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ABSTRACT 

Dur ing  t h e  months o f  August through September, 1978, geoMetrics,. I n c .  
f l e w  a p p r o x i m a t e l y  9000 l i n e  m i l e s  o f  h i g h  s e n s i t i v i t y  a i r b o r n e  
r a d i o m e t r i c  and magnet ic d a t a  i n  eas te rn  Wyoming and southern Montana 
o v e r  t h r e e  lo x  2"  NTMS quadrangle (Newcastle, G i l l e t t e  and Eka laka)  
as p a r t  o f  t h e  Depa r tmen t  o f  E n e r g y ' s  N a t i o n a l  U r a n i u m  Resource  
E v a l u a t i o n  program. 

A1 1  r a d i o m e t r i c  and magnet i'c da ta  were f u l  l y  reduced and i n t e r p r e t e d  
b y  g e o M e t r i c s ,  and a r e  p r e s e n t e d  as f o u r  volumes (one Volume I and 
t h r e e  Volume 1 1 ' s )  i n  t h i s  r e p o r t .  

T h e  s u r v e y  a r e a  l i e s  e n t i r e l y  w i t h i n  t h e  n o r t h e r n  G r e a t  P l .a ins  
P h y s i o g r a p h i c  P r o v i n c e .  The deep Powder R i v e r  Bas in  and t h e  Black 
H i l l s  U p l i f t  a r e  t h e  two  dom inan t  s t r u c t u r e s  i n  t h e  a r e a .  Bo th  
s t r u c t u r e s  s t r i k e  NNW approx imate ly  p a r a l l e l  t o  each o t h e r  w i t h  t h e  
Powder R i v e r  B a s i n  t o  t h e  wes t  o f  t h e  U p l i f t .  The Bas in  i s  one o f  
t h e  1  a r g e s t  and d e e p e s t  i n  t h e  n o r t h e r n  Great  P l a i n s  and con ta ins  
o v e r  17,000 f e e t  o f  P h a n e r o z o i c  s e d i m e n t s  'a t  i t s  d e e p e s t  p o i n t .  

Economic  d e p o s i t s  o f  o i l ,  c o a l ,  b e n t o n i t e  and uranium a r e  found  i n  
t h e  T e r t i a r y  a n d / o r  C r e t a c e o u s  r o c k s  o f  t h e  Basin.  Gold, s i l v e r ,  
1 ead, c o p p e r ,  manganese, r a r e - e a r t h  elements and uranium have been 
m ined  i n  t h e  Up1 i f t .  E p i g e n e t i c  uran ium depos i t s  l i e  p r i m a r i l y  i n  
t h e  Monument H i l l s  - Box Creek and Pumpkin B u t t e s  - T u r n e r c r e s t  
d i s t r i c t s  w i t h i n  a r k o s i c  s a n d s t o n e s  o f  t h e  P a l e o c e n e  F o r t  Un ion  
Format ion. 

A t o t a l  o f  368  g r o u p s  o f  s t a t i s t i c a l  v a l u e s  i n  t h e  uranium window 
m e e t  t h e  c r i t e r i a  f o r  v a l i d  a n o m a l i e s  and a r e  d i s c u s s e d  i n  t h e  
i n t e r p r e t a t i o n  s e c t i o n s  (83 i n  Newcastle, 109 i n  G i l l e t t e ,  and 126 i n  
Eka l  aka) .  Most anomal i e s  1  i e  i n  t h e  T e r t i a r y  sediments o f  t h e  Powder 
R i v e r  B a s i n ,  b u t  o n l y  a  f ew  a r e  c l e a r l y  r e l a t e d  t o  known uranium 
mines 'or p rospec t s  . 
M a g n e t i c  d a t a  g e n e r a l l y  d e l i n e a t e  t h e  deep Powder R i v e r  Bas in  r e l -  
a t  i v e  t o  t h e  B l a c k  H i l l s  U p l i f t .  H igher  f requency  anomalies appear 
r e 1  a t e d  t o  p r o d u c i n g .  o i  1  f i e l d s  and mapped sedimentary  s t r u c t u r e s .  
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INTRODUCTION 

Under  t h e  U.S. Depa r tmen t  o f  E n e r g y ' s  (DOE), N a t i o n a l  Uranium Re- 
s o u r c e  E v a l u a t i o n  (NURE) Program, geoMetr ics,  Inc . ,  conducted a  h i g h  
s e n s i t i v i t y  a i r b o r n e  r a d i o m e t r i c  and m a g n e t i c  s u r v e y  o f  t h e  New- 
c a s t l e ,  G i l  l e t t e ,  and E k a l  aka  1:250,000 q u a d r a n g l e s ,  w i t h i n  t h e  
S t a t e s  o f  Wyoming, Montana,  Sou th  and 'Nor th  Dakota (see F i g u r e  1 ) .  
The o b j e c t i v e s  o f  t h e  (DOE)/ NURE program, o f  which t h i s  p r o j e c t  i s  a  
sma l l  p a r t ,  may.be summarized as f o l l o w s :  

"To d e v e l o p  and c o m p i l e  g e o l o g i c  and o t h e r  
i n f o r m a t i o n  w i t h  w h i c h  t o  assess  t h e  magni- 
t u d e  and d i s t r i b u t i o n  o f  u r a n i u m  r e s o u r c e s  
and  t o  d e t e r m i n e  a r e a s  f a v o r a b l e  f o r  t h e  
occur rence  o f  uranium i n  t h e  U n i t e d  S ta tes  ..." 
(DOE) 

As an i n t e g r a l  p a r t  o f  t h e  DOEINURE Program, t h e  N a t i o n a l  A i r bo rne  
R a d i o m e t r i c  Program i s  des igned t o  p r o v i d e  c o s t  e f f e c t i v e ,  semiquan- 
t i t a t i v e  reconnaissance r a d i o  element d i s t r i b u t i o n  i n f o r m a t i o n  t o  a i d  
i n  t h e  assessment  o f  r e g i o n a l  d i s t r i b u t i o n  o f  u r a n i f e r o u s  m a t e r i a l s  
w i t h i n  t h e  U n i t e d  S ta tes .  

A l l  A i r b o r n e  d a t a  c o l l e c t e d  d u r i n g  t h e  course  o f  t h i s  p r o j e c t  were 
done  so u t  il i z i n g  an A e r o s p a t  i a l e  SA315B "Lama" h e l i c o p t e r  (U.S. 
R e g i s t r y  No. N49531) ,  .here in  des igna ted  Lama 11, and an S2F Grumman 
T r a c k e r  (U.S. R e g i s t r y  No. N9AG). The S2F used 4096 c u b i c  inches o f  
NaI  c r y s t a l  and t h e  Lama used 2304 c u b i c  inches  o f  NaI c r y s t a l .  Both 
a i r c r a f t  u t i l i z e d  h i g h  s e n s i t i v i t y  p r o t o n  magnetometers 10.25 gamma). 

T h i s  f i n a l  r e p o r t  i s  o rgan ized  i n  two l o g i c a l  s e c t i o n s :  ( a )  Volume 
I, c o n t a i n i n g  t h e  s u r v e y  d e s c r i p t i o n ,  s p e c i f i c a t i o n s ,  d a t a  process- 
i n g  met l i ods ,  i n t e r p r e t a t  i o n  methods,  r e g i o n a l  geo log i c  r e v i e w  and 
r e g i o n a l  s l . l r vey  r e s u l t s  and ( b )  one volume, Volume 11, f o r  each of 
t h e  t h r e e  q u a d r a n g l e s  cover-ed b y  t h e  Powder R i v e r  I 1  P r o j e c t  Area. 
Each Volume I I c o n t a i n s  a  d e t a i l e d  geo log i c  summary, i n t e r p r e t a t i o n  
r e p o r t ,  s t a t i s t i c a l  anomaly maps, pseudo-contour maps, i n t e r p r e t a t i o n  
map, f l  i g h t  1  i n e  and g e o l o g i c  base  map, i n d i v i d u a l  c o r r e c t e d  p ro -  
f i l e s ,  computer map u n i t  h i s tograms and s t a t i s t i c a l  t a b l e s .  

A1 1  d a t a  p r o c e s s i n g ,  s t a t i s t i c a l  a n a l y s e s ,  and i n t e r p e t a t i o n  were 
p e r f o r m e d  a t  t h e  geoMetr ics  computer f a c i  1  i ty, Sunnyvale, Cal i f o r n i a  
A f t e r  p r o c e s s i n g ,  t h e  c o r r e c t e d  d a t a  were s t a t i s t i c a l  l y  eva lua ted  t o  
d e f i n e  t h o s e  a r e a s  which were r a d i o m e t r i c a l  l y  anomalous r e l a t i v e  t o  
o t h e r . a r e a s  w i t h i n  each  s i m i l a r  computer map u n i t  and d i s p l a y e d  as 
znomaly maps. Anomaly maps and r a d i o m e t r i c  and magnet ic p r o f i l e  d a t a  
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Figure 1. SURVEY AREA 



were  f i r s t  e v a l u a t e d  i n d i v i d u a l l y  and t h e n  i n t e g r a t e d  i n t o  a  f i n a l  
i n t e r p r e t a t  i'on map f o r  each NTMS quadrangle .  

C o r r e c t e d  p r o f i l e s  o f  a1 1  r a d i o m e t r i c  v a r i a b l e s  ( t o t a l  count ,  po tas -  
s ium,  u r a n i u m ,  t h o r i u m ,  u r a n i u m / t h o r i u m ,  u r a n i u m / p o t a s s i u m ,  and* 
t h o r i u m / p o t a s s i u m  r a t i o s ) ,  m a g n e t i c  d a t a ,  r a d a r  a l t i m e t e r  da ta ,  
b a r o m e t r i c  a1 t i m e t e r  d a t a ,  a i r  t e m p e r a t u r e ,  and a i r b o r n e  b ismuth 
c o n t r i b u t i o n s  a re  p resen ted  as p r o f i l e s  i n  Volume I 1  o f  t h i s  r e p o r t .  
S i n g l e  r e c o r d  and ave raged  d a t a  a re  pr'esented on m i c r o f i c h e  a t  1.0 
second sample i n t e r v a l s ,  c o r r e c t e d  f o r  Compton S c a t t e r ,  r e f e renced  t o  
400 f o o t  mean t e r r a i n  c learance,  a t  Standard Temperature and Pressure  
(STP) and c o r r e c t e d  f o r  atmospher ic b ismuth i n  Appendix C o f  Volume 
I .  D i g i t a l  m a g n e t i c  tapes are a v a i l a b l e  f r om  geoMetr ics  c o n t a i n i n g  

, raw s p e c t r a l  data,  s i n g l e  r e c o r d  data,  magnet ic  data,  and s t a t i s t i c a l  
a n a l y s i s  r e s u l t s .  



SUMMARY OF SURVEY RESULTS 

REGIONAL GEOLOGY 

The a r e a  u n d e r  s t u d y  l i e s  e n t i r e l y  w i t h i n  t h e  n o r t h e r n  Great P l a i n s  
P r o v i n c e .  P o r t i o n s  o f  f i v e  m a j o r  geo log i c  s t r u c t u r e s  l i e  w i t h  t h e  
a r e a ' s  b o u n d a r i e s  ( M a l l o r y ,  1 9 7 2 ) .  G e o l o g i c  base  maps f o r  t h e  
q u a d r a n g l e s  a r e  f r om p u b l i s h e d  o r  o p e n - f i l e d  r e p o r t s  f rom t h e  U.S. 
G e o l o g i c a l  Su rvey .  See vo lume I 1  f o r  a  c o m p l e t e  b i b l i o g r a p h y  o f  
r e f e r e n c e s  used i n  i n t e r p r e t a t i o n .  

The  Powder R i v e r  B a s i n  and t h e  Black H i l l s  U p l i f t  are t h e  dominant 
s t r u c t u r e s  o f  t h e  area.  The s t r u c t u r e s  a re  approx imate ly  para1 l e l  , 
s t r i k i n g  NNW th rough  t h e  s tudy  area. The Powder R i v e r  Bas in  l i e s  t o  
t h e  west  o f  t h e  B lack  H i l l s  U p l i f t .  I t i s  bounded by  p o r t i o n s  o f  t h e  
n o r t h - e a s t  s t r i k i n g  H a r t v i l l e  U p l i f t  a t  i t s  southeast  end, 'and t h e  
M i l e s  C i t y  A r c h  t o  t h e  no r th .  The Ekalaka Sync l ine ,  a  smal l  s t r u c -  
t u r e  c o n s i d e r e d  p a r t  o f  t h e  W i l l i s t o n  Basin,  which plunges t o  t h e  
n o r t h w e s t ,  i s  p r e s e n t  i n  t h e  extreme no r theas t  co rner  o f  t h e  s tudy  
area. 

The  B l a c k  H i 1  1s Up1 i f t  forms t h e  no r theas te rn  boundary o f  t h e  Powder 
R i v e r  B a s i n .  I t  i s  a b r o a d  a n t i c l i n a l  f e a t u r e  w h i c h  p r i m a r i l y  
exposes  M e s o z o i c  and P a l e o z o i c  s e d i m e n t a r y  r o c k s  w i t h  some minor  
ou t c rops  o f  T e r t i a r y  and Precambrian r o c k s  ( F i g u r e  2 ) .  

The Powder R i v e r  B a s i n  i s  one o f  t h e  l a r g e s t  and deepest bas ins  i n  
t h e  n o r t h e r n  Great  P l a i n s  Prov ince.  I t  c o n t a i n s  over  17,000 f e e t  o f  
P a l e o z o i c ,  Mesozo i c ,  and Cenozo i c  sed imen ts  a t  i t s  deepest p o i n t .  
Eocene and P a l e o c e n e  s e d i m e n t s  a r e  as t h i c k  as 6,000 f e e t  i n  some 
p l  aces .  However,  v e r y  few r o c k s  younger t h a n  Ol igocene a re  p resen t  
i n  t h e  b a s i n .  The Wasatch and F o r t  Union Format ions, which account 
f o r  n e a r l y  a l l  o f  t h e  T e r t i a r y  sequence exposed i n  t h e  bas in ;  r e p r e -  
s e n t  extensive f ' i u v i  a1 t o  p a l i i d a l  d e p o s l t l o n  which uccured i r ~  the  
Powder R i v e r  Bas in  as w e l l  as o t h e r  Wyoming bas ins  d u r i n g  t h e  Paleo- 
c e n e  and Eocene epochs.  Rock u n i t s  i n  t h e  b a s i n  a re  f l a t  t o  g e n t l y  
d i pp ing ,  b u t  steepen on t h e  l imbs  o f  the  boundary u p l i f t s .  

T o p o g r a p h y  v a r i e s  f r om a l o w  o f  approx imate ly  3,000 f e e t  above sea 
l e v e l  i n  t h e  f l a t  t o  r o l l i n g  p l a i n s  o v e r  t h e  Ekalaka Sync l ine,  t o  
n e a r l y  7,000 f e e t  i n  t h e  Bear  Lodge M o u n t a i n s  o f  t h e  Black H i l l s  
U p l i f t .  The Powder R i v e r  Bas in  p l a i n  l i e s ,  a t  a  f a i r l y  cons tan t  3,500 
t o  5,000 f e e t  above sea l e v e l .  

Economic  d e p o s i t s  o r  o i l  c o a l ,  uranium, and b e n t o n i t e  w e  found i n  
t h e  T e r t i a r y  a n d / o r  C r e t a c e o u s  r o c k s  o f  t h e  Powder R i v e r  B a s i n .  
W i t h i n  t h e  Black H i l l s  go ld ,  s i l v e r ,  lead,  copper, uranium, manganese 
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and r a r e - e a r t h  ' e l emen ts  have  been m ined .  D e p o s i t s  o f  f e l d s p a r ,  
neph'el ine, and gypsum a re  a l s o  p resen t  i n  t h e  B lack  H i l l s .  B e n t o n i t e  
and u ran ium have been found i n  t h e  Eka1,aka Sync1 i n e  and t h e  nor thwes t  
l i m b  o f  t h e  H a r t v i l l e  U p l i f t  (U.S.G.S. map MR-42, 1964).  

E p i g e n e t i c  u r a n i u m  d e p o s i t s  i n  t h e  southwestern Powder R i v e r  Basin,  
s u c h  a s  t h o s e  i n  t h e  Monument H i l l  - Box Creek  and t h e  Pumpkin 
B u t t e s  - T u r n c r e s t  d i s t r i c t s ,  occur  i n  . t h e  a r k o s i c  sandstones o f  t h e  
P a l e o c e n e  u p p e r  F o r t  U n i o n  F o r m a t i o n .  C l a i m s  have  been f i l e d  on 
u r a n i u m  d e p o s i t s  i n  Mesozoic r o c k s  i n  t h e  H a r t v i l l e  U p l i f t  area (See 
F i g u r e  3 ) . Economic uran ium d e p o s i t s  occur  i n  Cretaceous sandstones 
o f  t h e  I n y a n  K a r a  Group  and t h e  H e l l  Creek Format ion i n  t h e  B lack  
H i l l s  a r e a  and u r a n i u m  h a s  o c c u r e d  i n  t h e  C a r l i l e ,  H u l e t t ,  and 
E l k h o r n  Creek  a r e a s  i n  t h e  n o r t h w e s t e r n  p o r t i o n  o f  t h e  B lack  H i l l s  
Up1 i f t  ( S c h n a b e l ,  1955; B u t l e r  and o thers ,  1962; Robinson and Go t t ,  
1958; and Dahl and Hamgaier, 1974). 

INTERPRETATION 

Newcast 1  e  

I n t e r p r e t a t i o n  o f  t h e  r a d i o m e t r i c  d a t a  r e s u l t e d  i n  t a b u l a t i o n  o f  83 
s t a t i s t i c a l  u r a n i u m  anomal i e s  f o r  t h i s  quadrangle.  Most anomalies 
a r e  i n  t h e  e a s t e r n - c e n t r a l  p o r t i o n  o f  t h e  map w i t h i n  t h e  T e r t i a r y  
F o r t  U n i o n  and Wasatch F o r m a t i o n s .  However,  s e v e r a l  l i e  i n  t h e  
Monument H i 1  1  - Box Creek  and Pumpkin B u t t e s  - T u r n e r c r e s t  uran ium 
d i s t r i c t s  i.n t h e  southwest and nor thwes t .  

R e s i d u a l  m a g n e t i c s  c l e a r l y  r e f  1  e c t  t h e  g r e a t  dep th  t o  c r y s t a l  1  i n e  
P r e c a m b r i a n  basement i n  t h e  Bas in .  The Basi.n/Upl i f t  boundary i s  n o t  
r e a d i l y  observed i n  t h e  magnet ic data.  

G i  1  l e t t e  

A t o t a l  o f  109 g r o u p s  o f  samp le  r e s p o n s e s  i n  t h e  u r a n i u m  window 
c o n s t . i t u t e  " a n o m a l i e s "  as d e f i n e d  i n  S e c t i o n  V I I .  The anomalies 
a r e  mos t  f r e q u e n t l y  f o u n d  i n  t h e  I n y a n - K a r a  Morr ison,  Wasatch and 
F o r t  U n i o n  F o r m a t i o n s .  Many a n o m a l i e s  o c c u r  o v e r  known mines o r  
p r o s p e c t s .  O t h e r s  may r e s u l t  from unmapped uran ium mines o r  areas 
where m a t e r i a l  o t h e r  t h a n  uran ium i s  mined. The remainder may r e l a t e  
t o  n a t u r a l  geo log i c  fe 'a tures.  

