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ABSTRACT 

This investigation is concerned with the application of 
remately-sensed information to the mineral, fossil fuel and 
geothermal energy extraction industry. Remote sensing has as 
its major impact an impressive capability in geologic mapping. 
3f particular importance is the synoptic ability to detect 
large subtle features such as lineaments and anomalies which 
control the localization of minerals and fossil fuels. Many 
features detectable from satellites are not able to be seen 
fxoa other data sources. Considerable public and private . 

cost savings have been documented in geologic mapping activities. 
Unquantified benefits also exist fro- the possibility of 
using previously undetected fcatu,res to accelerate exploitation 
of resources (new capability benefit). Additionally, the 
repetitive capabilities of an BRs  system allow more frequent 
-and less expensive monitoring of hazards and reclamation. 
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1.0 INTRODUCTION AND OVERVIEW: NONREPLENISHABLE 
RESOURCES 

This resource area is concerned with the application of 
remote-sensed inf3rmation to the minerals, fossil fuels, and 
geothermal energy extraction industries. Smelting, refining 
and energy conversion activities are not considered. Data 
gathered from the Earth Resources Technology Satellite - 1 
(ERTS-1) will be the information used to assess capabilities 
and benefits accruing to an Earth Resource Satellite System. 

The non-replenishable resource extraction industry 
is obviously a crucial one and its importance has been partic- 
ularly highlighted in the recent times of energy shortage, 
inflation, and short supplies of raw materials. The annual 
production value of non-replenishable natural resources is in 
excess of $25 billion, with as much as 25% or more going to 
exploration expenses. Any impact which remote sensing might 
have on cost savings, however small the percentage, would amount 
to sizable monetary benefits, e.g., an overall - 5  percent effi- 
ciency increase in exploration in the industry effected by use 
of remote-sensed information would lead to a benefit, in cost 
savings alone, of more than $50 million annually. 

The overall reaction of geologists to ERTS-1 imagery 
has been one of pleasant surprise. The small-scale synoptic view 
has been significant in contributing information about the 
subtle, large scale features which are so important in this 
field--structures such as lineaments, folds, faults, anomalies, 
tectonic province boundaries, and lithological contacts. 
ERTS has contributed immediately and significantly to upgrading 
existing geologic maps and providing the basis for maps where 
they did not exist. 

While it seems possible that some large deposits of 
minerals such as iron ore aay be directly detectable, the major 
impact of ERTS imagery in this area remains in identifying 
indicators of mineralization. The mapping of lineaments is 
done almost effortlessly on ERTS imagery. Lineamelits have 
long been felt to be significant geologic features for 
exploration purposes; they frequently suggest traps for fossil 
fuels. Fischer and Lathram have concluded that fractures are 
the primary control in local mineralization. Saunders and 
Thomas found mining districts to be coincident with some 
lineaments and have proposed new sites for mineral exploration 
based on this relationship (see Figure 1). ERTS images in the 
~dirondacks lzd'to this distribution of linears: previously 
known, 232; known nut not expressed on available images, 297; 
and new (unrnappecl), 323. Using image ratioinq and false 
coloring, Goetz and Rowan* showed that iron-rich products 
showed up in shades of brown. In the immediate vicinity of the 

* S e e  R:':' 5.4.1. 
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r i c h  G o l d f i e l d ,  Nevada d e p o s i t s , ' t h e  r a t i o e d  c o l o r  c o m p o s i t e  
r e v e a l e d  a  d i s t i n c t  c i r c l e  o r  h a l o  o f  brown t o n e s .  Work by 
Knepper and o t h e r s  a t  t h e  C o l o r a d o  S c h o o l  o f  Mines a l s o  
i l l u s t r a t e d  t h a t  m i n e r a l i z a t i o n  had a  s t r o n g  c o r r e l a t i o n  w i t h  
a r e a s  o f  h i g h  f r a c t u r e  d e n s i t y  and t h a t  ERTS imagery  was 
p a r t i c u l a r l y  u s e f u l  i n  l o c a t i n g  t h e s e  a r e a s .  S e v e r a l  ERTS-1 
i n v e s t i g a t o r s  have  s t a t e d  t h a t  ERTS images  a x e  p o t e n t i a l l y  
c a p a b l e  o f  i n c r e a s i n g  t h e  r a p i d i t y  o f  g e o l o g i c  mapping and 
r e d u c i n g  i t s  c o r r e s p o n d i n g  c o s t s  a s  much a s  30 - 50% i n  
u n e x p l o r e d  r e g i o n s . "  A s  a r e s u l t  o f  r emote - sensed  i n f o r m a t i o n ,  
E a r t h  S a t e l l i t e  C o r p o r a t i o n  h a s  p a r t i c i p a t e d  i n  a n  i n v e s t m e n t  
v e n t u r e  i n  some p r o m i s i n g - l o o k i n g  m i n e r a l  s i t e s  i n  B r a z i l .  

I n v e s t i g a t o r s  from Eason O i l  Company found  t o n a l ,  
"hazy"  and  c l o s e d  a n o m a l i e s  i n  ERTS imagery  which h a d  v e r y  h i g h  
c o r r e l a t i o n  w i t h  known o i l  p r o d u c i n g  a r e a s .  I n  o n e  a r e a  59 o f  
76 a n o m a l i e s  c o r r e l a t e d  w i t h  p r o d u c i n g  o i l  and g a s  f i e l d s  a n d  
9 c o r r e l a t e d  w i t h  known b u t  non-produc ing  f i e l d s .  The "hazy"  
a n o m a l i e s ,  which  h a v e  had t h e  h i g h e s t  c o r r e l a t i o n ,  h a v e  o n l y  
been  s e e n  on ERTS-1 imagery ;  t h e y  h a v e  n o t  y e t  been  i d e n t i f i e d  
on  e i t h e r  S k y l a b  o r  a i r c r a f t  imagery .  However, t h e  n a t u r e  o f  
some o f  t h e s e  a n o m a l i e s  i s  n o t  y e t  known; t h e y  may b e  r e l a t e d  
t o  h y d r o c a r b o n  s e e p a g e  o r  t h e y  may be m e r e l y  t h e  r e s u l t  o f  
man 's  a c t i v i t y  i n  t h e  a r e a .  I n t e r p r e t a t i o n  o f  t h e  e l o n g a t i o n  
o f  t h e  l a k e s  shown i n  t h e  ERTS image o f  F i g u r e  2 i n d i c a t e s  
t h a t  f u r t h e r  o i l  d e p o s i t s  may b e  l o c a t e d  t o  t h e  n o r t h  o f  t h e  
r i c h  Umiat Naval  O i l  R e s e r v e  (See  RMF 5 . 1 . 1 ) .  

Even though  t h e  o n e - t i m e  p r o c e s s  o f  g e o l o g i c a l  mapping 
is  t h e  most  u s e f u l  a p p l i c a t i o n  o f  ERTS imagery  t o  e x p l o r a t i o n ,  
t h e  r e p e t i t i v e  n a t u r e  o f  ERTS h a s  l a r g e  v a l u e  h e r e .  The p r e -  
s e n c e  o r  a b s e n c e  o f  v e g e t a t i o n  h a s  a  r e a l  e f f e c t  on o u r  a b i l i t y  
t o  map g e o l o g i c  b o u n d a r i e s .  The d e t e c t i o n  o f  g e o b o t a n i c a l  
i n d i c a t o r s  o f  m i n e r a l i z a t i o n  a r e  p r o v i n g  i m p o r t a n t  i n  t h i s  
r e m o t e  s e n s i n g  a p p l i c a t i o n .  The s e a s o n a l  d i f f e r e n c e s  i n  vege- 
t a t i o n ,  t h e r e f o r e ,  n a k e  r e p e t i t i o n  i m p o r t a n t .  I n  addition, 
Wobber and M a r t i n * *  h a v e  e f f e c t i v e l y  d e m o n s t r a t e d  t h a t  l i g h t  
snow c o v e r  a l s o  a i d s  g e o l o g i c  mapping by s u p p r e s s i n g  ground 
c o v e r  n o i s e .  

A i d i n g  i n  r e s o u r c e  e x t r a c t i o n  i s  o n l y  o n e  p a r t  o f  t h e  
a p p l i c a t i o n  o f  r emote  s e n s i n g  i n  t h i s  a r e a .  C o n t i n u i t y  o f  
c o v e r a g e  a l l o w s  f o r  t h e  m o n i t o r i n g  o f  s e v e r a l  dynamic phenomena 
i m p o r t a n t  t o  t h i s  a r e a ,  i n c l u d i n g  d i s t u r b e d  l a n d s ,  rociamhkfon, 
e r o s i o n ,  g l a - i a t i o n  a n d ,  w i t h  t h e  u s e  o f  D C P ' s ,  v o l c a n i c  and 
s e i s m i c  a c t i v i t y .  

* Mercanti, "Widening ERTS A p p l i c a t i o n s f ' ,  A s t r o n a u t i c s  
and A e r o n a u t i c s ,  May 1 9 7 4 ,  p.  31. 

* *  See RMF 5.1.1. 
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As t h e  demand Lor energy  c o n t i n u e s  t o  grow and a s  t h e  
0 . 8 .  s e e k s  t o  become i n c r e a s i n g l y  i ndependen t ,  t h e  l a r g o  s t o c k  
o f  U.S. c o a l  w i l l  p l a y  a major  p a r t  i n  s u p p l y i n g  t h e s e  needs. 
X t  w i l l  a l s o  be l i k e l y  t h a t  t h i s  c o a l  w i l l  come from s t r i p  mines 
s i n c e  t h e  man-hour p r o d u c t i v i t y  fxom s t r i p -mined  c o a l  i s  s e v e r a l  
t i n e s  t h e  p r o d u c t i v i t y  from sub - su r f ace  mines. ;:.awever, t h e  
growing env i ronmen ta l  awareness  has  mandated v e r y  s t r i c t  laws 
abou t  r ec l ama t ion  i n  s e v e r a l  s t a t e s  and t h r e a t e n s  t o  do  s o  i n  
o t h e r  s t a t e s  and a t  a f e d e r a l  l e v e l ,  t o o .  A l l  t h i s  amounts 
t o  a  s w i f t l y  growing demand f o r  t . 3  m o n i t o r i n g  o f  d i s t u r b e d  
l a n d s  and t h e i r  r ec l ama t ion .  ERTS h a s  been shown t o  be  an 
e f f e c t i v e  d e v i c e  f o r  t h i s  moni tor ing .  Alexander ,  Dein and Gold 
have found t h e  imagery u s e f u l  i n  d e t e r m i n i n g  t h e  l o c a t i o n ,  
e x t e n t  and s u b - c l a s s i f i c a t i o n  o f  s t r i p p e d  a r e a s  and t h a t  i t  
can  b e  used t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  r e c l a m a t i o n  proce-  
du re s .  F i g u r e  3 i l l u s t r a t e s  how ERTS-1 imagery h a s  been used 
t o  upda t e  e x i s t i n g  maps of d i s t u r b o d  l and .  Shown are  p a r t s  o f  
P ike  and Gibson C o u n t i e s  i n  sou thwes t e rn  I n d i a n a  showing s t r i p  
mine a r e a s  p r e v i o u s l y  mapped and t h a t  a r e a  mapped from ERTS-1 
imagery. 

By p l a c i n g  tilt m e t e r s  and se i smometers  n e a r  p o t e n t i a l ' y  
a c t i v e  vo l canoes ,  t h e  U . S .  Geo log ica l  Survey can  g a t h e r  i n f o r -  
mat ion of p r e - v o l c a n i c  a c t i v i t y  and h o p e f u l l y  h e l p  t o  p r e d i c t  
e r u p t i o n .  S i m i l a r  means are a l s o  used t o  o b t a i n  i n fo rma t ion  on 
e a r t h q u a k e s  i n  remote a r e a s .  I n  t h i s  a p p l i c a t i o n ,  ERTS i s  used 
a s  a communications s a t e l l i t e ,  r e l a y i n g  d a t a  g a t h e r e d  by DCP's. 

S e v e r a l  i n v e s t i g a t o r s  i n c l u d i n g  Lattman * and C o l l i n s ,  
S t a l * *  have e x p r e s s e d  t h e  f e e l i n g  t h a t  one o f  t h e  most v a l u a b l e  
c o n t r i b u t i o n s  of ERTS i s  t h a t  t h e  a v a i l a b i l i t y  o f  such  imagery 
h a s  broadened t h e  s c a l e  o f  g e o l o g i c a l  t h i n k i n g  from a  l o c a l  t o  
a  morc r e g i o n a l  format .  The i n v e s t i g a t o r s  d i s c u s s  i n  t e rms  of  
a r e a s  .- ' t housands  of  s q u a r e  m i l e s  i n s t e a d  of t h e  customary 15- 
minute  U.S.G.S. quad rang le s .  Lattman p o i n t s  o u t  t h a t  t h i s  
a s p e c t  w i l l  be  p a r t i c u l a r l y  v a l u a b l e  a s  t h e  demands o f  problem- 
s o l v i n g  t u r n  from t h e  l o c a l  t o  t h e  r e g i o n a l  s c a l e .  However, 
b e n e f i t s  from t h i s  ad jus tmen t  w i l l  t e n d  t o  be ev idenced  i n  t h e  
l o n g  run and p robab ly  canno t  be f u l i y  a p p r e c i a t e d  a t  t h e  
p r e s e n t .  

* Lattman, L . H . ,  "Minera l  Resources ,  Geo log ic  S t r u c t u r e  a n d  
Landform S u r v e y s , "  Svm~os ium on Siq_n+i£icant Result_s_.Q.!?ta-Lne&. 
from, V o l .  I1 (New C a r r o l l t o n ,  Md.,Goddard Space 
F l i g h t  Cen te r ,  1973) .  I 

* *  C o l l i n s ,  e t  a l ,  . ' 'A;  Z v a l u a t i o r ~  o f  ERTS DaZa fo r  t h e  P u r p o s e  
o f  Pe t ro leum Exploration," C o n t r a c t  N A S  5-21735, June  1974, 
p. 8. 
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This delay in realization of benefits from BRTS is not 1 

always the case in this application area, however. Already, 
remote-sensed data is being used to select regions for explora- L 

tion and though it is difficult to measure the benefit from the 
function of choosing a more probable site over a less probable 
one, the advantage clearly exists. Not so difficult to measure 
is the benefit of using ERTS imagery to aid exploration within 
an already-selected region. The Eason Oil investigators have 
demontrated that as much as 358 of regional geological and 
geophysical exploration costs can be saved if ERTS imagery i s  

I 

Figure 3 ERTS Strip Mine Inventory. Source: " F r a c t u r e  
Mapping and St1.i~ Mine Inventory i n  t h e  Midwest 
by U s i , n g  ERTS-1 Imagery." Wier, et al, Symposium 
on Significant Results from E R T S - 1 ,  p .  5 6 0 .  



used to aid the study (See RMP 5 . 4 . 2 ) .  Were the entire industry 
to apply such data similarly it could lead to an industry cost- 
savings in onshore G & G of 77 million dollars annually. There 
is reason to believe that a similar amount could also be saved 
annually using the imagery for mineral exploration. Immediate 
cost-savings can also accrue in government G C G operations, 
annual benefits for the federal sector alone range from - 6  to 
2.9 million dollars. This estimate assumes the figure of a con- 
servative 7 1  efficiency increase, estimated by the U.S.G.S. 
Further benefit could exist from a system with a thermal infra- 
red sensor in the mapping of potential sources of geothermal 
energy. 

It should be noted that these benefits will continue 
to accrue from only several years, or less, of coverage. A 
finite amount of imagery, including seasonal changes, will be 
sufficient for all geologic mapping and exploration purposes, 
for the information needed concerns static phenomena. Thus 
benefits in these areas do not justify an operational satellite 
system. 

Benefits for monitoring purposes will be used in 
justifying the operational system. Disturbed lands and reclama- 
tion observations will be t-le primary functions here; demand 
will come from both statutory and cost-savings purposes. As 
these demands are rapidly changing at present, insufficient 
information is available with which accurate estimates of mone- 
tary benefits can be made. Monitoring of mine-related hazards 
will play a meaningful role for ERTS imagery, and improved 
resolution will add significantly. The plotting of earthquake 
epicenters and improved information on erosion, glacial move- 
ment and volcanic activity will aid in construction planning 
and environmental protection, 

The actual quantification of potential benefit in this 
resource area meets with some difficulty for various institutional 
and technical reasons. Some of these stumbling blocks include: 

1) The real possibility that mineral and fossil fuel 
extraction companies use monopolistic power to 
suppress competitive supply. Thus the application 
of ERS information would not be realizing-its 
economic capabilities. 

Z r  The high level of secrecy which exists in these 
industries for political and economic reasons. 
The high premium on confidentiality makes infor- 
mation about actual or potential application of 
remote sensed information somewhat unavailable to 
the public. 



3) The promotion of "break throughn techniques in the 
past which have not proved reliable. 

4) The dynamic activity in statutory demand for recla- 
mation monitoring. 

Table 1 lists by Rl4F the benefits in this area, Bene- 
fits found in this report are documented in Appendix A, as are 
the present technical capabilities of ERTS-1. Most of these 
capabilities are discussed under Geological napping (RnP 5.1.1). 
although other capabilities are considered in R&!F1s 5.4.2 and 
5.5.1- Part of the Eason Oil report is exerpted in Appendix E 
and relevant federal budget and statutes are found in Appendi- 
ces B and C respectively. Appendix D contains a partial list 
of Principal  investigator^ in this area. 

Cartography, Thematic Maps. and Visual Displays 

The use of remote-sensed data allows cost-savings in 
producing geological maps especially in the case of remote areas 
and for developing countries which have yet to produce accurate 
geological maps of their territories. Positive new capability 
benefits exist through the ability to have dynamic coverage of 
an area. The dynamic aspects pertain to seasonality, ground 
moisture, vegetation and climate. 

1.2 Statistical Services 

Benefits of equal, increased and new capabil- 

ity exist in the detection and inventorying functions. 
Quantitative measures are difficult to estimate due to the 
development lag in applying synoptic geological hypotheses and 
spectral techniques aad also because much of the industry appli- 
cations are-considered confidential. 

Calendars 

Although much exploration activity exists on the north 
slope of Alaska, benefits accruing from the development of 
weather and seasonal calendars are associated with the trans- 
portation industry and are covere8 in resource area no. 8 (Vo- 
lume X ) .  Positive new capability benefits can be realized from 
better forecasts of ice formation around drilling rigs, reducing 
the risk premium on insurance coverage. 

Allocation 

This function has the potentially largest benefits. 
However, capabilities have yet to be demonstrated publicly. 
However, it should be mentioned that more than 50% of all 
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x e q u e s t s  for  i n f o r m a t i o n  from S ioux  F a l l s  can  be t r a c e d  t o  
mining an2 pe t ro leum e x p l o r a t i o n  c o r p o r a t i o n s .  The extr3ma 
s e c r e c y  o f  b ids  on E e d e r a l  end I n d i a n  l e a s e l a n d s  demands con- 
f i d e n t i a l i t y  o f  any i n f o r m a t i o n  d e r i v e d  f r o a  remote-sensed 
images . 
1 . 5  Conse rva t ion  

Remote-sensed imagery can  p r o v i d e  an  o b j e c t i v e  moni- 
. ,:oring f u n c t i o n  f o r  r ec l a imed  s t r i p  and auge r  mining l a n d s .  

