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T h r o u g h o u t  t h e  h i s t o r y  o f  c o a l  m i n i n g ,  t h e  d a n g e r s  a s s o c i a t e d  

x i t h  e l e v a t e d  l e v e l s  o f  m e t h a n e  g a s  w i t h i n  t h e  n i n e  e n v i r o n -  

ment  h a s  p o s e d  s e r i o u s  h a z a r d s .  I t  h a s  b e e n  d i r e c t l y  r e s p o n s i b l e  

f o r  t h e  d i s t r u c t i o n  o f  many m i n e s  a s  w e l l  a s  t h e  d e a t h  o f  many 

m i n e r s .  I n  r e s p o n s e  t o  t h i s ,  t h e  U n i t e d  S t a t e s  g o v e r n m e n t  t h r o u g h  

t h e  B u r e a u  o f  Mines  h a s  u n d e r t a k e n  many r e s e a r c h  p r o j e c t s  

whose p u r p o s e  h a v e  b e e n  a n d  a r e  t o  d e v e l o p  m e t h o d s  by w h i c h  

t h e  m e a s u r e m e n t  o f  t h e  l e v e l  o f  t h i s  d e a d l y  mine  h a z a r d  a s  

w e l l  a s  t h e  c o n t r o l  o f  t h e  l e v e l  c a n  b e  a c c o m p l i s h e d .  

One o f  t h e  c o n t r o l  t e c h n i q u e s  w h i c h  h a s  b e e n  d e v e l o p e d  i s  t h e  

u s e  o f  l o n g  h o r i z o n t a l  b o r e h o l e s  b e i n g  p l a c e d  a l o n g  a  c o a l  

s eam.  C o a l  w h i c h  i s  b e n e a t h  t h e  e a r t h ' s  s u r f a c e  t e n d s  t o  

c o n t a i n  g a s ,  much a s  a  s p o n g e  w i l l  h o l d  w a t e r .  R e s e a r c h  a s  

w e l l  a s  i n d u s t r y  p r a c t i c e  shows t h a t  by  t h e  d r i l l i n g  o f  t h e  

b o r e h o l e s  i n  t h e  c o a l  seam p e r m i t  t h e  c o a l  t o  r e l e a s e  l a r s e  

a m o u n t s  o f  t h e  g a s  t h r o u g h  t h e  ho l :  w h e r z  i t  c a n  b e  s a f e l y  

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

f i c i a l  b e c a u s e  m e t h a n e  d r a i n a g e  c a n  b e  d o n e  w e l l  a h e a d  o f  t h e  

a c t u a l  m i n i n g  o f  t h e  c o a l  S e a n .  S i n c e  mode rn  m i n i n g  m e t h o d s  

a n d  e q u i p m e n t  e x p o s e  v i r g i n  c o a l  a t  s u c h  a  r a p i d  r a t e ,  t h e  

p r e r e l e a s e  o f  e n t r a p p e d  g a s  a l m o s t  becomes  a  r e q u i r e m e n t  t o  

k e e p  m e t h a n e  l e v e l s  b e l o w  t h e  d a n g e r  p o i n t .  

The  d r i l l i n g  o f  t h e s e  l o n g  ( a p p r o x .  2 0 0 0  f e e t )  b o r e h o l e s ,  

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

t h e  d r i l l  u i t h i n  t h e  c o a l  seain d u r i n g  d r i l l i n g  c o u p l e d  w i t h  

t h e  d e s i r e  t o  knox  u h e r e  t h e  d r i l l  i s  l o c a t e d  g e o g r a p h i c a l l y  

a r e  p r o b l e m s  f a c e d  by t h e  d r i l l  o p e r a t o r .  U n t i l  r e c e n t l y ,  

t h e  m o s t  ~ i d e l y  u s e d  t e c h n i q u e  f o r  s u r v e y i n g  d u r i n g  t h e  

d r i l l i n g  o p e r a t i o n  \ < a s  t h e  u s e  o f  t h e  S p e r r y  Sun  M u l t i - S h o t  

t o o l .  T h i s  t o o l  i s  u s e d  by  pumping  i t  down t h e  c e n t e r  o f  t h e  

d r i l l  s t r i n g  u n t i l  i t  g e t s  t o  t h e  d r i l l  b i t .  Then  a  p h o t o  



o f  t h e  i n t e r n a l  compass and  p e n d u l u n  p o s i t i o n  i s  t a k e n  

and  t h e  t o o l  r e t r i e v e d .  A f t e r  d e v e l o p m e n t  o f  t h e  p h o t o ,  

i t  i s  r e a d  and t h e  d r i l l  o p e r a t o r  i s  g i v e n  t h e  h e a d i n g  

( b e a r i n g )  and i n c l i n a t i o n  o f  t h e  d r i l l  p o s i t i o n .  The 

p r o c e s s  i s  r e p e a t e d  a t  i n c r e m e n t s ,  s u c h  a s  when a d d i t i o n a l  

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

and  c u r r e n t  l o c a t i o n  o f  t h e  d r i l l  s t r i n g .  Each s h o t  t a k e s  

a p p r o x i m a t e l y  3 0  m i n u t e s  t o  c o m p l e t e  f rom t h e  t i m e  t h e  

d r i l l  s t o p s  u n t i l  d r i l l i n g  r e s u m e s .  

I n  t h e  e a r l y  - 0 ' s  t h e  Bureau  o f  Wines d e v e l o p e d  a s y s t e m  t h a t  

wou ld  g i v e  t h e  d r i l l e r  i n f o r m a t i o n  w i t h i n  m i n u t e s .  I f  f e a t u r e d  

r a d i o  c o m m u n i c a t i o n  b e t w e e n  t h e  d r i l l  and  t h e  d r i l l e r ,  a n d  t h e  

u s e  o f  a c o m p u t e r  on t h e  s u r f a c e  t o  a n a l y z e  t h e  d a t a  and  i n f o r m  

t h e  d r i l l e r  o f  t h e  r e s u l t s .  T h i s  s y s t e m  p r o v i d e s  i n f o r m a t i o n  

i n  l e s s  t i m e  t h a n  t h e  e a r l i e r  t e c h n i q u e s .  However,  i t  d i d  h a v e  

o p e r a t i o n a l  d i s a d v a n t a g e s ,  a s  t h e  c o m p u t e r  o p e r a t o r s  on  t h e  s u r -  

f a c e  had t o  phone t h e  r e s u l t s  t o  t h e  d r i l l e r  i n  t h e  m i n e .  

K i t h  t h e  d e v e l o p m e n t  o f  n i c r o p r o c e s s o r s  i n  t h e  m i d - 7 0 ' s ,  i t  

b e c a n e  p o s s i b l e  t o  d e v e l o p  a  c o m p u t e r  s m a l l  enough  t o  go i n t o  

t h e  m i n e ,  and d e s i g n e d  f o r  t h e  d r i l l e r  t o  o p e r a t e  i t .  The 

Bureau  o f  \ . l ines  t h e n  awarded  a c o n t r a c t  t o  ENSCO, I n c .  t o  d e v e l o p  

t h a t  c o n p u t e r  and  t o  e n h a n c e  t h e  downhole  u n i t  t h a t  t r a n s m i t s  

i n f o r m a t i o n .  T h i s  r e p o r t  c o n t a i n s  t h e  r e s u l t s  o f  t h i s  r e s e a r c h  

p r o j e c t  a l o n g  w i t h  c o n c l u s i o n s  and  r e c o m m e n d a t i o n s  f o r  t h e  

c o n t i n u e d  o p e r a t i o n  a n d  enhancement  o f  t h e  C a b l e l e s s  S u r v e y  

Sys tem (CSS) .  

The r e s u l t i n g  CSS t e l l s  t h e  d r i l l e r  where  h i s  d r i l l  i s  v e r y  

q u i c k l y  f o l l o \ ~ i n ;  t h e  s t o p p i n g  o f  t h e  d r i l l .  F i g u r e  1 

shows t h e  o p e r a t i o n a l  s 2 t u p  o f  t h e  CSS. Time i s  s a v e d  o v e r  



p r e v i o u s  s u r v e y  t e c h n i q u e s  i n  t h a t  CSS r e m a i n s  " d o w n h o l P  

i n  t h e  h o r i z o n t a l  b o r e h o l e  d u r i n g  d r i l l i n g  o p e r a t i o n s .  I t  

i s  r u g g e d  e n o u z h  t o  ; % - i t h s t a n d  t h e  s h o c k  a n d  v i b r a t i o n  r e s u l t -  

i n ?  f rom t h e  i r i l l i n g  o p e r a t i o n .  

QE" I!'IUS 

F i g u r e  I .  C a b l e l e s s  S u r v e v  S y s t e m  

The CSS ~ o r k s  by  m e a s u r i n g  w i t h  i t s  o n - b o a r d  s e n s o r s  t h e  

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

I t  t h e n  r e l a y s  t h a t  d a t a  by  i n d u c t i o n  o f  a n  e l e c t r i c  c u r r e n t  

t h r o u g h  t h e  d r i l l  a n d  t h e  s u r r o u n d i n g  c o a l  m a t e r i a l  t o  t h e  

" u p h o l e "  r e c e i v e r / p r o c e s s o r .  The p r o c e s s o r  t h e n  c o m p u t e s  t h e  

c u r r e n t  p o s i t i o n  o f  t h e  t o o l  w i t h  r e s p e c t  t o  t h e  v e c t o r s  

m e n t i o n e d  a b o v e  a n d  d i s p l a y s  t h e  r e s u l t s  t o  t h e  d r i l l e r .  

I n  a d d i t i o n ,  t h e  p r o c e s s o r  t h e n  a d d s  t h e  new d a t a  p o i n t  

t o  t h e  survey-  a s  d r i l l  r o d s  a r e  acided,  t h u s  g i v i n g  s u r v e y  

i n f o r m a t i o n  s u c h  a s  v e r t i c a l  a n d  h o r i z o n t a l  d e v i a t i o n s  f r o m  

a  s t r a i g h t  l i n e  b a s e d  on  i n i t i a l  h e a d i n g s  a n d  i n c l i n a t i o n s  

a t  t h e  b e g i n n i n g  o f  t h e  b o r e h o l e .  



F i g u r e  1 i s  a  p h o t o g r a p h  o f  t h e  f r o n t  p a n e l  d r i l l e r s  d i s p l a y  

o f  t h e  CSS P r o c e s s o r .  The k e y b o a r d s  a r e  u s e d  t o  key  i n  i n i t i a l  

c o n d i t i o n s  a s  w e l l  a s  c o n t r o l  t h e  s u r v e y  o p e r a t i o n s .  Under 

a  h i n z e d  p a n e l  on  t h e  r i g h t  hand s i d e  is l s c a t e d  a  t h e r n a l  

p r i n t e r  where  s u r v e y  r e s u l t s  a r e  p r i n t e d  f o r  r e f e r e n c e  a n d  

r e c o r d s  t h e  e n t i r e  s u r v e y .  -4s d e s i g n e d ,  t h e  e n t i r e  r e c -  

e i v e r ,  p r o c e s s o r ,  d i s p l a y  and  p r i n t e r  a r e  i n t r i n s i c a l l y  s a f e .  

T h i s  now p e r m i t s  t h e  d r i l l e r  t o  h a v e  a l l  a s p e c t s  o f  t h e  s u r v e y  

s y s t e m  l o c a t e d  a t  t h e  d r i l l  s i t e .  

T h i s  r e s e a r c h  p r o j e c t  w h i c h  s t a r t e d  i n  O c t o b e r  o f  1 9 7 7 ,  was 

c o n d u c t e d  i n  t h r e e  p h a s e s .  -A d e t a i l e d  d e s c r i p t i o n  o f  t h e  work 

a c c o m p l i s h e d  i n  e a c h  p h a s e  i s  c o n t a i n e d  i n  t h i s  r e p o r t .  The 

t h r e e  p h a s e s  a r e  a s  f o l l o w s :  

P h a s e  I :  R e p a i r  a n d  E v a l u a t i o n  o f  E x i s t i n g  Sys tem 

P h a s e  1 1 :  D e s i g n  a n d  F a b r i c a t i o n  o f  a  P o r t a b l e  

D i s p l a y  a n d  P r o c e s s i n g  U n i t  

P h a s e  1 1 1 :  F i e l d  T e s t  and  Upgraded  S y s t e m  

D u r i n g  P h a s e  I  t h e  i n i t i a l  downho le  t o o l  and  r e c e i v e r  was 

r e p a i r e d  a n d  f i e l d  t e s t e d  i n  t h e  N a r i a n a  LIines t o  d e t e r m i n e  

i t s  c a p a b i l i t y .  R e s u l t s  o f  t h i s  t e s t i n g  was t h e  d e c i s i o n  

t o  u p g r a d e  a n d  e n h a n c e  t h e  downho le  t o o l  t o  make i t  more 

r e l i a b l e  and  o p e r a t i o n a l l y  e f f i c i e n t .  . 4 d d i t i o n a l l y ,  s e n s o r s  

were  a d d e d  t o  improve  s y s t e m  measuremen t  c a p a b i l i t y .  

k t i v i t i e s  u n d e r  P h a s e  I 1  w e r e  t h e  d e s i g n  and  f a b r i c a t i o n  o f  

a  p o r t a b l e ,  i n t r i n s i c a l l y  s a f e  r e c e i v e r  p r o c e s s o r .  Hardware  

rcas d e s i g n e d ,  d e v e l o p e d  a n d  t e s t e d .  I n i t i a l  f i e l d  c a l i b r a t i o n  

t e s t s  \ $ e r e  c o n d u c t e d  w h i c h  i n d i c a t e d  t h a t  t h e  s y s t e m  worked 

w i t h i n  e x p e c t e d  l i m i t s .  B e a r i n g  and i n c l i n a t i o n  e r r o r s  \ $ e r e  

w i t h i n  t h e  1 0 . 5 "  a n d  - 0 . 0 1 "  r e s p e c t i v e l y .  
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~ h a j e  I 1 1  work c o v e r e d  t h e  i n  n i n e  d r i l l i n g  t e s t s  and  

b e r o n i t r a  t i o n s .  Dur in ;  t h i s  p h a s e ,  t h e  CSS was u s e d  d u r i n g  

a c t u a l  d r i l l i n g  o p e r a t i o n  i n  tl&-o d i f f e r e n t  c o a l  m i n e s .  

i l t h o u g h ,  h o l e s  tha :  :<e re  s u r v e y e d  t o t a l e d  s l i g h t l y  o v e r  

500 f e e t ,  ? h e  t o o l  was i n  p l a c e  f o r  many r e d r i l l i n g  and  

r e a m i n g  o p e r a t i o n s  u h i c h  s u b j e c t e d  i t  t o  a  s i g n i f i c a n t  number 
o f  d r i l l i n g  h o u r s .  O p e r a t i o n a l  p r o b l e m s  were  e n c o u n t e r e d  

d u r i n g  d r i l l i n g .  \ l o s t  o f  t h e  p r o b l e m s  w e r e  a s s o c i a t e d  w i t h  

b a t t e r y  packs and  c o n n e c t i o n s .  A 1 1  were  r e p a i r e d  b u t  s y s t e m  

a v a i l a b i l i t y  was hampered  by t h e s e  p r o b l e m s .  O t h e r  o p e r a -  

t i o n a l  p r o b l e m s  were  i n  t h e  a r e a  of  t h e  s i z e  and w e i g h t  o f  t h e  

t o o l  and  i t s  e f f e c t s  on  d r i l l  g u i d a n c e .  

I n  c o n c l u s i o n ,  t h e  newlv  e n h a n c e d  and u p g r a d e d  CSS p r o v i d e s  

c r i t i c a l  s u r v e y  i n f o r m a t i o n  i n  a  t i m e l y  a n d  e f f i c i e n t  

n a n n e r  t o  t h e  d r i l l  o p e r a t o r .  The d e v e l o p m e n t  o f  t h e  p e r -  

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

c a n  be  t a i l o r e d  f o r  f u t u r e  e x p a x i o n  o f  t h e  CSS a s  w e l l  a s  

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

p r o c e s s i n g  on  s i t e  i n  t h e  h a z a r d o u s  mine  e n v i r o n m e n t .  The 

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

be f u r t h e r  examined  and  i n c o r p o r a t e d  i n  f u t u r e  d e s i g n .  T h e  

r e s e a r c h  p r o j e c t  h a s  p r o v i d e d  t h e  i n d u s t r y  w i t h  t h e  c a p a b i l i t y  

o f  i n c r e a s e d  p r o d u c t i v i t y  i n  d e g a s s i n g  o p e r a t i o n s .  



The  o b j e c t i v e  o f  t h i s  p r o g r a m  was t o  r e c o n d i t i o n  t h e  U n i t e d  

S t a t e s  3 u r e a u  o f  \ l i n e s  ('L[SB!I) c a b l e l e s s  s u r v e y i n , o  s y s t e r n  (CSS) 
-" 

a n d  i ~ ? o r v e  i t s  o p e r a t i o n a l  c a p a b i 1 i t ; " - .  h e  p r o g r a m  v a s  d i v i d e d  

i n t o  t h r e e  s e p a r a t e  p h a s e s .  T h e y  a r e  a s  f o l l o w s :  

P h a s e  I  

P h a s e  I :  R e p a i r  a n d  E v a l u a t e  E x i s t i n g  S y s t e n  

P h a s e  1 1 :  D e s i g n  a n d  F a b r i c a t e  a  P o r t a b l e  
D i s p l a y  a n d  P r o c e s s i n g  U n i t  

P h a s e  1 1 1 :  F i e l d  T e s t  o f  U p g r a d e d  S y s t e m  

P h a s e  I  o f  t h e  p r o g r a m  s t a r t e d  i n  O c t o b e r  1 9 7 7  a n d  c u l m i n a t e d  

i n  >lay o f  1 9 7 5  ~ ~ i t h  t h e  s u b m i s s i o n  o f  t h e  P h a s e  I r e p o r t .  

D u r i n g  t h i s  p h a s e ,  u r k  c o n s i s t e d  o f  t h e  r e p a i r  o f  t h e  dam- 

h o l e  u n i t  t o  make i t  o p e r a t i o n a l ,  f i e l d  t e s t i n g  a n d  a n  e v a l -  

u a t i o n  o f  i t s  c a p a b i l i t y .  

The  r e p a i r  o f  t h e  d o \ c n h o l e  u n i t  i n v o l v e d  b o t h  m e c h a n i c a l  a n d  

e l e c t r i c a l  a s p e c t s  o f  t h e  d e v i c e .  Some o f  t h e  r e p a i r  work  

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

k n o m  d i f f i c u l t i e s .  The  c e n t r a l i z e r s  w h i c h  s u p p o r t  t h e  i n n e r  

c a n i s t e r  i n  t h e  o u t e r  d r i l l e r  c o l l a r  a s  o r i g i n a l l y  d e s i g n e d  

f a i l e d  d u r i n g  p r e v i o u s  t e s t i n g .  I n  a d d i t i o n ,  t h e s e  c e n t r a l i z e r s  

d i d  n o t  p r o p e r l y  s u p p o r t  t h e  i n n e r  u n i t  w h i c h  p e r m i t t e d  i t  t o  

f l e x  a n d  d i s t u r b  p r o p e r  s e n s o r  a l i g n m e n t .  New c e n t r a l i z e r s  

w e r e  d e s i g n e d  a n d  f a b r i c a t e d  by m o l d i n g  u r e t h a n e  t o  f o r m  a  

c o l l a r  w i t h  s p a c e r s  l qh i ch  f i t  a r o u n d  t h e  i n n e r  c a n i s t e r .  T h i s  

l a t e r  p r o v e d  t o  b e  v e r y  s u c c e s s f u l .  The  new p i e c e s  s l i p p e d  on  

a n d  o f f  w i t h  no  d i r e c t  a t t a c h m e n t  a n d  c o u l d  b e  e a s i l y  r z p l a c e d  

a n d  s p a c e d  a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e  c a n i s t e r .  



.Another  a c t i v i t y  t h a t  ~ i e n t  b e y o n d  \cha t  .:+oulS n o r y a l l y  be  c c n -  

s i d e r e d  a s  r e p a i r  was a a o d i f i c a t i o n  t h a t  2 e r n i t t e d  t h e  b a t ~ e r i e s  

t o  be r e c h a r g e d  \ * - i t h o u t  d i s a s s e n b l y  o f  t h e  d o w n h o l e  u n i t  a s  

p r e v i o u s l y  r e q u i r e d .  C i r c u i t r y  % a s  a d d e d  t o  t h e  power c o n t r o l  

c i r c u i t  b o a r d 3  i ~ h i c h  p e r n i t t e d  a  m o d i f i e d  a u d i o  porter 

o s c i l l a t o r  t o  b e  c o n n e c t e d  t o  t h e  d o w n h o l e  t r a n s d u c e r  i n  a  

f r e s h  a i r  e n v i r o n m e n t .  T h i s  t e c h n i q u e  f u l l y  r e c h a r g e s  t h e  

b a t t e r i e s  i n  a b o u t  s i x t e e n  h o u r s  a n d  e l i m i n a t e s  t h e  r e q u i r e -  

men t  f o r  d i s a s s e m b l y  o f  t h e  t o o l .  

Once t h e  d o l a h o l e  x n i t  was c o n s i d e r e d  o p e r a t i o n a l ,  i t  \ < a s  

s u b j e c t e d  t o  p r e s s u r e  t e s t s  t o  e n s u r e  t h a t  t h e  i n t e g r e t y  o f  

t h e  e x p l o s i o n  p r o o f  c a n i s t e r  s t i l l  met  p e r m i s s a b i l i t y  r e q u i r e -  

m e n t s .  The i n n e r  c a n i s t e r  was s u b j e c t e d  t o  a  minimum p r e s s u r e  

o f  1 5 0 0  p s i  o v e r  a  1 0  h o u r  p e r i o d .  D u r i n g  t h e  t e s t  a  p e a k  

p r e s s u r e  o f  1 - 0 0  p s i  was e x p e r i e n c e d .  A f t e r  t e s t i n g  t h e  u n i t  

was o p e r a t e d  a n d  t h e n  d i s a s s e m b l e d  t o  d e t e r m i n e  i f  a n y  l e a k a g e  

had  o c c u r r e d .  The u n i t  o p e r a t e d  s a t i s f a c t o r l y  a n d  no l e a k s  

h a d  o c c u r r e d .  

F o l l o w i n g  t h e  a b o v e  r e p a i r  a n d  r e h a b i l i t a t i o n  t h e  CSS was 

t a k e n  t o  t h e  n i n e  f o r  f i e l d  t e s t i n g  a n d  d a t a  a c q u i s i t i o n .  

The m i n e  c h o s e n  f o r  t h e  f i e l d  t e s t i n g  \<as  L Ia r i anna  958 i n  

P e n n s y l v a n i a .  D u r i n g  t h e  f i e l d  t e s t s  t h e  d o w n h o l e  u n i t  

o p e r a t e d  s a t i s f a c t o r i l y  when e x p o s e d  t o  inore t h a n  3 5  h o u r s  

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

r e a m i n g  a c t i v i t i e s .  O n l y  m i n o r  p r o b l e m s  % e r e  e n c o u n t e r e d  

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

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

K i t h  m o u n t i n g  t h e  u p - h o l e  t o r o i d  a n d  e x c e s s i v e  \ < a t e r  p r e s s x r e  

r e q u i r e d  t o  t r i g g e r  t h e  d o w n h o l e  u n i t .  -411 o f  t h e s e  p r o b l e m s  

\ < e r e  e x p e c t e d  p r i m  t o  t e s t i n g  a n d  s t e p s  Liere a l r e a d y  ~ l s n n e d  

f o r  P h a s e  I 1  t h a t  \ could  c o r r e c t  t h e n .  



The d a t a  f r o 9  t h e  f i e l d  t e s t  \ (as  t a b u l a t e d  a n d  r e t u r n e d  t a  

E!;SCC, I n c .  f o r  d e t a i l e d  a n a l y s i z .  I n  a d d i t i o n ,  j u r v e v  

d a t a  f rom t h e  S p e r r y - S u n  s u r v e y  t o o l  u s e d  t o  j u r v e y  t h e  s a n e  

h o l e  \ (as  s a t h e r e d  f o r  c o m p a r i s o n .  R e s u l t s  o f  t h e  c o r n 2 a r i s o n  

i n d i c a t e d  t h a t  t h e  CSS c l o s e l y  m a t c h e d  t h e  s u r v e y  r e s u l t s  

o b t a i n e j .  h - i t h  t h e  S p e r r y  S u n .  F o r  e x a m p l e ,  i n  a  s u r v e y  o f  

a  350 f o o t  h o l e ,  t h e  two s u r v e y  t o o l s  d i f f e r e d  by a p p r o x i n a t e l y  

2 . 3  f e e t  i n  v e r t i c a l  d e v i a t i o n  a n d  l e s s  t h a n  1 f o o t  i n  l a t e r a l  

d e v i a t i o n .  F u r t h e r  l a b  t e s t i n g  i n d i c a t e d  t h a t  c e r t a i n  i n s t r u i n e n t  

b i a s e s  a s s o c i a t e d  w i t h  s e n s o r  m e c h a n i c a l  a l i g n m e n t  a n d  

e l e c t r i c a l  o f f s e t s  d i d  e x i s t  i n  t h e  CSS. .Also ,  a n  e r r o r  

a n a l y s i s  \Gas d o n e  by f e e d i n g  s i n u l a t e d  d a t a  i n t o  a  c o m p u t e r  

w h i c h  i n d i c a t e d  s i g n i f i c a n t  e r r o r s  c o u l d  e x i s t  w i t h  t h e  CSS 

when i t  i s  d i r e c t e d  a l o n g  a  n o r t h e r l y  o r  s o u t h e r l y  h e a d i n g .  

I t  was d e t e r m i n e d  t h a t  by a d d i n g  two a d d i t i o n a l  s e n s o r s  t o  

t h e  d o i n h o l e  u n i t ,  t h e r e  e r r o r s  u o u l d  b e  g r e a t l y  r e d u c e d .  

.4 r e p o r t  f o r  P h a s e  I w h i c h  g i v e s  t h e  d e t a i l s  o f  a l l  P h a s e  I 

a c t i v i t i 3 s  \<as  p r e p a r e d  a n d  s u b m i t t e d  t o  t h e  USBK R e s u l t s  o f  

t h e  c o m p u t e r  a n a l y s i s  a r e  c o n t a i n e d  i n  ' A ~ p e n d i x  -A o f  t h i s  r e p o r t .  

P h a s e  1 1  

P rogram a c t i v i t i e s  t h a t  w e r e  a c c o m p l i s h e d  d u r i n g  P h a s e  I1 o f  

t h e  c o n t r a c t  \ < e r e  t h e  m o d i f i c a t i o n  a n d  u p g r a d e  o f  t h e  down- 

h o l e  t o o l ,  a n d  t h e  d e s i g n  a n d  d e v e l o p m e n t  o f  a  new p o r t a b l e  

u p h o l e  r e c e i v e r - p r o c e s s o r .  

.As a  r e s u l t  o f  P h a s e  I a c t i v i t i e s ,  a s  w e l l  a s  p r e v i o u s  d r i l l i n g  

e x p e r i e n c e ,  a  number o f  d e f i c i e n c i e s  w i t h  t h e  d o w n h o l e  s u r v e y  

t o o l  u e r e  o u t l i n e d .  They  were  a s  f o l l o w s :  

9 \ $ a t e r  p r e s s u r e  r e q u i r e d  f o r  t r i g g e r i n g  down- 
h o l e  t o o l  t o o  h i g h ,  

a E x c e s s i v e  e r r o r s  c a u s e d  by s e n s o r  a m b i g u i t i e s  
\<hen o p e r a t e d  a l o n g  a  n o r t h e r l y  o r  s o u t h e r l y  
h e a d i n g ,  



a E l e c t r o n i c  c o a p o n e n t s  i n c l u d e d  o r i g i n a l l y  
kchich w e r e  no l o n ~ e r  a v a i l a b l e ,  

T r a n s n i t  c l o c k  i n s t a b i l i t y  w h i c h  p r o h i b i t e d  
r e c e i v e  t r a c k i n g  o n  a  r e l i a b l e  b a s i s .  

The d o w n h o l e  t o o l  was d e s i g n e d  t o  s e n d  a  t r a n s m i s s i o n  s e q u e n c e  

when t h e  w a t e r  p r e s s u r e  i n  t h e  d r i l l  c o l l a r  i s  r a i s e d  t o  a 

l e v e l  g r e a t e r  t h a n  100  p s i .  I n  a c t u a l  f i e l d  t e s t  o p e r a t i o n  

t h i s  p r e s s u r e  was d i f f i c u l t  t o  o b t a i n .  A number o f  f a c t o r s  

w e r e  r e s p o n s i b l e  s u c h  a s  t o o  s m a l l  o r  d e f e c t i v e  pump, l a c k  o f  

e n o u g h  w a t e r  v o l u m e ,  d e b r i s  c l o g g i n g  t h e  w a t e r  way ,  e t c .  

S i n c e  t h e  p r e s s u r e  p r o b l e m  was s t i l l  e v i d e n t  i n  P h a s e  I  o f  

t h i s  p r o g r a m ,  i t  was d e c i d e d  t o  i n s t a l l  a  l o w e r  p r e s s u r e  

t r i g g e r  s w i t c h .  An i d e n t i c a l  w i t c h  w i t h  a  l o w e r  r a n g e  w h i c h  

now a c t i v a t e s  t h e  d o w n h o l e  t o o l  x i t h  a p p r o x i m a t e l y  7 0  p s i  

w a t e r  p r e s s u r e  was i n s t a l l e d .  

I n  o r d e r  t o  c o r r e c t  t h e  a n o m a l l i e s  a s s o c i a t e d  w i t h  t h e  n o r t h -  

s o u t h  p r o b l e m ,  i t  was d e c i d e d  t o  a d d  two a d d i t i o n a l  s e n s o r s .  

T h e s e  s e n s o r s  c o n s i s t e d  o f  b i a x i a l  a c c e l e r o m e t e r s  o r i e n t e d  

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

s i d e  t o  s i d e  a n d  t o p  t o  b o t t o m  o f  t h e  s e n s o r  c a n i s t e r .  .A 

s i n g l e  p a c k a g e  \Gas p r o c u r r e d  t h a t  c o n t a i n e d  b o t h  a c c e l e r o m e t e r s  

m e c h a n i c a l l y  a l i g n e d  90' a p a r t  f r o m  e a c h  o t h e r .  

The a d d i t i o n  o f  t h e  new s e n s o r s  r e q u i r e d  t h a t  t h e  s e n s o r  

c a n i s t e r  b e  made l o n g e r .  I n  o r d e r  t o  make room f o r  t h i s  

e x t e n s i o n  w h i l e  m a i n t a i n i n g  t h e  o r i g i n a l  o v e r a l l  p a c k a g e  

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

t h e  a d d i t i o n a l  s p a c e .  The r e q u i r e m e n t  f o r  r e p a c k a g i n g  a l s o  

p r o v i d e d  t h e  o 2 p o r t u n i t y  t o  i : n ? r o ~ - e  s e s - e r a 1  o t h e r  k n o ~ n  

d e f i c i e n c  iss. 



I n  t h e  o r i s i n a l  d e s i y n ,  t h e  s u r v e y  t o o l  c l o c k  was c o n t r o l l e d  

by r e s i s t o r - c a p a c i t o r  t i m i n g .  T h i s  p r o v e d  t o  be  u n s t a b l e  

i n  t h e  d r i l l i n g  e n v i r o n m e n t  a n d  t h e r e f o r e  r e q u i r e d  wide  b a n d -  

i < i d t h s  i n  t h e  r e c e i v e r  t r a c k i n g  c i r c u i t s .  The i n c r e a s e d  

b a n d \ % - i d t h  a l s o  i n c r e a s e s  t h e  s u s e p t a b i l i t y  t o  n o i s e  p r o b l e n s .  

T h e r e f o r e ,  a  c r y s t a l  c o n t r o l l e d  c l o c k  was i n s t a l l e d  i n  t h e  

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

i n  t h e  t e l e n e t r y  r e c e i v e r .  

D u r i n g  t h e  r e h a b i l i t a t i o n  o f  t h e  downho le  p a c k a g e  d o n e  i n  

P h a s e  I  t h e  -4/D c o n v e r t e r  \Gas f o u n d  t o  be  i n o p e r a t i v e .  A t t e m p t s  

t o  r e p l a c e  t h e  u n i t  l e d  t o  t h e  d i s c o v e r y  t h a t  t h e  p a r t i c u l a r  

p a r t  was no l o n g e r  m a n u f a c t u r e d .  F o r t u n a t e l y ,  o n e  was f o u n d  

and i n s t a l l e d  f o r  t e s t i n g ,  b u t  no  s p a r e  u n i t s  f o r  f u t u r e  

r e p a i r  x o u l d  be  a v a i l a b l e .  

I n  l i g h t  o f  a l l  o f  t h e  a b o v e  i t  was d e c i d e d  t h a t  t h e  downho le  

s u r v e y  t o o l  e l e c t r o n i c s  would  be  u p g r a d e d  t h r o u g h o u t  w i t h  

c o m m e r c i a l l y  a v a i l a b l e  c o m p o n e n t s .  F u r t h e r ,  t h e  e x i s t i n g  

e x p l o s i o n  p r o o f  c a n i s t e r  would  be  r e t a i n e d  u n a l t e r e d  s o  a s  

t o  r e t a i n  p e r m i s s i b i l i t y .  

Append ix  3 z i v e s  t h e  r e s u l t i n g  m e c h a n i c a l  l a y o u t  o f  t h e  u p -  

g r a d e d  t o o l  a l o n g  w i t h  i t s  o u t p u t  s p e c i f i c a t i o n s  and  s e n s o r s  

s p e c i f i c a t i o n s .  

The s e c o n d  a s p e c t  o f  t h e  P h a s e  I 1  a c t i v i t y  was t h e  d e s i g n  a n d  

d e v e l o p m e n t  o f  a  p e r m i s s i b l e  p o r t a b l e  u p h o l e  r e c e i v e r  and  

p r o c e s s o r .  .4 s y s t e m  d e s i g n  \(as s u b m i t t e d  t h a t  c a l l e d  f o r  

t h e  u s e  o f  l o \$  poi ie r  C>fOS c i r c u i t r y .  I t  was f e l t  t h a t  t h e  

u s e  o f  t h i s  p o x e r  i n t e g r a t e d  c i r c u i t  t e c h n o l o g y  would  

s i m p l i f y  t h e  p e r n i j s i b i l i t y  p r o c e s s  b e c a u s e  power r e q u i r e -  

m e n t s  would  f a l l  1 % - i t h i n  t h e  i n t r i n s i c a l l y  s a f e  l e v e l s .  F i g u r e  

2 s h o ~ s  t h e  f r o n t  p a n e l  o f  t h e  r e s u l t i n g  r e c e i v e r / p r o c e s s o r .  



-4 d e t a i l e d  d e s c r i p t i o n  o f  t h e  s y s t e m  d e s i g n  i s  i n s l n d e d  i n  

S e c t i a n  3 o f  t h i s  r e p o r t .  

The  f i n a l  a c t i v i t y  o f  P h a s e  TI % a s  t h e  t e s t i n g  and  a l i g n m e n t  

o f  t h e  s y s t e m .  S i n c e  t h i s  d e v i c e  u s e s  t h e  e a r t h ' s  m a g n e t i c  

f i e l d  a s  i t s  i n p u t  a n d  t h i s  f i e l d  i s  d i s t u r b e d  i n  t h e  p r o x i m i t y  

o f  m a g n e t i c  m a t e r i a l s ,  i . e . ,  b u i l d i n g s ,  c a r s ,  p i p e s ,  e t c . ,  t h e  

s y s t e m  was t a k e n  t o  a n  o p e n  l a n d  a r e a .  The f i e l d  t e s t s  

c o n s i s t e d  o f  r o t a t i n g  t h e  p a c k a g e  a r o u n d  e a c h  a x i s  a n d  p l o t t i n g  

t h e  o u t p u t  f r o m  e a c h  s e n s o r  t o  d e t e r m i n e  e x a c t  s c a l e  f a c t o r  

a n d  o f f s e t .  A f t e r  e x a c t  s c a l e  f a c t o r  a n d  o f f s e t s  f o r  e a c h  

s e n s o r  c h a n n e l  w e r e  d e t e r m i n e d  new a l o g i r t h m  c o e f f i c i e n t s  

w e r e  c a l c u l a t e d  a n d  i n c o r p o r a t e d  i n  t h e  p r o c e s s o r  p r o g r a m m a b l e  

memory. The r o t a t i o n a l  t e s t s  w e r e  t h e n  r e p e a t e d  f o r  v e r i f i c a t i o n .  

I t  s h o u l d  b e  n o t e d  t h a t  v e r t i c a l  r o t a t i o n  o f  t h e  p a c k a g e  was 

n o t  a c c o m p l i s h e d .  T h i s  was  d u e  t o  t h e  f a c t  t h a t  t h e  p a c k a g e  

\<as  v e r y  l o n g  a n d  h e a v y  a n d  w o u l d  r e q u i r e  a  c o m p l i c a t e d  a n d  

c o s t l y  f i x t u r e  t o  s u p p o r t  t h e  u n i t  w h i l e  p r o v i d i n g  p r e c i s e  

a l i g n m e n t .  