M a g n e t i c  d a t a  a p p a r e n t l y  . i l l u s t r a t e  t h e  r e l a t i v e  depth t o  t h e  Pre- 
c a m b r i a n  c r y s t a l l i n e  r o c k s ,  b u t  o n l y  w e a k l y  d e f i n e  t h e  bounda ry  
be tween  t h e  Powder R i v e r  B a s i n  and t h e  B l a c k  H i l l s  U p l i f t .  The 
p o s i t i o n s .  o f  some s m a l l  i s o l a t e d  T e r t i a r y  i n t r u s i v e  bod ies  i n  t h e  



Black  H i 1  1s Up1 i f t  are r e 1  a t i v e l y  we1 1  expressed. 

Eka l  aka 

A  t o t a l  o f  1 7 6  g r o u p s  o f  sample r e s p o n s e s  i n  t h e  u r a n i u m  window 
c o n s t i t u t e  " a n o m a l i e s "  as d e f i n e d  i n  Volume I. These anomalies are 
f o u n d  m o s t  f r e q u e n t l y  i n  t h e  F o r t  U n i o n  F o r m a t i o n ,  b u t  s e v e r a l  
C r e t a c e o u s  u n i t s  have  a  l a r g e  number o f  anomalies assoc ia ted  w i t h  
t h e i r  mapped l o c a t i o n s .  Few o f  t h e s e  anomal i e s  occu r  over  known 
u r a n i u m  c l a i m s  o r  a reas  where m a t e r i a l  o t h e r  t han  uran ium i s  mined. 
M o s t  o f  t h e  anomal i e s  p robab l y  r e l a t e  t o  n a t u r a l  geo log i c  f ea tu res .  

M a g n e t i c  d a t a  a p p a r e n t l y  11 l u s t r a t e  r e l a t i v e  d e p t t ~ s  t o  t h e  Precnrn- 
b r i a n  basement  r o c k s  and c l e a r l y  d e f i n e  t h e  p o s i t i o n  o f  t h e  M i l e s  
City Arch. 



OPERATIONS 

PRODUCTION.SUMMARY-POWDER RIVER I 1  

F o r . t h e  t h r e e  NTMS Q u a d r a n g l e s  c o m p r i s i n g  t h e  "Powder R i v e r  11" 
P r o j e c t  a  t o t a l  o f  9010  l i n e  m i l e s ,  e x c l u d i n g  r e f l i g h t s  and over -  
1  aps, were  f l o w n  b y  t h e  T racker  and t h e  h e l i c o p t e r .  The p r o d u c t i o n  
summary p resen ted  below and t h e  d e t a i l e d  d a i l y  p r o d u c t i o n  i n  Appendix 
B desc r i bes  t h e  t o t a l  p r o j e c t .  T h i s  p r o j e c t  was f l o w n  s imu l t aneous l y  
w i t h  t h e  Powder R i v e r  Resea rch  and Development p r o j e c t  and, t h e r e -  
f o r e ,  seve ra l  f l i g h t s  c o l l e c t e d  d a t a  f r om  b o t h  areas. 

D a t a  c o l l e c t i o n  w i t h i n  t h i s  p r o j e c t  was i n i t i a t e d  b y  t h e  S2F on 
Augus t  11, 1978  a t  G i l  l e t t e ,  Wyoming. Lama I 1  began survey opera- 
t i o n s  on A u g u s t  23, 1978 f r o m  Broadus, Montana. The S2F completed 
i t s  p o r t i o n  o f  t h e  p r o j e c t  on September 10, and Lama I 1  f i n i s h e d  ' the 
su rvey  on September 9, 1978 (see  F i g u r e  4 ) .  

T h r o u g h o u t  t h e  c o u r s e  o f  t h e  o v e r a l l  p r o j e c t ,  t h e  average ground 
speed  m a i n t a i n e d  b y  t h e  h e l i c o p t e r  was 69 inph. The T r a c k e r ' s  speed 
ranged f r om 130 t o  140 mph. 

O v e r a l l ,  i n  e x c e s s  o f  95% o f  t h e  d a t a  c o l l e c t e d  we re  with;n t h e  
s p e c i f i c a t i o n  l i m i t s  ( a  sample a l t i t u d e  s t a t i s t i c a l  d i s t r i b u t i o n ' i s  
shown i n  F i g u r e  5 ) .  

DATA COLLECTION PROCEDURES 

Ope ra t i ng  ParametersISampl i n g  Procedures 

T h i s  survey was conducted us i ng  d a t a  c o l l e c t  i o n  parameters summarized 
. 

be1 ow: 

D a t a  s a m p l i n g  was p e r f o r m e d  b y  a  t i m e - b a s e d  system u s i n g  1.0 
second  samp le  i n t e r v a l s .  A1 1  s e n s o r  d a t a  w i t h  analog o u t p u t  
were  d i g i t a l l y  sampled a t  each scan based upon t h e  c l o c k  t i m i n g  
r a t e  o f  1 . 0  seconds .  The d a t a  so c o l l e c t e d  a re  t h e  i n s t a n t a n -  
eous v a l u e s  o f  t h e  a l t i m e t e r ,  temperature,  pressure,  and mag- 
n e t o m e t e r  p a r a m e t e r s  d e t e r m i n e d  a t  t h e  t i m e  o f  t h e  d a t a  scan, 
b u t  r e p r e s e n t  a  c o u n t  t i m e  o f  1 . 0  seconds  f o r  t h e  gamma r a y  
spect rometer  da ta .  , 

2 .  The  h e l i c o p t e r ' s  o b j e c t i v e  g r o u n d  speed was 70  mph and t h e  
Tra.cker  ' s  was 135 mph. N e i t h e r  one o f  t h e  o b j e c t i v e  speeds was 
exceeded un less  d i c t a t e d  b y  s a f e t y .  



FIGURE 4 

POWDER RIVER PROJECT' 
NEWCASTLE, GILLETTE, AND EKALAKA QUADRANGLE 
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3. For  Lama 11, t h e  downward l o o k i n g  c r y s t a l  volume was 2,048 cub ic  
i n c h e s  p r o v i d i n g  an o b j e c t i v e  V / V  ( c r y s t a l  volume i n  c u b i c  
i n c h e s  d i v i d e d  by ground speed i n  m i l e s  per hour )  o f  29.3 a t  70 
m.p.h.  The S2F used 3584 c u b i c  i n c h e s  o f  downward l o o k i n g  
c r y s t a l  y i e l d i n g  t h e  o b j e c t i v e  V I V  r a t i o  o f  26.5. 

4. The upward l o o k i n g  c r y s t a l  volume was 256 cub i c  inches f o r  Lama 
I 1  and 512 c u b i c  inches f rom t h e  S2F. 

Navigat  i o n l F l  i g h t  Path Recovery 

P r o f i l e s  were  f l o w n  east-west a t  3 m i l e s  (4.8 k l l ome t ' e r *~ )  spacing i n  
t h e  N e w c a s t l e ,  G i l l t l t t e ,  and E k a l a k a  quad rang les i  North-south t i e  
l i n e s  were f l o w n  a t  1 2  m i l e s  (19.2 k i l o m e t e r s )  spacing i n  a l l  these 
quadrangles. 

Nav iga t i on  was accompl i shed us ing  a  combinat i o n  o f  v i s u a l  and 'doppler  
n a v i g a t i o n ' t e c h n i q u e s  i n  t h e  f i x e d  wing and v i s u a l  i n  t h e  r o t a r y  wing 

' 

a i r c r a f t .  F l i g h t  l i n e s  were drawn on 1:250,000 sca le  NTMS quadrangle 
sheets  f o r  t h e  S2F and on 1:24,000 q u a d r a n g l e s  f o r  t h e  Lama. The 
p i l o t / n a v i g a t o r  u t  i 1  i z e d  t h e s e  maps t o  p r o v i d e  v i s u a l  n a v i g a t i o n  
f e a t u r e s .  F l  i g h t  1  i nes  were genera l  l y  s t a r t e d  and ended v i s u a l l y  f o r  
b o t h  th,e Lama and t h e  S2F. Whi le doppler  was used t o  f l y  a  s t r a i g h t  
l i n e  between end p o i n t s  i n  t h e  SZF, v i s u a l  methods were cont inued f o r  

' t h e  Lama. 

S i m u l t a n e o u s l y ,  a  35 mm t r a c k i n g  camera was used t o  reco rd  dc tua l  
f l i g h t  p ~ s i t i o n .  T h i s  camera ' s  f i d u c i a l  numbering system was d i r -  
e c t l y  s y n c h r o n i z e d  t o  t h e  d i g i t a l  r e c o r d i n g  sys tem such t h d t  a 
one-to-one c o r r e l a t i o n  between p o s i t i o n  and d a t a  c o u l d  he made. Upon 
ccrnlplet i o r i  o f  a d a t a  c o l l e c t i o n  f l i g h t ,  thc? 35 mm f i l m  was processed 
and ac tua l  f l  i g h t  pa th  p o s i t i o n s  l o c a t e d  on t h e  app rop r i a te  sca le  map 
sheets .  A t  t h e  b o u n d a r i e s  o f  t h e  f i x e d  w i n g l r o t a r y  wing areas, i n  
Ekalaka,  f l  i g h t  l i n e s  were f l o w n  b y  bo th  t h e  S2F and t h e  Lama w i t h  
o v e r l a p s  o f  1 m i l e  o v e r  t h e  b e s t  a v a i l a b l e  t e r r a ~ n  ( s e e  F f g u r e  

. 4 ) .  

I n f i e l d  Svstem C a l i b r a t i o n  

Due t o  t h e  complex n a t u r e ,  o f  bo th  t h e  systems and t h e  r~equ i red  da ta  
i n t e r p r - e t a t  i o n ,  muck emphasis was pl t lced on i n f i e l d  c s l  i h r a t i o n  of 
each d a t a  c o l l e c t i o n  system. T.he o b j e c t i v e  o f  t h i s  c a l i b r a t i o n  was 
t o  e n s u r e  c o n t i n u o u s  h i g h  q u a l i t y  o f  t h e  da ta  co.1 l ec ted .  The d a i l y  
c a l i b r a t i o n  p r o c e d u r e s  used a r e  s e t  f o r t h  i n  t h e  f o l l o w i n g  summary 
check l i s t :  



A.  P re  F l i g h t  

1. Use c e s i u m  sources (same p o s i t i o n i n g  on c r y s t a l s  every  day), 
peak each Photomul  t i p l  i e r  t u b e l c r y s t a l  u s i n g  t h e  d i g i t a l  
sp l i t -w indow  d e t e c t o r  o f  t h e  GR-800. 

2. Run f u l l  cesium spectrum on analog r e c o r d e r  f o r  b o t h  down and 
up l o o k i n g  c r y s t  a1 s .  C a l c u l  a t e  t h e  cesium r e s o l u t i o n  (see 
sample i n  F i g u r e  . 8 ) .  Run spectrum o u t  pas t  t h e  K40 peak on 
down c r y s t a l s  f o r  c e n t e r i n g  e v a l u a t i o n  o f  K40 peak. 

5 

3. Use t h o r i u m  sources (same p o s i t i o n  eve ry  day) check upper end 
o f  s p e c t r u m  i n  bo th  up and down c r y s t a l s  - u s i n g  t h e  d i g i t a l  
s p l i t  window o f  t h e  GR-800. 

4. Run f u l l  t h o r i u m  spectrum o f  down c r y s t a l s  on analog record-  
e r .  Check f o r  c e n t e r i n g  o f  K40 and Th peaks i n  spectrum. 

B .  Du r i ng  F l i g h t  

1. Run t e s t  1  i n e  a t  survey a l t i t u d e  (400 f t ) ,  f o r  approx imate ly  
f i v e  m i  1 es, p r i o r  t o  p roduc t  i o n  d a t d  c o l l e c t  i o n  ( r e c o r d  bo th  
analog and d i g i t a l ) .  

2. P r i o r  t o  p r o d u c t i o n  d a t a  c o l l e c t i o n ,  t h e  above d a t a  are eva l -  
u a t e d  t o  ensure  520% l i m i t s  on t o t a l  count  compared t o  f i r s t  
t e s t  f l i g h t  f rom t h a t  base o f  ope ra t i ons .  

3 .  D u r i n g  p r o d u c t  i o n  d a t a  c o l l e c t  ion,  m o n i t o r  radon .analog d a t a  
f o r  unusual inc reases .  V i s u a l l y  c o r r e l a t e  these  w i t h  temper- 
a t u r e  and ba rome t r i c  pressure.  

4. Upon c o m p l e t i o n  o f  p r o d u c t  i o n  d a t a  c o l l e c t i o n ,  r e f l y  t e s t  
1  i n e  a t  s u r v e y  a l t i t u d e  ( 4 0 0  f t ) .  Reco rd  bo th  analog and 
r l i g i t . a l  

C .  Post  F l i g h t  

1. V e r i f y  t e s t  1  i n e  t o t a l  count  w i t h i n  +20% o f  f i r s t  t e s t  l i n e  
a t  t h a t  base o f  ope ra t i ons .  

2. U s i n g  c e s i u m  sources (same p o s i t i o n  as p r e - f l  i g h t ) ,  r u n  f u l l  
c e s i u m  s p e c t r u m  f o r  b o t h  down and up c r y s t a l s  ( a l l o w  i t  t o  
r e c o r d  t h rough  the. K40 peak i n  t h e  down c r y s t a l s )  , 



3 .  C a l c u l a t e  t ' he  r e s o l u t i o n  o f  down and up  c r y s t a l  p a c k .  

4 .  Determine s h i f t ,  i f  any, i n  K40 peak p o s i t i o n .  



DATA COLLECTION SYSTEM 

ROTARY WING A.IRCRAFT 

The h e l i c o p t e r  used  f o r  t h e  s u r v e y  i s  an A e r o s p a t i a l e  SA315B LAMA, 
R e g i s t r y  No. N49531 (Code Sys tem No. 0 6 ) .  The SA315B LAMA was 
o r i g i n a l  l y  d e s i g n e d  and b u i l t  b y  S o c i e t e  N a t i o n a l e  I n d u s t r i e l l e  
A e r o s p a t i a l  o f  F r a n c e  t o  meet t h e  requ i rements  o f  t h e  I n d i a n  Armed 
F o r c e s  f o r  a  med ium-s i zed  h e l i c o p t e r  c a p a b l e  o f  w o r k i n g  i n  t h e  
H i m a l  ayas .  I n  t h a t  t h e  c r a f t  was i n i t i a l l y  des igned t o  hau l  heavy 
pay . loads  i n  r u g g e d  mountainous t e r r a i n ,  i t s  o v e r a l l  performance and 
s a f e t y  f e a t u r e s  make i t  i d e a l  f o r  l o w  l e v e l ,  r o t a r y - w i n g  a i r b o r n e  
g e o p h y s i c a l  s u r v e y  wo rk .  T h e r e  i s  v i r t u a l l y  no o t h e r  medium-sized 
r o t a r y - w i n g  a i r c r a f t  w h i c h  can  c a r r y  t h e  a d e q u a t e  pay load a t  t h e  
n e c e s s a r y  c o n s t a n t  l o w  a i r s p e e d s  and t i g h t  t e r r a i n  c lea rances  and 
s t i l l  m a i n t a i n  a  w ide  envelope o f  s a f e t y ,  a l l  w h i l e  o p e r a t i n g  econom- 
i c a l  l y .  P e r f o r m a n c e  d a t a  f o r  t h e  SA315B LAMA ( b o t h  genera l  and i n  
i t s  p r e s e n t  g e o p h y s i c a l  s u r v e y  c o n f i g u r a t i o n )  a r e  g i v e n  be low :  

Type: T u r b i n e - d r i v e n  genera l  purpose h e l i c o p t e r .  

R o t o r  System:  T h r e e - b l  ade m a i n  and a n t i  t o r q u e  r o t o r s .  A1 1  meta l  
m a i n  r o t o r  b l a d e s  ~f c o n s t a n t  chord  a r e  on a r t i c u l a t e d  h inges  w i t h .  
h y d r a u l i c  drag-h inge dampers. 

R o t  o r  D r i v e :  M a i n  r o t o r  d r i v e n  t h r o u g h  p l a n e t a r y  g e a r b o x  w i t h  
f r e e - w h e e l  f o r  a u t o r o t a t i o n .  Take-o f f  d r i v e  f o r  t a i l  r o t o r  a t  l ower  
end o f  main gearbox f r o m  where a  t o r q u e  s h a f t , r u n s  t o  a  sma l l  gearbox 
w h i c h  s u p p o r t s  t h e  t a i l  r o t o r  and houses t h e  p i tch-change mechanism. 
C y c l i c  and c o l l e c t i v e  p i t c h  c o n t r o l s  a re  powered. 

F u s c l a g e ;  G l a z e d  c a b i n  has  l i g h t  me ta l  frame. Center and r e a r  of 
fuse lage  have a  t r i a n g u l a t e d  s t e e l - t u b e  framework. 

L a n d i n g  Gea r :  S k i d  t y p e  w i t h  removable wheels f o r  ground maneuver- 
i n g .  Pneumat ic  f l o a t s  f o r  normal opera t  i o n  f r om  water  and emergency 
f l o t a t i o n  gear ( i n f l a t a b l e  i n  t h e  a i r )  a r e  a v a i l a b l e .  

Power P l a n t :  One 8 7 0  shp Turbomeca A r t o u s t e  I I I B  t u r b o s h a f t  eng ine 
d e r a t e d  t o  550 shp .  F u e l  t a n k  i n  f u s e l a g e  c e n t e r - s e c t i o n  w i t h  
c a p a c i t y  o f  151.3 U.  '5. g a l l o n s  ( useab le )  (573 l i t r e s ) .  

Accornodation: Glazed c a b i n  sea ts  p i l o t  and passenger s i d e  by  s i d e  i n  
f r o n t  a n d . t h r e e  passengers beh ind .  P r o v i s i o n  f o r  e x t e r n a l  s l i n g  f o r  
l o a d s  o f  up t o  2,204 l b s .  (1 ,000 kg ) .  Can be equipped f o r  rescue  



( h o i s t  c a p a c i t y  265 l b . ;  120 k g ) ,  1  i a i s o n ,  observat ion,  t r a i n i n g ,  
a g r i c u l t u r a l ,  p h o t o g r a p h i c ,  ambulance and o t h e r  d u t i e s .  As an 
ambul ance, c a n  accommodate two s t r e t c h e r s  and a  medical  a t tendant  
i n t e r n a l  ly. 

Dimensions, E x t e r n a l :  Main r o t o r  diameter 36 ft., 1-314 i n .  
T a i l  r o t o r  diameter 6  ft., 3-114 i n .  
Main r o t o r  b lade 

chord (cons t  a n t )  13-415 i n .  
Length o v e r a l l ,  bo th  

r o t o r s  t u r n i n g  42 ft., 4-314 i n .  
Length o f  fuse lage 33 ft., 8  i n .  
Height  o v e r a l l  10 ft., 1-314 i n .  
Sk id  t r a c k  7  ft., 9-314 i n .  

Performance' (Sea Leve l  Standard Cond i t ions)  

I n t e r n a l  Ex terna l  

Average Maximum Average Maximum 

A t  Gross Weight 1b 3,310 4,300 
.Empty Weight 1b 2,216 2,216 
Use fu l  Load l b  1,094 2,084 
S l i n g  Load (max) 16 
C r u i s e  Speed mph 118 118 
Topspeed,  Vne mph 130 . 130 
Useab1.e Fuel US qa l  146 146 
S e r v i c c  C c i l  i n g  Ct (23,000)" 17,710 
HIGE C e i l i n g  f t (23,000)* 16,730 
HOGE C e i l  i n g  ft (23,000)* 15,170 
Rate o f  Climb S1 fpm 1,580 1,080 
Max. Range, SL m i  308 308 

( )  Maximum c e r t i f i e d  a l t i t u d e  - 23,000 ft. 
** M i s s i o n  r a d i u s  - inc ludes :  10 minutes f u e l  reserve  

3 m inu tes  SL Hover 
Ret.urn w i t h  no load  

Present  geophysica l  Con f i gu ra t i on  

Lama Weigh t  Empty 
Maximum Fue l  
G e o p h y s i c a l  E l e c t r o n i c s  

2,193 l bs .  
900 1  bs. 
850 I b s .  