I f  t h e  l e g i s l a t i v e  r equ i r emen t s  become t o o  g r e a t  and reclama- 
t i o n  t o o  c o s t l y ,  underground mining w i l l  be s u b s t i t u t e d  f o r  t h e  
now economical  s t r i p  and auge r  mining. Pur thermore ,  t h e  e x t e n t  
o f  t h e  u se  o f  c o a l  w i l l  depend on d e s u l f e r i e a t i o n  technology .  
P o s i t i v e  b e n e f i t s  a r e  c l a imed  f o r  e q u a l ,  i n c r e a s e d ,  and  new 
! a p a b i l i t i e s  . 
: .6 Damage P r e v e n t i o n  and Assessment 

I n c r e a s e d  c a p a b i l i t y  b e n e f i t s  are c l a imed  s i n c e  remots- 
s ensed  imagery can  b e  i n c o r p o r a t e d  i n t o  i n s p e c t i o n  and nAne 
~ l a n n i n g  p rocedures .  Given t h e  numbers o f  i n s p e c t i o n s  c l a imed  
and t h e  s t a f f s  t o  per form t h e  i n s p e c t i o n s  more thorough proce-  
d u r e s  c o u l d  be deve loped ,  

Mine t a i l i n g s  cove r  l a r g e  a r e a s  and many a r e  i n  remote 
a r e a s  on f e d e r a l  l a n d s .  Remote-sensed imagery can  be  u s e f u l  
i n  c o n s t r u c t i n g  a  complete  i n v e n t o r y  o f  mine t a i l i n g s .  

1.7 Unique Event Recogn i t i on  and E a r l y  Warninq 

Pzcthquake p r e d i c t i o n  i s  n o t  deemed n e c e s s a r y  f o r  
mining ax.- f u e l s  e x t r a c t i o n  r e s o u r c e  p l a n n i n g ,  and e a r l y  h u r r i -  
cane warn ings  f o r  o f f s h o r e  d r i l l i n g  p l a t f o r m s  i s  assumed covered  
by o t h e r  s a t e l l i t e  sys tems .  

1.8 Research 

While i t  i s  known t h a t  p r i v a t e  mining and f u e l s  explo-  
r a t i o n  c o m ? a ~ i e s  a r e  by f a r  t h e  l a r g e s t  u s e r s  o f  remote-sensed 
imaqery f r ~ i . .  S ioux  F a l l s  t h e  e x t e n t  o f  t h e  p a y o f f s  o b t a i n e d  
f r o a  t h i s  i n f o r e a t i o n  a p p e a r s  t o  be c l o s e l y  guarded.  

Academic r e s e a r c h ,  on t h e  o t h e r  hand,  i s  r e a d i l y  a v a i l -  
able, b u t  a  consensus  as t o  t h e  impact o f  new s a t e l l i t e  i n f o r -  
mat ion upon r e c e i v e d  g e o l o g i c a l  t h e o r y  i s  n o t  y e t  for thcoming .  



~ d m i n i s t r a t i v e ,  J u d i c i a l ,  and L e g i s l a t i v e  

Although t h e  f e d e r a l  government h a s  a l a r g e  hand i n  
t h e  nonrenewable r e s o u r c e  a r e a  t h rough  t h e i r  l e a s i n g  o p e r a t i o n s  
no b e n e f i t s  a r e  measured h e r e  s i n c e  t h e y  would be  c a p t u r e d  i n  
t h e  o t h e r  r e s o u r c e  management f u n c t i o n s ,  e s p g c i a l l y ,  a l l o c a t i o n .  

i.;ining p r o f i t a b i l i t y  can  be impacted by mine s a f e t y  
r e g u l a t i o n s  and r e c l a m a t i o n  laws.  I f  r e g u l a t i o n s  and reclama- 
t i o n  p r o c e d u r e s  become t o o  s e v e r e  marg ina l  mines  w i l l  be f o r c e d  
t o  c l o s e  o r  c o a l  e x t r a c t i o n  can  move from s t r i p  t o  underground 
mining w i t h  i n c r e a s i n g  danger  t o  mine r s  from f a l l s ,  f i r e s ,  and 
b l a c k  lung  d i s e a s e .  

Mine s a f e t y  and r e g u l a t i o n  u n f o r t u n a t e l y  is  an  economic 
f a c t o r  i n  p r o f i t a b i l i t y .  



APPENDIX A 

DETAILED EXAMINATION O F  B E N E F I T S  BY RMF 

Appendix A contains the detailed examination of each 
of the Resource Managment Functions of this resource area. 
Firm benefit estimates verified by this report may be found in 
RMF's 5.1.1 and 5.4.1. Benefits that can be attributable to an 
ERS system but not verified by this in-depth study may be found 
in RMF's 5.4.2 and 5.1.2. 
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GEOLOGICAL MAPPING 

R a t i o n a l e  f o r  B e n e f i t  

G e o l o g i c  maps a r e  t h e  b a s i c  t o o l s  f o r  m i n e r a l  and 
f o s s i l  f u e l s  e x p l o r a t i o n .  They s e r v e  two n e c e s s a r y  e x p l o r a t o r y  
f u n = k i o n s :  (1) d i r e c t l y ,  t h e y  show s u r f a c e  f e a t u r e s  o f  i n t e r e s t  
t o  t h e  g e o l o g i s t ,  s u c h  a s  f a u l t s  and  l i n e a m e n t s ,  which  h a v e  b e e n  
p r ~ ~ i o u s l y  ( o r  may y e t  be) c o r r e l a t e d  w i t h  s u b s u r f a c e  f i n d s  and 
( 2 )  l e s s  d i r e c t l y ,  t h e y  p r o v i d e  t h e  b a s i s  f rom which f u r t h e r  
e x p l o r a t i o n ,  s u c h  a s  seismic s u r v e y s  o r  d r i l l i n g ,  c a n  be p l a n n e d .  

S i n c e  o n e  o f  t h e  g o a l s  o f  f e d e r a l  economic  p o l i c y  i s  
t o  promote  f o r e i g n  t r a d e  a l o n g  w i t h  m a i n t a i n i n g  l o n g  r u n  e q u i -  
l i b r i u m  i n  t h e  b a l a n c e  o f  payments ,  U . S .  f o r e i g n  i n v e s t m e n t s  c a n  
b e  made more p r o d u c t i v e  w i t h  t h e  u s e  o f  more and b e t t e r  i n f o r -  
m a t i o n  a b o u t  t h e  g e o l o g i c  s t r u c t u r e  o f  f o r e i g n  c o u n t r i e s .  More 
e q u i t a b l e  a g r e e m e n t s  w i l l  b e  made be tween  f o r e i g n  i n v e s t o r s  
and l o c a l  governments  when b o t h  p a r t i e s  h a v e  a c c e s s  t o  b e t t e r  
i n f o r m a t i o n .  G e o l o g i c  maps d o  n o t  e x i s t  f o r  much o f  t h e  t e r r i -  
t o r y  o f  d e v e l o p i n g  c o u n t r i e s ,  t h a t  a r e  p r e s e n t  and  p o t e n t i a l  
raw m a t e r i a l s  e x p o r t e r s .  

F e d e r a l  Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  

The U.S. government  m a i n t a i n s  a c o m p r e h e n s i v e  mapping 
program f o r  a  v a r i e t y  o f  e a r t h  s c i e n c e  p u r p o s e s .  T a b l e  2 o u t -  
l i n e s  FY1972 g e o p h y s i c a l  e x p e n d i t u r e s .  T h i s  t y p e  o f  a c t i v i t y  
i s  mandated by s e v e r a l  f e d e r a l  s t a t u t e s ,  among them a r e  30 USC 
6 4 1 ,  31  USC 8833, and 4 3  USC 31. 

Non-Federa l  A c t i v i t i e s  

Many s t a t e s  p a r t i c i p a t e  i n  s u b s t a n t i a l  g e o l o g i c  mapping 
a n d  i n f o r m a t i o n  p r o c e s s i n g  beyond t h a t  which  i s  s u p p l i e d  f e d e r -  
a l l y .  Whereas ,  n o t  a l l  s t a t e s '  a c t i v i t i e s  were  s u r v e y e d  f o r  
t h i s  r e p o r t ,  T a b l e  3 r e p r e s e n t s  a  sample  of s u c h  s t a t e  a c t i v -  
i t i e s .  

F u n c t i o n s  o f  Remote S e n s i n g  

S a t e l l i t e  s e n s i n g  o f f e r s  many a d v a n t a g e s  o v e r  conven- 
t i o n a l  mapping a c t i v i t i e s :  ( I )  c o s t  e f f e c t i v e n e s s  -- s a t e l l i t e  
imagery  i s  o b v i o u s l y  l e s s  e x p e n s i v e  t h a n  g round  s u r v e y s  and h a s  
a l r e a d y  b e e n  d e m o n s t r a t e d  more c o s t  e f f e c t i v e  t h a n  h i g h  a l t i -  
t u d e  a i r c r a f t  i n  t h e  ECON Land Cover  Case  S t u d y ;  ( 2 )  t i m e l i -  
n e s s  -- u s i n g  s a t e l l i t e s ,  a n  a r e a  c a n  be c o v e r e d  much more 
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RMF No. 5 . 1 . 1  

q u i c k l y  t h a n  by g round  c rew;  t h e  l a r g e - s c a l e  image p r o c e s s i n g  
o p e r a t i o n s  i n v o l v e d  i n  u s i n g  a n  e a r t h  r e s o u r c e  s a t e l l i t e  w i l l  
a l s o  p r o v e  more e x p e d i e n t  t h a n  t h e  more o c c a s i o n a l  p r o c e s s i n g  o f  
H A  a i r c r a f t  i m a g e r y ;  ( 3 )  g r e a t e r  c o v e r a g e  -- f o r  c o s t  and  l o g i s -  
t i c s  r e a s o n s ,  u s e  o f  s a t e l l i t e s  w i l l  p e r m i t  c o v e r a g e  a t  low 
m a r g i n a l  c o s t  o f  l a r g e r  a r e a  t h a n  would o t h e r w i s e  h a v e  been  
p o s s i b l e  -- t h i s  w i l l  p r o v e  p a r t i c u l a r l y  b e n e f i c i a l  i n  u n d e v e l -  
oped a r e a s  where  s a t e l l i t e  c o v e r a g e  w i l l  b e  much of t h e  o n l y  
i n f o r m a t i o n  a v a i l a b l e ;  this c o u l d  l e a d  t o  f i n d s  which would n o t  
o t h e r w i s e  have  been  uncovered  u n t i l  y e a r s  l a t e r ;  ( 4 )  more f r e -  
q u e n t  c o v e r a g e  -- t h e  way i n  which t h e  c h a n g i n g  s e a s o n s  a f f e c t  
v e g e t a t i v e  g r o u n d  c o v e r  c a n  p o i n t  o u t  g e o b o t a n i c a l  i n d i c a t o r s  
of  m i n e r a l i z a t i o n ;  t h i s  a d d i t i o n a l  f r e q u e n c y ,  and t h e  i n f o r m a -  
t i o n  g a i n e d ,  m i g h t  n o t  p r o v e  c o s t - e f f e c t i v e  w i t h  o t h e r  s u r v e y  
methods ;  (5) d i s c o v e r y  o f  l a r g e  s c a l e  f e a t u r e s  -- s p a c e  o b s e r v -  
ers  h a v e  t h e  c a p a b i l i t y  o f  p o i n t i n g  o u t  l a r g e - s c a l e  f e a t u r e s  
s u c h  a s  l i n e a r s  and f a u l t  z o n e s  which  have  p r o v e n  u n d e t e c t a b l e  
u s i n g  t h e  l i m i t e d  p e r s p e c t i v e  of o t h e r  me thods .  

Table 3 S t a t e  Mapping end Information Expenditures 

S t a t e  A c t i v i t y  
Michf gan 

O i l  and Mineral U t i l i x a t i o ~  

Topographical  Mapping (435 sq. mi.) 

Saw J e ~ a a y  

Cmology-Topography 

Sourcm: Execut ive  Budget, S t a t e  of Michigan, PY ending 6/30/75 and 
Bxacut ive  Budget, S t a t e  of New J e r s e y .  P Y  1975.  

* .i 

-t 
Expenditures ,  $ thousands (1973)  

Current Year' 

3 0 2 .  8 

5 0 . 0  

2 6 2 . 6  

Recommended 

3 1 9 . 6  

5 0 . 0  

2 8 1 . 7  
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Economic and Technical Models for Estimating Benefits of Remote 
Sensed Data 

The U.S. Geological Survey has estimated that an earth 
resources observation satellite (EROS) wc??ild contribute a 7 per- 
cent efficiency increase to their geologic and geophysical opera- 
tions.* This efficiency would be e f f e s ~ e d  because the gross 
distribution of many geological and geomorphological indicators 
would be apparent. Thus ground traverses could be more effect- 
ively used to sample the area. From this estimate, a simple 
cost savings model ca.: be developed. Referring back to Table 2, 
the Geological Survey spent $8,626,000 on these operations in 
1972 (excluding that amount spent by the Publications Division). 
This presents a cost savings of $605,000 in U.S.G.S. mapping 
and surveying operations. Were an increased efficiency of 7 per- 
cent possible in all government geologic and geophysical opera- 
tions, tot~lling $42,329,000, using remots sensed data, a total 
cost savings of $2,963,000 would be possible. Cost savings 
accruing to private industry will be considered in RMF 5.4.2. 

Current ERTS Activities 

Considerable NASA-funded research has been done in this 
area. Since a synoptic view can do little more than provide 
the hasis for, or improvement of geologic maps, most of the work 
by the principal investigators will be summarized in this sec- 
tion. 

Although several other investigators found some or all 
of these results, the following are findings summarized by 
Isachsen, Fakundiny and Forster:** 

1. Boundaries between major tectonic provinces 

2. Lithological contacts within tectonic provinces ' 

3. Foliated trends within massive gneisses (a lami- 
nated metamorphic rock structure) 

* Useful Applications of Earth-Oriented Satellites--geology, 
National Academy of Sciences, 1969, p. 47. 

* *  Isachsen, Fakundiny, and Forster, "Evaluation of ERTS-1 
Imagery for Geological Sensing over the Diverse Geological 
Terranes of New York Statef', Symposium of Significant 
Results Obtained from ERTS-1, Volume 1, p. 226. 
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4 .  F a u l t s  and  t o p o g r a p h i c  li , eaments  

5.  Mine dumps and t a i l i n g s  ponds  

6.  New l i n e a r  and c u r v i l i n e a r  e l e m e n t s ,  and  h i g h l y  
s p e c u l a t i v e  l i n e a r s  

Almost  a l l  i n v e s t i g a t o r s  r emarked  upon t h e  a b i l i t y  o f  ERTS t o  
d e t e c t  new l i n e a r s  and t h e  p o s s i b l e  i m p o r t a n c e  o f  t h i s  s i n g l e  
f u n c t i o n .  T a b l e  4 p r n v i d e s  a  sample  o f  how ERTS imagery  can  
improve on l i n e a r  s i g h t i n g .  Us ing  new l i n e a r  maps d e v e l o p e d  
t h r o u g h  ERTS-1 i m a g e r y ,  S a u n d e r s  a n a  Thomas f o u n d  i n  t h e i r  s t u d y  
a r e a  t h a t :  * 

I n v a r i a b l y ,  t h e  m a j o r  m i n i n g  d i s t r i c t s  a r e  n e a r  c o i n c i -  
. d e n t  w i t h  t h e  p r o m i n e n t  n o r t - h e a s t - t r e n d i n g  l i n e a n t z n t s . . .  

The d i s t r i c t s  a p p e a r  t o  o c c u r  a l o n g  t h e  n o r t h e a s t  l i n e -  
aments  where t h e  s u b t l e  e a s t - w e s t ,  e a s t - s o u t h e a s t  l i n e -  
aments  i n t e r s e c t  t h e  r o r t h e a s t  f e a t u r a s .  J u s t  b a s e d  on  
t h i s  r e l a t i o n s h i p  f o r  p r o m i n e n t  new l i n e a m e n t s  and min- 
i n g  d i s t r i c t s  i t  i s  p o s s i b l e  t o  p o s t u l a t e  o t h e r  p r o -  
s p e c t i v e  s i t e s  i n  t h e  a r e a  where  t h i s  l i n e a r  r e l a t i o n -  
s h i p  o c c u r s .  (See  F i g u r e  1.) 

* S a u n d e r s  and Thomas, " E v a l u a t i o n  o f  Commercial  U t i l i ~ y  
of ERTS-A Imagery i n  S t r u c t u r a l  R e c o n n a i s s a n c e  f o r  Mine- 
r a l s  and P e t r o l e u m , "  o p .  c i t . ,  d .  5 2 7 .  

T a b l e  4 L i n e a r  a n d  C u r v i l i n e a r  E l e m e n t s  Found i n  ERTS-1 T e s t  
A r e a  i n  New Yoxk S t a t e  

r 

. C a t e g o r y  

Known l i n e a m e n t s  and  f a u l t s  s e e n  o n  ERTS-1 i m a g e r y  

New a n d  a n o m a l o u s  l i n e a r s  s e e n  on  ERTS-1 i m a y e r y  

T o t s 1  l i n e a r s  s e e n  o n  ERTS-1 i m a g e r y  

Known l i n e a m e n t s  a n d  f a u l t s  n o t  d i s c e r n i b l e  o n  ERTS-1 h a g e r y  

S o u r c e :  I s a c h s e n ,  F a k u n d i n y  a n d  P o r s t e r ,  " E v a l u a t i o n  o f  ERTS-1 I m a g e r y  
F o r  G e o l o q i c a l  S e n s i n g  Over  t h e  D i v e r s e  G e o l o g i c a l  T o r r a n e s  o f  
N e w  York S t a t e . "  

i . 

Number 

234 

329 

561 

297  

-PL 

Combined 
L e n g t h  

1890 

3060 

4950 

1 7 5 0  
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B e c h t o l d ,  L i g g i t t  and C h i l d s *  have  a l s o  found  t h a t  t h e  new 
u n d e r s t a n d i n g  o f  a p r e v i o u s l y  v a l u a b l e  m i n i n g  a r e a ,  l a r g e l y  
i n a c t i v e  a t  p r e s e x ~ t ,  made p o s s i b l e  b y  ERTS d a t a  m e r i t s  c o n s i d -  
e r a t i o n  i n  f u t u r e  m i n e r a l  e x p l o r a t i o n  p r o g r a m s .  V i n c e n t * *  
f o u n d  t h a t  ERTS image r a t i o s  c o n t a i n e d  g e o c h e m i c a l  i n f o r m a t i o n ,  
g e n e r a l l y  s u p e r i o r  t o  a e r i a l  p h o t o s ,  which  w i l l  p r o v e  u s e f u l  i n  
mineralogical e x p l o r a t i o n .  

One o f  t h e  most  s i g n i f i c a n t  f i n d s  u s i n g  ERTS-1 imauery  
was a c h i e v e d  i n  a  s t u d y  o f  n o r t h e r n  A l a s k a  n e a r  t h e  r l c h  Umiat 
o i l  f i e l d .  An e x p l a n a t i o n  o f  t h i s  image by L a t h r a m ,  T a i ' l e u r ,  
and P a t t o n  f o l l o w s . * * *  F i g u r e  4 p r o v i d e s  some exp1anatic .n o f  
l7igGrS " 

1 .  

