal companies commonly do extensive core drilling before they
develop undergfound mines, such programs cannot provide sufficient
data on the density and orientation of fractures to form a meaning-‘

ful model of subsurface conditions.

2.3 Environmental Aspects of Mining

More than three million acres of land have been disturbed by
surface mining in the United States excluding lands used for dis-
posal of coal refuse, i.e., coal refuse banks and siurry ponds.
Thevenvironmental effects associated with active surface mined
areas are varied and depend upon (1) the length of time an area has
been undergoing active surface mining; (2) the areal extent of
surface mining; (3) the type of surface mining, e.g., coal, clay,
sand and grave1, etc.; (4) the method of surface mining, e.g., open
pit,\area or contour; and (5) the degree to which a surface mined
area has been:rec1aimed. ' |

- As SUFface mining proceéds, areas are stripped of vegetation
';énd soil cover. vThe ovérbﬁrden is either spread dbwns1ope'(in the

case of contour mining in steep terrain) or placed in ridges on the
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previously mined area (in the case of area mining in areas of Tow
relief). Because the slopes are often devoid of vegetation, they
are susceptible to gully erosion. Also slope instability may
result in landslides and excessive stream sedimentation. Chemical
weathering may produce toxic materials such &s sulfuric acid that
move downslope and into stream channels making waters unsuitabie
for aquatic 1ife and unpotable to man.

These effects, because of their dynamic nature, require mani-
toring on a reguTar basis. Recent concern about the environmental
effects of surface mining has produced public pressure for increased
regulation of the surface mining industry to reduce adverse effects.
Most state regulatory legislation currently in force has been
enacted since 1965. Sixteen major coal states (including Indiana)
surveyed for a report by the Council on Environmental Quality had
taken twenty-eight majo{ legislative actions between 1965 and 1972.
Since 1970, 13 of the 16 coal states have enacted new legislation
or amended previous laws. Over the past several years, there has
been a general trend in state laws away from post-mining reclamation
requirements to more'extensive‘rec1amaticn requirements that must
be performed concurrent With the mining activity.

The enforcement of these Taws requires the monitoring of all
phases of the mining and reclémation activity, and fbr‘some states
constitutes a major expenditure of manpower and money‘as-staffs of
near]y 150 field inspectors are maintained for,this'purpose. New
technology and procedures which improve thése states' monitoring
capabi]ities and/or permits a reduction in operating costs is

needed.



2.4 Previous Investigations

Roof falls in underground mines result from a compliex variety
of 1ithological and structural factors acting in combination te
create a condition of roof instability. Wier (1970) conducted
geological investigations in Sullivan County, Indiana, and identi-
fied six causes of roof fall (Figure 1), all of which were aggra-
vated by associated fracturing. Overbey, et al. (1973) identified
12 factors contributing to roef falls, 5 of which are directly
associated with jointing or faulting. Benedict and Thompson (1973)
in investigations in western Pennsylvania report:

"First and foremost, we observed that numerous fall areas in

the mine were commonly associated with or were outlined by

fractures. A factor that was very apparent and that later
turned out to be quite significant in combination with other
geological criteria was the density of fractures, which varied

widely from one location to another in the mine reserve under
study."

Numerous other studies cited the significance of fracturing in
relationship to roof falls; however, the above-refekenced reports
are the only systematic programs to evaluate fracture location,
intersections and density with roof falls in undérground coal

mining.

2.5 Information Sources

The SKYLAB - EREP data evaluated in this investigation included
the Multispectral Photographic Camera (S-190A) and the the Earth

Terrain Camera (S-190B).  Imagery received from the Mu]tispectha]
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Dust roof fall
Lenticular roof fall
Concretion roof fall
Slate roof fall

Clay squeeze and fall
Massive roof fall

FIGURE 1 Examples of factors contributing to roof fall as

in Indiana (Wier, 1970)
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Scanner (S-192) did not cover the project area. After examination
of this imagery, the quality and resolution was judged only margin-

ally adequate for the project objectives and additional imagery was

not requested. The S-190A data was received in both 70mm (1:2,863,596

scale) and 9 inch (1:715,798 scale) transparencies. Each frame of
the S-190A imagery covers an area of 88 nautical miles square

The S-190A instrument contains 6 cameras, each equipped with a
different film-filter combination (Table 1). The six cameras
include two}with panchromatic black and white film, two with black
and white 1nfréred film, one with color infrared and one with high
resolution color film.

In 5 inch transparency format the S-190B imagery is at a scale
of 1:955,535. Each S-190B image covers an area of 59 nautical
miles square. This §ingle lens camera acquired imagery cver the
test area with high - reso]ution aerial color film (S0-242) for
track number 33 and color infrared film (EK-3443) for track 15.
The .color infrared film, with a Wratten 12 filter, has a spectral
bandwidth sensitivity of .5 to .88um. The high resolution color
(S0-242) fi1m has a spatial resolution of 50 feet, whereas the

color infrared film has a spatial resolution of about 100 feet for

~targét contrasts of 1.6:1. The S-190B imagery served as the pri-

mary satellite data source for this study and was used as a basic
reference for comparison of other EREP and LANDSAT sensors. 7 
EREP data was acquired during two overpasses over the Indiana-