F o l l o w i n g  t h e  a l i g n m e n t  t e s t s ,  t h e  s y s t e m  was  s u b j e c t e d  t o  a 

s i m u l a t e d  t r a j e c t o r y  t e s t .  T h i s  was d o n e  by  p l a c i n g  a  p a t t e r n  

o f  n i n e  h o l e s  i n  a  b o a r d  i n  t h e  f o l l o w i n g  a r r a n g e m e n t .  

The c o o r d i n a t e  d i s t a n c e  b e t w e e n  e a c h  h o l e  \ (as  s u c h  t h a t  movement 

be t ~ i e e n  a n y  two a d j  a c e n t  h o l e s  v e r t i c a l l y  o r  h o r i z o n t a l l y  

r e p o s i t i o n e d  t h e  t o o l  b y  lo  i n  b e a r i n g  f o r  h o r i z o n t a l  a n d  l o  

i n  i n c l i n a t i o n s  v e r t i c a l l y .  The s i m u l a t e d  s u r v e y  \<as  p e r f o r m e d  



b y  e n t e r i n g  t h e  i n i t i a l  c o n d i t i o n s  f o r  h o l e  ;1 a t  a n  i n i t i a l  

s t r i n z  l e n g t h  o f  l0 f e e t .  Then a  s u r v e y  o f  t h e  f i r s t  h o l -  

p o s i t i o n  ~ ~ a j  d o n e  and  a n  a s sumed  10 f o o t  d r i l l  r o d  a d d e d .  Tne 

t o o l  \Gas t h e n  p o s i t i o n e d  s e q u e n t i a l l y  i n  e a c h  h o l e  a n d  a s u r I r e y  

done  a d d i n 2  1 3  f o o t  r o d  s e c t i o n s  f o r  e a c h  h o l e  u n t i l  h o l e  =1 

was r e p e a t 2 d .  T h i s  r e s u l t e d  i n  a  t o t a l  s i m u l a t e d  s u r v e y  o f  

110  f e e t  o f  s t r i n g  l e n g t h .  F i g u r e  3.A shows a  c o m p a r i s o n  o f  

c a l c u l a t e d  b e a r i n g s  v e r s u s  t o o l  m e a s u r e m e n t s .  F i g u r e  3B 

g i v e s  t h e  same c o m p a r i s o n  f o r  i n c l i n a t i o n .  F i g u r e  jC c o m p a r e s  

t h e  t h e o r e t i c a l  s u r v e y  p a t h  t o  t h e  c o m p u t e r  r e s u l t s  p r o v i d e d  by 

t h e  c a b l e l e s s  s u r v e y  s y s t e m .  As s e e n  i n  F i g u r e s  3A a n d  5B 

t h e  b e a r i n g  a n d  i n c l i n a t i o n  r e a d o u t  f a l l  v e r y  c l o s e  t o  t h e  e x -  

p e c t e d  a c c u r a c i e s  f o r  t h e  t r a n d u c e r s  , i .  e . ,  - + O .  5' f o r  t h e  

m a g n e t o m e t e r  a n d  - +O.1°  f o r  t h e  a c c e l e r o m e t e r s .  Some o f  t h e  

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

v a r i a n c e .  T h i s  h a s  b e e n  a t t r i b u t e d  t o  two f a c t o r s .  F i r s t ,  

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

f a c e  o f  t h e  h o l e s  i n  t h e  t a r g e t  and  t h e  p o s i t i o n i n g  p i n .  I n  

a d d i t i o n ,  e r r o r s  i n  t h e  a b s o l u t e  p o s i t i o n  o f  t h e  h o l e  w e r e  

n o t  c o r r e c t e d  o r  c o m p e n s a t e d .  

The e r r o r s  a s s o c i a t e d  w i t h  s e n s o r  r e l a t i v e  a l i g n m e n t s  w e r e  

e x a m i n e d  by r e p e a t i n g  t h e  s i m u l a t e d  t r a j e c t o r y  t e s t  t w i c e .  

F i r s t ,  two r e a d i n g s  s e p a r a t e d  5y a 180 '  r o t a t i o n  w e r e  a v e r a g e  

f o r  e a c h  h o l e  and  t h e n  r e p e a t e d  t a k i n g  f o u r  r e a d i n g s  s e p a r a t e d  

b;: 90" r o t a t i o n s  f o r  e a c h  h o l e .  3 e  r e s u l t s  o f  t h e s e  t e s t s   re: 

B e a r i n g  e r r o r s :  mean 

S t a n d a r d  D e v i a t i o n  

I ' a r i a n c e  

2 R e a d i n g s  
P e r  H o l e  

I n c l i n a t i o n  e r r o r s :  

me a n  O . O O S O  

S t a n d a n d  3 e v i a t  i o n  0.084" 

Tv-ar  i a n c e  '1. ;yo 

1 R e a d i n g s  
P e r  H o l e  
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These  r e s u l t s  a r e  i n t e r e s t i n g  i n  t h a t  t h e  e r r o r s  associa:-d 

; < i t h  t h e  a c c e l e r o m e t e r s  a r e  f a i r l y  c o n s i s t e n t  i n  b o t h  c a s e s  

and a r e  \ c e l l  w i t h i n  t h e  e x p e c t e d  r a n g e s .  The b e a r i n g  c a l -  

c u l a t i o n  i s  t h e  r e s u l t  of  combining t h e  o u t p u t s  o f  t h r e e  

o r t h a g o n a l i y  o r i e n t e d  nagne to rne t e r s .  The i n c l i n a t i o n  i s  t h e  

r e s u l t  o f  a  s i n g l e  a c c e l e r o m e t e r  o r i e n t e d  a x i a l l y  w i t h i n  t h e  

package .  T h e r e f o r e ,  t h e  b e a r i n g  i n c l u d e s  t h e  combina t i on  o f  

t h r e e  i ndependen t  e r r o r s  whereas  t h e  i n c l i n a t i o n  e r r o r  i s  t h e  

r e s u l t  o f  a  s i n g l e  t r a n s d u c e r  and t h u s  t h e  l a r g e r  b e a r i n g  

e r r o r s  and t h e  s t a t i s t i c a l  improvement w i t h  f o u r  r e a d i n g s .  

Phase  111 

Phase  111 began i n  J u l y  o f  1979 w i t h  t h e  f i r s t  i n - m i n e  d r i l l i n g  

t e s t  o f  t h e  upgraded  sy s t em.  T e s t i n g  began i n  E a s t e r n  Coal  

Company's F e d e r a l  $1 mine n e a r  F a i r n o n t  Nes t  V i g r i n i a .  A 

s e r i e s  o f  p rob lems  w i t h  t h e  d r i l l i n g  o p e r a t i o n  c a u s e d  a  one 

month d e l a y  i n  t h e  f i e l d  t e s t  a c t i v i t i e s .  The p rob lems  were 

p r i m a r i l y  a s s o c i a t e d  w i t h  t h e  d r i l l  motor  i t s e l f  and t h e  w a t e r  

pump u s e d .  

Upon r e t u r n  t o  F e d e r a l  Y1 i n  mid August  t h e  USB),1 had i n s t a l l e d  

a  new d r i l l  motor  and w a t e r  pump s y s t e m .  The CSS was i n s t a l l e d  

and d r i l l i n g  Lvas begun.  During t h e  t e s t i n g  phase  t h e  o n l y  

p rob lem e n c o u n t e r e d  x i t h  t h e  CSS c e n t e r e d  a round  two a r e a s .  

F i r s t  !<as t h e  b a t t e r i e s .  I n  b o t h  t h e  downhole t o o l  a s  w e l l  

a s  t h e  u p h o l e  t o o l  b a t t e r y  l i f e  seemed t o  be much l e s s  t h a n  

t h e  t h e o r e t i c a l  l i f e  s h o u l d  b e .  L a t e r  e x a m i n a t i o n  o f  t h e  

b a t t e r i e s  r e v e a l e d  f a i l e d  c e l l s  i n  t h e  p o s i t i v e  s i d e  o f  t h e  

dorcnhole b a t t e r y  pak and f a i l e d  c e l l s  i n  t h e  r e c e i v e  s i d e  o f  

t h e  u p h o l e  p r o c e s s o r .  B a t t e r i e s  were r e p l a c e d  p r i o r  t o  f u t u r e  

d r i l l i n g  o ~ e r a t i o n s .  



The s e c o n d  p r o b l e m  d e a l s  h - i t n  a n  i n t e r f i i t t e n t  contact on t h e  
-. d o ~ \ . n h o l e  t o r i d  c o n n e c t i o n s .  l n i s  !(as f a i r l y  a f s i r l y  s e v e r e  

p r o b l e m  i n  t h a t  t h e  t a r i o d  c o n n e c t i o n  i s  b u r i e d  d e e p  ~ ~ ~ i t h i n  

t h e  ~ o t t e d  t r a n s i u c e r .  The c o n n e c t i o n  \'as r e c o n d i t i o n e d  a n d  

f u t u r e  d r i l l i n g  a c t i v i t i e s  w e r e  a c c o m p l i s h e d  ~ ( i t h o u t  p r o b l e m s  

i n  t h i s  a r e a .  A n o t h e r  a s p e c t  i q i t h  t h i s  s a n e  c o n n e c t o r  was 

d i s c o v e r e d  d u r i n g  t h i s  t e s t  s e r i e s  was t h e  p r o b l e m  o f  d e b r i s  

i n  t h e  w a t e r  s u p p l y  l o d g i n g  a g a i n s t  t h e  c o n n e c t o r  a n d  t h e  

r e s u l t  b l o c k a g e  o f  s u f f i c i e n t  w a t e r  f l o w  a n d  p r e s s u r e .  I t  

was r e a l i z e d  t h a t  a x a t e r  s u p p l y  f i l t e r  mus t  b e  u s e d  when 

t h e  CSS i s  u s e d  t o  r e s t r i c t  p a r t i c l e s  g r e a t e r  t h a n  1 / 1 6  i n c h  

f rom b e i n g  pumped i n t o  t h e  d r i l l  s t r i n g .  

Even  w i t h  t h e  a b o v e  p r o b l e m s ,  t h e  CSS was u s e d  s u c c e s s f u l l y  

d i r i n g  a c t u a l  d r i l l i n g  o p e r a t i o n  t o  s u r v e y  f rom 3 5  f e e t  t o  

3 2 0  f e e t  i n  t h e  h o l e .  I n  a d d i t i o n ,  t h e  S p e r r y  Sun T o o l  was 

u s e d  t o  s u r v e y  t h e  same h o l e .  F i g u r e  4 shows a  c o m p a r i s o n  

o f  t h e  CSS r e s u l t s  a n d  t h e  S p e r r y  Sun f o r  v e r t i c a l  d e p t h  o f  

t h e  h o l e .  The  d i f f e r e n c e  be t lqeen  t h e  two s u r v e y s  f a l l s  

p r i m a r i l y  i n  a n  i n i t i a l a r e p o r t e d  o f f s e t .  A l t h o u g h  no  s p e c i f i c  

r e a s o n  f o r  t h e  d i f f e r e n c e  \ (as  d e t e r m i n e d ,  t h e  b a s i c  o u t p u t  o f  

t h e  t l ~ . o  t o o l  r e s u l t s  d o e s  c o r r e l a t e .  

-4 r e c o r d  o f  a u t o m a t i c  r e c e i v e r  g a i n  s e t t i n g s  \<as  k e ? t  a n d  i s  

g i v e n  i n  F i g u r e  5 .  -4s s h o w  a s  s t r i n g  l e n g t h  i n c r e a s e d ,  

r e c e i v e d  g a i n  a l s o  i n c r e a s e d .  T h i s  i s  e s p e c i a l l y  t r u e  o u t  

t o  a b o u t  1 9 0  f e e t .  Beyond 7 9 0  f e e t  r e c e i v e r  g a i n  s t a r t e d  t o  

d e c r e a s e .  T h i s  was d u e  t o  a n  a b a n d o n e d  d r i l l  s t r i n g  w h i c h  

was  s e i z e d  i n  a n  a d j a c e n t  h o l e .  I n  f a c t  t h e  d r i l l  b i t  

e v e n t u a l l y  h i t  t h e  a d j a c e n t  d r i l l  s t e e l  a t  3 2 9  f e e t .  Note  

t h a t  t h e  r e a d i n s 5  t s k ? n  t ~ h i l e  t h e  t x o  d r i l l  s t r i n g s  were i n  

c o n t a c t  :<ere  3423 a n d  1 0 3 3 .  T h e s e  v e r y  low g a i n  r e a d i n g s  

w e r e  d u e  t o  t h e  e x c e l l e n t  c o n d u c t i v i t y  o f  t h e  r e t u r n  s i g n a l  

p a t h  p r o v i d e d  b y  t h e  s e i z e d  d r i l l  s t r i n g .  
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The r e a d i n s s  l t h i c h  u a r a  t a k e n  o u t  a t  245 f e e t  and 3 3 5  f a e t  

were  h i y h e r  t h a n  e x p e c t e d  and \ < e r e  a c t u a l l y  s e t t i n g  c l o s e  

t o  t h e  l i x i t  o f  t h e  r e c e i v e  c a p a b i l i t y .  L a t e r  t e s t i n g  showed 

t h a t  t h e s e  h i ~ h  r e a d i n g s  \ < e r e  t h e  r e s u l t  o f  t h e  " d i r t y "  h o l e .  

For  e s a n p l e ,  i n  h o l e  d e p t h s  on t h e  o r d e r  o f  400 t o  500 f e e t  

r e c e i v e r  g a i n s  o f  3 0  t o  50dB were  common p r o v i d e d  t h e  h o l e  

had  b e e n  ~ ( a s h e d  c l e a n  o f  c u t t i n ~ s  p r i o r  t o  t h e  t r a n s n i s s i o n .  

Ho le  91 \;as abandoned  a f t e r  s e v e r a l  a t t e m p t s  t o  r e d i r e c t  t h e  

d r i l l  had  f a i l e d .  -A t h i r d  h o l e  leas s t a r t e d  b u t  h a d  t o  be 

abandoned  \%-hen t h e  d r i l l  c o u l d  n o t  be k e p t  i n  t h e  h o l e .  T t - r e -  
f o r e ,  no o t h e r  s u r v e y  t e s t s  u e r e  c o n d u c t e J  a t  F e d e r a l  . l i n e  

The t a o l  ;bas r e t u r n e d  t o  ENSCO w h i l e  t h e  n e x t  d r i l l i n g  s i t e  

was b e i n s  p r e p a r e d .  Whi le  a t  ENSCO, a d j u s t m e n t s  were  made 

t o  improve  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m .  

These  improvement s  u e r e  b a s e d  on e x p e r i e n c e  g a i n e d  d u r i n g  

t h e  F e d e r a l  =1  mine  d r i l l i n g s .  T h e s e  c h a n g e s  o c c u r r e d  . 
p r i n n r i l y  i n  t h ?  a r e a  o f  m o n i t o r i n g  c a p a b i l i t y  a n d  o p e r a t i n s  

s i g n a l l i n :  1 - i a  t h e  f r o n t  p a n e l  t o  i n d i c a t e  what  o p e r a t i o n  

r h e  s y s t e m  i s  ? e r f o r m i n g .  T h e s e  c h a n g e s  \qere mos t  b e n e f i c i a l  

i n  re:2m-ir-_8 t h e  " n y s t e r y "  o f  t h e  e l e c t r o n i c  s u r v e y  s y s t e m .  

7 l h e  n e x t  S r i l l i n ~  2 c : i v i t y  o c c u r r e d  i n  3 e c m b ~ r  o f  13-3 a t  

t h e  b l a r i a n a  $ 5 8  Mine i n  P e n n s y l v a n i a .  D u r i n g  t h e  d r i l l i n g  

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

o p e r a t i o n  t o  a  d e p t h  o f  1 9 0  f e e t .  

h ' h i l e  d r i l l i n g  a t  t h e  ! !ar iana  !line t h e  s u r v e y  system x o r k e d  

f a i r l ~ .  \ < e l l .  3n  s e v e r a l  o c c a s i o n s  \$hen t h e  s u r v e y  i n d i c a t e d  

t h a t  d r i l l i n g  lb<as a p p r o a c h i n g  r e g i o n s  known t o  c o n t a i n  s l a t e  

b i n d e r  l a y e r s  i c i t h i n  t h e  c o a l  seam,  c u t t i n g s  i n d i c a t e 2  t h a t  



t h e  l a y e r s  w e r e  h i t  w i t h i n  3 f e e t  a l o n g  t h e  d r i i l  p a t h .  T h i j  

h a s  a t  a  s t r i n g  l e n g t h  o f  4 3 4  f e e t .  R e c o r d s  o f  t h e  r e c e i v e r  

g a i n s  a t t a i n e d  i n  t h i s  f i e l d  t r i a l  i n d i c a t e d  t h a t  l c i t h  a  c l e a n  

h o l e ,  good  s r o u n d  a n d  'good b i t  t o  c o a l  t h r u s t  p r e s s u r e ,  n u x b e r s  

o n  t h e  o r d e r  o f  10 t o  60dB o f  g a i n  w e r e  common t h r o u g h  t h i s  

d r i l l i n g  f r o m  3 5  f e e t  t o  1 9 0  f e e t .  

-4s w i t h  t h e  p r e v i o u s  t e s t i n g  e x e r c i s e ,  b a t t e r i e s  c o n t i n u e d  

t o  b e  l e s s  t h a n  a d e q u a t e .  The p r o b l e m  was t r a c e d  t o  b e  t h e  

i n t e r c o n n e c t i o n s  w i t h i n  t h e  b a t t e r y  c a n s i t e r  a n d  t h e  r e l a y s  

u s e d  t o  a c t i v a t e  t h e  s y s t e m .  T h e s e  i t e m s  w e r e  a l l  

r e p a i r e d  a n d  no f u r t h e r  d e b i l i t a t i n g  p r o b l e m s  o c c u r r e d .  

A n o t h e r  l e s s  s e r i o u s  p r o b l e m  t h a t  o c c u r r e d  t h r o u g h o u t  t h e  

t e s t i n g  was t h e  t r i g g e r i n g  o f  t h e  down h o l e  u n i t .  T h i s  i s  

d o n e  b y  r a i s i n g  t h e  w a t e r  p r e s s u r e  t o  a t  l e a s t  7 0  p s i  a n d  

t h e n  p e r m i t t i n g  i t  t o  f a l l  b e l o w  6 0  p s i .  The  v a r i o u s  pumps 

u s e d  a n d  a v a i l a b l e  w a t e r  s u p p l i e s  w e r e  o f t e n  n o t  c a p a b l e  o f  

n o t  d e l i v e r i n g  t h e  r e q u i r e d  l e v e l s  u n l e s s  o r i f i c e s  w e r e  

i n s t a l l e d  i n  t h e  b i t  t o  r e s t r i c t  f l o ~ .  . 
The f i n a l  a s p e c t  o f  P h a s e  I11  was t h e  d e v e l o p m e n t  o f  a n  OQ1 

l l a n u a l  a n d  a  c l a s s r o o m  t r a i n i n g  s e s s i o n  g i v e n  a t  t h e  B r u c e t o n  

R e s e a r c h  C e n t e r .  P e r s o n n e l  f r o m  t h e  B u r e a u  a n d  f r o m  t h e  

i n d e p e n d e n t  d r i l l i n g  c o n t r a c t o r  w e r e  t r a i n e d  i n  t h i s  o p e r a t i o n  

a n d  m a i n t e n a n c e  . o f  t h e  s y s t e m .  



5 .  SYSTShl DESCRIPTION 

The C a b l e l e s s  Sur7;ev S y s t e m  (CSS) i s  d e s i g n e d  t o  p r o v i d e  

n e a r  r e a l  t i m e  d a t a  d u r i n g  d e g a s i n g  o p e r a t i o n s  i n  c o a l  n i n e s .  

D e g a s i n g  i s  p e r f o r m e d  by d r i l l i n g  l o n g  (up t o  '0d0 f e 2 t )  

h o r i : o n t a l  b ~ r e h o l e s  i n t o  a  v i r g i n  c o a l  s zam.  The s u r v e y  

o r  downho le  t o o l  i s  a t t a c h e d  d i r e c t l y  b e h i n d  t h e  d r i l l  b i t .  

T h i s  i s  shown i n  F i g u r e  6 b e l o w .  

F i g u r e  6 .  S u r v e y  T o o l  a n d  D r i l l  B i t  

I n  t h e  s u r v e y  t o o l ,  t h e  t r a n s m i t t e r  a n d  b a t t e r y  a r e  s e p a r a t e  

a s s e m b l i e s  ~ v h i c h  j o i n  t o g e t h e r  i n  a  p r e s s u r e - t i g h t  t u b e .  The 

s e n s o r s  a r e  i n  a  s e p a r a t e  p r e s s u r e - t i g h t  t u b e  w h i c h  j o i n s  t o  

t h e  f i r s t .  T h i s  p r e s s u r e  t u b e  a s s e m b l y  i s  t h e n  e n c l o s e d  i n  

a n  o u t e r  t u b e  w i t h  a n  a n n u l a r  s p a c e  b e t w e e n  them f o r  w a t e r  

p a s s a g e .  The  t r a n s m i t t i n g  t r a n s f o r m e r  j o i n s  t h e  n a i n  p a c k a g e  

w i t h  a  w a t e r - t i g h t  e l e c t r i c a l  f i t t i n g  a n d  h a s  a  h o l e  t h r o u g h  

i t s  c e n t e r  f o r  w a t e r  f l o w .  .A s h o r t  n o n - m a g n e t i c  e x t e n s i o n  o f  

t h e  s a n e  s i z e  a s  t h e  o u t e r  t u b e  i s  a d d e d  a t  t h e  s e n s o r  e n d  

o f  t h e  u n i t  t o  i s o l a t e  t h e  e f f e c t s  o f  m a g n e t i s m  w h i c h  m i g h t  

e x i s t  i n  t h e  d r i l l  b i t s  a n d  s u b s .  The  dolvnhole u n i t  moun t s  

c l o s e  b e h i n d  t h e  d r i l l  h i t .  F i g u r e  - i s  a  b l o c k  d i a g r a m  o f  t h e  

s u r v e y  t a o l  e l e c t r o n i c s .  

The s e n s o r  o u t p u t s  a r e  s a m p l e d  i n  a  t i m e  d i v i s i o n  m u l t i p l e x  

t e c h n i q u e  i n  ~ c h i s h  e a c h  s a m p l e  i s  c o n v e r t e d  froin a n a l o g  t o  

d i g i t a l  f o r 1  a n d  u s e d  t o  n o d u l a t z  t h e  p h a s e  s h i f t  t r a n s m i t t e r .  
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The s e n s o r  d a t a  t r a n s m i s s i o n  i s  p r e c e e d e d  by a  l o n g  p u l s e  

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

s y n c h r o n i z a t i o n .  The e x a c t  m e s s a g e  a n d  d a t a  f o r n a t  o f  t h e  

s u r v e y  t o o l  a r e  c o n t a i n e d  i n  A p p e n d i x  B .  The t r a n s m i t t e r  

o u t p u t  i s  e f f i c i e n t l y  c o u p l e d  t o  t h e  d r i l l  s t r i n g  by t h e  

t r a n s m i t t i n g  t r a n s f o r m e r .  The t r a n s m i t t i n g  t r a n s f o r m e r  

i s  o r i e n t e d  s u c h  t h a t  i t  i n d u c e s  a  t r u e  e l e c t r i c  f i e l d  i n t o  

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

i s  t h r o u g h  t h e  s u r r o u n d i n g  c o a l .  

The s i g n a l  o n  t h e  d r i l l  s t r i n g  i s  p i c k e d  up  a t  t h e  s u r f a c e  

by t h e  R e c e i v i n g  T r a n s f o r m e r , F i g u r e  8 , a n d  t h e n  p a s s e d  v i a  

t h e  t o r i o d  c a b l e .  

The r e c e i v i n g  T r a n s f o r m e r  i s  m o u n t e d  o n  t h e  d r i l l  r i g  a t  t h e  

s u r f a c e  s o  t h a t  t h e  d r i l l  p i p e  p a s s e s  t h r o u g h  i t .  The  P r o -  

c e s s o r ,  w h i c h  i n c l u d e s  t h e  c o m p u t e r  a n d  r e c e i v e r ,  i s  a d j a c e n t  

t o  t h e  d r i l l  r i g .  

As m e n t i o n e d  b e f o r e  t h e  s u r v g y  t o o l  c o n t a i n s  a  t r i a x i a l  

m a g n e t o m e t e r ,  a  b i a x i a l  a c c e l e r o m e t e r ,  a n d  a  s i n g l e  a x i s  

a c c e l e r o m e t e r .  T h e s e  s e n s o r s  a r e  u s e d  t o  m e a s u r e  t h e  v e c t o r  

r e l a t i o n s h i p  i n  e a c h  a x i s  t o  t h e  e a r t h ' s  m a g n e t i c  f i e l d  a n d  

t h e  e a r t h ' s  g r a v i t a t i o n  v e c t o r .  F i g u r e  9 shows g r a p h i c a l l y  

t h e  d i r e c t  i o n s  o f  t h e  e a r t h ' s  v e c t o r .  

The P r o c e s s o r  u t i l i z e s  a n  a u t o m a t i c  g a i n  r a n g i n g ,  v a r i a b l e  

b a n d w i d t h  p h a s e  l o c k  t e c h n i q u e  f o r  maximum s e p a r a t i o n  o f  t h e  

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

b e a r i n g  a n d  i n c l i n a t i o n  o f  t h e  downho le  u n i t .  

When g i v e n  t h e  l e n g t h  o f  d r i l l  p i p e  s e c t i o n s ,  t h e  P r o c e s s o r  

c a l c u l a t e s  t h e  l o c a t i o n  o f  t h e  b i t  a n d  i t s  d e v i a t i o n  f rom t h e  

d e s i r e d  c o u r s e .  



Figure  3 .  Receiving Transformer 
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F i g u r e  1:' i s  3 b l o c k  d i a ~ z - a n  o f  t h e  s y s t e m  r e c e i v e r .  F i g u r e  11 

i s  a  b l o c k  d i a g r a n  o f  r h e  a i c r o ? r o c e s s o r  b a s e d  2 r o s e s 3 o r  a n d  

d i s p i a ? .  u n i t .  

When t h e  p r o c e s s o r  r x e i v e s  d a t a  f rom t h e  s y s t e m  r e c e i v e r  i t  

p e r f o r m s  s e v e r a l  f u n c t i o n s .  F i r s t ,  i t  d o e s  d a t a  e r r o r  t e s t i n g  

by  e x a m i n i n g  t h a t  d a t a  p a r i t y  i s  c o r r e c t  a n d  t h a t  t h e  r aw  d a t a  

v a l u e s  a r e  w i t h i n  r e a s o n a b l e  1 i m i t s .  F o l l o w i n g  t h e  d a t a  

c h e c k i n g ,  t h e  p r o c e s s o r  t h e n  p r o c e s s e s  t h e  r e c e i v e d  d a t a  

t o  c a l c u l a t e  t h e  n e c e s s a r y  p a r a m e t e r s  f o r  t h e  s u r v e y .  F i n a l l y ,  

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

t h a t  t h e  d r i l l  o p e r a t o r  n e e d s  t o  know s u c h  t h a t  h e  c a n  i n i t i a t e  

d r i l l  a c t i o n s  t o  g u i d e  t h e  d r i l l  w i t h i n  t h e  c o a l  s e a m .  -Appendix 

D c o n t a i n s  t h e  d e t a i l e d  s c h e m a t i c s  o f  t h e  s u r v e y  t o o l ,  r e c e i v e r  

a n d  p r o c e s s o r .  A l s o  i n c l u d e s  a r e  t h e  s o f t w a r e  p r o g r a m  l i s t i n g s  

e m p l o y e d  by t h e  p r o c e s s o r .  A p p e n d i x  E c o n t a i n s  a  d i s c u s s i o n  

o f  t h e  compu tm-  a l g o r i t h m s  t h a t  a r e  e m p l o y e d  by t h e  p r o c e s s o r .  
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3 .  CONCLUS IOYS .AND RECO>fl1END,ATI ONS 

The C a b l e l e s s  S u r v e y  S y s t e m  d e v e l o p e d  i n  t h i s  p r o j e c t  h a s  

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

d r i l l  b i t  p o s i t i o n  i s  made a v a i l a b l e  t o  t h e  d r i l l  o p e r a t o r  i n  

n e a r  r e a l  t i m e  e n v i r o n m e n t .  F i e l d  t e s t s  h a v e  shown t h e  CSS 

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

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

s h o c k  a n d  v i b r a t i o n .  The  u p h o l e  r e c e i v e r  p r o c e s s o r  h a s  p r o v e n  

t o  b e  r e l i a b l e  a n d  m o s t  i m p o r t a n t l y  p o r t a b l e .  

,As w i t h  a n y  p r o j e c t  o f  t h i s  n a t u r e ,  l o o k i n g  b a c k  o v e r  t h e  f i n a l  

d e s i g n  a s  i t  r e l a t e d  t o  o p e r a t i o n a l  u s e  t h e r e  a r e ,  o f  c o u r s e ,  

some r e c o m m e n d a t i o n s  t h a t  ENSCO, I n c .  f e e l s  w o u l d  s i g n i f i c a n t l y  

e n h a n c e  t h e  t o o l s  o p e r a t i o n .  E f f o r t s  t o  f u r t h e r  u t i l i z e ,  u p -  

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

The f o l l o w i n g  i s  a  l i s t  o f  r e c o m m e n d a t i o n s  b y  s u b s y s t e m  t h a t  

s h o u l d  be  e x p l o r e d  i n  a n y  f u r t h e r  d e v e l o p m e n t .  

PROCESSOR - 

.Access  t o  t h e  v a l u e s  o f  a v e r a g e  i n c l i n a t i o n  a n d  
b e a r i n g  t h a t  t h e  P r o c e s s o r  u s e s  f o r  a d v a n c i n g  
t h e  s u r v e y  w i l l  a l l o w  p r o j e c t i o n  o f  h y p o t h e t i c a l  
s u r v e y s .  

. * 

.Allow i n i t i a l  v a l u e s  f o r  seam d i p  a n g l e  a n d  v e r t i c a l  
d e p t h  i n  t h e  seam s o  t h e  c o m p u t e r  w i l l  r e a d  o u t  ( o n  
demand) t h e  c u r r e n t  v e r t i c a l  seam d e p t h .  

E x t e n d  t h e  memory by  Z K - 4 K  t o  a l l o w  f o r  p r o g r a m  
e x p a n s  i o n .  

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



SU"nkrEY T O O L  

3 r e a k  t h e  p a c k a g e  a b o u t  1 0  f e e t  back  f rom 
t h e  f r o n t  end s o  a s t a b i l i z e r  c a n  be p u t  a t  
a more e f f e c t i v e  d i s t a n c e  f rom t h e  f r b n t  and  
t o  n a k e  t h e  p a c k a g e  more m a n a g e a b l e .  

Change t h e  b a t t e r i e s  t o  l e a d  a c i d .  They a r e  
more d u r a b l e  a n d  n e e d  f e w e r  i n t e r - c e l l  c o n n e c t i o n s .  

Use 
t u r b  
w a t e  

a  pumpable  b a t t e r y  p a c k  o r  downhol  
i n e  g e n e r a t o r  ( c o u l d  a l s o  be  u s e d  
r f l o w ) .  

e  wat  
t o  me 

e r  
a s u r e  

Deve lop  s e n s o r s  t o  r e a d  t h r u s t ,  RPX and  t o r q u e .  

L i g h t e n  t h e  i n n e r  c a n i s t e r .  

O p e r a t e  t h e  t o o l  a s  r a d i o  s o u r c e  t o  g e t  a t t e n u a t i o n  
c u r v e s  i n  c o a l  a n d  o t h e r  m e d i a .  

Reduce t h e  o u t s i d e  d i a m e t e r  o f  t h e  downhole  p a c k a g e  
t o  a l l o w  more d r i l l i n g  c o n t r o l .  

P r o v i d e  two way r a d i o  communica t ion  t o  e l i m i n a t e  
t h e  n e e d  f o r  w a t e r  p r e s s u r e  t r i g g e r i n g .  

D e s i g n  a  new means f o r  l e n g t h w i s e  c o m p e n s a t i o n  
o f  t h e  i n n e r  s e c t i o n s .  The e x i s t i n g  r u b b e r  
c u s h i o n s  t a k e  a  s e t  and  a r e  d i f f i c u i t  t o  i n s t a l l .  
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Dur ing  P h a s e  I t h e  C S S  was f i e l d  t e s t e d  b y  s u r l r e > - i n g  a 

h o r i z o n t a l  b o r e h o l e .  The h o l e  was a l s o  s u r v e y e d  \ \ - i t h  t h e  

S p e r r y - S u n  d e v i c e .  The r e s u l t s  o f  b o t h  s u r v e y s  ; < e r e  f e d  

i n t o  a  c o m p u t e r  a n d  c o m p a r i s o n s  made b e t w e e n  t h e  two.  S i n c e  

t h e  S p e r r y - S u n  d e v i c e  i s  s u b j e c t  t o  r e a d e r  i n t e r p r e t a t i o n ,  

t h e  f i l m s  w e r e  i n t e r ~ r e t e d  by two r e a d e r s  and  t h e i r  r e s u l t s  

a v e r a g e d .  

.An o b v i o u s  d i s c r e p a n c y  i n  s u r v e v  d e p t h  b e t w e e n  t h e  S p e r r y - S u n  

a n d  ENSCO s u r v e y s  i s  e v i d e n t  i n  F i g u r e s  1Za and  l ? b .  F i g u r e  

l 2 a  compares  t h e  two s u r v e y s  w i t h o u t  a  d e p t h  c o r r e c t i o n ,  w h i l e  

t h e  c o n p a r i s o n  i n  F i g u r e l 2 b  i n c l u d e s  a  10  f t .  d e p t h  r e d u c t i o n  

i n  t h e  ENSCO surl , rey a t  t h e  100 f t .  p o i n t .  The g r e a t l y  im- 

p r o v e d  c o r r e l a t i o n  b e t w e e n  s u r v e y s  i n  F i g u r e l Z b  i n d i c a t e s  

t h a t  a n  e r r o r  i n  s u r v e y  d e p t h  was made a n d  c o m p a r i s o n  o f  t h e  

ENSCO a n d  D r i l l e r ' s  l o g s  r e v e a l s  t h a t  t h e  f i r s t  s u r v e y  p o i n t  

o n  >larch  16  was t a k e n  a t  290 f t .  b u t  was i m n r o p e r l y  e n t e r e d  

i n  t h e  ENSCO l o g  a s  210 f t . ,  c r e a t i n g  t h e  10  f t .  o f f s e t .  

T h e  d e p t h  c o r r e c t i o n  was made b e f o r e  f i n a l  s u r v e y  d a t a  was 

p r o c e s s e d  i n  t h e  c o m p u t e r  and  i s  i n c l u d e d  i n  the: d a t a  u s e d  

i n  t h e  f o l l o w i n g  d i s c u s s i o n .  

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

i n  F i g u r e 1 3  a n d  t h e  c o r r e l a t i o n  b e t w e e n  t h e  s u r v e y s  i s  e x c e l -  

l e n t ,  e s p e c i a l l v  when s t a n d a r d  d e v i a t i o n  o f  l . 1 3 J 0  b e t u e e n  

t h e  t x o  r e a d e r s  o f  t h e  S p e r r y - S u n  s u r v e v  i s  c o n s i d e r e d .  T h e r e  

d o e s  e x i s t  however  a  c o n s i s t e n t  n e g a t i v e  b i a s  b e t w e e n  t h e  

ENSCO a n d  t h e  S p e r r y - S u n  s u r v e y s .  T h i s  b i a s  becomes  more 

a p p a r e n t  when t h e  p l o t s  o f  v e r t i c a l  d e v i a t i o n  f o r  t h e  two s u r -  

v e y s  a r e  compared  i n  F i g u r e  11. The a c c o m p a n y i n g  p l o t  o f  t h e  

d i f f e r e n c e  b e t ~ ~ e e n  t h e  v e r t i c a l  d e v i a t i o n  o f  t h e  two s u r v e v s  

d e p i c t s  a n  E\;SCO s u r v e v  b i a s  o f  a b o u t  +0.106O. S i n c e  t h e  ESSCO 

p r o c e d u r e  o f  t a k i n g  two r e a d i n g s ,  s e p a r a t e d  i n  r o t a t i o n  a t  150O, 

a t  e a c h  s u r v e y  p o i n t  ~ o u l d  h a v e  removed a n y  i n t e r n a l  b i a s  

e r r o r s ,  t h e  d i f f e r e n c e  m u s t  b e  a t t r i b u t e d  t o  e x t e r n a l  f a c t o r s  

s u c h  a s  t h e  b i t  r i s e  c r e a t e d  b y  t h e  u s e  o f  o n l y  a  f r o n t  s t a b i -  

l i z e r  o r  a s a z  i n  t h e  n o n - m a g n e t i c  e x t e n s i o n  b e t w e e n  t h e  b i t  
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and  t h e  s e n s o r  s y s t e m .  Even w i t h  t h e  b i a s ,  t h e  s u r v e y s  s t i l l  

compare  v e r y  \ < e l l  ~ q i t h  d i s c r e p a n c y  o f  o n l v  7 . 5 3  f t .  i n  a  5 3 0  

f t .  h o l e .  The ENSClJ p l o t  o f  v e r t i c a l  d e v i a t i o n  i n c l u d e s  t h e  

p l o t  o f  t h e  s u r v e y  v h e n  t h e  d r i l l  w e n t  i n t o  t h e  r o o f  and t h e  

h o l e  was r e d r i l l e d  

-4z imuth  p l o t s  f o r  t h e  two s u r v e y  s y s t e m s  a r e  shown i n  F i ~ u r e  

1 3  The S p e r r y - S u n  g r a p h  i n c l u d e s  a  p l o t  o f  t h e  f i r s t  s u r v e y  

t a k e n  \ !arch 1 7 t h  a n d  a  p l o t  o f  t h e  a I re ra ,pe  o f  two r e a d e r s  

f o r  t h e  f i n a l  s l i r v e y .  The s u r v e y s  h a v e  s o m  n o i n t s  o f  d i s -  

c r e p a n c y ,  b u t  o n c e  a g a i n  e x c e l l e n t  o v e r a l l  c o r r e l a t i o n  e x i s t s .  