Lakes  i n  t h e  A r t i c  C o a s t a l  P l a i n  a r e  dominac* .  a i o n g -  
a t e ,  w i t h  t h e i r  l o n g  a x e s  p a r a l l e l  and trenci:  ..: . b o u t  
N 9' W .  On ERTS-1 image 1004-21395 [ F i g u r e  k , ,  an  
a d d i t i o n a l  s t r o n g  e a s t - t r e n d i n g  r e g i o n a l  l i n e a t i o n .  
n o t  p r e v i o u s l y  r e c o g n i z e d  on a e r i a l  p h o t o g r a p h s  cr i~ 
f i e l d  s t u d y ,  i s  e x p r e s s e d  by e l o n g a t i o n  o f  some l a k e s ,  
a l i g n m e n t  o f  o t h e r s ,  and b y  l i n e a r  i n t e r l a k e  a r e a s  
[ F i g u r e  4 1 .  The t r e n d  of t h i s  l i n e a t i o n  i s  p a r a l l e l  
t o  t h e  t r e n d  o f  d e f l e c t i o n s  i n  c o n t o u r s  o f  t h e  nagne-  
t i c  and g r a v i t y  f i e l d s  i n  t h e  a r e a  and  p a r a l l e l  t o  
w e s t e r l y  d e f l e c t i o n s  i n  t h e  n o r t h w e s t  e n d s  o f  n o r t h -  
w e s t - t r e n d i n g  f o l d s  mapped t o  t h e  s o u t h .  I n  a d d i t i o n ,  
t h e  a l i g n m e n t  o f  many s m a l l  l a k e s  fo rms  a  l a r g e  and  a  
s m a l l  e l l i p s e  s u p e r - i m p o s e d  o n  t h e  r e g i o n a l  l i n e a t i o n .  
S p a r s e  s e i s m i c  p r o f i l e s  show p e r i o d i c  r e v e r s a l s  i n  d i p  
and r e g i o n a l  a r c h i n g  i n  s h a l l o w  s t r a t a  b e n e a t h  t h e  
l i n e a t e d  a r e a .  T h e s e  d a t a  s u g g e s t  t h a t  h e r e t o f o r e  un- 
s u s p e c t e d  s t r u c t u r e s  may b e  c o n c e a l e d  b e n e a t h  t h e  
Q u a t e r n a r y  m a n t l i n g  Gubik F o r m a t i o n  i n  t h e  a r e a  o f  t h e  

* B e c h t o l d ,  L i g g e t t ,  and C h i l d s ,  " R e g i o n a l  T e c h t o n i c  Con- 
t r o l  o f  T e r t i a r y  M i n e r a l i z a t i o n  a n d  R e c e n t  F a u l t i n g  i n  
t h e  S o u t h e r n  Basin-Range P r i v i n c e ,  a n  A p p l i c a t i o n  o f  
ERTS-1 D a t a , "  op .  c i t . ,  p. 427. 

* *  V i n c e n t ,  " R a t i o  Maps o f  I r o n  Ore D e p o s i t s  A t l a n t i c  C i t y ,  
D i s t r i ~ t ,  Wyoming," o p .  c i t . ,  p.  3 8 4 .  

* * *  Lathram,  T a i l l e u r ,  and P a t t o n ,  " P r e l i m i n a r y  G e o l o g i c  
A p p l i c a t i o n  o f  ERTS-1 Imagery  i n  A l a s k a , "  op .  c i t . ,  
p.  259 .  
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( R e f e r e n c e  - E R T S - 1  Image 1 . 0 0 4 - 2 1 3 9 5  , 
s e e  f i q u r e  2 )  
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image. The s t r a t a  i n  s h a l l o w  f o l d s  a r e  younger  t t a n  
t h o s e  t a p p e d  by  t h e  o i l  w e l l s  of t h e  Umiat f i e l d  t o  
t h e  s o u t h ,  and  f a v o r a b l e  r e s e r v o i r  b e d s  may o c c u r  i n  
t h e  a r e a .  F u r t h e r m o r e ,  t h e  f o l d s  i n  t h e  s h a l l o w  r o c k s  
i n  t h i s  a r e a  may r e f l e c t  s t r u c t u r a l  c o n d i t i o n s  con- 
d u c i v e  t o  o i l  a c c u m u l a t i o n  i n  o l d e r  strata a t  o r  n e a r  
basement .  

b e v e r a l  i n v e s t i g a t o r s  h a v e  c i t e d  p o t e n t i a l l y  a c t i v e  
f a u l t s  knowledge cf which c o u l d  b e  u s e d  i n  c o n s t r u c t i o n  p l a n -  
n i n g  a n d  l o c a t i o n  o f  h ighways  a n d  n u c l e a r  power p l a n t s .  Abdcl-  
Cawad  a n d  S i l v e r s t e i n *  h a v e  f o u n d  t h a t  s e i s m i c i t y  p a t t e r n  
a l o n e  is i n a d e q u a t e  i n  d e f i n i n g  areas s u s c e p t i b l e  t o  e a r t h -  
l u a k e s .  F - s e a r c h  i n  t h i s  area h a s  a l r e a d y  l e d  t o  much improved 
knowledge a b o u t  t h e  l o c a t i o n ,  o c c u r r e n c e  a n d  d a n g e r s  o f  e a r t h -  
quakes .  B e c h t o l d ,  L i g g e t t  a n d  C h i l d s * * a l s o  f o u n d  ERTS imagery  
u s e f u l  for  g e o l o g i c  h a z a r d s  s t u d y ,  c i v i l  e n g i n e e r i n g ,  a n d  l a n d -  
u s e  p l a n n i n g .  

Wobber and  H a r t i n * * *  found  i m a g e r y  o f  snow-covered 
t e r r a i n  s u p p r e s s e d  g round  c o v e r  ( v e g e t a t i v e )  n o i s e  a n d  gave new 
f r a c t u r e  d e t a i l  which d i d  n o t  a p p e a r  on a v a i l a b l e  maps. They 
found  t h a t  "snow enhancement  i s  a s i m p l e  a n d  n o - c o s t  form o f  
edge  enhancement."  

E s t i m a t e  of  ERTS Economic C a p a b i l i t i e s  

Using t h e  U.S.G.S. e s t i m a t e ,  a n n u a l  c o s t  s a v i n g s  o f  
$6OC,000 is p o s s i b l e  i n  p u b l i c  s e c t o r s  d u e  t o  i n c r e a s e d  e f f i -  
c i e n c y  i n  g e o l o g i c  a n 3  g e o p h y s i c a l  o p e r a t i o n s .  Were t h e  e s t i -  
mate o f  7 p e r c e n t  e f f i c i e n c y  i n c r e a s e  r e a l i z e d  i n  a l l  government  
q e o l o g i c  and  g e o p h y s i c a l  o p e r a t i o n s ,  a t o t a l  c o s t  s a v i n g  o f  
$2,963,000 would be e f f e c t e d .  

B e n e f i t s :  

C o s t - S a v i n g s :  S.6M - $2.9M 

Abdel-Gawad a n d  S i l v e r s t e i n ,  "ERTS A p p l i c a t i o n s  i n  E a r t h -  
quake  R e s e a r c h  a n d  M i n e r a l  E x p l o r a t i o n  i n  C a l i f o r n i a , "  
op.  c i t . ,  p. 4 3 3 .  

* *  B e c h t o l d ,  L i g g e t t ,  and C h i l d s ,  " R e g i o n a l  T e c t o n i c  C o n t r o l  
o f  T e r t i a r y  M i n e r a l i z a t i o n  a n d  R e c e n t  F a u l t i n g  i n  t h e  
S o u t h e r n  Bas in  Range P r o v i n c e ,  An A p p l i c a t i o n  o f  ERTS-1 
D a t a , "  op.  c i t . ,  p. 4 2 7 .  

* * *  Wobber and M a r t i n ,  " E u p l o r a t i o n  of ERTS-1 Imagery  U t i l i -  
z i n g  Snow Enhancement T e c h n i q u e s " ,  cp. c i t . ,  p. 350. 
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HAP AREAS OF POTENTIAL GEOTHERMAL ENERGY SOURCES 

; I  R a t i o n a l e  f o r  B e n e f i t s  

Geo thermal  e n e r g y  s o u r c e s  o f f e r  a u n i q u e  o p p o r t u n i t y  t o  - c a p i t a l i r e  upon t h e  v a s t  t h e r m a l  e n e r g y  c o n t a i n e d  v i t h i n  t h e  
ci  e a r t h .  p o s s i b l e  w i t h  a l o w  e n v i r o n m e n t a l  impac t .  Some 

g e o t h e r m a l  e n e r g y  s o u r c e s  a r e  n e a r  t h e  s u r f a c e  b u t  a r e  n o t  
o b v i o u s  t o  e a r t h - b a s e d  o b s e r v e r s .  B e t t e r  u n d e r s t a n d i n g  o f  
t h e  e x t e n t  a n d  b a s i c  p h y s i c s  o f  t h i s  r e s o u r c e  is  n e c e s s a r y  
b e f o r e  w i d e s p r e a d  u s e  c a n  b e  s a f e l y  made o f  i t .  

F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  
- I ':' 

P r i o r  t o  1971,  t h e  USGS had  n o  s p e c i a l l y  f u n d e d  g e o t h e r -  
m a l  r e s o u r c e s  program,  a l t h o u g h  most  i n v e s t i g a t i o n s  o f  h o t  
s p r i n g s  a n d  g e o t h e r m a l  phenomena w e r e  c a r r i e d  o u t  a s  p a r t  o f  t h e  
G e o l o g i c a l  D i v i s i o n ' s  i n v e s t i g a t i o n s  of e n e r g y  and m i n e r a l  
r e s o u r c e s .  

The P a n e l  o n  Geothermal  Energy R e s o u r c e s  i n  a r e p o r t  
d e l i v e r e d  t o  t h e  C o m m i t t e e  on I n t e r i o r  and  I n s u l a r  A f f a i r s  - 
U.S .  S e n a t e *  s tated t h a t  more t h a n  75,000 MW o f  g e n e r a t i n g  
c a p a c i t y  would p r o b a b l y  b e  i n s t a l l e d  by  t h e  y e a r  2000 g r a n t e d  a 
s u c c e s s f u l  r e s e a r c h  and  deve lopment  program o f  m o d e r a t e  s i z e  
where mounted. One o f  t h e  main components  o f  t h e  R & D program 
i s  f o r  "bet ter  knowledge o f  t h e  n a t u r e ,  magni tude ,  q u a l i t y ,  a n d  
l o c a t i o n  o f  g e o t h e r m a l  r e s o u r c e s . "  L e g i s l a t i o n  f o r  t h i s  a c t i v -  
i t y  i s  c o n t a i n e d  i n  t h e  Geo thermal  Steam ~ c t  o f  1930.  

I $3 F u n c t i o n s  o f  Remote S e n s i n s  

Remote s e n s i n g  b y  s a t e l l i t e  a l l o w s  a s y n o p t i c  o v e r v i e w  
o f  s i z e a b l e  l a n d  a r e a s ,  however,  on  a s c a l e  o f  r e s o l u t i o n  t h a t  
p e r m i t s  d e t e c t i o n  o f  r e l a t i v e l y  f i n e  l i n e a r  f e a t u r e s .  S o u r c e s  
o f  g e o t h e r m a l  e n e r g y  c a n  show u p  d i r e c t l y  i n  t h e r m a l  I R  maps or  
i n d i r e c t l y  t h r o a g h  e v e n t s  s u c h  a s  d i f f e r e n t i a l  snow m e l t .  E a r t h  
r e s o u r c e  s a t e l l i t e s  p r o v i d e  t h e  u n i q u e  economic  o p p o r t u n i t y  o f  
r e p e a t e d  c o v e r a g e  o f  l a r g e  l a n d  a r e a s  a n d  t h u s  improve t h e  
c h a n c e  o f  d e t e c t i n g  g e o t h e r m a l  s o u r c e s .  Also ,  t h e  p r o c e s s  o f  
p h o t o  i n t e r p r e t a t i o n  and  map d r a f t i n g  h a s  been  s i m p l i f i e d  
b e c a u s e  t h e r e  d o e s  n o t  e x i s t  t h e  p h o t o  m o s a i c k i n g  p rob lem w i t h  
s y n o p t i c  s a t e l l i t e  images .  

* H e a r i c g s  b e f o r e  t h e  C o m m i t t e e  on  I n t e r i o r  and I n s u l a r  
A f f a i r s ,  U . S .  S e n a t e ,  June 1 5  and 22,  1972.  



RnF No. 5.1.2 

$conomic and Techni.ca1 Models for Est&rating Benefito of Remote 
Sensed D a t a  

*The GeothermaX Steam Act of 1970 defines the public 
lands potentially available for geothermal leasing. These in- 
clude principally (1) public, withdravn and acquired lands 
administered by the Secretary of the Interior, approximately 
451 million acres in 25 states; ( 2 )  national forests and other 
lands administered by the Forest Service, Department of Agricul- 
ture, approximately 187 million acres in 45 states and Puerto 
Rico, and ( 3 )  lands containing a reservation to the United States 
of the geothermal resources.** 

This yields a potential 1.0 million square miles which 
needs to be mapped for geothermal resources. From BCONLs eval- 
uation of tevel I1 mapping costs by high altitude aircraft and 
satellitee* there is a savings of $1.07/ sq mile between the 
average cost of aircraft imagery and the marginal cost of sat- 
ellite imagery. This yields a one-time $1-0 + million equal 
capability benefit. 

Current ERTS Activities 

Williams found that, under optimum conditions, the ground 
zesolution capability 05 the ERTS-1 MSS can distinguish a sanakl 
geothermal area (2-5 km ) having a heat output of 25-125 X 10 
cal/sec by its snow melt pattern. 

Estimate of ERTS Economic Capability 

From the above considerations, an GRTS-like system with 
a thermal I R  sensor would have a one-time benefit of $1 H I  
"annualized" at a 101 discount rate to $.l M. 

Hearings before the Committee on Interior and Insular 
Affairs: United States Senate; June 15 and June 2, 
1972; Serial No. 92-31, pp. 117-118. 

** 'The Role of E R T S  in the Establishment and Updating of 
a Nationwide Land Cover Information System," (Draft) 
ECOW report prepared for NASA, 5 August 1974, 111-19. 
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DETECT AND INVENTORY GEOGRAPHIC AREAS OF POTENTIAL MINERAL 
DEPOSITS 

Rationale for Benefits 

While the detection and inventory of mineral deposits 
is not immediately connected with physical stocks of refined 
metals, knowledge of the location and measurement of potential 
future supplies affects present and future prices- Improved 
knowledge leads to more economical pricing and resource price 
stabilization, Greater accuracy in detection and inventorying 
mineral deposits can hawa an immediate return to the federal 
government and Indian people through the issuance of further 
mineral leases. The private industrial sector will benefit as 
mineral resources in the ground can be 'borrowed* from future 
generations to meet what are called "metal shortages" and 'raw 
materials crises." 

Federal Government Activities and Responsibilities 

The U.SI government, because of its large land holdings 
and its needs for the stockpiling of strategic and critical 
materials, demands accurate information regardin~ prices and 
supplies (present and potential). This information is necessary 
for optimal resource allocation and pricing within both the 
private and public sectors, and to prevent large redistributions 
of income from one group to ancther, such as the transfer of 
potential income from one country to another which can-arise 
from inadequate supply and .price information.* 

Table 5 and Table 6 exhibit the stockpile figures as of 
December 31, 1972. Approximately 82B is rnadc up of 14 materials: 
aluminum, meta~lurgical grade bauxite (Jamaica), metallurgical 
grade chromite, cobalt, industrial diamond bort and stones, lead, 
magnesium, manganese, molybdenum, quartz crystals, tin, tungsten, 
and zinc. During 1972, $547 million was received from Receipts, 
and Rotation Sales and Reirnburseneats. Redistributing excess 
inventories to the private sector without creating undue market 
disturbances requires accurate information about present and 
future supplies. Present prices reflect both present and future 
demands and supplies. 

- 

* E - g - t U - S -  - Soviet Wheat Transaction 

A - 1 2  



Table 5 Summary of Government Inventories of Strategic 
and Critical Materials, December 31, 1972 

. 
xnveatory m p e  

Costs and 7alues. 
jheqrieition Cost 

$ thousands (1973) 
Market Value* 

4*021*S06-1 

1. 356,924.3. 

6,378,430.2 

4.893,774,3 
1.438.417oL 

. 362,112#8 

6,694.304.2 

4.023.742 -1 

2.670.562.1 

I Inventories Reserved for 
Obj,ctive~ 

11. bncommttted Sxcess 
inventories 

Total 

. 1 rota1 Inventories in Storage 
Ilational Stockpile 
Supplerenta 1 Stockpile 
Befense Prod~ctior A C ~  

Total on sand 

If. Inventories Within Objective 
(in Storage) 
Total 

I Excess Inventories in 
Storage 

Total 

*Market values ere computed from prices at which similar materials are being 
traded; orr in the absence of current trading. at an estimate of the price 
which w u l d  prevail in commercial markets. Market values are unadjusted for 
normal premiums and discounts relating to contained qualities. or for ia- 
herent Brterials-handling allorances. Market values do not necessarfly 
r e f l e c t  the amount that w o u l d  be realized at t i m e  o f  sale. 

The Uncommitted Excess excludes the unshipped sales; the Inventories in 
Storage include quantities that have been sold but not shipped. The inven- 
tories within Objective (in Storage) include quantities of unshipped com- 
mitrents of castor oil and feathers and dovn urtder tho rotation program. 

Sourcer General Services Administration 
*Stockpile Report to the Congress, July December 1972. 

3.947.856.0 
1.359.907.6 

649.171 -4 

S.956.935.0 

. 

3,288,522 .S 

2,668.412.5 
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As of June 30, 1972 the U.S. government had 2,647 mineral 
leases covering 5,924,076 acre8 on land of which 939 leases on 

c.1 3,352,318 acres were Indian lands, and 9 offshore mineral leasea 
comprising 15,073 acres.* 

For 1971 the value of this mining was $302 milliou with 
royalty payments to the Indian nations and the U.S. government 
of $14.8 million of which $5.1 million went to the Indian 

<I nations.** 
! 

t-t 
Non-Federal Activities 

gram t o r  Discov- a t i o n  of e x p l o r a t i o n s  

i n u e n t o r y  o f  minera l  

s t a t i s t i c a l  a n a l y s i s  
of minera l  commodit ies  

In 1969 the National Academy of Sciences*** estimated 
that "mining industry exploration costs run about $200 million 
for U.S. and Canadian metal exploration, of which geology and 
geophysics cost about 25% or $50 million." 

4.  

Functions of Remote Sensing 

Remote sensing by satellite provides a significant com- 
plementary capability to a multi-level survey. Improved geologic 

A d ~ i s s j o n  of pew 
S t a t e s  

* Federal and Indian Lands, Coal, Phosphate, Potash, 

Sodium and Other Mineral Production, Royalty, Income, 
- -  - 

and Related Statistics, U.S. Department of ~nterior, 
Geological Survey Conservation Division, June 1973. 

37 S t a t .  681 

4 3  USC 857 

**  Ibid. - 
*** Useful Application of Earth-Oriented Satellites--Geology 

National Academy of Sciences, 1969. 

DO1 survey of p u b l i c  
l a n d s  i n  state p r i o r  . 
t o  i t s  admiss ion  t o  
the Union 



maps result with increased capability to detect and survey 
mineral deposits. Multispectral image data can be used to in- 
djcate the potential presence of certain minerals in an automatic 
survey process. Thus, satellite images make possible large scale 
remote mineralogical prospecting surveys that are difficult, 
at best, using other (e.g., aircraft) data. 

Economic and Technical Models for Estimating Benefits of Remote 
Sensed Data 

Uncovering of unknown stocks will avoid some of the 
high cost of materials in times of tight supply. Benefits 

could be measured from the usmoothing outU of prices over time 
and optimum timing of sales of excess government reserves. 