Kentucky test areas (Figure 2). The first overpasé Was1m5de by

~ SKYLAB Mission IT Track 33, on June 10, 1973. Imagery provided

from this track commences in western I11inois and extends into



* Eastman Kodak Company

1 SL-1 was the launch of Skylab without crew.

11 At low contrast

1 Note that all roll humbers are 2-digit numbers, Single-digit numbers were used in other cameras.

§ Without filter

Table 1A. Multispectral Camera Station Characteristics
and Film Rolls Used. 1/
| Sta | Filter | Filter Fitm Type* Estimated Mission & Roll No.
Bandpass, Ground
micrometer Resolutiontt,
feet (meters) SL-2t SL-3 SL4
CcC 0.7-0.8 EK 2424 240 = 260 01%,07,13 | 19,25,31, {1 49§,65,61,
(B&W infrared) (73— 79) 37,43 67,73,A1,18
2 {DD | 08-09 |EK?2424 240 — 260 02,08,14 |20,26,32, | 508,56,62,
{B&W infrared) (73—~ 79} 38,44 68,74,A2,28B
3 EE 0.5-0.88 EK 2443 v 240 — 260 03,09,15 21,27,33, | 51§,57,63,
{color infrared) {73—~79) 39,45 69,75, A3,3B
4 |FF | 04-07 |S0-356 130 — 150 04,10,16 | 22,28,34, | 52§,58,64,70
{hi-resolution color) (40 —46) 40,46 76,A4,4B
5 {88 | 06-07 |S0022 100125 05,11,17 | 23,29,35, | 53§,59,65,
{PANATOMIC-X B&W) | (30 —38) 41,47 71,77,A5,58B
6 |AA | 05-06 |S0022 130-150 | 06,12,18 | 24,30,36, | 54§,60,66,
{(PANATOMIC-X B&W) | (40 —46) k 42,48 - 17278,A6,6B

Table 1B. Earth Terrain Camera and Film Characteristics and

Rolls Used
T Estimated BT
Filter Ground Missior & Roll No
Wratten Bandpass, Resolutiontt, ]
| Film Type* Filter micrometer feet {meters) SL-2 .| SL-3 } SL4
$0-242 none | 04-07 70 (21) 81 83,84,| 90,91,
{hi-resolution color) 86,88 | 22,94
€K 3443 (SL-2 & SL-3) 12 0.5—-0.88 100 (30) - 87 -
{infrared color)

¢ Eastman Kodak Company
*'Minus blue’’ filter-

= 11 atiow contrast

1/

Johnson Spacecraft Center, Publication JSC 09016.
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1. Underground coal mine
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‘] 2. Thunderbird Coal Mine
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FIGURE 2. Map of Indiana and parts‘of11111nois, Kentucky,‘ahd Tennessee
showing the extent of SKYLAB~EREP (S-190B) coverage and the location of
the test sites for this investigation. Lo h ‘
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eastern Kentucky. The second overpass was made by the SKYLAB III
Mission, Track 15, on September 15, 1973. The imagery received for
this track begins in western Tennessee and extends into western
Ohio.

On the basis of the imagery received,. two test sites were

established in the general test area (Figure 2). One site was

selected in western Indiana,’south of Terre Haute, and includes the
Thunderbird mine (underground) and several large strip mines includ-
ing the Minnehaha and the Dugger mines. Also included in this site
are numerous sand and gravel pits, clay pits and several large
crushed and dimension stone quarries. The second test_site was
selected in northwestern Kentucky in Muhlenberg and Hopkins Coun-
ties and includes several large active surface mines.

The SKYLAB photography was supplemented with LANDSAT imagery,
and for the Indiaha test site, with 1:120,000 scale color infrared
photography acquired by NASA in 1971 as part of the Corn Blight
Watch.

12



3.0 ANALYSIS PROCEDURES

3.1 Methodology
Numerous analytical techniques were used to augment standard
visual analysis of LANDSAT, SKYLAB and aircraft imagery. These

procedures included monoscopic visual analysis, stereo analysis,
1/ | 2/
film sandwiching , multi-band additive color projection , density

3/ -/

slicing/color coding and Ronchi grating analysis

Film sandwiching consists of producing a positive and negative film image
of the same scene at the same scale. The two images are superimposed

and offset a small amount. This produces a base-relief effect and enhances
in one direction tonal boundaries. Linear features are particularly
enhanced and made more obvious.

Multiband or multispectral imaging involves the acquisition of two or
more images of the same scene, usually recorded simultaneously in differ-
ent regions of the visible and near infrared portions of the electro-
magnetic spectrum. With an additive color viewing system for multi-
band aerial photography and satellite imagery, an operator can change
both the intensity and color of the image during projection by adjust-
ing the il1lumination and filters for each of the images which form

the composite. Film-filter combinations may be used to produce special
effects for the enhancement of specific features.

This system enhances subtle image tone differences that are difficuit

to detect by normal visual inspection. The image is scanned with a high
qua11ty black and white television camera. The difference in film density
is proportionally converted into a voltage signal. This signal is digi-
tally incremented into a series of discrete voltage levels, and a differ-
ent color is assigned to each voltage level. This 1ncrement1ng of
voltages is often referred to as "density-slicing" - a term frequently
applied to this system

Pohn (1969) and Elder (1972) reported that a Ronchi grating can be
used to enhance fractures. By viewing a photograph with a 200-line
Ronchi grating pOsitioned 12 to 18 inches from the photograph and
approximately one inch in front of the eye, images are refracted
normal to the ruled lines and are observed slightly offset on each
side of the real image. This displacement emphasizes linear features
oriented normal to the grating lines. Rotating the grating during
viewing, emphasizes preferred orientations of joint or fracture
controlled features, such as stream drainage.