The l a t e r a l  d e v i a t i o n  p l o t s  ( F i g u r e  1 6  a r e  v e r y  c l o s e  w i t h  

a  maximum d i f f e r e n c e  o f  o n l y  1 . 1 7  f e e t  a r d  a  d i f f e r e n c e  o f  

c n l y  . 7 6  f e e t  a t  t h e  8 3 9  f t .  d e p t h .  O n l y  t h e  two r e a d e r  

a v e r a g e s  o f  t h e  f i n a l  S p e r r y - S u n  s u r v e y  w e r e  u s e d  i n  t h e  

d e v i a t i o n  p l o t s .  I t  s h o u l d  b e  n o t e d  t h a t  a  s t a n d a r d  d e v i a -  

t i o n  o f  0.78" e x i s t s  b e t w e e n  t h e  f i r s t  a n d  s e c o n d  S p e r r y - S u n  

s u r v e v s  a n d  s t a n d a r d  d e v i a t i o n  o f  0 . 1 8 "  e x i s t s  b e t w e e n  t h e  

two r e a d e r s  o f  t h e  f i n a l  S n e r r y - S u n  s u r v e y .  The ENSCO s u r v e y  

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

i n  F i g u r e  1'. The ENSCO s u r v e y  p r o c e d u r e  was d e s i y n e d  t o  

c a n c e l  e r r o r s  b y  t a k i n g  two s u r v e y  p o i n t s  a t  e a c h  d e p t h  

w i t h  a n  a n g u l a r  p a c k a g e  r o t a t i o n  o f  1 8 0 "  b e t w e e n  p o i n t s .  

The s o u r c e  o f  t h e  d i f f e r e n c e s  b e t w e e n  t h e  ENSCO a n d  S p e r r y -  

Sun s u r v e y s  i s  n o t  c l e a r  a n d  t h e  c o r r e l a t i o n  b e t w e e n  t h e  Cwo 

seems  n o r e  t h a n  a d e q u a t e  f o r  t h i s  a p n l i c a t i o n .  I t  w i l l  b e  

n o t e d  t h a t  t h e  two S p e r r y - S u n  s u r v e y s  h a v e  a n  i n i t i a l  b i a s  

d i f f e r e n c e  b e t w e e n  t f e m  o f  a n p r o x i m a t e l y  l o .  The s u r v e y  t o o l  

was i n i t i a l l y  a l i z n e d  a g a i n s t  t h e  f i r s t  S p e r r y - S u n  s u r v e y .  

S i n c e  a l l  t h r e e  r u n s  ( 2  S p e r r y - S u n  a n d  o n e  S u r v e y  T o o l  r u n )  

a g r e e  v e r y  w e l l  e x c e p t  f o r  t h i s  b i a s  d i f f e r e n c e ,  we a r e  

i n c l i n e d  t o  b e l i e v e  t h a t  t h e r e  i s  a n  o f f s e t  e r r o r  i n  t h e  

S p e r r y - S u n  t o o l - .  
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g i l r i n g  d r i l l  o p e r a t i o n ,  s i g n i f i c a n t  n o n - l i n e a r  v a r i a t i o n s  i n  

a ~ i m u t h  c o r r e s ? o n d i n g  t o  ~ n g u l a r  ~ a c k a g e  r o t a t i o n  w e r e  

e x p e r i e n c e d  as s'.own ~ r a a h i c a l l y  i n  F i ~ u r e  1Ba.  The magr . i tude  

o f  t h e s e  v a r i a t i o n s  promptei! a  s e r i e s  o f  t e s t s ,  r e l a t i n ?  

m a g n e t o m e t e r  o ~ l t p u t s  t o  a n g u l a r  r o t a t i o n ,  t o  d e f i n e  t h e  s o u r c e  

o f  t h i s  n o n - l i n e a r i t y .  

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

t h r o u z h  360" o f  r o l l  i n  1 0 "  i n t e r v a l s  and  t r i g g e r i n u  t h e  

p a c k a g e  a t  e a c h  i n t e r v a l .  The p a c k a g e  o u t n u t s  w e r e  p i c k e d  up  

b y  t h e  r e c e i v e r ,  1oz;qed and  n r o c e s s e d  i n  t h e  cornntl ter  a s  

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

r o t a t i o n  ( F i g u r e  1 3 b ) r e v e a l s  a  v a r i a t i o n  o f  o v e r  - + 1 . 5  d e z r e e s ,  

i n d i c a t i n y  t h e  e x i s t e n c e  o f  t h e  n r o b l e m  w i t h o u t  t h e  o u t e r  

c a n i s t e r  i n  p l a c e .  .An a n a l y s i s  o f  t h e  raw d a t a  i n d i c a t e d  

t h a t  . t h e  ? r e ~ ~ l o u s l y  c a l c i ~ l a t e d  magr ,e tometer  o f f s e t  f a c t o r s  

were  no l o n g e r  v a l i d  a n d  3 r e d u c t i o n  i n  a z i m u t h  v a r i a t i o n  

c o u l d  b e  e f f e c t e d  b v  o f f s e t  c o r r e c t i o n .  

The n e x t  s t e ~  i n  t h e  e l i m i n a t i o n  g r o c e s s  :\-as t c  p h y s i c a l l y  

s e ~ a r a t e  t h e  s e n s o r  c a n i s t e r  f r o r ,  t h e  e l e c t r o n i c s  c a n i s t e r ,  

ld- t i le  r e t a i n i n ?  t 5 e  e l e c t r i c a l '  i n t e g r i t y .  The r e s u l  t i n s  d a t a  

had  s l i g ? & t l y  l e s s  v a r i a t i o n  x i t L [  r o t a t i o n  t h a n  d a t a  t a k e n  l c i t h  

t h e  c o ~ ~ l e t e  p a c k a g e ,  b u t  ?he same c h a r a c t e r  \<as  r e t a i n e d ,  a s  

sho~+;n  i n  F i g u r e  13s. The e f f e c t  o f  t h e  e l e c t r o n i c  c a n i s t e r  

d o e s  n o t  q p e a r  t o  h e  a  p r o b l e m .  

The n e x t  s t e n  l ias  t o  ~ l i s a s s e m b l e  t h e  s e n s o r  c a n i s t e r ,  n o t i n s  

t h e  r e s i i l t a n t  c h a n p e s  i n  n a g n e t o T e t e r  011tr)uts a s s o c i  a t e d  1,-ith 

e a c h  c o m p o n e n t ' s  r e m o v a l .  The c o r n o n e n t  h a v i n g  t h e  g r e a t e s t  

e f f e c t  \;as thLe a c c e l e r o m e t e r ,  f o l l o ~ c e d  b y  much s m a l l e r  5 u t  

s i g n i f i c a n t  ~ ! - - ~ m ~ e s  a s s o c i a t e d  ~ c i t h  t h e  m a s n e t o m e t e r  a l i z n -  

ment  r o d s  a n d  o u t e r  s e n s o r  c a n i s t e r  i t s e l f .  n a t a  on t h e  

m a g n e t o n e t e r  a l o n e  s h o ~ i s  s o n e  r e d u c t i o n  i n  a z i m u t h  v a r i a t i o n  
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~ k - i t h  r o t a t i o n  b u t  F o r e  i n p o r t a n t l v  t h e  c h a r a c t e r  o f  t h e  

v a r i a t i o n  Tias s i g n i f i c a n t l y  d i f f e r e n t .  T h i s  i n d i c a t e d  t h a t  a  

c h a n z e  i n  t h e  m a g n e t i c  e n l - i r o n ~ e n t  oq t h e  n a s n e t o m e t e r  had 

o c c u r r e d .  

The a x i s  o f f s e t s  were  g r e a t l y  c h a n g e d  s o  new o f f s e t  f a c t o r s ,  

d e r i v e d  f rom c u r r e n t  e x p e r i m e n t s ,  w e r e  i n s e r t e d  i n  t h e  p r o g r a m .  

The r e s u l t i n g  d a t a  c o n t a i n s  o n l y  a  - + . 3 S 3  v a r i a t i o n  i n  a z i m u t h  

w i t h  r o t a t i o n  a s  shown i n  F i g u r e  1 S d . I t  a l s o  p o s s e s s e s  a  

c h a r a c t e r  c o n d u c i v e  t o  f u r t h e r  r e d u c t i o n .  

An a t t e m p t  was t h e n  made t o  r e d u c e  t h e  e r r o r s  i n  p r e v i o u s  

c o n f i g u r a t i o n s  b y  a p p r o p r i a t e  c h a n g e s  i n  o f f s e t  f a c t o r s .  

-4 s m a l l  improvement  r e s c l t e d  i n  e a c h  c a s e ,  b u t  i n  no c a s e  

was t h e  e r r o r  r e d u c e d  l e s s  t h a n  - + l o .  

The a b o v e  t e s t i n ?  i n d i c a 7 . e ~  t h a t  e i t h e r  a l l  s o u r c e s  o f  may- 

n e t i c  a b n o r m a l i t i e s  i n  t h e  s e n s o r  c a n i s t e r  must  b e  removed 

by r e l o c a t i o n  o f  componen t s  and d e g a u s s i n g  o r  t k e  p r o c e d u r e  

o f  t a k i n g  tlvo m e a s u r e m e n t s  a t  e a c h  s u r v e y  p o i n t  ( w i t h  a r  

a n s u l a r  p a c k a q e  r o t a t i o n  o f  l S n O  b e t w e e n  m e a s u r e m e n t s )  must 

b e  c o n t i n u e d .  

T h e r e  was no r e q u i r e m e n t  t o  i n v e s t i g a t e  t h e  n o t e n t i a l  l i m i t s  

o f  a c c u r a c y  o f  t h i s  t y p e  o f  t o o l .  However ,  t h e  q u e s t i o n  c f  

l i m i t i n g  a c c u r a c y  o f  a  m a g n e t i c  t o o l  i s  o f t e n  a s k e d .  F i z ~ r e  

1 9 i s  a  p l o t  o f  h e a d i n g  d e g r e e s  v e r s u s  t h e  r o t a t i o n a l  a n g l e  

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

o f  t h e  h o l e .  An e n v e l o p e  c o n t a i n i n s  t h e  m a j o r i t y  o f  t h e s e  

p o i n t s  i s  s h o ~ v n  a s  t h e  s o l i d  l i n e .  The mid p o i n t  o f  t h i s  

e n v e l o p e  i s  shown a s  t h e  d o t t e d  l i n e .  The mean o f  a l l  ? o i n t s  
- 3 w i t h  r e s n e c t  t o  t h e  d o t t e d  l i n e  i s  ' .5x10 d e g r e e s .  The 

s t a n d a r d  d e v i a t i o n ,  :, i s  . l J 6 " .  The low v a l u e  o f  t h e  mean 

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

t i o n  1~!1ic5-,  ~ ( i t h  s u f f i c i e n t  (1-esizn o r  c o m p u t a t i o n a l  e f f o r t ,  
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c o u l d  b e  r e n o v e d .  The T o f  . l - M O  i n c l u d e s  b o t h  a c t u a l  c h a n s e s  

i n  h o l e  d i r e c t i o n  a n d  s t a t i s t i c a l  s c a t t e r  o f  n o i n t s .  T h i s  

i n d i c a t e s   hat a 5) - s t em suc '?  a s  t h i s  w i t h  a n  a c c u r a c v  o f  

b e t t ~ r  t ! x n  - . 1  i l e 3 r e e  i s  f e a s i b l e .  
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C * 4 L C U L t \ T I O N  O F  L O C = l T I O N  V E C T O R  

The R D S - 5 0 0  c o m p u t e r  \Gas nrograrnmed t o  c a l c u l a t e  t h e  d i r e c t i o n  

v e c t o r s  f o r  t h e  d o w n - h o l e  p a c k a g e  u s i n g  t h e  i n p u t s  f r o m  t h e  

p a c k a g e .  I n  o r d e r  t o  t e s t  t h e s e  r o u t i n e s  a n d  t o  s t u d y  t h e  

s e n s i t i v i t y  o f  t h e  c a l c u l a t i o n s ,  s i m u l a t e d  d a t a  was i n p u t  t o  

t h e  p r o g r a m s .  

B e f o r e  d i s c u s s i n g  t h e  r e s u l t s ,  t h e  f o l l o w i n g  t e r m s  m u s t  b e  

d e f i n e d :  

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

e = d i p  o f  p a c k a g e  u i t h  r e s p e c t  t o  t h e  h o r i z o n t a l  

fl = a n g l e  o f  p a c k a g e  u i t h  r e s p e c t  t o  m a g n e t i c  N o r t h  

$ = a n g l e  o f  r o t a t i o n  o f  a  t i c k  o n  t h e  p a c k a g e  w i t h  
r e s p e c t  t o  v e r t i c a l .  

U s i n g  t h i s  t e r m i n o l o g y  a n d  t h e  e q u a t i o n s  d e s c r i b e d  i n  t h e  p r o -  

p o s a l ,  we c a l c u l a t e d  3 ,  fl, a n d  $ g i v e n  a and t h e  d i r e c t i o n  

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

A s  was  d i s c u s s e d  i n  t h e  p r o p o s a l ,  u h e n  fl was n e a r  0" o r  1 8 0 "  

( i . e .  n o r t h  o r  s o u t h ) ,  t h e  c a l c u l a t i o n s  become more d i f f i c u l t .  

To show t h i s ,  F i g u r e  10shows t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  

e r r o r  f rom 1 0 0  r u n s  o f  e a c h  d i r e c t i o n  when n o i s e  i s  a d d e d  t o  

t h e  m a g n e t o m e t e r  c h a n n e l s .  The  amount  o f  n o i s e  i s  c o m p a r a b l e  

t o  a  G a u s s i a n  \%rTlite n o i s e  1;it.h a  s t a n d a r d  d e v i a t i o n  o f  1 / 2  

d e g r e e .  The  e r r o r  i n  fl i s  s m a l l  ( b e l o w  l o )  f o r  d i r e c t i o n s  

b e t w e e n  20' a n d  1 6 0 " .  However ,  t h e  e r r o r  g o e s  up n e a r  t h e  

n o r t h  o r  s o u t h  d i r e c t i o n s .  T h i s  i s  b e c a u s e  f? i s  c a l c u l a t e d  a s  

a n  a r c  c o s i n e  f u n c t i o n .  T h i s  h a s  more e r r o r  n e a r  t ! ~ e s e  v a l u e s  

a n d  a l s o  i t  i s  i m ~ o s j i b l c  t o  t e l l  uhen  t h e  r e a d i n ?  c o r r e s p o n d s  

t o  n e g a t i v e  a n g l e s .  

T h e  a m b i g u i t y  o f  n e g a t i i r e  a n g l e s  o f  fl i s  i m p o s s i b l e  t o  r e s o l v e  

w i t h o u t  a n  a d d i t i o n a l  s e n s o r  o n  b o a r d .  So c o m b i n a t i o n  o f  
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m a t h e m a t i c a l  t r i c k s  o r  ~ a c t : a , q e  r o t a t i o n s  c a n  r e s o l v e  t h i s  

anb i g u i t y .  

dAs d i s c u s s e d  i n  t h e  p r o p o s a l ,  two a d d i t i o n a l  a m b i g u i t i e s  e x i s t .  

\Vhen t h e  p a c k a g e  i s  a l i g n e d  w i t h  t h e  m a g n e t i c  v e c t o r ,  i t  i s  

i m p o s s i b l e  t o  r e s o l v e  t h e  a n g l e  $ . The f i n a l  a m b i g u i t y  e x i s t s  * 
when 0 = 90' ( L e .  d r i l l i n g  i n  a v e r t i c a l  d i r e c t i o n ) .  F i g u r e  

I l s h o w s  t h i s  r e s u l t .  T h i s  f i g u r e  i s  a  p l o t  o f  t h e  e r r o r  i n  

@ a s  a  f u n c t i o n  o f  8 f o r  0 = 9 0 " .  

The a m b i g u i t y  o f  n o t  knowing w h e t h e r  t h e  p a c k a g e  i s  p o i n t i n g  

w e s t  o r  e a s t  o f  n o r t ? ~  c a n  b e  r e l i e v e d  b y  t e l l i n g  t h e  s y s t e m  

t h e  i n i t i a l  d i r e c t i o n  a s  was done p r e v i o u s l y .  However ,  i f  

t h e  d i r e c t i o n  i s  c l o s e  t o  t h e  N o r t h  d i r e c t i o n  s m a l l  measurement  

e r r o r s  w i l l  c a u s e  l a r g e r  d i r e c t i o n  e r r o r s .  

The  s y s t e m  was n e x t  ~ r o g r d m n ~ e d  f o r  t h e  e q u a t i o n s  u s i n g  t u o  

a d d e d  a c c e l e r o m e t e r s .  The c o m p a r a t i v e  e r r o r  c u r v e s  a r e  shown 

on  F i g u r e  1. T h i s  s t e p  would  r e d u c e  a l l  e r r o r s  due  t o  g e o -  

m e t r i c a l  f a c t o r s  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  t h e  e l e v a t i c n  

a n g l e .  - 4 l t h o u g h  we h a v e  n o t  in : :es t ig?- ted  i t  i n  d e t a i l ,  i t  i s  

b e l i e v e  t h a t  e v e n  t h e s e  e r r o r s  c o u l d  b e  e l i m i n a t e d  u s i n g  a l t e r -  

n a t e  a l ~ o r i t h m s .  The a d d e d  a c c e l e r o m e t e r s  a l s o  e l i m i n a t e  t h e  

a m b i g u i t i e s  w h i c h  e x i s t  i n  t h e  p r e s e n t  s y s t e m .  

* I t  s h o ~ ~ l d  b e  r e c o r d e d  h o ~ c e v e r  t h a t  t h e  s y s t e m  \<as n e l r e r  
i n t e n d e d  f o r  v e r t i c a l  w o r k .  The o r i y i n a l  s p e c i f i c a t i o n  
i n  f a c t  l i m i t e d  t h e  a n g l e s  t o  h o r i z o n t a l ,  p l u s  o r  minus  
4 5 " .  T h u s ,  t h e  a m b i s u i t y  a s s o c i a t e d  ~ : i ~ h  drill in^ 
a l o n g  t h e  m a g n e t i c  v e c t o r  was n r o h i b i  t e d .  









CABLELESS SURVEY SYSTE>I DOIV'NHOLE 
T O O L  OUTPUT SPECIFIC-4TIOY 

C a r r i e r  F r e q u e n c y :  1.932'Ki-I: r .00% C r y s t a l  C o n t r o l l e d  

T r a n s m i t t e r  O u t p u t  Power :  1 w a t t  n o m i n a l  t o  i n p u t  o f  t r a n s -  
m i t  T o r i o d )  v a r i e s  w i t h  c o u p l i n g  
c o n d i t i o n s )  

> i o d u l a t i o n :  blanches t e r  Code 2 60" P h a s e  h l o d u l a t i o n  

D a t a  R a t e :  31.66Hz = C a r r i e r  d i v i d e d  by 128  

T r a n s m i t t e r  S e q u e n c e :  1 6  S e c o n d s  0" P h a s e  S h i f t  C a r r i e r  

4 S e c o n d s  - A 1 1  1 ' s  d a t a  

32 B i t s  P r e a m b l e  

30 B i t s  Random D a t a  (Not  Used)  

130  B i t s  Ten 1 2  3 i t  D a t a  C h a n n e l  
P a r i t y  

Upon t r i g g e r i n g  t h e  downho le  t o o l  t r a n s m i t s  
16  s e c o n d s  o f  0' p h a s e  s h i f t  c a r r i e r  (no  
m o d u l a t i o n )  w h i c h  i s  u s e d  b y  t h e  r e c e i v e r  
t o  e s t a b l i s h  c a r r i e r  p h a s e  l o c k  a n d  a u t o  
g a i n  r a n g e .  

The d o x n h o l e  t o o l s  f o l l o w s  t h e  c a r r i e r  w i t h  
4 s e c o n d s  o f  a l l  1 ' s  d a t a  h-h ich  i s  u s e d  by  
t h e  r e c e i v e r  t o  e s t a b l i s h  t h e  d a t a  c l o c k  
p h a s e  l o c k .  

The downho le  t o o l  f o l l o w s  t h e  a l l  1 ' s  w i t h  
a  3 2  b i t  p r e a m b l e  x h i c h  t h e  r e c e i v e r  u s e s  
t o  a c k n o w l e d g e  t h a t  t h e  upcoming d a t a  i s  
r e a l  and  p r e p a r e s  t o  a l e r t  t h e  m i c r o p r o c e s s o r .  

The p r e a m b l e  c o d e  i s :  

I f  t h e  e x a c t  c o d e  i s  n o t  r e c o g n i z e d ,  t h e  r e c e i v e r  w i l l  i g n o r e  
t h e  r e m a i n d e r  o f  t h e  t r a n s m i s s i o n .  

The n e x t  3 3  b i t s  o f  d a t a  t r a n s m i t t e r  a r e  s e n t  
t o  t h e  m i c r o p r o c e s s o r  b u t  a r e  t h r o w n  away a s  
m e a n i n g l e s s .  



The  l a s t  130  b i t s  a r e  t r a m i n i t t e d  a n d  r ~ e i v e d  
by  t h e  r e c e i v e r  a n d  s e r i a L l y  p a s s e d  o n t o  t h e  
m i c r o p r o c e j j s r  u n c h a n g e d .  They  r e p r e s e n t  113 
c h a n n e l s  o f  1 2  B i t  o f f s e t  b i n a r y  d a t a  p l u s  o n e  
p a r i t y  b i t  p e r  c h a n n e l  a s  o u t l i n e d  b e l o w :  

$IS B LSB ,. P  
1 c h a n n e l  d a t a  + p a r i t y : ' l  2 3 4 5 6  7 8 9 10  i l  1 3  1 3  

MSB LSB 
. \ / D  Scaling: 9 0  0  0  0  0  0  0 0  0 0  0  + F u l l  S c a l e  + 5 . 0 0 0  V o l t s  

0 0  0  0  0 0  0  0  0  O 0  1 + F u l l  S c a l e  - 1 Coun t  = 
4 . 9 9 9 7 6  V o l t s  - 

0  1 1 1 1 1 1 1 1 1 1 1 + 1 C o u n t '  0 . 0 0 2 4  V o l t s  

1 O O O O O O O O O O O  Z e r o  

1 0  0  0  0 0  0  0  0  0  0  1 - 1 C o u n t  = 0 . 0 0 2 4  V o l t s  

1 L 1 1 1 1 1 1 1 1 1 0  - F u l l  S c a l e  + 1 C o u n t  
= 4 . 9 9 5 1  V o l t s  

1 1 1 1 1 1 1 1 1 1 1 1 .  - F u l l  S c a l e  = 4 . 9 9 7 6  V o l t s  

P a r i t y :  P a r i t y  i s  a  s i n g l e  b i t  f o r  e a c h  c h a n n e l  t h a t  i s  b a s e d  
o n  t h e  number  o f  1 ' s  o u t p u t  by  t h e  .4/D a n d  i s  a d d e d  
o n l y  t o  m a i n t a i n  e v e n  l o n g i t u d i n a l  p a r i t y .  

C h a n n e l  A s s i g n m e n t :  
I 

Ch. 1 :  M a g n e t o m e t e r  1 .Axis 2 0 . 7  g a u s s  = i 5 s r o l t s  

Ch. 3 :  M a g n e t o m e t e r  Y .Luis 5 0 . 7  g a u s s  = c 5 v o l t s  

Ch. 3 :  M a g n e t o m e t e r  Z X x i s  c 0 . 7  g a u s s  = _+ 5  v @ c s  

Ch. 4 :  A c c e l e r o m t e r  S i n g l e  A x i s  "3" .Axis 1g = z 5 v o l t s  

Ch. 5 :  A c c e l e r o m e t e r  B i a x i a l  ,"-A" X x i s  1 g  = 2 5 v o l t s  

Ch. 6 :  . 4 c c e l e r o n e t e r  B i a x i a l  "3" . \ x i s  l g  = r 5 v o l t s  

Ch. 7 :  T e m p e r a t u r e  O°C + SO°C = 0  t o  + 5  v o l t s  

Ch.  8 :  R e f e r e n c e  V o l t a g e  + 2 . 1 5  v o l t s  

Ch. 9 :  Y e g a t i v e  B a t t e r y  V o l t a g e  M o n i t o r  - 2 . 8 5  v o l t s  n o m i n a l  

Ch .  1 0 :  P o s i t i v e  B a t t e r y  V o l t a g e  4 1 o n i t o r  - 2 . 3 5  v o l t s  n o m i n a l  



Transducers : 

lanufacturer: Sunstrand Data Control 

Range (Full Scale). . . . . . . . . . . . . . . . . . .  ?15/g 
Sensitivity (Nominal) . . . . . . . . . . . . . . . . .  250 mL:/g 
Output Resistance (Nominal) . . . . . . . . . . . . . .  250 ohms 

. . . . . . . . . . .  Frequency Response (Nominal, 15%) DC to 5OOHz 

Natural Response (Nominal). . . . . . . . . . . . . . .  lOOHz 
Noise (Nominal): 0 to lOHz . . . . . . . . . . . . . .  100 :V rns 

. . . . . . . . . . . . .  0 to 500 Hz 300 2V rms 

500 to lOHz . . . . . . . . . . . . .  600 QV rms . . 
Broadband . . . . . . . . . . . . . .  1 mL- rms -. 

Excitation Voltage. 

Excitation Current. . . . . . . . . . . . . . . . . . .  17 3 - A  quiescent, 
35 mA full scale 

Sensitivity Shift with Excitation Voltage . . . . . . .  0.005%/V 
Zero Shift with Excitation Voltage . . . . . . . . . .  50 ug/V 
Resolution @C) . . . . . . . . . . . . . . . . . . .  0.000001 g 

. . . . . . . . . . . . . . . . . . . .  Threshold ( D C )  0.000001 g 

. . . . . . . . . . . . . . . . . . . .  Linearity (DC) 0.034 of reading 

. . . . . . . . . . . . . . . .  Hysteresis (Less Than). 9.001% of fuil 
scale 

Repeatability . . . . . . . . . . . . . . . . . . . . .  0.0033 of full 
scale 

. . . . . . . . . . . . . .  Zero Unbalance (Less Than). '0.02 g 

. . . . . . . . . . . . . . .  Damping Ratio (ipprox) ( 3 )  0.6 

. . . . . . . . . . . . . . .  ThermalZeroShift(>lax) 3.0001 f / O F  

. . . . . . . . . . . .  Thermal Sensitivity Shift (!.lax) O.OlS/OF 
. . . . . . . . . . . . . . . .  Transverse Sensitivity 0.302 g / g  



2 )  :< a n d  Y .Axis . \ c e ~ l e r o m e t e r  

? l a n u f a c t u r e r :  T e r r a  T e c h n o l o g y  

Yode l  : ' IT- 300.A 

Range :  2 1  g ( m i n i n u m )  

S c a l e  F a c t o r :  8 . 5  LV3C/g k0.5O5 

N u l l  O f f s e t :  ( 0 . 0 2 0  v o l t s  

T e m p e r a t u r e  C o e f f i c i e n t :  0 . 0 1 %  o f  FS/'F (? lax)  

L i n e r a i t y :  ' 0 . 0 2 %  o f  F u l l  S c a l e  

H y s t e r e s i s  a n d  R e s o l u t i o n :  0 . 0 0 0 1 5  o f  F u l l  S c a l e  

T u r n - o n  t o  t u r n - o n  R e p e a t a b i l i t y :  <2mv 
( n o  t a p p i n g  a l l o w e d )  

Axis A l i g n m e n t  (WRT C a s e )  : t o .  50' 

B i a x i a l  O r t h a g o n a l i t y :  ' 0 . 25 '  

O u t p u t  I m p e d a n c e :  < 1 5 , 0 0 0  ohms 

".4" .Axis t o  'be a l i g n e d  t o  5 - 3 2  H o l e  w i t h i n  0 . 5 '  

E x c i t a t i o n  I ' o l t a g e :  210 t o  +1SV 

E x c i t a t i o n  C u r r e n t :  5 2 1  

3)  T r i  .Axis ! ! a g n e t o m e t e r  

l l a n u f a c t u r e r  : EYCO 
The  E l e c t r o  b l e c h a n i c s  Company 

Y o d e l :  6713  

R a n g e :  2 0 . 7  G a u s s  

S c a l e  F a c t o r :  .11 G a u s s / v o l t  ( r 5 V )  

R e s o l u t i o n s :  5 0 . 5 "  

E x c i t a t i o n  V o l t a g e :  5 1 3  t o  213  VDC 

E x c i t a t i o n  C u r r e n t :  60ma max 

V o l t a g e  R i p p l e :  2 5 :  

B a t t e r i e s :  

hlanuf a c t u r e r  : G o u l d  I n c  . 
h i o d e l :  2 .2SC (1 /2D)  YiCad  

Q u a n i t ? :  21 



APPENDIX C 

CABLELESS SURVEY SYSTEM TEST PLAN 
AND TEST RESULTS 



This .Appendix C contains the test plan submitted to the US3!1 

in September 1978. Imnediatly following the plan is the 

results of the system test and description of any deviations 

~ h i c h  were noted. 



T E S T  PL.43 F G R  C - A B L E L E S S  S G R V E Y  SYSTEbl 

1 .  DESITN R E Q U I R E F , I E N T S  

A .  Check  t o  v e r i f y  t h a t  t h e  f o l l o w i n g  a r e  d i s p l a y e d :  

YES YO - 
- v ' - B e a r i n g  i n  d e z r e e s  a n d  m i n u t e s  

J - r I n c l i n a t i o n  i n  d e g r e e s  a n d  m i n u t e s  
/ v - R o t a t i o n  .Angle irL d e g r e e s  

J - a H o r i z o n t a l  d e v i a t i o n  i n  f e e t  

J - a V e r t i c a l  d e v i a t i o n  i n  f e e t  

J - - a Dril l  s t r i n g  d e p t h  

B .  V e r i f y  t h a t  t h e  f o l l o w i n g  c a n  b e  e n t e r e d  f r o m  t h e  k e y b o a r d :  

Y E S  - 
J - a Y a g n e t i c  d i p  a n g l e  
J - a I n i t i a l  b e a r i n g  

J - - r Number o'f d r i l l  r o d s  

C .  V e r i f y  t h a t  h a r d  c o p y  c a n  b e  p r o d u c e d  f r o m  d a t a  r e c e i v e d  

f r o m  t h e  d o w n h o l e  u n i t .  

YES NO - 

D .  V e r i f y  t h a t  s e l f - c h e c k i n g  c a n  b e  p e r f o r m e d  o n  t h e :  

Y E S  NO - 
r R e c e i v e r  

C o m p u t a t i o n a l  c i r c u i t r y  



E. Verify that data error detection and u r n i n g  capability 

is functioning 

YES X 0 - 

F .  Verify the following physical requirements: 

YES NO - 
\$eight, approx. 40 lbs. 

Size 

Width 13-3/4 inches 

Height 14-1/4 inches 

Depth 11/7/16 inches 

Unit's own carrying case with 

Protective cover 

Handle 

a Does handle serve as means to position 
and display at various viewing angles? 

Is transit case supplied? 

G. Is the unit intrinsically safe as defined in \IES.A 

Schedule 2 G  ? 

YES NO - 

Does the system operate from an external 
12-volt automobile battery? 

H. Is the electronic construction of modular design to 

allow rapid r a ~ a i r ?  

YES - NO - 



2 .  RECE17i'EFi TESTS 

E ~ < ~ i i p m e n t  n e c e s s a r y  5,: : h i s  t e s t  % i l l  i n c l u d e  a d m n - E o : ?  

t r a n s n i t t e r  l i n k  e n L : l > t ~ r .  T h i s  e r , u i a t o r  k i l l  : zene r2 te  I o c ! ~  

and t r a n s ~ i t  sl;nals I n  s t r i c t  a c c o r d a n c e  x i t h  t h o s e  t r a n s -  

m i t t e d  by t h e  d o ~ n - h o l e  p a s k a z e  a t  3 c a r r i e r  frequenc;,r o f  
4 .0525  KH c.02?. The J a t a  f i e l d  \$.ill be m i s s i n g ,  h o w e v e r .  

I t  w i l l  a l s o  c o n t a i n  a 7b.Alite n o i s e  g e n e r a t o r  a n d  a  T e a n s  t o  

sum t h e  t ~ o  o u t p u t s .  The s i g n a l  s h o u l d  have  a r a n q e  o f  - 3 0 2 ~  

t o  3v (100 dB) i n  1 0  d 3  s t e p s  a n -  t h e  o u t p u t  n o i s e  l e v e l s  

s h o u l d  be a d j u s t a b l e  t o  - 5  dB be lo\^- t h e  s i ~ n a l .  I f  a  s i y i a l  

i s  p r o p e r l y  r e c e i v e d  a n d  d e c o d e d ,  t h e  c o m p u t e r  \< i l l  d e t e c t  

t h e  p r e a m b l e  a n d  g e n e r a t e  a  " d a t a  e r r o r "  s i g n a l  b e c a u s e  o f  

t h e  a b s e n c e  o f  t h e  d a t a  f i e l d .  

P r o c e d u r e  

1 .  W i t h  a  f u l l  b a t t e r y  ~ A a r ~ e ,  t u r n  t h e  u n i t  on a n d  v e r i f y  

p r o p e r  o ? e r a t  i o n  w i t h  S e l f - T e s t  f u n c t i o n .  

2 .  Connec t  t h e  m u l a t o r  t o  t h e  r e c e i v e r  i n p u t  a n d  b e ~ i n  r h e  

t e s t s  l ~ i t h  a  s i < n a l  1e1-el o f  3 0 ~ v  and a  n o i s e  l e v e l  o f  

- 3  dB, a t  a  c a r r i e r  c e n t e r  f r e q u e n c y  o f  1 0 5 2 . 5  Hz. Send 

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

d a t a  e r r o r  i n d i c a t i o n .  

3 .  Repea t  S t e p  2 n i n e  n o r e  t i m e s ,  e a c h  t i n e  i n c r e a s i n s  s i g -  

n a l  a n d  n o i s e  l e v e l s  +10  dB. 

1. Repea t  S t e p s  2 and 5 f o r  4052 Hz and  1055.5 c a r r i e r  

c e n t e r  f r e q u e n c i e s .  

5 .  I l e a s u r e  r e c e i i - z r  3 ; a t t e  r). i - a l t a q e  3 x 2  ~ l ~ t e  e l a p s e d  t e s t  

t i m e .  

.';OTE: I f  2t an?- t i? ,? t i . l e ~ - e  i s  a l o \ <  b a t t e r ? .  ~ - o l t a ~ e  i n d i c a -  

t i o n  i n  t:-,e ; ~ - - 1 7 ~ t e r  s e c t i o n ,  s t 0 9  t h e  test 2nd r e -  

c k ' a r ~ e  t h c s e  ! 3 a t t n r i ? ~ .  



1 .  -Any c o n d i t i o n s  unde r  L V - h i s h  an  e r r o r  i s  n o t  d e t e c t e d .  

I f  an). ? r e a ; l b l s s  a r e  s e n t  (under  a l l o h - a b l e  c o n d i t i c r t s )  

:!-.A: 59 n o t  c a u s e  d a t a  e r r o r  i n d i c a t i o n s ,  t h e  r e c e i i - e r  

?r?5izn -,ust be c o r r e c t e d  and t h e  t e s t s  run a g a i n  f r o n  

S L ? ?  I .  

R e s u l t s  o f  S t e p  5 .  



3 .  3ATTEXY LICE TESTS 

T h e  F u r p G s e  o f  t h i s  c e i c  i s  t o  d e t e r n i n e  l k i h ? t ' y e r  t h e  -nit 
. . 

iVGi!l o p e r a t e  f 3 r  s l x  n o u r s  c c n t  i n u o u s l y ,  g i l - e n  a  r e a s g n a h l r  

s e t  o f  o ~ s r ~ t i n ;  ; , 3 n d i t i o n s .  