Estimate of ERTS Economic Capabilities 

No benefits can be measured due to the research and 
development lag in applying synoptic geological hypotheses and 
to the private nature of the industry which considers the 
application of synoptic remote-sensed information confidential. 

Benefits 

Equal capability + 
Increased capability + 1 

New capability + 

+ P o s s i b l y  siqnificant benefits but no: quantified. 
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DETECT AND INVENTORY GEOGRAPHIC AREAS OP POTENTXAL FOSSIL 
FUEL DEPOSITS 

R a t i o n a l e  f o r  B e n e f i t s  

The d e t e c t i o n  a n d  i n v e n t o r y  o f  f o s s i l  f u e l  d e p o s i t s  
a r e  n o t  i m m e d i a t e l y  c o n n e c t e d  w r t h  p h y s i c a l  s t o c k s  o f  e n e r g y  
" r e s o u r c e s .  However, knowledge o f  t h e  l o c a t i o n  a n d  measurement  
o f  p o t e n t i a l  f u t u r e  s u p p l i e s  a f f e c t s  p r e s e n t  a n d  f u t u r e  p r i c e s .  
Improved knowledge l e a d s  t o  more e c o n o m i c a l  p r i c i n g  a n d  r e s o u r c e  
p r i c e  s t a b i l i z a t i o n .  Knowledge a s  t o  p r o d u c i b l e  r e s o u r c e s  is  
poor  a n d  e s t i m a t e s  o f  a c t u a l  p o t e n t i a l  v a r y  w i d e l y  ( s e e  F i g u r e  
5 ) .  Improved i n f o r m a t i o n  h e r e  w i l l  g r e a t l y  a i d  n a f i a n a l  
and  i n t e r n a t i o n a l  e n e r g y  p o l i c y  d e c i s i o n s .  

Greater a c c u r a c y  i n  d e t e c t i o n  and i n v e n t o r y i n g  hydro-  
c a r b o n  d e p o s i t s  c a n  have  a n  immedia te  r e t u r n  t o  t h e  f e d e r a l  
government  and I n d i a n  p e o p l e  t h r o u g h  t h e  i s s u a n c e  o f  f u r t h e r  
l e a s e s .  

F u r t h e r  government  b e n e f i t s  a c c r u e  a s  b e t t e r  q u a l i t y  
f inputs  a r e  p r o v i d e d  t o  t h e  p l a n n i n g  and a l l o c a t i o n  f u n c t i o n s  o f  
t h e  a g e n c i e s  d e s c r i b e d  i n  Appendix C. 

P r i v a t e  b e n e f i t s  a c c r u e  t o  t h e  f o s s i l  f u e l  i n d u s t r y  
by r e d u c i n g  u n c e r t a i n t y  as t o  t h e  e x t e n t  o f  p r o v e n  r e s e r v e s .  

F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  

P r e s e n t l y  t h e  U . S .  government  n e e d s  a c c u r a t e  s t a t i s t i c a l  
i n f o r m a t i o n  t o  o v e r s e e  i t s  s t a k e  i n  l e a s i n g  o p e r a t i o n s .  On 
J u n e  30,  1972 t h e r e  e x i s t e d  112,188 o i l  and g a s  l e a s e s  on 
72,058,192 a c r e s  o f  l a n d  a n d  1 0 3 5  l e a s e s  on 4 ,419,327 a c r e s  on 
t h e  o u t e r  c o n t i n e n t a l  s h e l f .  Of t h i s ,  9,927 l e a s e s  on 3 ,633,049 
a c r e s  were  on I n d i a n  lands. The t o t a l  v a l u e  o f  t h e  l e a s e s  was 
$3 .1  b i l l i o n  which p roduced  r o y a l t i e s  o f  $466 m i l l i o n  o f  which 
1 6 . 9  m i l l i o n  went  t o  t h e  I n d i a n  n a t i o n s .  A l s o  on f e d e r a l  l a n d s  
19 ,000  s h o r t  t o n s  o r  3 . 2 %  o f  t h e  n a t i o n ' s  c o a l  p r o d u c t i o n  was 
mined. * 

* F e d e r a l  and I n d i a n  Lands C o a l ,  P h o s p h a t e ,  P o t a s h ,  Sodium 
and O t h e r  M i n e r a l  P r o d u c t i o n ,  R o y a l t y ,  Income and R e l a t e d  
S t a t i s t i c s ,  op .  c i t .  pp. 36 and f o l l o w i n g .  
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Non-Pederel A c t i v i t i e s  

(3 I n  t h e  U.S. a l o n e  from 1968 t o  1972, $368 m i l l i o n  p e r  
y e a r ,  on t h e  ave rage ,  was expended on  g e o l o g i c a l  and geophys i ca l  
e x p l o r a t i o n  i n  t h e  p r i v a t e  s e c t o r . *  T h i s  i s  more t h a n  101 of 
a l l  e x p l o r a t i o n .  

F u n c t i o n s  of Remote S e n s i n g  
0 

Large a r e a  r n u l t i o p e c t r a l  s y n o p t i c  images of  t h e  e a r t h  
p r o v i d e  f o r  v i s u a l  d e t e c t i o n  and computer a n a l y s i s  of a r e a s  o f  

I p o t e n t i a l  f o s s i l  f u e l  sou rces .  Leakages 0 f . h y d r o c a r b o n s  i n  t h e  
ocean  and l a k e s  p rov ide  s i g n a t u r e s  f o r  a n a l y s i s .  ~ a = t ' o f l  

0 
t h e  o b j e c t i v e s  o f  g e o l o g i s t s  u s i n g  remote s ensed  i n f o r m a t i o n  i s  
t o  d i s t i n g u i s h  anamolous s u r f a c e  f e a t u r e s  such  a s  domal f e a t u r e s  
and s n n u l e r  drainage p a t t e r n s  and t o  i d e n t i f y  v e g e t a t i o n  char -  
a c t e r i s t i c s  a s s o c i a t e d  w i t h  o i l  d e p o s i t s .  The d ~ t e c t i o n  of o i l  
is  a s c i e n c e  which h a s  s e v e r a l  accep ted  t h e o r i e s  a s  Parke A. 
Dickev** commentsr "We u s u a l l y  f i n d  o i l  i n  new p l a c e s  w i t h  

0 o l d  i d e a s .  Sometimes a l s o  w e  f i n d  o i l  i n  an  o l d  p l a c e  w i t h  a 
new i d e a ,  b u t  w e  seldom f i n d  much o i l  i n  an o l d  p l a c e  w i t h  an 
o l d  i d e a .  S e v e r a l  t i m e s  i n  t h e  p a s t  w e  have t h o u g h t  w e  were 
runn ing  o u t  o f  o i l  whereas  a c t u a l l y  w e  were o n l y  runn ing  o u t  
o f  i deas . "  E a r t h  r e s o u r c e  s a t e l l i t e s  a r e  a new i d e a .  

Economic and Techn ica l  Models f o r  E s t i m a t i n g  B e n e f i t s  of Remote 
Sensed Data 

Rncovering unknown s t o c k s  w i l l  a v o i d  some o f  t h e i  
h i g h  c o s t  o f  f u e l s  i n  times of t i g h t  supply, .  B e n e f i t s '  
cou ld  be  measured from t h e  "smoothing o u t *  of  p r i c e s  o v e r  
t ime  and optimum t iming  of sales of  e x c e s s  government r e s e r v e s .  

E s t i m a t e  of  ERTS Economic C a p a b i l i t i e s  

The major b e n e f i t s  a c c r u e  i n  t h e  new c a p a b i l i t y  a r e a  
from t h e  i n c o r p o r a t i o n  of  . i n fo rma t ion  o b t a i n e d  from t h e  s y n o p t i c  
view. 4 r e s e a r c h  and development l a g  i n  t h e  u s e  o f  synopt i r .  
g e o l o g i c a l  i n fo rma t ion  s t i l l  e x i s t s .   his has preven ted  t h e  
demons t r a t i on  o f  s u c c e s s f u l  a p p l i c a t i o n s  i n  f i n d i n g  f o s s i l  f u e l  
d e p o s i t s .  The c o n f i d e n t i a l i t y  which p r i v a t e  i n d u s t r y  p l a c e s  
on such i n f o r m a t i o n  furt . .er  p r e c l u d e s  an e s t i m a t e  of  b e n e f i t s  
at this time. 

* World O i l  Feb. 15 ,  1 9 7 4 ,  pp.86 

**  Sourcebook f o r  Pe t ro leum Geology, K.H. D o t t , S r .  and 
M . J .  Reynolds,  1969, p.2. 
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MANAGE MINERAL EXPLORATION AND EXTRACTION 

Rationgle for Benefits 

The allocation of exploration and extraction resources 
resulting from t . ~  use of better information allows society 
the opportunity of optimizing over different time horizons, or 
for the same time horizon at lower cost. Present "mineral 
shortages" can be alleviated by borrowing mineral deposits 
from future generations. Benefits accrue to the private sector 
through higher returns on investment in the mininq industry. 
Lease p,yments on both  Federa?, and Xndain lands will also 
reflect these higher returns, Since many mineral commodities 
are extensively traded in foreign commerce benefits will be 
conveyed directly to owners of mineral deposits in foreign 
countries and indirectly to the American public through access 
to continued supplies of minerals, Relatively larger benefits 
will accrue to the developing countries as the acceleration 
rate of exploitation will be larger since they are starting 
from a more primitive information base. 

Federal Government Activities and Responsibilities 

Activities of the Federal Government are reviewed it1 
Table 8. 

4 

Table 8 Federal S t a t u t e s  Pe r t i nen t  t o  RMF 5.4.1 

NO. Name of S t a t u t e  

I,  Exploration Pro- 
gram f o r  Disco- 
very of Minerals 

2. Bureau of Mines 

3. S t r a t e g i c  and 
C r i t i c a l  Mate? 
r i a l s  S tockpi le  

Defense Produc- 

Federal 
~ g e n c y  

DO1 

DO1 

GSA 

GSA 

- -- 

Reference 

30 USC 6 4 2  

30 USC . l - 1 1 8  

36 S t a t .  370; 
37 S t a t ,  681 

SO'USC98-98h 

SO USC 2061- 

I 

Func tie:' 

explora t ion  con t r ac t s  

economic a n a l y s i s  ' 

of  mineral comnodi t i e s  

n a n a g e c r i t i c r l  
m i  nera lo  

manage c r i t i c a l  
minerals  

/ Act 

2166 t i o n  act of 1950 
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Non-Federa l  A c t i v i t i e z  

Whi le  it i s  d i f f c u l t  t o  g e t  a c c d r a t e  f i g u r e s  on  ex- 
p l o r a t i o n  and e x t r a c t i o n  c o s t s  it s h o c l d  b e  n o t e d  t h a t  d o m e o t i c  
m i n e r a l  p r o d u c t i o n  i s  v a l u e d  a t  more t h a n  $10 b i l l i o n  p e r  y e a r .  
T h i s  f f g u r e  i n c l u d e s  n o n m e t a l l i c  m i n e r a l s  a s  w e l l  as metals .  

F u r . c t i o n s  o f  Remote S e c s i n g  - 
As new e x p l o r a t i o n  t e c h n i q u e s  a r e  d e v e l o p e d  f r o m  remote -  

s e n s e d  i n f o r m a t i o n ,  t h e  p r o b a b i l i t i e s  o f  s u c c e s s  i n  i d e n t i f y i n g  
new m i n e r a l  d e p o s i t s  i n c r e a s e s .  Remote-sensed images  p r o v i d e  
s y n o p t i c  v i e w s  o f  g e o l o g i c  s t r u c t u r e s  wBLch a r e  o f t e n  o b s c u r . e d .  
by  h i g h e r  r e s o l u t i o n ,  lower  a l t i t u d e  r e m o t e  s e n s i n g  a n d  c a n  
l e a d  t o  t h e  a d o p t i o n  o f  d i f f e r e n t  mode l s  f o r  m i n e r a l  d e t e c t i o n .  
S a u n d e r s  and Thomas* h a v e  c o n c l u d e d  t h a t  ERTS-1 i m a g e r y  i s  o f  
g r e a t  v a l u e  i n  photogeologic/geomorphic i n t e r p r e t a t i o n s  o f  
r e g i o n a l  f e a t u r e s ,  and t h e  s i m p l e - s h e a r ,  b l o c k - c o u p l i n g  modal 
p r o v i d e s  a  means of r e l a t i n g  d a t a  from r e m o t e - s e n s e d  images  t o  
s t r u c t u r e s  t h a t  have  c o n t r o l l e d  emplacement  o f  o r e  d e p o s i t s .  
Remote-sensed imagery  p r o v i d e s  a n  a l t e r n a t i v e  l i n k  w i t h  t r a d i -  
t i o n a l  t h e o r i e s  o f  m i n e r a l  d e t e c t i o n .  

Economic and Technical Models f o r  E s t i m a t i n g  B e n z f i t s  u f  
Remote S e n s e d  Data - 

I n  1969 t h e  USGS** e s t i m a t e d  t h a t  t h e  T'..I s y s t e m  d a t a  
.. . o l o g i c  and would c o n t r i b u t e  a  7% e f f i c i e n c y  i n c r e a s e  cu 7 :-; . 

and  g e o p h y s i c a l  o p e r a t i o n s .  The N a t i o n a l  Academy o f  S c i e n c e s * * *  
e s t i m a t e d  i n  1969 t h a t  a p p r o x i m a t e l y  1% o f  t h e  t o t a l  p r o d u c c i o n  
v a l u e  c a n  b e  associated w i t h  g e o p h y s i c a l  ar.d g e e l o g i c  o p e r a -  

. t i o n s .  Given a  $3 .5  b i l l i o n  m e t a l  o r e  i n d u s t r y  t h i s  i m p l i e s  a n  
a n n u a l  e x p e n d i t u r e  o f  $35 m i l l i o n  d o l l a r s  f o r  t h e s e  o p e r a t i o n s .  

* S a u n d e i s  and Thomas, " E v a l u a t i o n  of  Commerciay. U t i l i t y  
of ERTS-A Imagery  i n  S t r u c t u r a l  R e c o n n a i s s a n c e  f o r  
M i n e r a l  and P e t r o l e u m ;  O p .  Cit 

** U s e f u l  A p p l i c a t i o n  o f  E a r t h - O r i e n t e d  S a t e l l i t e s  - Geology,  
N a t i o n a l  Academy of S c i e n c e s ,  1 9 6 9 ,  p.47 

* * *  I b i d  
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With a 7 %  efficiency increase an equal capability benefit of 
$2.5 million could le realized if this same 7% efficiency in- 
crease also applies to private operations and moreover, that 
learning costs are zero.' 

Using thesame type of procedure outline in the 
Economic and Technical Models section of RMF 5 . 4 . 2 ,  Figures 
6 and 7 represent pctential benefits from accelerating 
production of copper and iron ore. 

Current ERTS Activites 

See RNF No. 5.1.1 and 5 . 2 . 1  

Estimate of ERTS Economic Capabilities 

From the above considerations, it is felt that one 
million dollars annually provides a rough, but conservative, 
estimate of cost savings to metal ore extraction firms due 
to increased geoltgical and geophysical operations efficiency.** 

Speculation has been made as to other benefits from 
accelerating the discovery rate, but no final estimate of most 
probable benefits is possible in this area. 

Annual Benefits: 

Equal Capability: $1.0 million 

* However, since private industry is mainly concerned with 
profitable development rather than detection and invent- 
orying 7 2  may be too high a productivity increase for 
private exploration. Then an annual benefit of $1.0+ 
million may be more realistic. 

* *  However, if the cost efficiency involved is closer to what 
has been documented in petroleum exploration (see next 
section), then benefits could range to 35 million 
dollars annually. 



Figure 6 
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Impact of ERS on 
Production of  Reserves 

5 . 0 %  
( $ 4  b i l l i o n  C 779) 

2 .01  

- 

T o t a l  Reserves A v a i l a b l e  
( t i l l i o n s  o f  l o n g  tons) 

n i s c o u n t  Rat.@ = 109 
Price/ton = $ 1 3  

Figure 7 Annual  ncnefits from I n c r e a s e d  
Production in U . S .  I r o n  O r e  
I n d u s t r y  
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MANAGE HYDROCARBON FUELS EXPLORATION AND EXTRACTION 

R a t i o n a l e  f o r  B e n e f i t s  

Hydrocarbon f u e l s  e x p l o r a t i o n  and e x t r a c t i o n  w i l l  be 
governed by b o t h  supp ly  and demand f a c t o r s  and i n s t i t u t i o n a l  
c o n s t r a i n t s  such  as t h o s e  imposed by t h e  OPEC n a t i o n s  and t h o s e  
to  be de t e rmined  by Congress .  R e g a r d l e s s  o f  t h e  f u e l s  s c e n a r i o  
assumed, t h e  a b i l i t y  t o  a l t e r  f l o w . ;  from t h e  t o t a l  stock o f  
f u e l s  r e s o u r c e s  w i l l  p r o v i d e  more e f f i c i e n t  u s e  of e x p l o r a t i o n  
and e x t r a c t i o n  r e s o u r c e s .  T h i s  w i l l  r e s u l t  i n  g r e a t e r  r e t u r n  
on inves tmen t  f o r  hydrocarbon  f u e l s  d i s c o v e r i e s  t h a n  would 
o t h e r w i s e  have e x i s t e d .  

B e n e f i t s  w i l l  a c c r u e  t o  t h e  p r i v a t e  s e c t o r  t h rough  
i n c r e a s e d  f u e l s  o u t p u t  and t o  t h e  U.S. government and I n d i a n  
n a t i o n s  t h rough  h i g h e r  p r i c e s  on bo th  l a n d  and o f f - s h o r e  
leases. 

F e d e r a l  Government A c t i v i t e s  and R e s p o n s i b i l i t i e s  

A l a r g e  impac t  from f e d e r a l  p o l i c y  c a n  be e x p e c t e d  i f  
" P r o j e c t  Independence* i s  implemented. Tab le  9 l i s t s  some of 
t h e  F e d e r a l  S t a t u t e s  impacted by ERS i n  t h i s  a r e a .  

% 

Table g Federa l  S t a t u t e s  P e r t i n e n t  t o  RXF 5.4.2 

No. Name of S t a t u t e  

1. Connally n o t  
O i l  Act 

2. S t r a t e g i c  and 
C r i t i c a l  Mate- 
r i a l s  S t o c k g i l e  
Act 

3. Defense Produc- 
t i o n  Act o f  1950 

Reference 

1 5  USC 715 

50 USC 98-98h 

50 USC 2061 
2166 

F e d e r a l  
Agency 

DO1 

GSA 

GSA 

. -  

Funct ion 

encourage conser-  
v a t i o n  o f  U.S. c rude  
o i l  

manage c r i t i c a l  f u e l s  

manage c r i t i c a l  f u e l s  
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N o n - F e d e r a l  A c t i v i t i e s  

I n  1 9 7 2 ,  t he  f u e l  i n d u s t r y  had a p r o d u c t i o n  v a l u e  of 
over $ 2 2  b i l l i o n ,  w i t h  oil. and gas accoun t ing  for $10.7 b i l l i o n .  
Table 10  i n d i c a t e s  how t h e i r  expenses have r u n  over t h e  l a s t  
few years. 

