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ABSTRACT 

Digital processing of ERTS-I MSS data for areas 
around the west branch of the Susquehanna River per- 
mits identification of stripped areas iniluding ones 
that are not discernible from visual analysis of ERTS 
imagery. Underflight data and ground-based observat- 
ions are used for ground-truth and as a basis for de- 
signing more refined operators to make sub-classifi- 
cations of stripped areas, particularly with regard 
to manifestations of acid mice drpinage; because of 
associated diagnostic effects on vegetation, season- 
al changes in classification criteria are being doc- 
umented as repeated, cloud-free ERTS-1 coverage of 
the same area becomes available. Preliminary results 
indicate that ERTS data can be -ed to moniter not 
only the total extent of strip - in given areas but 
also the effectiveness of recli.. tion and polluticn 
abatement procedures. 

1. INTRODUCTION 

Deposits of coal in the Eastern United States represent 
an important natural resource for meeting immediate and 
Pitars critical energ; needs. While widespread sti-iy mining 
has already been carried out over large areas in Western 
Pennsylvania and in other areas of Appalachia, there remain 
extensive reserves at relatively shallaw depths that can be 
and are being extracted by strip mining. However, the actual 
cost involved in providing energy from these deposits signif- 
icantly exceeds that cf simply extracting the coal, because 
not only must the areas stripped be reclaimed for other pro- 
ductive uses, but also because severe water pollution re- 
sulting from acid mine drainage from these areas must be 
monitered and contr~,~ed. "cen withour further mining act- 



iviry, salving existing environmental problems of this 
nature resulting from past mining activities is proving 
to be difficult and expensive. 

Therefore, it is important to have an effective 
capability for monitering the areal extent of stripping, 
detecting the areas adversely affected by acid mine drain- 
age, and sssessing the effectiveness of reclamation and 
pollution abatement procedures. Becau~e of its repeated, 
complete areal coverage ERTS data provides a potential 
means of routinely monitering and evaluating the impact 
of strip mining on the environment in any region of int- 
erest. 

The objective of the present st~dy is to determine 
the usefulness of ERTS-I data (particularly the MSS data) 
for this application. 

2. OBSERVATIONAL RESULTS 

An area along the west branch of the Susquehanna 
River was chosen for the initial tests of the present 
study because it contains old stripped areas, new stripped 
areas, and numerous examples of acid mine draifi:ge and 
related effects associated with the mining of bituminous 
coal in Pe~nsylv~.nia. In addition detailed grcund-based 
geological and grophysical observations are available for 
one particular part of the area near Kylertow~. Aircraft 
underflight data from U-2 and C-150 flights are available 
for portions of the test area as well. These additional 
data provide very important ground truth for evaluating 
the results obtained from digital processing ERTS-I MSS 
tapes. 

The MSS digital data tape (CCT 1045-15240) for the 
September 6, 1072 pass over Pen~sjrlvania was used for the 
computer analysis. Even though only three of the MSS 
channels (4,5, 7) could be used on the tape for that part- 
icular day, remarkably good results were obtained by using 
these three good channels simultaneausly to identify the 
characteristic features of strip-mined areas and acid mine 
drainage. 



The data processing consisted first of subsetting 
the original data tape to obtain a working digital tape 
covering a test area approximately 20x20 miles square in 
size located on the west branch of the Susquehanna River 
in Clearfield County and extending south from Karthus to 
Philipsburg. Using a series of computer programs devel- 
oped by Borden and others of the Office of Remote Sens- 
ing a: the Pennsylvania State University (References 1-8) 
the test area tape was analyzed. First we located areas 
of both uniformity and high spatial contrast. These data 
alone defined the general boundaries of some stripped 
areas and showed distinctive features such as the river 
and Interstate 80 so that unambiguous correlations with 
conventional map features could be made. However, l ie  
found that applying the cluster analysis programs devel- 
oped by Turner (Reference 8) provided the best definit- 
ion of stripped areas as well as other features in the 
test area. Basically these programs group the data points 
into clusters each of which has a characteristic spectral 
response. No prior knowledge about the spectlol response 
is required in this mode of operation, although we can use 
training areas as another program option. Not only was 
it possible to identify stripped areas unambiguously, but 
also sub-classifications of them were fmnd that repre- 
sent real Cifferences in conditions, such as trenched areas, 
recent workings, and partly vegetated peripheral zones. 