P r o c e d i l r e  

1 .  C h a r g e  t h e  b a t t e r i e s  n o r z a l l y ,  a n d  m e z s u r e  t h e  r e s u l t -  

a n t  b a t t e r y  l - o l t a s e .  

A p p l y  t h e  p r o p e r  p r e m b l e  f r o m  t h e  e m u l a t o r  t o  t h e  r e -  

c e i v e r  e v e r y  1 5  m i n u t e s  a n d  c h e c k  f o r  d a t a  e r r o r  i n d i -  

c a t i o n .  E v e r y  h o u r ,  o p e r a t e  t h e  s e l f  t e s t  f u n c t i o n  

a n d  t h e n  n e a s u r e  b a t t e r y  v o l t a g e .  

. A f t e r  s i x  c o n t i n u o u s  h o u r s ,  c o n t i n u e  t h e  t e s t ,  m e a s u r -  

i n g  b a t ~ e r y  v o l t a g e  e v e r y  1 5  m i n u t e s  u n t i l  t h a t  v o l t a q e  

i n d i c a t e s  a  c e l l  v o l t a g e  o f  l . l v ,  o r  u n t i l  a  m a l f u n c t i o n  

o c c u r s .  

R e c o r d  

1 .  R e s u l t s  o f  S t e p  3 v e r s u s  t i n e  o f  d a y .  

R e s u l t s  o f  S t e p  4 L - e r s u s  t i m e  o f  d a y ,  a n d  c o r - d i t i c n  o f  

b a t t e r ) ,  ~ ~ s l t a g e  i n d i c a t o r s .  

P r e f a c e  

" T h e  u n i t "  will r e f e r  t o  t h e  p r o c e s s i n g  a n d  d i s p l a y  ? ? s t e x .  



-1 . EST;-i 3L?!:?-:ENT.4L TESTS 

T h e  ~ u r ? o s e  o f  t h i s  t e s t  i s  t o  p r o v e  c J r n ? l i a n c e  \ < i t h  M i l - S t d -  

315S ?.le:'r,n\? 5 1 3 ,  F r o c e d u r e  1. 

P r o c e d u r e  

1 .  O b t a i n  a  c l e a n  v e s s e l  w i t h  a  c r o s s  s e c t i o n  l a r z e  e n o u q h  

t o  a c c e p t  t h e  u n i t  a n d  a  t o t a l  h e i g h t  o f  - I S 1 ' ,  a n d  f i l l  

~ i t n  ; c a t e r  a t  1 3 "  r j ° C  t o  w i t h i n  1 0 ' '  o f  t h e  t o p .  

R e n o v e  a l l  i n r e r n a l  c o m p o n e n t s  f r o m  t h e  u n i t  t h a t  a r e  

n o t  s e c u r e d  \ \ - i t h  e x t e r n a l  f a s t e n e r s .  

H e a t  t h e  u n i t ,  c o v e r  o p e n ,  i n  a  t e m p e r a t u r e  c h a m b e r ,  

f o r  t w o  h o u r s  a t  4 5 "  2 3 ° C .  

Open a n d  c l o s e  t h e  c o v e r  t h r e e  t i m e s ,  t h e n  s e c u r e  i t  ;Gi th  

t h e  b u i l t  i n  l a t c h e s .  

S u b m e r g e  ; h e  u n i t ,  z s  m o d i f i e d  i n  S t e p  1 ,  t o  t h e  b o t t o m  

o f  t h e  L - e s s e l ,  u s i n g  a  m e t h o d  t h a t  r c i ? l  r e s t r a i n  t h e  

b u o y a n c y  o f  a b o u t  1 0 0  l b s .  ~ i h t o u t  d a m a g e  t o  a n y  p a r t  o f  

t h e  u n i t .  

A f t e r  1 2 3  + 5  m i n u t e s ,  r e m o v e  t h e  u n i t  f r o m  t h e  ~ a t e r  

a n d  \ < i p e  t h e  e x t e r i o r  s u r f a c e s  d r y .  

Open  t h e  u n i t  a n d  i n s p e c t  t h e  i n t e r i o r  a n d  c o n t e n t s  f o r  

e v i d e n c e  o f  l e a k a q e .  

R e c o r d  

1 .  L o c a t i o n  a n d  m ? r o s i j n a t e  a m o u n t  o f  i n t e r i o r  a o i s t u r e  o b -  



4 . 2  SHOCK TESTS 

T:n,e p u r p o s e  o f  t h i s  t e s t  i s  t o  F r o r e  c o m p l i a n c e  lwith ' ! i l - S c d -  

S l O C ,  ' : e t h o d  5 1 6 . 1 ,  ? r c c ? d u r e  1 1 ,  T r a n s i t  Drop T e s t .  

? r o c e d u r e  

I .  P r o v i d e  a  t e s t  bed  o f  2" p l y w o o d ,  w i t h  g r e a t e r  c r o s s  

s e c t i o n  t h a n  t h e  u n i t ' s  t r a n s i t  c a s e ,  on  a  c o n c r e t e  

b a s e .  

7 . P l a c e  t h e  u n i t  i n  i t s  t r a n s i t  c a s e  a n d  s e c u r e  p r o p e r l y  

a l l  c l o s u r e s .  

3 .  From a  h e i g h t  o f  I S "  a b o v e  t h e  p lywood  s u r f a c e ,  d r o p  

t h e  c a s e  on  e a c h  f a c e ,  e d g e ,  a n d  c o r n e r  f o r  a  t o t a l  o f  

2 6  d r o p s .  

4. Run t h e  u n i t  t h r o u ~ h  a l l  i n i t i a l  t e s t s  ( S t e p s  1 a n d  

4 o f  R e c e i v e r  T e s t i n g ) .  

R e c o r d  

1 .  R e s u l t s  o f  S t e p  4. 

2 .  .Any o b s e r v a b l e  p h y s i c a l  c h a n g e s  i n  t h e  t r a n s i t  c a s e ,  

foam p a c k i n g ,  o r  t h e  u n i t  i t s e l f .  

4 . 3  OPERATING TE?IPERXTURE TESTS 

T h e  p u r p o s e  o f  t h i s  ? e s t  i s  t o  v e r i f y  o p e r a t i o n  o f  t h e  u n i t  

o v e r  t h e  s p e c i f i e d  r a n g e  o f  0 ° C  t o  5 0 ° C .  

F r o c e d u r e  - 

1.  The  u n i t  \,-ill be  t u r n e d  on a n d  t h e  s p e c i f i e d  w a r 3  up 

t i n e  a l l o x e d  r o  e l a F s e .  T e s t  c o n d i t i o n s  w i l l  b e  e n r e r e J  

i n t o  t h e  p r o c e s s o r  o n  t h e  k ~ ; : S o a r d .  



The d n i t  w i l l  b e  p l a c e d  i n  a  chainber  \ i i t h  a  ~- ie1 , \ , ing  

p o r t  i n  t h e  f r o n t ,  o f  s u f f i c i e n t  s i z e  t o  v i ~ x  t h e  d i s -  

? l a y ,  a n d  \ < i c R  a  means t o  a l l o w  s i g n a l  l i n e s  E r o ~  :he 

n o r - n l  r e c e i v e r  i n p u t  t o  be l e d  o u t  o f  t h e  c h a ~ b e r .  

Connec t  t h e  e m u l a t o r  t o  t h e  r e c e i v e r  i n p u t  x i t h  a n  

i n p u t  l e v e l  o f  3 0 0 ~ ~  and  a  n o i s e  l e v e l  - 6  dB and  a  

c a r r i e r  f r e q u e n c y  o f  5 0 5 2 . 5  H z .  

Send p r e a m b l e  a n d  r e c o r d  p r e s e n c e  o r  a b s e n c e  o f  d a t a  

e r r o r  i n d i c a t i o n .  SOTE: P r e s e n c e  o f  d a t a  e r r o r  

v e r i f i e s  p r o p e r  d e c o d i n g  o f  p r e a m b l e .  

R e p e a t  S t e p s  3 a n d  4 a t  c a r r i e r  f r e q u e n c i e s  o f  l O S ' 3  HI 

and  5 0 5 3 . 5  H z .  

T e y p e r a t u r e  o f  t h e  chantber  w i l l  b e  l o w e r e d  t o  0°C a n d  

a l l o \ % - e d  t o  s t a b i l i z e  f o r  one  h o u r .  

R e ? e a t  S t e p s  3 - 5 .  

The t e z ? e r a t u r e  o f  t h e  chamber  \( i l l  be  r a i s e d  t o  +50°C 

a n d  t h e  u n i t  a l l o i \ ? e d  t o  s t a b i l i z e  f o r  o n e  h o u r .  

R e p e a t  S t e p s  3 - 5 .  

R e c o r d  

1 .  O p e r a t i n g  c o n d i t i o n s  and  r e s u l t s  o f  e a c h  S t e p  4 t e s t .  



- 2 . 4  TE!1PEI;iATURE SE3CK TEST 

- T ir:e ~ u r p o s e  o f  t h i s  t e s t  i s  t o  p r o v e  c o m p l i a n c e  [%.it3 ':i:-S:?- 

3'22E,  ! je thod 10 -3 , .A ,  2s x o d i f i ? d  t o  p r o t e c t  c e r t a i n  coz?on?nts 

a n d  i o s ~ e r \ - e  t z s i i n ~  t i n e .  S p e c i f i c a l l v ,  t h e  l i q u i d  c r y s t a l  

d i j p l a y  a n d  :he 5 3 t t e r i e 3  a r e  n o t  s p e c i f i e d  t o  i i i t h s t s n d  t:?r 

h i g h  t m p e r a t u r e  e x t r - n e  o f  3 0 ° C .  The  d i s p l a y ,  t h e  b a t t e r i e s ,  

t h e  D C / D C  c o n v e r T e r s ,  t h e  k e y b o a r d ,  2nd  t h e  p r i n t e r  !<i l l  n o t  

1 ; i t h s t a n d  t h e   lo^ t e m p e r a t u r e  e x t r e y e  o f  - 5 5 ° C .  The  b a t t e r -  

i e s ,  c o n v e r t e r s ,  a n d  d i s p l a y  a r e  n o t  e a s i l y  r e m o v e d .  The  d i s -  

p l a y  has t h e  f i a r r m r e s t  r a n g e ,  n a m e l y  - 2 0 ° C  t o  + 7 0 ° C ,  s o  \<e 

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

t h a t  r a n g e .  

P r o c e d u r e  

1. The  u n i t ,  rGith c o v e r  c l o s e d ,  w i l l  b e  p l a c e d  i n  .a t e n p e r a -  

t u r e  c h a m b e r  c o o l e d  t o  - 2 9 ° C  f o r  f o u r  h o u r s ,  w i t h  no 

more  t h a n  f i v e  m i n u t e s  e l a p s e d  i f  i t  i s  b e i n 2  c o o l e d  

f r o m  t h e  h i ;h  t e m p e r a t u r e .  

The  u n i t  i s  t h e n  h e a t e d  t o  + 7 0 ° C ,  x i t h  n o  m o r e  t h a n  

f i v e  m i n u t e s  i n  t h e  t r a n s i t i o n  f r o m  -'O"C, w h e r e  i t  

w i l l  r e z a i n  f o r  f o u r  h o u r s .  

S t e p s  1 a n d  2 a r e  e a c h  p e r f o r m e d  a t o t a l  o f  f i v e  t i m e s  

i n  s e q u e n c e .  

A t  room t e a p e r a t u r e ,  t u r n  t h e  u n i t  o n ,  a l l o w  t i n e  t o  

warm u p ,  t h e n  p e r f o r m  t h e  R e c e i v e r  T e s t  S e c t i o n ,  S t e p s  

1 a n d  5 .  

SOTE: I f  t h e  u n i t  \ b e l ; h t  i s  b e l o [ $  2 9  l b s . ,  t i q e s  a t  t e ~ . ? e r a -  

t u r e  e x t r 2 7 e s  ins>- b e  recl ,uced t o  t \%,o h o u r s  e a c h .  

R e c o r d  

1 .  2 e s u l t s  o f  S t e p  5 .  

1. .4ny p h ? - s i c 1 1  c h ~ n s e s  3 v i d e n t  o n  p o s t  t c s t  i n s ? e c t i o n .  



1 . 5 3tl!.11,7ITk' TEST 

The p u r l o s ?  o f  t j i s  : ? s t  i s  t o  ? r o v e  c m p l i a n c e  o f  r ? e  c n i t  

, . ; . i th f ! i l - S t d - $ l ! I C ,  ' l e t h o d  50:. 1 ,  P r o c e d u r e  I ,  a s  n o d i f  i ? d  '2:. 

- 
z?,SCO t o  c o n s e r v ?  c o s t s .  

P r o c e d u r e  

F u l l  c h a r g e  t h e  u n i t  b a t t e r i e s ,  remove  t h e  p r o t e c t i v e  

c o v e r ,  

i n p u t  . 
c o m p u t e r  

a n d  c o n n e c t  dummy c o n n e c t o r  t h e  r e c e i v e r  

I n s t a l l  t h e  c o n n e c t o r  c a p s  f o r  t h e  p o w e r  a n d  

c o n n e c t o r s .  

P l a c e  t h e  u n i t  i n  t h e  t e m p e r a t u r e  c h a m b e r  and  slor\rl:. 

r a i s e  t h e  t e m p e r a t u r e  a n d  h u m i d i t y  o v e r  a p e r i o d  o f  

two h o u r s  t o  65°C a n d  9 7 %  r . h . ,  r e s p e c t i v e l y .  

3 .  L l a i n t a i n  t h e  c o n d i t i o n  o f  S t e p  7 f o r  s i x  h o u r s .  

5 .  Open t h e  t e s t  c h a m b e r  a n d  a l l o l ~  i t  t o  s t a b i l i z e  a t  r o o n  

t e n p e r a t u r e .  

- 
3 .  G p e r a t e  t h e  s e l f - t e s t  a n d  n o t e  p r o ~ e r  r e s p o n s e .  

R e c o r d  

1.  R e s u l t s  o f  S t e p  5 .  

Any p h ~ ~ s i c a l  c h a n g e s  n o t e d  i n  t h e  u n i t .  



5. FIELD SUR\.'EY TEST 

T h i s  t e s t  \ V , i l l  d e ~ o n s t r a t e  t h e  i n ~ e ~ r i t y  o f  t h e  s y s t m  a s  a  

w h o l e .  S e v e r a l  c c n 2 a s s  p o i n t s  a n d  p a c k a g e  i n c l  i n a t i c n s   ill 

b e  s u r v ? ) - e d  a n d  i o x 3 a r e d  ~ ~ i t h  c o i n c i d e n t  t r a n s i t  r e a d i n g s .  

T r a n s i t  a c c u r a c i e s  w i l l  be  k e p t  t o  t . 0 1 " .  

P r o c e d u r e  

1. .Assemble t h e  c a b l e l e s s  s u r v e y  t o o l  w i t h  a l l  b a t t e r i e s  

a t  f u l l  c h a r g e .  

Run S e l f - T e s t .  

P o s i t i o n  a n d  l e v e l  t h e  t o o l  a t  d u e  m a g n e t i c  n o r t h  ( 0 " )  

a n d  t r i g g e r  t h e  p a c k a g e .  

Check  t h e  a x i s  a l i g n m e n t  o f f s e t  c o n s t a n t s  a n d  m o n i t o r  

h o u s e k e e p i n g  d a t a  f r o m  t h e  d o k n - h o l e  p a c k a g e .  

I n i t i a t e  d i p  c a l c u l a t i o n  on  c o n p u t e r .  NOTE: I n  t h e  

f o l l o \ k - i n s  s t e p s ,  u s e  t h e  e x t e r n a l  c o n t r o l  p a n e l  o f  

t h e  c o m p u t e r  t o  r e a d  o u t  s e n s o r  r e a d i n g s  f o r  e a c h  

p o i n t  d e s i r e d .  

A l i g n  t h e  p a c k a g e  w i t h  a n  e l e v a t i o n  o f  - l o ,  a n d  a  h e a d -  

i n g  o f  0 ° ,  a n d  t a k e  r e a d i n g s  f o r  t h e  f o l l o w i n g  p a c k a g e  

r o t a t i o n s :  0 ° ,  4 5 " ,  9 0 ° ,  I S 0 ,  l S O O ,  2 2 S 0 ,  ? ' g o ,  a n d  

3 1 5 " .  Use a t r a n s i t  a t  e a c h  p o i n t  f o r  a  r e f e r e n c e  r e a d -  

i n g .  

R e p e a t  S t e p  6 f o r  a n  e l e v a t i o n  o f  0 " .  

R e p e a t  S t e p  6 f o r  a n  e l t v a t i o n  o f  + l o .  

R e p e a t  S t e p s  6, 7 ,  a n d  S a t  a h e a d i n g  o f  90". 



5 . 2  SI?.IUL.ATED D R I L L I N G  TRAJECTORY TEST 

1 9 .  .Align t h e  p a c k a g e  t o  0' h e a d i n g .  F e r f o r n  1 0  random 

a l i g n n e n t s  w i t h i n  t h e  r a n g e  o f  353 '  t o  l o  ( h e a d i n g )  

a n d  -I0 t o  l 3  ( e l e v a t i o n )  t o  s i n u l a t e  t h e  d r i l l i n g  

o ? e r a t i o n .  E a c h  p o i n t  w i l l  b e  e n t e r e d  i n t o  t h e  p r o c e s -  

s o r  a s  t h o u g h  i t  w e r e  1 0 '  o f  d r i l l  r o d  f r o m  t h e  p r e -  

v i o u s  p o i n t .  T a k e  t r a n s i t  r e a d i n g s  o f  e a c h  p o i n t  f o r  

r e f e r e n c e .  

11. R e p e a t  S t e p  1 0 ,  b u t  w i t h i n  t h e  h e a d i n g  r a n g e  o f  169" 

1 2 .  C a l c u l a t e  t h e  s i m u l a t e d  c o u r s e  f r o m  t h e  t r a n s i t  r e a d -  

i n g s .  Then  c o m p a r e  w i t h  t h e  s u r v e y  t o o l  r e s u l t s .  

R e c o r d  

1 .  R e s u l t s  o f  S t e p s  2 ,  4 ,  a n d  5 .  

2 .  S e n s o r  r e a d o u t s  a n d  c o r r e s p o n d i n g  t r a n s i t  r e a d i n g  f o r  

e a c h  o f  t h e  21 p o i n t s  i n  S t e p s  6 ,  7 ,  8 ,  a n d  9 .  

3 .  R e s u l t s  o f  S t e p s  1 0  a n d  11. 

4 .  D e v i a t i o n s  f r o m  a c t u a l  c o u r s e  d e r i v e d  i n  S t e p  1 2 .  

5 . 3  DRILLING TESTS 

T h i s  t e s t  w i l l  i n s u r e  t h a t  t h e  c a b l e l e s s  s u r v e y  t o o l  o p e r a t e s  

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

P r o c e d u r e  

I n i t i a l  ' l e a s u r e r n e n t s  

1 .  C o m p l e t e  a 5 s e ~ S l y  o f  c a b l e l e s s  s u r v e y  t o o l ,  \\rich a l l  

b a t t e r i e s  f u l l y  c h a r g e d ,  a t  t h e  s u r f a c e  s i t e  o f  t h e  

c h o s e n  d r i l l i n p  l o c a t i o n .  



Initiate Self-Test. 

Trisser the ? a d a g e  transmission and deter~ine the ? ? c ? . a n i -  

cal offset of the asse~bled padaze. 

4 .  Determine local dip angle, using the computer. 

Installation in the !line 

5 .  Set up the driller console (processing and display sub- 

systen) in the mine. 3e certain that connector caps 

are instalied on power and computer connectors. 

Enter initializing data. 

Install receiver transducer. 

Initiate Self-Test. 

Initial Survey 

9. Perform a Sperrl--Sun Yulti-Shot survey of the existing 

portion of the hole. 

10. Survey the existing hole with the cableless survey tool. 

.At each 10-foot measurement, stop the drill and trigger ' 

a transmission. Then rotate the package lSOO rlOO and 

trigger another transmission. 

11. Compare the results of Steps 9 and 10. 

2r i 11 and Sur-~-e;~~ 

12. Continue drillin2 2nd survey every l o ' ,  as in Step 19, 

to a depth of 1390'. 

1 .  R e ~ o v e  the tool and survey the new hole drilled in S t e p  

12 every 213 feet, usin5 the Sperry-Sun Yulti-Shot. 



Compare t h e  r e s u l t s  o f  S t e p s  1 2  a n d  1 5 .  

NOTE: R e c h a r g e  t h e  b a t t e r i e s  a n d  s e r v i c e  t h e  p r i n t e r  a t  t h e  

e n d  o f  e a c h  d a y ' s  o p e r a t i o n  o r  s o o n e r  i f  r e q u i r e d .  

Compare d a i l y  r e s u l t s  ~ i t h  p r i n t e r  o u t p u t .  

R e c o r d  

1.  R e s u l t s  o f  S t e p  2 .  

2 .  R e s u l t s  o f  S t e p s  3 a n d  4 .  

3 .  R e s u l t s  o f  S t e p  3 .  

4 .  E n t e r  l o g  o b t a i n e d  i n  S t e p  9 ,  i n c l u d i n g  h o u s e - k e e p i n g  

d a t a  f r o m  t h e  d o w n - h o l e  p a c k a g e .  

5 .  P a r a m e t e r s  o f  b e a r i n g ,  i n c l i n a t i o n ,  a n g l e ,  h o r i z o n t a l  

a n d  v e r t i c a l  d e v i a t i o n ,  d r i l l  s t r i n g  d e p t h ,  a n d  t r u e  

d e p t h  f o r  e a c h  p o i n t  i n  S t e p  1 0 .  

6 .  R e s u l t s  o f  S t e p  1 2 ,  a s  a b o v e .  

7 .  E n t e r  l o g  o b t a i n e d  i n  S t e p  1 3 .  



DEVIATIONS FXO)I  TEST TL.49 

1. DESIGN REQrJ i  ?EE\tENTS 

1 . X  B e a r i n g  a n d  i n c l i n a t i o n  a n g l e s  a r e  d i s p l a y e d  a s  d e c i x a l  

d e g r e e s  - e x a m p l e :  B e a r i n g  + 6 9 . 2 8 '  r a t h e r  t h a n  d e g r e e s  
a n d  m i n u t e s .  

1 . B  No D e v i a t i o n s  

l . C  No D e v i a t i o n s  

1 . D  No D e v i a t i o n s  

1 . E  No D e v i a t i o n s  

l . F  A11 r e q u i r e m e n t s  a r e  me t  e x c e p t  t h a t  h a n d l e  c a n n o t  be  

u s e d  t o  p o s i t i o n  u n i t  a t  v a r i o u s  d i s p l a y  a n g l e s .  

l . G  The  s y s t e m  i s  d e s i g n e d  t o  b e  i n t r i n s i c a l l y  s a f e ,  

a l t h o u g h  a s  o f  t h i s  d a t e ,  t h e  u p h o l e  p r o c e s s o r  h a s  

n o t  c o m p l e t e d  c e r t i f i c a t i o n  by >ISHA. The d o w n h o l e  

t o o l ' s e x p l o s i o n  p r o o f  h o u s i n g  was r e t a i n e d  u n a l t e r e d  

a n d  c o n t i n u e s  t o  r e n a i n  c e r t i f i e d  e x p l o s i o n  p r o o f .  

l . H  No D e v i a t i o n s  

2 .  R E C E I V E R  TEST 

Under  t h i s  c o n t r a c t  no  d o w n h o l e  e m u l a t o r  was c o n s t r u c t e d .  

I n t e r n a l  s e l f  t e s t  i n  t h e  r e c e i v e r / p r o c e s s o r  % e r e  i n c l u d e d  

w i t h i n  t h e  u p h o l e  u n i t .  T h i s  s e l f  t e s t  d o e s  i n c l u d e  a  c o n -  

p l e t e  s i m u l a t i o n  o f  c a r r i e r  l o c k ,  p r e a m b l e  r e c o g n i t i o n  a n d  

d a t a  v e r i f i c a t i o n .  

The r e c e i v e r  ;Gas t e s t s d  u s i n g  t h e  d o ~ n h o l e  b r e a d b o a r d  u n i t .  

S i g n a l  t o  n o i s e  r a t i o s  f rom OdB t o  +6dB Kas i n s e r t e d  i n  t h e  

i n p u t  o f  t h e  r e c e i v e r  i ~ i t h  a  s i g n a l  l e v e l  o f  2 ~ v  a n d  3 0 2 ~ .  

. A t  3Ouv no e r r o r s  o c c u r r e d  a b o v e  a s i g n a l  t o  n o i s e  r a t i o  o f  

+?dB.  A t  a  s i g n a l  l e v e l  o f  j L v  ~ h a s e  s h i f t  l ch ich  o c c u r r e d  

d u r i n g  t h e  a u t o  g a i n  r a n g i n g  d i d  n o t  a l w a y s  a l l o t v  a d e q u a t e  



t i n e  f o r  t h e  c a r r i e r  p h a s e  l o c k  l o o p  t o  s t a b i l i z e  t h e r e b y  

p r o h i b i t i n g  t h e  p r e a m b l e  f rom b e i n g  d e t e c t e d .  T h i s  p rob lem 

was c o r r e c t 2 d  5)- e m p l o y i n g  w i d e r  b a n d w i d t h  a i n p l i f i e r s  i n  t h e  

a u t o  Z a i n  r a n g i n g  s e c t i o n  o f  t h e  r e c e i v e r .  .After  t h i s  c o r r e c t  

t r a n s m i s s i o n  was r e c e i v e d  w i t h o u t  e r r o r  w i t h  a  s i g n a l  t o  n o i s e  

r a t i o  o f  +3dB. 

A t  30pv s i g n a l  l e v e l  some d a t a  was r e c e i v e d  w i t h o u t  e r r o r  

w i t h  a  s i g n a l  t o  n o i s e  r a t i o  o f  OdB. However,  s i n c e  l e s s  t h a n  

90% o f  t h e  t r a n s m i s s i o n s  were  c o r r e c t ,  t h e  f a l s e  a l a r m  o r  e r r o r  

d e t e c t i o n  r a t e  was deemed t o  h i g h .  I t  s h o u l d  be n o t e d  t h a t  i n  

more t h a n  9 0 %  o f  t h e  c a s e s  when t h e  p r e a m b l e  i s  r e c o g n i z e d  2 1 1  

d a t a  i s  t r a n s f e r r e d  w i t h o u t  e r r o r .  C o n v e r s l e y ,  s i n c e  t h e  

r e c e i v e r  d o e s  n o t  i n d i c a t e  a  d a t a  t r a n s m i s s i o n  u n l e s s  t h e  

. p r e a m b l e  i s  r e c o g n i z e d ,  v e r y  few bad  t r a n s m i s s i o n s  a r e  e v e n  

d e t e c t e d .  

3 .  B-ATTERY L I F E  TEST 

The b a t t e r y  l i f e  t e s t  was p e r f o r m e d  f o r  s i x  c o n t i n u o u s  h o u r s ,  

a t  w h i c h  t i m e  t h e  r e c e i v e r  b a t t e r y  was a u t o m a t i c a l l y  d i s c o n n e c t e d  

due  t o  low v o l t a g e  ( a s  d e s i g n e d ) .  Four  d a t a  e r r o r s  were  e n -  

c o u n t e r e d  d u r i n g  t h a t  t i m e ,  b u t  t h i s  was d u e  t o  i n a d v e r t e n t l y  

n o t  t e r m i n a t i n g  t h e  r e c e i v e r  i n p u t .  

4 . EN6-I RONLIENT.AL TESTS 

1.1 Imme r s  i o n  

Yo i n t e r i o r  m o i s t u r e  was e v i d e n t .  

4 . 2  Shock T e s t s  

D e l e t e d  by C o n t r a c t  I ~ i o d i f i c a t i o n .  

1 .  O p e r a t i n g  T e m p e r a t u r e  T e s t s  

A t  O ° C ,  t h e r e  was no d a t a  e r r o r s  u s i n g  t h e  s e l f  t e s t ,  

t h e  L C D  d i s p l a y  was s l o w  b u t  f u n c t i o n a l ,  and  t h e  p r i n t e r  

p e r f o r n e d  p r o p e r l y .  A t  50°C,  t h e r e  was no d a t a  e r r o r s  

u s i n g  t h e  s e l f  t e s t  a n d  a l l  o t h e r  d e v i c e s  f u n c t i o n e d  

n o r m a l l y .  



4.4 T e m p e r a t u r e  S h o c k  T e s t  

n o t e d  b e f o r e  a d o x n h o l e  s u r v e y  t o o l  e m u l a t o r  was 

n o t  p r o d u c e d .  T h e r e f o r e ,  t h e  s e l f - t e s t  f u n c t i o n  was 

u s e d .  . A f t e r  t h e  c y c l i n g  a n d  a t  room t e m p e r a t u r e ,  a l l  

s y s t e m s  f u n c t i o n e d  p r o p e r l y  h - i t h  no e r r o r s .  No p h y s i c a l  

c h a n g e s  w e r e  e v i d e n t .  

4 . 5  H u m i d i t y  T e s t  

The p r o p e r  r e s p o n s e  was o b t a i n e d  f r o m  t h e  s e l f  t e s t .  

5 .  FIELD SURVEY TEST 

5 . 1  I n i t i a l  M e a s u r e m e n t s  

S e e  F i g u r e  - M a g n e t o m e t e r  o u t p u t  f o r  Y a x i s  a n d  Z a x i s  

f o r  r o t a t i o n  a b o u t  K a x i s .  

S e e  F i g u r e  - A c c e l e r o m e t e r  o u t p u t  f o r  Y a x i s  a n d  Z a x i s  

f o r  r o t a t i o n  a b o u t  X a x i s .  

S e e  F i g u r e  - M a g n e t o m e t e r  o u t p u t  f o r  Y a x i s  a n d  X a x i s  

f o r  r o t a t i o n  a b o u t  Z a x i s .  

5 . 2  S i m u l a t e d  D r i l l i n g  T r a j e c t o r y  T e s t  

The s i m u l a t e d  t r a j e c t o r y  t e s t  was d o n e  by p l a c i n g  a  p a t t e r n  

o f  n i n e  h o l e s  i n  a  b o a r d  a s  shown b e l o w :  

The c o o r d i n a t e  d i s t a n c e  betkqeen e a c h  h o l e  was s u c h  t h a t  move-  

n e n t  b e t w e e n  a n y  two a d j a c e n t  h o l e s  v e r t i c a l l y  o r  h o r i z o n t a l l y  

r e p o s i t i o n e d  t h e  t o o l  by  l o  i n  b e a r i n g  f o r  h o r i z o n t a l  a n d  l o  

i n  i n c l i n a t i o n s  v e r t i c a l l y .  The  s i m u l a t e d  s u r v e y  was p e r f o r x e d  

by  e n t e r i n g  t h e  i n i t i a l  c o n d i t i o n s  f o r  h o l e  7 1  a t  a n  i n i t i a l  









s t r i n g  l e n g t h  o f  10  f e e t .  Then a  s u r v e y  o f  t h e  d i r s t  h o l e  

p o s i t i o n  u a j  J o n e  and  a n  a s sumed  1 0  f o o t  d r i l l  r o d  a d d e d .  

The t o o l  v a s  t h e n  p o s i t i o n e d  s e q u e n t i a l l y  i n  e a c h  h o l e  and 

a s u r v e y  done  a d d i n g  15  f o o t  r o d  s e c t i o n s  f o r  e a c h  h o l e  u n t i l  

h o l e  '1 \Gas r e p e a t e d .  T h i s  r e s u l t e d  i n  a t o t a l  s i n u l a t e d  

s u r v e y  o f  120 f e e t  o f  s t r i n g  l e n g t h .  F i g u r e  26-4 shows a  

c o m p a r i s o n  o f  c a l c u l a t e d  b e a r i n g s  v e r s u s  t o o l  m e a s u r e m e n t s .  

F i g u r e  Z6B g i v e s  t h e  s a n e  c o m p a r i s o n  f o r  i n c l i n a t i o n .  F i g u r e  26c 

compares  t h e  t h e o r e t i c a l  s u r v e y  p a t h  t o  t h e  c o m p u t e r  r e s u l t s  p r o -  

v i d e d  by t h e  c a b l e l e s s  s u r v e y  s y s t e m .  

5 . 3  D r i l l i n g  T e s t s  

D r i l l i n 2  t e s t s  w e r e  p e r f o r m e d  a t  t h e  F e d e r a l  # I  mine  i n  

G r a n t t o w n  West V i r g i n i a .  The f o l l o w i n g  d e v i a t i o n s  f rom t h i s  

t e s t  p l a n  a r e  n o t e d .  

The h o l e  d e p t h  was t e r m i n a t e d  a t  330 f e e t  
due  t o  d r i l l i n g  p r o b l e m s  w i t h  t h e  d r i l l i n g  
e q u i p n e n t  a n d  t h e  c o n t a c t  o f  a  c e i z e d  d r i l l  
s t r i n g  l o c a t e d  i n  a n  a d j a c e n t  h o l e .  

No r e a d i n g s  w e r e  t a k e n  w i t h  t h e  S p e r r y  Sun 
M u l t i s h o t  s y s t e m  b e t w e e n  7 5  a n d  165  f e e t .  

F i g u r e  2 :  shows t h e  c o m p a r i s o n  o f  v e r t i c a l  d e v i a t i o n  as  

m e a s u r e d  by t h e  tido s y s t e m .  