Table 10 Sstimated Expenditures ?or Exploration, Development and 
Production o f  O i l  and Gas i n  the  United S t a t e s  Excluding j 
Iacore Tare8 (Mil l ion8 o f  Dol lars )  

1. Expbratioa: 
a. Drilling .pd Equipping Exploratory Wells 
b. Acquir* Undeveloped Acreage 
L. Lease Rentals and Exp for Carrying Leases 
d. Geological nd Geophysiul- 
a. Coottibution. Toward Test Well* 
L L m d  Dmpt. Leasig.  & Scouting 
8. Other incl. Dirmct Overhead 

k Total Exploration I 
2. Denlopment: 

a. Drilling & Equipping Development Wells 
b. h a r e  fquipmeat 
G Irnprovd Recovery Programs 
& Other incL Direct Overhad  

3. Productioa: 
a. Prod. Exptn3itrtres incl. Direct Overhead 
b. Production o r  Severance Taxes 

'c .  .Ad Valorem Taxes 

4. General & Administrative Overhod Not 
Reported Elsewhere 
a. Allocatmd to Exploration 
b. Allocated to Development 
c. Allocated to Production 

d. Tobl G & A Overhead I 
5. Drilliug & Production Platforms I 
6. TOTAL EXPENDITURES 

4 

Source: World Oil, F e b w r y  15. 1974, p. 86. 
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F u n c t i o n s  o f  Remote sensiAq 

I 
i 

P a r t  o f  t h e  o b j e c t i v e s  o f  g e o l o g i s t s  u s i n g  remote- 
: sensed  i n f o r m a t i o n  is to  d i s t i n g u i s h  anamolous s u r f a c e  f e a t u r e s  

such  a s  domal f e a t u r e s  and a n n u l a r  d r a i n a g e  p a t t e r n s  and 
i d e n t i f y  v e g e t a t i o n  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  o i l  
d e p o s i t s .  There  have been no p u b l i c l y  announced o i l  or g a s  
d i s c o v e r i e s  as o f  y e t  a t t r i b u t a b l e  t o  remote-sensed in fo rma t ion .  
N e w  s e i s m o l o g i c a l  t e c h n i q u e s ,  f o r  i n s t a n c e ,  b r i g h t  s p o t  
a n a l y s i s , *  are c h a l l e n g i n g  s t r u c t u r a l  p r e s e n t a t i o n s  o f  p o t e n t i a l  
o i l  and g a s  t r a p s  as t h e  main tools f o r  s u c c e s s f u l  d i s c o v e r i e s .  

- I '  Whether remote s e n s i n g  can  h e  u s e f u l  d i r e c t l y  t h rough  t h e  u s e  o f  
t h e  DCP f o r  b r i g h t  s p o t  a n a l y s i s  o r  as complementary i n f o r m a t i o n  

i h a s  y e t  t o  b e  demons t ra ted .  F i g u r e  8 shows t h e  r e l a t i o n s h i p  
i between d i f f e r e n t  pe t ro l eum e x p l o r a t i o n  t e c h n i q u e s  and  p r o d u c t i o n  7 

j and r e s e r v e s .  
1 
i 
i However, a n  ERS system c a n  be o f  g r e a t  advan tage  i n  
1 c o n t r i b u t i n g  t o  e x p l o r a t i o n  s u r v e y s  whi-h must be made b e f o r e  

I any mining i s  begun. 
I 

Economic and T e c h n i c a l  n o d e l s  f o r  E s t i m a t i n g  B e n e f i t s  of  
R e m o t e  Sensed D a t a  

P r i n c i p a l  i n v e s t i g a t o r s  from Eason O i l  have been u s i n g  
ERTS-1 d a t a  i n  r e g i o n a l  e x p l o r a t i o n  s t u d i e s  and have found t h e  
i n f o r m a t i o n  t o  be *an e x c e e d i n g l y  v a l u a b l e  t o o l  f o r  o b t a i n i n g  
a r a p i d  g e o l o g i c  a s se s smen t  o f  l a r g e  a r e a s .  I n  p a r t i c u l a r ,  
ERTS d a t a  p r o v i d e  a h o s t  o f  i n f o r m a t i o n  o f  l i t h o g o l i c  d i s t r i -  
b u t i o n  and s t r u c t u r a l  f e a t u r e s ,  and q u i c k l y  draw a t t e n t i o n  t o  
anomalous f e a t u r e s  and a r e a s  t h a t  a r e  o f  i n t e r e s t  from t h e  
s t a n d p o i n t  of  pe t ro l eum exp lo ra t ion .***  

The i n v e s t i g a t o r s  found t h a t  ERTS d a t a  were n o t  whol ly  
s u b s t i t u h e d  for  a e r i a l  imagery; however, t h e y  d i d  d e l i n e a t e  a 
program whereby a  common p o i n t  c o u l d  be  r eached  u s i n g  conven- 
t i o n a l  methods a l o n e  and ERTS imagery a l o n g  w i t h  some 
c o n v e n t i o n a l  methods. Table  11 d e l i n e a t e s  t h e  compara t ive  
c o s t s  o f  t h e  t w o  programs and i l l u s t r a t e s  t h a t  r e a c h i n g  a  
common p o i n t  i n  e x p l o r a t o r y  o p e r a t i o n s  would p robab ly  c o s t  

B r i g h t  Spot :  " B e t t e r  S e i s m o l o g i c a l  I n d i c a t o r s  o f  Gas and 
O i l n ,  S c i e n c e ,  9  August,  1974; Vol 185,  No. 4150, 

** "An E v a l u a t i o n  o f  ERTS Data f o r  t h e  Pu rposes  o f  Pe t ro leum 
E x p l o r a t i o n , "  C o l l i n s ,  McCown, S t o n i s ,  P e t z e l ,  E v e r e t t  -- Eason O i l  Co,, C o n t r a c t  NAS 5-21735, J u n e  1974, p.8. 

. I;' 
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$1 ,664 ,000  u s i n g  t h e  c o n v e n t i a l  program and  $ 1 , 0 7 8 , 0 0 0  u s i n g  
t h e  ERTS program,  t h u s  y i e l d i n g  a  3 5 %  c o s t  s a v i n g s  f o r  u s e  of 
ERTS imagery .  

I t  was found t h a t  t h e  a c t i v i t i e s  composing t h e  
$1 ,664 ,000  f i g u r e  g e n e r a l l y  r e p r e s e n t e d  a l l  o f  a company 's  
g e o l o g i c a l  and g e o p h y s i c a l  o n s h o r e  o p e r a t i o n s , *  Thus ,  a n  
e s t i m a t e d  c o s t  s a v i n g s  f i g u r e  o f  35% i n  o n s h o r e  g e o l o g i c a l  and 
g e o p h y s i c a l  o p e r a t i o n s  i s  d e r i v e d .  

I n  t r y i n g  t o  d e r i v e  a f i g u r e  f o r  o n s h o r e  G & G c o s t s ,  
T a b l e  1 0  s l i o w s  t h a t  a n  a v e r a g e  o f  $ 3 6 8 1  a n n u a l l y  was s p e n t  b y  
t h e  p e t r o l e u m  i n d u s t r y  f o r  a l l  (on  a n d  o f f s h o r e )  G & G o p e r a -  
t i o n s  o v e r  t h e  l a s t  f i v e  y e a r s .  However, i t  w a s  f o u n d  i n  a  
c o n v e r s a t i o n  w i t h  O f f s h o r e  Magazine** t h a t  o i l  c o m p a n i e s  d o  n o t  
r e l e a s e  f i g u r e s  which i n d i c a t e  how much money was s p e n t  f o r  
s t r i c t l y  o f f s h o r e  o r  s t r i c t l y  o n s h o r e  o p e r a t i o n s .  B u t  t h e  
p u b l i s h e r s  d i d  e s t i m a t e  t h a t  a b o u t  40* o f  i n d u s t r y  c o s t s  f o r  
G & G would b e  f o r  o f f s h o r e  o p e r a t i o n s  l e a v i n g  a b o u t  60b ,  o r  
an  a v e r a g e  of $220M f o r  o n s h o r e  G & G. U s i n g  Eason  Oil's 
c a l c u l a t i o n  o f  a  3 5 %  c o s t  s a v i n g s  u s i n g  ERTS Data, t h i s  y i e l d s  
a n  a n n u a l  b e n e f i t  f i g u r e  o f  $77M d u e  t o  c o s t  s a v i n g s  i n  o n s h o r e  
g e o l o g i c a l  and g e o p h y s c i a l  o p e r a t i o n s .  

F u r t h e r  b e n e f i t s  e x i s t  i n  t h e  a r e a  o f  a c c e l e r a t i o n  i n  
t h e  d i s c o v e r y  r a t e  or' t h e  e x i s t i n g  p e t r o l e u m  s t o c k .  Some 
of t h a t  s t o c k  which would h a v e  been  p u t  i n t o  p r o d u c t i o n  2 0  
y e a r s  from now m i g h t  b e  p r o d u c e d  w i t h i n  t h e  n e x t  few y e a r s .  
Using a  1 0 %  r a t e  o f  d i s c o u n t  (which  s a y s  t h a t  we v a l u e  o i l  
p r o d u c e d  n e x t  y e a r  1 0 %  l e s s  t h a n  we v a l u e  o i l  p r o d u c e d  t h i s  
y e a r  b e c a u s e  t h e  o i l  we h a v e  now can  b e  u s e d  t o  b u i l d  
c a p i t a l  s t o c k  u s e d  t o  p r o d u c e  t h a t  many more g o o d s  n e x t  
y e a r ) ,  a  volume o f  o i l  t o  b e  p r o d u c e d  t e n  years f rom now which  
i s  p r e s e n t l y  w o r t h  $350,000,  would be w o r t h  $ 1 , 0 0 0 , 0 0 0  i f  
p r o d u c e d  t o d a y ,  a s suming  t h a t  i t  would  se l l  a t  t h e  same r a t e  
t h e n  a n d  now. A d d i t i o n a l l y ,  i n c r e a s i n g  t h e  s u p p l y  o f  known 
r e s e r v e s  a l l o w s  f o r  i n c r e a s e d  p r c d u c t i o n  i n  t i m e s  o f  h i g h  
demand, t h u s  r e d u c i n g  economic  l o s s e s  d u e  t o  p r i c e  f l u c t u a t i o n s .  

O b v i o u s l y ,  any  b e n e f i t  d e r i v i - n g  f rom ERTS d a t a  d u e  t o  
i n c r e a s e d  p r o d u c t i o n  r a t e  d e p e n d s  upon t h e  i m p a c t  r a t e  t h a t  
ERTS d a t a  c a u s e d .  F o r  example ,  u s i n g  ERTS i m a g e r y ,  d i s c o v e r y  

* P e r s o n a l  c o n v e r s a t i o n :  Leo P. S t o n i s ,  Eason  O i l ,  P . O .  Box 
18755 ,  Oklahoma City, Oklahoma. 

* *  P e r s o n a l  c o n v e r s a t i o n :  Bob B u r k e ,  O f f s h o r e  Magaz ine ,  P . O .  
Box 217 ,  Conroe ,  Texas  77301. 

* * *  F o r  a d i s c u s s i o n  oE t h i s ,  s e e  Vol.  111, P a r t  11, D i s t r i -  
b u t i o n  E f f e c t s ,  o f  t h i s  r e p o r t .  
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may be accelerated at a 10% rate but, due to monopolistic 
(oligopolistic) power, the companies may not increase produc- 
tion at all, in order to keep prices, and profits high. The 
benefit also depends upon the future price of oil. If oil 
prices increase at an annual 10% rate, e.g., due to decreasing 
supply, then there would be no benefit from accelerating the 
production rate since the 103 annual price increase wholly 
offsets the 10% discount rate. 

Figure 9 illustrates potential benefit of increasing 
the rate of production of'reserves using ERS data. The 
different lines represent the different rates or impact on 
production which ERTS might have. The analysis assumes a 
constant price of $10 per barrel. The benefit estimates 
are reached by the difference between the present value of 
petroleum being produced, e.g., next year, minus the present 
value of petroleum being produced, e-g., 20 years from now. 

Current Activities 

In addition to those activities already cited in 
RMF 5.1.1, Eason Oil investigators found other capabilities 
from ERTS imagery; the existence of "hazyn anomalies has been 
found in ERTS lmagery that was not apparent in imagery from 
aircraft or Skylab. The anomalies have a very high correlation 
with known oil fields. As the investigators report:* 

One method which might be used for locating 
promising exploration sites is to define sites 
where two or more anomaly types coincide. On 
one composite overlay of fall imagery we counted 
76 anomalous features. We classified these as 
geomorphic, tonal and "hazy" areas. Of 76 anomalies, 
59 correlate with producing oil and gas fields, 
9 are on known but non-producing structures, and 
the remaining 8 could not be correlated with known 
features. Twenty-nine geomorphic features are 
included. Twenty-three correspond with producing 
areas, 3 with non-productive structures. Three 
show no correlations. Eight of 12 tonal anomalies 
correlate with production. One correlates with 

* "An Evaluation of ERTS Date for the Purposes of 
Petroleum Exploration," op cit, p.96. 

i 
! I . .  .~ . . . .." - fi - . -,-;, .. . . , . . ,.: , 2 ,  . . .  &., . ,". . i .> ".' . , , . . .;i .".' :-. - .- F". i 
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i I; 

I " 
I ; 
; 3 
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P r o d u c t i o n  of Resarv--  i 

D i s c o u n t  rate = 1 0 %  
P r i c e / b b l  = 1 0  

T o t a l  R e s e r v e s  A v a i l a b l e ,  billions o f  b b l s  -? > 
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d u c t i o n  i n  U . S .  Pctroleun i n d u s t r y  
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a known structure and 3 correlate with no known 
features. Of 35 "hazyt' anomalies, 33 correlate 
with producing fields or drilled structures. 

j. 1 
: The investigation also found the following advantages 

; 1 .  in using ERTS for lithologic mapping: 
; ! : . '  
A I - Large areas can be rapped quickly 

j 
- Major structural and lithologic features are discern- 

able. 

- Existing intttrpretations of some local areas can be 
improved. 

- Regional relationships among lithologic, strucutral 
and geomorphic features can b. studied. 

- Areas for further study or geophysical work can be 
located. 

- Some units can be subdivided on the basis of their 
reflectivities. 

- Interpretation permits evaluation and revision of 
published information. 

- Low resolution and regional coverage suppress or 
eliminate a large amount of distracting detail 
permitting subtle large scale differences to be 
defined and :tudied. 

Estimate of ERTS Economic Capabilities 

From the above considerations, an estimate of $77M 
annually is dervied for potential cost savings in geologic 

i .:, and geophysical operations. This estimate is considered to be 
a "soft" benefit due to the extr&polation involved in going 
from one company's customary procedures to the industry's. 
Also recognized is the fact that it is unlikely that the 
industry will shift entirely to use of remote sensed data in 

Cf the near future. So a range of benefits has been estimated, 
from $33.5M for 509 application of remote sensed data, to 
$77M for full application. 

4 
j 
*<, 

+ '.'"? 

8 .  

It should also be pointed out that these figures 
represent very  conservatively estimated benefits to the 

fJ 
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petro leum e x t r a c t i o n  indumtry. Not c o n s i d e r e d  h e r e  are b e n e f i t s  
t o :  o f f s h o r e  e x p l o r a t i o n ,  c h o o s i n g  o p t i m a l  r e g i o n s  t o r  e x p l o r -  
a t i o n ,  t i m e  s a v i n g s ,  b e t t e r  knowledge o f  r e s e r v e s  e ~ a b l i n g  a 
"smoothing out"  of prices  o v e r  t i m e ,  and t h e  p r e s e n t  v a l u e  
o f  u s i n g  newly impacted r e s o u r c e s  f o r  c a p i t a l  development .  

Annual B e n e f i t s :  

C o s t  S a v i n g s  $ 3 3 . 5  - 77M ( s o f t )  
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MONITOR STRIP A N D  AI'GER MINING LAND RECLAMATION 

R a t i o n a i e  f o r  B e n e f i t s  

S t r i p  m i n i n g  may be a n  s n v i r o n m e n t a l  h o r r o r ,  b u t  i t  
may be e s s e n t i a l  i f  t h e  U . S .  5.s t o  r e a c h  t h e  P r o j e c t  Independ-  
e n c e  t a r g e t  of e n e r g y  s e l f - s u f f i c i e n c y  by 1980. However, 
C o n g r e s s  r e c e n t l y  p a s s e d  a  s t r i p  m i n i n g  b i l l  wh ich ,  i f  n o t  
v e t o e d ,  w i l l  make it manda to ry  f o x  . o a l  compan ies  t o  r e c l a i m  
a l l  s t r i p  mined l a n d . *  I n  o r d e r  t o  i n s u r e  c o m p l i a n c e  w i t h  t h e  
p r o p o s e d  law,  c o n s t a n t  m o n i t o r i n g  o f  r e c l a m a t i o n  a c t i v i t i e s  
w i l l  b e  n e c e s s a r y .  The government  a g e n c i e s  i n v o l v e d  mus t  be  
a b l e  t o  q u i c k l y  d e t e r m i n e  a r e a s  of m i n i n g  r e c l a m a t i o n  and p r o -  
g r e s s  o r  v i a b i l i t y  o f  r e p l a n t e d  v e g e t a t i o n  on  a  t o t a l  o f  2881 
e x i s t i n g  s t r i p  and a u g e r  mines .  

F e d e r a l  Government a c t i v i t i e s  and R e s p o n s i b i l i t i e s .  - 
On t h e  F e d e r a l  l e v e l ,  r e g u l a r  i n s p e c t i o n s  of  c o a l  mines 

a r e  e s t i m a t e d  t o  number a b o u t  1 9 , 4 0 0  f o r  F Y  1975 .**  S p o t  and 
o t h e r  i n s p e c t i o n s  f o r  t.he same p e r i o d  a r e  e s t i m a t e d  t o  number 
a b ~ u t  54 ,600 .***  F o r  t h i s  p s r p o c e ,  t h e  Bureau o f  Mines  employs  
1 3 2 1  f i e l d  i n s p e c t i o n  p e r s o n n e l  who, a s  p a r t  of t h e i r  j o b ,  
m o n i t o r  r e c l a m a t i o n  p r o g r e s s .  T a b l e  12  l i s t s  some F e d e r a l  
s t a t u t e s  t o  which ERS i n f o r m a t i o c  would a p p l y .  

* Newswaek, Vol 84N06, Augus t  5 ,  1 9 7 4 ,  p .53 -- * *  F e d e r a l  B u d s e t  FY 1975  
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Table  1 2  F e d e r a l  S t a t u t e s  P e r t i n e n t  to RMP 5 . 5 . 1  

* * *  I b i d .  - 

- - 
' F u n c t i o q s  

e n c o y r a g e  p r i v a t e  
e n t e r p r i s e  i n  t h e  
r e c l a m a t i o n  o f  
m i n e r a l  l a n d  

c o n t r o l  mine d i s -  
c h a r g e  p o l l u t i o n  

F e d e r a l  
Agenry 

301 

EPA 

N o .  Name o f  S t a t u t e  

1 .  Min ing  and Miner- 
a l s  P o l i c y  A c t  of 
1970  

2.  F e d e r a l  Water 
P o l l u t i o n  Con- 
t r o l  A c t  

--- 
R e f e r e n c e  

30 U S C  2 l a ;  
P . L .  91-631 

33 uSC 1314e;  
P .L .  92-500 
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Non-Federal Activities 

Ohio and Kentucky are two leading states in mine 
reclamation activities. The state of Kentucky employs 50 
inspectors to cover 1100 surface mines. 