P i  l o t  
N a v i g a t o r  

T o t  a1 

165 1  bs. 
175 I b s .  

E l e c t r o n i c s  

The m a j o r  components  o f  t h e  a i r b o r n e  d.a ta  c o l l e c t i o n  sys tem a re  
summar ized  below (shown p i c t o r i a l l y  i n  F i g u r e  6  and s c h e m a t i c a l l y  i n  
F i g u r e  8 ) :  

1. Gamma Ray Spectrometer,  geoMetr ics  GR-800, u t i l i z i n g  a  dual  256 
c h a n n e l  c a p a b i l i t y  t o  p r o v i d e  s p e c t r a l  d a t a  i n  t h e  0.4 t o  3.0 
MeV r a n g e  f o r  b o t h  t he  downward l o o k i n g  and t h e  upward l o o k i n g  
c r y s t a l  packages  and c o v e r a g e  i n  t h e  3.0 t o  6.0 MeV range f o r  
cosmic background. 

2. C r y s t  a1 D e t e c t o r ,  g e o M e t r i c s  Mode l  N a I  -100/CS, c o n s i s t i n g  o f  
2048 c u b i c  i n c h e s  i n  t h e  downward l o o k i n g  c o n f i g u r a t i o n  and 
256 c u b i c  i n c h e s  a p p r o p r i a t e l y  s h i e l d e d  i n  an upward l o o k i n g  
c o n f i g u r a t i o n .  

3. g e o M e t r i c s  D i g i t a l  D a t a  A c q u i s i t i o n  System, Model 6-714 w i t h  
" r e a d - a f t e r - w r i t e "  d a t a  v e r i f i c a t i o n  which reco rds  t h e  f o l l o w i n g  
on magnet ic  tape :  

a. 51.2 channels  o f  .gamma r a y  spec t romete r  d a t a  

b .  T o t a l  magnet ic  i n t e n s i t y  

c  . F i d u c i  a1 number f r o m  d a t a  system/camera 

d. M a n u a l l y  i n s e r t e d  i n f o r m a t i o n ,  i . e .  date ,  su rvey  area, and 
f l i g h t  l i n e  number 

e.  A l t i t u d e  f r o m  r a d a r  a l t i m e t e r  and ba rome t r i c  a l t i m e t e r  ( b y  
a n a l o g - t o - d i g i t a l  conve rs i on )  

f .  Time i n  days, hours, minutes and seconds 

g. Ou ts ide  a i r  t 'emperature 

4. Magnetomete r ,  geutleLr..ics Aii.Go~-ne Model C-803, c ~ p s b l c  o f  0.125 
gamma s e n s i t i v i t y ,  b u t  o p e r a t e d  a t  0 . 25  gamma s e n s i t i v i t y  

5.  Radar; A l t  i m e t e r ,  S p e r r y  Model AA200, w i t h  r eco rd i ng .  ou tpu t  and 
d i s p l a y  and"minimum a l t i t u d e  range o f  0  t o  2,5(10 f e e t  
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HELICOPTER GZOPWSICAL SURVEY SYSTEM 
(hroapauale SA315B Lama) 

Ideally suited to contour flyag, W exploration platform is employed on a Mid- 
west E. R. D. A. eurvey aloag the front range of the Rocky Mountains in central 
Calorado. [Far left]: A sipgle #hock-mouneecl instrument rack includes Gea- 
Metrics Model G-803 Proton Magnetometer (top of rack), Model GR-900-2 
Detector Interhw consob, Model GR-800D Multichannel Drtrmma Ray Spec- 
trometer and G-714 Mgi-4 Data Acquisition Systena. A specially designed 
Enterdometer console is laeated abwe the Exploranium MARS-6 a i x - c b e l  
Analog Ilecorder and the Kamedy Model 9700 Magnetic Tape Dedt. A fused 
Pmm Dietrlbution Panel fe ahown at the bottan d the rack. Operator's seat 
is fd6ed up to the left of 310 instrument rack. [left] : Magnetometer bird1% 
ammr SB towed fram a 130: [t. nylon sleeved signal cable. [Bottom left] : The 
Lama was ou6fitted at GeaMetrics manufacturing fadlitiea in Sunnyvale, Calif- 
ornia. [Below] : A oenter phtform, held swure by the cargo hook, contains 
both a Model DET-1024 anjl DET-108;4/256 R exSgusrem debctor for a total 
volume d 2,048 ou. in. d(w9ward-lmking and 256 a. in. upw&rd-looking. A 
B o ~ e r  altimeter and Au;cmax flight-path ~ o v e r y  camera are also included 
on the center platform. n e  entire instrumentation eystean, inoluding detectors 
and hardware weighs apprcndmately 700 lbs. I318 kg) installed. 

. \  Figure 6 



Left: Gmnman S2F Sulvey Aircrsf;. Upper right: Geophyeical inetrumenb: 0-803 Magne- 
tometer, GR-800 Spectrcmeter, ij-71% DEta Syetem 3t Recordem. Upper left: NaI exSquareU 
Crystsl detectors--3,072 cu. -k (5h down, 512 cu. in. (8.4 1) up. C a m m  Automax Gf. 

Figure 7 



6. Rosemont B a r o m e t r i c  A l t i m e t e r  w i t h  r e c o r d i n g  ou tpu t  and d i s -  
PI ay 

7. R e c o r d i n g  Thermometer  f o r  m o n i t o r i n g  o u t s i d e  a i r  temperature 

8. T r a c k i n g  Camera. Automax 35  mm f r am ing  camera .w i th  wide angle 
l ens  t o  p r o v i d e  f l i g h t  pa th  recove ry  d a t a  

9. A n a l o g  R e c o r d e r  g e o M e t r i c s  (MARS 6 )  t o  r e c o r d  t h e  f o l l o w i n g  
data:  

a. B i 2 1 4  u s i n g  a  window about t h e  1.76 MeV peak f rom t h e  down- 
ward l o o k i n g  system.; 

b .  B i  a i r  backg round  u s i n g  a  window abou t  t h e  1.76 MeV peak 
f rom t h e  upward l o o k i n g  system. 

c  . Magnetometer 

d. Radar A l t i t u d e  

e. T o t a l  c o u n t  f o r  downward l o o k i n g  s y s t e m  (0.4 t o  3.0 MeV) 

f .  Outs ide  a i r  temperature 

g. Event and t i m e  markers 

10. HP 7155 s i n g l e  c h a n n e l  an.alog r e c o r d e r .  Dur ing  p r e '  and p o s t  . 

f l i g h t  c a l i b r a t i o n s  t h i s  r e c o r d e r  i s  used t o  p l o t  a f u l l  analog 
s p e c t r a  f o r  bo th  t h e  down and up c r y s t a l  systems v i a  t h e  GR-800. 
Thus, a  hard  copy r e c o r d  o f  t h e  d a t a  used f o r  r e s o l u t i o n ,  d r i f t ,  
checks ,  , e t c . ,  a r e  a v a i l  a b l e  a t  a l l  t imes .  Th i s  approach p ro -  
v i d e s  i n s t a n t  v e r i f i c a t i o n  o f  sys tem p a r a m e t e r s  ( r e ' f e r  t o  
F i g u r c  8 ) .  
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FIXED W I N G  AIRCRAFT 

The f i x e d  w i n g  a i r c r a f t  was a  Grumman G-89, S2F T r a c k e r ,  s e r i a l  
number 3, U.S. R e g i s t r a t i o n  NgAG, System code No. 04  (see  F i g u r e  7 ) .  
T h i s  a i r c r a f t  was o r i g i n a l l y  des igned and b u i l t  b y  Grumman A i r c r a f t  
C o r p o r a t i o n  f o r  t h e  U.S. Navy as a  h i g h l y  s t a b l e  p l a t f o r m  f o r  c a r r y -  
i n g  e l e c t r o n i c  i n s t r u m e n t a t i o n  i n  search o f  submarines f rom c a r r i e r  
bases  a n d / o r  s h o r t  l a n d i n g  f i e l d s .  S ince  i t  was designed f o r  mag- 
n e t  i c  s u r v e i l  l a n c e ,  i t  i s  a  "magne t i ca l ' l y  c l ean "  a i r c r a f t  and t h u s  
i d e a l  f o r  c o l  l e c t  i n g  m a g n e t i c  d a t a .  O v e r a l l ,  t h e  a i r c r a f t ' s  p e r -  
f o r ~ r ~ a n c e  and s a f e t y  f e a t u r e s  make i t  i d e a l  f o r  low l e v e l ,  f i xed -w ing  
a i r b o r n e  g e o p h y s i c a l  s u r v e y  work .  T h e r e  i s  v i r t u a l l y  no  o t h e r  
f i x e d - w i n g  a i r c r a f t  w h i c h  can  c a r r y  t h e  a d e q u a t e  p a y l o a d  a t  t h e  
n e c e s s a r y  c o n s t a n t  l o w  a i r s p e e d s  and t i g h t  t e r r a i n  c lea rances  and 
s t i l l  m a i n t a i n  a  w i d e  e v e l o p e  o f  s a f e t y .  Performance d a t a  f o r  t h e  
S2F i n  i t s  p resen t  geophys ica l  su r vey  c o n f i g u r a t i o n  a re  g i ven  below: 

A i r c r a f t  'empty 15,123 I b s  

E l e c t r o n i c  equipment 
Main f u e l  usab le  
Aux i  1  i a r y  f u e l  usab le  
P i  1  o t  
E l e c t r o n i c  o p e r a t o r  

1,600 l b s  
3,108 l b s  

900 I b s  
175 I b s  
175 I b s  

Maximum gross we igh t  f o r  geophys ica l  su r vey  o p e r a t i o n  21,081.1 bs 

Maximum a1 lowab le  a i r c r a f t  gross we igh t  

Minimum c o n t r o l  speed 85 KIAS a t .  

Sa fe  s i n g l e  eng ine  speed 100 KIAS a t  

S i n g l c  cng ine  r a t e  o f  c l i m b  a t  120 KIAS 
550 FPM a t  

S i n g l e  eng ine  r a t e  of c l i m b  a t  100 KIAS 
390 FPM a t  

Rate o f  c l i m b  ( two  eng ines)  2,000 FPM a t  

120 KIAS a t  23,000 I b s .  1,200 FPM a t  

(KIAS = Knots  l n d i c a t e d  A i r  Speed) 

24,500 l b s  

24,500 l b s  

23,000 l b s  

23,000 1  bs 
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C r u i s e  C o n f i g u r a t i o n  S t a l l i n g  Speed a t  Gross Weight 21,000 l b s  
0 "  Bank - 80 KIAS 45" Bank - 96 KIAS 

U s u a b l e  F u e l  518 U.S. G a l l o n s  3180 l b s  Mains 
150 U.S. Ga l l ons  900 l b s  A u x i l i a r y  

400  1  bs p e r  h o u r  a t  1000  f e e t  a l t i t u d e  and 120 KIAS a t  23,000 l b s .  
g r o s s  w e i g h t  d u r a t i o n  1 0  h o u r s  p l u s ,  due t o  b u r n  o f f  and l o w e r  
g ross  g ross  we igh t .  

E l e c t r o n i c s  

The m a j o r  components  o f  t h e  a i r b o r n e  d a t a  c o l l e c t i o n  sys tem a re  
summar ized  below (shown p i c t o r i a l l y  i n  F i g u r e  7  and s c h e m a t i c a l l y  i n  
F i g u r e  8 ) :  

1. Gamma Ray Spectrometer,  geoMetr ics  GR-800, u t  il i z i n g  a. dua l  256 
c h a n n e l  c a p a b i l i t y  t o  p r o v i d e  s p e c t r a l  d a t a  i n  t h e  0.4 t o  3.0 
MeV r a n g e  f o r  b o t h  t h e  downward l o o k i n g  and t h e  upward l o o k i n g  
c r y s t a l  packages  and c o v e r a g e  i n  t h e  3.0 t o  6.0 MeV range f o r  
cosmic background. 

2. C r y s t a l  D e t e c t o r ,  g e o M e t r i c s  mode l  NaI-1000ICS c o n s i s t i n g  o f  
3584 c u b i c  i n c h e s  i n  t h e  downward l o o k i n g  c o n f i g u r a t i o n  and 
512 c u b i c  i n c h e s  a p p r o p r i a t e l y  s h i e l d e d  i n  an upward l o o k i n g  
c o n f i g u r a t i o n .  

3. A  g e o M e t r i c s  D i g i  t . a l  Data A c q u i s i t i o n  System,. model 6-714 w i t h  
" r e a d - a f t e r - w r i t e "  d a t a  v e r i f i c a t i o n ,  r e c o r d i n g  t h e  f o l l o w i n g '  on 
magnet i c  t a p e  : 

a. 512 channels  o f  gamma r a y  spect rometer  d a t a  

b.  T o t a l  magnet ic  . . i n t e n s i t y  

c .  F i d u c i  a1 number f r om  d a t a  systemlcamera 

d. M a n u a l l y  i n s e r t e d  i n f o r m a t i o n ,  i . e . ,  d a t a ,  s u r v e y  area, 
and f l i g h t  l i n e  number 

e.  ; 4 l t  i t u d e  f r o m  r a d a r  and b a r o m e t r i c  a l t i m e t e r s  (by  analog- 
t o -d  i g i  t a1 conve rs i on )  . 

f .  Time i n  days, hours,  minutes,  and seconds 



g. Outside air temperature 

4. Magnetometer, geoMetrics Airborne model 6-803, capable of 0.125 
gamma sensitivity, but operated at 0.25 gamma sensitivity, 

5. Radar Altimeter, Bonzer with a linear recording output, display- 
ing an altitude range of 0 to 2500 feet. 

6. Rosemont Barometric Altimeter with 'recording output and display. 

7. Recording Thermometer for monitoring outside air temperature, 

8. Tracking Camera, Automax 35 mm framing camera with wide angle 
lens to provide fl ight path recovery data. 

9. Analog Recorder geoMetrics MARS 6 to record the following data: 

a .  Biz14 using a window about the 1.76 MeV peak from the down- 
ward looking system 

b. Bi air background using a windoy about the 1.76 MeV peak 
from upward looking system 

c. Magnetometer 

d. Total count for downward looking system (0.4 to 3.0 M ~ V )  
e. Event and time markers 

0 HP 7128, two channel analog recorder to record the following 
ddt a: 

a. Outside air temperature 

b. Barometric altimeter 

c. Event and time markets 

d. During system calibrations, this recorder is used to plot 
full analog spect.ra for hot.h t h e  down and up crystal systems 
via the GR-800. Thus, a hard copy record of the d a t a  11sed 
for resolutions, drift, and other checks is available at 
a1 1 times (refer to Figure 9 ) .  This approach provides 
instant verif isat,ion of system parameters. 



SYSTEM CALIBRATION 

AIRCRAFT AND C O S M I C  BACKGROUND 

F u l l  s p e c t r a l  d a t a  a r e  c o l l e c t e d  a t  f i v e  ( 5 )  a l t i t u d e s  over  water 
(Lama: 14,000 f e e t ,  Tracker  15,000 f e e t ;  12,000 f e e t ;  10,000 f e e t ;  
8,000 f e e t  and 6,000 f e e t )  i n  an a r e a  where t h e  e x i s t e n c e  o f  no 
a i r b o r n e  B i 2 1 4  c a n  be assu red  ( o f f  s h o r e  over  t h e  P a c i f i c  Ocean!. 
T h i s  r e s u l t s  i n  separate spec t ra  as shown schemat i ca l l y  i n  F i g u r e  10. 
We d e f i n e  S(12,OOO) t o  be t h e  s p e c t r a  a t  12,000 fee t  f rom 0.4 NeV t o  
3.0 MeV w i t h  S(8,OOO) t h e  same spec t ra  a t  a  lower a l t i t u d e  (8,000) 
and C ( h )  t h e  t o t a l  coun t  be tween 3.0 and 6.0 MeV a t  r e s p e c t i v e  
a l t i t u d e s .  Since t h e  a i r c r a f t  background i s  constant ,  t h e  d i f f e r e n c e  
between any two a1 t i tudes separated s u f f i c i e n t l y  - t y p i c a l l y ,  2,000 
f e e t - y i e l d s  t h e  cosmic spec t ra l  curve shape as shown schemat i ca l l y  i n  
F i g u r e  10. Thus I 

S(12,OOO) - S(8,OOO) = AS 
and 

cC12 ( h i )  - CC8 ( h i )  = AC 

T h i s  cosmic  s p e c t r a l  curve i s  scaled back t o  12,000 f e e t  as f o l l o w s :  

C12 ( h i )  X AS = C (12,000) t h e  Cosmic Spect rum (Shape and 
magnitude a t  12,000 f e e t  

* c  

t h e  a i r c r a f t  background i s  d e r i v e d  as f o l l o w s :  

S(12,OOO) - C(12,OOO) = A / C  Background 

S i n c e  d a t a  were  c o l l e c t e d  a t  f i v e  a l t i t u d e s ,  t h i s  p r o c e d u r e  was 
r e p e a t e d  f o r  each c o m b i n a t i o n  o f  a l t i t u d e s  and r e s u l t s  averaged. 
T y p i c a l  a i r c r a f t  and cosmic  s p e c t r a  a r e  shown i n  F igu re  11 and 12 
r e s p e c t i v e l y .  

SYSTEM CONSTANTS 

System c o n s t a n t s .  were d e t e r m i n e d  b y  o c c u p a t i o n  o f  t h e  UoE Walker 
F i e l d  T e s t  Pads. The f i v e  t e s t  pads con ta ined  va ry ing  concentra- 
t ions  o f  K, U, and T  as presented by BFEC: 
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PAD - 
M a t r i x  1.45% 2.19 ppm 6.26 ppm 

K  5.14% 5.09 ppm 8.48. ppm 

30.29 pprn 9.19 pprn 

T  2.01% 5.14 ppm. 45.33 ppm 

Mixed 4.11% 20.39 ppm 17.52' ppm 

S ince  t h e  measurements were taken over  a  r e l a t i v e l y  sho r t  t i m e  p e r i o d  
( 4  hou rs ) ,  i t  was assumed t h t  t h e  m a t r i x  pad measurements c o n t a i n  no t  
o n l y  t h e  e f f e c t s  s f  t h e  m a t r i x  pad i t s e l f ,  bu t  a l so  a i r c r a f t  back- 
g r o u n d  ( w h i c h  i s  a  c o n s t a n t ) ,  cosmic background ( cons tan t  over  t h e  
t i m e  p e r i o d  o f  i n t e r e s t ) ,  and a l l  o t h e r  l o c a l  background (e.g. B i A i r ,  
e t c .  ) e f f e c t s .  Thus, by  s u b t r a c t i n g  t h e  m a t r i x  pad count r a t e s  from 
t h e  c o u n t  r a t e s  i n  t h e  f o u r  pads, we have e l i m i n a t e d  a i r c r a f t  and 
c o s m i c  b a c k g r o u n d  and B i A i r  e f f e c t s  f o r  t h e  f o u r  pads. The pad 
c o n c e n t r a t i o n s  are then m o d i f i e d  i n  a  s i m i l a r  f a s h i o n  by  t h e  subt rac-  
t i o n  o f  t h e  m a t r i x  pad c o n c e n t r a t i o n s .  Thus, t h e  count r a t e  data, 
a f t e r  s u b t r a c t i n g  o u t  t h e  m a t r i x  pad count r a t e  da ta  can be r e l a t e d  
d i r e c t l y  t o  t h e  e f f e c t s  o f  t h e  d i f f e r e n t i a l  concen t ra t i ons  i n  t h e  
f o u r  pads  ( K ,  U, T  and m i x e d ) .  The d i f f e r e n t i a l  concen t ra t i ons  i n  
t h e  pads are g i v e n  i n  t h e  t a b l e  below. 