7 - F i g u r e  - . ' \ . ' e r t i c a l  S u r v e y  o f  " H o r i z o n t a l "  Dr i l l  Hole  
! ) s i n g  S ~ e r r v  Sun S u r v e y  S v s t e m  a n d  C a b l e l e s s  
E l e c t r o n i  c  S u r v e y  Sys  t e n  









APPENDIX D 

SYSTEM SCHEMATIC DIAGRAMS AND SOFTWARE LI STI NGS 



C0N;;ECTOR DESIGNATION .AND PIN 
ASS IGXIEYTS FOR DOJ"!NHOLE P.4CK.AGE 

Sensor Canister/Electronics: J1/P1 

Connector: Bendix PT02.A-14-18S/P 

Pin Signal 

Wiper Pressure Switch 

X Axis Accelerometer 
Y Axis Accelerometer 

+12 volts, Z Axis Accelerometer 

Power Return, Z Axis Accelerometer 

YC 

Signal Return, Z Axis Accelerometer 

+12 volts, X,Y Axis Accelerometer and 
X,Y, Z, Axis ?Iagnetometer 

-12 volts, X,Y Axis Accelerometer and 
X,Y, Z, Axis Magnetometer 

Power and Signal Retrun, X,Y Axis 
,Accelerometer and X,Y, Z ,  Axis Magnetometer 

+12 volts, Pressure Switch 

Signal Return, Pressure Switch 

-12 volts, Z Axis Accelerometer 

Signal Output Y Axis Magnetometer 

Signal Output X Asis Accelerometer 

Signal Output X Axis Magnetometer 

Signal Output Z Axis 3lagnetometer 

Electronics/Batterv Pack: P2/J2 

Connector: Bendix PT06-10-6- S/P 

Pin 

-4 

Signal 

Transmit Toriod 

B Return, Transmit Torriod and Case Ground 

C - Battery Voltage 

D k Battery Feturn 

E + Battery J'oltage 



:-.Axis .Accelerometer: 5 3  

Connector: Sunstrand gate Control C'A-116-15-30 

Signal 

Signal Return 

Signal Output 

-12 volts 

Power Return 

Self Test 

X,Y Axis .Accelerometer: No Connector 
P i n  Signal 

+12 volts 

-12 volts 

Power and Signal Return 

K Axis Output 

Y Axis Output 

Connector: PT02-C-19-65 

Pin 

+12 volt 

Power and Signal Return 

-12 volt 

X Axis Output 
Y *Axis Output 
Z Axis  Output 
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P r o c e s s i n g  and D i s p l a y  Subsystem I n t e r c o n n e c t i o n  Diagram 



CCNYECTOR DESIrJN.ATI'ONS .AND PIN -ASSIGN!IENTS 
F O R  U P H O L E  RECEILVER/PROCESSOR P.AC:i.AGE 

R i g h t  Keyboard  t o  F r o n t  P a n e l  PCB: J-4 

L e f t  Keyboard  rg  F r o n t  P a n e l  P C B :  JB 

C o n n e c t o r :  Burndy 8 P i n  

P i n  S i g n a l  - 

F r o n t  P a n e l  t o  Compute r  B o a r d  # I :  J C / P C  

C o n n e c t o r :  . Juga t  1 1 0 - 2 6 0 0 1 - 1 0 2  

P i n  S i g n a l  

DXO 

+ 5 V  m ( S w i t c h e d )  

SYS RESET 



P i n  

F r o n t  Panel PCB t o  L C D :  J D  

C o n n e c t o r :  Auga t  325XGlF 

P i n  

+5V ( S w i t c h e d )  m 
+ 5 V  ( S w i t c h e d )  m 
+5Vm ( S o u r c e )  

+ SV, ( S o u r c e )  

+SV, ( S o u r c e )  

S i g n a l  

BP 

E 6  

D 6  



P i n  - S i g n a l  



F r o n t  P a n e l  E l e c t r o n i c s  t o  P r i n t e r :  JE/PE 

C o n n e c t o r :  Auga t  1 1 0 - 2 6 0 0 1 - 1 0 2  

P i n  S i g n a l  

D I G  11 

D I G  9 

D O T  5 

D I G  7 

D O T  4 

D I G  5 

D I G  3 

D I G  1 

D I G  1 2  

D I G  1 0  

D I G  8 

D O T  3 

D I G  6 

D O T  2 

D I G  4 

D I G  2 

D O T  1 

Llotor  Y e l l o w  

M o t o r  Red 

Moto r  O r a n g e  

Moto r  Brown 



F r o n t  P a n e l  C a b l e  t o  P r i n t e r  E l e m e n t :  JF 
C o n n e c t o r :  ? a r t  o f  Texas  I n s t r u m e n t s  P r i n t e r  EPN9113 

P i n  S i g n a l  

?ic 
DIG 1 3  

DIG 11 

DIG 1 0  

DIG 9 

DIG 8 

DOT 5 

8 DOT 3 

9 DIG 7 

DIG 6  

DOT 2 

DIG 4 

DIG 3 

DIG 2 

DIG 1 

DOT 1 

Compute r  B o a r d  ~1 t o  F r o n t  P a n e l :  JG/PG 

C o n n e c t o r :  -4ugat  1 1 0 - 3 6 0 0 1 - 6 0 1  

P i n  

(Same as J C / P C )  

S i g n a l  



Computer Board " 1  i..JH) t o  F r o n t  ? a n e l  (JQ), R e c e i v e r  i tJ?4),  
Ex t .  Computer ( J L )  

C o n n e c t o r :  Augat 110-16001-601  

P in  S i g n a l  D e s t i n a t i o n  

BSS 

R C V R  C L K  

R C V R  DXT.I\ 

U-ART C L K  

G N D  

3 0 0  BAUD 

+jV from TTY 

P r i n t e r  + 5 V  B 
P r i n t e r  P w r  C o n t r o l  

P r i n t e r  + l ? V B  

+ S V  t o  RCL-R OPTO IS0 m 
G N D  t o  R C V R  OPTO IS0 

SELF T e s t  Ou tpu t  

+ 1 2 V  from TTY I n t e r f a c e  

UXRT DATA\ 

- 1 2 V  FROM TTY I n t e r f a c e  

C R  Wait from TTY 

P r i n t e r  + 1 2 V B  

NC 



Computer Board 1,2,3, J I ,  JJ, JK (all connectors bussed pin for pin) 

Connector: Viking 31-H 36/IJND 

Pin Signal 

+ j V C  Unswitched 

+ 1 2 V A  

+ 5 V y  
KTB 

v# 
I N T  GNT 
SKP INT 

GND 

S y s  Res 6 P w r  Up 

Sys Res 

+ 5VA 

-4PU OFF 

MTC 



Pin - Signal 

Wait 

S-T DATA 

DXS 

DXO 

GND 

DXlO 
DX1 

Y C  

DX11 
DX6 

GSD 

Awl 

DX2 
I M H Z  

DX3 
Power A CTL 

GND 

DX4 
N C -  

N C  

DX5 

NC 

GND 
PWR B Control 



P i n  S i g n a l  

B F I  

E x t e r n a l  Computer  C o n n e c t o r :  JL 
C o n n e c t o r :  ITT KPTOTE16-26s 

P i n  

A 

S i g n a l  

C R  Wait  

S p a r e  

U.ART DATA 

-12v 

+ 1 2 V  

G N D  

+ 5 V  ( f rom TTY) 

U.4RT C L K  

300 BXXD 

R e c e i v e r  t o  Computer  J>i 

C o n n e c t o r :  W i n c h e s t e r  !!RE-9P/PR 

P i n  S i g n a l  

R e c e i v e r  D a t a  Out 

R e c e i v e r  C l o c k  Out 

Computer  G N D  

+ SV ;\I 
S e l f  T e s t  I n p u t  



External Receiver Input Connector J N  

Connector: KPT07E 16-8s 

Pin Signal 

Input 1 

Shield 

Input 2 

Receiver Power Input: JO 

Connector: Winchester >IRE 9 5 J  

Pin Signal 

+8 Volts 

- 8 Volts 

GND 

Low Voltage Alarm 

+ SV 

External P o ~ e r  and Charging Connector: JP 
Connector: ITT KPT07E12-8s 

Pin Signal 

Ext. Pwr 

RCl-R Batt Chg 

RCVR GYD 

Processor Batt Chg 

Processor GYD 

Spare 

RCVR Batt Sense 

Proc Batt Sense 

Front Panel to Computer Board $ 3 :  JQ 

Connector: Xugat 110-36001-601 

Pin 

1 

Signal 

AF4 

.4F 3 

B 5 5 

B W 3  



P i n  S i g n a l  

+ 5\.- 
B P r i n t e r  

P r i n t e r  Power C o n t r o l  

+ 1 2 V  P r i n t e r  B 
+ 1 Z V  P r i n t e r  3 

B a t t e r y  > Iodu le  C o n n e c t o r :  .JR 

C o n n e c t o r :  W i n c h e s t e r  >IRE 9 5  

P i n  S i g n a l  

Ex t  Pwr 

RCVR B a t t  Chg 

RCVR G N D  

P r o c e s s o r  B a t t  Chg 

P r o c e s s o r  G N D  

RCVR S o u r c e  

RCVR S e n s e  

P r o c e s s o r  S o u r c e  

P r o c e s s o r  S e n s e  

P o ~ e r  S u p p l y  3 o a r d :  J S  

C o n n e c t o r :  E l c o  6 0 0 7 - 2 2 - 4 4 B  

P i n  S i g n a l  

NC 

-8V t o  RCVR 

+8V t o  R C V R  

+SV t o  RCVR 

RCVR GND 
RCVR LOW V o l t a g e  A l a r m  

N C  

RCVR B a t t  S e n s e  

R C i r R  Pwr + 5 V  ( U n s w i t c h e d )  

RCVR B a t t  S o u r c e  

P r o c  GND 



P i n  S i g n a l  

P r o c  B a t t  Low .Alarm 

P r o c  B a t t e r y  S e n s e  

+5VC t o  RU1 I P r o c .  S w i t c h  ( C ' n s u i t c h e d )  

P r o c  B a t t  S o u r c e  

+ 1 2 V B  t o  P r i n t e r  

P r i n t e r  P w r  C o n t r o l  B 

+SVbl t o  P r o c  

A'd9511 Pwr C o n t r o l  A 

+ 5 V  t o  P r i n t e r  B 

Power S u p p l y  Board  t o  Power S w i t c h  J T  

C o n n e c t o r :  Lqaldom 0 3 - 0 6 - 1 0 4 1  

P i n  S i g n a l  

+5VR U n s w i t c h e d  

G N D  

+ S V  S w i t c h e d  R 

B a t t e r y  !vlodules  t o  C o n c i e n c e  F u s e r :  J V  

C o n n e c t o r :  ivaldom 0 3 - 0 6 - 1 0 Y 1  

P i n  S i g n a l  

RCVR S o u r c e  

R C V R  S o u r c e  ( F u s e d )  

PROC S o u r c e  

PROC S o u r c e  ( F u s e d )  

F r o n t  P a n e l  S Ie t e r  t o  Power S u p p l y :  J W  

C o n n e c t o r :  Lqaldcm 0 3 - 0 6 - 1 0 4 1  

P i n  S i g n a l  

PROC GND 

RCVR S o u r c e  

PROC S o u r c e  



F r o n t  P a n e l  ?. ieter t o  RCLyR: JX 
C o n n e c t o r  : RC.4 Phono 

P i n  

T i p  

R ing  

-- 

R C V R  V C X O  C o n t r o l  V o l t a g e  

RCL'K GSD 
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T h e  f o l l o w i n g  s c h e m a t i c s  r e T r e s e n t  auxiliary e q u i ? n e n t  

d e v e l o p e d  d u r i n g  t h i s  y r o j e c t ,  b u t  a r e  n o t  p a r c  o f  either 

t h e  d o \ r n l ? o l e  o r  u p h o l e  p a c k a g e .  None o f  t h e s e  i ~ e r n s  a r e  

r e q u i r e d  f o r  o p e r a t i o n a l  u s e .  









The m i c r o p r o c ~ ~ s o r  e n p l o y e d  i n  t h e  u p h o l e  p r o c e s s o r  i s  t h e  

I n t e r s i l  I \ I6100.  I t  i s  3 11 b i t  C!!CS t y p ?  LSI I n t e g r a t e d  

C i r c u i t  t h a t  e v a l u a t e s  t h e  j o f t u a r e  o f  t h e  D i z i t a l  i q u i p n e n t  

C o r ~ o r a t i o n  (DEC) PDPS/E. . A 1 1  o f  t h e  a s s e m b l y  l a n g u a g e  

? r o g r l n s  l i s ~ e d  b e l o \ <  a r e  a j s e n b l e d  u s i n g  P D F Y / E  a s s e n b l e r  

a v a i l a b l e  f ro? .  3FC. 
COMPUTER P R O G k t M  INDEX 

ACC 

A N G  , AVG 

ANGA, ANGE 

AON 

APU DRIVERS 

AVGV 

BATCHK 

B L A N K  6 DISPR 

BRTAB 

C H E K  

CHLITE 

COM, CO>I1  

C O N O E  

CONV 

DATA 

DATCAL 

DAT 1 

D E L A Y  

DI P/CXL 

DISCO 

DISTR 

D O O B  

ENT 

E X E C  

EXEC OVERFLOW 

A c c u m u l a t e  k e y b o a r d  # ' s  

D i s p l a y s  a n g l e  a v e r a g e  

D i s p l a y s  a n g l e ;  c h a n g e s  k e y b o a r d  B 
t o  r a d i a n s  

T u r n s  o n  APU power 

FLT; ,  DIVF; ADDF; SUBF; PUSH; ARTAN; 
POP; MULF; MULD; ARSIN; SORT; F IX;  
DIVD; SUBD; SINE; CRAB; BW; WTAPUF; 
RDAPUF 

LDS; ADDS; MULS; XCH 
CHS 

A v e r a g e s  v a l u e s  

Checks  b a t t e r i e s  

W r i t e s  D i s p l a y  

KYSR b r a n c h  t a b l e  

BATCHK e x t e n d e d  

Changes  l i g h t s  

Compares  2 v a l u e s  f o r  o u t  o f  l i m i t s  

C o n t i n u e  o r  e n t e r  

D i s p l a y s  memory 

A c c e p t s  r e c e i v e r  d a t a  

C a l c u l a t e s  d a t a ;  b a t t e r y  c o n d i t i o n  
a n d  t e m p e r a t u r e  

DATCAL e x t e n d e d  

D e l a y  

C a l c u l a t e s  d i p  a n g l e  

D i s p l a y s  c o d e  

D i s t r i b u t e s  d a t a  f o r  XPU 

Loads  a n d  f l o a t s  

E n t e r s  1 0 , 0 0 0  

Examines  a n d  m o d i f i e s  

ESEC e x t e n d e d  

ESEC e x t e n d e d  1 3 2  EXITE 



COMPUTER P!?OGRA>l I N D E X  (CONT ' D .  ) 

FAULT Handles  t h e  9 code 

GET Gets  a  d a t a  word 

GETIN C o m p t e s  i n i t i a l  c o n d i t i o n s  

GTIN Sequences  i n i t i a l  c o n d i t i o n s  

GTIN E X T E N D E D  Ex tends  r o u g i n t e  GTIN 

INIT I n i t i a l i z a t i o n  b o o t s t r a p  

INITCO I n i t i a l  c o n d i t i o n s  p r i n t  r o u t i n e  

KYBLK Key b l a n k ;  KYSR p a t c h  

KYEX KYSR e x t e n d e d  

KY SR L e f t - h a n d  keyboard  s e r v i c e  r o u t i n e  

KYSRC KYSR c a l l i n g  r o u t i n e  

LOA, B L i g h t s  o f f  - A , B  

LSW L e a s t  s i g n i f i c a n t  word 

WIN1 ?la in  program,  p a r t  1 

WIN2 ?la in  p r o g r a m ,  p a r t  2 

> l A l E X  W I N 1  e x t e n d e d  

YONITOR System m o n i t o r  

Y 2 E X  41,A I .L;2 e x t e n d e d  

NO RV N o r n a l i z e s  d a t a  

ONES FILLER F i l l s  memory w i t h  1 ' s  

PIXS P i ;  add o r  s u b t r a c t  

POF Adds . @ 0 5  

PRINT O p e r a t e s  p r i n t e r  

PRINT ROUTIYES INCO; EST; SUR 

P R O C l  P r o c e s s  1 

P R O C 2  Does s u r v e y  c a l c u l a t i o n s  

PROM BURNER Burns programmable r e a d - o n l y  rnerrlory c h i p s  

P R O P A  P r c c e s s  1 e x t e n d e d  

RBAT Checks r e c e i v e r  b a t t e r i e s  

RDT Handles  d a t a  m o n i t o r i n g  

RESTR R e s t a r t  - p r i n t  r o u t i n e  

REST.\FIT R e s t a r t  

RSTC 2 e s t a r t  c a l l i n g  r o u t i n e  



S C DATA 

SELF TEST 
CALLS G 
PATCHES 

STATUS 

STEST 

STESTC 

STZ 

SUM 

S  URVEY 

TEME 

WAIT 

.9 0 5 FLOAT 

CO'.iPUTER PROGRkL1 I N D E X  (COST' D .  ) 

S c a l e  d a t a  

STST; STSTD; STSTC 

Checks s i g n  o f  A P U  # 

S e l f  t e s t  

S e l f  t e s t  c a l l i n g  r o u t i n e  

S c a l e  d a t a ;  c a l l  

Sums k e y b o a r d  numbers  

S u r v e y - p r i n t  r o u t i n e  

T e m p e r a t u r e  e r r o r s  

Wa i t s  f o r  r e c e i v e r  c l o c k  

S - u p p l i e s  t h e  number . 0 0 5  



I/  fro^ Dl.. ..Add o r  S u b t r a c t  
+ : 1, 1:1 5 
, = j G I q  T+? 'EI-IF:/ if PBiJF  i s  f) 

;;4G, I L G :  
-,rip F i 1:: : / r e  t u r n  
1IHLL; / o t h e r w i s e ,  l o a d  P 1  a n d  p r o c e e d  
Fm 1 : 
Tt3D t E r ' T ;  / i f  k e y t  h a r d  O 
:tjt=I CL?: 
JtlF' F o l ?  / a i d  P1  - .  

q / o t h e r w i s e ,  s u b t r a c t  P1  
-1 ptF F 1 1:; 

p i : ,  p 
F l  111 q F8ETl-:G!4 

Fzc'p1 -4 : 
Tt-rL;, - : a  

1,:~-, I:TK:: /make  CTR? p o i n t  t o  b e q i n n i n g  o f  d a t a  
7 4 ~  T $ J ~ I :  /make  C T R  c o u n t  3 t h i n y s  
1113 : 
T F I l  C T F Z  /.4C ~ o i n t  t o  1 s t  w o r d  

, I :  , l ~ r i t e  t h e  word  
7 : , / s q u a r e  i t  
/ o f  : 
Tcrl ~ ~ p l :  / u K w  
C - -  , - 7 -  

makes  T E Y  p o i n t  t o  n e x t  ~ o r d  
1 - -  # -  ( r :  / 3  t i m e s ?  

h q 

/ v.'(DIVl) '+ (I)\+/:) ' +  (Dl)'3) - = y  
3 

- -,F T  ; - - 
TilLl T H 8 '  / s e t  u? C T R  f o r  i t h i n 5 5  a y a i n  
18iZ; t  I_ 'Tz ; 
7-11 ,:T;=~: ; , / p o i n t  t o  1 s t  world a ~ a i n  

-+I! - : - I :  / ~ o i n t  b a c k  t o  D!Vl 
T ri il r 7 y.; : / r e ~ l a c e  DIt;1 1% i t h  D!c'l +N 
- 
- - 9  - -  

I I ? :  /'; t i m e s ' ?  . - C  - 
1 :,I = ; ' E l  / n o ,  do  i t  a g a i n  

'. E T  - l F f i  / v e 5  





C L C I I ' ~  . ,Ti' : 
2'. , . TGD I - , - - "  

t ! i  : 
C4LL: 
fiz; I r I :  
-. . 7 .  

F I T ;  
-IMP I . + I :  / p a t c h  i n  PROP.\ (Y;XCH;CHS;:4) 
F'FGFFi: 
T.511 I/i1:2 
F. : 
!:ALL; 
1:.g.: : 
T A D  I: O.:T : 
s.; 
T f i i ~  111P:  
ill : 
F': 
I :~LL : 

I r iE:  
T k D  .I IiiD : 
7 : 
CF!LL : 
i: 3'1' 
7 :  
c - 7  - 

1 * l a  1-3 111 : 
F :  
Ti411 \ I S I T :  
J,l : 
71 : 
T + ~ I  ~..:II~'I : 
.!I : 

1 I;!:: : 
i,i : 
T fi 11 I; :j ;..: : 
;,I 

tq : 

,:='LL : 
, t - .  

, .. 1- ti : 
r.: 
T A I I  I:G.:,F : 
F :  
T P D  
\ , I  : 
IIFLL ; 
I:+: : 
- - a-+LL : 
- 7 - - ,  - .  - I :+! 1 ,-:- . 
r,t-,q 1 T 
& - 
TGyl ,3,:;:: 

i d !  : 
lI,FLL ; 
: i i :  ; 

1: F L . ~ .  : 
1 r; TI-: : : 
p ~ ; a  ~ E , , - ' F :  
11 ; 
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TTj ? - .-. .- 
- 8  r= 

D A T !  4 247 

Loads U D  t h e  d a t a  b y t e s  

Comes b a c k  ! < i t h  . A C = O .  . . t i ~ e o u t  
e r r o r ,  > 2 5  ms b e t \ i e e n  c l k s  

1 . .  . n o  e r r o r s  

D e T l i *  CL'I JILL 161: F15L / 0 0 0 z 9  
1: 4LL 
DIII:~ / d i s ~ ! a v  " 2 "  
!I "I-L 
LQ? / l i g h t s  o f f  
: ~ i / m a k e  s u r e  a l l  o f  L1 i s  o f f  
l:fi!JL 
1:HLITE 
T 5 i 1  ~ ' i / s e t  CTR up t o  c o u n t  30 d a t a  b i t s  t h a t  \$ill  
P l IA  l : T F / # l  h a s  a l r e a d y  b e e n  be th rown away 
l t . p  ;3;F 2 1  th rown awav b y  E X E C ,  s o  

~ L F P .  I:?LL / jurnn r i q h t  t o  G A R B 1  
: I 1 4  I T 
1 ;it=i 
F ET;,IF Ii 

I ? G F E . I  &:H ~E~': l : l /has a  1 i f  no t i m e o u t  e r r o r  h e r e  
I:: CTF- 
_ltelP G?F E / t h r o w  awav a n o t h e r  one  
TFtD L i r T l / a d d r  o f  1 s t  4 b v t e  d a t a  l o c a t i o n  
;I!:A I l : : / i n to  a n  a u t o i n d e x  
T G r l  T E / C T R ~  i s  c h a n n e l  c o u n t e r ,  j e t  up r i i t h  l D I O  
~ I : A  I I T F  ! 

4 ,  :,;:fi F!I-,F / c l e a r  P F O B  
~ I f i ~ ~ / y e t  a d a t a  riord o f  1 2  b i t s  - - 
1==T 

10 

Ir+{ lITL;l/tirneo~_rt e r r o r ?  
FETl- IFr l  / v e s  
T745 TE:l:, /~et d a t a  r ~ o r d  
~ i i / a d j u s t  i t  t o  b e  2 ' s  complement b i n a r y  
11 rsi fi 



J? 
T, & 
& . m . w fi 
P 

- - 
Tr 

sC 
H 

F- 3 
3 A D4T.4, Paoe 2 - 4 - 4 

H m 
n 

w 
4 

I 

L 
'3 A 2 

* 5 4 

Fs 9 F' " . - 
P - - 

111: 13 TEt-+i//and save it - - 
~ : h L ~ / f o r m  16 b i t  i n  TEJI2(LO) TFIl(H1) 
rlI:Tc 
T f i D  TEPiLz-/get da t a  word LO 
;ll:Fi I 1 ; : I / D U ~  i n  1 s t  of  4 bytes ( i  . e m ,  loca t ion  214 5 245)  - 
ThD TEPll/qet da t a  word H I  
D C A  I 1 ~:l/put i n  2nd of 4 bytes .  Now a s i n ~ z l e  ? rec is ion  16 b i t  
I'IIIF~ I 1 I:] /INCR autoindex in te2er  i s  ava i lab le  i n  the  f o r  
Il!:k I 11:l /I?JCR autoindex the  .VU l i k e s  
11 h ~ ~ / w a i  t f o r  next ' clock 
Ill6 I T 

: tjF! 11 ~h /timeout e r ro r?  
F ETILF r i  /yes 
i ILH I : L L / ~ O ,  ge t  p a r i t y  b i t  
PEADTr 
*!!TI fl l:t /mask o f f  LSB, b i t  11 
TGK F EII-IF /add the  n a r i t y  counter 
s l ; ~ 8 / g e t  CSB of r e s u l t  i n to  l i n k  - - 1  - -L IILA/Parity OK? 
J V ~  11 /no 
1 I : 1: T;, 1 / p a r i t v  O K ,  chalk up another channel i n  CTRl 
-l:mlft / ge t  another one 
-1r1F D / a l l  done 
11 ?;q/ turn on da ta  e r r o r  l i g h t  
pi !I' !- 
~ ~ ~ . / l i n k  i s  s e t ,  so make b i t  r ) = l  f o r  ' 'data e r ror"  l i q h t  
1: ,Gl,~/do it 
C ~ L I T E  
TfiTl I I /d i sp lay  a "6" f o r  p a r i t y  e r r o r  
1: hLL 
D l  l l l C  
K I I I ~  TEPllTl/put a 0 i n  mv t o  s iqna l  "data e r ror"  
-Ita1F' A /qe t  another IV-ord without stoppinq 
II SLL/get rece iver  da t a  
I ~ E T  

C LA/timeout e r r o r ?  
G ETI-IF tc /yes 
T s I l  TEPE'/TE?I2 has binary rece iver  da ta  

1 1 ;: /nut  it i n t o  l a s t  da t a  loca t ion  
T 3 D  TErI l r ' / reca l l  e r r o r  info - -- 
I- kTI,IF ' 1  



1-1 /CHLYC,E L ITE 
LIM: 0=L3 latches 

l = L 4  latches 
1 O=turn off an item 

O=turn on an item 
AC: b i t  to be turned on or off 

turn on-all  zeros but desired b i t  
turn o f f - a l l  ones but desired b i t  

T p D  L J /.\c=11003 s i q i f i e s  L1 latches 
Tiirl L /.Ac=10008 signifies L3 latches 
Ill1: F'fia /select  the appropriate latch - - 8  

,,L 1:LE 
,IFIF T 
T K l  ~ : h l : / i f  L3, load TE'C with L3R address 
GI: Q TTEplr: 

-! k,l F' 1. I 

T W  l,l-a/if L3, load TEYC k i th  L J R  address 
III:& TEp711 
:lI;P/see i f  i t ' s  a turn on o r  a turn off 
- - a  - - 11i-G 
I t,* C, lIsZ/its  a tum.on  

-- - 
T511 I 1 =pll: /qet contents o f  latch reqis ter  for turn off 
G t 4 3  TEi.1 l/tl-lm off the selected b i t  (i . e .  , latch the register; 
6111i /bv doinq an .4V2 
-1p;c- I=: ' 1 T 

T 3 1 1  1 TE!,?l: /yet contents of latch reyister 
~~ll?L/nut in 'I0 so can do an OR 
TPIl TEr'7 l/qet the turn on word 
r:l:+/OR the latch register ~ i t h  the desired tui-n on xord 
El1;5/turn on that b i t  
1 1 1 3  I TEP1C /update the latch holding regis ter  
II ~i 
F FTI-lF'tl 
1 1:' \:I I:! 

4 1:t 1:1 

L I F .  
&; P 



-,ccc 
L -0 -, -a 

-,cc .- - 9 -, r, - - 
-.c c - 
2 -' -' I 

>c - - 
L - 1  r. I! 
-. c - 
c -I r. 1 
Z ,?< ,Z  
L - 
:,'=$g, :, 

L . -  - -, 
25c.4 
25 c, 5 
- c .- .- 

-6 t. t, 
7 

:,c- - 
L I IJ 
-=c- 
,.-I i 1 
:, c - :, 
L - ' I  L 

2 e, - .:: 
L-- I - 
.=,=I74 L '- 

'2575 
.2c - .- 
L .-' I r- 
=c-- 
L -1 4' i 

Return v i t h  i C = 1  i f  no timeout e r r o r ,  e l s e  i C = O  

111 I:I i:: 5 C 1 . 5 - -, .. -, 4 .  ! t IATE - - -. - -. t i 
1 ; .  I ~ I A I  T . TF+D !I;TTE /load CRT: with timeout delay 
:, 4 2 fi 11 TF 2 
4 1,r1? ~1z.z /data clock? 
= - - -,'.? -IP:F. ~,rz /no, jmp to  count dohn f o r  timeout - - , I:! 1 iILA I$I:. / s e t  A c = l  
5575 F'ETI-:F I I  
21:142 I J I ~ ?  I I z I: ~ ~ Z / i n c r  timeout counter 
= - - :: c. 1 ,IPtP ~.l.ll/check again f o r  data  clock - .- , :: 4 I:I lILA !ILL ~:.P!Ysi,gnal "L3" 5 "turn on" t o  CIILIE 
742 1 PiQL 
7 1 1: 111 ::TL Pfig / s e t  "data error" b i t  

!: FLL 3172 
25!<, IIt-iLITE / t i g h t  up "data error" 
1355 TgD F I  /send "5" message code t o  display 
4172' !I.!?LL -. ,- .- 
:, ,= :: 4 Jl I 21,u 
5575 F:ETl-lF:rt 

1 '  - - 
Forms a raw 1 2  b i t  da ta  word $ re turn  with 

+. :37 ,3  PBUF indicat ing p a r i t y  of t h a t  word 

PI:: 1.' 1 1 
Ti,l . -13 
- 7 

I > = ?  , T i n  ?:+I /CTR w i l l  count l Z I O  b i t s  
7 - - ~1l-n iI.T? 
DiI A TEl.l2/clr TEJI2, the d a t a  word accumulator (D1J:A) 

GET! ? F3L/qet l ink  back i n  b i t  11 - ! M L I  - r  TE?lE/put in to  fiVA 
pt3L/rnove t o  the  l e f t  
r - -  11'- I+ TEPlYstore back . 
lIsLL /wait for  a data  c lk  
..!I A I T 
I:le/timeout e r ro r?  
FETI_IFl'i/veS 
IILA IILL'  
FEFiDD /read a data  b i t  ( a p ~ e a r s  i n  .Acts LSB) 
A ~ J D  ~?It :1 /and mask it off  
F.GR /put it i n  l i n k  
1 ' ~ L / i s  it a l ?  
1.:: FE:l_iF/yes, coutn i t  i n  PBUF 
I I2 i:.TF8/no o r  ves, count + of b i t s ,  ski? i f  l f10 counted 
-.I rw 13 z T l /qet  another one 
?+L/put LSB of data  in to  b i t  11 
TSD T -  .. -' 

I 1;;; /add t o  Did-4 
D C t ?  TEP12 /P, replace 
11 LL Iiq'S / s ignal  no tirneout e r r o r  , 

6 STI?F,li 



1-1 F o n s  a 16 b i t  2 's  complement b inam = fo r  .ipU 
+ j: 2 I:I I:, from data  word 

~ I ~ T ~ ,  115t01 
T5Ii FFa / s e t  up CTR t o  count 1 t i nes  
~ I I I ~  ' I T F  
T A D  ~ c ' r , l ~ / y e t  data word 

11111 I ~ ~ ~ , / q e t  5 msb's i n t o  4 LSB's of !io 
F4L 
I !,IF' 

F t4L  
1 IvlF 
1,': 1:TP 
-1 F' 11 I 1 1 

/put 8 LSB's of da ta  word back i n  place 
F Tf. 
D C t 3  T E E  / s t o r e  i n  TM2, c a l l  it DATA WORD LO%' 

IIIP 

III:~~ TEWl / s t o r e  i n  ' l F I L ,  c a l l  it DATA WORD HI 
Tar1 T E K I  
FVD hlHII. {mask o f f  s i ~  b i t  
1 1: Lli /nesat ive? 
Jp;P ,+: 
166 I.jI!i/its negative. .  . f i l l  i n  one 's  fo r  the 3 b i t  .VU 

A 11 T E ?11/ qet D.AT.4 I\rORJ) HI 
Dl: ;=1 TEPl 1 /rest-re 
11 LL 
F :TI;= r ?  

~ ~ ~ c i r i b . =  :,e, [:I<( Enter with t o  be messaze i n  .4C 
T ~ ' . 1 ~ r = ~ ~  e x i t s  with t h a t  saved i n  TDlD 
11 1 I I:= I:<,TZ 
111 =24 
~ l ~ = ~ y  
11 1 1 F F'= f:  <, 1: 111 

10 4 

DI I1:C IllIR TE:?D : /save .AC 
1, r'!-L : /blank d isplay  
?L:: i !  : - - 

I -11 1-Erq'T : /ge t  d isplay  number 
T G ~ I  L i ' I r  /put a l l  one ' s  i n  f i r s t  t ~ 0  %D's o f  d i s ~ l a y  
1 f i  1 i :/put i n  D? 
1 : p u t  a 1 ' s  i n  l a s t  3 \!SD's of display 
y - -  

11-9 111: 
GIL : /DISJ puts  D?-Dl onto d i s ~ l a v  

7 7 - - .  

L J .  1' 
- - 

1- L ,4 : 
6 ET1-lL;{  ; 

pp1-1 , ;- I ? - ' -1  - 



I,,':!',,!T , Ili ; 

THU P I T ;  
Ill ; - .  
;. ? 

1: l=l L L .: 
5 I:{E: 
PI : 
TAT1 LIi : 
I,! : 

[-I /used bv D.4TC.X to enter 10,000 and f loat  it 10 

F=  -[PI 1 F L T  
1- , - L T = 1 + 4  
; ;I; 1 =< 4 4  1 

0 - 
I H = ? l 4 4  

I11=4 1 1; 
1 yf 

- I ;{c;=c:'L I 
i#l=4 15 1-1 

F=4:4: 





1  111 +. 111 
- - -  

I i I-' i- - - 
, =. 4 ':I 

= z z  1 

4  l r , 4  
1 2 1-1 = 
1  .:a 1-1 1; 

L . -  - - -  - 
' 0 ,, 1-1 2 t, 
1  -.F,=,c, 
4 1 7 2  
.:; 1  2 4  
41C.4 - - -  1 I-! yo 

4  1 'I' -' - I 

4 1 5 1  
1  2 11; 111 
1  2 lil? 

,:: 1:; 2 f 
1 -Iz< 
'4172 
i, 1  ,? 4 
4 L 5 - l  
415:: 
1 2 111 <, 

4 1  :;7 
41c0i 
- + I = :  
7 1  l:l 1:i 

- - 
1 I? :, i - 1-1 ! ;-i 
8 - A .  - - -  - c.d 1; 

= - .:: - 111 7 
117: L 

I: 7 kt 1 
1 ,i 1) 4 
4142  
1 1:1>7 
7 4 5 1:1 

=.-9 

-1 11 i 5 - - -. - 
:: 1-1 i r, 
1  2 1-1 4 
4 l T Z  
< 1:1 1 4 
1 2 1-1 A , . - -  
7 1  I , !  

1  I:( 7 
1' I-!,:; ;- - .  

:.5;5 

:ti:, l:Lt=! 
-1 :,? F' 1 1 1 1  :: 

1: SLL  - - 
i- 9 - 

- / i t n l I : ,  TFLI F <  : - - 
' . 
?- q 

T n r l  t E I'I TF' 
: t4:=l  : 
F ETI-it; r: 
1.1 11 Cj 1 1-1 7'1 T : 
T q D  F c ,  : 
- - 
1-HLL : 
, -  -' j',,,i : - - 
TGEl L C :  

8 . 1  - 
- , - I  - 11;T 
T + r !  : I -~~ , :T :  
p,:a 1 E ,  l:yL4: 

F ETI-'F8:{ 



7-:;: 
_I I - - 
4 17.2 
-, - -, - 

i t  i l l  

1 1; :; 1 - - 
5 - .:' Z' - I - . -  

41'2 
-, - .-,, 9 

i l  t r '  

1 I;,:: - - 111 
c- -, - -1 ,' :< .:. 

/ t a k e  a  number i n  t h e  .4C and l o a d  i t  i n t o  
-4PU a s  a '  s i n q l e  f i x e d  .1 

E.' i I  1 
1: Lt3 
Iq1,i 1 
K T 1-1 F, 1 { - 1 

I A 

15- 
154 
F;!,l 

1TfiLL / a d d  TOS a n d  YOS a s  s i n g l e  f i x e d  
1- C*QE: 

T W  :I';tI;D / z e t  ADDS c o d e  - 
' I 1 1 :  / qo clo t h e  command and  r e  t u r n  
!:ALL / m u l t i p l v  TOS a n d  UOS a s  s i n g l e  f i x e d  
1: 5 6 1: 
Tt i11 :?lI-iL 
-I1elF 1 ~ , ! I I ; :  
- - 
I-YLL / e x c h a n g e  TOS a n d  YOS as d o u b l e  "s 
i: F fi En 
TqIi , . ~ I H D  

1 E l l / : '  

111 1:1 I:! :. 
<, 1:) 1-1 !:I 
- - - -  
I! I.! : 

/ L i g h t s  o f f  -4EB 

+::I=! T u r n s  o f f  L E D ' S  6 o t h c r  b i t s  i n  t h e  l a t s h e r ,  escey! 

i, , ,c 111 111 111 : L O B  - a l l  b u t  - , .  and  e r r o r  l i t e s  - - 
L4 c:' 

~ 2 ; .  I i ~i : / t e l l  CHLITE t o  turn  of f  Ll'j 
k - 2 - l  * 

# -  - ' - 
1 il11 L 1 : / t u rn  o f f  a l l  but ninus 8 decimal ~ o i n t  

1: P L L  : 
I: I TE : /comes back with CLL 
:*;I: i : / turn  of f  a l l  of L3 
I I , + L L :  
1; LIL 1 TE 
L-'l 

- - ,,. . I:LH . T L  : / s e t  up t o  turn  o f f  Ll's 
L : 

TFri ~ 4 :  / t u r n  o f f  a l l  but LO B.477' G - E . 
1:eLL: 
I :L~LITE : .,. - 8 . 

