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GEOLOGICAL STRUCTURES FROM TELEVIEWER LOGS 
OF GT-2, FENTON HILL, NEW MEXICO 

Par t  2: R e c t i f i c a t i o n  

Kerry L. Burns 

ABSTRACT 

Televiewer logs  from d r i l l  hole GT-2 a t  the Fen- 
ton H i l l ,  New Mexico, Hot Dry Rock Si te ,  have been 
r e c t i f i e d  by conversion o f  s t ruc tu ra l  traces on the 
scanner imagery to geographic l oca t i on  and or ien ta-  
t ion .  The r e c t i f i c a t i o n  method was d i r e c t  invers ion  
t h a t  consisted o f  mapping from the image to the w e l l -  
bore, i n v e r t i n g  the t race on the wellbore f o r  p r i n -  
c i p a l  points, and r o t a t i n g  from wel lbore t o  geographic 
c o o r d i n a t e s .  From the  t e s t  imagery o f  GT-2, 733 
s t ruc tures  ( f rac tu res  and f o l i a t i o n s )  were measured, 
compared w i t h  42 s t ruc tu res  from recovered core. The 
733 new measurements l i s t e d  i n  t h i s  r e p o r t  a r e  a 
unique and unrepeatable c o l l e c t i o n  o f  s t ruc tu ra l  
informat ion from the Precambrian basement o f  northern 
New Mexico. This d i r e c t  invers ion  method i s  accurate 
where the magnetic f i e l d  vector  i s  constant and the 
too l  i s  centered and al igned i n  a c i r c u l a r  wellbore. 
I n  other cases t h i s  method y i e l d s  on ly  approximate 
resu l t s .  

I. INTRODUCTION 

A. Scope o f  This Report 

We have developed a method o f  ex t rac t i ng  s t ruc tu ra l  data from televiewer 

imagery using as t r i a l  data some extremely poor imagery from GT-2 a t  Fenton 
H i l l .  I n  P a r t  1 of t h i s  repor t ,  pa t te rn  recogn i t ion  and pa t te rn  discrtmina- 
t i o n  procedures on televiewer imagery were described. I n  P a r t  2 we describe 

methods o f  r e c t i f i c a t i o n ,  which means c o n v e r t i n g  f rom image t o  e x t e r n a l  
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coordinates and thereby determining the geographic l oca t i on  and o r ien ta t i on  o f  

structures.  Quali ty cont ro l  methods are described i n  P a r t  3. The r e c t i f i c a -  
t ion method i s  considered to be an improvement on K ie rs te in  (1984), and the 

descr ip t ion  i s  simpler. 
B. The Hot Dry Rock Geothermal Energy Program 

D r i l l  hole GT-2 (Geothermal Test we l l  No. 2) was d r i l l e d  i n  1974 to a 
t o t a l  depth o f  2932 m (9619 f t )  a t  the Fenton H i l l  geothermal s i t e  i n  the 

Jemez Mountains o f  northern New Mexico ( P e t t i t t  1975b). The upper 0.73 km was 
through a cover o f  volcanics and sediments and the remaining 2.27 km i n t o  a 

basement o f  Precambrian metamorphics, predominantly hornblende-biot i  t e  g ran i te  
gneiss. This borehole, along w i t h  i ts  neighbor EE-1 (Energy Ex t rac t ion  hole 

No. 1) was used, i n  1975-1980, to prove the s c i e n t i f i c  f e a s i b i l i t y  o f  extrac- 
t i n g  energy from hydrau l i ca l l y  f rac tu red  rock. This research program, the Hot 

Dry Rock Program, i s  c u r r e n t l y  cont inuing w i th  ho t te r  and deeper wel ls.  
C. Magnetic F i e l d  Vector 