13



A11 LANDSAT, SKYLAB and aircraft images were analyzed using
manual methods including magnification of transparencies and p}ints
and oblique viewing of prints and transparencies. The imagery was
analyzed for geological data such as faults and lineaments and
generalized glacial drift cover extent as well as for a variety of
surface mining monitoring applications. Factors examined included
the delineation of total disturbed land, mine refuse detection and
mapping, the monitoring of active mining and land reclamation and
revegetation progress.

Stereoscopic analysis of aircraft imagery aided detection of
subtle linear features indicative of fractures and 1ineaments.
Many of these features consisted of depressions lacking well
defined tonal changes and thus detection was improved with stereo
viewing. Oblique viewing of an image aided in the detection of
épparently disassociated fracture-lineament segments. Figure 3 is
a representative example of the 1:120,000 scale color infrared
photography used.

Discrimination apd inventory of mined lands were best accom-
plished by visual techniques. A éoa] refuse bank (gob pile) and
| slurry pogd inventory of the Indiana coal field was conducted using

visual and obtica1 en1argement methods on small scale aircraft
.photography. Stereoscopic analysis of aéria] photography was the
primary analysis technique used for the discrimination of heavily
revegetated surface mined 1and$ and~forkmaking gross Vb]umetric

estimates of waste materia1‘at~coa1 refuse sites.

14



FIGURE 3. This is an example of the small scale (1:120,000) color infrared
photography of the Sullivan, Dugger, Linton area of Indiana used for "“ground
truth" reference in this investigation. Much detail is discernable
concerning the status of mining, grading and revegetation. The mine at left
center is the Minnehaha shown on the S-190B enlargement in Figure 11. Note
the advance in mining in this mine during the interval from 1971 (This photo)
to 1973 (SL-2).

15



LANDSAT and SKYLAB S-190A mu1tispectra1§/ image sets were
viewed on the Addcol with a variety of filter combinations. With
such a system the operator can change both the intensity and color
of the image during projection by adjusting the illumination and
filter for each of the images which form the composite. Film-
filter combinations may be used to produce special effects for the
enhancement of specific features. However, none of the color
presentations increased the 1ineament detection capability over the
use of the individual iméges and usually reduced the operators
ability to’detéct these features.

The IZS Digicol electro-optical system was used in this investi-
gation to enhance black and white or color images by digitally
slicing image density levels and displaying these density dif-
ferences into as many as 32 colors on a color CRT disp]éy. Digicol
analysis of LANDSAT and EREP imagery indicated that color coding of
density levels is of little vé]ue for improving detection of subtle
lineaments. |

LANDSAT and EREP images were also viewed using a 200-1ine
Ronch¥ gratihg postioned 12 to 18 inches from the image and approx-
imately 1 inch in front of the eye. This technique was moét effec-
tive for accentuating macre-trends, but it made only a Timited
contribution to}1ineament~ana1ysislin Indiana where the terrain has4
only mddefate re1ief and‘many:ofkthe numerbus cultural features
 possess.a marked linear character. The advantégesvof‘this'tech-
5 Rt 7 o
- Multiband or multispectral imaging involves the acquisition of
two or more images of the same scene, usually recorded simultaneously
in different regions of the visible and near infrared portions of
‘the electro-magnetic spectrum. Comparison of the relative amounts

~of spectral energy reflected or emitted by discrete objects in
the scene is used to identify specific subjects and phenomena.

16



nique are largely offset by the high percentage of false lineaments
indicated which were actually cultural features.

Comparisons were made among all the satellite imagery avail-
able at the two individual test sites. S-190B high resolution
photography and the aircraft acquired color infrared photography
also were compared. Because of the substantially higher resolution
of the larger scale aircraft photography the aircraft imagery was
used as the primary data base for checking interpretations of the

SKYLAB and LANDSAT imagery.

3.2 Lineament Mapping

The few bedrock exposures are in the coal field area of
southwestern Indiana are largely confined to a few isolated
outcrops along streams. Man-made exposures in road cuts are not
common, but numerous exposures have been created in the process of
surface coal mining. In support of this investigation, the Coal
~Section of the Indiana Geo]égica] Survey made an extended effort to
acquire strike measurements of fractures in such expoSures.

The opportunity to measure fractures in underground mines was
limited. Four underground mines were operating in Indiana in 1971.
The Thunderbird Mine c105ed that year due to excessive roof fault
problems. kThe Kings Station Mihe c]oSed in 1974 and currently only
one underground mine is operational in the state.

SKYLAB imageky‘was>achired over the northern portion of the
 Ihd1ana»§o§1 fiejd:énd an;areainéar Terre Haute, photographed "

during SKYLAB II~mi$$iOn;,wés selected as the test area. This area

17



was an excellent test site, not only for lineament mapping, but for
the evaluation of SKYLAB imagery for mapping the extent and effects
of surface mining because of the presence of (a) several large
active surface mines, (b) large areas of older reclaimed and unre-
claimed mined land and (c) two underground coal mines (Figure 2).
This area also has several large sand, gravel, and clay pits.

The Terre Haute-Sullivan area was analyzed extensively for
Tineament data with both LANDSAT and aircraft imagery as part of
the companion LANDSAT study; these data are presented in Figure 4.

During the analysis of the LANDSAT coverage it was observed
that the surface condition of the land and the varied development
of the vegetational cover influenced the detection of lineaments in
this area; late spring was a particularly opportune time for

image acquisition. The area near Terre Haute is largely cultivated

“farm land, which in mid-June was essentially devoid of a vege-

tative cover. This permitted the detection of soil tonal anomalies
that would be obscured Tater in the season. . Mény of the streams in
this area appear structurally controlled, and the natural vege-
tation a]bng these streaﬁs contrasts with the bare field empha-

sizing the unusually straight character of many of the natural

~drainageways.