PAD - 
K-Matr i x  3.7% 2.9 ppm 2.2 ppm 

U-Matr i x  0.6% 28.5 ppm 2.9 ppm 

T-Matr i x  0.6% 3.0 ppm 39.0 ppm 

Mixed-Mat r ix  2.7% 18.8 ppm 11.3 ppm 

C o n s i d e r i n g  t h e  above, we now d e f i n e  a  f u n c t i o n a l  r e l a t i o n s h i p  us ing  
t h e s e  d a t a ,  w h i c h  w i l l  p r o v i d e  a  method o f  de termin ing  t h e  c a l i b r a -  
t i o n  c o n s t a n t s  f o r  t h e  s p e c t r o m e t e r  sys tem.  These c a l i b r a t i o n  
c o n s t a n t s  a r e  t h e  s e n s i t i v i t i e s ,  i n  c o u n t  r a t e  per u n i t  elemental  
c o n c e n t r a t i o n s ,  and t h e  i n t e r a c t  ions  which occur between t h e  e l  emen- 
t a l  c h a n n e l s  i n  t h e  sys tem (Compton s c a t t e r  c o e f f i c i e n t s ,  e t c . ) .  

K e e p i n g  i n  mind t h a t  we are d e a l i n g  w i t h  t h e  count r a t e s  correspond- 
i n g  t o  t h e  concen t ra t i ons  presented i n  t h e  l a s t  t a b l e ,  we d e f i n e  t h e  
f o l l o w i n g :  



KC = uncorrected system count rate for the K channel 

UC = uncorrected system count rate for the U channel 

TC = uncorrected system count rate for the T channel 

K = the percent different i a1 concentrat ion of potassium 

U = ppm differential concentration of uranium 

T = ppm differential concentration of thorium 

We also define the following: 

= k k  = sensitivity of KC to concentrations of K 

ku = sensitivity of KC to concentrations of U 

ckt = sensitivity of KC to concentrations of T 

5uk = sensitivity of UC to concentrations of K 

=uu = sensitivity of UC .to concentrations of U 

=ut = sensitivity of UC t o  concentrations of T 

Ttk = sensitivity of TC to concentrations of K 

=tu = sensitivity of TC to concentrations ~f U 

tt = sensitivity of TC to concentrations of T 

We must now solve for the above nine variables to define the system's 
overall sensitivity. On the basis of an ideal situation, one would 
anticipate that some of these variables should be equal to 0. This 
is not totally the case, since we are dealing with a system whjch has 
less than infinite resolving power (i.e. the energies are smeared to 
some extent). Thus, energy peaks within a sepctrum of a given 
element a r e  Gaussian shaped rather than a pure line spectrum. 
Additional ly,we are dealing with finite spectral windows, multiple 
peaked spectra, and pulse pileup; all tend to couple each window's 
response to the other. 

Using the foregoing, we can write nine equations, one set for each of 
the three (K, U and T) pads. 



K pad KC = 5kkK + ck UU + , CktT 

uc = cukK + cuuU + cutT 

TC = StkK + ctuU + c t t T  

U  pad KC = CkkK + 5kuU + CktT 

uc = cukK + cuuU + 5,tT 

TC = %kK + <kuU + < t t T  

T  pad KC = 5kkK + ckuU + <ktT 

Separa t ing  these  equat ions i n t o  c o n s i s t e n t  groups we ge t  

(K p a d )  KC = <kkKk .+ <kuUk + <k tTk  

(U pad) KC = <kkKu + <kuUu + ek tTu 

(T pad) KC = <kkKt + <kuUt + S k t T t  

Where Kk = c o n c e n t r a t i o n  o f  K i n  K  pad, Ku = c o n c e n t r a t i o n  o f  K i n  U  
pad, and K t  = c o n c e n t r a t i o n  o f  K  i n  t h e  T  pad. 

The equat ions  can be expressed i n  m a t r i x  f o rm 

Where  t h e  K, u  and t s u b s c r i p t s  r e p r e s e n t  t h e  K, U  and T  pads.  

I n  a  s i m i l a r  manner we can w r i t e  t h e  o t h e r  two m a t r i x  equat ions f o r  
UC and TC r e s p e c t i v e l y .  ' . 



In mat r ix  form, these  equations can be expressed in the general form 
of 

Where A i s  t h e  count r a t e  ma t r ix ,  B i s  t h e  matr ix  of t h e  known 
c o n c e n t r a t i o n s  m a t r i x ,  .and f t h e  s e n s i t i v i t y  mat r ix .  We now have 
a  f u n c t i o n a l  r e1  a t i o n s h i p  from which t o  derive a l l  the  sens i t iv i ty  
coe f f i c i en t s .  

In o rde r  t o  c a l c u l a t e  t h e  c o n c e n t r a t i o n s  in t h e  unknown pad, we 
rewr i te  t h e  - - - - -1 - 
equation as B = A . c and define 5 = A. Expanding t h i s  we 
have: 

Where t h e  s u b s c r i p t  m r e f e r s  t o  t h e  mixed pad. Expanding t h i s  in 
algebraic form we obtain the following s e t  of equations: 

A t u  UC,, + k k  KC,) T, = A t t  (TCm + q ntt 

where a1 1 count  r a t e s  a r e  observed va lues  minus t h e  matrix pad. 
The terms i n  parenthcsis in the above 3 equatjons are the "corrected 
s t r i p p e d  count r a t e s"  f o r  the system. (These s t r ipping coeff ic ients  
a r e  defi 'ned in  terms of t h e  S j  in  o rde r  t o  e l i m i n a t e  confusion t with a, B ,  Y and which are some imes defined s l i g h t l y  d i f f e ren t ly . )  



The r e s u l t s  a r e  d e f i n e d  as f o l l o w s :  

s,ku = Aku ( e f f e c t  of uran ium on potass ium) 
nkk 

Sk t  = 'kt ( e f f e c t  o f  t h o r i u m  on potass ium) 
"kk 

Sut  = !& ( e f f e c t  o f  t h o r i u m  o n  uran ium) 
AU u 

Suk = ( e f f e c t  o f  potass ium on uranium) 
G 

S t u  = %u ( e f f e c t  of uran ium on t h o r i u m )  
ntt 

ATMOSPHERIC RADON CORRECTION 

Cons ider  t h e  c r y s t a l  c o n f i g u r a t i o n  shown below: 

+Lead S h i e l d  
1 

X t a l  1  I 

L e t  1 and 2  d e s i g n a t e  t h e  down and up c r y s t a l  r e s p e c t i v e l y .  The down 
c r y s t a l  sees r a d i a t i o n  r a t e s  o f  11 composed o f  t h e  a i r  s i g n a l  Ia and 
t h e  ground s i g n a l  Ig p l u s  a i r c r a f t  and cosmic background. 

T h e r e f o r e  'I1 = Ig + Ia + A1 + C 1  

S i m i l a r l y ,  t h e  up c r y s t a l  sees t h e  a i r  s i g n a l  and ground s i g n a l  ( b o t h  
somewhat a t t e n u a t e d )  p l u s  an a i r c r a f t  and cosmic background. 

T h e r e f o r e  I 2  = k I g  + m I a  + A2 + C z  

\ / h e r e  m  i s  t h e  r e s p o n s e  t o  t h e  a i r  s i g n a l  and a i s  t h e  % o f  th'e 



ground signal gett'ing through t o  the u p  detector .  

Using t h e  t e s t  pad d a t a ,  t h e  fac tor  2 can be determined. Consider 
t h e  two p rev ious  equa t ions .  When we subt rac t  the matrix pad data 
from t h e  K, U, and T pad d a t a ,  we have e s sen t i a l ly  se t  A 1 ,  A 2 ,  C 1 ,  
and C2 and I a  equal t o  zero. 

Therefore 11 = Ig 

I n s t e a d  of using t h e  count r a t e s  we can use the resul tant  sens i t iv i -  
t i e s  1/. u u  t o  determine for  the elemental channel U .  

= l / b u  (up) 
RU = 

l/hu (down) 

I t  should be noted t h a t  due to  "shine around" (s ince the shielding i s  
not  an i n f i n i t e  p l ane ,  t h e  upward l o ~ k i n g  crystal  responds t o  the 
surrounding t e r r a i n )  on the t e s t  pads, as a l t i t u d e '  increases, a should 
decrease, . thus  II = f (h).. 

Only t h e  , f a c t o r  m reiiiair'ls to be determined. 'I'his un fo r tuna te ly  
cannot  be determined from t e s t  pad data.' I t  can however be deter- 
mined by f l y i n g  over  water  ( e . g ,  use of t h e  Lake Mead over-water 
da ta )  .. 

.Consider t h e  equations f o r  I 1  and I2 again 

Over water Ig = 0 

We have A 1 ,  A2, C 1 ,  and C2 defined. 



Removing t h e  a i r c r a f t  and cosmic background from the  over water data 
and we are l e f t  with 

Since m i s  the shielding fac tor  response to  the a i r  s ignal ,  we should 
have an a i r  s i g n a l  t o  "shield".  Thus m i s  best determined i f  there 
i s  radon present. 

Both u p  and down counting r a t e s  are corrected f o r  a i r c ra f t  and cosmic 
background and so we can so lve  t h e  fol lowing two equat ions  f o r  
1,. 

11 = Ig  + I, 

I 2 =  a I g + m I a  

mIa = I2 - U g  
. . 

b u t  Ig = I  - I, 

then I, (in-a) = I2 - 111 

1, = 12 - 211 = Bi Air 

and I ,  i s  then t h e  Bi Air c o n t r i b u t i o n  from . the surrounding a i r .  
This  i s  then s u b t r a c t e d  from t h e  down looking U count resul t ing in 
corrected data. 



FIXED WINGlROTARY WING DATA NORMALIZATION 

As required i n  t h e  Powder River I 1  Project ,  t h e  ro t a ry  wing data  were 
no rma l i zed  t o  t h e  f i x e d  wing da ta  t o  provide con t inu i ty  within NTMS 
d a t a  s e t s  .' Normalization was accomplished by multiplying t h e  ro t a ry  
wing reduced  averaged  r e c o r d  K ,  U ,  T ,  and t o t a l  count values by an 
a p p r o p r i a t e  c o n s t a n t  derived from da t a  obtained on t he  Walker Field 
C a l i b r a t i o n  Pads ,  Lake Mean Dynamic .Tes t  Range, and f l i g h t  l i n e  
over1 a p s l i n t e r s e c t  ions w i t h i n  t he  pro jec t  area. 

To o b t a i n  t h e  normal I t a t i o n  c o n s t a n t  the  fo l l owing  technique was 
imp1 cmcntcd: 

1. The f i x e d  w i n g l r o t a r y  wing r a t i o  of K ,  U ,  T ,  and t o t a l  count 
cps  f o r  t h e  Walker F i e l d  Cal i b r a t i o n  Pads were calcula ted and 
tabu1 a ted .  

2 .  The f i x e d  w i n g l r o t a r y  w i n g  r a t i o  of K ,  U ,  T ,  and t o t a l  count 
c p s  f o r  q u a s i - c o i  nc iden t  f i x e d  winglrotary wing samples (spa- 
t i a l l y  wi thin  50 + f e e t )  were ca lcu la ted  f o r  a l l  four  f l i g h t s  a t  
each of  t h e  e i g h t  a l t i t u d e s  flown over t h e  land port ion of the 
Lake Mead Dynamic T e s t  Range. Tabu la t i on  of t h e s e  r e s u l t s  
i n c l u d e d  t h e  p l o t t i n g  of h i s t og rms ,  s c a t t e r  p lo t s  and associ-  
ated s t a t i s t i c a l  parameters. 

3 .  F l i g h t  l i n e  over laps / in te r sec t ions  occurring within each of the 
NTMS sheets were.subjected t o  the same procedure as in 2 above. 

From r e s u l t s  o f  the  above, t h e  p rope r  normal l z a t  Ion constant was 
s e l e c t e d  and i n p u t  t o  t h e  p r o c e s s i n g  scheme. In t h e  case of a l l  
t h r e e  ( 3 )  q u a d r a n g l e s  involved i n  t h e  Powder River  I 1  P r o j e c t  a 
m u l t i p l i c a t i v e  f a c t o r  of 1.3 was applied t o  t h e  ro t a ry  wing average 
r e c o r d  d a t a  ( K ,  U ,  T, and t o t a l  count)  t o  normalize i t  t o  t he  f ixed 
wing data .  



DATA PROCESSING 

DATA PREPARATION 

The f o l l o w i n g  s e c t  i o n s  summar ize t h e '  techn iques  used f o r  r e d u c t i o n  
and p rocess ing  o f  t h e  a i r b o r n e  da ta .  

F i e l d  Tape V e r i f i c a t i o n  and E d i t  

The  f i e l d  d a t a  t a p e s  c o n t a i n i n g  t h e  a i r b o r n e  d a t a  a re  read  i n t o  t h e  
c o m p u t e r  t o  v e r i f y  t h e  r e c o r d i n g  and d a t a  qua1 i t y .  Data r e c o v e r y  i s  
e s s e n t i a l l y  100% from t h e  f i e l d  tapes .  Du r i ng  t h i s  phase, s t a t i s t i c s  
a re  genera ted  summariz ing t h e  a1 t i t u d e  ( r a d a r  and ba rome t r i c ) ,  ground 
speed  and a i r  tempera tu re  f o r  each f l i g h t  l i n e .  S imul taneously ,  t h e  
s p e c t r a l  peaks a re  eva lua ted  f o r  s h i f t s  us i ng  a  c e n t r o i d  c a l c u l a t i o n  . 
and t h e  p a r t i c u l a r  window's  peak channel .  The d a t a  a re  a l s o  checked 
f o r  c o r r e c t  s c a n  l e n g t h s  and p r o p e r  j u s t  i f  i c a t  i o n  o f  d a t a  f i e l d s  
w i t h i n  each  s c a n  and and l i v e  t i m e  c a l c u l a t i o n s  a re  made. Du r i ng  
t h i s  'p rocess ,  t h e  d e s i r e d  window d a t a  f i e l d s  a re  e x t r a c t e d  f r o m  each 
spect rum and r e w r i t t e n  as a  r e f o r m a t t e d  copy tape .  

The  r e f o r m a t t e d  t a p e  d a t a  a r e  t h e n  e d i t e d ,  checked and co r rec ted .  
The d a t a  f o r  each f l i g h t  l i n e  a r e  t hen  read  ( w i t h  abor ted  o r  unneces- 
s a r y  f l i g h t  l i n e  d a t a  e d i t e d  o u t )  and each d a t a  v a r i a b l e  i s  checked 
f o r  c o n s i s t e n c y ,  d a t a  s p i k e s ,  g r a d i e n t s ,  e t c .  E v e r y  c o r r e c t i o n  
suggested by  t h e  computer i s  eva lua ted  by  t h e  d a t a  p rocess ing  p e r s o n - ,  
n e l  p r i o r  t o  a c t u a l  c o r r e c t i o n .  Upon comple t ion  o f  t h e  phase, t h e  
d a t a  on  t h e  o u t p u t  t ape  a r e  " c l ean "  and ready  f o r  subsequent c o r r e c -  
t i o n  o f  t h e  r a d i o m e t r i c s  and t i e i n g  o f  t h e  magnet ics.  

F l i a h t  L i n e  L o c a t i o n  

A s i n g l e  f r a m e  3 5  mm camera i s  used f o r  o b t a i n i n g  p o s i t i o n  recove ry  
i n f o r m a t i o n .  The p h o t o  l o c a t i o n s  a r e  s p o t t e d  o r  t r a n s f e r r e d  t o  
a  s u i t a b l e  b a s e  map and a r e  d i g i t i z e d .  The f i d u c i a l  numbers o f  t h e  
s p o t t e d  p o i n t s  a l o n g  each  l i n e  a r e  e n t e r e d  d u r i n g  t h e  d i g i t y i n g  
p r o c e s s .  A c o m p u t e r  p r q g r a m  i s  used  t o  check  t h e  c o n s i s t e n c y  o f  
t h e s e  d a t a  u s i n g  c a l c u l a t e d  i n t e r s e c t i o n s  f r om t i e  l i n e  t o  t i e  l i n e  
and from t r a v e r s e  t o  t r a v e r s e .  .This program a1 lows easy d e t e c t i o n  o f  
e n t r y  e r r o r s  as w e l l  as p o t e n t i a l  f l i g h t  p a t h  . r e c o v e r y  e r r o r s .  

A c o m p u t e r  p r o g r a m  t h e n  c a l c u l a t e s  t h e  nap l o c a t i o n  f o r  each i n t e r -  
s e c t i o n  and t h e  beg inn ing  and end o f  each l i n e  based on t h e  f i d u c i a l  
numbers  and t h e  c o n t r o l  l i n e / t i e  g r i d .  A computer p l o t  i s  made o f  
t h e s e  l o c a t  i o n s  t o  check a g a i n s t  t h e  f i e l d  p l o t  and c o r r e c t  e d i t i n g  



i n f o r m a t i o n .  These f l i g h t  l i n e s  are then overlain on the geologic 
base  map and each map unit i s  d ig i t ized  such tha t  each sample f a l l s  
w i t h i n  a s i n g l e  u n i t .  This  r e s u l t i n g  locat ion information i s  then 
merged with t h e  geophys ic i a l  d a t a  using t h e  f i d u c i a l  numbers as 
common reference. 

RADIOMETRIC DATA REDUCTION 

Reduction of these da ta  was carried out u t i l i z ing  system cal ibrat ion 
c o n s t a n t s  as de r ived  from high a l t i t u d e  over water f l i g h t s ,  Lake 
Mead Dynam4c T e s t  Range, and t h e  Walker Ffeld Test Pads. The data 
reduction sequence used may be summarized as follows: (see Figure 13 
f o r  Flow ~i agram) 

1. Spectrum s t a b i l i z a t i o n  

2 .  De.ad time correct ion 

3 .  Aircraf t  and Cosmic background correct ion 

4. Compton s t r ipping  

5. Radon correct  ion 

6 ,  A1 t i tude correct  ion 

7 .  Data p lo t s  . . 

8. S ta t  1 s t  ical  ar~a lys  i s  

Processing of t h e  data  was performed using the window energies given 
be1 ow: 

Total count - 0.4 t o  3.0 MeV 

U - 1.66 t.o 1.87 MeV (downward and upward looking system) 

T - 2.41 t o  2..81 MeV 

Cosmic - 3 t o  6 MeV (downward and upward looking system) 

Aircraf t  and Cosmic background f o r  both Lama and the Tracker over 
these  windows described above are  summarized below: 
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S2F - ' LAMA 11 

A i r c r a f t  Cosmic* A i r c r a f t  . Cosmic* 

TC (CPS)  212.04 3.115 102.30 3.316 

*Cosmic background values are i n  cps per  1.0 cps i n  t h e  3-6 M ~ V  window. 

Compton c o r r e c t i o n s  t o  t h e  down da ta  were made us ing  t h e  f o l l o w i n g  
cons tants :  

LAMA I I 

0.8258 

0,1686 

The i j s u b s c r i p t s  rep resen t  t h e  i n f l u e n c e  o f  t h e  j t h  window on t h e  
ith window. 