Functions of Remote Sensinp 

The monitoring function of the government can be 
echanced through the use of remote-sensed data. In order to 
determine reclamation progress and vegetation viability, 
government agencies now rely on ground teams and aerial 
photographs which rapidly become outdated and given the number 
of existing strip m i n i n ~  operations, neither method is 
economically feasiole.' Remote-sensed data allows the monitor- 
ing federal and state agencies to survey the reclamation 
progress quickly, repetitively, and more cheaply than existing 
methods, 

Economic and Technical Models for Estimating Benefits of 
Remote Sensed Data 

An ERS system will help a great deal in monitoring 
reclamation processes, particularly if it becomes mandatory 
for all stripped land to be reclaimed. The benefit here 
would be the costs saved by using ground inspectors more 
efficie~~kly, sending them only to suspect areas. Assessing 
a benefit here would be too tenuous a procedure at this 
time, until figures on amount of inspection and costs of 
ground and aerial inspection become known. 

Coal industry officials estimate that in order to 
comply with the proposed strip mining legislation they will 
incur a ccst of $2000 per acre for reclamation and that at the 
current level of strip mining, this would amount to a more 
than $500 million a year expenditure on their part.** 

c u r r e n t  ERTS Actjvities 

The following is a partial list of Principal 
Investigators who have done work in this RMF area: 

1) Alexander, S.S.; Dein, J.; Gold, D.P. 
Concluded that ERTS data can be used to evaluate 

* Automa~ed Strip Mine and Reclamation Mapping from ERTS, 
Robert H. Rogers, Larry E. Reed, Wayne A. Pettyjohn. 
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the effectiveness of reclamation and pollution abatement 
procedures. Also found that ERTS imagery can be used to 
determine the location, extent, and sub-classification of 
strip mined area.*** 

2 )  Rogers, R.H.; Reed, L.E. 
Using computer processing techniques, it is possible 

to produce geometrically-corrected maps of the coal strip mines 
in East Central Ohio by utilizing ERTS-1 computer compatible 
tapes. 

3) Wier, C.W.; Wobber, F.J.; Russell, O.R.; Amato, R,V, 
Concludrd that repetitive ERTS-1 imagery is a 

useful tool for mapping recently mined lands in coal pro- 
duci.-g areas. Also found that the likelihood of applying ERTS- 
derived fracture data to improve coal mine safety apperas 
practical from studies in Indiana. 

Estimate of ERTS Economic Activities 

Besides increasing mine inspector productivity, the 
uti'lization of ERTS imagery will be a cost savings in data 
collection for the Bureau of Mines. A dollar figure cannot 
be obtained at this time because of a lack of data on existing 
data collection methods and the rapidly changing nature of 
these activities at this time- New capability benefits 
will accrue through repetitive coverage of reclaimed lands 
xroviding the necessary monitoring function to check the 
continual health of replanted vegetation. The goal of ERTS 
activities in this RMF will be to provide objective monitoring 
of reclamation. 

* * *  Alexander, Dein and Gold, "Use of ERTS Data for Mapping 
Strip Mines and Acid Mine Drainagew* Significant Results 
Symposim, op cit, p .  574 
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MINE FIRE DAMAGE ASSESSMENT 

Rationale for Benefits 

The causes of outcrop and abandoned mine fires are 
many and they depend on specific circumstances. A fire in an 
abandoned underground mine may, in rare instances, be of past 
origin, having started and been scaled off when mining was 
active. Most frequently, however, such fires can be traced to 
the burning of trash dumped promiscuously into surface stripping 
pits or old mine openings. The fire then eats its way down into 
the previously mined coalbed. 

In unpopulated areas uncontrolled coal fires can start 
grass and forest fires, kill vegetation, contaminate nearby 
water, and become a hazard to people. livestock and wildlife. 
Near population centers, mine fires menace public health, 
safety, and property. 

In addition to their adverse effects upon the local 
economy and environment, uncontrolled coal fires destroy 
fuel resources that may be required for future national needs. 

Federal Government Activities and R e s p o n s i b i l i t i e ~  

In August, 19:*:. Congress enacted P.L. 738, providing 
an annual appropriation not to exceed $500,000 for DOI, acting 
to control and extinguish fires in inactive coal formations 
throughout the United States. In the case of non-federal lands 
the Act specified that the State or the owner should contribute 
50 percent of costs. 

A major impetus in the control of abandoned-mine fires 
in the Eastern United States came with the passage of the 
Appalachian Regional Development Act of 1965 (P.L. 8 9 - 4 ,  as 
amended). This act removed the appropriations ceiling of 
P.L. 738 for work within the Appalachian Region, and increased 
the Federal contribution to 75 percent of costs, with the 
State contributing the remaining 25 percent. 

Outcrop and abandon-mine fire control work in the 
remainder of the United States continues to be implemented by the 
Bureau of ~ i n e s  under the original provisions of P.L. 738. 

Federal budget data relevant to this RMF are listed 
in Appendix R. Some applicable statutes are found in 
Table 13. 
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The F u n c t i o n  o f  Remote S e n s i n g  

C 

S u s p e c t e d  c o a l b e d  f i r e s  t h a t  d o  n o t  o t h e r w i s e  e v i d e n c e  
t h e m s e l v e s  c a n  b e  d e t e c t e d  by i n f r a r e d  s e n s i n g .  u s i n g  e x i s t i n g  
a e r i a l  i n f r a r e d  s e n s i n g ,  d e t e c t i o n  h a s  b e e n  l i m i t e d  o n l y  t o  a  
d e p t h  o f  30 f e e t . *  

I f  t h e  f i r e  i s  d e e p  u n d e r g r o u n d ,  t h e  o n l y  known t e c h -  
n i q u e  t o  d e t e r m i n e  i t s  l o c a t i o n  a n d  e x t e n t  i s  e x p l o r a t o r y  
d r i l l i n g .  However,  c o n s t a n t ,  r e p e t i t i v e  t h e r m a l  i n f r a r e d  
s e n s i n g  c a n  a i d  i n  d e t e r m i n i n g  t h e  d e t e c t i o n  o f  new f i r e s  t h u s  
h e l p i n g  t o  d i r e c t  a g r o u n d - b a s e d  c o n t r o l  t e a m ,  

Tab le  1 3  F e d e r a l  S t a t u t e s  P e r t i n e n t  t o  RHF 5.6.1 

E R S  i n f o r m a t i o n  c o u l d  r e d u c e  t h e  amount  o f  a e r i a l  a n d  
g r o u n d  s u r v e i l l a n c e  n e c e s s a r y  f o r  m o n i t o r i n g  p u r p o s e s .  B u t  

s u c h  m o n i t o r i n g  a c t i v i t i e s  d o  n o t  r e g u l a r l y  t a k e  p l a c e  i n  a n  
o r g a n i z e d  f a s h i o n  dud t h e  d e t e r m i n a t i o n  o f  a n  i m p a c t a b l e  
b u d g e t  v o u l d  b e  a p r o h i b i t i v e  t a s k .  

* C o a l  F i r e s  i n  Abandoned Mines  a n d  I n a c t i v e  D e p o s i t s  
U . S .  D e p a r t m e n t  o f  I n t e r i o r ,  B u r e a u  o f  Mines  1972 .  

F u n c t i o n s  

i n c r e a s i n g  s a f e t y  
i n  mines  

c o n t r o l  and e x t i n -  
g u i s h  mine f i r e s  

seal  abandoned mines  

mine h e a l t h  and  
s a f e t y  

mine h e a l t h  and  
s a f e t y  

F e d e r a l  
Agency 

DO1 

DO1 

W I  

DO1 

DO1 

__I--- - 
No. Name o f  S t a t u t e  

1. Bureau of  n i n e s  

2. C o n t r o l  of Coal  
n i n e  F i r e s  

3 A n t h r a c i t e  Mine 
Dra inage  and 
Flood C o n t r o l  

4. F e d e r a l  Coal  Nine 
H e a l t h  and  S a f e t y  
Act o f  1969 

5. F e d e r a l  Meta l  
nd Son-metal 
H e a l t h  and  
S a f e t y  A c t  

- ..-- - 
Refe rence  

30 USC 1-11; 
36 S t a t .  370; 
37 S t a t .  381 

30 USC 551-558; 
68  S t a t .  1009 

30 USC 571; 
P.L. 87-818 

30 USC 801-960; 
P.L. 91-173 

30 USC 721-7408 
P.L. 89-577 
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Estimate of ERTS Economic Capabilities 

A n y  program for combatting fires must first start vith 
detection. ERTS-8 with a thermal IR band provides periodic 
monitoring of all coal reserves and mines. Because of this 
periodic, synoptic coverage, a cost savings on aerial infra- 
red sensing may be ralized. No dollar estimate is possible, 
at this time, because it is not known how much has been spent 
for aerial infrared sending, of mining areas and the sensor 
may not be able to detect deep mine fires. 
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PREVENT MINE TAILING S L I D E S  

R a t i o n a l e  f o r  B e n e f i t s  --- - 

A f t e r  d e c a d e s  o f  m i n i n g ,  mine  t a i l i n g s  e x i s t  i n  v a r i o u s  
c o u n t r i e s  o f  t h e  w o r l d .  Most  a r e  h a r m l e s s  m o u n t a i n s  of r u b b l e  
b u t  o t h e r s  are i n  p r e c a r i o u s  l o c a t i o n s  w i t h  p o t e n t i a l  damage 
t o  l i f e  a n d  p r o p e r t y  s h o u l d  t h e y  s l i d e .  D e t e c t i o n  o f  m i n e  
t a i l i n g s  may p r e v e n t  damaging  s l i d e s  f r o m  o c c u r r i n g .  

F e d e r a l  Government  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  

The B u r e a u  o f  Mines  i s  r e s p o n s i b i l e  f o r  m i n e  s a f e t y  
a n d  r e g u l a t i o n s .  I n  a d d i t i o n ,  t h e  M i n i n g  E n f o r c e m e n t  a n d  
S a f e t y  A d m i n i s t r a t i o n  c o n d u c t s  m i n e  i n s p e c t i o n s  a n d  f i e l d  
i n v e s t i g a t i o n s .  

F e d e r a l  b u d g e t s  a r e  g i v e n  i n  Append ix  B. 

The  g o v e r n m e n t  s t a t u t e s  r e l e v a n t  t o  t h i s  RMF c a n  be  
f o u n d  i n  RMF 5.6.1.  

F u n c t i o n s  o f  Remote S e n s i n g  

Remote - sensed  d a t a  a r e  u s e f u l  i n  d e t e c t i n g  mine  t a i l i n g  
a c c u m u l a t i o n s  o f  r e l e v a n t  s i z e  a n d  h e n c e  p r o v i d e  a m o n i t o r i n g  
f u n c t i o n .  Once p o t e n t i a l l y  h a z a r d o u s  mine  t a i l i n g s  a re  i d e n t i -  
f i e d ,  r e m e d i a l  a c t i o n  c a n  b e  t a k e n  t o  remove t h e  h a z a r d .  

C u r r e n t  ERTS A c t i v i t i e s  

The  f o l l o w i n g  i s  a p a r t i a l  3 i s t  o f  P r i n c i p a l  I n v e s t i -  
g a t o r s  who h a v e  d o n e  work i n  t h i s  RMF area: 

1) I s a c h s e n ,  Y ; ,  F a k u n d i n y ,  R. ;  F o o t e r ,  S. 
C o n c l u d e d  t h a t  ERTS-1 i m a g e r y  w a s  u s e f u l  i n  

r e c o g n i z i n g  known mine  dumps a n d  t a i l i n g s  p o n d s .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

An i n c r e a s e d  c a p a b i l i t y  b e n e f i t  i s  d i f f i c u l t  
t o  es t imate  f o r  t h i s  RMF b e c a u s e  o f  t h e  i n f r e q u e n c y  o f  a m i n e  
t a i l i n g  s l i d e ,  a n d  i n a d e q u a t e  e x i s t i n g  i n v e n t o r i e s  o f  mine  
t a i l i n g s .  I n  t h e  l a s t  8 y e a r s ,  t a i l i n g  s l i d e s  h a v e  o c c u r r e d  
i n  A b e r f a n ,  Wales  a n d  B u f f a l o  C r e e k ,  West V i r g i n i a .  The  
Welsh d i s a s t e r  r e s u l t e d  i n  1 3 1  d e a t h s *  a n d  t h e  B u f f a l o  C r e e k  

*New York T imes ,  O c t o b e r  2 2 ,  1 9 6 6 .  
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d i s a s t e r  resulted i n  37  d e a t h s . * *  I n s u f f i c i e n t  i n s p e c t i o n  
c o n t r i b u t e d  to t h e  Welsh t r a g e d y  w h i l c  f l o o d  c o n d i t i o n s  con- 
t r i b u t e d  to t h e  West V i r g i n i a  t r a g e d y .  

B e n e f i t s :  

I n c r e a s e d  c a p a b i l i t y  + 

**New York Times ,  February  2 7 ,  1 9 7 2 .  

+ Possibly s i g n i f i c a n t  b e n e f i t s  b u t  n o t  q u a n t i f i e d .  
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DETECT FRACTURES I N  M I N I N G  AREAS 

R a t i o n a l e  f o r  B e n e f i t s  - 
A m a j o r  k i l l e r  i n  u n d e r g r o u n d  m i n i n g  o p e r a t i o n s  i s  f a l l s  

o f  r o o f  and  r i b  s u r f a c e s .  I n  1971 ,  r o o f  a n d  r i b  f a l l s  a c c o u n t e d  
f o r  o v e r  43% or  6 1  d e a t h s *  i n  c o a l  mines  and o v e r  1 5 %  o r  2 5  
d e a t h s * *  i n  o t h e r  u n d e r g r o u n d  m i n i n g  o p e r a t i o n s .  

One o f  t h e  m a j o r  c a u s e s  of t h o s e  f a l l s  i s  t h e  l a c k  o f  
p r o p e r  r o o f  and  b r a c i n g  s u p p o r t s  b e c a u s e  o f  t h e  l a c k  of s u f -  
f i c i e n t  i n f o r m a t i o n  on wha t  i s  b e i n g  s u p p o r t e d  -- namely ,  t h a t  
many underground  m i n i n g  o p e r a t i o n s  a r e  l o c a t e d  u n d e r  f r a c t u r e  
z o n e s .  T h i s  i s  e s p e c i a l l y  t r u e  i n  c o a l  m i n i n g  o p e r a t i o n s .  
Over t h e  l a s t  s e v e r a l  y e a r s ,  however,  t h e  c o a l  i n d u s t r y  h a s  
been  moving most  t o w a r d s  s t r i p  a n d  a u g e r  m i n i n g  w i t h  t h e  r e s u l t  
t h a t  f e w e r  d e a t h s  have  o c c u r e e d .  T h i s  t r e n d  is  n o t  l i k e l y  t o  
c o n t i n u e  i n  t h e  c o a l  i n d u s t r y  b e c a u s e  o f  t h e  r e c e n t  p a s s a g e  
o f  t h e  House o f  R e p r e s e n t a t i v e s  s t r i p  m i n i n g  b i l l  (see RMF No. 
5 . 5 . 1 ) .  Because  o f  t h e  h i g h  c o s t s  i n v o l v e d  i n  r e c l a i m i n g  s t r i p -  
mined l a n d  ( e s t i m a t e s  o f  $2 ,000  p e r  a c r e ) ,  c o a l  o f f i c i a l s  
p r e d i c t  an  i n c r e a s e  i n  u n d e ~ q r o u n d  m i n i n g  i n  t h e  E a s t .  T h i s  
i n c r e a s e  i n  u n d e r g r o u n d  c o a l  m i n i n g  c o u l d  l e a d  t o  s i x  t i m e s * * *  
t h e  f a t a l i t i e s  t h a t  s u r f a c e  m i n i n g  does .  

I n  o r d e r  t o  m i n i m i z e  t h e  number o f  f a t a l i t i e s  i n  under -  
g round  m i n i n g  o p e r a t i o ~ ~ s ,  more i n f o r m a t i o n  w i l l  h a v e  t o  b e  
known a s  t o  t h e  n a t u r e  o f  t h e  o v e r l y i n g  g e o l o g i c  s t r a t a .  Once 
t h i s  i n f o r m a t i o n  i s  known, p r o p e r  m e a s u r e s  c a n  b e  t a k e n  t o  
p r e v e n t  r o o f  and  r i b  f a l l s  t h u s  r e d u c i n g  t h e  number o f  f a t a l i t i e s .  

F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  

The U.S. Bureau  o f  Mines employes  5 2  r o o f  a n d  r i b  s u r -  
f a c e  i n s p e c t o r s .  * * * *  

The F e d e r a l  b u d g e t  e x p e n d i t u r e s  a r e  g i v e n  i n  Appendix B. 
Some a p p l i c a b l e  f e d e r a l  s t a t u t e s  a r e  found  i n  T a b l e  1 4 .  

*Moving Forward C o a l  Mine H e a l t h  and  S a f e t y ,  R e p o r t  o f  t h e  
S e c r e t a r y  o f  t h e  Depar tmen t  o f  t h e  I n t e r i o r  on a d m i n i s t r a t i o n  
o f  t h e  F e d e r a l  C o a l  Mine H e a l t h  a n d  S a f e t y  A c t  i n  1971 .  

**Meta l  and Nonmetal Mine H e a l t h  and  S a f e t x ,  R e p o r t  o f  t h e  
S e c r e t a r y  o f  t h e  I n t e r i o r ,  1972.  

***Newsweek, Vol.  8 4 ,  No. 6 ,  5 August  1974 ,  p .  53 .  

****Op.c i t .  E i n g  Forward i n  Coa l  Mine H e a l t h  a n d  S a f e t y .  
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F u n c t i o n s  o f  R e m o t e  S e n s i n g  - 

R e m o t e - s e n s e d  d a t a  h a v e  p r o v e n  u s e f u l  i n  d e t e c t i n g  f r a c -  
t u r e  z o n e s  i n  m i n i n g  a reas .  W i t h  r e p e t i t i v e ,  s e a s o n a l  c o v e r -  
a l e  o f  a i n i n g  o p e r a t i o n s ,  maps  of r e g i o n a l  f r a c t u r e  z o n e s  c a n  
be a c c 9 r a t e l y  c o n s t r u c t a d  a n d  u s e d  b y  m i n i n g  i n d u s t r y  o f f i c i a l s  
to b a t t e r  p l a n  t h e i r  a r e a s  o f  m i n i n g  o p e r a t i o n  so a s  t o  r e d u c e  
m i l r e  f h t s l i t i e s  a n d  t h u s  i n c r e a s e  m i n e  p r o d u c t i v i t y  b y  p r e -  
v e n t i n g  p o s s i b l e  m i s h a p s .  

t 
Tab le  14 F e d e r a l  S t a t u t e s  P e r t i n e n t  t o  RMF 5.6.3 

F e d e r a l  
No. Name of S t a t u t e i  Re fe rence  Agency F u n c t i o n s  

E c o n o m i c  a n d  T e c h n i c a l  M o d e l s  f o r  E s t i m a t i n g  B e n e f i t s  o f  Remote  
S e n s e d  D a t a _  - 

1. Bureau o f  Mines 

2. C o n t r o l  o f  Coal  
Mine F i r e s  

3. A n t h r a c i t e  Mine 
Dra inage  and  
Flood C o n t r o l  

4. F e d e r a l  Coal  
Mine H e a l t h  and 
S a f e t y  Act of 
1969 

5. F e d e r a l  Metal  
and Nan-metal 
H e a l t h  and 
S a f e t y  Act 

A g a i n ,  t h e r e  i s  i n s u f f i c i e n t  i m p a c t a b l e  b u d g e t  f r o m  
v h i c h  a n  e s t i m a t e  o f  c o s t - s a v i n g s  c o u l d  b e  d e r i v e d .  B e n e f i t s  
wou ld  come f r o m  w h a t e v e r  c a v e - i n s  w o u l d  b e  a v o i d e d  t h r o u g h  
s p o t t i n g  f r a c t u r e s  i n  ERTS i m a g e r y ;  b u t  t h i s  f i g u r e  w o u l d  b e  
i m p o s s i b l e  t o  a n t i c i p a t e .  