These factors had essentially the same influence on the

Tineament detection capabilities on the S-190B imagery. The

'SKYLAB Ii oVerﬁass occurred at an optimum time of year for linea-

ment mapping in this particular area. If the area had been more
densely coVefed by vegetation as that of the southeast, the value

of the 1magery'f6r'1ineament detection would have been substan-

‘tially less.
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FIGURE 4. Geological lineament map of a portion of the 1° by 2°
Indianapolis quadrangle, Indiana and Il1linois. This map, reduced to
1:500,000 from an original scale of 1:250,000, shows 1ineaments mapped

from analysis of LANDSAT-1 imagery and aerial photography. Also shown are
field measured joint azimuths, areas of surface coal mining and major allu-
vial deposits.
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S«190B imagery was acquired of the test area with S0-242 film
which was judged somewhat inferior to the color infrared emulsion
[EK-3443] for lineament detection and for surface mining studies as
well. 1In spite of this, numerous lineaments were detected on the
S-190A and S-190B imagery that were not discernible on the LANDSAT
imagery. Within the test area the combined analysis of 18 months
of LANDSAT imagery reveals 165 lineaments, whereas, from the imagery
from the single overpass of SKYLAB II, 257 lineaments were mapped.
O0f the S-190A imagery the red spectral band imagery proved of
particular value in lineament analysis. The combined results of
the analysis of the S-190A and S-190B is shown in Figure 5.

As part of the LANDSAT study, rose diagrams of 1ineaments
measured on LANDSAT imagery in the area of the Thunderbird Mine
(Figure 6A) and on small scale color infrared photography (Figure
6B) were compared with fractures measured in the Thunderbird Mine
(Figure 6C). The rose diagrams of the various fracture-lineament
data’measured in the Thunderbird Mine area show gocd correlation,
particularly for the prominent trendkof N 40-50 E. A rose diagram
~ of Tineaments measured on SKYLAB imagery throughout the test area
(Figure 7A) also compare favorab1y.indicating a high degree of
validity for the features mapped even though many of the lineaments
mapped on SKYLAB and LANDSAT imagery do not ccincide. It is interesting
to note, however, that a prominent fracture trend of N 70-80 W was
mapped in,the mfhe'which was not detected on any of the imagery,
_regardless of scale. A possib1e exp1anation fbr this is that as a
statistical]yfsmali number of measurements were available from the
mine, emphasis’of this trend may be the result of a unique loca1ized
“development of joints. :
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An enlargement of a portion of the red band S-190A image
(No. SL-2, 241, RL-11) with a geological lineament map overlay. This image
corresponds to the same area shown in Figure 4. This map shows the 1ineaments
mapped from the combined analysis of S-190A and S-190B imagery.
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FIGURE 5.
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FIGURE 6A. Lineaments measured on LANDSAT imagery in the
Thunderbird Mine area (20 measurements).

FIGURE 6B. Fracture-lineaments mapped in the Thunderbird Mine area from
1:120,000 scale color infrared photography (98 measurements).

FIGURE 6C. Fractures measured in the Thunderbird Mine in Coal Seam VI
(19 measuremen ts).
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FIGURE 7A. Lineaments measured on SKYLAB imagery in the Indiana test site
area (257 measurements).

FIGURE 7B. Lineaments measured on LANDSAT imagery in the Indiana test site area
(165 measurements).
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A rose diagram of Tineaments measured on LANDSAT imagery of
the entire test area (Figure 7B) indicate a greater random scatter
than for those measured in the vicinity of the Thunderbird Mine
(Figure 6A). Although the predominant trends N 40-50 E and N 40-

50 W are still evident in this plot, the diagram also indicates a
prominent lineament trend of N 1-10 W which is not apparent from
other sources. Care was taken during image analysis to avoid the
effects of cultural features, however, it appears probable that the
landnet may have influenced the mapping of some lineaments.

Although the correlation of the Tineament data derived from
the different sources is good, the significance of the lineament-
fracture information for mine safety and the prediction of roof
falls in coal mines is impossible to adequately assess. The
Thunderbird mine is within this area, but’as operations ceased in
1971 the only underground measurements of fracture trends available
from this SOUrce were those made by the principal investigator a
few years previously. As a consequence, there was no opportunity
to observe directly the correlation between mapped 1lineaments or

mine fractures and actual roof falls with a mine.

3.3 Surface Coal Mine Studies

Surface mining for coal is extensive isvsouthwestern Indiana
in areas where coal seam depth is less than 100 feet. LANDSAT
imagery had a demonstrated utility for mapping‘the aerial ektenf of
such mining and to make some judgeménts as tokthe status of reclama-
tion.’An example of LANDSAT imagery (No. 1033-15591-7) en1arged to

approximately 1:250,000 is shown in Figure‘B for comparison pur-ki
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FIGURE 8. LANDSAT image (1033-15591-7) of the Lynnville, Indiana area
enlarged to approximately 1:250,000 scale showing the areas disturbed by
surface mining for coal. This imagery provides a means of rapidly mapping
and frequently updating mined land areas.
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poses. This image was acquired on August 25, 1972. It shows the
disturbed lands of surface mining, refuse piles, siurry ponds, and
howl roads in broad detail. Changes in aerial extent of mining are
discernible as in Figure 9. This map was produced by superimposing
the mined 1and boundaries derived from the LANDSAT image with a
conventional mined land map published in 1968. In this mapping,
isolated minedlland areas of less than 10 acres extent were diffi-

cult to identify as were mined lands with < 60% revegetation cover.