A1 1  p a r a m e t e r s .  e x c e p t  f o r  S u t  a r e '  c o n s i d e r e d  c o n s t  ants. Sut was 
c o n s i d e r e d  an a1 t i t u d e  dependent paramenter u t i l  i z i n g  t h e  f o l l o w i n g  
exp ress ion  ( a f t e r  Grasty, 1975). 

- 
S u t  - S u t o  + 0.0076h, where h  i s  t h e  a l t i t u d e  i n  hundreds 

o f  f e e t .  



Alt i tude  a t t enua t ion  coe f f i c i en t s  used a re  defined as follows: 

ALTITUDE ATTENUATION COEFFICIENTS 

p~~ (per  foo t  ) .0022065 

" K ( per foo t  ) .003001 

LAMA I  I  

U U  (pe r  f oo t  ) .002710 . .002260 

"T (pe r  f o o t )  ; 002274 .001876 

A1 1  r ad iome t r i c  da t a  presented in t h e  s t r i p  chart.s have been normal- 
i z e d  t o  400 f e e t  mean t e r r a i n  c learance a t  STP using t h e  .expression 

where h i s  the height  in f e e t ,  pi i s  t h e  appropriate a l t i t u d e  a t ten-  . 

uation c o e f f i c i e n t ,  P i s  in mm of Hg, and T i s  in degrees Kelvin. In 
cases  where t h e  a l t i t u d e  exceeds 1,000 f e e t ,  t h e  correct ion coe f f i c i -  
e n t s  were l imi ted t o  t h e  1,000 foo t  value.  

Bi A i r  c a l c u l  a t  i o n s  a r e  made u s ing  t h e  f o l l o w i n g  express ions . :  

C ' u k  C ' u t  
U u p  - 2 u s  + Rks + Rts) 

- m 
BiAir - 

C," 

Where U u p  = count r a t e  from upward de tec to rs  

R = c ry s t a l  coupling constant  
rn = c r y s t a l  f a c t o r  

C i U k ,  C ' U T ,  C t U u ,  = s t r i pp ing  c o e f f i c i e n t s  r e l a t i n g  down data  
t o  up da ta  

R u s  = s t r ipped  uranium count r a t e  - down system 



Rks = s t r i p p e d  potassium c o u n t ' r a t e  - down system 

R t s  = s t r i p p e d  tho r ium count r a t e  - down system 

The numer ica l  va lues  f o r  t h e  cons tant  a ,  m, Ctuk, and C',, are 
g i v e n  below: 

S2F LAMA I1 

5 &' p", a r e  a1 t i t u d e  dependent as f o l  lows : 

2 = 2 -P9, x h, where h  i s  i n  f e e t  

m = m -Dm. x h, where h  i s  i n  feet  

These B i  Air d a t a  are f i l t e r e d  and t h e  f i l t e r e d  r e s u l t s  are then 
removed on o p o i n t  by p o l f i t  bnsCs f rom t h e  co r rec ted  uranium window 
data .  



MAGNETIC DATA REDUCTION 

The m a g n e t i c  d a t a  r e d u c t  i o n  processes are: c o r r e c t  i o n  f o r  d i u r n a l  
v a r i a t i o n ,  t i e i n g  t o  a  common magnetic datum, and s u b t r a c t i o n  of t h e  
r e g i o n a l  magnet ic ,  f i e l d  as de f i ned  b y  t h e  I n t e r n a t i o n a l  Geomagnetic 
R e f e r e n c e  F i e l d  (IGRF). During da ta  a c q u i s i t i o n ,  t h e  magnetic f i e l d  
i s  m o n i t o r e d  b y  a  ground-based d i u r n a l  magnetometer  t h a t  samples 
every  f o u r  seconds a t  a  s e n s i t i v i t y  o f  one-quarter  gamma. These da ta  
are recorded on magnetic tape a long w i t h  t h e  t ime  f o r  synchron iza t ion  
w i t h  t h e  a i rbo rne  data.  

The d i u r n a l  da ta  are e d i t e d  t o  keep o n l y  those read.ings taken d u r i n g  
f l i g h t  t i m e  and t h e n  remove s p i k e s  and man-made magnetic events. 
A f t e r  e d i t i n g ,  t h e s e  d a t a  a r e  d i s p l a y e d  i n  p r o f i l e  form t o  ensure 
t h a t  a1 1  c o r r e c t  i o n s  n e c e s s a r y  have been made. Next, t h e  da ta  are 
s y n c h r o n i z e d  i n  t i m e  w i t h  t h e  a i r b o r n e  d a t a ,  i n t e r p o l a t e d ,  and 
sub t rac ted  f rom t h e  a i rbo rne  magnetic data. 

The d i u r n a l l y  co r rec ted  magnetic da ta  are then processed b y  a  t i e i n g  
p rog ram t h a t  compares t h e  magnet ic  d i f f e r e n c e s  a t  i n t e r s e c t  ions  o f  
f l i g h t  l i n e s  and t i e  l i n e s .  T h i s  p rog ram c a l c u l a t e s  i n d i v i d u a l  
m a g n e t i c  f i e l d  b i a s e s  f o r  each f l i g h t  t i e  l i n e  based on t i e  l i n e  
i n t e r s e c t i o n s .  Th i s  a1 lows m i s s - t i e s  t o  be min imized throughout  t h e  
s u r v e y .  These b i a s e s  u s u a l l y  represent ,  a f t e r  d i u r n a l  c o r r e c t i o n ,  
s y s t e m a t i c  m a g n e t i c  changes caused b y  such t h i n g s  as heading e r r o r ,  
changes i n  l o c a t i o n  o f  t h e  ground-based magnetometer, o r  changes i n  
t h e  a i r b o r n e  equ ipmen t .  The b i a s e s  a r e  m a n u a l l y  e v a l u a t e d  and 
s e l e c t i v e l y  appl i ed. 

- STATISTICAL ANALYSIS 

T h e  r e s u l t s  o f  t h e  r a d i o m e t r i c  d a t a  r e d u c t i o n  phase a r e  s i n g l e  
r e c o r d ,  samples (1 .0  second i n t e r v a l  ) .  These d a t a  are then eva l -  
u a t e d  f o r  s t a t i s t i c a l  adequacy p r i o r  t o  a l t i t u d e  c o r r e c t i o n  t o  
e n s u r e  t h e y  a r e  s i g n i f i c a n t  w i t h i n  t h e  con tex t  o f  t h e  a n t i c i p a t e d  
e r r o r s  i n  c o u n t  s t  a t  i s t i c s .  These da ta  are then averaged and i n p u t  
t o  t h e  s t a t i s t i c a l  Hypothesis  Tes t i ng  procedures. 

S t a t i s t i c a l  Adequacy Test 

The  s t a t i s t i c a l  adequacy t e s t  i s  made t o  d e t e r m i n e  whe the r  t h e  
c o r r e c t e d  d a t a  sample i s  s u f f i c i e n t l y  g r e a t e r  than t h e  "no ise"  t o  
rep resen t  t h e  " s i g n a l  " o f  i n t e r e s t .  

C!e c a n  d e f i n e  t h r e e  s e p a r a t e  c r i t e r i a  f o r  d e t e c t i o n  t h r e s h o l d s  
( r e f .  C u r r i e ,  A n a l y t i c a l  C h e m i s t r y ,  Volume 40, No. 3, I-larch 1968) 
o f  w h i c h  o n l y  one i s  d i r e c t l y  a p p l i c a b l e  t o  our case; t h i s  i s  t h e  



" c r i t i c a l  l e v e l " .  This  i s  t h e  level a t  which the decision i s  made 
t h a t  a s i g n a l  i s  "detected".  We thus define t h i s  c r i t i c a l  level as 
t h a t  level a t  which the  data are s t a t i s t i c a l l y  adequate. 

S e t t i n g  t h e  actual levels in counts per second, "a pr ior i  " fo r  each 
e lementa l  window i s  d i f f i c u l t  at best since the f u l l  e f fec t  of a l l  
parameters  a f f e c t i n g  the  counts i s  not known t o  a suf f ic ien t  degree 
of c e r t a i n t y .  I f  t h e  c o r r e c t i o n s  t o  t h e  d a t a  a r e  a s i g n i f i c a n t  
portion of the  count r a t e ,  most of the e r ror  (exclusive of systematic 
e r r o r s  due t o  e lec t ronics ,  e t c . )  in the corrected data can be ascrib- 
ed t o  random e r ro r s  within the applied corrections.  The corrections 
a r e  b a s i c a l l y  t h e  r e s u l t s  of'  counting r a d i o a c t i v e  decay products 
(gamma r a y s )  and a r e  t h e r e f o r e  assumed t o  fo l low t h e  c l a s s i c a l  
Poisson  d i s t r i b u t i o n .  The fo l lowing assumptions concerning these 
correct ions are:  

1. In t h e  b e s t  c a s e ,  t h e  e r r o r  in each c o r r e c t i o n  i s  additive. 

2 .  The sum of t h e s e  c o r r e c t  ions a l so  follows a Poisson dis t r ibu-  
t ion .  

3 .  The u n c e r t a i n t y  in t h e  c o r r e c t i o n ' i t s e l f ,  i s  equal t o  t h e  
square root of the correct ion appl i  ed. 

4. This  u n c e r t a i n t y  i s  d i r e c t l y  r e f l ec t ed  in the corrected s ingle  
record count r a t e .  

With t h e s e   assumption.^ in mind, t h e  c r i t e r i o n  fo r  determining t h e .  . 
s t a t i s t i c a l  adequacy of a given d a t a  sample may be defined as fo l -  
luws; 

" I f  a c o r r e c t e d  s i n g l e  record  d a t a  sample exceeds 1.5 
times the  square root of the  summed correction applied t o  
that .  d a t a  sample, then tha t  d a t a  sample i s  s ta t i s t ica1l .y  
adequate. " 

S i n c e  any c a l c u l  a t  ion using s t  a t i s t i c a l  l y  inadequate data (such as 
r a t i o s )  i s  a l s o  inadequate ,  t h e  adequacy of each element of the 
s i n g l e  sample r eco rd  data i s  tested pr ior  t o  the calculation. This 
i s  dooe  during t h e  course of the  processing by retaining a l l  correc- 
t i o n s  a p p l i e d  t o  each d a t a  sample a n d  d e t e r m i n i n g  i t s  adequdcy 
as explained above. 

Not on ly  a r e  t h e  r e s u l t ' s  of t h i s  s t a t i s t i c a l  adequacy t e s t  used t o  
i n s u r e  t h a t  c a l c u l a t e d  r a t i o s  will be meaningful b u t  they are  also 
u t  i l  i z e d  t o  de termine  t h e  optimum i n t e r v a l  over which t h e  d a t a  



s h o u l d  be ave raged  ( e . g .  5 seconds  o r  7 seconds, e t c . )  t o  improve 
t h e  o v e r a l l  d a t a  s t a t i s t i c a l  adequacy I n  t h e  case o f  t h i s  p r o j e c t ,  
t h e  r e s u l t i n g  averag ing  sample i n t e r v a l  was 7 seconds. T h i s  r e s u l t e d  
i n  99% o r  b e t t e r  o f  t h e  u r a n i u m  d a t a  t o  be s t a t i s t i c a l l y  adequate, 
e x c l u s i v e  o f  those  d a t a  which were o u t s i d e  o f  a l t i t u d e  s p e c i f i c a t i o n s  
( t h e  o v e r a l l  a l t i t u d e  s p e c i f i c a t i o n  was ma in ta i ned  a t  t h e  95% l e v e l )  
and e x c l u d i n g  t h e  known w a t e r  s a t u r a t e d  map u n i t s  and wate r  bodies 

Hypothes is  T e s t i n g  

F o r  t h i s  p r o c e s s i n g  i t  i s  assumed t h a t  c o r r e l a t i o n s '  between r a d i o -  
m e t r i c ' v a r i a b l e s  and c o m p u t e r  map u n i t s  can be descr ibed  b y  normal 
( G a u s s i  an )  a n d / o r  l o g - n o r m a l  d i s t r i b u t i o n s .  The averaged d a t a  a re  
t r e a t e d  i n  a  s tanda rd i zed  manner, desc r i bed  below. 

Each  samp le  w i t h  i t s  s i x  v a r i a b l e s  ( K ,  U, T, and t h r e e  r a t i o s )  i s  
g r o u p e d  b y  i t s  c o r r e s p o n d i n g  c o m p u t e r  map u n i t .  S t a t i s t i c a l l y  
inadequate  d a t a  and samples w i t h  o u t - o f - s p e c i f i c a t i o n  r a d a r  a l t i t u d e s  
a r e  e x c l u d e d  f r o m  t h e  t e s t i n g .  A m o d i f i e d  Chi-Square t e s t i n g  scheme 
i s  u t i l i z e d  t o  e v a l u a t e  t h e  f o l l o w i n g  two  hypotheses: 

1. The  c o u n t  r a t e  d i s t r i b u t i o n  f o r  a  s p e c i f i e d  computer map u n i t  
can be b e s t  r ep resen ted  by  a  normal d i s t r i b u t i o n .  

2.  The  c o u n t  r a t e  d i s t r i b u t i o n  f o r  a  s p e c i f i e d  computer rnap u n i t  
can be b e s t  r ep resen ted  by  a  log-normal  d i s t r i b u t i o n .  

No C h i - S q u a r e  t e s t s  we re  p e r f o r m e d  on  u n i t s  h a v i n g  l e s s  t h a n  20 
s t  a t  i s t  i c a l  l y  adequate samples. I n  a d d i t i o n  t o  t h e  Chi-Square Test ,  
a l l  u n i t s  a re  p l o t t e d  as h is tograms and compared w i t h  t h e  r e s u l t s  of 
t h e  h y p o t h e s i s  t e s t i n g  t o  c l a r i f y  any amb igu i t i es .  For  some u n i t s  
t h e  b e s t  e s t i m a t e  o f  c e n t r a l  tendency  f o r  a  p a r t i c u l a r  v a r i a b l e  was 
t h e  u n i t  med, idl i  and n o t  t h c  a r i t h m e t i c  m e a n .  The lower  mode was 
u s e d  as t h e  measure o f  c e n t r a l  tendency f o r  polymodal d i s t r i b u t i o n s .  

Each  r a d i o m e t r i c  p a r a m e t e r  f o r  a  g i v e n  g e o l o g i c  f o r m a t i o n  i s  t h e n  
c l a s s i f i e d  as e i t h e r  a  n o r m a l  o r  l o g - n o r m a l  d i s t r i b u t i o n .  The 
measu re  o f  c e n t r a l  tendency and d i s p e r s i o n  f o r  each o f  t hese  d i s t r i -  
b u t i o n s  a r e  t h e n  u t i l i z e d  as a  b a s i s  f o r  de te rm in ing  which d a t a  a re  
anoma lous  w i t h i n  a g i v e n  u n i t .  A samp le  o f  such a. h i s t o g r a m  i s  
p resen ted  i n  F i g u r e  14.  
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DATA PRESENTATION 

GENERAL 

The m a j o r i t y  o f  t h e  ac tua l  p resen ted  d a t a  a re  con ta i ned  i n  Volume 11. 
These  i n c l u d e  t h e  u r a n i u m  a n o m a l y l i  n t e r p r e t a t i o n  maps and pseudo- 
c o n t o u r  maps o f  p o t a s s i u m ,  uranium, tho r ium,  and magnet ic d a t a  and 
a re  i n t e g r a t e d  as p a r t  o f  t h e  t e x t  i n  t h e  i n t e r p r e t a t i o n  s e c t i o n .  I n  
a d d i t i o n  t o  t hese  data,  Volume I 1  c o n t a i n s  d a t a  p resen ted  i n  t h e  fo rm 
o f  r a d i o m e t r i c  p r o f i l e s ,  f l i g h t  p a t h  r e c o v e r y  map's, s t a t i s t i c a l  
anomaly  maps, and h i s t o g r a m s .  M i c r o f i c h e  d a t a  a r e  c o n t a i n e d  i n  
A p p e n d i x  C o f  t h i s  vo lume. '  D a t a  t a p e s  a r e  a v a i l a b l e  sepa ra te l y .  

RADIOMETRIC PROFILES 

S t a c k e d  p r o f i l e s  we re  p r e p a r e d  f r o m  t h e  ave raged  d a t a  f o r  each 
t r a v e r s e  and t i e  l i n e .  These s tacked  p r o f i l e s ,  p l o t t e d  a t  a l i n e a r  
s c a l e  o f  1:250,000, c o n t a i n  t h e  f o l l o w i n g  p a r a m e t e r s :  c o r r e c t e d  
T o t  a1 C o u n t ,  - c o r r e c t e d  P o t a s s i u m ,  c o r r e c t e d  Uran ium,  c o r r e c t e d  
Tho r i um ,  UITH, UIK,  and THIK r a t i o s ,  B i  A i r ,  r a d a r  a l t i m e t e r ,  and 
magne tome te r  d a t a .  Each o f  t h e  s t a c k e d  p r o f i l e  sheets  c o n t a i n s  a  

' p l o t  o f  t h e  f l i g h t  p a t h  supe r imposed  on a  g e o l o g i c  s t r i p  map. 
I n c l u d e d  a l ong  t h e s e  p r o f i l e s  a re  t h e  f i d u c i a l  numbers which c o r r e s -  
pond  t o  f l i g h t  p a t h  p o s i t i o n  as d i s p l a y e d  on t h e  f l i g h t  p a t h  recov-  
e r y  maps. Each o f  t h e  s t a c k e d  p r o f i l e s  r e p r e s e n t s  t h e  d a t a  con- 
t a i n e d  on t h e  s p e c i f i c  f l i g h t  l i n e  w i t h i n  t h e  b o u n d a r i e s  o f  t h e  
s p e c i f i e d  NTMS Quadrangle  sheet .  

R a d i o m e t r i c  t r a c e s  on  t h e  s t a c k e d  p r o f i l e s  c o n t a i n  an i n d i c a t o r  
s h o w i n g  t h o s e  d a t a  w h i c h  a r e  s t a t i s t i c a l l y  inadequate.  These s t a -  
t i s t i c a l l y  inadequate d a t a  a re  marked b y  a  sma l l  v e r t i c a l  t i c k  a t  t h e  
sample I oca l i u r s .  The a l t i t u d e  p r o f i l e  has heen l i m i t e d  i n  d i s p l a y  t o  
1,000 f e e t .  A dashed l i n e  a t  t h e  700 f o o t  l e v e l  i s ' p r e s e n t e d  t o  show 
t h o s e  d a t a  w h i c h  do n o t  meet  t h e  a l t i t u d e  s p e c i f i c a t i o n s .  The 
v e r t i c a l  s c a l e  o f  each v a r i a b l e  r e m a i n s  c o n s t a n t  on a l l  s t a c k e d  
p r o f i l e s .  When ove r rang ing  occurs,  t h e  t r a c e  i s  stepped and t h e  s t e p  
l a b e l e d  showing t h e  ac tua l  va l ue .  A p i c t o r i a l  r e p r e s e n t a t i o n  o f  such 

. a  s t epp ing  p r o f i l e  i s  shown i n  F i g u r e ' l 5 .  A t  t h e  end o f  each s tacked 
p r o f i l e ,  a  s t a t i s t i c a l  summary o f  t h e  minimum va lue,  maximum value, 
mean, and s tandard  d e v i a t i o n  f o r  t h a t  v a r i a b l e  i s  'presented. 

C o n t a i n e d  i n  Volu'me I 1  o f  t h i s  r e p o r t  a r e  an e q u i v a l e n t  s e t  o f  
s t a c k e d  p r o f i l e s  f o r  each quadrangle,  pho tog raph i ca l  l y  reduced t o  an 
approx imate s c a l e  o f  1:500,000. 