( 1 - l ~  / t u r n  o f f  L3's 
i L 1 : /except f o r  1-11 El!? 6 D.4T-\ ERROR 
:GLL: 

1: I L  I TE : 
z E 7 I-; (Z { 



F= 1cl4 : /.Arith.netic Processor Unit 

FLT, DIVF, -4DDF, SUBF, FUSH 6 QJLF can be 
executed with a  sinqle instruction l i ke  
Jbf D; .where 9 i s  the RXi,\I location for a  
subroutine ca l l ing  Dropraq loaded bv IYIT 

.U1 the r e s t  require,  e . q . ,  CXL; POP 

Result always in  TOS i f  a  function 4 111 1:i 

Zt c - - - - 
a 8 

i 

: 111 - 
I - - 
I 1.1 

5 <, - - 
I 

i 1 - - 
C 1 - - 
C I; - - 
-' I 

=-  
_I I -- h - 
I ~ ; L L  / s e t  UD .QU for  comand 
,I = 3 E, 
TlifIl F L T  1 /qet  FLOAT code ( f l oa t s  a sinole fixed =) 
1: 5 LU qo do the comand 
E:iIf 

-1tlfF. I   exit throuqh address stored i n  Paqe 0 
i14i-L /divide YOS bv TOS in  f l oa t  
1: 5 61, 
T h D  F I l I  
II 4LL 
E:lll 

-1 tm l  I D 
Chi-L /add TOS NOS i n  f l oa t  
4: F'H6 
Tt iD Fi;L 
11 4LL 
E:III 
-1 !*IF I A 
~ : f i ~ i / s u b t r a c t  TOS from NOS in  f l oa t  
11 e fi 1- 
TI;D -'II_I 
IIALL 
i : ' l l  

-I t-1 F' 1 
~ : l ; i i / ~ushes  TOS t o  NOS in  f l o a t .  Last variable i s  l o s t .  
11 '= G 1. 
T + I i  F T X  
1: " I.- L 
F 1 1 1  

-iflF' I F' 



1:SLL / s e t  up .WU f o r  c o r n a d s  
I: F4EV 
THI l  5 ~ , 5 i i / g e t  code f o r  Arc tansent  
LrlF Esll l  / e x i t  t h ru  Blv 

1: $ L L / D O ~  NOS t o  TOS i n  double ~ r e c i s i o n  
11 ?HE: 
Tt3D F ~ F I I  
-I t11 E: 111 

1: GLL/mul t i~ ly  TOSxYOS i n  f l o a t  
1: F G=lf: 
T A 11 F '-1 i,' L 
1: i f L L  
E~III 

_I Iol P I P I  
I ~ L L  /multiolv TOSxSOS i n  double prec. in teuer  
11 C E: 
TALI r~:ir-iL 
j g P  E:I1l 

1:5Li/do .Arc s i n  i n  f l o a t  
11 76;: 
T911 FI 1 Ili 
- ~ * ~ l ~  EsIII 

! I ~ L L / ~ o  SORT of  TOS 
IIIC;A~ 
I PlI /code f o r  SORT 
-lp!C'  Piti 
l:sLi/FIX the  TOS from f o a l t  t o  s inq le  precision 

c 6:' 
T q D  FI:.:: 
-: ::P EL:,! 
r % ~ ; / d i v i d e  NOS bv TOS i n  double nrec .  in teger  
:: = AE: 
T9D DDI1: '  
-Irq1F 611i 
1:t i~usubtract  TOS from NOS i n  double prec.  inteqer  
11 5 a 1: 
T4f1 Dz0- iE 
I'#!co E,!ll 

I: f i ~ ~ / d o  SIYE of TOS 
1: c'fi E: 
I I L ~  l ILL I e i I  FSL 

- 1 : : ~  E I I ~  



.WU DRIVER IIOUTIXES, Paqe 3 

- .- 
I ; lit 111 
1 111 1:1 

,5445 - 
1 2 111 111 
5575 
5 4 4  1 
c, h i  52 
5 . I :  1: 5 

-. 
L 111 111 

<a445 
5'375 
1: I:! 1 111 
E.445 
1 .Is - <, 

,' I - - - -  -: 1-1 ;= 

1 4 : 111 
f .441  - 
; 2 111 111 
- - - -  

l.lik 
5  1: -; f 
el c -, - - - I 
7 111 !:! 1 - - -  - 
1: 1) 

6, 4 -1 5 
- -. . 1 I: I c, 

I; 111 ,z 2 
1 111 2 { 
1 2 1:1 1  
-I I -  - - -, !-I ,= c, 
c, 4 .+ 111 - -I 

1 ,= 1:1 111 
c, 4 111 
: q : ' -  
-) L T' 

1 l : , i C  
- -- 1 , * I  I - - -  - -; 1; '-' +, - L -  - - - -  
I j i L  

f l '< ,  a 
5742 --- 
I l l 4  

9--- 

1 1 1 1  

1IF'AE:- l : ~ A / ~ e t  up.LDU f o r  command 
TAD ~ I ~ t ? / q e t  code f o r  FLAG1 on,  a l l  e l s e  o f f  
Ijil:FAE: /wr i t e  Cm of  PIE 8 
1:. L 6 
FST!JF:i{ 

E:lli . E:!lll/do t h e  comand 
11 f: / (or  B53) wait  f o r  .VU t o  do it 
-IPlF' .-1 

1: Lq 
1111: F ' N :  / r e s e t  PIE B f o r  IZPU "D.4T.A" 

ET1,1F I 4  1 s t  byte of  
illTt3FI_!F. 21I4 TEt1 / c a l l  WT.VUF by doinp 3 I S  0137, .AC=(f loa t in~  * t o  be) 

IJCPAE: / s e t  up N U  f o r  "DATA" wr i t t en  i n t o  .V!J 
TnII  FP!/count 4  th ings  
Dl-: 4 I: T F  1  arranqed : 

I,; 1 . T 5 D  I TEPi / s e t  1st (or  next)  of  1 bytes  ( 1 LSB; 2--;  3 - 4  
E:llI 1 4 LISB 
1: LP 
I : z 1: TFtl/done 4 bytes? each byte :  

-i;a?F1 l~ i l /no  000/ OO~/xxx/xxx 

J1P I :JT/yes; e x i t  v i a  zero page bo bll 
. 161:/call RDIVTJF:Jh/IS0142 

T I I : ~  TEP;l/enter with .C=@st byte  of  des t ina t ion  f o r  TOS) -1 
IlliI FtiE / s e t  up "DAT-4" f o r  .VU 
T 5 D  FPl/count 4 th ings  
T i r I q  1:TFl 
TFiD TZP11 
Tiiil ~ :~ : /adc i  3 t o  address ,  s ince  d a t a  comes o f f  XISB 1st from 1 
r1!14 TEP1 l / s to re  back i n  TE\U 

F 1 -  E:F 1 / l s t  B R l  g e t s  up .QU fo  r e a d , b u t  ~ u t s  garbage i n  .AC 
1: LFi 
Eqc l/?nd BRl a c t u a l l y  reads it 
DII Ft I TEV 1 / s t o r e  i n  d e s t i n a t i o n  
T 9 D  TEpl l/decrement address po i n t e r  
TAD 0t1Pi 
111: H TEM l/replace - - I -, IITF;1/4 times? 
-I!,lP F l In0  
-I:.:F I FD / ye s ,  e x i t  t h r u  RVt 

F?' 1 -4 
Ct lP l  . - + 



IILli 
T A D  i4 
l!liI F 54  
CLFI \ILL 
T t i D  i4F 
Fi i.i TI 1; F' 
fiI,,.lZ 

:11:.t=! L4F 
PETI,I"'{ 

51  111: 6 11' 
FfiL 
11,I.n TEr-11 
T 4 D  i 'E'I.'I: TF;' 
Tf iD 1171 
.:t t f i  1ILfi 
,-i[*:p , . 'E ' l 'y  

1: E ' I ' i I TF  
T$ i i l  I;f, 

I.:{+ 11 L# 
1 r t -  F, 1 E c. 

-, r - - 1 - 1  1 TGLi 111 I F L F , z  
/#I  I? L 

:(Fa 

11 11 FI (I 1-F 1 
Tt711 ::I IFF. 1 



BLW .OD NSPR, Page 7 

1:LL FEL 
'1 :liF' 
FAL 
,- - .  IlIF 
1.1.Z I :TF~ 
-!;#IF 11 1 : 2 
T A I l  el:' 
D C A  D 1 ',.FF;. 1 
:I I~IF 
111:fi 111.:~~: 
Tt7D Tc' l ' l l  

1.1 6 1:: L fl 
.J:lF- 11 1 ,I :: 
~:.Lii CLL IAC 

1:. !?LL 
LOP4 1 
111:.fi TEP11 

.,I p1 F' 11 1 .: 1 
T t i U  1 2  
l l , l l : : ~ ~ ~  

r::L fl 
T I=I Ti D I .I F 9 ,=: 
PiliE 
C L A  
T t i D  L1 
lll lI pfi3 
1: L i i  
TALI D I  IFF1 
q1112 
l I L A  C L i  
TGLl 13: 
f 'ETI1F t i  

11 ? ~ ~ E : = Z T Z :  CHanze Sign 



f i r  it;+ ;1tiljE 1 !.LUG.\ takes an anqle in  radians,  converts t o  0-ZT 
radians,  then gets .k.G t o  d isplay  it i n  degrees 

: 
F; Ei ' - :G i;=Ff 7f : /.i'p'l;E- see next naye 
l,'=4 1 1'7 : 
F = 4 ! 1 5 ;  
;TciTU:=4f47: 
I=i,l44 

s=ii 15: : 
!I;=:: 57 : 

11=4 1 ,< 1 : 
1 =4 1 yt, : 
l--H;=:;f 1 : - - 

I t"laE,=5 1 ; 
Fzct=zc,<, 1 
cz;JL:=,fTj ; 
1 E , ' I :TF=~;  

5214 
- - &ily - -  - di 1 c, 
- -  - 
: d l ,  - - - -  &id 1-1 - - -  =ci 1 
- - - -  , 9 - - - -  
-LLL - - - -  
-' -' - (  -' 
I L L  -' - - - 
dL'c4 - - - -  . a -  - - -  - L L -' 

- - - .  , , 
ZLC ' I ,  
- - , -I - - - -  - -L -  I - - -  - , .  , 

--, 1-1 - - -  z,d :: 1 
- - - -  
C L  :,; 

*??I4 
4 1 :  . :,I : /:vyite the  v a l ~ l e  
4 P:/save 
4 1;-2 +: '~ 'LL ;/+ o r  - ?  
4 :,.-I 7 ~ ~ ~ ~ ~ - 1 ~ ~ ~  : - . -- - , =, 1, ! 1 

- * -  - - 
. ; - -  ~ - i r i : / l  if minus; 0 i f   US 

= ,-: 7,  111 - - -  ' . , I ;  + I ,  1 : 
4 1 .,- : I ~ L L ;  / - ,  add 11 then d i s ~ l a y  i t  
=,I44 F , i :  

- - 
dl-: 1 -  YL i- : 
e 1 .; -1 =. j r . 
3 + = - -  1 - 1, I - 
4 i T I  - 

G t f j  ., :*LL : /+,  its gI( - displav  i t  
c, 1, =, ; - - -  qt4;;+1 ; 
Sf Tf - - 

p =- r :-;; r {  



.-I -, c - 
LC.- '  I' - -  - - L Z t ,  I! - - i ' i 'c, 1 
- - 

=,<, 2 
- - . -  . ,  ,.  8 = c, 2, 

Z 'ZE 4 - 
=' 3 <, = - z.?<,c, 
-, .-, .- - 

; ( I t 1  I 

.:, - -- L I 111 
227 1 
- -, - .-, 
~ C I  L 
-, -, - .-, - -  - 

- - I  - 
=' =,--I L, I 

= m  =,-c, 
L L I  - 
-, -, - .- 
02 (I I' tb 

/.LUGE adjusts  a number i n ~ u t  bv the keyboard so it  i s  in  
-T<  a <T form in  TOS 

4 ,  $rq1jEq D:/ t iso/-r 
4 145 F : ,/save it  
4172 l:FLL:/see which hemisphere i t ' s  i n  bv subtracting P I  6 checkinq siqn 
<.14J  F'r : - .  4 lTF * 
4 7  t:i=iLL: 

347 I TAT[-I I : - - -  i I: - ,H 1:L;r : /n  i f  pos, 1 i f  neq 
5:f 1 Lr.1F' Gtil?F'/OK do it  
417: I X L L  ;/needs t o  have ..r subtracted so answer i s  -T< x <7 

1 F I  : - .  4 15L8 q 

: I :  1 1': Fi TEZ:,: : /c lear  TEGIS, which indicates 'ANGLE' 
5575 c ETI-15 14  

- L  -- 1 R I - I ? -  C E L L :  /yet  answer on TOS 
2 < ~ , 1  r T r  iir : 
- - -  
: I I 1 I! I: 74 T E PI :I-' : / c 1 ear  TEJ8 
Tf;;y F'ET!-.IF'!l 

1-1 * ~ 2 5 ;  POF/point OOfive used by convert to avoid round 
4 7 . lil : /wri te + u~/down e r ro r  i n  COW 
414'5 - .  

I- / save 
J lTZ ; ~ L - L  : / t o r - ?  
.i ? A T  1 TPT:-II : 
7 4 : tu!~I~L :/save answer in  \.K? 
1 T311 F F  : /wri te .005 
J 1 1,; I , /  : 
I :.io:3 :/look a t  >? 
7 < 5 111 - - P C P  l I~ ;1 : / 1  i f  + neq, 0 i f  + was pos 

.l!.?C. .+I : : /pos ,  get add .005 
d l - = *  I , 1:GLi ;/neg, subtr  .005 
- - 1 : 
41'5: 
1' 111 11 - 
-' L I [III q I E I ' I :  T E "  : /zeroize KEYCTR 
Sf 75 F'ETI-;Fri 
4 2 FeF F C j p -  l/address of f loa t in?  .005 





- - - - ,  
I l l - '  

:t 5 111 1 
111 111 1 7 
-8 : q .la 
-' -' - -' 

.:; - =; - 111 7 
1 4 I:! 111 
7 1: 5 -, 
1 2 1  1 
= :, = ;, - - - -  
111 111 1:1 1 
j.2'14 
'=, :' c ;, - - - -  
!:! I:! 1 1 1  

- - l c t  l. 
'7 - : .ye - 
111 1:; 1) 1, 
1 2 2 2  
= -,= - 

I :, - '  

111 1:1 1:14 
1 zz=, 
C .- C; ;, .-I .:, - - 
111 111 111 5 
1 1 :I 

L- - 
= :=;, - - - -  
- . - .  

1-1 !-I I ., =, 

1 :, 1; 1 - 
c = =  - 
- - - ?  

I:I 111 I-i 7 
1 ,:, :, +:, - -  - 
f f: f <, 

I:! 111 : 111 
1 2.1 1 
5 : y c  
111 111 : 1 

- - - .-, 3 1- 1- ; ? 

- - - -  
tj I-. I-' :: , 

T W  L-4 
1,111 FrPh 
CLt3 It311 
11 1,: t3 
;ItiD L - ~ F  
pll;z 
C # I A  L4F 
IILFI ITL  F q F  
r l l x  ?1ItilJ1 
1 TL 
_IFIF' AIIIZS 
i TZ i lGt{EF 
_r?lF' I R l  
T4D t E'I'II TFF 
T5D FI1#:'E 
:!iL 1ILti 
_IFIF' I t i 1  
II '1LL 
D I IF 'F '  
1111 R IiutlEF 
TBD F 1'4 
1111 t '  E'I'C TF 
JYF' I 6 1  



.I T L  - - -  

.-I !,I H I-. I- I: 

T511  P I  Ifll-1: 

F'S 1: Lfi 
-1 ~1 F' GI: 1: t i  

I .I z ri I t r 1-1 '1 
T A I I  L 4 H  
I!: 11. F fi fi 
1: L G  
T F, 11 p1 1 r ; 1-1 '1. 
F,TF' 
- - tq 4 11' L fi 

.-I ! a1  Fs 1:;. '.I ' PI  1 
I 515 

1: fiLL 
~ C l i i l  
J!*1? HiI l I f i  
l:L4 131:. 
11 y R 

~ : . I I I  ~417 
a!iis 
III:~ L4I7 

I rn; fi !I 15 fi 
!I FiLL 
E: L P t . 4  I:.' 

1 2 6 ,I 1: 6, 
,- qi - i  
- '-1 p1 

F ETI-lF ii 
1 :01 *= ; 1: Fi 

;yp 3;:l;R 
t: ' . , . ,K 

1 t .1;~ t ,  ole;!; 

IrsiP '('4 
Jp1F I " lm l I  

-1  7 I:.' ' p1 
i7yF' t:'i'5 

.-It1 F' t. 'i' 1 

.-I:fP t-"I'D 
1 p . j  <--, 1 + ,+ - , r. 
ltqFv 1 - I 

;;,1p 1 . ' , * Z  
i t * ? ? -  1 ' l 'E  
; p,. ,=! , . ' ' 

_ I  I I 

ir,1C' \ I ,  7 
/ ~ , l ~ ~  1 .  ' l a  :; 

-1 :a1 Fh 1 ' 1 ,  .I. 
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- 
I I i a I-! T 1 

<$ 4 :: 111 
- - - -  

1-1 lj : 
i I:I 1 
:: 111 1, 1:i 
= -  - - 
-I I t C 

:, I-, =, : + 1; ;I 1; , - - - -  
7 < :, 111 
c -  ' -  -' I-i : 
c - -  - t 1.1 4 

<,5'=4 L 21 . 

1111,3 t 7 
11 ;14 
- - -  
~11-H t 1 
1: r1 i l  
111:q t 2 
1: r.1 
1; 11 6 1 :: 
1: 174 

c 4 
1 c51;1; 

-1 !*I F' . - 1 
t i Z F '  
t i o f '  
ti!3F7 
r 1 c = 
rw 
F i c G  

:I LL 
6 F  2 
Pt1D 4 11, PI! 
T?Tr t F 
111Ifi -1;tIFF' 
- I ! . I ~  I 1- El /qo m i t e  ou what KYBLK i s  
1 l 4 I G  PI: 
::L 1:LG 
1ys4E I 6 

-It!:' 1 h-l 
I T  

f t L t  

- -  - -  
Z: ::to =I 

takes  LNS o f  a  f l o a t i n g  " d i sp l ays  it 

7 <. 5 111 1:I 1 7 rq 1 .  , 1 7 : - - - -  - - 
; , ,  1 4 Fm 13 1 . C 1: I : - - 

2 8 - 7  
- - - 

-, -, t, 111 2 :' Fm 13 I 9 & !? 1 - : - - 
-8 -, 7 - - - -, I 111 1 1: - - L I 1.J 9 T 9  11 c 13 1 r.1 : / g e t  TOS i n t o  scratchpad 
58 :a - 1 
- a  - %  I 4 1 Lib 2 -1 1'1 1 F' 1, : 
1, .-, - =, 
, ,  1;,<.{. TGD 1 t l S l  : /ge t  LSV 
-, -, ' .-( - - .  - -. -, I .., 111 .I, : + t i l i l  ; e l : r  : /mask o f f  l e a s t  s i ~ q i f i c a n t  1 b i t s  - I;;.: .- -, a II ,+LL : / d i sp l ay  them a s  a  dec ina l  1 ,  us in2 DISPR. DISPR ~ u s h e s  the  
-, I. 'C 1, : - - - - - I! 1; 1 : displayed 1 ' s  t o  the  l e f t  t o  make room f o r  t h e  new one. 



[-1 /from COX time O r  Enter 
+ 7 7 1:1 111 
T E N  l:l=5J: /holds proqrm and flashes the l i . rhts  to l e t  onerator hand - - .  
1 F r i = C , 4 :  , 
n = i = c 4  ::I:! : /anv errors :  messing DISP shorn the l a s t  nessaqe code 
TEPtD=75: displayed ( i f  "1" ,  no e r ro r s ) ,  pressin? COX \<ill not accel 
I I 1 = 2 4 : the current ?arameters . EhT does accent them. \lust 
E:LHrtt  =I< , l : l< ,  : enter with TEGCL'=Q, ex i t s  with TEJIN=l i f  CLR/CO?;T Dressel 
L J E =  :, 15-1 : 0 i f  FYT nressed 
1: A+F 1 =<, 
l:fiLL=4 172 : 
FETl-lFri=.r',Y75 : 
TEplt l= 1 111 1 : 
LCIti 1 =-+c.z i  
11 t{T I - I , . I , 
I I F I  - 7 :  
t a t !  1 17:  
ETtT 1 -1  i: 
1: C r a E  I T f i n  FL :H : / f lash  a l l  the l igh t s  

1:nLL: 
L a r t  1 

~ I t t l  , t F S / w a i t  for a KBR 
-/PIP . - I  : - -  - 
-F 'C /read 6 mask it 

tn1k : 
Ill: 1:kEF 1 : /and s tore  i n  CICIZRl 
TGIl ~:Hrlt. 1 : 
T A D  l:TiT : / i s  i t  CLR/CONT? - - -  - 
--d -it=! 
-1PlF ll!ti :/no, t ry  a,oain 
I I1 1-E:W :/yes, indicate such in  TDfl 

1:' . .: ~ L L  : /blank display 
ELr l r i t  : 
{:ALL : / turn  off  l iqh t s  
klJ!=l: 
F ETl-l7tt 

11 r{z q T511  11 h f iF4  1 : 
TFIU 1 1 3  : / i s  i t  DISP? 
I18 l:L6: 
.-lP1F- C i i I :  :/no, t r y  again 
TFID TEPID :/fetch the l a s t  displayed messaye 
I I~ILL : /and disnlay it  

11I-J : 
_~t.tP ~::cl/wait For another keystroke 

- - 
' _ t I _  . T+2 l:p,FsG1 : 

TI-II~ E:'T : / i s  i t  E Y E R 9  
1:s ( : L A :  
-itslt 1I:il ; /no, i l l ega l  e n t w .  I g o r e  6 s t a r t  over 
-';'IF I-' /ves , exi t  :ci th E N = O  

' L I H .  :I:/ 



1-1 /calculates DIP anple 
,C I , q : = i z  11': 
F p l - ' C = ~  I : 
} E S I ' T = I  I : :  
DgTrI ,;L=4cy r-t : 
A P T f i r { = t r y y  : 
pE1:4=?:; : 
firi13=y: 5 5  : 
- ,;, Ft T - 1, - I:, :a 

-LI -, 

1 TfiTl-i 1 =+ 1,-+7 : 
11i=4 1 7 : 
p=4 1;: : 
F = 4 1 4 f :  
PI= 4 1 7 111 : 
fi=417I'; 
Ir=41<,1 : 
','I: E =:4 :, 

; ; ~ - ~ ~ = ~ ~ y -  : 
:1:0:=;47 
+574'5 

111 ;: ' , '  , 'I 11 Q 1 : 
111 3 y 1 - , ,'l:g: : 
1:1 : 7 - - C - .  

- I - & - *  
r:l5?7 P 4  
1 -  I I I = ; : ~ L ,  T91;  ' I  : / m i t e  Y sos 
3 1:;; 1 1 1  : - .  4145 p *  

7 

4 ! 1 r e 1  ; /YCOS - 
l I 4 7  T f i I i  -1;: 
4 1 1 7  I , i  : 
4 F :  9 

d 1 r-1 : / ZCOS - 
4 1 - I  FI;/YCOS~+ZCOS' 
4172  1:FlLL: 
-, 9 - - 
z I 1-1 : 1 ,:IF T :/J;~os'+zcos' 
l i 4 e I  T f i i ~  : : :  
4 1 Ill : n 
4 1 f - 1  D~.YCOS+~/~~COS'+ZCC)S 



-1 /sequences th rou  i n t i t i a l  cond i t ions  necessarv  
i: 3 L ~ = 4 !  ;': : 
?ETI-iFr{="=-' - - I  - I '  ' 

fq=47 1 I:' : 
L=47 1: ; 
Lg3= :< 154 : 
E=;<,c,4 
I ~ E T  1 t{=444: : 
p14 1 r { Z = < , e , t  1-1 : 
1 LEtI=47 111 1: 
+ 5 4 111 111 
13TI r i  ;IFILL : / l i q h t s  o f f  

LC9 : 
C 4LL : /go t o  BRT.4B t o  handle I?IITIAL BER i n ~ u t  
L :  
1Sj2LL : / l i g h t s  o f f  
LEI3 : 
1:fiI-L : /go t o  BRT-AB t o  handle INTI-ZL IYC inpu t  
PI 
:IfiLL : / l i q h t s  off  
i g f i  : 
l:fiLL: /go t o  SRT.4.B t o  handle INITIAL ?OD innu t  - .  
E ' - - 

' T I l i !  . 1-hL-L : / l i g h t s  o f f  
La9 : 
lIt3-L: /go t o  BRT.AB t o  handle IYIT1.U SLEW innu t  
ILEi l :  
-libtP E: :TETi : /na tch  t o  EXTEN (5466) 
?IF I t iZ  /unnecessary 

V ~ E :  : . I: ;.'PI : /d i sa l low cont inue 
LIIIB TEpjl :, : 
:IFILL :/wait f o r  new d a t a  o r  ".4R","E?JTER" 
E: :El: : 
TFtD TEF! 1 l /what  was i t ?  
-r-?q 11Le: 
LP1P I i l r i4 :/new d a t a ,  zo back t o  \I4 
I :ALL :/.U E Y E R  
< 4 2 r :  : 
I G ~ i ; / q e t  t h e  PROC2 values  
=;:PI-? 

- A  - L 

1 h , i  =, 
, I ,-:t!?/,oo back t o  ?.LAIN2 

,,? plIq Ir4: : 
rt'r!4 i 1 - 4  





4 2 111 1) 
4 2 1:1 1 

- - -  
4.: I.! c' 
4 1, 1-1 -:: 

L . ,  

a: 1114 
42 1:15 
4 2 111 <, 

4 2 111 7 
42 1 
a211 
4 .:a 1 2 

L 

4 2 1 .:; 

4 Z l 4  
4 2  15 
4 1, 1 .-, 

L e 
42 17 
423 111 
422 1 
4 z z  1, - 
4 2 2 .I; 
4224 
4;zC; 
4 2 L=: c, 
4zzT 
4 I-; 

4 2 ::; 1 
4 2 .I, 2 
4 12 .I; :; 
4 2 .I; 4 

42 i: c, 
4 1; c, 
L .- 

4 '=' L --' :, - I 

424 11; 
42'4 1 
-lz42 
424 .:; 
4 
L 

4245 
424<, 
4247 

5 slrq I: . 1: <, 7 GLXVGED THE V.4LUE.S 
4+. ( 

DArlTC.4L DOES : 

TEI-~F=. . ?:'I:  /downhole temperature 
TEr-;L 4 /temperature l i n i t  , high end 
r l l  q .: L.  . 4 Ill 

T'FA I TC,FG- 1 .. . .-  2 -4 '7 /reference voltage check 
<,4?4 
e, e, ':: C, 
<, 4 111 2 

TFaA 1 T P r=, - 1 .:.' 0 .y 
e.714 
c-714 
-, 5 7 4 

DATI: A L  II t?LL /scale the data 
: 1: r.:AT1=1 
T a l i  TPF#/check reference voltage 

1 IIIT 
TPI l  F s E i  

1 1 1 1  T 
-I;,1 I I :-lEIF /APUTOS has 2.47-YEF 
(I 9 1- L 
I Tt3Tl-r I 
I tin 11 LA /negative? 
-I:.lF .+::/no, s k i p  ahead to 4265 
l:,ql-L/ves, f a l u t  
i=Gl-'L T 
TWl T F ' a  /subtract  .'35 from the remainder 
-'?iI 14lT 
-1 PI 1 1 IJE i 
~Ii i iL 
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5 itq'-I-1 I 
- - -  - - ,H 1- LP/posi t ive? 
-iplFs . - : /no, 3 K  
II 5LiL/ves, 21'-rd- . 05 \%.as >O 
Fat-'LT/fault displays "9" F, waits for  a qo-ahead from iK3R 
T q  D T:'; /check fo r  i n t e r r u ~ t  , load .V!~-r.i-;th t e r n .  *ord 
- ' ' ? I  '!IT 
7 x 1  ~ ~ ; , ~ ~ , / l o a d  tevDerature lim.it (1.9 is  IQ°C) 
CFLL 
LD I 
p ,ZLT ,should be a PIS SUBF here 
f : f i ~ ~ < l c ~ i k k  if negat ive:  0 i s  0 0 ,  1 i s  x<i) 
I T4TI-I I 
I riq 11 LR<-should be SZ,j, Cu 
,ip?F8 TIAT? 

CXL/temperature error-TFtE s e t s  H I  l i g h t  E puts '7'- 
TErqlE/into TELD and 9001 in to  TBD( 3100) 8 

DGTZ i P D  EhTtl/,et addr of n& b a t t  vol taze 
,iT'lI ~ I I T  / m i t e  it 
l:aLL/chanqe si-gn 
1: 3 1 
TFID TFFP/mi t e  2 . 5  
-1y11 IIIT 
I r-7 1 - - UE1F/qet BAT'Y- 2 .  SV 

l:fiLL/CI-?EK s e t s  LO Bat l i g h t  $ ~ u t s  1 i n t o  TEMP(O1I)O) i f  &ror  
1: +El  
TgD E:aTP/mite  post ive ba t t e ry  vol taqe 
-1r1 1 itlT 
T W  TF'FP/write 2 .  SV 

It*; - ItrT - - 
I t,. - - - -:-lEc/qet Bat 13-3.5 

llFLL/ClqEK s e t s  Lo Bat l i q h t  $ puts 1 i n t o  TOIP(3100) i f  e r r o r  
I: '+E t 
l ~ c ~ ~ / c h e c k  receiver  ba t t e rv ;  i f  OK,  r e t u r n ;  i f  not OK 
 set LO B.-ln l i t e  6 ~ u t  1 in to  T=f?(Olr)O) 
r i ip  I :II / load CT93 t o  count 6 
y - -  - 
~ 1 ' -  h -TF? 
TMI  set TI313 t o  point t o  da ta  coe f f i c i en t s  4L*1-> XI6 
It 11 fi T E!,? 
Tii11 3 5 T ~ / s e t  AC t o  point  t o  1 s t  da ta  ~ o r d  
I F 1 . + 1 
I1ATl/end of DATCIL i s  located a t  4301 

, 1.1 : E , ~ = T r i t  iB-- 
EeTP + 1 I ~ I  7 
TP1 9 

- - 

.4C=r) if pos i t i ve  1- /checks -\PU TO5 E e x i t s  : 4c=l if ne9ative 

0 4 - 4 ~ .  
1:1 1 1:1 I:I :,' 4 1 . 1 11, 111 
4 172 1 T A T I j :  . (I --L/qet s t a t u s  word from .\?U 
-, - -, - 
i ,  C i  11 C Z E: 
<, 44 111 E :Y  1 - - ,  - 
1 ~I:ll;l I. L Y  



I :GI! I /C33P.L% - works out data l imi ts  15 d e t e n i n e s  i f  out of li- 

-=41'7< ; 
llr=41 :7 : 
Tsrqs3== - : - 

41.5<, 41:: r:ci-1. l i i :  / :\;rite 2nd ?ammeter 
4 -c- 
. . ~ - I I  4 l f F  1 : /paran 1 - para.. 3 
47<,1:1 4172 I ~ L L  : /qet  absolute value 
4::<1 4 1 4 7  1 TGTl-1 1 : 
4:<,: T < , ~ I : I  IFiFl CLt? : 
4 : ~ ~ :  5:;: FETi_iFti:/done - i t s  pos i t ive  
4 3 ~ ~ 4  417: ::riLL : /change si-gn - i t s  negative 
4  _:;-.{I 119::  
4 :  5575 FnET1-1Fri /done 

4 1 ::I 1: Otrt 1 q 1 1 1  : /subtract  l imi t  from parameter difference 
4 1 5 <  1 

4172 119l-L: 
4147 1 TfiTl-i 1 : 
7 1  1-R 1 : ~ i  : /e r ror?  ( r e su l t  of l i n e  4370 w i l l  be neq i f  l i n i t  was biqg 
5575 F ET!-:F r j  : /no than d i f ference ,  i . e . ,  OK) 
I 1:- TEt. iq?:  /yes, s iqna lTFf9  

F ETI-IF r !  

/D-ATCU., EXTEUDED - does (data word) ~ 1 0 0 0 0  -A\' 

--9 

XAI 
1 1 1 4  T:,IDq -4 
1 1  1: IfaT i q 111: Q TEl'!/put s t a r t  of da ta  in to  TE?! 
I 1lFiT: :q  Tiirl TEPI 
4 1 2 7  -It81 1 lI1T/hrite data word 
417: - - - -  I: H L L  /en ter  10,000 
2 1  t ( 1  E t i T  
d 1 7 111 -Irql 1 ~ l ~ _ ' L ~ / m u l t i p l y  
4172 1: El-L / load 5 f l o a t  1st (next) coe f f i c i en t  (.A\') 
4 4 2 e  I I E ~ U E  
4 ; Y t  ,;PI I I L;E F,/subtract 
41-2 1: Ft L L  /load f loa t  2nd (next) coeff ic ient  (.&\I) 
44Lc DCOE:  
4 1 i  1 ,;PI 1 11 I '!F/divide 
1 111 1 I:! TGD TE?; / ~ o i n t  back t o  
1  : 111 I )  T A D  T?IT! /beqinninq of t h i s  word 
414: -1P1 I F I l / r e ~ l a c e  i f  with adjusted value 
2 111 4 2 I 1 Z 1: TF /done it 6 times? 
7 2 111 2 ,!TIP TlRT' ' /no, do it aqain 

- - -  l d i - ,  T411 DTL/ves, make AC point to  besinning of da ta  
-I 17: 11 3 L L  / n o m a l i ~ e  the da ta  
< 5; 11 t 1 Ft P1 11 I+ L 
cc,-r 
_ _ I  _ Fs ETI,'i' 

1 T G D  I ~ 5 : : :  - / loads f l o a t s  ti pointed to  by TEI3 
i 1 1 1  1  



1 111 111 I:! 
111 y 111 7 
I-, 7 3 .:, - - A - -  

111 4 111 :: 
12 4 1 '1: 
111 4 ; : 
1:1 4 1: . I ;  
4-::, 

I L 

4 7 1 
4 7 111 
4C 4 5  
4727 
4 e, 7 <, 
7 1 :: 1: - - 4 -- 
,I L F - 6  1 
4172' - 
- 1.4 -, c; --- 
I , . ,  I 
1 5 -1 el 
-, 1-1 - -, -, - I c 
1 I:-$? 
.:: I:/ 1 1 
1 1.a : 
1, 1.1 <, 4 
1 ::.44 

:, 111 f ,  7 
1 z.44 
.f: 111 <, 7 
4172' 
:: 154 
1 1:,:5 
4172 
-t < ,? 2 - 
I 1:t 4 <, 

7 111 1:1 +, 

:: 111 .; 5 
1-11! 
f :  1:1< < 
2 1;l:z 
C - -7 - I 1-1 +:, - 
417: 
1, ! 5: Ll 
5% 7 5  

F E : T + G T  /sequence th ru  !chat values a r e  necessary to  put 
I---,, - - L=LI 7: : comnuter a t  an o ld  pos i t ion  i n  the  borehole; 

ET'- != r{=fTFy : \\ill f i l l  i n  value fo r  BER1;  I\:Cl; SLEq; L4T; 
~ ~ 4 ;  :? : ClEP 5 I ' e r t ica l  D e ~ t h  
r? = 4 7 1 I : /  : 
q=qT ;I! 1 : 
E =-l,i 45 : 
i =J,:f: 
- - - -  
= 4 r ,  
- -- - .  

1- " A = T Z r  

T E t l = = J y  : 
LZF i= :154  : 
LG;{=4r  2 : 
LL'[{ 1 =4< z: : 
TEPl:':=f 1 : 
TI=-IC 5: 
+51;5 
F' T r 1 I:I I:I ~:i : 
E.i{ l? * f /BER? (not used) 
I ril: L r T 1 I : /INC2 (not used) 
I L E  . -II:I: : 
L97-1 r 41 ,# :  
~ I F T  42  z, : 
'8,; 11 11 4 4 1, 
~k , L : /SER1 
X p  1.1 : / INC1 

k c  r H:/SLEr\l 
1.1 , E :/LAT 
1 ; , 1 :/DEP 
1;: . I, : / /D 
i r  $ 1  L l  -1  
sr -+ j .  L A  I 1 7 1  : 

- -  . 
1- #dl!- 4 

,IfviP 1 i 4 :  - - ; ! t  q - 
r - 7  - - I . 1 :tb1:/6 parameters (put LSZ CET4 i n  such a  lace t h a t  

1114 i I T F J  : needs t o  count t o  ') 
T W  i: -f : / s t a r t  with BER address i n  BRT-4B 
T I I I ~  : : : /put i n  autoindex 
Ttrl11 Lf71 i : / s e t  up c a l l  rou t ine  i n  R S !  
1113 < 4  : 
:Fir1 r-*cr:+ 1 : 
_ - -  - -  
-11-4 r :I 
T+[I F z i { + i  : 
111:fi <; 

F ,'TI IIFLL : / l i qh t s  o f f  
L C "  : 
T611 F L T  : / t u rn  on "S" li,oht 
1: r i ~ i  ; 

- P I *  . 
i-. A  ' 
- in42 = ; I - :  

= T L ;  
ilI,4 - - r - 4 r  I - : / s i qna l  "1NITI.X" t o  KYSR f1Z\15>0) .AC="6' L = l  and 
T A L I  I 1 :  
1 1  ; 

- - 
j - - 11 T = 4  : - .  