3.3.1 Su]]ivan, Indiana Test Site

S-190A and S-190B SKYLAB photography of the Sulli-
van, Indiana area were evaluated for utility for surface
mined land investigations.

Black and white and color enlargements of the
S-190B color and color infrared imagery were made to
determine the maximum scale to which the imagery
could be enlarged without excessive image deteriora-
tion and to determine the Optihuh scale(s) for
visual ana]ysis. To test the uti]ity of different
image scales for analysis of mined land features,
photographic enlargements weré made to scales of
1:500,000, 1:250,000 (Figure 10A), 1:100,000, 1:50,000,

| and 1:24,000; the‘1attek a 40X en1argement. The
1:250,000 and 1:100,000‘sca1é en]argements prOVed
most useful for thisvinvestigation. Utility of the

40X en]argemeht (1:24,000 scale) is discussed later.
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FIGURE 9. Mined land inventory map of southern Indiana updated by LANDSAT
imagery.
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A 1:250,000 scale enlargement of SKYLAB-II S-190B color
imagery was prepared to compare strip mining progress with a
recently published (June, 1972) strip mine area map of Indiana
(Figure 10B). This analysis revealed significant advances of
strip mining in the Dugger, Jasonville, and Sullivan areas,
and the opening of a new mine near Hymera. Land which has
been strip mined and reclaimed recently (within the past 5
years) is evident; howevér, older mined lands overgrown with
trees were difficult to differentiate on the S0-242 film from
the nearby unminéd farm and forest lands. Changes in mined
area as small as 2 acres could be identified visually on the
imagery.

This can be compared with LANDSAT imagery enlarged to
1:250,000 scale over the Lynnville, Indiana area (Figure 8)
and the accompanying mined land inventory map (Figure 9) for
the area of the image (outlined in black). Although LANDSAT
does not provide the resolution and data quality of SKYLAB,
its repetitive coverage and computer processing compatibi1ity
make it useful for rapidly updating existing mined land mapé
~and data. | }'
~ Analysis of the 1:100,000 scale black and white S-1908
enlargements showed that nearly all past‘andrcurrent_SurfaCe
~ mining could be accurately delineated and that one or twd
classes of reclamation assessment could be detected. Cultural
detail at this scale was adequate for eithef making new base
maps of the area or positioning‘the mihe;de1ineations accu%

rately on existing base maps.
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FIGURE 10.

A.

Reproduct1on of SKYLAB S-190B color 1magery (SL-2, 81-338) acquired on
June 10, 1973, en]arged to a scale of 1:250,000 shOW1ng racent strip
mining for coal in the area east of Su111van Indiana. The location of
this area is shown in the diagram below. 01der strip mines in the center
of the image are not evident as they have become overgrcwn by trees and
blend with the surrounding forested lands.

N~ ]

" INDIANA

Indianapolis
o

oTerre Haute

7

6/

~ B. Portion of a map pub11shed by the Indiana Geological Survey of the same

area and scale as the image shown above delineating areas strip mined for
coal up to June, 1972. The areas shaded by diagonal lines indicate areas
which have been strip mined during the year between the map comp11at1on
and the SKYLAB I1I overpass

s '
 Powell, R. L., 1972. Map of Southwestern Indiana Show1ng Areas Strip

Mined for Coal. Ind1ana Geo1og1ca1 Survey, M1sce11aneous Map No. 15.
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A 1:24,000 enlargement was made of the large, active
Minnehaha Mine to determine if SKYLAB data was suitable for
updating existing large scale mined land maps or fg producing
new quadrangle-sized, photobase, mined land maps. The 1:24,000
scale enlargement (Figure 11) is about the maximum enlargement
permissible for SKYLAB S-190B imagery without excessive image
deterioration. Although the mined areas could be readily
delineated (especially where high contrast exists between the
freshly mined soil and rocks and the much darker surrounding
vegetation), the resolution of the enlargement at this scale
is probably not adequate to produce the detail and accuracy
necessary for most state agency needs. At this scale high
contrast mined areas could be delineated with a tolerance of
plus or minus 1/30th of an inch (+ 67 ft.) whereas some of the
lower contrast previously reclaimed areas could only be

delineated with a line accuracy of about 1/10th of an inch

(200 ft.).

3.3.2 Millport, Kentucky Quadrangle Test Site

The Millport Quadrangle test site was selected because
EarthSat had previouS]y investigated the area and had acquired
considerable ground truth data. This site is situated at the
southeastern extremiiy of the'Eastefn Ihterior Coal Basin and
is located about‘midway between Madisonville and Central