C'IAGNETIC PROFILES 

A s e t  o f  p r o f i l e s  c o n t a i n i n g  t h e  magnet ic  d a t a  ( co r rec ted ,  w i t h  IGRF 
removed ) ,  b a r o m e t r i c  a1 t i m e t e r  data,  r a d a r  a l t i m e t e r  data,  d i u r n a l  
mon i t o r  data, and tempera tu re  d a t a  are a v a i l a b l e  a t  a  l i n e a r  sca le  o f  
1 :250,000.  Each o f  t h e  s t a c k e d  p r o f i l e s  c o n t a i n s  a  p l o t  o f  t h e  
f l i g h t  p a t h  supe r imposed  on t h e  g e o l o g y  o v e r  w h i c h  t h e  a i r c r a f t  
f l o w .  Reduced s c a l e ,  1:500,000 c o p i e s  o f  t h e s e  a r e  p resen ted  i n  
Volume I 1  o f  t h i s  r e p o r t .  

FLIGHT PATH MAPS 

F o r  each  o f  t h e  NTMS q u a d r a n g l e  s h e e t s  c o v e r e d  b y  t h i s  survey, a  
f l i g h t  p a t h  p o s i t i o n  map i s  a v a i l a b l e  a t  a  sca le  o f  1':250,000. The 
a c t u a l  f l i g h t  p a t h  has been superimposed on t h e  g e o l o g i c  quadrangle  
maps. F l i g h t  l i n e s  and t i e  l i n e s  a re  annotated a long  w i t h  f i d u c i a l  
numbers OF 1  o c a t e d  p o s i t  i o n s .  Reduced sca le ,  1:500,000, cop ies  o f  
these  can be found  i n  Volume I 1  o f  t h i s  r e p o r t .  

ANOMALY MAPS 

Gamma r a y  anomaly  maps have  been prepared f o r  each NTMS quadrangle  
i n c l u d e d  i n  t h i s  s u r v e y .  The s i x  anomaly maps genera ted  rep resen t  
t h e  f o l  l ow ing  parameters:  potassium, uranium, tho r ium,  and UITH, U/K 

' and THIK r a t i o s .  The d a t a  con ta i ned  i n  each map rep resen t  o n l y  t hose  
d a t a  which a re  cons idered  s t a t  i s t i c a l  l y  adequate. T h i s  a u t o m a t i c a l l y  
exc ludes a l l  d a t a  c o l l e c t e d  over  wa te r  o r  d a t a  which f a l l s  o u t s i d e  of 
a l t i t u d e  s p e c i f i c a t i o n s  ( i . e .  a l t i t u d e  g r e a t e r  t han  700 and l e s s  . than  
200  f e e t ) .  The symbol ism o f  each o f  t h e  s i x  maps i s  i d e n t i c a l  . The 
c e n t e r  o f  each  c i r c l e  r e p r e s e n t s  t h e  c e n t r a l  averaged sample s i n c e  
t h e  d a t a  had been averaged over  a  7  second i n t e r v a l .  The sma l l  boxes 
a d j a c e n t  t o  each  o f  t h e  c i r c l e s  r e p r e s e n t s  one s tandard  d e v i a t i o n  
f r o m  t h e  mean f o r  t h a t  5 p e c i f i c  d a t a  sample. In order t o  determine 
w h e t h e r  t h e  d a t a  shown a r e  r e p r e s e n t e d  b y  p o s i t i v e  o r  n e g a t i v e  
s t a n d a r d  d e v i a t i o n s ,  cons ide r  each map w i t h  n o r t h  p o i n t i n g  away f r om 
t h e  v i e w e r .  F o r  eas t /wes t  1 i nes  ( t r a v e r s e  l i n e s )  p o s i t i v e  s tandard 
d e v i a t i o n s  l i e  above o r  t o  t h e  n o r t h  o f  t h e  t r a v e r s e  l i n e  w i t h  
n e g a t i v e  s t a n d a r d  d e v i a t i o n  b e l o w  o r  t o  t h e  sou th .  On t h e  n o r t h /  

. s o u t h  1  i n e s  ( t i e  l i n e s )  p o ' s i t i v e  s tandard  d e v i a t i o n s  a r e . t o  t h e  l e f t  
o f  t h e  v i e w e r  o r  t o  t h e  w e s t ,  . w i t h  nega t i ve  s tandard  d e v i a t i o n s  t o  
t h e  r i g h t  o r  t o  t h e  eas t .  

These  maps we re  g e n e r a t e d  a t  a  s c a l e  o f  1 :250 ,000  f o r  each NTMS 
sheet.  I n  a d d i t i o n ,  t hese  anomaly maps are p resen ted  i n  Volume I 1  of 
t h i s  r e p o r t  a t  a reduced s c a l e  o f  approx imate ly .  1:500,000. 



HISTOGRAMS 

Computer g e n e r a t e d  h i s t o g r a m s ,  showing t h e  count r a t e  d i s t r i b u t i o n  
f o r  each o f  t h e  s i x  gamma r a y  parameters measured and c a l c u l a t e d  as a  
f u n c t i o n  o f  computer  map u n i t  a r e  p r e s e n t e d  i n  Volume I 1  o f  t h i s  
r e p o r t  . I n f o r m a t  i o n  c o n t a i n e d  on t h e s e  h i s t o g r a m s  i n c l u d e s  t h e  
d i s t r i b u t i o n ,  t h e  s t a n d a r d  d e v i a t i o n  as c a l c u l a t e d  about t h e  mean, 
and t h e  t o t a l  number o f  samples f r o m  w h i c h  t h e  d i s t r i b u t i o n  was 
d e r i v e d  . 

DATA LISTINGS 

S i n g l e  r e c o r d  reduced and averaged reco rd  ( s t  at  i s t  i c a l  ana lys i s )  da ta  
1  i s t i n g s  have been p r e p a r e d  on m i c r o f i c h e .  The m i c r o f i c h e  a r e  
c o n t a i n e d  i n  Volume I o f  t h i s  r e p o r t  as Append ix  C .  Each o f  t h e  
s i n g l e  r e c o r d  and averaged reco rd  da ta  l i s t i n g s  are presented f o r  t h e  
d a t a  c o n t a i n e d  i n  a  s i n g l e  quadrang le .  The da ta  conta ined i n  t h e  
s i n g l e  r e c o r d  da ta  l i s t i n g s  are summarized below: 

1. F i d u c i  a1 number. 

2. Sys tem/Qual  i t y  (SAKUT) - The f i r s t  d i g i t  i d e n t i f i e s  t h e  system 
used t o  c o l l e c t  t h e  sample. The r e m a i n i n g  d i g i t s  d e f i n e  t h e  
r e s u l t s  o f  s t a t i s t i c a l  adequacy t e s t i n g  f o r  a l t i t u d e ,  potassium, 

I uran ium,  and t h o r i u m .  A v a l u e  o f  0 i d i c a t e d  t h a t  t he  da ta  are 
s t a t i s t i c a l l y  adequate. A va lue o f  1 i d i c a t e s  t h a t  t h e  da ta  are 
s t a t i s t i c a l l y  i n a d e q u a t e .  A l l  d a t a  c o l l e c t e d  i n  excess o f  700 
f e e t  and l e s s  t h a n  200 f e e t  are considered s t a t i s t i c a l l y  inade- 
quate. 

3. Time - t ime presented i n  hours, minutes , and seconds 

4 . .  A l t i t u d e  - a l t i t u d e  presented i n  f e e t  above t e r r a i n  

5. LATILONG - L a t i t u d e  and Longi tude presented i n  terms o f  decimal 
degrees 

6 .  Magnetic f i e l d  expressed i n  r e s i d u a l  gammas 

7. Geulugy - code represent ing  geologic  u n i t s  

8. K, U, T  - count r a t e  o f  co r rec ted  K, U, T  da ta  

9.  U/TH, U/K, TH/K - c a l c u l a t e d  r a t i o s  o f  t h e  t h r e e  pa ramete rs  



10. T o t a l  c o u n t  - c o r r e c t e d  t o t a l  c o u n t  d a t a  (0.4 t o  3.0 MeV) 

11. COS - downward l o o k i n g  cosmic count r a t e  in.  t h e  3-6 MeV channel 

12. U a i r  - atmospheric Bi-214 count r a t e  

13. .Tempera tu re  - o u t s i d e .  a i r  t e m p e r a t u r e  i n  degrees  c e n t i g r a d e  

14. Press - baromet r ic  pressure i n  inches o f  mercury 

The averaged r e c o r d  ( s t a t  i s t i c a l  ana lys i s )  da ta  1  i s t i n g s  are summar- 
i z e d  below: 

1. F i d u c i a l  number 

2. S y s t e m I Q u a l i t y  (SAKUT) - The f i r s t  d i g i t  i d e n t i f i e s  t h e  system 
used t o  c o l l e c t  t h e  sample. The r e m a i n i n g  d i g i t s  d e f i n e  t h e  
r e s u l t s  o f  s t a t i s t i c a l  adequacy t e s t i n g  f o r  a l t i t u d e ,  potas- 
sium, uranium, and t h o r i u m .  A v a l u e  o f  0  i n d i c a t e d  t h a t  t h e  
d a t a  a r e  s t a t i s t i c a l l y  adequate.  ' A v a l u e  o f  1 i n d i c a t e s  t h a t  
t h e  d a t a  a r e  s t a t i s t i c a l l y  inadequate ;  A l l  da ta  c o l l e c t e d  i n ,  
excess  o f  700 f e e t  and l e s s  t h a n  200 f e e t  are considered s ta -  
t i s t  i c a l  l y  inadequate. 

3 . '  LATILONG - L a t i t u d e  and l ong i tude  p r e s e n t e d ' j n  terms o f  decimal 
degrees 

4. Magnetic f ie l ' d  expressed i n  r e s i d u a l  .gammas 

5. Geology ,- code represent ing.  geologic  ' format  ions  

6. K, U, T  - count r a t e  o f  co r rec ted  K, U, T  da ta  and t h e  number of 
(+) standard dev ia t i ons  f rom t h e  mean 

7. U/TH, u/K', T ~ / K  - calculated r a t i o s  o f  t h c  t h r c c  paramcters, 
and t h e  nu,mber .of (+) 'standard dev ia t i ons  f rom t h e  mean. 

8. T o t a l  c o u n t  - c o r r e c t e d  t o t a l  c o u n t  d a t a  (0 .4  t o  3.0 MeV) 

9. COS - downward l o o k i n g  cosmic count r a t e  i n  t h e  3-6 MeV channel 

10. U a i r  - atmospheric Bi-214 count r a t e  

DATA TAPES 

Data t a p e  f i l e s  have been genera ted  f o r  each o f  t h e  1:250,000 NTMS 
quadrang le  shee ts .  The t a p e s  a r e  IBM c o m p a t i b l e  and r e c o r d e d  on 



9 t rack  E B C D I C  a t  800 bpi .  Four s e p a r a t e  s e t s  of d a t a  tapes  a re  
presented : raw s p e c t r a l  da ta  tape's; s i n g l e  record reduced da ta  
tapes; s t a t i s t i c a l  analysis tapes; and magnetic data tapes. Detailed 
desc r ip t ions  of t h e  d a t a  t ape  formats  a re  presented in Appendix A.  

I . .  
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DATA INTERPRETATION METHODS 

GENERAL 

The s ta ted  o b j e c t i v e  o f  t h e  NURE Program i s  eva lua t i on  o f  t h e  uranium 
p o t e n t i a l  o f  t h e  U n i t e d  S t a t e s .  I n  s u p p o r t  o f  t h i s  g o a l ,  h i g h  
s e n s i t i v i t y  a i r b o r n e  r a d i o m e t r i c  and m a g n e t i c  s u r v e y s  have been 
imp1  emented t o  o b t a i n  r e c o n n a i s s a n c e  i n f o r m a t i o n  p e r t a i n i n g  t o  
r e g i o n a l  d i s t r i b u t i o n  o f  u ran i fe rous  m a t e r i a l s .  W i th in  t h i s  context ,  
d a t a  i n t e r p r e t a t i o n  has been o r i en ted  toward reg iona l  de tec t i on  and 
d e s c r i p t i o n  o f  anomalously ,high concent ra t  ions  o f  uranium. 

By f a r  t h e  most. s i g n i f i c a n t  n a t u r a l  sources o f  gamma r a d i a t i o n  i n  t h e  
geo log ic  environment are t h e  r a d i o a c t i v e  decay se r ies  o f  potassium 40 
(K40) ,  t h o r i u m  232 (Th232) and uranium 238 (U238)-of wh.ich'0.7% i s  
u r a n i u m  235. Po tass ium 40 i s  t h e  l a r g e s t  c o n t r i b u t o r  t o  n a t u r a l  
r a d i o a c t i v i t y ,  account ing f o r  n e a r l y  98%, as i t  i s  t h e  most abundant 
'gamma r a y  e m i t t e r - . 0 1 2 %  o f  a l l  potassium i n  nature.  (Refer t o  GSA 
M e m o i r  9 7  f o r  abundances o f  uranium, t h o r i u m ,  and po tass ium. )  

Potassium 40 i s  d i r e c t l y  i d e n t i f i e d  b y  t h e  a i rbo rne  spectrometer f rom 
a  s i n g l e  c l e a r  peak a t  1.46 mev ( m i l l i o n  e l e c t r o n  v o l t s )  i n  i t s  gamma 
r a y  spec t rum.  However, t ho r i um 232 and uranium 238 do no t  have any 

, c l e a r ,  d i s t i n c t  peaks -  a t  s u f f i c i e n t l y  h igh  energies t o  a1 low d i r e c t  
de tec t fon  f rom a i rbo rne  systems. Instead,  daughter products which do 
have d i s t i n c t  pea'ks are measured as rep resen t i ng  t h e  abundance o f  t h e  
p a r e n t  e lemen t .  F o r  thor ium 232, t h e  daughter n u c l i d e  t h a l l i u m  208 . 

(T1208) has a  d i s t i n c t  peak a t  2.62 mev w h i l e  u ran ium 238 has a  
daugh te r ,  b i s m u t h  214 ( B i 2 1 4 )  possessing 'a c l e a r  peak a t  1.76 mev. 
(See F i g u r e  8  f o r '  a  composite decay s e r i e s  spectrum.) Consequently 
t h e  fundamen ta l  assumption i m p l i c i t  t o  a i rbo rne  uranium and tho r ium 
measurements i s . t h a t  t h e  measured daughter products are i n  rad ioac-  
t i v e  e q u i l i b r i u m  - t h e  number o f  atoms o f  d i s i n t e g r a t i n g  daughter 

n u c l  i d e s  are. equa l  t o  t h e  number b e i n g  . f o r m e d .  (See Adams and 
Gasparini ,  1970.) 

An a i rborne,gamma r a y  measurement i s  t h e  sum o f  photons  counted 
d u r i n g  a  s p e c i f i e d  t i m e  i n t e r v a l  f r o m  a  m u l t i t u d e  o f  gamma r a y  
s o u r c e s  w h i c h  i n c l u d e  t h e  t h r e e  g e o l o g i c  e m i t t e r s  t h a t  are being 
sought p l u s  o t h e r  i n t e r f e r i n g  sources. Th.ese o thers  inc lude,  b u t  are 
n o t  1  i m i  t e d  to.; h ighe r  energy cosmic rays, a i r c r a f t  and instruments, 
c o n t r i b u t i o n s  f r o m  over lapp ing  decay se r ies  and a i rborne radon 222. 
.(See Bur son; 1974' and McSharry, 1973 f o r  a-more complete d iscuss ion  
o f  a i r b o ' r n e  rad iomet r i c  measurements, .and Radiometr ic Data Reduction 
i n ,  t h i s  vo lume f o r  a complete d e s c r i p t i o n  o f  da ta  c o r r e c t i o n  proce- 
dures. ) 



When c o r r e l a t i n g  ground data  (geochemical geo log ica l ,  e t c . )  w i t h  t h e  
c o r r e c t e d  d a t a  d e r i v e d  f r o m  raw a i r b o r n e  measurements, t h e  i n t e r -  
p r e t e r  must  remember what an i n d i v i d u a l  a i rbo rne  gamma r a y  sample 
p h y s i c a l  l y  measures.  F i r s t ,  t h e  t e r r e s t r i a l  component o f  t he  gamma 
r a d i  a t  i o n  measured b y  t h e  a i r b o r n e  d e t e c t o r  emanated' p r imary  from 
t h e  upper  1 8  i n c h e s  o f  m a t e r i a l  o f  t h e  e a r t h ' s  sur face (Gregory and 
Horwood, 1963) .  The a i r b o r n e  measurement cannot "see" any deeper. 
i n t o  t h e  u n d e r l y i n g  r o c k  m a t e r i a l  and i s  e s s e n t i a l  l y  a  measurement o f  
t h e  s o i l ' s  o r  exposed (wea the red )  r o c k ' s  r a d i o a c t i v i t y .  Secondly, 
s i n c e  each a i rbo rne  sample i s  an accumulation o f  gamma rays  measured 
on  a  mov ing  p l a t f o r m  o v e r  a  f i x e d  p e r i o d  o f  t i m e ,  t h e  i n d i v i d u a l  
sample  r e p r e s e n t s  a  l a r g e  a r e a l  ex ten t  of sur.lr icia1 ma te r ia l .  For 
t h i s  s u r v e y  w i t h  s p e c i f i c a t i o n s  o f  400 f e e t  mean t e r r a i n  c learance 
and an average ground speed o f  70 m l l e s  per  hour, a  orle second sample 
c o r r e s p o n d s  t o  an o v a l  approximate ly  700 f e e t  l ong  by  600 f e e t  wide 
( assuming an i n f i n i t e ,  u n i f o r m l y  d i s t r i b u t e d  source). Accordingly,  
averaged samples rep resen t  tremendous volumes o f  , s u r f i c i a l  ma te r i a l s .  

METHODOLOGY 

As d e s c r i b e d  p rev ious l y ,  t h e  gamma r a y  data 'were l oca ted  by  computer 
map u n i t s ,  h i s t o g r a m s  were produced and s t a t i s t i c a l  ana lys is  per- 
formed.  The b a s i c  u n i t  f o r  ' i n t e r p r e t a t  i o n  t h e n  i s  t h e  averaged 
sample  a'nd i t s  a t t e n d a n t  d e v i a t i o n s  about  a  p a r t i c u l a r  map u n i t ' s  
mean. Minimum.' r e q u i r e m e n t s  i n  t h e  subsequent i n t e r p r e t a t i o n  d i s -  
c u s s i o n s  o f  each quadrangle f o r  a  v a l i d  uranium anomaly art! def,irled 
as f o l l o w s :  

1. Two ( 2 )  c o n s e c u t i v e  averaged U samples l y i n g  t.wo o r  more stan- 
d a r d  d e v i  a t  i o n s  above t h e  mean; o r ,  t h r e e  ( 3 )  c o n s e c u t i v e  
ave raged  U  samples, two  o f  wh ich  are one (1) o r  more standard 
d e v i a t i o n s  and t h e  t h i r d  o f  which i s  two (2 )  o r  more standard 
d e v i a t i o n s  above t h e  mean. 

2.. Two ( 2 )  c o n s e c u t i v e  averaged U/T r a t i o s  which are one (1)  o r  
more standard dev ia t i ons  above t h e  mean. 

3. Each U/T r a t i o  de f ined i n  (2 )  must have a corresponding tho r ium 
value l y i n g  a t  l e a s t  g rea te r  than minus one ( -1)  standard devia- 
t f o n  be low  t h e  mcdrl. I f  t h e  t h o r i u m  sample i s  l e s s  than one 
s t a n d a r d  d e v i a t i o n  below t h e  mean, t h e  U/T r a t i o  i s  considered 
quest ionab le .  