30 USC 1-11; 
36 S t a t .  370; 
37 S t a t .  681  

30 USC 551-558; 
68  Stat 1009 

30 USC 571: 
P.L. 87-818 

30 USC 801-960; 
P.L. 91-173 

DO I 

DO I 

1 

f 
I DO I 

DO1 

i n c r e a s i n g  s a f e t y  
i n  mines  

c o n t r o l  and e x t i n -  
g u i s h  mine f i r e s  

~ e a l  abandoned mines 

mine h e a l t h  and  
s a f e t y  

mine h e a l t h  and  
s a f e t y  

30 USC 721-740 
P.L. 89-577 

DO1 



C u r r e n t  ERTS A c t i v i t i e s  - -- 
S e e  RMF No. 5.5.1. 

1) Lowman, P a u l  
C o n s t r u c t e d  a f r a c t u r e  map o f  t h e  n o r t h e r n  S i e r r a  

Nevada f r o m  a n  ERTS-1 c o l o r  c o m p o s i t e .  Numerous p h o t o -  
l i n e a m e n t s ,  some o f  w h i c h  a re  p r o b a b l y  f a u l t s ,  n o t  shown o n  
e x i s t i n g  maps,  h a v e  b e e n  p l o t t e d  f r o m  t h e  ERTS p i c t u r e .  

2 )  W i e r ,  e t  a l .  
Founcl ERTS f r a c t u r e  d a t a  c o u l d  b e  u s e d  t o  i m p r o v e  

mine  s a f e t y  f r o m  s t u d i e s  i n  I n d i a n a .  

E s t i m a t e  of ERTS Economic  C a p a b i l i t i e s  

The u t i l i z a t i o n  o f  ERTS i m a g e r y  t o  d e t e c t  f r a c t u r e  z o n e s  
i s  e s t i a a t e d  t o  r e s u l t  i n  p o s i t i v e i n c r e a s e d  c a p a b i l i t y  b e n e f i t s .  
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DEVELOP NEW METHODS O F  LOCATING M I N E R A L S  

R a t i o n a l e  f o r  B e n e f i t s  

T h e r e  e x i s t s  a i leed t o  d e v e l o p  new m e t h o d s  o f  l o c a t i n g  
ncw m i n e r a l  d e p o s i t s  t o  k e e p  a b a l a n c e  i n  p r o d u c t i o n  t o  r e s e r v e  
r a t i o s .  As t h e  demand f o r  i n c r e a s e d  m i n e r a l  p r o d u c t i o n  g r o w s ,  
i t  becomes  n e c e s s a r y  t o  be a b l e  t o  l o c a t e  a n d  d e v e l o p  new re- 
s o u r c e  d e p o s i t s .  T h e s e  d e p o s i t s  may l i e  b e l o w  t h e  s u r f a c e  a n d  
t h e  d e t e c t i o c  o f  t h e s e  d e p o s i t s  becomes  a p r o b l e m  o f  c o r r e l a t i n g  
known g e o l o g i c  i n f o r m a t i o n  w i t h  i n f o r m a t i o n  t h a t  may y i e l d  a 
c l u e  as  t o  w h a t  i s  b e l o w  t h e  s u r f a c e .  

Many t h e o r i e s  e x i s t  as  t o  how m i n e r a l s  a c c u m Q l a t e  a n d  
how t h e y  a r e  b e s t  d e t e c t e d .  U n c e r t a i n t y  e x i s t s  a n d  it i s  t h e  
p u r p o s e  o f  r e s e a r c h  t o  r e d u c e  t h i s  u n c e r t a i n t y .  

I t  i s  d i f f i c u l t  t o  p r e d i c t  m a j o r  b r e a k t h r o u g h s  i n  
r e s e a r c h .  T h e o r i e s ,  h o w e v e r ,  n e e d  da ta  for  t e s t i n g  a n d  t h e  
s y n o p t i c  v i e w  w h i c h  r e m o t e  s e n s i n g  p r o v i d e s ,  w i l l  e n a b l e  t h e  
p r e d i c t i v e  power  o f  g e o l o g i c  t h e o r i e s  t o  b e  more  s e v e r e l y  
t e s t e d .  

B e n e f i t s  a c c r u e  t o  t h o s e  who c a n  claim a  p r o p e r t y  r i g h t  
t o  t h e  u s e f u l n e s s  o f  t h e  new r e s e a r c h .  On o n e  h a n d ,  i t  w i l l  
be t h e  f e d e r a l  g o v e r n m e n t  f r o m  i n c r e a s e d  l e a s e  b i d s  a n d  r o y a l t y  
p a y m e n t s  Erom m i n e r a l  leasea, t h e  I n d i a n  n a t i o n s  f r o m  s i m i l a r  
l e a s e s  a n d  t h e  p r i v a t e  m i n i n g  b u s i n e s s  sector.  S e c o n d a r y  
b e n e f i t s  a c c r u e  t o  t h e  p u b l i c  f r o m  p o t e n t i a l l y  r e d u c e d  p r i c e s  
o f  m e t a l s .  

A r e c e n t  s t u d y  c o n d u c t e d  by t h e  N a t i o n a l  Academy o f  
S c i e n c e s ,  the N a t i o n a l  Academy o f  E n g i n e e r i n g ,  a n d  t h e  N a t i o n a l  
R e s e a r c h  C o u n c i l  w a r n s  t h a t  d e s p i t e  t h e  k e y  r o l e  o f  m i n e r a l s  
i n  o u r  s o c i e t y  a n d  t h e  v a s t l y  i n c r e a s i n g  w o r l d w i d e  demand f o r  
m i n e r a l  p r o d u c t s ,  m i n e r a l  t e c h n o l o g y  i n  t h e  U n i t e d  S t a t e s  i s  
i n  a d e c l i n i n g  s t a t e ,  a n d  s e r i o u s  t r o u b l e  l i e s  a h e a d  f o r  t h e  
c o u n t r y  u n l e s s  c o r r e c t i v e  a c t i o n s  a r e  t a k e n  p r o m p t l y .  

N o n - F e d e r a l  A c t i v i t i e s  - 
Many m a j o r  u n i v e r s i t i e s  h a v e  o n g o i n g  g e o l o g i c a l  s t u d i e s  

where  new t h e o r i e s  o n  m i n e r a l  a c c u m u l a t i o n  a re  d e v e l o p e d  a n d  
t e s t e d .  The $10  b i l l i o n  m i n e r a l  i n d u s t r y  i s  m a i n l y  c o n c e r n e d  
w i t h  t h e  a p p l i c a t i o n  o f  t h e o r i e s  tc .ward  e c o n o m i c  e x p l o i t a t i o n -  
o f  m i n e r a l  d e p o s i t s .  T a b l e  1 5  l i s t :  some a p p l i c a b l e  F e d e r a l  
s t a t u t e s .  
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Funct ions o f  Remote Sens in9  

r v 
Table 15  Federal  S t a t u t e s  P e r t i n e n t  t o  RMF 5 . 8 . 1  

Remote s e n s i n g  a l lows s y n o p t i c  coverage of a  region  t h a t  
may prove promising f o r  new minera l  d e p o s i t s .  ~ i n e a m e n t s ,  f a u l t s ,  
f o l d s ,  and o t h e r  geomorphological d a t a  t h a t  a r e  impor tant  i n  
t h e  l o c a t i n g  of  o r e  d e p o s i t s  a r e  d i s c e r n i b l e  i n  ERTS-imagery. 
MSS scanning of v e g e t a t i o n  cover  may a l low g e o l o g i s t s  t o  l o c a t e  
below-surface minera l  d e p o s i t s  by uncovering minera l  s i g n a t u r e s  
i n  t h e  v e g e t a t i o n .  Ea r th  r e source  s a t e l l i t e s  provide  t h e  
unique o p p o r t u n i t y  of r epea ted  coverage of l a r g e  l and  a r e a s  and 
thus  improve t h e  p o s s i b i l i t y  of  d e t e c t i n g  minera l  r e sources .  

--------- 

No. Name o f  S t a t u t e  

1 . .  Bureau o f  l i n e .  

2 .  Mining and 
Mineral8 P o l i c y  
A c t  of 1970 

3. Resource Recovery 
A c t  of 1970 

4 .  Nat ional  S c i e n c e  
I undation Act 
o f  1970 

Economic and Technica l  Models f o r  Es t imat ing  B e n e f i t s  from Remote 
Sensed Data 

B e n e f i t s  a r e  probably l a r g e  i n  t h e  a r e a  c f  p o t e n t i a l l y  
a c c e l e r a t i n g  t h e  r a t e  of recovery of minera l  r e sources  ( s e e  RMF 
5.4.1) .  Es t imat ion  of  t h e s e  b e n e f i t s  i s  c u r t a i l e d  by l a c k  
02 inzormation on how much t h e  recovery  r a t e  could be impacted 
and t h e  i n s t i t u t i o n a l  s t r u c t u r e s  which i n h i b i t  maximum product ion  
r a t e s  f o r  t h e  sake  of  p r o f i t s .  

Current  ERTS A c t i v i t i e s  - 

-------.-- 

Function8 

mining research  

mining research  

promote n a t i o n a l  
re search  

promote re search  

.- 

----------- 

Reference 

30 U S C  1-11; 
36 S t a t .  370; 
37 S t a t .  681 

30 USC 2 l a ;  
P.L. 91-631 

42 USC 3251 

42 USC 1861- 
1875; 

P.L. 90-437 

Vincent ,  Robert K.  
  is covered t h a t  r a t i o  sca t te rgrammetry  ( s p e c t r a l  r a t i o  

imagery ) ,  of ZRTS d a t a ,  a meatis of de termining  from l a b o r a t o r y  
d a t a ,  what a  given m a t e r i a l  w i l l  look l i k e  i n  a  p a r t i c u l a r  r a t i o  
image. When t h e  l a b o r a t o r y  d a t a  batik i s  expanded t o  i n c l u d e  

--- 
Federal  
Agency 

DO1 

DO1 

DO1 

DO1 
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inore rock and mineral samples, i t  may eventua l ly  bc p o s s i b l e  
t o  i n t e r p r e t  r a t i o  images over completely unknown L-rrain  with 
acceptable accuracy. 

Estimate o f  ERTS Economic c a p a b i l i t i e s  

No b e n e f i t s  aro measured here s i n c e  t h e  a p p l i c a t i o n s  
are performed by p r i v a t e  industry who would cons ider  any new 
methodology propriatary.  
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DEVELOP NEW METHODS O F  L O C A T I N G  HYDROCARBON FUELS 

R a t i o n a l e  i ~ r  B e n e f i t s  

I n c r e a s i n g  energy  d e m a ~ ~ d  n e c e s s i t a t e s  i n c r e a s i n g  f u e l  
p r o d u c t i o n  and proven r e s e r v e s .  Although many of  t h e  g r e a t  
s t r u c t u r e s  and l a r g e r  s t r a t o g r a p h i c  t r a p s  have been l o c a t e d  and 
a r e  a l r e a d y  pro?  ic ing ,  a g r e a t  d e a l  o f  new o i l ,  g a s ,  and cchal 
can be found w i t n i n  known and unknown p roduc ing  p r o v i n c e s ;  f o r  
example, s e e  t h e  e s t i m a t e s  of r e s e r v e s  i n  F i g a r e  5.  A s  
g . 2o log i s t s  and g e o p h y s i c i s t s  become more sophisticated i n  ap- 
p l y i n g  new g e o l o g i c  knowledge and a s  t r a d i t i o n a l  t o o l s  a r e  
improved, t h e s e  l e s s  obvious  accumula t i ons  have a h i g h e r  
p r o b a b i l i t y  o f  b e i n g  d e t e  cad. Development o f  new d e p o s i t s  w i l l  
i n s u r e  i n c r e a s e d  f u e l s  p r o d u c t i o n .  

F e d e r a l  Government A c t i v i t i e s  a n d R e s p o n s i b i l i t i e s  --- 
The Nixon A d m i n i s t r a t i o n  had recommended ar e x p e n d i t u r e  

o f  $10 b i l l i o n  o v e r  a  5-year  p e r i o d  beg inn ing  w i t h  f i s c a l  1 9 7 5  
a s  p a r t  of " P r o j e c t  Independence."  Table  1 6  l i s t s  some a p p l i c a b l e  
f e d e r a l  s t a t u t e s .  

Non-Federal A c t i v i t i e s  

Table  1 6  F e d e r a l  S t a t u t e s  P e r t i n e n t  t o  RXF S . 8 . 2  

Many major u n i v e r s i t i e s  have ongoing g e o l o g i c a l  s t u d i e s  
where new t h e o r i e s  on hydrocarbon accumul i~ , t ions  a r e  deve loped  
a n d  t e s t e d .  The p r i v a t e  f u e l s  i n d u s t r y ' s  o u t p u t  i s  v a l n e t l  a t  
over $ 2 3  b i l l i o n  and i s  mainly concerned w i t h  t h e  a p p l i c a t i o n  
oE t n e o r i c s  towards  t h e  economic e x p l o i t a t i o n  of hy?rocarbon 
f u c l s  d e p o s i t s .  

1 P e d e t a l  
Agency 

DO I 

D O 1  

DO1 

DOT 

No. Nama o f  S t a t u t e  

1. *.Bureau of Mines 

2. Xining and 
Minera l s  P o l i c y  
Act of  1970 

3. Resource 
Recovery Act 
o f  1970 

4. Coal Research 
and Davelopnrnt  

N a t i o n a l  S c i e n c e  
PounCation As* o f  

. 
Funct ion8  

~ i n e r a l  f u a l s  
r e s e a r c h  

? i n e r a 1  f u o l a  
r e s e a r c h  

promote n a t i o n a l  
r e s e a r c h  

deve lop ,  t h r o u g h  
r e s e a r s h ,  now 
c o a l  mining 
no thod8  

%,fe rence  

30 USC 1-11 
36 S t & t .  3701 
37 Stat. 681 

30 USC Zla, 
P.L. 91-L31 

42  USC 3251 

30 USC 6611 
P.L. 86-599 

4 2  USC 1661- 
18751 

P.L.  9C-407 



RMF No. 5 . 8 . 2  

F u n c t i o n s  o f  Remote S e n s i n a  

M u l t i s p e c t r a l  i m a g e s  f r o m  e a r t h  r e s o u r c e s  s a t e l l i t e s  c a n  
p r c v i d e  d a t a  r e l e v a n t  t o  c l a s s i f i c a t i o n  o f  s o i l  a n d  r o c k  t y p e s .  
Land a n d  rock f o r m s  a r e  v i s u a l l y  e v i d e n t  i n  i m a g e s  as a r e  a l s o  
l i n c m a n t s ,  f r a c t u r e s ,  a n d  o t h e r  l a r g e  s c a l e  g e o l o g i c  f e a t u r e s  
a s s o c i a t e s  w i t h  m i n e r a l  a n d  f o s s i l  f u e l  d e p o s i t s .  

Economic a n d  T e c h n i c a l M o d e l s  f o r  E s t i m a t i n g  B e n e f i t s  f r o m  Remote 
S e n s e d  D a t a  

S e e  RMF 5 . 8 . 1 -  

C u r r e n t  ERTS A c t i v i t i e s  - 
S e e  RHF 5 .1 .1  a n d  5 .4 .2 .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  - 
The t h e o r i e s  g o v e r n i n g  t h e  c r e a t i o n  a n d  l o c a t i o n  o f  

p e t r o l e u m  a n d  g a s  a c c u m u l a t i o n s ,  w h i l e  w e l l  d e v e l o p e d ,  a re  
a c t i v e l y  d e b a t e d .  They r a n g e  f r o m  t h o s e  w h i c h  c l a i m  a n  o r g a n i c  
o r i g i n  t o  t h o s e  t h a t  s u p p o c t  t h e  m i l d  t h e r m a l  d e g r a d a t i o n  o f  
k c r o g c n  as t h e  p r i n c i p a l  mechanism by w h i c h  h y d r o c a r b o n s  i n  
n a t u r a l  Gas and p e t r o l e c m  are  p r o d u c e d .  

T h e s e  t h e o r i e s  a r e  t h e n  c o n n e c t e d  t o  s t r u c t u r e s  w h i c h  
r e q u i r e  f u r t h e r  g e o p h y s i c a l  a n d  g e o l o g i c  e x p l o r a t i o n  b e f o r e  
h y d r o c a r b o n  f u e l  d i s c o v e r i e s  c a n  be d e t e r m i n e d .  

I n  1964 ,  t h e  E n e r g y  S t u d y  Group c l a i m e d  t h a t  o f  c l e a r  
u t i l i t y  would  be a  me thod  t h a t  g i v e s  b o t h  u n e q u i - v o c a l  e v i d e n c e  
o f  h y d r o c a r b o n  a c c u m u l a t i o n s  a n d  c r i t e r i a  o n  t h e i r  c o m m e r c i a l  
s i g n i f i c a n c e .  Meager  s u c c e s s  h a s  r e w a r d e d  l i m i t e d  e f f o r t s  o v e r  
many y e a r s  t o  d e v i s e  a d i r e c t  s u r f a c e  me thod  o f  i n d i c a t i n g  t h e  
p r e s s n c e  o f  s u b s u r f a c e  d e p o s i t s  o f  h y d r o c a r b o n s .  The  i n c o r p o r a -  
t i o n  o f  t h e  ERTS s y n o p t i c  v i e w  i n t o  p r e s e n t  t h e o r i e s  may l e a d  
t o  r e f i n e d  a n d  new i d e a s  f o r  s u r f a c e  e x p l o r a t i o n .  

N e w  t e c h n i q u e s  i n  s e i s m o l o g y ,  name ly  b r i g h t  s p o t  a n a l y -  
s i s ,  a r e  c h a l l e n g i n g  more t r a d i t i o n a l  m e t h o d s  as  t h e  m a i n  
tool i n  o i l  a n d  g a s  e x p l o r a t i o n .  



R H F  No. 5 .9 .1  

ESTABLISH AND ENFORCE WINE SAFETY R E G U L A T I O N S  

R a t i o n a l e  f o r  B e n e f i t s  

D e s t r u c t i o n  o f  m i n i n g  r e s o u r c e s  a n d  t h e  n a t u r a l  r e -  
s o u r c e s  b e i n g  mined  i n c r e a s e s  t h e  r i s k  o n  r e t u r n  o n  i n v e s t m e n t .  
B e t t e r  m i n e  s a f e t y  r e g u l a t i o n  c a n  r e 3 u c e  t h i s  r i s k  w i t h  bene -  
f i t s  a c c r u i n g  t o  p r i v a t e  mine  o w n e r s ,  m i n e r s ,  t h r o u g h  r e d u c e d  
l o s s  o f  l i f e  a n d  l i m b ,  a n d  to t h e  p r i v a t e  sector  t h r o u g h  re- 
d u c e d  l o s s  o f  m i n e r a l  p r o d u c t i o n .  