City, Kentucky. This area, with its thin soil cover and

bedrock exposures; contrasts with the Sullivan test site which
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FIGURE 11. A 1:24,000 scale enlargement of a SKYLAB S-190B color image
(SL-2, 81-338) of the large Minnehaha surface mine in the Sullivan,
Indiana test site. A large dragline used for removing the overburden can
be distinguished at (A) as can be the highwall and the current mining
furrow. Two ridges of ungraded mine spoil are evident at (B). Land
reclaimed under old mining laws which did not require the ridges to be
leveled is identifiable at (C). The old and current haul roads are
obvious at (D). The older, now unused, road is imaged with less ccntrast.
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is overlain with a glacial drift cover several feet thick. A
mined land inventory map was prepared at 1:24,000 scale using
quadrangle centered 1:80,000 scale panchromatic photoqaraphy N
acquired in 1971 by Mark Hurd Aerial Surveys (Figure 12).
LANDSAT and SKYLAB imagery were evaluated for possible use in
updating this map. A 1:24,000 scale enlargement was made from
S-190B color infrared imagery of this 7-1/2' quadrangle area,
and enTargements to 1:80,000 scale were made of both SKYLAB
(Figure 13) and LANDSAT (Figure 14) imagery to compare direc-
tly with‘the high altitude aerial photographs. The SKYLAB
imagery was acquired on September 15, 1973, whereas the
highest quality LANDSAT frame for this same area, and the one
used in this study, was acquired on September 30, 1972. Mined
1and maps prepared from the aircraft, SKYLAB and LANDSAT
images formed the basis for determining the detail of deline-
ation possib1e with each4type of imagery. The 1:80,000 scale
aerial photography (Figure 15) permitted mapping twenty-two
separate categories of mined land disturbances, reclamation
énd mining features. Thesé categories included areéskof

active strip mining, three categories of vegetative cover .

~where no reclamation grading had occurred, three classes of

vegetative cover where only partial grading had occurréd,
three vegetative cover c1asses where‘compTete reé]amation
grading had occurred, three vegetative cover classes for
graded and ungraded Contour mining, a1ong‘with the identi-

fication of water bodies, coal preparation areas, coal refuse
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FIGURE 13. This image is a 1:80,000 scale enlargement of a SKYLAB
$-190B color infrared photograph (SL-3, 87-049) acquired in September,
1973 over the Millport, Kentucky test site. Although a few scattered
clouds appeared on the imagery, the quality and resolution were
sufficient to permit mapping of eight categories of mined land dis-
turbance as shown or the overlay.
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FIGURE 14. LANDSAT-1 image of Millport, Kentucky area enlarged to
approximately 1:80,000 scale. This Band 7 image (No. 1069-15594) was
acquired on September 30, 1972 and provides some of the highest
contrasts between mined and unmined lands seen on LANDSAT-1 imagery
of this test site. It was possible on this image to delineate six
different categories of lands associated with surface coal mining.
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areas, delineation of high walls, and the identification of
areas disturbed by mining activities although not actually
mined.

The enlarged SKYLAB imagery allowed discrimination of
eight categories of mining activity and reclamation (Figure 13
overlay). These include areas which have been mined but are
essentially bare soil and rock, areas mined with 50 to 100%
revegetation, areas that have been mined with less than 50%
revegetation, unmined areas, refuse areas and slurry ponds,
water bodies, highwalls, haulage roads and other types of
activity associated with the mining of the coal. The investi-
gators could not identify contour mining in this area on
SKYLAB imagery although some contour mining could be deline-
ated with stereo viewing of the high altitude aircraft photo-
graphy. The SKYLAB color infrared imagery proved moderately
good for identification of areas which had been revegetated
although distinguishing between different degrees of vegetal
cover was difficult. This imagery clearly differentiates
water bodies from coal mines refuse and sldrry ponds. High-
walls were also identifiedehere high contrast existed bet&;en
the mined area and the surrounding vegetation. Consecutive S-  ‘
- 190B image frames were studied stereoscopically, but'the
relatively Tow relief in the area minimized the advéntage of
the third dimension. It did provide binocular imagé reinforce-
ment and an apparént improvement in image qua1fty. k {

The Six categories of mined 1and rec1amat10n‘and

features identified on the LANDSAT Band 7 enlargement of the
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same area (Figure 14 overlay) included some highwalls, mined
lands with 50% or more vegetative cover, mined lands with less
than 50% vegetative cover, mined lands with essentially bare
soil or rock, unmined lands, and water bodies or coal mine
refuse areas. The quality of the LANDSAT imagery severely
deteriorated at the 1:80,000 scale enlargement, but it still
showed high ¢ontrast between the mined and unmined areas and
proved valuable for rapidly mapping lands disturbed by surface
mining. _The superior resolution of SKYLAB imagery, however,
provided greater detail in delineation.

Disadvantages of LANDSAT imagery as compared to SKYLAB
include the lack of reselution of distinguishing cultural
features to aid in transferring the data accurately to geo-
graphic base maps, the inability to distinguish between mine
refuse areas, i.e. gob piles and slurry ponds and naturally
occurring or other mining - related water impoundments. Other
features associated with surface mining such as haulage roads,
rai1roads, mine preparation plants, and areas being cleared or
readied for surface mining were also difficult or impossible
to identify.

The primary conclusion from this comparison is that
once an accurate data base has been established from aeria1
photdgraphy, high quality LANDSAT imagerygf enlarged to scales

as much as 1:100,000, could be used to monitor and update data

&/ . o |
Experience in the midwest area of the United States indicates
that atmospheric vapor or haze seriously degrades much of the
LANDSAT imagery, and that an image of superior clarity may

be acquired only once or twice a year.
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on surface mining activity; basically for the extension of new
mining activity and monitoring the progress of revegetation.
Repetitive orbital imagery with resolution approximating the
S-190B camera would provide significantly superior data for
monitoring mining and reclamation activities. |

A portion of the SKYLAB S-190B color infrared imagery
was also enlarged to a scale of 1:24,000. The greater clarity
and contrast of vegetation boundaries on the color infrared
imagery (EK 3443) rendered an enlargement considerably superi-
or for aha]ysis to the S-190B color film (S0-242) enlargement
of the Sullivan test site. However, the resolution and con-
trast of these enlargements were not adequate to provide the
accuracy of mined land delineations deemed necessary for most
state requirements. It did, however, within the accuracies
possible, provide substantial data for updating the existing
1:24,000 scale mined lands map produced from the high altitude
aerial photography acquired 2-1/2 years before (Figure 12).