S t a t i s t i c a l  anoma l ies  which meet t h e  above c r i t e r i a  can r e s u l t  f rom 
seve ra l  f a c t o r s  o r  c i rcumstances i nc lud ing :  ( 1 )  t r u e  concent ra t ion  
o f  u r a n i f e r o u s  m i n e r a l s ,  ( 2 )  d i f f e r e n t i a l  su r face  cover ( s o i l s  and 
/ o r  v e g e t a t i o n )  w i t h i n  a  l i t h o l o g i c  u n i t ,  ( 3 )  l o c a l  weather condi -  



t i o n s  such as r a i n  and .snow, ( 4 )  extreme fac ies  v a r i a t i o n  w i t h i n  a  
mapped u n i t ,  and ( 5 )  d i f f e r e n t i a l  weathering o f  rocks  w i t h i n  mapped 
u n i t s .  O b v i o u s l y  an averaged sample w h i c h  l i e s  on t h e  boundary  
between two map u n i t s  i s  n o t  t r u l y  r e f l e c t i n g  e i t h e r  one, b u t  i s  
r a t h e r  an average o f  b o t h .  Thus f o r  two marked ly  d i f f e r e n t  u n i t s ,  
such a  sample would be anomalous r e l a t i v e  t o  one o f  t h e  u n i t s  and not  
be a  t r u e  i n d i c a t i o n  o f  r a d i o a c t i v e  d i f f e r e n c e s  w i t h i n  t h e  u n i t .  

The potass ium,  t h o r  i'um, uranium, and r e s i d u a l  magne t i c  da ta  were 
p l o t t e d  as separa te  pseudo-contour maps and o v e r l a i n  on t h e  geologic  
base map and s t a t i s t i c a l  anomaly maps. R e g i o n a l  t r e n d s  o f  each 
v a r i a b l e  and average count ing r a t e s  cou ld  thus  be e a s i l y  and q u i c k l y  
determined and compared w i t h  t h e  associated geo log ica l ,  magnetic, and 
s t a t i s t i c a l  t r e n d s .  On ly  t h e  long wavelengths w i t h i n  each v a r i a b l e  
would show any l i n e - t o - l i n e  c o n t i n u i t y  on t h e  pseudo-contour maps and 
thus, o n l y  r e g i o n a l  t rends  w i l l  appear. 

Each q u a d i a n g l e  I s  stacked p r o f i l e s  were a lso o v e r l a i n  on the' cor res-  
ponding g e o l o g i c  and anomaly maps t o  f u r t h e r  d e l i n e a t e  t rends  and t o  
.a l low a  more d e t a i l e d  a n a l y s i s  o f  i n d i v i d u a l  anomalies. Since t h e  
i n t e r p r e t a t i o n  was c o n c e n t r a t e d  on de tec t i on  o f  anomalous uranium, 
s u b t l e  t r e n d s  p r e s e n t  i n  t h e  p o t a s s i u m  and t h o r i u m  channe ls  and '  
r a t i o s  were o n l y  examined i n  a  c u r s o r y  manner. Even du r ing  such a  
b r i e f  .examinat  i o n  of t h e  p r o f i l e s  i t  was ev ident  t h a t  t h e  spectro-  

, .  meter sys tem was h i g h l y  s e n s i t i v e  t o  changes i n  sur face mater ia ls ,  
even i n  a reas  o f  l o w  c o u n t i n g  r a t e s  such as g l a c i a l  d r i f t .  Thus 

' r a d i o m e t r i c s  have a  r e a l  p o t e n t i a l  f o r  per forming general s u r f i c i a l  
mapping "geochemical ana lys isu  on a  geo log ic  u n i t  ( o r  s o i l s )  b a s i s  i n  
a d d i t i o n  t o  merely  r a d i o a c t i v e  minera l  "anomaly hunt ing" .  

Mean v a l u e s  o f  p e r c e n t  potassium (%K), equ iva len t  uranium (eU), and 
e q u i v a l e n t  t h o r i u m  (eT)  incorpora ted  i n t o  t h e  t e x t  are based on the  
r a d i o m e t r i c  s y s t e m ' s  s e n s i t i v i t y  as de f i ned  by c a l i b r a t i o n s  on t h e  
DOE'S Lake Mead Dynamic Test, Range. Normal i zed  equ iva len t  s e n s i t i v -  
i t i e s  a t  100 f e e t '  a l t . i t . ~ ~ d e  are; 

Equivalent  
Radioelement Percent / PPm Count s/Second 

1% K 90.3 
1 ppm eU 10.0 
1 ppm eT 6.4 

The anomaly t a b l e s  i n c l u d e d  w i t h  each quadrang le ' s  i n t e r p r e t a t i o n  
d i s c u s s i o n  l i s t  o n l y  t h e  uranium anomaly map samples comprising t h e  
anomaly. (See Table 2 i n  Volume I 1  f o r  an example.) 
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APPENDIX A 

TAPE FORMATS 

NEWCASTLE AND G I L L E T T E  QUADRANGLES 

WYOMING AND SOUTH DAKOTA 

EKALAKA QUADRANGLE 

MONTANA, SOUTH AND NORTH DAKOTA 



Appendix A 

SINGLE RECORD REDUCED DATA TAPE 

REFERENCE: PARAGRAPHS 4.7.2 AND 6.1.5, BFEC 1200-B 

The SINGLE RECORD REDUCED DATA TAPE i s  un labe led  n i n e  t r a c k ,  800 BPI, 
NRZI. A1 1  d a t a  r e c o r d e d  as EBCDIC c h a r a c t e r s .  Each t a p e  con ta i ns  
b u t  one f i l e  o f  heade r ,  d a t a ,  and t r a i l e r  r e c o r d s  f o r  no more t han  
one  NTMS q u a d r a n g l e .  The maximum r e c o r d  l e n g t h  i s  5472 cha rac te r s .  

The t a p e  i s  o r g a n i z e d  such  t h a t  each f l i g h t  l i n e  o f  d a t a  i s  preceded 
b y  a  h e a d e r  r e c o r d  and f o l l o w e d  b y  a  t r a i l e r  r e c o r d .  I f  a  f l i g h t  
1  i n e  i s  n o t  c o m p l e t e  on a  g i v e n  p h y s i c a l  t a p e ,  n o  t r a i l e r  r e c o r d  
f o l l o w s  . i t s  1  a s t  d a t a  r e c o r d  on  t h e  f i r s t  t a p e ,  n o r  does  a  header 
r e c o r d  precede i t s  f i r s t  d a t a  r e c o r d  on t h e  second tape .  

Header Record 

T h e  h e ' a d e r  r e c o r d  i s  1 4 4  c h a r a c t e r s  l o n g  w i t h  s i x  d e f i n e d  d a t a  
f i e l d s .  These f i e l d s  are:  

1 Type o f  tape .  A  32-charac te r  f i e l d  w i t h  t h e  t e x t  "SINGLE RECORD 
REDUCED DATA" l e f t  j , u s t i f i e d .  

2. P r o j e c t  i d e n t i f i c a t i o n .  A 32 -charac te r  f i e l d  w i t h ,  f o r  example, 
t h e  t e x t  "NTMS NL 16-1,2 RAWLINS" l e f t  j u s t i f i e d .  With t h e  
e x c e p t  i o n  o f  s p e c i a l  p r o j e c t s ,  such  as t h e  Lake Mead Dynamic 
T e s t  Range, a1 1  p r o j e c t  i d e n t i f i c a t i o n  f i e l d s  beg in  w i t h  "NTMS" 
f o l l o w e d  b y  t h e  s h e e t  number .  A d d i t i o n a l  i n f o r m a t i o n  may be 
abbrev ia ted .  

3 .  S u b c o n t r a c t o r  narlie. A  1 0 - c h a r a c t e r  f i e l d  w i t h  t h e  t e x t  "GEO- 
METRICS. " 

4.  Sys tem i d e n t i f i c a t i o n .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  a i r c r a f t  
r e g i s t r a t i o n  number r i g h t  j u s t i f i e d .  

5. F l i g h t  l i n e  number .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  f l i g h t  l i n e  
number r i g h t  , j u s t i f i e d , ,  

6 .  D a t e  f l o w n .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  date,  expressed as 
YYJJJ ,  r i g h t  j u s t i f i e d .  Y Y  a r e  t h e  l a s t  t w o  d i g i t s  o f  t h e  
c a l e n d a r  y e a r  and J J J  i s  t h e  J u l i a n  da te .  When r e f l i g h t s  r e -  



q u i r e  t h e  i n s e r t i o n  o f  t h e  d a t a  f r o m  m u l t i p l e  d a y s '  f l y i n g ,  
t h e  da te  used i s  t h a t  o f  t h e  o r i g i n a l  f l i g h t .  

The r e m a i n i n g  52 c h a r a c t e r s  o f  t h e  header record  are blank f i l l e d .  
A l e n g t h  o f  144 c h a r a c t e r s  was chosen t o  a l l ow  f o r  f u t u r e  expansion 
and because 144 i s  d i v i s i b l e  by  t h e  number o f  charac ters  per  word 
o f  many popular  computers. 

Data Record 

Each d a t a  r e c o r d  may c o n t a l t l  up t o  38 data  Scaris ( 1 6 g j c a l  records) ,  
w i t h  each scan 144 charac ters  long.  Therefore, t h e  minimum phys ica l  
' length o f  a d a t a  r e c o r d  i s  144 c h a r a c t e r s  and t h e  maximum phys ica l  
l e n g t h  i s  5472 charac ters .  

The d a t a  scan has e igh teen def ined data  f i e l d s .  

Record i d e n t i f i c a t i o n  number 
L a t i t u d e  i n  degrees 
Longi tude i n  degrees 
Residual magnetic f i e l d  i n  gammas 
T e r r a i n  c learance i n  f e e t  
Sur face geo log i c  map u n i t  
System/Qual i t y  f 1 ag code (SAKUT) 
Cosmic count ra te ,  i n  cps 
Atmospheric Bi-214 count ra te ,  i n  cps 
Gross count r a t e  (0.4-3.0 MeV), i n  cps 
Thorium (TL-208) count ra te ,  i n  cps 
Uranium (Bi -214)  count  ra te ,  i n  cps 
Potassium (K-40) count  ra t c ,  i n  cps 
Uranium/Thorium count r a t e  r a t i o  
Uranium/Potassium count r a t e  r a t i o  
Thorium/Potassium count r a t e  r a t i o  
Outs ide a i r  temperature, i n  degrees C 
Barometr ic  pressure, i n  inches o f  mercury 

T r a i  1  e r  Record 

.A t r a i l e r  , r e c o r d  f o l  lows t h e  l a s t  da ta  reco rd  f o r  each f l i g h t  l i n e .  
Th i s  r e c o r d  i s  a lways  5472 c h a r a c t e r s  l o n g ,  a1 1 o f  w h i c h . a r e  t h e  
d i g i t  n ine.  



STATISTICAL ANALYSIS TAPE 

REFERENCE: PARAGRAPHS 4.7.3 AND 6.1.5, BFEC 1200-B 

The STATISTICAL ANALYSIS TAPE i s  u n l a b e l e d  n i n e  t r a c k ,  800  BPI, 
NRZ I .A l1  d a t a  r e c o r d e d  as EBCDIC c h a r a c t e r s .  The maximum r e c o r d  
l e n g t h  i s  5472 c h a r a c t e r s .  Each tape  c o n t a i n s  b u t  one f i l e  o f  d a t a  
f o r  no more t h a n  one NTMS Quadrangle.  

F o r  each  NTMS Q u a d r a n g l e ,  t h e  f i r s t  r e c o r d ( s )  on t h e  t ape  c o n t a i n  
summary i n f o r m a t i o n  f o r  a l l  t h e  g e o l o g i c  map u n i t s  w i t h i n  t h e  quad- 
r a n g l e .  Th i s  summary i n f o r m a t i o n  i s  f o l l o w e d  b y  averaged r e c o r d  d a t a  
f o r  each su rvey  f l i g h t  l i o e .  

The t a p e  i s  o rgan ized  such t h a t  t h e  summary g e o l o g i c  i n f o r m a t i o n  and 
each f l i g h t  l i n e  o f  d a t a  a re  preceded b y  a  header r e c o r d  and f o l l o w e d  
b y  a  t r a i l e r  r e c o r d .  I f  a  f l i g h t  l i n e  i s  n o t  complete on a  g i ven  
p h y s i c a l  tape ,  no t r a i l e r  r e c o r d  f o l l o w s  i t s  l a s t  d a t a  r e c o r d  on t h e  
f i r s t  tape, n o r  does a  header r e c o r d  precede i t s  f i r s t  d a t a  r e c o r d  on 
t h e  second tape .  

' He,ader Record 

The header r e c o r d  i s  144 c h a r a c t e r s  l ong  w i t h  f o u r  d e f i n e d  f i e l d s  f o r  
t h e  summary g e o l o g i c  i n f o r m a t i o n  and s i x  d e f i n e d  f i e l d s  f o r  t h e  
averaged r e c o r d  da ta .  The f i e l d s  i n  common are:  

1. Type  o f  t a p e .  A 32 - cha rac te r  f i e l d  w i t h  t h e  t e x t  ,"STATISTICAL 
ANALYSIS" l e f t  j u s t i f i e d .  

2. P r o j e c t  i d e n t i f i c a t i o n .  A 32 -charac te r  f i e l d  w i t h ,  f o r  example, 
t h e  t e x t  "NTMS NL 1 6 - I , ?  RAWI-TNS". l e f t  j u s t i f i e d .  A l l  p r o j e c t  
i d e n t i f i c a t i o n  f i e l d s  b e g i n  w i t h  "NTMS" f o l l o w e d  b y  t h e  sheet  
number. A d d i t i o n a l  i n f o r m a t i o n  may.be abbrev ia ted .  

3 .  S u b c o n t r a c t o r  name. A 1 0 - c h a r a c t e r  f i e l d  w i t h  t h e  t e x t  "GEO- 
METRICS. " 

4 .  Sys tem i d e n t i f i c a t i o n .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  a i r c r a f t  
r e g i s t r a t i o n  number r i g h t  j u s t i f i e d .  

The a d d i t i o n a l  f i e l d s  f o r  t h e  averaged r e c o r d  d a t a  are:  



5. F l i g h t  l i n e  number .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  f l i g h t  l i n e  
number r i g h t  j u s t i f i e d .  

6. D a t e  f l o w n .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  date,  expressed as 
YYJJJ,  r i g h t  j u s t i f i e d .  Y Y  a r e  t h e  l a s t  t w o  d i g i t s  o f  t h e  
c a l e n d a r  y e a r  and J J J  i s  t h e  J u l i a n  d a t e .  When r e f l i g h t s  
r e q u i r e  t h e  i n s e r t i o n  o f  d a t a  f rom m u l t i p l e  days '  f l y i n g ,  t h e  
d a t e  used i s  t h a t  o f  t h e  o r i g i n a l  f l i g h t .  

U n d e f i n e d  f i e l d s  o f  t h e  header r e c o r d  a re  b lank  f i l l e d . ,  A l e n g t h  o f  
144 i s  d i v i s i b l e  b y  t h e  number o f  cha rac te r s  per  word o f  many popu la r  
computers.  

T r a i  1  e r  Record 

A t r a i  1 e r  r e c o r d  f o l l o w s  t h e  1  a s t  d a t a  r e c o r d  f o r  t h e  summary geo- 
l o g i c  i n f o r m a t i o n  and t h e  averaged r e c o r d  d a t a  f o r  each f l i g h t  l i n e .  
T h i s  r e c o r d  i s  a l w a y s  5472 c h a r a c t e r s  l o n g ,  a l l  o f  w h i c h  a re  t h e  
d i g i t  n i ne .  

Summary Geolog ic  I n f o r m a t i o n  Record 

Each summary g e o l o g i c  I n f o r m a t  i o n  Record may c o n t a i n  up t o  38 geo- 
l o g i c  map u n i t s  ( l o g i c a l  r e c o r d s ) ,  w i t h  each  l o g i c a l  r e c o r d  144  
c h a r a c t e r s  l o n g .  I h e r e t o r e ,  t h e  minimum p h y s i c a l  l e n g t h  o f  t h e  
summary g e o l o g i c  i n f o r m a t  i o n  r e c o r d  i s  144 c h a r a c t e r s  and maximum 
p h y s i c a l  l e n g t h  i s  5472 cha rac te r s .  

The summary g e o l o g i c  i n f o r m a t i o n  l o g i c a l  r e c o r d . h a s  n i n c t c c n  d c f i n c d  
d a t a  f i e l d s .  

Geo log ic  map u n i t  
Potass ium d i s t r i b u t i o n .  
Potass ium measure o f  c e n t r a l  tendency 
Potassium s tanda rd  d e v i a t i o n  
Uranium d i s t r i b u t i o n  t y p e  
Uranium measure o f  c e n t r a l  tendency 
Uranium s tanda rd  d e v i a t i o n  
Thorium d i s t r i b u t i o n  t y p e  
Thorium measure o f  c e n t r a l  tendency 
Thorium s tanda rd  d e v i  a t  i o n  
Uranium/Thorium d i s t r i b u t i o n  t y p e  
Uranium/Thor ium. measure o f  c e n t r a l  tendency 
Uranium/Thorium s tandard  dev i  a t  i o n  
Uraniurn/Thorium d i s t r i b u t i o n  t ype  
Uranium/Pot assium measure o f  c e n t r a l  tendency 



16. Uranium/Potassium s tandard  d e v i a t i o n  F10.4 113-122 
17. Thor iumIPot  assium d i s t r i b u t i o n  type A 2  . 123-124 
18. Thor ium/Potassium measure o f  c e n t r a l  tendency F10.4 125-134 
19. Thor ium/Potassium s tandard  d e v i a t i o n  F10.4 135-144 

Data Record 

Each r e c o r d  o f  a v e r a g e d  r e c o r d  d a t a  may . c o n t a i n  up t o  38 d a t a  scans 
( l o g i c a l  r e c o r d s ) ,  w i t h  each s c a n  144 c h a r a c t e r s  long .  Therefore,  
t h e  minimum p h y s i c a l  l e n g t h  o f  a  d a t a  r e c o r d  i s  144 c h a r a c t e r s  and 
t h e  maximum p h y s i c a l  l e n g t h  i s  5472 cha rac te r s .  

The d a t a  scan has t h e  f o l l o w i n g  d e f i n e d  d a t a  f i e l d s :  

1. Record i d e n t i f i c a t i o n  number 
2. L a t i t u d e  i n  degrees 
3. Long i t ude  i n  degrees 
4. Res idual  magnet ic  f i e l d  i n  gammas 
5. S u r f  ace g e o l o g i c  irldp u n i t  
6 .  SystemlQual  i t y  f l  ag code (SAKUT) 
7. Gross count  r a t e  (0.4-3.0 MeV), i n  cps ' 

8. Atmospher ic B i -214  count  r a t e ,  i n  cps 
9. Thor ium (TI -2080 count  r a t e ,  i n  cps 



MAGNETIC DATA TAPE 

REFERENCE: PARAGRAPHS 4.7.4 AND 6.1.5, BFEC 1200-8 

The  MAGNETIC DATA TAPE i s  un labe led  n i n e  t r a c k ,  800 BPI, N R Z I .  A l l  
d a t a  a r e  r e c o r d e d  as EBCDIC cha rac te r s .  Each tape  con ta ins  b u t  one 
f i l e  o f  heade r ,  d a t a ,  and t r a i l e r  r eco rds  f o r  no more t han  one NTMS 
quadrangle.  The maximum r e c o r d  l e n g t h  i s  4800 cha rac te r s .  