Several portions of the Susquehanna River itself were 
classified in the same category as strip mines; while sur- 
prising at first, this finding is now believed to repre- 
sent refuse from nearby stripping that was dumped along the 
banks in which case the classification was proper. Other 
areas along the ~ i v e r  were placed in the same category as 
areas of dying or dead vegetation caused by acid mine drain- 
age elsewhere in the test area. The inference that the 
Susquehanna in this area is highly polluted by acid mine 
drainage is correct as is documented in Reference 9. 

Especially detailed analysis was carried out for a 
small area around Kylertown. Sub-divisions of the stripped 
areas that were distinctly classified in this test area 
were: trenched areas, backfills, and new stripping or areas 
cleared for future stripping operations, Areas of dying or 
dead vegetation caused by acid mine drainage from these strip 
mines were distinctly classified by the cluster analysis and 
were correctly located, including a very small olie that has 
been studied extensively with ground-based methods. 



TABLE I 

S p e c t r a l  Response from C l u s t e r  A c a l y s i s  of  t h e  Rylertown Area 

C a t e g o r i e s  Synb o 1 Channe 1s Percen t  Area 
4 5 7 

F o r e s t s  1 - 23.43 14.29 24.42 68 

Open f i e l d s  2 X 27.20 21.37 21.27 11 

Trenches ( s t r i p  3 + 30.50 25.72 11.00 4 
n i n e )  

B a c k f i l l s  ( s t r i p  4 * 32.89 30.67 14.56 5 
mine) 

Acid mine 5 0 24.67 15.67 14.33 4 
d r a i n a g e  

New s t r i p p i n g  6 = 38.00 41.00 19.00 1 

New o r  f u t u r e  7 Z 46.00 52.33 23.67 1 
s t r i p p i n g  

TABLE I1 

Dis tances  of  S e p a r a t i o n  f o r  C a t e g o r i e s  
1 - 2 X 3 + 4 *  5 0 6 = 7 Z 



Table I summarizes the cluster analysis results for 
the Kylertown test area. From examining the array cf 
ground-based data mentioned earlier we were able to ident- 
ify the categories of features found by the cluster analy- 
sis. These are listed in the first column of Table I. The 
degree to which these categories are separated is indicated 
in Table I 1  where the distances of separation among the 
clusters are given. The smaller the distance between two 
categories the more similar ?hey are. For example the sub- 
classifications 3 and 4 that differentiate trenched portions 
of stripped areas from backfills have a relatively small 
distance separation and are generally similar in spectral 
response as can be seen from Table I values. 

l'he digital processing used has the Zurther advantage 
that not only are features correctly classiEied but the 
total area affected by stripping czn be routinely calcul- 
ated from the estimates of the total area represented by 
each category output by the cluster analysis program. For 
example, we found that strip mines cover approximately 20 
per cent of the test area around the Susquehanna and about 
11 per cent of the area around Kylertown. The last column 
of Tab'e I gives the percantage area represented by each 
category for Kylertown. 

The spectral response was found to be quite similar 
for stripped areas at different locations within the test 
ares suggesting that these characteristic signatures can be 
used to obtain an accurate map of existing strip mines for 
larger areas or perhaps the ent~re state or region. Also 
repeated application of this type of analysis will provide 
up to date estimates of the location and extent of new 
strip mining and provi&e current information on reclamation 
and acid mine drainage. 

While visual examination of the ERTS-I inagery reveals 
the location of the larger strip mines it is not possible 
to distinguish the sub-classifications and details found 
by the digital analysis described above. The areas affsct- 
ed by acid mine drainage cannot be discerned and identified 
by visual analysis of the ERTS imagsry. Therefore, digital 
processing is required to extract adequate information on 
the details of strip mining and acid mine drainage. 



3. SUK4lRY AND CONCLUSIONS 

1. ERTS-I MSS d a t a  can be used i n  appropr ia te  d i g i t a l  
process ing programs t o  map the  ex t en t  and type of s t r i p p i n g  
t h a t  e x i s t s  a t  t h e  p resen t  t ime,  inc lud ing  s u b - c l a s s i f i c a -  
t i o n s  of each s t r i p p e d  a r ea .  