3.4 Non-Fuel Type of Mining

Within the Indiana test area non-fuel mining consists of clay
mining fok brick and ceramic product manufacturing, and sand and
gravel quarrying for construction purposes. ’The clay mining is
~ largely restricted to the area north of Terre Haute, whereas, sand
and gravel mining occurs throughout the area along the floodplains
of the major,streams. This is especially common south of Terre
Haute. |
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The clay mines in the test area are small, ranging in size
from 1 to 5 acres, and many of the mines are no longer operational.
The small size in conjunction with natural revegetation makes
identification of the quarries difficult or impossible if the
location is not previously known. Sand and gravel pits, particu-
larly along the Wabasthiver are of greater areal extent, making
jdentification easier. The typical lobate configuration of mining
and the associated water bedies provide a distinctive pattern
readily recognizable by an image analyst.

- Sand ahd gravel quarries were identifiedeith the greatest
accuracy on the S-190B color images. Of the S-190A photo;raphy
evaluated, the best resolution and contrast were obtained in the
red band. Although it would have been desirable, color infrared
imagery was not available for’eva1uation. However, based on a
comparison between the S-190B celor infrared photography from SL-3
mission acquired over the Kentucky site, and the S-190B color
imagery from SL-2 miséion of the Indiana test site, the latter
exhibits the substantially better resolution.

Sand and gravel quafries larger than about 1/8 mile square
were identifiable. For the larger gquarries, which exceed 1/2 mile
square (Figure 15) it was not possible to accurately'eva1uate their
~operational status with;imagery from a sinQIe overpass. However, |
the higher reflectance of freshly exposed sand (point C) in compari-
son to aréas where some vegetational growth has been established
(point A)‘is indicative of recent operatiohs. Such judgmehtS'are

not precise, as it may take several years for 5ubstant1a1'reVegeta-

40



tion to occur on the waste surfaces. Repetitive coverage with
SKYLAB type sensors would solve this problem. A comparison of this
S-190B image (Figure 15) with aerial photography acquired in 1971
shows substantial changes in configuration and areal extent of
quarries B and C, but no discernable change in the appearance of

quarry A.
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FIGURE 15. This 1:63,360 enlargement of a portion of S-190B image
(No. SL-2, 81-338) is of the Wabash River floodplain about 30 miles
south of Terre Haute. Numerous sand and gravel quarries are located
in this area. Quarries B and C appear to be actively operated.
Quarry A, due to the less reflective surface, is judged to be
partially revegetated and no longer operating.
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4.0 RESULTS

4.1 General

Imagery provided by SKYLAB has generated new data for state,
federal and private industry groups concerned with natural resource
extraction and management in Indiana. These data include fracture
and lineament information for mine safety and petroleum exploration
applications; new surface geological data, mined land detection,
and reclamation assessments for lands strip mined for coa1'as well
as for other mineral resources.

A comparison of the utility of EREP image products for fracture
and lineament analysis, soil and vegetation zone mapping and mined
land mapping is shown in Table 2. The S-190B color, color infrared,
and S-190A, red band (600-700nm) films proved of greatest utility
although nearly all of the other sensors provided at least some

unique and useful information.

4.2 Utility of SKYLAB Data for Lineament Mapping

Many of the 11neaments’obServed on the LANDSAT and aircraft
imagery were also noted on the SKYLAB imagery. Some of these
Tineaments were better expressed and could be extended further on
the SKYLAB imagery than on either LANDSAT or aircraft data. The
Tineaments mapped on SKYLAB imagery, which were not seen on the
LANDSAT or aircraft imagery, genéra]]y corresponded closely in both

trend and length to the linear features which had been previously

" mapped in the same area.
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TABLE 2. Comparison of the utility of EREP image products for fracture
detection, soil tone and vegetation contrast mapping, and mined land
mapping capabilities.

Fiim Type Fracture Detec- | Soi'! Tone Végetation Mined Land Mapping

R tion Capability Contrast Mapping Capability
Capability

S-190A-07 ,

Pos. Transp, X XX X

S-190A-08 XX ; XX X

S-190A-11 XXX XXX XXX

S-190A-12° . XX X X

S-190A-07 XX XXX X

Neg. Transp.

$-190A-08 XX XX | X

S-130A-11 XXX XX XX
S-190A-12 XX X X
S-1908 XXX XX XXX
Color

S-190B XXX XXX XXX
Color Infrared :

$-192 X X ' (Not processed over

Multispectral coal mining portion
Scanner (all ' ; , of test site)
bands)
' EXPLANATION

Spectral Bands S o Film Utility Rating
S-190A-07 700-800 nm , - X = poor detectability
S-190A-08 800-900 nm : , XX = good detectability
S-190A-11 600-70C nm XXX-= excellent detecta-

S-190A-12 500-600 nm : bility
S$~1908 Coloy 400-700 nm , , :
S~190B Color IR.500-900 nm
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Numerous lineaments and fracture traces were detected on both
color, color infrared and black and white transparencies. A large
percentage of the cultivated lands were in a fallow state at the
time of the SKYLAB-II overpass (June 10, 1973); this permitted the
detection of fractures expressed in soil tone differences. Much of
these data were not detected on LANDSAT imagery of comparable
season or high altitude aircraft color infrared photography.