F e d e r a l  Government  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  

T a b l e  17 l i s t s  some F e d e r a l  s t a t u t e s  a p p l i c a b l e  t o  
ERS i n f o m a t i o n .  

b 

TabXe 1 7  F e d e r a l  S t a t u t e s  P e r t i n e n t  t o  RHP 5.9.1 - -- --- 
Ho. Name o f  S t a t u t e  

1. Bureau o f  n i n e s  

2. C o n t r o l  o f  Coal  
n i n e  F i r e s  

3. A n t h r a c i t e  Kine 
Dra inage  and 
Flood C o n t r o l  

4. PederaL Coal  
Wine H e a l t h  
and Safety 
A c t ,  o f  1969 

5. F e d e r a l  N e t a l  and 
Non-metal Hea l th  
and S a f e t y  Act 

.---- - 

Refe rence  

30 USC 1-11: 
36 s t a t .  370; 
37 S t a t .  681  

30 USC 55;-558; 
6 8  Stat. 1309 

30 USC 571; 
P.L. 87-818 

30 USC 801-960 
P.L. 91-173 

30 USC 721-740 
P.L. 89-577 

F e d e r a l  
Agency 

W I  

W I  

DO1 

DO I 

DO I 

F u n c t i o o s  

i n c r e a s i n g  s a f e t y  
i,. mines 

c o n t r o l  and  e x t i n -  
g u i s h  n i n e  f i r e s  

s e a l  abandoned 
mines 

mine h e a l t h  and - 
s a f e t y  

mine h e a l t h  and 
s a f e t y  



RMF No. 5.9.1 

Non-Federa l  A c t i v i t i e s  - 

The s t a t e s  w i t h  m i n i n g  i n d u s t r i e s  a l l  h a v e  t h e i r  own 
mine r e g u l a t i o n s .  P r i v a t e  m i n i n g  o p e r a t o r s  a l s o  h a v e  a v e s t e d  
i n t e r e s t  i n  p r o v i d i n g  s a f e  w o r k i n g  c o n d i t i o n s ;  however ,  f o r  t h e  
e n t r e p r e n e u r s  i t  i s  a n  e c o n o m i c  t r a d e - o f f  b e t w e e n  s a f e t y  and 
p r o f i t a b i l i t y .  U n i o n s  are a l s o  a c t i v e  i n  t h i s  a r e a .  

F u n c t i o n s  o f  Remote S e n s i n g  - 
Remote - sensed  i n f o r m a t i o n  p r o v i d e s  a n  o b j e c t i v e  m o n i t o r -  

i n g  c a p a b i l i t y .  See RMF areas 5.5 a n d  5.6 

B e n e f i t s  h a r e  a re  l a r g e l y  u n q u a n t i f i a b l e ;  t h e y  a r e  b a s e d  
o n  how much p r o p e r t y  a n d  l i v e s  m i g h t  b e  s a v e d  t h r o u g h  s t r i c t e r  
s a f e t y  r e g u l a t i o n s .  

C u r r e n t  ERTS A c t i v i t i e s  

S e e  RMF'S  5.5, 5.6 

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

No b e n e f i t s  h a v e  b e e n  q u a n t i f i e d  f o r  t h i r  f u n c t i o n .  



RMF No. 5 . 9 . 2  

ESTABLISH POLICIES FOR AND ADMINISTER OFFSHORE OIL AND 
GAS LEASE SALES 

Rationale for Benefits 

This activity includes coordination of national 
energy use and production. The benefits occur by providing 
a balanced production-to-reserve ratio given the prices for-- 
oil and gas. Also liability damages from offshore oil spills 
need to be traced to their originator. 

Benefits accrue to the private sector through increas- 
ed oil and gas output and to damaged parties of oil spills. 

Federal Government Activities and Res~onsibilities 

The OEfshore Drilling Act (P.L. 92-500) contains 
legislation to improve monitoring of offshore drilling lease 
compliance. 

Ron-Federal Activities 

Private industry leases all offshore areas and looks 
to offshore drilling as a potential large reserve area. 
Consider the following excert from the oil an2 gas report:* 

Much o f  the United States continental shelf is 
unexplored. Who can say at this time that 
another "Los Angeles Basin1' doesn't wait for 
discovery and exploitation baneath the waters 
of the Southern California Borderland (Emery, 1960)? 
Who knows that there is not another "MidlLe East," 
for example, beneath the continental mar off 
the southern Atlantic coast of the Unite cates, 
with another "Ghawar" accumulation (the laigest 
single oilfield yet discovered in the world) 
containing another "75 billion barrels of pro- 
ducible reserves" (Arabian American Oil Company, 
1959; Halbouty and others, 1970)? The onshore- 
offshore region south of Cape Hatteras has much 
in common geologically with the onshore-offshore 

* Oil and Gas, United States Mineral Resources 
Ibid, p. 490 



region of Saudi Arabia, including a very thick 
section of structurally similar lithologies 
beneath a very large area. Prior to discovery 
by the drill and subsequent development, Ghawar 
field was not a particularly conspicuous prospect 
of structure, either from surface geologic 
mappiag or geophysical interpretation (Arabian 
American Oil Company, 1959, especially p. 437 
and p. 440-443). 

Functions of Remote Sensinp 

Remote sensing might be capable of detecting 
hydrccarbon leakage in offshore areas. This can be useful 
in directing exploration resources- Furthermore, if the 
remote-.sensing capability can detect drilling platforms, this 
will allow the area geologist to survey offshcre rigs 
and monitor them for oil spills. 

Economic and Technical Models for Estimating Benefits 
of Remote Sensed Data 

Better information and infarmation-dissemination 
would aid in arriving at a completitive, maximum economic 
rent ftr these properties. 

Current ERTS Activites 

Almost no work has been directed toward realizing 
capabilities in this area. For assessment of ERTS capabilities 
in water surface and underwater activities, see Volume IX on 
Oceans. 

Estimate of ERTS Economic Capabilities 

No benefits are reported for this RMF. 
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APPENDIX C 

SUMMARY OF APPLICABLE LAWS AND STATUTES 

DEPARTMENT OF THE I N T E R I O R  

U - S o  Geological Survey 

The USGS was established on March 3, 1879 
(20 Stat. 394; 43 USC 31). Its purpose is to provide for the 
classification of public lands and the examination of the 
geological structure, mineral resources, and the products of 
the national domain. By the act of September 5, 1962 
(76 Stat. 427; 43 USC 31(b)), this authorization was expanded 
to include such examinations outside the national domain. 

Relevant legislation: 

No. Reference - Name - 
1) 30 USC 641-646 Exploration Program 

(P.L. 85-701; 72 Stat. 700) for Discovery of 
Minerals 

2 15 USC 715 Connally Hot Oil Act 

3 ) 43 USC 31 
(P. L. 87-626) 

4 40 USC 481 (c) 

5 22 USC 2357 
(P.L. 87-195; P.L. 90-554) 

Bureau of Mines 

Geological Survey 

Federal Property and 
Administrative Act 
of 1949 

Foreign Assistance 
Act 

The Bureau of Mines was established on July 1, 1910 by 
the Organic Act of May 16, 1910 (36 Stat. 369; 30 USC Secs. 
1, 3, 5-71. The Bureau performs research, provides information 
to the public, condusts inquiries in accordance with the laws 
pertinent to the technology of processing, use, and disposal 
of minerals and mineral fuels. T h e  1910 act, as amended, has 
been supplemented by several statutes which allows associated 
mineral wastes. 



R e l e v a n t  l e g i s l a t i o n :  

No: - R e f e r e n c e  N a m e  - 
1) 30 USC 1-11 O r g a n i c  A c t  o f  1 9 1 0  

( 3 6  S t a t .  370;  37 S t a t .  681 )  

2 1 30 USC 21a 
(P.L. 91-631)  

3  30  USC 551 
( 6 8  S t a t .  1 0 0 9 )  

4 1 30 USC 571  
(P.L. 87-818)  

5 30 USC 9 5 1  
(P.L. 91-173) 

6 42 USC 3251-3259 
(P.L. 91-512) 

Min ing  a n d  M i n e r a l s  
P o l i c y  A c t  of 1 9 7 0  

C o n t r o l  o f  C o a l  Mine 

A n t h r a c i t e  Mine D r a i n -  
a g e  a n d  F l o o d  C o n t r o l  

F e d e r a l  C o a l  Mine 
H e a l t h  a n d  S a f e t y  A c t  
o f  1 9 6 9  

R e s o u r c e  R e c o v e r y  A c t  
o f  1970  

Min ing  E n f o r c e m e n t  a n d  S a f e t y  A d m i n i s t r a t i o n  

The  Min ing  E n f o r c e m e n t  and  S a f e t y  A d m i n i s t r a t i o n  was 
e s t a b l i s h e d  o n  May 7 ,  1 9 7 3  by  S e c r e t a r i a l  O r d e r  No. 2953 .  

R e l e v a n t  l e g i s l a t i o n :  

No : - R e f e r e n c e  

1) 30 USC 7 2 1  n o t e  
(P.L. 89-577)  

2 3 0  USC 8 0 1  n o t e  
(P.L. 91-173)  

Name 

F e d e r a l  Metal a n d  
Nonmeta l  Mine S a f e t y  
A c t  

F e d e r a l  C o a l  Mine 
H e a l t h  a n d  S a f e t y  
A c t  o f  1969 

O f f i c e  o f  C o a l  R e s e a r c h  

The o f f i c e  o f  C o a l  R e s e a r c h  :?a; e s t a b l i s h e d  p u r s u a n t  
t o  t h e  C o a l  R e s e a r c h  Ac t  of J u l y  7 ,  1 9 6 0  ( 7 4  S t a t .  336 ;  
30 USC 661-668). The Office s e e k s  t o  develop new a n d  more 
e f f i c i e n t  m e t h o d s  o f  m i n i n g ,  p r e p a r i n g ,  a c d  u t i l i z i n g  coa l .  
t o  i n s u r e  a b u n d a n t  s u p p l i e s  o f  c l e a n  e n e r g y .  



No. - Re tarence Name - 
1) 30 USC 661-668 

( P . L .  86-599) 
Coal Research Act of 
1960 

Office of Oil and Gas 

The Office of Oil and Gas was established on May 6, 1946 
in response to the Presidential Letter of May 3, 1946. The 
Office develops, evaluates, and coordinates information t~ 
provide a sound basis for government oil and gas programs and 
is the principal channel of communication between the Federal 
government, the petroleum industry, the oil producing states 
and the gublic. It maintains a capability to respond to 
emergencies affecting the Uation's supply of oil and gas and 
administers the Mandatory Oil Import Program. 

Office of Energy Conservation - 
The Office of Energy Conservation was established on 

May 7, 1973 by Secretarial Order No. 2953. The Office promotes 
efficiencies in the use and development of energy resources; 
coordinates all Federal energy conservation programs; conducts 
research on methods to improve the efficiency of energy usage; 
and develops contingency plans for nationwide power, fuel, 
and mineral resource emergencies caused by natural disasters, 
civil defense emergencies, or other interuptions of the 
Nation's energy and mineral supplies. 

Office of Energy Data and Analysis 

The Office of Energy Data and Analysis was established 
on May 7, 1973 by Secretarial Order No. 2953. The office 
serves as the focal point in DO1 for coordinating functions 
related to gathering and analyzing energy data. 

Bureau of Land Management 

The Bureau of Land Management was established on 
July 16, 1946 in accordance with the provisions of Sections 
402 and 403 of the President's Reorganization Plan No. 3 of 
1946 (5 USC 133y-16). The Bureau classifies, maaages, and 
disposes of the public lands and their related resources 
according to the principles of multiple-use management. It 
zlss administers the mineral resources connected with the 
acquired lsnds and the submerged lands of the Outer Continenta, 
Shelf. 



R e l e v a n t  l e g i s l a t i o n :  

No. - R e f e r e n c e  

1) 43  USC 1 

EXECUTIVE O F F I C E  

F e d e r a l  E n e r g y  O f f i c e  

Bureau  o f  Land 
Management 

The F E O  was e s t a b l i s h e d  o n  December 4 ,  1 9 7 3  by  
E x e c u t i v e  Order No. 11748 .  T h i s  O f f i c e  i s  r e s p o n s i b l e  f o r  
a s s u m i n g  t h a t  a d e q u a t e  p r o v i s i o n  i s  made t o  m e e t  t h e  e n e r g y  
n e e d s  o f  t h e  n a t i o n  f o r  t h e  f o r s e e a b l e  f u t u r e  a n d  p r o v i d e s  
t h e  b a s i s  f o r  r a p i d  e x p a n s i o n  o f  t h e s e  a c t i v i t i e s  t o  d e a l  
w i t h  a n  e n e r g y  emergency .  

Upon e n a c t m e n t  o f  p e n d i n g  l e g i s l a t i o n ,  t h e  o p e r a t i n g  
p r o g r a m s  o f  t h i s  o f f i c e  w i l l  b e  t r a n s f e r r e d  t o  t h e  F e d e r a l  
E n e r g y  A d m i n i s t r a t i o n .  

A p p a l a c h i a n  R e g i o n a l  Deve lopmen t  P rog ram 

T h i s  p r o g r a m  w a s  a u t h o r i z e d  by  t h e  A p p a l a c h i a n  
Redeve lopmen t  Ac t  o f  1365.  One o f  i t s  m a j o r  p r o g r a m s  i l l  t h e  
Mine A r e a  R e s t o r a t i o n  P rogram u n d e r  w h i c h  it i s  r e s p o n s i b l e  t o  
s e a l  a n d  f i l l  v o i d s  i n  abandoned  c o a l  m i n e s ;  p l a n  a n d  e x e c u t e  
p r o j e c t s  f o r  t h e  e x t i n g u i s h m e n t  a n d  c o n t r o l  o f  u n d e r g r o u n d  a n d  
o u t c r o p  mine  f i r e s ;  a n d  t o  r e c l a i m  and  r e h a b i l i t a t e  s t r i p  a n d  
s u r f a c e  mine  a r e a s .  

INDEPENDENT A G E N C I E S  

Government  S e r v i c e s  A d m i n i s t r a t i o n  

G S A ,  u n d e r  i t s  P e r s o n a l  P r o p e r t i e s  A c t i v i t i e s  i s  
r e s p o n s i b l e  f o r  g o v e r n m e n t a l  s t o c k p i l i n g .  

No. - R e f e r e n c e  -- N a m e  - 
1) 50 USC 98-98h 

50 USC 2061-2166 

S t r a t e g i c  a n d  C r i t i c a l  
Materials S t o c k p i l i n g  
A c t  

D e f e n s e  P r o d u c t i o n  A c t  
o f  1 9 5 0  



No. - 
3 )  

R e f e r e n c e  

68 S t a t .  456;  73  S t a t  607 

Name 

A g r i c u l t u r a l  T r a d e  
Developmen'. a n d  A s s i s t -  
a n c e  Ac t  o f  1954 

E n v i r o n m e n t a l  P r o t e c t i o n  Agency 

THE EPA's e f f o r t s  a r e  o r i e n t e d  t o w a r d  p r o d u c i n g  t h e  
s c i e n t i f i c  knowledge  a n d  t o o l s  f o r  r e g u l a t i n g ,  p r e v e n t i n g ,  a n d  
a b a t i n g  p o l l u t i o n .  I n  t h e  a r e a  o f  n o n - r e p l e n i s h a b l e  n a t u r a l  
r e s o u r c e s ,  t h e  EOA i s  i n v o l v e d  i n  c o n t r o l l i n g  mine  p o l l u t i o n .  
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NSF i n i t i a t e s  a n d  s u p p o r t s  b a s i c  and  a p p l i e d  r e s e a r c n ,  
s c i e n c e ,  a r d  t e c h n o l o g y  p o l i c y  r e s e a r c h ,  s c i e n c e  e d u c a t i o n  
improvemen t  a c t i v i t i e s ,  a n d  r e l a t e d  s c i e n t i f i c  p r o g r a m s  t o  
p r o m o t e  t h e  p r o g r e s s  o f  s c i e n c a  a n d  a d v a n c e  t h e  N a t i o n ' s  
h e a l t h ,  p r o s p e r i t y ,  w e l f a r e ,  a n d  s e c u r i t y .  

R e l e v a n t  l e g i s l a t i o n :  

No. - R e f e r e n c e  

1) 42 USC 1861-1875 
(P.L. 9 0 - 4 0 7 )  
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N a t i o n a l  S c i e n c e  
F o u n d a t i o n  A c t  of 1950 
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APPENDIX E : 

ROLE OF ERTS-1 DATA IN PETROLEUM EXPLORATION STRATEGY 

(The following has been excerpted from "An Evaluation 
of BRTS Data for the Purposes of Yettoleua Exploration," Eason 
Oil Co. OJ Cft.) 

BRTS-1 data are extremely useful during the initial 
phases of petroleum exploration, and can make significant con- 
tributions later in the exploration process. Our work con- 
vinces us that by studying ERTS data one can gain an under- 
standing of regional liihologic and structural relationships 
and rapidly focus attention on areas of exploration interest, 
even in an area that is as coaplex and difficult from the 
standpoint of surface exploration as the Anadarko Basin. Once 
specific areas of interest are identified one can derive 
significant detailed information by detailed interpretation of 
these areas on ERTS imagery. We believe that ERTS imagery will 
he most important in the exploration of poorly known areas 
rather than in highly developed exploration provinces such as 
Anadarko Basin. 

Aspects of ERTS interpretation that are iaportant in the 
regional analysis phase of exploration are: mapping inferred 
lithology and major structural features, such as the axes of 
large synclines and anticlines, mapping of major fracture sys- 
tems (if they can be separated from other linears) and mapping 
of closed anomalies -ecognized on th2 basis ot tone, texture, 
geomorpholoqy or inferred structure. Interpretation of this 
cype can be used to postulate the geologic framework of the 
region and to focus attention on specific areas. An inter- 
pretation of linear features may contribute to overall under- 
standing at this point, but we found it helped little. This 
preliminary interpretation should be done "blind", that is, 
without extensive reference to known or published data. Avail- 
able 'x should be used to refine and modify the preliminary 
ERTS interpretation and analysis and to arrive at a regional 
synthesis of the geology. 

Once this preliminary synthesis is complete, areas 
chosan as interesting or anomalous can be examined in greater 
detail in order to extract as much information as possible. It 
is at this level of study that interpretations of linears 
become important because the linears may coincide with or 
define alinements of alomalies or may contribute to a greater 
understanding o f  specitic anomalies. In zxplored petroleum 
provina?~, features identi-ied as being of interest in 
~etroleum exploration should be carefully examined on the ERTS 



imagery to s . e  if it is possible to extract additional infor- 
mation or discern regional relationships. These inter- 
pretations and analyses can be used to plan regional recon- 
naissance, geological and geophysical programs, and to begin 
planning more detailed programs for specific anomalies. Any 
anomalies identified in the ERTS imagery almost certainly 
would he checked on normal air photographs before undertaking a 
seismic survey over them. 

Xn addition ' 1 providing the interpretive base for 
planning regional surveys, ERTS imagery is an excellent map 
for planning logistic;, overflights, the location of 
oparations bases, etc. 

Because of small scale and low resolution,BRTS inter- 
pretation can contribute relatively little during the detailed 
phases of exploration. In some instances it could help in 
choosing a well site (e.g.. locating a weil on the side of a 
river neat access roads instead of the other side). There may 
be a few instances where ERTS might be useful in actual selection 
cf E location (e-g., extension of known fracture porosity, 
extension of known fields, etc.), but these situations are 
expected to be rare. In all instances, one would want to obtain 
confirmation with the more customary exploration tools. 

It is necessary, at all levels of ERTS interpretation, 
to continuously integrate ERTS imagery, aircraft acquired 
inagery, and ground data. This i~tegration enables the inter- 
preter to fully understand the information content of ERTS 
inage-y, to Corm a geological synthzsis and propose the most 
reasonable hypotheses, 

EBTS provides a means of quickly understanding the 
geology of an exploration province and it rapidly focuses 
attention on features that may be o f  explaration inter2qt. We 
believe these two advantages will be the main contributions ERTS 
can make to a petroleum exploration program. These types of 
information caik greatly reduce the amount of reconnaissance 
geological and geophysical work necessary and result in a 
great saving of time and of manpower. 
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