The t a p e  i s  o rgan i zed  such t h a t  each f l i g h t  l i n e  o f  d a t a  i s  preceded 
b y  a h e a d e r  r e c o r d  and f o l l o w e d  b y  a t r a i l e r  record .  I f  a f l i g h t  
l i n e  i s  n o t  c o m p l e t e  o n  a  g i v e n  p h y s i c a l  t a p e ,  n o  t r a i l e r  r e c o r d  
f o l l o w s  i t s  l a s t  d a t a  r e c o r d  on  t h e  f i r s t  tape, n o r  does a  header 
r e c o r d  precede i t s  f i r s t  da ta  r e c o r d  on t h e  second tape.  

Header Record 

The  h e a d e r  r e c o r d  i s  1 2 0  c h a r a c t e r s  l ong  w i t h  d e f i n e d  d a t a  f i e l d s .  
These f i e l d s  are:  

1. Type o f  t a p e .  A 3 2 - c h a r a c t e r  f i e l d  w i t h  t h e  t e x t  "MAGNETIC 
DATA" l e f t  j u s t i f i e d .  

2. P r o j e c t  i d e n t i f i c a t i o n .  A  32-charac te r  f i e l d  w i t h ,  f o r  example, 
t h e  t e x t  "NTMS NL 16-1,2 RAWLINS" l e f t  j u s t i f i e d .  A l l  p r -u jec l  
i d e n t i f i c a t i o n  f i e l d s  b e g i n  w i t h  "NTMS" f o l l o w e d  by  t h e  sheet 
number. A d d i t i o n a l  i n f o r m a t i o n  may be abbrev ia ted .  

3. S u b c o n t r a c t o r  name, A 1 0 - c h a r a c t e r  f i e l d  w i t h  t h e  text .  "GEO- 
METRICS. " 

4. Sys tem i d e n t i f i c a t i o n .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  a i r c r a f t  
r e g i s t r a t i o n  number r i g h t  j u s t i f i e d .  

5. F l i g h t  1  i n e  number .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  f l i g h t  l i n e  
number r i g h t  j u s t i f i e d .  

6. D a t e  f l o w n .  A  6 - c h a r a c t e r  f i e l d  w i t h  t h e  date,  expressed as 
YYI.lJSi r i q h t  , j u s t i f i e d .  Y Y  a r e  t h e  l a s t  twn d i g i t 5  n f  t.hc 
c a l e n d a r  y e a r  and J J J  i s  t h e  J u l i a n  d a t e .  When r e f l i g h t s  
r e q u i r e  t h e  i n s e r t i o n  o f  d a t a  from m u l t i p l e  days '  f l y i n g ,  t h e  
d a t e  used i s  t h a t  o f  t h e  o r i g i n a l  f l i g h t .  . . 



The rema in ing  28' c h a r a c t e r s  of t h e  header r e c o r d  a re  b lank  f i l l e d .  A 
l e n g t h  o f  120 c h a r a c t e r s  was chosen t o  a1 low f o r  f u t u r e  expansion and 
because 120 i s  d i v i s i b l e  by t h e  number 'o f  c h a r a c t e r s  per  word o f  many 
popu la r  computers. 

Data Record 

Each d a t a  r e c o r d  may c o n t a i n  up t o  40 d a t a  scans ( l o g i c a l  r eco rds ) ,  
w i t h  each  scan  120 c h a r a c t e r s  long .  There fo re ,  t h e  minimum p h y s i c a l  
l e n g t h  o f  a  d a t a  r e c o r d ' i s  120  c h a r a c t e r s  and t h e  maximum p h y s i c a l  
l e n g t h  i s  4800 c h a r a c t e r s .  

The d a t a  scan has e leven  d e f i n e d  d a t a  f i e l d s .  

1. Record i d e n t  if ica t . i on  nl~mher 
2. L a t i t u d e  i n  degrees 
3 .  Long i t ude  i n  degrees 
4. Time i n  day (hour ,  minutes,  seconds) 
5. T e r r a i n  c l ea rance  i n  f e e t  
6. Baromet r i c  p ressu re  i n  inches o f  mercury  
7. Sur face  g e o l o g i c  map u n i t  
8.  T o t a l  magnet ic  f i e l d  i n  gammas 
9. Res idual  magnet ic  f i e l d  i n  gammas 

10. System i d e n t i f i c a t i o n  code 
11. O p t i o n a l  d a t a  
12. Base s t a t i o n  magnet ic  f i e l d  i n  gammas 

T r  a i  1  e r  Record 

A t r a i l e r  r e c o r d  f o l l o w s  t h e  l a s t  d a t a  r e c o r d  f o r  each , f l i g h t  l i n e .  
T h i s  r e c o r d  i s  a l w a y s  4800 c h a r a c t e r s  l o n g ,  a l l  o f  w h i c h  a re  t h e  
d i g i t  n i ne .  



RAW SPECTRAL DATA TAPE 

REFERENCE: PARAGRAPHS 4.7.1 AND 6.1.5, BFEC 1200-B 

The RAW SPECTRAL DATA i s  u n l a b e l e d  n i n e  t r a c k ,  800 BPI, N R Z I .  A l l  
d a t a  a r e  r e c o r d e d  as EBCDIC charac te rs . .  Each t ape  con ta ins  b u t  one 
f i l e  o f  h e a d e r ,  d a t a ,  and t r a i l e r  r eco rds  f o r  no more t h a n  one NTMS 
quadrangle.  The maximum r e c o r d  l e n g t h  i s  5472 cha rac te r s .  

The  t a p e  i s  o rgan i zed  such t h a t  each f l i g h t  l i n e  o f  d a t a  i s  p r ~ c e r t e d  
b y  a  h e a d e r  r e c o r d  and fo l lowed b y  t r a i l e r  r eco rd .  I f  a  f l i g h t  l i n e  
i s  n o t  c o m p l e t e  on  a  g i v e n  p h y s i c a l  tape, no t r a i l e r  r e c o r d  f o l l o w s  
i t s  l a s t  d a t a  r e c o r d  on  t h e  f i r s t  t ape ,  n o r  does a  header r e c o r d  
precede i t s  f i r s t  d a t a  r e c o r d  on t h e  second tape.  

Header Record 

The  h e a d e r  r e c o r d  i s  1 4 4  c h a r a c t e r s  l o n g  w i t h  seven  d e f i n e d  d a t a  
f i e l d s .  These f i e l d s  are:  

1. Type o f  t a p e .  A 32-charac te r  f i e l d  w i t h  t h e  t e x t  "RAW SPECTRAL 
DATA" l e f t  j u s t i f i e d .  

2. P r o j e c t  i d e n t i f i c a t i o n ,  A 32-charac te r  f i e l d  w i t h ,  f o r  example, 
t h e  t e x t  "NTMS NL 16-1,2 RAWLINS" l e f t  j u s t i f i e d .  ' Wi th  t h e  
e x c e p t i o n  o f  s p e c i a l  p r o j e c t s ,  such  as t h e  Walker F i e l d  Tes t  
Pads and L a k e  Mead Dynamic T e s t  Range, a l l  p r o j e c t  i d e n t i f i -  
c a t i o r ~  F i e l d s  b e g i n  w i t h  "NTMS" f o l l o w e d  b y  t h e  sheet number. 
A d d i t i o n a l  i n f o r m a t  I o n  may be abbrev i  a ted.  

3. S u b c o n t r a c t o r  name. A  1 0 - c h a r a c t e r  f i e l d  w i t h  t h e  t e x t  "GEO- 
METRICS.  " 

4. System i d e n t i f i c a t i o n .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  a i r c r a f t  
r e g i s t r a t i o n  number r i g h t  j u s t  i f  ied .  

5. F l i g h t  1  i n e  number .  A 6 - c h a r a c t e r  f i e l d  w i t h  t h e  f l i g h t  l i n e  
number r i g h t  j u s t i f i e d .  

6. D a t a  f l o w n .  A  6 - c h a r a c t e r - f i e l d  w i t h  t h e  date,  expressed as 
YYJJJ,  r i g h t  j u s t i f i e d .  Y Y  a r e  t h e  l a s t  f w q  d i g i t s  o f  t h e  
ca lendar  yea r  and J J J  i s  t h e  J u l i a n  da te .  



7. Sample p e r i o d .  A 6 -charac te r  f i e l d  d e s c r i b i n g  t h e  spect rometer  
a c c u m u l  a t i o n  t i m e .  Examples a r e :  1 . 0  SEC, 0 .5  SEC, e t c .  

The r e m a i n i n g  46 c h a r a c t e r s  o f  t h e  header r e c o r d  a re  b lank  f i l l e d .  
A l e n g t h  o f  144  c h a r a c t e r s  was chosen  t o  a l l o w  t o  f u t u r e  expansion 
and because  ,144 i s  d i v i s i b l e  b y  t h e  number o f  cha rac te r s  pe r  word 
o f  many popu la r  computers. 

Data Record 

Each d a t a  r e c o r d  may c o n t a i n  up t o  f o u r  d a t a  scans ( l o g i c a l  r e c o r d s ) ,  
w i t h  each scan 1368 c h a r a c t e r s  l ong .  Therefore,  t h e  minimum p h y s i c a l  
l e n g t h  o f  a  d a t a  r e c o r d  i s  1368 c h a r a c t e r s  and t h e  maximum p h y s i c a l  
l e n g t h  i s  5472 c h a r a c t e r s .  

The d a t a  scan has f i f t e e n  d e f i n e d  d a t a  f i e l d s .  

Record i d e n t i f i c a t i o n  
L a t i t u d e  i n  degrees 
Long i t ude  i n  degrees 
Time o f  day (HHMMSS) 
T o t a l  magnet ic  f i e l d  i n  gammas 
T e r r a i n  c l ea rance  i n  f e e t  
Baromet r i c  p ressu re  i n  inches mercury  
Outs ide  tempera tu re  i n  degreec C 
Qua1 i t y  f l a g  code ( a l t i t u d e )  
Raw coun t  d a t a  - 4 d e t e c t o r  
L i v e  t i m e  - 4 d e t e c t o r - i n  seconds 
Raw coun t  d a t e  - 2  d e t e c t o r  
L i v e  t i m e  - 2  d e t e c t o r - i n  seconds 
Cosmic - 4 d e t e c t o r  
Cosmic - 2  d e t e c t o r  

I f  a  scan  i s  n o t  w i t h i n  t h e  r e c o v e r e d  p a t h  l o c a t i o n s ,  t h e  l a t i t u d e  
and l o n g i t u d e ,  d a t a  f i e l d s  2 and 3, s e t  t o  0.0000. 

The qua1 i t y  f 1  ag code,  d a t a  f i e l  d 9, i s  made equal  t o  0000 i f  t h e  
r a d a r  a l t i m e t e r  i s  w i t h i n  s p e c i f i c a t i o n s  and equal  t o  1000 i f  t h e  
r a d a r  a l t i m e t e r  i s  n o t  w i t h i n  s p e c i f i c a t i o n s .  

The raw c o u n t  d a t a ,  f i e l d s  1 0  and 12, a r e  p r e s e n t e d  f o r  channels 
0 t h r o u g h  2 5 4 ,  c o r r e s p o n d i n g  t o  e n e r g f e r  f r nm  fl t.n 3 MeV f o r  bo th  
t h e  downward l o o k i n g  ( 4  ) and upward  l o o k i n g  ( 2  ) d e t e c t o r  a r rays .  
The accumul a t  i o n  p e r i o d s  f o r  t h e  4 and 2  d e t e c t o r s  a re  i d e n t i c a l ,  
so each scan has d a t a  f o r  bo th  d e t e c t o r s .  The coun ts  i n  each channel 
a re  o b s e r v e d ,  w i t h  no c o r r e c t i o n s  f o r  ADC dead t i m e  1-101- convers ion  
t o  c o u n t s  .per second .  E n e r g y  p e r  channel  i s  11.82 KeV. S ince  t h e  



s p e c t r o m e t e r  does  n o t  r espond  t o  energ ies  below 200 KeV, t h e  counts  
i n  c h a n n e l s  0  t h r o u g h  17  ( v a r i e s  w i t h  system) w i l l  always be zero.  

The l i v e  t i m e s ,  d a t a  f i e l d  11 and 13, a re  c a l c u l a t e d  by  s u b t r a c t i n g  
t h e  p r o d u c t  o f  t h e  g r o s s  c o u n t s  ( 0  t o  6 MeV) and ADC dead t i m e  
(8  s e c )  f r o m  t h e  a c t u a l  a c c u m u l a t i o n  p e r i o d  f o r  t h e  d a t a  scan .  
T h i s  p r o c e d u r e  i s  v a l  i d  because  t h e  s u c c e s s i v e  a p p r o x i m a t i o n  ADC 
used h a s  a  f i x e d  c o n v e r s i o n  t i m e  o f  8 sec  r e g a r d l e s s  o f  p u l s e  
amp l i t ude .  

The cosm ic  c o u n t s ,  d a t a  f i e l d s  1 4  and 15, a re  observed. w i t h  no co r -  
r e c t i o n s  f o r  ADC dead t i m e  n o r  c o n v e r s i o n  t o  c o u n t s  . p e r  . second.  

The d a t a  scan  l o g i c a l  r e c o r d ,  l e n g t h  o f  1368 cha rac te r s  was chosen t o  
a l l o w  r e c o r d i n g  o f  a1 1  spec t rometer  channels f o r  bo th  4  and 2 de- 
t e c t o r s  w i t h  l i t t l e  chance  o f  i n d i v i d u a l  c h a n n e l  o v e r f l o w  g i v e n  
accumul a t  i o n  t imes o f  a p p r o x i m a t e l y  one second . .  I f  o v e r f l o w  does 
occur ,  t h e .  o v e r f l o w  v a l u e  i s  r e p r e s e n t e d  modulo 1000 ( 4  - d e t e c t o r )  
o r  modu lo  1 0 0  ( 2  d e t e c t o r )  w i t h  l e a d i n g  zeros n o t  suppressed. The 
s p e c i f i c  v a l u e  o f  1368 cha rac te r s  was chosen because i t  i s  d i v i s i b l e  
b y  t h e  number o f  c h a r a c t e r s  p e r  wo rd  o f  many p o p u l a r  compu te rs .  

T r a i  1  e r  Record 

' T r a i l e r  r eco ' r d  . f o l l o w s  t h e  1 a s t  d a t a  r e c o r d  f o r  each f l i g h t  l i n e .  
, T h i s  r e c o r d  i s  a l w a y s  5492  c h a r a c t e r s  l o n g ,  a1 1  o f  w h i c h  a re  t h e  
d i g i t  n i ne .  
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Date 

08-08-78 

08-09-78 

08-10-78 

08-11-78 

08-12-78 

08-13-78 

08-14-78 

08-1 5-78 

08-16-78 

08-17-78 

08-18-78 

08-19-78 

08-20-78 

08-21-78 

08-22-78 

0 8 - 2 3  78 

08-24-78 

DAILY PRODUCTION SUMMARY - AUGUST 1978 

POWDER RIVER I 1  PROJECT 

S2F TRACKER N9AG 

Move t o  G i l l e t t e , 'Wyom ing  f o r  Powder R i v e r  Survey 1 

Move t o  G i l l e t t e ,  Wyoming f o r  Powder R i v e r  Survey 

Survey p repa ra t i ons  

538 mi les ;  Eka laka Quadrangle  

538 mi les ,  Eka laka Quadrany le  

545 m i l es ,  Eka laka  Quadrangle  

Weather, down day 

494 mi les ,  G i l  l e t t e  Quadrangle  

Weather, down day 

Weather, down day 

Weather, down day 

598 mi 1 es 

598 m i l e s  

. 478 m i l e s  

268 mi les* ,  Newcast le Quadrangle  

568 mi 1 es*, N p w c a < t , l  e /Gi  1 l e t t e  Qug-dranqle 

594 m i l e s *  

08-25-78 Weather, day down 



D a t e  

08-27-78 Weather ,  down d a y  

08-31-78 707 m i l e s *  

T o t a l  number o f  m i l e s  f lown d u r i n g  August  1978: 5,926 

* F l i g h t s  c o n t a l n l n g  l i n e  m i l e s  a p p l i c a b l e  t o  t h e  Research and 
Development p o r t i o n  o f  Powder R i v e r  



DAILY PRODUCTION SUMMARY - SEPTEMBER 1978 

POWDER R I V E R  I 1  PROJECT 

S2F TRACKER N9AG 

Date Newcast l e  ~ u a d r a n ' g l e  

09-01 -78 .254 m i l e s *  f r om  G i l l e t t e ,  Wyoming 

Move t o  Casper , Wyomi ng 

651 m i l e s *  

N i l  p roduc t i on ,  equipment and A/C maintenance'  

656 m i l e s *  

N i l  p roduc t i on ,  weather, 1 day 

460 m i l e s *  

270 m i l e s *  

N i l  p roduc t ion ,  weather, 1 day 

N i l  p roduc t  ion,  weather, 1 day 

N i l  p roduc t i on ,  weather, 1 day 

F l  i g h t  abor ted due t o -  equipment m a l f u n c t i o n  

Equipment unse rv i ceab le  

Equipment unse rv i ceab le  

Equipment unse rv i ceab le  

Equipment .unserv iceable  

Equipment unse rv i ceab le  

Equipment unse rv i ceab le  



Date 

09-21-78 Equipment unserv iceab le  

09-22-78 Equipment unserv iceab le  

09-23-78 Equipment unse rv i ceab le  

09-29-78 F e r r y  t o  Tu l sa  

09-30-78 T u l s a  

T o t a l  number o f  m i l e s  f l o w n  d u r i n g  September 1978: 2,291 

* F l  i g h t s  c o n t a i n i n g  l i n e  m i l e s  a p p l i c a b l e  t o  t h e  Research and 
Development p o r t  i o n  o f  Powder R i v e r  



DAILY PRODUCTION SUMMARY - AUGUST 1978 

POWDER RIVER I 1  PROJECT 

LAMA HELICOPTER N49531 

Da te  Eka laka  Quadrang le  

08-09-78 A/C and p a r t  o f  c rew a r r i v e d  Sundance, Wyoming 

08-10-78 Remainder o f  crew a r r i v e d  and base s e t  up 

08-11-78 Tes t  f l y i n g  

08-.23-78 Move t o  Broadus, Montana 

08-24-78 68 m i l e s  

08-25-78 244 m i l e s  

08-26-78 N i l  p r o d u c t i o n ,  f u e l  t r u c k  b r o k e  down 

08-27-78 N i l  p r o d u c t i o n ,  r a i n ,  1 d a y ,  

' 08-28-78 162 m i l e s  

08-29-78 386 m i l e s  

08-30-78 349 m i l e s  

08-31-78 286 m i l e s  

T o t a l  number o f  m i l e s  f l o w n  d u r i n g  August 1978: 1,495 



DAILY PRODUCTION SUMMARY - SEPTEMBER 1978 

POWDER R I V E R  I 1  PROJECT 

LAMA HELICOPTER N49531 

Date Ekalaka Quadrangle 

09-01-78 186 mi les ,  f rom Broadus 

09-02-78 137 m i  1 es - 

09-03-78 114 m i l e s  

09-04-78 Move t o  Hard in 

09-05-78 N i l  p roduc t ion ,  equipment unserv iceab le  

09-06-78 N i l  p roduc t ion ,  equipment unserv iceab le  

09-07-78 N i l  p roduc t ion ,  h i g h  radon count, weather, 1 day 

Tot  a1 number o f  m i  1 es f l own  d u r i n g  September 1978: 437 
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M I C R O F I C H E  O F  DATA 

NEWCASTLE AND G I L L E T T E  QUADRANGLES 

WYOMING AND SOUTH DAKOTA 

EKALAKA QUADRANGLE 

MONTANA, SOUTH AND NORTH DAKOTA 