2 .  Based on the  prel iminary f i nd ings  of t h i s  r e p o r t  
i t  appears f e a s i b l e  t o  use ERTS da t a  t o  moniter p e r i o d i c a l l y  
t he  e x t e n t  and l oca t i on  of cu r r en t  s t r i p  mining a c t i v i t y  
f o r  l a r g e  regions  and t o  eva lua te  t he  e f f e c t i v e n e s s  of r e -  
clamation and po l lu t i on  abatement procedures.  

3. Surface a r ea s  a f f e c t e d  by a c i d  mine drainage 
from s t r i p  mines can be loca ted  and mapped e f f e c t i v e l y  through 
c a r e f u l  d i g i t a l  process ing of  the  ERTS-I MSS d a t a .  They can- 
no t  be l oca t ed  from v i s u a l  a n a l y s i s  of ERTS imagery. 

4 .  Temporal coverage of  s t r i p p e d  a r ea s  spanning d i f f e r -  
e n t  seasons suppl ied by repeated ERTS passes  promises t o  
provide even more powerful c l a s s i f i c a t i o n  c r i t e r i a  because 
~f t he  profound e f f e c t s  t h a t  stri: mines and a c i d  mine 
drainage have on vege ta t ion .  

4. REFERENCES 

1. Borden, F .  Y.  1971a; D i g i t a l  A i r c r a f t  Mu l t i spec t r a l  
Scanner Data Tape Format. Tech. Rept. 1-71,  
Of f ice  f o r  Remotz Sensing of Ear th  Resources, The 
Pennsylvania S t a t e  Univ., Univers i ty  Park,  Pz. 

2. Borden, F. Y . ,  1971b; NMAP Program Descr ip t ion .  Tech. 
Rept. 2-71, Of f ice  f o r  Remote Sensing of Ear th  
Resources, The Fennsylvania S t a t e  Univ., Univers i ty  
Park, Pa. 

3. Borden, F. Y . ,  1971c; UMAP Program Descr ip t ion .  Tech. 
Rept. 4-71, Of f ice  f o r  Remote Sensing of  Ear th  
Resources, The Pennsylvania S t a t e  Univ., Univers i ty  
Park,  Pa. 

4. Borden, F. Y . ,  19?2a; A d i g i t a l  p rocess ing  and a n a l y s i s  
system f o r  m u l t i s p e c t r a l  sensor  and s i m i l a r  d a t a .  
P-emote Sensing of  Ear th  Resources, Vol. I. Edi ted 
by F. Sharokhi. Univers i ty  o f  Tennessee Space 
I n s t i t u t e ,  Tulahoma, Tsnn. pp. 481-507. 



5 .  Borden, F. Y., 1972b; LMAP Program Description. Tech. 
Rept. 2-72, Office for Remote Sensing of Earth 
Resources, The Pennsylvania State Univ., University 
Park, Pa. 

6. Borden, F. Y., and H. M. Lachowski, 1971; SUBSET Program 
Description. Tech. Rept. 3-71, Office for Remote 
Sensing of Earth Resources, The Pennsylvania State 
Univ., University Park, Pa. 

7. Lachowski, H. M. and F. Y. Borden, 1971; STATS Program 
Description. Tech. Rept. 6-71, Office for Remote 
Sensing of Earth Resources, the Pennsylvania State 
Univ., University Park, Pa. 

8. Turner, B. J., 1972; Cluster analysis of multispectral 
remote sensor data. Remote Sensing of Earth 
Resources, Vol. 1. Edited by F. Sharokhi. University 
of Tennessee Space Institute, Tulahoma, Cenn. 
pp. 538-549. 

9. Appalachian Regional Commission, 1969; Acid Mine Drainage 
in Appalachia; Appalachian Regicnal Commission, 1666 
Connecticut Avenue, Washington, 9. C. 20235. 

10. Deasey, G. F. and P. D.Griess, 1959; Atias of 
Pennsylvania Coal and Coal Mining, Part I 
Bituminous Coal; Bull. of the Mineral 
Industries Experiment Station, No. 73, The 
Pennsylvania State University, University Park, 
Pa. 