" l G *  - - r  - I - - 
l I G L ~  : / a l l  donelturn o f f  l i q h t s  
PCXKY PtP I + l  is--6) 
-I 6 - l ~  

16 7 



I I H L I T E = ? ~ <  ; 
l:fiLL=417: : 
F8ET!_IF ;4=557? : 
TEI.j<=4c : 
TE[-1.?=5 1 : 
TEr*l==-)=, : 
1 1 ?=ye ,  1 1 

'., -= 
I - - J < 4 7  : 

1 ' , ' ~ p ; = ~ ~  1 
+ 4 <, i:t t:t 

I l IF  q -!tmlF ti : /branch t a b l e  
LAT 9 ,'.:F 1:: 
TE -?F I 1 F : / iqnore ,  s t a r t  over a t  KYSR (5611) 
I r i I T *  -iP!F' 1 1 2 :  / i n i t i a l  i n t o  s en r i ce  wi th  WSRZ (5631) 
t,,!xlE'm! q -iplF 11 : 
T U I l  , j;:F' 11 
eDFD. I I t F i / i - g o r e ,  s t a r t  over a t  XNSR (5611) 
F zD q -i:'= E : 
LI IE1~,~ ' ,  -Fa:F F :  
' 1' D -r -,IF 1; : 

q -;i.'P H : 
I ; : , ; ,  -1plF p1 
C Z T ,  - :  _ 1 :  <..= IlEF , ,I I 1 : 
- - 
T - q -ii*'F i k F : / i v o r e  
E,EF -1P'F L 
L C t i  , ! I L L  : 7 

- L F , :  c a l l  LON m i t e s  an L 1  LED l a t c h  with  con ten t s  of .4C 
L z l l l  * 1 TL : 

in1 1: : \ 

1.1 I:! A : \, c a l l  LON1 w r i t e s  an L? LED l a t c h  with  con ten t s  o f  .AC 

l F i  a i t ' s  &I anple  bv p u t t i n g  somethin i n  m f 8  
III:~~ TE;'::; : 
-IFF I 1 C /back t o  MSR t o  f i n i s h  (564') 

crir~.  TI::;^ TEla+<.;/put va lue  i n  TE.16 
LII:~'! TEi,l::: : / c l e a r  ? X I S  

;?IF I t II /back t o  KYSR t o  f i n i s h  (561') 



Lgrr : 
T ~ L I  : / z e t  addr of DIP 
-'t~lF, W l S ~ / e x i t  [angle) . T G L ~  L T L  : / t u rn  on L4T l i q h t  
1yfLL : 
LE;4 1 : 

,Ti  /get  addr of LAT 
- i r ~ i o  EriTl / e x i t  

11 T q  11 ,. '-.: : / turn on I' DFI'IATION 
CFLL : 
LC11 : 
TFL l  ::'TIE : /qe t  addr of mEL' - 
,IMP E t i P  

11 TGTl T H f l L :  / t u rn  on THD 
1: ~ L L  : 
LC111 : 
T q D  T H :  /get  addr of n-fD 
JPIF ElrE / e x i t  

E l  TF1F FEL: / t u r n  on ROD 
1: BLL : 
Lori : 
T A D  F.P:/qet addr of ROD 
JPlF' Ei jD / e x i t  
1 T f i P  LI; : / tu rn  on HOR DEI:Ia4TION 

r I  ALL : 
LZtt : 
T F I l  L'b! : /get  contents  of LDEV 
- IP fF '  EtlD / e x i t  

!3 1 TFK, ':,'TlL : / turn on VD ( v e r t i c a l  depth) 
'I t3LL : 
LC,'{ 1 : 
T 3 I i  ':!IlF : /qe t  contents  of  \;D 
-rra?F Ei+Tl / e x i t  

hq TGil  IL : / t u r n  on s t r i n g  length 
1: 6Li- : 
L C / {  : 
TfiD 1 T= : / s e t  contents  of  SLEIV 
-I:-tP EtiD / e x i t  

PI q 1: LL I Fll F FtL : / t u rn  on I?JCLI?I.ATION 
/:FILL : 

: 
TPT1 TEN5 : /"I?IITI ,~" 
IZFi :/DO WT CW 
Ti t11  T:.I : / \ ~ e s ,  sub t r ac t  1610 ( i f  "INITIM" ?3315=-1) o r  24 C) ( i f  QEST-\RT 
T f i I i  G O , ! ;  : /no . u s t  TF;\15=9 COES MIS) f r o  I iaddr  of U;INC) 
J:F ~ r - ~ / e n i ! ~ - & ~ h @ f ~  t o  make it addr IISC o r  I Y C ~  

-1 - TGLl FT: / turn  on ROT.ATIO?J l i c h t  - - 
- ~ L L ;  
- LL, '~ : 

- 
r ,XI F L T &  : /qe t  addr of  ROT 
-1ieIF P T 1 ~ l i  / e x i t  (angle) 

t - TFIII  [ l F ~ : / t u r n  on DE?WTURE l i q h t  
1:aLL: 
L Z i i  1 ; - - 

r nil I E :  /qet addr of DEP 
-\;#IF / e x i t  
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L .  T A ~ I  E F  : / t u rn  on BEARING-liqht 
lIl3LL : 
L C t f  : 
Tfi11 TE;.?: ;/"INITI.~" pressed? 
1 1 i=l i/ do not CL1 
T H D   pi : /ves,subtr  1610(if "INITIAL" TEV5=-1) o r  ( i f  F(EST.I!!T TEYI! 
~l i11 fil::~ :/no, jus t  load addr of does th i s )  from a8dr of .ALBER 6 p~ 
~ l . 1 ~  fi,113~/exit .Ai9ER Into LAC i n  4C (induce it -4-BE3) o r  BERl 

L T L  . 4l:l: (anqle) 
fi F L . 1 111 111 : 
lm,ol 11 . 11, 111 : 
T H ~ I L T  41111:1: 
1;F. ::IT: 
L - .  4 1 , ;  
It,#' Is,! . 4 111 111 : 
I! E . 4 7 :, : 

T Y  I 441% 
c g . 1 111 1:1 : 

- -9. Fe 11 . 1 c, 1 . 
L 11 . 1 111 ; - .  L'a,.' . 4+ I , 
1 7 -  ,,, Lt i-# , J : 
I-. :I:i: 
- -- - 1 r- . 41j: : 
TP1q -17:/-151q 
fil,,!i , C z 8 - f  - I- - /.\irlxc ; ; I ,  ! * # - - -  

I - r L l -  : 
t F .  ',a:F; 
1 2 ,  
F T . 2 111 111 : 

-I - C'T6. 1:. -a 

1 E .  qc:,; 
E F .  41:i; 
lil.:'E: * YlT/.AT,BER 
F fi L . 1 1-1 111 



757 l, 
1 11 111 ;:( 
' r c z= ,  1 - -L-L 

;:I :, J 7 
= c <  - 
..# - * '=. 
!:I 2 7 - :, - - 1 _ '  

< 7 1;; 
<,41 7 

- - 
t,l :: 
< 4 1.1 1 
<, 4 111 1:; 

,:, 4 111 1-1 
- - 
I=. 4 ;:I 

E 4 r:i -1 
v- , , 
55 I:.q 
1 :- :: <I - -  - - - -  
I! I.! , 1 
5 -  1 - 
- 1 _ I  

1 9 1 ~  I T 6 1 1  1 ; ~ ~ f i :  /start. set up return addr 
5 1 T L ! ~ ,  : / i n  0071 so vou can 
- 7  1 1 TC /do --06 rout ine i n  \IOUITOR 



I , i z .  DI: P L ~ F .  : /OK, c l ea r  L;\R E L3R 
1111 fi L 1:i : 
I:ALL : / l i gh t s  of f  
L C 5  : 
1: R L L  : /blank display 
E L l i r i t  : 
T A i l  C Ht :/check memory val id  
TRD CH : 
: r IF1 11 Lli/OK? 
-lPlF I t i  1 :/yes 

TFtL "1 I :/no, turn on memory invalid l i g h t  
i:riLL: 
L C t i  : 
TAD 1: H :/put correct  value i n  mean check locat ion (125) 
1: 1,q: 
PI:H IIHt 

I i i l  - 1:RLL: / turn  on .APU 
PC;{ : 
I: ' ~ L L  : /load a s inqle  0 into .MU - - .  
LJ -  
= : / f l o a t  it 
T G I !  ?I13 :/out i n  '.RG,NETIC I'ECTOR 
,=: 
Tf iD TF:/put 10 f loated into TENF 
'I1 : 
TItf11 T E t i F :  - 
P 

TFIl = OT : /nut 7 / 2  f loa ted  in to  PIT 
1 8 1  : 
T;ID F I T :  - .  .- * 
-Il.tF I Itic'/jump wherever ca l l inq  routine wants t o  go 



Exits  k i t h  TE\.Ul=O got a data clock 
1 "continue" ~ r e s s e d  

-7y7 "ADD ROD" ,"EST" messed  
" ' 8  

1 4 = < 4 ? !  : 
C * c r = T i : ~  1 : 

. - 
I-hfiF 1=t,: : 
l:fiLL=417: : ----. F*ETI-IFIJ==: , I+ 1 

- - -  
;z'-14t{l = : y 4-,t 

TEr.11 : 
Hrz=<,+  1 1) : 
t I :F=?f11:  
TEr.11 I = 2 7  : 
t s I=<,.: - 8 :  ; - L 
; T E I T = e 4 1 2 ;  
F a I T = T 1 4 7  
111 :I:Z=::::-+ : 
1. FZ=< 4 1. '_, ; 

LOR=: 1 y.J : 
AFaI_lCF=f.<, 111 I: : 
4nri=544 111 : 
E't F T = 4  1C.7 
1 '!':FI: =tj,z 1 I: : 
F I T i I = p  1 : 

-LC-- 

,TE.FTt:=<,z!y: 

E; ;E; :=< 111 1:: : 
: 1 T E = < 2 4 4  

4 7 111 i:l 111 -. i111!= q - ,  , 
ttICL , 1 7 :  
I IL 

T q 7 - F  , F TIT ; 
I: 11-T  - : 
r c  - r - .  
I - -  I ' - L '  

,G ig ,  -= : 
4 - r n  T T * l  - -  1 - - 

r -  ' - I < :  
E i i T .  -1: 
E :  EC -'ralF'  I . + l  : /patch to  62Q0 -- 

L - E" : /C.V, tu rn  on "RESET" l i t e ,  t u rn  o f f  .WU 

- r . i ~ ,  E 4  :/no 
, L F ~  , • /yes, mask 6 save 
5 t i D  P1Et : 
Di_--i IIL;FF'1 
TF i i l  11 h @ F  1 ; / r e c a l l  
---r 
I P L ~  5 1  :/\*.as i t  DISPLAY r=quest9 
1:; l:kfi; 

. -  - -  
- ' I  ti : 'no, check fu r the r  - - 

I -  : /L-eS 
. 5 ; -  - - 

7 - 
Z L ~  T+Il 'T$ ' : / \<as i t  \!ONITOR request?  

TALI  I;++ i : - - -  - - --i I -  13 
.I:'= E: : / no ,  check fu r the r  
r - 7 -  _ -, . /yes,  see i f  TPI' plucqed i n  - .  i:zp 
- ~ ' l c ~  I I lF iTF /doesn ' t  n a t t e r  - qo to  FDT ('q35) - c a l l s  out r a \ ~ ~  da t a  
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VEDS IVORK 

CTR3=>counts ? of sho ts  f o r  
DIP averaqinq 

I i E r i  4 

1 , I r t a r t .  put  r e tu rn  addr from "INIT" i n  loc  $0-0 
;l:q 1 ; j F :  
-li*lF' I I IdTG /go do IYIT 

r s ~ t { l  , !li!IF+t7 : / s e t  up PIE 
E 111: : 

-1 :,I P I . + l  :/patch t o  6227 
I t H l E : ,  / i f  KBL, continue \IN; i f  KBR, 40 t o  N41N2 '_3 W Z ;  a l s o  c l e a r s  

!l?ri r:: r: TP I:  : / c l e a r  CTR3 
/ILL : 
TFIl 111: !turn on "DIP" LED + "IYITIAL" LED 
/:pLL : 
i l l t i  : 
PC Fi TEd 1 i: :/a-low "continue" 
TY 11 11 I FP : /d i sp lay  cu r r en t  d i ~  value 
1:FLL: 
fitill : /d i sp lays  + s to r ed  a s  binary radians  i s  0-365 anqle 
11 r.1 q 
I I I ; ,~  TEtslF : 
[I FLL :/go t o  EXEC f o r  fu r the r  i n s t ruc t i ons  
E: (El: 
T 4 D  TErstll : /data received? ( i . e . ,  TE?4ll=O?) 
IZ3 1ILfi: 
-' fa! = I.1 ,i : /no , go on 
i lIa I P i =  1 : /c lear  "DIP" 2 LOC 0320 - - -  
1 1 1 -  - 1 1 1 i F ; :  
1116 1 It:,=?: 
:11:3 1 2IE-l 

~ 1 1  . I:GLL : / so  ge t  new d a t a  s e t  
I B T A  :/.\CZO, timeout e r r o r .  A c = l  
11154 TErlll  I:I:/TE!~LO now has e r r o r  information from DATA 
DCfi TSFi : / c l e a r  EJIP - - 
I -W-L:  /:-n on .VU 
Ficri : 
1: 6L.L :/do da t a  c a l i b r a t i o n  
Kli4T~:hL : 
l lALL;/calculate  d i p  Fj put it i n  ROG4 F, d i sp l av  it 
DIFCitL 
TAD TEtlFa : / i s  t h e r e  a b a t t e r y  o r  o t h e r  mK e r r o r ?  
- - 
- - t = I  1 1 ~ 5 :  
-'tn'c . - 2 :  /yes 
l C  . + 4  : /no 
TG: TEi.11 111 : / y e s ,  ge t  TEJI10 
Pli:  /cornplementino TEUO make sure  i t  i nd i ca t e s  an e r r o r ,  no matter 
11124 T E V l  ;:I :/how DATA came ou t  
T - 7 -  

1 - i t  I ' F  : / l i gh t  UD D I P  l i q h t  onlv - - 1- IPLL 
ILZ', : 
T i - T !  = 1 l 4  : / ~ e t  .\C t o  point  t o  REGS f o r  \YC; 
'I ~ L L  ; / d i sp l ay  REG3 as  an an7le 
r ? r { l j  : 
t iTl- iCi-  : /turn of f  .VU 



- - -  1 2 I-! & 

11: 3 TEPlti : / c l ea r  
11 PLL : ,I50 t o  CONOE to handle anv da ta  e r r o r  
;I C,;igE : 
r p p  TEi0'ti /CLR/CONT o r  EhT pressed? 
I t 4 5  1:Lfi: 
!tclFL t81:i:: /Em ~ r e s s e d ,  go on 
I:P% /CLR/CONT ~ r e s s e d ,  put 37773  i n to  TM13 t o  disal low COhT 
1111 i3 TEF'1 1 Z: ; / i n  EXEC 
CALL :/wait f o r  operator  requests  o r  DATA. Assumes vou d i d n ' t  
E: :El: : / l ike  t h a t  Dip readino. I t  gets  thrown awav 
_ r r~~F  t.11 : / zo t  a da t a  clock, back t o  Yl 
PI,:: T A I l  11 TF l :/we a r e  continuin? w i t h  a va l id  DIP readins 
I J I : ~  TEr#?'?:/put current  CTR3 i n t o  EM9 f o r  .AVGV 
Tt311 754 : /po in t  t o  cur ren t  value of d ip  
pl:R TEPlll/put i n  El11 f o r  .AVW 
TBD r! I f p  :/make TEY7 poin t  t o  accumulated averaue f o r  .4LTGV 
111: fi T E K  : 
11 ALL :/turn on .VU 
9 C t I  
I I A L L :  /do the  cur ren t  average f o r  DIP 
fi , , 13 l*;l : 
TAD DL  : / t u r n  on DIP l i g h t  
CALL : 
LE;l : 
TFIl I I I F P :  /ye t  cur ren t  DIP averaze 
11 FLL : /d i sp lay  a s  an m q l e  
fit!rS ; 
IIIH T E t f l  l jallow continue 
:: FLL : j x a i t  f o r  operator  comand o r  da t a  
E: 'El- : 
T - -  

I r( LI i E Pll l/xhat happened? - - -  - 
- - 3  LLt i :  
-IT.IF tmt , i  ; /continue pressed (ac tua l ly  "-U!',"EYT" w i l l  qet here too) 
I : Z 1: T F  T :/increment averaye counter 
- t3 ;c  ivll/do it again 

PI:. 1:p1ti: 
1,;: f i  TEPl5 ys ipna l  "INITI?IL7' by making TEIS#O 
It4P I * + I  : 

5-r 1 i j  /zo on - - - .  IlIF 1 . :cl! * 
i t I F i .  

- - - ,  r :=  :,. -,=1 

r J F 4 .  1:: 





1 F t 1 = t 4 1 2 ;  
fiF,Z=: 4 12 ; 
I, HFiF =+ 1 : 
TEt l  I ; 
7 -  , tp17=5 /:I : 
T E P l ? = J f  : 
T E P 1 1 4 = t Z  
111 :I:G=:::~ : 
611 1: 1 = 1,:: : ; 
1 €','I: T F = z T :  
l:aLL=4; 7 ; :  
F ' E T I - ~ F ~ I = ~ ~ ~ ~  : 
Lafi= 1: 15-4 : 
1: i-J[{'-:=f 1:1 1 4  
TEPle,=-$< : 
LDti=L< 2 I:! : 
f i t {G=Y 15' : 
p 1 = 4  1 7 111 : 
p=41.42: 
I l l = - $  1 l t T  : - - 
1 ', 'ES 'zt 4 1 : 
E:Lfit{I = f ,  1:,i, : 
D=4 1 6  1 
nr{rE=c; 1 : :  

5 c, 111 111 . - .  t'11L i q I q - .  
1 r j 1  q -: q . 4=1: 1:: 

:I 14 q , I ! J r J - l  : 
I I C , ~  q <T-$l:i: 

; y e ,  : 
z,7 1: : 
c, 4 I:! i 

- ?  - 
- t c  I 

I I c m q  I: : / l iqhts off 
LSt i  : 
1: ~ L L  : /blank disnlay 
E -3r:c : 0-not "INITI-AL" 
1111 13 TE~.l?/clear TErS-used for else-"IYITIX" 

1-Eil:i: :/clear TBI8-used for (?=not an angle 
$1 W/clear any requests else-an angle 
1 P 1 :/wait for KBL request 
,I'-lF. - 1 ; 
3 F  2 :/read keyboard 
" r + S  F 8 - I t  t ;/mask least  significant 4 bi t s  
111:q II-GF : /save 
T z i l  : d + F  /recall  
TaTi  : ;{ 1 :  as "INITI.IL" ~ r e s s e d ?  
1 2 4  i IL ,G : 
r-:c. 

I :Fl/no, 50 on 
t IF11 : /yes, l i , oh t  "INITIAL," l i ~ h t  

1: LL i- : 
LEt4 : 
111 ;4 : 
111: H TF ia tF  /load E l 5  l c i t h  '--" 
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1 2 7 
: 5, 5 111 
5575 
1 1:145 
7 6 5  1) 

5272 
1 1:' 5 1 
; e, 5 111 

c:, - -  
- I  L 'I' I 

1 2 111 1 

t '~ ' :F i~q r P 1  : /next  press? 
-1PlF' . - 1 : 
" 2  : /ge t  it 
S f { I l  P I  1 t t : 
Dl19 ~IMitg/save it 
I ' I F l  q T G I I  ~ I d f i P  

1 'l1IE,iiq T i l U  111 : /add branch t ab le  s t a r t i n u  addr t o  it 
I l l l A  TEP11-F: /out i n  I?,&!! 
-ltutP I TEI-:I 4 j j w  t o  branch t ab le ,  1600+ CH4R 
' 1 C!'LL : /patch: KYEX displays value 6 gets  another one in 
1. ' I  E: : /TOS of "I??ITI.JcL" 

l:L=i: 
T W  t C 'I 'CTF : / ge t  KYCTR#if new value has been keyed in  
: r j q  11i-3: 
F ETl- 'c t i  / re turn  i f  no change t o  selected variable 
7411 T 5 1 5  :/"I?JITI.&" selected? 
:fdF! 1:Lfi : 
-li.'F 1 F/no ; . e r ro r .  . .can1 t change parameter w/o "I?TITI.\L" 
T e i l  T5P1,, ; / i s  i t  an angle? 
114G 1 1 ~ 4 :  

- : /no 
T G I l  'I lJ ; /yes,  load 1 8 0 / ~  
' 1 :  
- - 

I -  q~ L :/do the conversion fromdegrees t o  radians (0" - 363') 
qr413E 

I ii 9 TEE TEt- '< : /outs r e s u l t  i n  parameter pointed t o  bv E l 6  
k' ; 

F ETl-iFt4 
t F 9 T A I l  I E : /siynal "7" e r ro r  message (never does t h i s )  

l_r;LL : 
TI 1: l:G : 
1: L=i : 
F'ETI-IF 14 

can do without, jus t  make KR, R E W Y  



1- /GET initial conditions does initial calculations 
I , /  = 4 1 :- 7 : GTIN actually 5ets param, aten 
F=4147: 
F=4!42: 
I = . I l C < :  
- 1 t ~ ~ = ~ ~ ~ ~ ,  : 
1I!JI=c,l : 
t.1 = 4 1 7 111 : 
l:fiLL=4: 7: : 
F'ETIJF t4=5'575 
+4442 
F' fi 1 !- 9 4 111 111 : 

<, 4 1) 111 : 
f F, 4 111 : 
< 4 111 7 : 

1 L E t i  . 4 I:!: : 
L T l q  412 :  
FEFFTq Jc::: 
F ' I T J .  1;:: 
f iEEF 9 4i.7: 
+[r! l :  . 51:t: : 
I E F ' l  4<7: 
I F F 2  . ~I:I;: 

1 ' 7 1 ;  1 . 47:, : 
IrJ l :? .  5 1 : :  
j4.ra'EEF 1 517 - -  - fin, :ti,: . :,c::: 
l.ttL v . 4 f I /vd - - ::=TI :? q Tfi11 SF>EF ;/\\;rite .UEQ 

8 .  

I ,  I 

F :  
To11  E E F  1 :/put .UER into BErU 
Gb : - .  
: . 
TGTI  +:'E:EF; :/and XVBER 
F :  
T G ~ I  E , E F ' ~  :/and BER2 
F :  
TGD 15 I rll: :/put AINC into I?IC1 
i l l 

I = :  - - I-~II I t { 1 1 1 :  
=, ' 

T i ?  Irill2 : /and INCZ 
r .  

7 _ - r, 
1 -Lt ?I i {11 : 
!i : 



TRD F ' I  TT : /ge t  . I \ INC-7/2  
I l l  : - .  

1 

F 
I:BLL : 

1 I!E : / s i n  ( X I N C - ~ / 2 )  
T f l i l  I L E r i :  
I,I : 
PI :/slemsin(.4INC-~/2)=\rD 
TGT; l.,:Dk :/\'I)->0433-0437 
!2: 

1:FI-L : /COS (.AI?IC-.r/?) 
110: : 
TFD I L E t i :  
Ill : 
tq : /slehxcos ( . A I N C - ~ / 2 )  
F :  
TGD T ~ ~ F ~ , s t o r e  i n  DEPPT 
F' 
TF I I  A E F F :  
I ! !  ; 



,: F ,E C 11 2 
4 111 111 111 

4 1 1 11 1 4 E: 1 . 4 F1 7 ; 
4 111 111 1 1:1 5 111 1: 3 1 f 1: . 5 110 :. : 
4 111 I:I 2 111 5 1 7 f i  ' , , a '  i' F . = 1 7 : 
4 I I 1 :  I 4 I 1 i E . 4 1::: f 
4 I I 4 I:/ I it 7 F Z ,': L . .:: 7 ; 
I I:I~JII! i A T 1 .  413 
4 I I I:I 1 7 2 1 { 11 1 . 4 7 ':: : 
4 111 111 7 111 5 2 1, 3 !a;' 1 1 { 11 . 5 2 :: : 
4 I 1 I I : TI E F T . 4 L =, ' - ; 
-1 111 1 1 1 4 : 1: '.;' 11 . 4 1, :, : 
4 l : l ~ ~  ::lqJ:; Te18-q 441 ,  
I I ~ ~ 5 5 .  4:': 

3 l j  1 4 !I! 1 2 7 
- -  - - - ,  

I - r W L I '  l L ,  . 
4l:l:y 1:14<,: -LE',61, 4e1, ;  

- - - -  - - - -  
I .  . 4 1  I I-,:: . ,-r - . 

4 1:1 : 7 I - = , = ' -  ! , -L 1 ,- - T A  , :,c 7- : 
4 2 1) I-, 1 -:, :, - - - -  

- L -  - '  - I::, L i z :  : 
- , :* 1' :, 4 111 2 1 111 1' 2 1; - - - -  



41: l iz  lcl:!c ~ , = E I I ~  q T F ~ I  I r f l :  1  : 
4  111 2 :: 4  1  :: 7  I l l  : 
4  I:I d 1  2 11, 7 2 11 fi 1 1 ! 11 : 
I 4 1 7 2  11 GL 1- : 
J 111 2 e0 .I, 1:1 c: ' q q 9 '  1: : 
I 4  7 113LL : 
4  1 ; 1 <. 1  it << 1: a 1 : 
41:1.:;1 1 2 2 1  TFD l i d :  

-, 4  111 .:: 2 4  1 -lz ,- 
4  I I: : 4  I - 1: + L L  : 
ql:11;4 2 7 2 ~  :'I/!E : 
I .  1  rrrl I I C ~ ~ :  

4  111 .I: <, 4 1 4  i - -. n' . - I $,I: Ci 1 F  E1S,3'EF' I EP TO 11 'JFtl:! 9',1' I t.llI. TO THETFi 

L.FI:I:I:T 1:1:1j Tfi I l  F'GIIL; 
4  111 4  111 4  1  1; 7 Ill : 
4  I:I 4 i 1 2 111 , I :  TI=1D I l -E f j  ; 
41:142 4 1 3 7  11.1 : 
41:14:: 415:: 3 :  
411144 I TALI :LEG: 
41114If; 4  F' 
I 1 1 1 1  TqT! E'EF'1: 
41:147 41.1:; ! , I  : 
4  I] 5 I:/ 1  2 111 2 .r 1611 fi1l>2EF : 

4 1  4  1IFtLL: 
4  1;) 5 2 5 :: ; 111 q '1,: 1; : 
1 1 ,  4 I I F L L :  
412'54 2 ; ~ : ;  l i t i E :  
I I Tfi11 1 1 1 :  
41:15<, 4 : 4 2  - 

t- 

I 4 7  !:FiLL : 
4  1 1  6, 1 1  +, 1 I. ,, 1: c '1 : 
4r:re,1 4  F ' :  - 41:1<2 l,!e 1 fifi lIsz:: 
1 1 .  4.14: - * 
4  I 7 T-11, 1: sfi : 
41:1<.5 41::: , , .  

1 1 :  

4  111 c, <# 4  1  5 111 P: : 
41:'e.T 1  I Ten P E r L  I 
4 111 7 1:1 4 1  .I: 7 1 1 .  d l  q 

4  I:/ 7 1  4  5 I 11 : 
I 1 I TAD LAT 1  1 
41:iF:: 41:;; 11) : 
41:174 4151, 2 :  
41:17f 4 1 ;  I I . ~ ! L L :  
41:17f, 4 f .47  .;TRTI-II : 
4  111 7 7 1; 111-J ::: 11 6 1' /-IF 
4 1 1  I Tea L A T I  
4 1  1:11 4 1 7 2  lZ3.f-L : - 
4  1 <, 1  T, I, 11 F T  T  

7 - -  4  1  I:I 1; 1 5 1 1 , 11 I i  : 
, . 411:14 411s7 I , [  s 

I iz1:14 T T ~ I  
1 1 :  1 1 1 :  

j l l : i 7  11: '  L- + TGLI  :IF: 
4 l l l : l  411:7 I ( !  ; 

?,' . 41  1 1  -+~ '5~:1  . I  * 

41 1 2  41?,<, 
I +I 1 I I,,,' 11 : 411:; 1 2 1 1  - r - *  

4114  4 l 4 i  F' 
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1 1:15 1' 
417.2 
18 1: ' 
-. L -t 

41Cs4 
1 1) 5 111 
4 1 i:- 
4 1 = ':I 
1 111 7 5 
4 1 :a; 

.;15:, 
1 l:ly :. - - -  
I I.' 1.1 1 
4 172 
1 . 1 : ;  
4 : c.4 
41C.l 
1 l:lT !:I 

4142 
cr-.c; 
_I _I  I - 

raGe Value 

Enter with l B 1 7  
TI3 19 

TEN1 1 
Exit with TI317 

m 1 9  
mu 1 

(current value 
!+ of i tera t ions  @=last time) 
(average value) 
(unchanged) 
unchanged 
(new averaTe value) 

4=41r:n: - - 
D = 4  1 < 1 
l:fiLL=-$1::: 
L ZTl-iL - ;{=?'=;? : 
9=4 14,: 

+4555 
F ' - - I~ ' , . '  . TFP T E P F  :/fetch current of i tera t ions  (N) 

I I ~ ~ L L :  /load 6 f loat  
LI! 1 : 
F :  
T 5 D  T E K  ;/point to  accumulated average (.W) 
Ill : 
ro l  : / (YxAV) 
T f i I l  TEPl 1 l ; /write current value (0.) 
1 1 1  : 
fi / (Nx4V) +CV 

TEi'l'? :/load Y + 1  
Ini; : 
IIFLI- : 
LIl I : 

7 - l -  
I v ~ l  T E X :  /put the resu l t  in  loc pointed to by EY,I7 - .  



LOI.{I =4g322  ; 
l IRLL=4 172 
F . E T ~ J ~ : / . { = ~ ~ ~ ! ~  : 
1::: 1 =c,442 : 
E : Z ~ = E . - $ - $ : ~  : 
T E p1 = 1 !:I [I 
-.:;ThT 11:; =-$,I:-$ : .- 
E:::: 1 T E = F , z 4 4  
+ E, 5 111 111 
L E .  21:1: 
E 12.; E 11; 1 , 5 111 1 2 : 
E:ATIIH\::;, E:S 1 : /processor battery low? 

, I P I ~  . + :3 :/no , 50 on 
TIiIl LE: Z /yes ,  turn on "LO. BATTERY" 

- 
Lor-i1 ; - 
S.mLL : /display a " O r r  code 
D 1 :.I; C:U 
riuF' : 
IiOF' ; 
.,IPlF' I . + I  .: /cont inue with EX.(ITE 
E ::.:: 1 T E 3 
ria F' 



OZl.? F1:.:.TF.IT, ::14; 
1717 F:E:AT , TRD I F:.:TfiT : /get  receiver  s t a t u s  h;ord 
I : :  t3rd11 :I:TTPl:/mas.k of f  b i t  9 

1 1  .::riq ~::Ll=l : /bat tery '  OK? 
c .-. .-I c . I .I# ,= ,-I .-IFIF . + 2 /no 
Cc-c - I . - I , , I  F : E T U F : ( . G / ) . ' ~ ~ ,  re turn  
5:343 _IPIF I:HE~.;'? / e x i t  th ru  CHEKZ to turn on LO 8.1\?TERY 

/ l i t e  and set.  F '=I \-it' /,ETpER.\XIRE ERROR HILBLER 
TEP1D=75 

1 : :  TEI.1E. STL FITFF:: / t u rn  On H'I T'l3IP 
4 172 II:HLL : 
4 1 Lo r i  : 
1 4 1 1  l:I.lii.:/out 7 7 7 7 S  i n tb  m(D 
::: 111 7 5 DI::H T ~ P I I I :  
c c - .-I.-..-I~~ ,IPiF l::HEt:13/.e?tit th ru  CHEK3 t o  s e t  np-1 

111 1:1 z 11 
111 (I 1 [I 
4 17z 
4 '7: 4 7 - 
7 .-c - 
1 .-I 1) 
cc-c . I .-I I' .,I 

1 1:: :3 5 
4172 
.-, .-, .-, 
.,# .,# 4 
1  1:; ::; 4 - - 
4172 
4c,zz 
7 111 111 1 
.:: 1 111 111 
cc-c 
bl .-I ( .-I 

1-1 .'used t o  handle ba t t e ry  check 
TEN 1 i1=54 .: 
Lg1.{=4<,Z 0 
LITE,  Z I ~ I :  
~ 1 3 ,  1 0 .  
CHE~: 9 CHLL l /number i n  MS'negative? 

:::TATU?Z : 
'::pin 11:tR .: 
I ? E T ~ J F : ~ . ~ / ) ~ ~ S  

CHEKH , THD D I S  /no, display "8" code 
C.HEb::Z. CHLL : 
11 I :::~.g : 
T A ~ I  L I TE : / t u rn  on "LO ~A'l'T" l i t e  
[:ALL : 
LOIi 1 /LON1 turns on L 3  l i t e s  



534 1 
c,z;+ 2 
c.:z 4 '3 
<,:::4 4 
<,:3 4 5 
E.34 6, 

7 
625 0 
c.35 1 
<,35 5 
c.:,: 5 3 
6354 
c,:;z 5 
6:Z:Z c* 
.- .:, ,= 9 

3 .,8 .,I 1.' 

e,:3 f ,  111 
6,::: c, 1 
c, <, 2 
e, ::: e, ::: 
.- .-, . a .:, 4 
5:::6 5 
.- .-, .- .- r. ;. 5.5, 
.- .-, .- - en .:, i' 

6, -2 - 111 - b' l 

6,::; 7 1 
.- .-, 7 .=, t..,~ I L 

; 'I. 7 7 0  -. --# I -a 

5::: 7 4 

5 4 4 1:1 
1 1:15 1 - .- 
1. I=# 5 I] 
C .-0 C -. 
Ll .zn .-I i 

1 [14& 
4172 
2214 
5355 
1 111 4 <. 
4 172 
c, 111 1 4 
e, <. 111 111 
1 11145 
7 c, 5 111 
5 77: - -  - 
7 111 111 1 
4172 
4 <. 2 111 
4172 
.-a c .=, 
.,'.,'L 1 
7 [I 111 0 
1 1:1 2 7 
9 .- 
I.' h 5 I:! 
5 .,: 7 2: 
5575 
:I: 111 2 7 
CC'C .,' .J 9 .,I 

+e,34 1 
K'r'E:::. CHLL : / turn on 

AOPi 5 
TFiD TEf.1:;:: / i s  it an angle? 
5.1.4 l::L H : 

p1 F, '. .' .- 
I .; F: D 5 /-no 

THD TEP~F. : /yes,  display as 0°-360' 
CF1I-L ; ' 
RT113fi : ' 
.JP1 F, t::E 

t : : : l l / z ~ r ~   fin ~ ~ p l c , : / d i s p l a y  as a length i n  f ee t  
C6I-L : 
r,OTJ 

t.::E HF'L~CJF l / t u rn  o f f  +VU 
TAU TET.15 .: j"INITI,U"? 
:;:/.in C t H :  
.ltsl F, Kt-1 : /no 
IHC : /yes,  turn  on "1NITI.U" l i t e  
C A L L :  
LOP{ r 
ISRLL : /get a 4 from operator 

11: I: : 
I f  OF' 
-TGIl ~:::E'I-'C:TF: :/was. a new d entered? 
::HA 13if l . :  
.*IF' t:;Pl ;/no 
F:ETLIF;r:N 

t:tM :. DCFi t:::E'r'C:TF: s /zeroize keycounter 
RETU6:t.I 



- - .  - - 7 - -- 
_ ,  - ' -  V .  - -- ' 

. - 
R Fa 1-1 0 F = E. I:I : 

E:..::El: =5 0 13 ; 
:T:TEZ - T=t5,4 12 : 
1:: s.iu ..: F; - C .- ' -.Jtmll? 
F..I:T=5 147 ; 
I:ALL=~ 172 : 
F.:ETlJF:l.{=S575 
L nr.{ 1 = 3 ' '-' " ' 

r=*LC 7 

~ ~ ~ 1 5 = 5 7  .. . . . 
...' E '>:' E >; 
' , I  

+&21:11j . . . 

E. I:l 1:17 E:.::E:\:: . 11:fiF .: / c l ea r  a l l  requests 
I ~ ~ 1 _ r ( 7 F : / t u r n  o f f  .APU 
121:17 TRD F:DY: / turn  on RESET l i t e  
4172 CALL.: 
4t322 L-JP{l : 
SCm I : I ~  ,lp?P 1 E;,::E / re turn  t o  EXEC 
31:11:3 . E)::E , E).::El:; 
2 111 111 111 F: 11 '.( . 2 1:1 111 111 

..., ',-I ::: E; 11: 
4 172 t::tiLL : / c a l l i n s  routine f o r  WSR 

4172 C:ALL ' /?-all  ing routine f o r  STEST 

....' F: :: T C 
1-1 ~ I H L L  : / ca l l ing  routine f ~ r  RST 



k L n  cJ 

c, kC'. 
kc00 
rd Q) ,C, 
4 J 4  
m u 2 4  

U 
-. - c d  
0 m a  
C a,'. 
1 >- mw. 