Stream segments controlled by fractures, lineaments, and joint
systems could be identified in much more detail on SKYLAB photography
than with LANDSAT imagery of comparable scale. It is believed that
the additional data derived, which was not noted on the aircraft or
LANDSAT imagery, was detected by virtue of the higher resolution of
the SKYLAB imagery. Other contributing factors may have been

unique seasonal ahd climatic conditions that existed at the time of
the‘SKYLAB overpasses and the synoptic view character of the SKYLAB

imagery as compared to aerial photography.

4.3 Mined Land Inventory and Reclamation Assessment

4.3.1 Surface Mining for Coal

EREP imagery provides more data for mined land inventory
and reciamation prdgress than comparable scale LANDSAT imagery.
The higher resolution of both the color and color infrared
photography proved superior when compared to LANDSAT data for
defining differences in mined land vegetative cover, delineating

areas of freshly stripped or abandoned unreclaimed mined land

45



(orphaned lands), mine refuse piles and slurry impoundments.
Thus, SKYLAB imagery provides an accurate data base from which
mined land changes can be updated by the use of successive

LANDSAT or EREP overflights.

4.3.2 Evaluation of SKYLAB Imagery for Nonfuel Surface Mining

A review of EREP color photographs (1:1,000,000 and
1:500,000 scales) permitted the identification of a substantial
number of nonfuel (sand, gravel, and clay) mines'within the
southern Indiana test area. ‘Comparison with historical (1970
and 1971) small scale aerial photographs revealed significant
changes in mined érea.and other evidence of active (or recently
active) mining sites.

Although the size of most of these mines is relatively
small, they are numerous, especially in areas where high
quality sand and gravel deposits exist. Many of these mines
operate for relatively short periods of time. Therefore, the
detection and monitoring of these smaller surface mines can be‘
an important eontribution to stete groups concerned with
resource, reclamation, and land use management if a sate]]ite
with SKYLAB system resolution can provide coverage on a

repetitive basis similar to that of LANDSAT.
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5.0 CONCLUSIONS

This investigation evaluated the applicability of a variety of
sensor types, formats and resolution capabilities to the study of both
fuel and non-fuel mined lands. The results of this investigation should
prove useful in designing the sensor packages of future orbital platforms

to enable maximum data yieid for mined lands applications.

¢ The image reinforcement brovided by stereo viewing of the EREP
images proved useful for identifying 1ineameﬁts and for mined
lands ma?ping. SKYLAB S-190B color and color infrared transparencies
were the most useful EREP imagery for the investigation,

especially for detailed mined land evaluation.

. New information on lineament and fracture patterns in the
bedrock of Indiana and I1linois extracted from analysis of the
SKYLAB imagery has contributed to furthering the geological
understanding of this portion of the I11inois basin. A close
relationship exists between the directions of lineaments
mapped from the SKYLAB, ERTS and aircraft imagery. Additionally,
SKYLAB imagery revealed many new 1lineaments and'fracturé
trends were not detected on either the LANDSAT or the aircraft

imagery.
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SKYLAB imagery (S-190A and S-190B) has demonsirated an appli-
cation to the various aspects of surface mining ditturbances.
Eight categories of mined land disturbance were readily and
accurately delineated from the SKYLAB imagery, whereas siX
categories of mined land disturbances could be mapped only

roughly from the LANDSAT imagery.

SKYLAB S-190B color and color infrared images proved the best
EREP products for lineament and fracture detection, soil toné

and vegetation mapping, and for mined land reclamation assessment.
Of the 54190A photography, the red spectral band (600-700 nm)

was nearly as useful as the S-190B iniagery for lineament and
fracture analysis, although the season of image acquisition
probably increased the utility of this spectral band for

lineament mapping to a greater extent than the S-150R products.

The keso]ution and overall image quality of SKYLAB S-190B
jmagery is substantially better than LANDSAT imagery.

Useful data were derived from SKYLAB images enlarged to as
much 1:24,000 scale. Meaningful data for these studies from
LANDSAT imagery were restricted to enlargements of 1:100,000

scale or smaller,
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¢ Data acquisition on a frequent repetitive cycle, such as or
more frequent than the 18 days of LANDSAT, plus the computer
compatibility of the data is a definite requirement for
change detection, particularly for regulatory monitoring of

surface mining.

¢ The higher resolution of SKYLAB imagery over that of LANDSAT
permits the identification of cultural features as an aid in
accurately transferring the data to geographic base maps and
the abi1ity to accurately distinguish between mine refuse
areas, such as gob piles and slurry ponds, and naturally
occurring or strip mine-related water impoundments. Other
features associated with surface mining such as haulage roads,
railroads, mine preparation plants and areas being cleared or
readied for surface mining can be more accurately identified

on SKYLAB imagery.

An important overall conclusion bf this investigation is fhat repetitive
grbital imagery approaching the resolution of the S-190B camera would
provide much Qsefu] data for monitoring surface mining'and updating
mined land maps. This will be especially true after accurate base maps
have been compiled from analysis of aerial photographs. Such imagery
could probably be employed to monitor revegetation and grading activities
with an adequate degree of accuracy to aid in the enforcement of many of
the‘state reciamation laws. This is particularly significant in view of
the rapidly escalating operating costs of state mined land regulatory
agencie5~andbthe need to more frequently a¢quire mined 1ands‘data in
response to accelerated mining activities. |
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