.w,' 

;A: m-. I:IJ 

w 5 1 1  
d L Z  
'1 LJJ 
z k - w  

+ '1 $ 
L 1-1 L 

7 l=l -J 

151 

\ 
w r .  

ww. 
lL + 

- + 
w 

a 

!.,.:I 
r.  m c i  mw. ., w  

s=, 11 1 mr. 1:lJ 



I-1 *6:31:10 /%ale Data 

F: 9 L 543 
FI C LI 

TT.111 ? -4 
TFS, - 

4 

TE r -12 
SCDHTHI T A D  T E / I T B ~ ~ C ~ R Z  count l o l O  times 

DCfi  CTRZ 
TAD E /put addr of 1st data loc (241-117) into T 
DC:H TEPl 

:::c:fi . TfiD FI/ load 5 i n to  TOS 
IZHLL 
LIIS 

TRD TEN /load 1 s t  (next) data word [ D . W . ]  as  32 b i t  
.-I PI :I: I!! T 

i:Fi~L/create 16 b i t  + (s ins le]  fo r  DIV 
13 D D:: 
CHLL /Diq (si-n9le) x5 (single) 
p1 1-I L .I: 

.,IM:I: FLT / f l o a t  the r e su l t  
1:MH /load ?047L0 ( f loa t )  

- E 111 1 
~T.411 ,TF:S 
E: 1.J 1 

,In:: F L T  D.W.xS ifloat) 
.JM:Z: TII ! : 'F /~~~  2047 

~ F i ~ ~ c h d e  s i n  t o  compensate f o r  dohnhole inver 
I-. H 17: 
-0 - 

TAD TEN /WT advances the addr in  TEN, so ge t -  it 
TR;U TPID /back and load with the scaled data 
.,Ip1C Fr: D 
1::: CTEZ / l o  times? 
.-IT.fP .?':CR/no, d 07- a9ain EETI-IRN , /yes, return 





LZP= 1 1  5 4  : 
F a - T = 4 j  1 2  

cF-l 11 1:LL L; 

L C 9  : 
1.1 1 0 1  '.I I! I : 
.-i 1.1 F I . + 1  5 
F: 'l. T 

FEITF'1 ? rolEP1r!cR: 
::.ALL : 
E: L fi 1 4 I::, : 
F: E T 1-1 F: Pi 

'.:' 11 I,,,' T =:I: 2 f <, $ 

.1..I,IF=4.1& : 
E:Lfipik = It<, I : I ~ ,  

'451 4172 r-pI;LL: 
~ ~ 4 5 ;  - . ~ , ~ ~ ~ ,  8.,; 11 I,,! T : 

4  5 .:: 6, 1 I:I 111 E :I. l , I  : 
4,454 y<,zz .-!PIP I . + I :  
{,455 4424 :::I-IF 
<4515 ~ , ~ I ~ I I : I  : ~ : i - i F o l ~ , ! l ~  P?E?I:i?J/?: 
- '" 4172 ,:,ALL: T Y  - t i  

f 4 ,{, 111 c, 111 e, E: L ri 1:'. : 
:4e, 1 =,=-= _ - 1  1 -I F. E T I-: P 1.4 



LJ /displavs a ' as a decimal * 

+i. 111 00/enter  with ' t o  be displayed in-TOS 

FCIUF: 9 

E:LK ? 

TENF ? 

FI  r 
H T H  ? 

HTHL I 
Fr.132 . 
F: I~ZM ? 

T !#.I ? 

1:: 0 r-4 '0) . 

4 
7 1:1 111 [I 
2 17 /addr of 10 f loa t ed  
-5  
2 4 111 
- - -  
i 1-1 I=, 

1 
!:I 
HTH-1 /addr o f  HlX f o r  WT rout ine 
PEG2 
F - E l Z - 1  /addy of REG2 f o r  NT rout ine 
1 
CHLVif i s  ~.yxx~.?cuS, rounds up. < . m . . n 5 ,  rounds dokn - 
F'OF 
Jr=tD FI/make n R 2  count t o  5 
DI::~ i :TF:s 
C:RLUblank display 
E:LAPtK 
THD TEPiFlload 10 

JMS I.l!T 
.Jplp PIJCH 
.JP15 PllALF 
.JP1:S PlI,ILF/create "100 

CALL /plus  o r  minus? 
:J TflTl-lS 
:::tfA 
.-lrlP . +4 /p lus  
C:ALL/minus, change s i - q ,  6 
I-'H:7. - -' 

IAC: R T R / p u t  1 i n  JEB of -\C 
D C t3 1.1 I l'{lJ Z./ s t o r e  i n  )IIwS 
lIfiLL /FIX (double precis ion -16 b i t s )  the 4 
F I :::: D 
TFfIl HTHL / h ~ i t e  100,000 

.,I PIS I)IT 
11: .2 , L. CLL 

1 :- - E '. .I 
-., . I lI:TF:/ increment keystroke counter 

TAIl  F: lZM /put TOS i n t o  REG2 (wi l l  have the  next pohier. of 10 
.-I pis p11 
JM:% PI-I:I..H/push the working number - 

TliD F:GZM /get  the power 6f 1 0  back 
. IN .': 

I ~ L L  / : by t h e  power of 10, t runca te  f r ac t iona l  pa r t  
11 I ' 4 ~  

._IPI:? Fl-t:;:~/save it i n  the  s tack  
CALL/picks o f f  t h e  4 LSB's of TOS $ uses DISPR t o  display 
L 2 I!.I i t  as a decimal < nrok- s  
TAU EGZI.1 /ge t  uobcer of 10 out TOS 

.Jp1:: I,jT 

1: ALL /mult iply by t r m c a t e d  i n t e ~ e r  
r.ll-1 L D 
11:fiLL /remove !!SD from working 
::. 1-1 1: 11 
I :Z:Z C:TF:Z/done 5 times? 
. J P ? F '  /no 
I SS ):;E:iC,TF' /causes DISPR t o  put i n  d e c i ~ a l  p t  .. a f t e r  1 e ,  
CALL/goes t o  DISPR with 6th d i g i t  
L !!I 



4 1 3 7 .-I 1.1 .:; 11.1.1 T - : 
~ Z I ] ?  T R D  TET1F 
4137 . Jp l : s  I.ljT. 
4172  . 1: ALL 
g, 1 2: 111 - F I XD 
4172  IIALL - 
.-, 7 ,= , 1 .:: D I 'v'D 
1 2 1 5 .-I T A D .  Tl!l/is t h i s  tAe 4th t h e ?  
l (142  ' . , . TfiD. 1zTFr2 
7 c, 4 I] . 2.XA [:LA. 
c, '=< ., ,43 .,IPlF' CZ/no, do it again 
4172  SALYyes, DISPR w i l l  push d i g i t s  over 2 Flsces 5 
.-, .- - - 
.:, c, ::: !A I '::F'F: h u t  i n  a d e c i ~ a l  po in t ,  then r e tu rn  
5 2 4 ':; b JMP CZ/do -it again 
1 031 €:><IT , . TAD M IPiIJS /negative 1' - .-, 5 1 
1. t -1 1- zT.ifi 12Lfi 
cc-e: 
._I .-I a .A F:ETUF:N/no, r e tu rn  
1 ~ 1 2 5  Tn11 D ISF'Frr2 /yes ,  make sure  \LSD of d i sp lav  i s  b l  
1 2 I:I 1 TRD E:LPl/so minus s ign  may appear 
.,. it.= L 5 b - ~ C A  D I:::FF~:~ 
4 I 7~ rT:ALL . 

.-, , b-.3 .- 

.,' I L D IS$: 
7241:1 IZLA ~1.1Wturn on minus sign 
7421  - PI 12 L 
7121  1141: 2:TL 
4172  [:ALL 
2 5 1 ~ ~  CHLI TE 
5575 Ft ETUEN/done 
417Z FI::.::Il? C:ALL/the " f ixdoub le"XPUrou t ine  
2727  11' F: A E: 
1 ::: ::: 5 Tfl11 .+:3 
I=-::: 
.-I I - 4 .-IMF' I . + l  
.-, 7 .? 
~t 4 4  1: I!! - .  . . 
1:1 111 5 <, .:, 

1 J::-J'Z, 1I:ALUthe cosine rou t ine  
- 9.-- 
2 i' C' i' 11 F: H 1: 
1 f:4-" .-I TJqEl .+3 
5742 .,IPIF' I . + l  . - -  
2734 1: 1.11 

111 (1 [I 3 .:, . B 

4 1 7 ~  P I ,  1l:ALVputs PI  i n  TOS 
.-8 - -8 - 
CI .CI ‘  I: F: fi E: 
1 ::: 5 1 T A I I  .+3 
5751] .,IpIF1 I . + I  
2 7 :I; 4 1: I!! 
111 111 Zo .-' L 

::; 2 



7 1:1 1 1:: 
7 1:1 1 1 
7 111 1 2 
7 111 1 ':; 
7 111 1 4 
7 111 1 f 
7 111 1 <# 

7 111 1 7 - - -  - 
1 1-1 c' I! 

7 111 2 1 - 1;; 2 2 
- 
1 111 2 1:: - 
I 1224 - .Is 
1 .  . L S  - 

I;! 2 c, - (1 2 7 
7 1:1 1: 111 

7 1:1 1: 1 - - - -  
1 1j:::i - - - , . yo  
1 lj .I, .-t 

7 111 1:: 4 
7 111 . I :  7 
7 1;; j: <, - - - -  
4 ' I :  I 

7 J 1:i 
7 1:: 4 1 - , 111 4 2 
7 1:14 1: - 
, l:i44 
7 i:! 4 5 - 
I I:: 4 <. 
7 11, 4 7 
7 1;; 5 1:1 - - 
I 1-1 5 1 - ,-, = -, 
I I - 1  - a  ,z - - c -, 
' ' -  - 1, 



4 I ::; 7 
- - -  

:L~:: 

- I I-' - L L  ' -1, - - 
I 4lrl! . 1, 1. :, 
L & -'L - - 
, =: 1:; 1 
e-441 
- - - -  
1 I-: 1-1 5 - 
, l:l 1 2 
- - - -  
I) id 1 

< 4 4 1  
4 l E,.r 
41F01 
41--1 

.I C 

7 : <,4 
1224 
4 1 ::; 
4:45 
4151: 
4 : 5 111 . . .= 
Y * v - n  

-4i51~ 
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- , 1 e, I:! 
- 4  
4 LC81 
- 4  - - 
I * rnL - - -  
I It :: - 
, l C - 1  

- - -  
1 It?, 

IlcE:lj!j : 
11fiLL : 
1; 12 1.4 I,;' : 

1 I P 7 E ;:.:: E 1:. 

r-iE:.:T I E:.:4: 
-, ( 8 1  Ca 1 :: :: 5 11. : 
-lic,7 

T T F  * T T F - 1  .: 
4 1:; : 
e, 111 111 : 

c, 4 1  ,I, : 
L I_. . 1 111 

7 , '.;., - 1 ; 
#{, 4 111 !:I : 
- - -  - .  , :a I >  I 

5, 4 111 5 
L ~ I _ .  . !I fiLL .: 
!I =' fi 1; : 
TGTr L1,- : 
f . + 1 : 
E:III 

5211. 116 i :  
!:ALL .: 
E:..: I TE : 

Ft 1: 1:; 
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I 12. 51.::: 
~ , e , ~ l = ;  ' E:E ,  E,E- 1 : /Bearing l i m i t  : should be approx. 1.5" 
4 I I 6,4 I:I : 6 5 6 7 
. I I 6;. 0 i~ : 6-16. 1. f o  i n  radians* IS ON RON 2 / 2 1 / 8 9  
E.477 6477.  6513 
66 I : I ~  1r4 111- 1 :/inc?iilation l i m i t  - .should be approx. 1.5' 
c, 4 I:! I:I ; I$, 4 [:I 111 : 6 7 ; 2 
6jl:lil 661:1 '0 :6616L2"inradians*  ISONRObIZ/2?/80 
, 6477: 6571) 
I I I : T H F-I ? 3 
I A'+E:F:.I 517: 
1:15z3 et::Ir{, 523.: 
1:t 111 111 2 - 1 ri L 2 
4172 pifi1r.12. .  r l : f i ~ ~ . : f t u r n  on APU 
544i1'. finpi.: 
1 -  TAD A':.'I:E t 
4137 I . , I : , -  / replace BERl with .\VBER 
121] (I ,. .TnD E: 1. 5 
4142- r-7': 
1216 THI at l : r r r i : j  
4137 I.,!: / replace INCl with ,4LrINC 
lZl]Z TRIl  11.: ' 

4 R 
4 172 PIRZ F CnLL .: /<gait fo r  new da ta  
El - . +  1.1 1 I E ):: E 11: : 
1 1:155 t.1t32ri ? T e D  TEN 11 t /make sure pressing ".4P","E?T" does not 
~ E ~ I : I  S X  CLH :/move. t he  program on; only new da ta  
5 2 :I: 2 .-I b1 F PI H 2 : 
.:o .:# . - L Dl1:Fi F:OTlI. TF/clear ro t a t ion  counter 

*- t a  ge t  change these values: (1) on f ron t  panel ,  s e t  i n i t i a l  dip to  
value vou want ( e .g . ,  ZO) 

( 2 )  read locat ions 0321, 0322 6 0323 fo r  the  
3 o c t a l  # ' s  f o r  t h a t  angle 



' P,\(T ; 
.-q 

i _ . l j j ~  4 172 1.14 . I I R L L ;  .? 4et ?.AT.\- , 
51541 2405 DRTR.( :  
4 1:: 05.1 III::A TEPtlU i Istore ~ A T . ~ ' s  error-message 
6E,4? :I 1 I : I ~  Dcfi TEPlF. : / ~ e r o i ~ e  TDF 
t31544 4172 !-:ALL ; ./.eU 
5 54.10 A O N  . - 
e . ~ , 4 6  4 172 I::HLL : /cal ibrate data 

DATIZtiL i . . 
TIiD TEPIP  : / a ~  D.4TCZL errors? (TE4IP = I?) . . 

. . SZR i.LFIT : . . - 
. . . : 

.-lplF . + Z / Y ~ S  . .  

.JI.IP .+4;  /no. - .  
T A D  TEM1 ;/complement TEvflO so it w i l l  indicate e r ro r  
C f A :  /however D~T-4 l e f t  it 
DIZA TEI.110 

P15? lI:ALL:/ca-lculate BERZ and INC2 
F'F'oc:1 ; 
Illlri TEE? 5 /  clear  TEMP, used here as er ror  s tore  for  Cob11 
TfiD E:Z .: /compare BERZ with BERl t o  see i f  it in  limits 
I!! : 
T A D  El; 
C.fiLL-: 
il'OP1 : 
T A D  El?: 
1::ALL i 
1,OPll 
~ f i ~  I 2 ; / cova re  INC2 with. I N C 1  
1j.I : 
T A D  I 1  3 
CALL: 
C U M  : - 
T A D  1I.i 3 
CALL r 
1: DI.1 1 
T H I I  TEP19 
:5I.iA CLG:  /out of limit;? 
.-IP1P PIC. 3 /no , SO on 
DCA T E N 3  T /yes 
T A D  THE J /display "3" code 
r:.fiLL ; 
D I :ZCIJ ; 
t:::F:Z : /wait for  KBR t o  show operator acknowledge 
.,IPlP .-I 
I:.HLL : / l igh t s  off  
LOA : 
CALL : /.QU on. (unnecessav) 
AUN -. 



- - - .  
t. ( :: c, 
- - - # -  

-x>l > I  

5, 7 4 1:1 

5 7 4  1 
- - 

y # (  42 
{Tjl* 
=,744 
- - 
r'l 45 
@, 7 4 <, 

574: 
7 7 111 

<,75 1 

<, 7 5 1: 
e , 7 5 4  
5755 
- -= , -  r. I . - I  e, 
<,7!57 
. - - .  
5 , r. I! 
<. 7 c. 1 
- - - - ,  

7 ,  tsc - -  - - r I  -y,; 
- - 

r _ . ,  c 4  
,<, 7 +, 5 
. - -  - 

1 r_, r. - -  . -  
zs I rn I 

. -- 
c I 1 I:; 

L.7- 1 

! * I < ?  TkIl i P i L :  / t u r n  on IYC l i t e  
IIPLL : 

i l ! , t ?  TEl ' l t?  : / c l e a r  TEEN 
CFLL ; / b l i n k  t h e  l i g h t s  and w a i t  f o r  o p e r a t o r  "ENT" o r  "CLR" 
I,C:IGE : / 
T A U  T E P l t i :  /TEW = 1 i f  C L R ,  0 i f  ENT 
It!6 1CLt?:/l ENT? 
j r o ? F '  PlT;  / y e s ,  go on 

1: r-IP : / n o ,  d i s a l l o w  "CO."ITI?IUE" 
TI!IA TEPil i: / a n d  w a i t  f o r  new d a t a  
III=~LL : / P r e s s i n g  ".i\Rf1, "ENT" h e r e  w i l l  c a u s e  a t i m e  o u t  e r r o r  
E, E,: : 
-rptF' r.14 / g o  back t o  W4 w i t h  new d a t a  

717 T9D F Q T I I T F ' :  / g e t  R o t a t i o n  c o u n t e r  
5114 TZ;.:,.'~ : / s e t  up .4VGV ( a v e r a g e  v a l u e )  r o u t i n e  
7911 E 2 : 
il1:9 TE:11 1 : / w i t h  ROTCTR, B E R 2  .LYD XVBER 
T - T  , PLI ,GI. z F  : 
qj-q y5p;; 
L. - 1  

'c3LL: 
qO:I  :/.4PU on 
!I;1LL 
H':':5'a,m' : / g e t  new a v e r a g e  (AVBER) 
T i 1 2  12 : /now d o  it f o r  IYC 
I;lIt? TET.111: 
T P I l  fit*,.' I t {  : 
Dl113 TEP17: 
lI6LL : 
g1:::3l::: / g e t  new a v i n c  
I  : Z ' II T II T F' / advance  ROTCTR 
T ; I D  I !ti : / t u r n  on " I N C w l i t e  
8 -  - 4 G L L  : 
L 
-,?:I , + I ,  1 : / d i s p l a y  a v e r a g e  i n c l i n a t i o n  , 

,4l-L : 
,&:;I; : 

r , ~c *  T . + 1 : / jump t o  t h e  N I N 2  p a t c h ,  >ISEX 
:,, 1, s ' . 
t , - - ,  8 





7f .=,T --- -, 
--- 
I , , I:! 

7 5 2 1:1 

75c  1 
111 1: 111 7 
i 11; 111 

1;  
1 1, 11, 1 - 
1 i:f 111 5 
1 1:1 1;; 5 
L 

YZlf 
f 575 
4 172 
7747 
1127 
- - 

1-1 ,= 111 2 
1 2 1:l : - -  - 
1 y 4 I.' 

= G !:I 4 - - 
1127 
1-1 - - = 111 : 
7 1 111 1:l 
c c -  

-' : 1 
- - - - , 5 !:I '11 

4:;: - - 
, 14; 
: 1 ~ 4 :  
A k-L 

< i - =, - 
* I  - 

- - ,  -, , -c 
C ' - C ;  - -  - 
1:1 < 7 f 
111 2 7 = 

:- 5, ,2 . 1 -c 
- I  - 1 = s i ~ n  t o  save paper 

I c -  - -- 
~ r r i  r L I Z  1 = s i g n  t o  sal-e paper 
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---- 
I 1  l i  - -, .- - 
,' ; ,=. '=( - .-, - .-. 
;' ,z ,' :< - .-, .-, -, ,' :,.: i - .-, .- - --= 
I - - -  
--c - 
I I .-I t ---- 
1 1 1 1  

1:1 1:: 7 7 
c, J 2 1) 

< 4:; 
7 !;I 111 1:i - _- 
I :: I) 11r 

244 
11; 11; i, 

1 .I, 4 c -- - 
:, l j  l:l 7 
,:: ill 1:; 5 
1 2 5 111 

- - - -  
-: I! I-I =, 

11; I:[ 2 
7 2 7 .:: - - 
2 l:l 111 < - 

? .-, ,, 111 111 
<,422 
5 4 1:1 : 
<. 4 2 111 

7 111 111 <: 
7 111 1:1 c, - 
,. 1 I:! 4 
7 4 1; 111 
5 2 I:, 7 - - -  
I I-' I-, 4 
- 4 - *  . -rC 1 - , 4 2 1;: 

7 1; 1 1' - - 

E' f: . '- lL p 

I! IF 
J? lF I TET.1 

cm 1, 
F;' T L 
F' T L 
I:LL F 3 i  
:It 

' r t i  r s  , I E ; i i  
E l .  G i  

r,; 1-1 

I r r i  
lralC 1 5  





I:= 1 .  
1:c , 
I F E .  
1 Fsfil: . 
9 . 
+I: 1 , 
- - -  HI- :: , 
1: , 
- 
!= r 

lI<+t 1 .  
-1p;p 1 t {  . 
I L F I I H ,  
! 1 i-lplz , 
111 I-' E I T  
E,EIY 1 r {  

* 7 1:1 ; - I  
- - - - - 4 
L - - t  - - -  
i~ C 

- 4 111 - - 
~4 1- 

-:1:1 - - -  
8'- I l  

4 
- - -  - - - 1 -  5 - - -  - - - 1- I 

- - .  - - - r 1-1 

-IF11 -,~1F'1 
- c- - - 
- - I  

ril-nt- 1 
-, - - 

- 1  I - - -  
I-LP I - L L  
'1 5LL 
- - - ,  - z I 12 F 

1: A L L  

119LF 
T 5 P  ! I5  
1: P L L  
F c  I t i T  - - 
'-L? /ILL 
1; 11 = [ { i-I 
114iL 
F G l I i  I - - 
1- PILL 
F E E D  
T 3 1  i IP t iF  
T 5 1  IF 
- ;,F - I 
-1 ;1 11 1 F 
11 ,= 

TGT' !I!4fiF 
T; t I  E 
- r i  ,: 1; \-3 
-IFt?F E t. F T  
T 5 1  11:cltiF 
Tq1,  1: 

:rip 1:i-A 
.-iPlF 1 R I I ?  
T 3 1  ::+IF 
T 1 = t l  Fi 
1 ri; 1: Lfi 
-1rt;F 1 GI: 1 
,iPt= F?I-IL T 

1: LL 
1: 9LL 
G--r T 1 
1 l " ~ L  
- - -  
k t r z  
T 5 1  ril-ip1 
~ I - I F  rj;-lt~11 
TI;: 11-4; 
751 1 ~ f i I t - 1  
- r,: :I i , z ,  

1 r r -  = p: 2 1, - I - - ll1 1: l t i F  
TqLz 
1 :,I= 1: l-6 
-,:IF ;*-!71\ 1 
-1;:- F+l_lL 7 

2 0 8  
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. ---- - 
: I _ ' l I  - -  - - 

I I-! I-! - - 
1 7 1 

1 - . - -  - 1.1 i' 
! 0 -  

7 it 111 1: 
I - -  , c, !:I 4 - -  - -  

I =, 1-1 'I, - .- - - 
1 c I.' t. 

f - - - -  
1 I :m l j  ;' - ;, 1 111 

I - - - 
,=l l  
- - *  1, 

8 I t , l L  

- T i ,  1 .:: - .- 
I , ? ,  14 
>. 1 5 - .- 
I r, 1 el - 
1 

7 5-2 111 - .- - 
1 .  ' 8 C  1 - - - -  

b -' -I 

I -ILL - .- -. .- 
I =, ,= :: - .- 
; t824 - _- +, 2 '=, 
8 -  - - .- -, .- 
I r e  C t$ - 
1 e,z7 
- .  
1 <, .:; 12 - - .-, 
I r' 1' 1 - - -, .-, 
, c, -0 C - -  - - 
1 c,.:: 2: - - 
I 'I124 

- - -  - 
I 'I, 1: r, 
7 <, .:; 7 

. ;<41:; - -  4 4  
I ='ti - 
1 e.4: - - - ' :s 
8 ; -r - *  - 
I e4-i 
'<.4f 
7 el 4 el 
7f.47 

, 7 {, 5 111 
7c.y 1 
YeL- -  

I F - 1 L  

7c 5.1: 
7 5 4 

- - 
I- 555. - .- c  ' 
I Tt -1 I' - -  - - 
, t=, I-! - -  - 
I =, cc 1 - -  . -  , t, t, 2' 
- - .  - 
I =,to :: - .- 
I =mi 4 
;+,c 2 - -  - - 
, :, t' c - -  - -  
, 'I, t* a 

7 ,  7 111 - - -  
I K.1 1 - - - -  
I :*I i 
- - - - ,  
, = , ,  : 

:+,74 
-L -7 
1 - 1  - - -  - 
I T. 1 r. 

- 4 - , :  
I ,  - . L - L  

1 1 l j  

f, 1 1, 111 
1 1 ::I 
7 I:I \:i 1 
7 111 111 1 
.I: 1 :: 1 
= - ,L - lj 7 
' 2 '  4 ,C -' - - -  
I t 'C5 
- - - - ,  I l l - '  
tli I:! 111 7 
- - - -  
!-I c' k, l j  
1 2 1 111 
1; 1 .: 1 

12'11 
.7 i:: I;I 5 
2 111 1:1 5 
c, I t  .= 1, -- L  -, 

3377 
1 5 :I: 111 
57.:; 1 - - - 
7 111 1 1:1 - 
; 111 1 2 
7 111 1 111 
7 l:l 1 2 
7 1:I 1 111 
7 111 1 2 
11; .: 1 2 
12 1 

* - 
4172 -- ,. , J Z  
21  
5 1  3 1  
7 2 2 111 
1 1 :, !:I 
- - -  ::: 1 1: 
5-45  
74 1 <, 
4172 - ,.. 2 I: 17 

I 1  24 
7 l:l 1 l:l - -  - - 
; >= I-! 1.1 

9 1 .I; 1; .. - 
742 1 
1 1 ::: 2 
.f; 7 . I :  I:I 
.:: 1 7 7 
2 1 7<, 
117.2 
7 111 1 
.- = - .- 
:L -I 1 'I: 

1 =-2 - I 

3 1 7 2 
1177 
=c- - ,  -' -, I C 

:; 17; 
1575 
1; 172 
7 1) <, 1:1 

1 1-5 
1. 1 - <. 
1177 

O l L T I 1 .  1:: 137 
-i?lF GILT It 
FfSTI,iFf.{ 

GI-IT 1: . TFrl 1 ~ { I - ~ P I  
-!?IF' 1 r41: T F  1 

,rf . GFF' 
FTF' 
CqF, 

TF' 
GFp - 
ZtTF' 
F r i l  GI: Tt.1). i 
T s r l  ZEFG 
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[-I 
El:ll-lfiTE 1 

!:5LL=417: : 
F,E JI,;F /i=51f 7% : 
E: 3 11 T F* = 1 111 111 : 
5 1-1  T = 1 !:I ; 
21 I rtsfi= 1 ,: 
111 .I F , F l  = 2 4  ,: 
fi 1 1 ,C*F'z=2fi 
1: 5 = 1 I:I :: : 
-. - 1 .:: : . - 
'-' - - .  

I l = l  1 4 :  
;:!=I 1 5 :  
.-I = 1 1 : 
:=I 1 7 :  
F'O::.TR= 1 2  111 : 
ELI,:TF= 12 1 : 
11 111 TE:= 122 
5=7: : 
Fl I! F: = 1 12 !:I .: . 

31l.E: f = f I j f  7 
;I.= 1 2 4  ; 
11. T 5' '1, = 4 7 
I l I t i 1 ~ = 1 4 ~ , 1  : 
!.,lr:.F:fiIL=(=~,~;1~ : 
E:l.I:;=~,45 1 .: 
D I 11 ~=.1:;34 

... ' :I @ i 4 .I T f i  r .4 T :: 
+ 5 111 111 1:1 
I s 1  .I. I... 1 . 1: 7 : 
11 1 13 1 T , 4 11i 111 111 .: 
r - 7 1  l - ~ ~ - ~ ; q p l .  -11;: 
r.1 .I }:. 2 . 1 7 : 
11 T TI , 11 9 T ::. 
I:H~FPI. I:.S~/?: 
E : f i f i ,  1 :S- l  

PO. - 2 ;  
FsO:I:. -<.: 
EL ,  - 2 :  
1 1 ~ .  -7 : 
p I!l F: , 4 1:1 : 
FOI-IF:? 4 
F E E l Z ,  P 1 2 :  
FEE147 F 1 4 :  
f 8 E 5 .  F'S 

F'Ft I T i T  9 11 A L L  ; 
= # C b '  . 
I u l l  ? 

1111 +, F<OI: T/? : 
D l l . 3  ELI: TF* : 
11Lfi 11:tJL 
T211 ::A& : 
K!!IFi f i l - lTa: 



: z L ;  
1. 1 !!I : 
i i ! { I l  r-1.: 1. 1 : 
TII:A I t?l-lT!J: 
I Z L  1:LG 
-i 1 1 1  f' F, 2 : 
: T L :  
- : ; I F '  F'1 ,: 

F.2, T $ I I  111 I F ' F Z , :  
1: A L L  .: 
11 1 .; ..I 1-1 E; .: 
TH1l DI.IF 'F.  1 : 
1IfiLLI 
11 1 :I: 1-1 E: 
T H ~ I  FGl-iF' : 
1: P L L  : 
D 1 .I 11 a 

.- - r, r ... I r c : T ,  Tf iD f J E 5 :  
DI::~ PDF: 1 

c, .- , t.. IZLA .:'TI- !?RE:: 
11i::a 11 : 
DIZA D I I I - T F : :  
T H ~ I .  E:fifi : 
11 I:. 3 H 1-1 T 

F'! 1 7  TA1l  I fii-lT[7: 
;I'LL F ' A L f  
T i t11 II h5F?l : 
11 11.h T 
T S D  F'Grl TF: : 
T2D FOI-IF:I.I 
.- - - 
- -H  l:Ll?: 
-I T.1 Fa . + .I: 1 
T E I I  F'E5 1 
1 1 1 1 ~  3 i l F ' l  : 
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GENER-AL DISCUSSION 

C o n s i d e r  a r i 5 h t - h a n d e d  r e c t a n g u l a r  c o o r d i n a t e  s y s t e m  X ,  Y ,  2 ,  

d e f i n e d  by t h e  l o c a l  m a g n e t i c  n o r t h  d i r e c t i o n  ( X - a x i s )  w i t h  

t h e  2 d i r e c t i o n  b e i n g  t h e  l o c a l  g r a v i t a t i o n a l l y  d e f i n e d  v e r - t i -  

c a l .  

F i g u r e  1 

-$ 

L e t  t h e  components  o f  a n  a r b i t r a r y  v e c t o r  .A b e  g i v e n  by .Ax ,  

A and  .A, i n  t h i s  c o o r d i n a t e  s y s t e m .  Our f i r s t  o b j e c t i v e  
Y '  d 

i s  t o  b e  a b l e  t o  c a l c u l a t e  t h e  components  o f  t h i s  v e c t o r  i n  

a n o t h e r  r i g h t - h a n d e d  c o o r d i n a t e  s y s t e m  d e f i n e d  by t h r e e  s l ! c -  

c e s s i v e  and  i n d e p e n d e n t  r o t a t i o n s :  

a .  -A r o t a t i o n  C$ a b o u t  t h e  I a x i s  ( - T < $ < + T )  - - 
b .  .A r o t a t i o n  8 a b o u t  t h e  new Y '  a x i s  ( ' T / ~ < ~ < T / ~ )  - - 
c .  .A r o t a t i o n  $J a b o u t  t h e  new K O #  a x i s  ( - T V ~ T )  - - 

P r e p a r e d  by W a l t e r  Hernandez ,  Ph .D., C h i e f  S c i e n t i s t ,  ENSCO 
ESS/SA4S D i v i s i o n s .  



A O d e n o t e  t h e  componen t s  o f  i i n  t h e  new c o o r d i n a t e  5.3- - - 

tem d e f i n e d  by t h e  f i r s t  r o t a t i o n  a b o u t  Z a x i s  04 I i g u r e  

1. Then we h a v e :  

-> 
Next ,Le< d e n o t e  t h e  componen t s  o f  A i n  t h e  c o o r d i n -  

a t e  s y s  tern d e f i n e d  by t h e  s e c o n d  r o t a t i o n  a b o u t  t h e  Y'- a x i s  

( s e e  f i g u r e  b e l o w ) .  

F i g u r e  2 

Thus  : 



9 9 

F i n a l l y ,  L e t  f l e @ d e n o t e  t h e  componen t s  o f  A i n  t h e  c o o r d i n -  

a t e  s y s t e m  d e f i n e d  by  t h e  t h i r d  r o t a t i o n  a b o u t  the ~ " & s  

( s e e  f i g u r e  b e l o w ) .  

/ Z " '  

/ 

F i g u r e  3 

A g a i n  we h a v e :  

A"' = A4'cos@ + .qz'sin@ 
Y Y 

Y"' 

A;" = - X 0 s i n @  + X;'cos@ 
Y - 



I n  rnat~ix-rn, t h e s e  r o t a t i o n s  c a n  b e  e x p r e s s e d  a s  

whe re  t h e  R ' s  a r e  d e f i n e d  by  t h e  a b o v e  e q u a t i o n s .  

+ + 
The t r a n s f o r m a t i o n  f rom -A t o  t h e  f i n a l  .A" '  i s  d e f i n e d  b y :  



~ h u j  the matrix product 

defines the general matrix for transforming coordinates from 
the initial to final coordinate system. Performing the succes- 
sive matrix multiplications yields: 

Our second objective is the following. Let the local magnetic + 
field F be defined and known in the ( X Y Z )  coordinate system as 

Fx = Fcosci 

F~ 
= 0 

F Z  = -Fsina 

%here r=dip angle (O<a<r/?). F is zero since the X-axi-s is - - Y 
defined as the magnetic north. Let the local gravitational 

field be known and defined as 



NOK assume that ice are given measured component5 of F alon; 

the (X"'Y"'3"') coordinate system (or the direction cosines 

since magnitude F is known). .Also, we are given the components 
+ 

of G along the (K" 'Y" 'Z" ' )  coor,dinate system. 

From this information we are to estimate the values of the 
rotation parameter $ ,  3 ,  and $ .  That is, calculate the orien- 

tation of the ( X o ' Y " ' Z  " ') coordinate system. 

Using the rotation matrix [R] given by equation ( 8 ) ,  we get 

for the magnetic field components 

Xcos = c o s ~ c o s ~ c o s a  + sinesina 

where 

Ycos = -cos~sin$cosa + sin~[sin~cos~cosa-cos8sina] 

Zcos = +sin$sin$cosa + cos~[sin8cos~cosa-cosesina] 

lcos = F;"/F 

Ycos = F" ' /F  
Y 

Zcos = F:"/F 
6- 

For the gravitational field we get 

G"' = (+sine)G x 

Given the G i "  and G values, eqaation (13) gives: 



Given that G and G"' are well defined and G > O  and that 3 is 
.Y 

restricted to -a/1<3 - + T / ? ,  we have a valid and unique esti- 

mation for 3 . 
- -  - 

6 PARAMETER 
-- 

The first equation of Jequa$ians (11) can be solved for cosb 

as 

C O S ~  = 

where 0 and a are known quantities, 

The second and third of equations (11) are solved forsin@: 

2 Zcos (s  in^) = s in Jls in@cos 3 + A 

where : -4 = sin$~cos~[sin8cos@cosX - cosesina] 
subtracting the two, and solving for sin@: 

or g = tan 



111 P-ARUIETER 
-b 

The p a r a m e t e r  i s  d e r i v e d  from t h e  components  o f  t h e  G 

i n  t h e  d i r e c t i o n  o f  G y  and  G- a s  f o l l o w s :  
I ' / 

- 1  -by  
.iJ = t a n  

3 
-8 1s l n c l l n a t l o n  - T / ?  $ i s  b e a r i n g  and i s  p a c k a g e  r o t a t i o n .  

f 

Each o f  t h e  t h r e e  s e n s o r  v a l u e s  f rom t h e  magne tomete r s  and t h e  

a c c e l e r o m e t e r s  must  be  n o r m a l i z e d  a s  i n  t h e  f o l l o w i n g  example :  --- 

x c o s  - 
YCoSnorm J 

- 
7 

Xcos' + y c 0 s L  + z c o s 2  

T h e r e f o r e ,  a l l  o f  t h e  o p e r a t i o n a l  a l g o r i t h m s  u s e  n o r m a l i z e d  v a l u e s .  

THE SURVEY EOUAT IONS 

The f o l l o w i n g  a r e  u s e d  f o r  s u r v e y  e q u a t i o n s .  T h i s  i s  a  s t r a i g h t  

l i n e  b e t w e e n  p o i n t s ,  a n g l e  a v e r a g i n g  me thod ,and  t h e  assumed r o d  

l e n g t h  n o r m a l l y  i s  1 0  f e e t  t o  m i n i m i z e  e r r o r s .  

- - 
c o s  (INC)cos(BER) r o d 1  + LAT2 = LATl 

c o s  ( m ~ ) s i n ( W ~ )  RODL + DEP! = D E P l  

V D 2  - s i n  (TC) RODL = V D 1  

/ ( v D ~ )  ' + ( L . A T ~ )  + ( D E P l l L  = THD 

7 

V D 1  - sin(AINC - r /? )cos(TAN-I( - ) -  B E R )  ( L A T ~ ) '  + (DEPl) ' = VDE'.. 



I n i t i a l  Hole Conditisons 

s i n  (AINC-T/?)SLEN = V D 1  

s i n  (XBER)cos (-AIYC - r/2)SLEN = DEPl 

c o s  (XBER)cos (.\INC - 7r/2)SLEN = LATl 

where 

X B E R  = i n i t i a l  b e a r i n g  

XINC = i n i t i a l  i n d i c a t i o n  - 
B E R  = a v e r a g e  b e a r i n g ,  p r e v i o u s  s u r v e y  and c u r r e n t  su rvey  

FE = a v e r a g e  i n c l i n a t i o n ,  p r e v i o u s  s u r v e y  and c u r r e n t  su rvey  

V D 1  = c u r r e n t  v e r t i c a l  d e p t h  

V D 2  = p r e v i o u s  v e r t i c a l  d e p t h  

LATl = c u r r e n t  l a t i t u d e  

LAT2 = p r e v i o u s  l a t i t u d e  

D E P l  = c u r r e n t  d e p a r t u r e  

DEP2 = p r e v i o u s  d e p a r t u r e  

RODL = r od  l e n g t h  

THD = t o n e  h o l e  d e p t h  

H D E V  = h o r i z o n t a l  d e v i a t i o n  

VDEV = v e r t i c a l  d e v i a t i o n  

SLEN = s t r i n g  l e n g t h  