The magnetic f i e l d  vector a t  Fenton H i l l  f o r  epoch 1965.0 (Gerlach 1970, 
p. 68) was dec l i na t i on  13"E o f  north, decreasing 2.5' per annum, and i n c l i n a -  

t i o n  63" downward to the north, decreasing 2.5' per annum. The d i r e c t i o n  used 

i n  these computations was obtained by l i n e a r  ex t rapo la t ion  t o  December 1974 

and was a dec l i na t i on  of 13'36'E and an i n c l i n a t i o n  o f  62'36'N. The angle 
between t h i s  reg ional  f i e l d  vector and the wel lbore ax is  averages 28" f o r  the 

upper p a r t  of GT-2. Revised estimates o f  the f i e l d  vector based on Gerlach 
(19701, Peddie, Jones, and Fabiano (19761, and Fabiano and Peddie (1980) are a 

dec l ina t ion  of 12.2"E and an i n c l i n a t i o n  o f  63.7", i nd i ca t i ng  a probable e r ro r  

o f  about lo, which i s  n e g l i g i b l e  i n  t h i s  instance. 

The magnetometer t r i g g e r  f o r  the te leviewer scan l i n e s  becomes unrel  fab le  
for  an i n c l i n e d  hole t h a t  p a r a l l e l s  the i n  s i t u  f i e l d  vector. The i n  s i t u  

f i e l d  vector i s  the sum of the regional  f i e l d ,  the remanence, and the induced 

magnetization vectors. The remanence vector i s  l i k e l y  to vary from p o i n t  t o  

p o i n t  due to an inhomogeneous structural-metamorphic h is to ry .  The induced 
vector i s  l i k e l y  to show a v a r i a t i o n  due to an inhomogeneous d i s t r i b u t i o n  o f  

ferromagnetic minerals. Both the magnetometer s e n s i t i v i t y  and the i n  s i t u  

f i e l d  were unknown. I f  i t  i s  assumed t h a t  the i n  s i t u  f i e l d  i s  p a r a l l e l  t o  
the regional  f i e l d  and t h a t  the magnetometer has a po in t i ng  accuracy o f  e 
degrees, then the televiewer w i l l  be unre l iab le  f o r  holes t h a t  d r i f t  i n t o  a 
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cone of semiangle 8 about the f i e l d  vector. Since e i s  l i k e l y  to be consider- 

ably smaller than 28", the magnetaneter i s  r e l i a b l e  f o r  the top p a r t  o f  GT-2. 
D. Cal iper  Logs 

Two c a l i p e r  logs were avai lab le.  The f i r s t  was a Bi rdwel l  l o g  o f  11 Ju ly  

1974 ( run  5)  ( P e t t i t t  1975a, Fig. 18). The second was a Dresser-Atlas l o g  of 

11 February 1977. Both logs were consulted f o r  hole diameter, b u t  the Bird- 

wel l  l o g  seemed to match the televiewer data bet ter .  This i s  probably because 

i t  was run w i t h i n  a few months o f  the televiewer, before degradation o f  the 
wellbore. The nominal hole diameter was 9.63 in., b u t  ranges up t o  13 i n .  

were found frequen tl y. 
E. We1 1 bore Survev 

The GT-2 wel lbore survey o f  Table I i s  GTegyd, supplied by Zora Dash, 
Group ESS-4, Los Alamos. The GT-2 survey, a gyroscope survey, was reduced by 

the methods described i n  Callas, Novak, and Henderson (1979). K i e r s t e i n  
(1984) describes several other methods. S i t e  datum was the NE corner of Sec. 

13-T19N-R2E a t  8700 f t  above msl (mean sea leve l  1, and i t  was used as an o r i -  
g i n  f o r  locat ion.  D r i l l  hole GT-2 was co l l a red  a t  1523.9 f t  FEL, 1747.5 f t 

FNL, Sec. 13-Tl9N-RZE. The c o l l a r  a l t i t u d e s  were 8689.9 GL ( o r i g i n  f o r  
depths), 8701.5 KB ( o r i g i n a l ,  see P e t t i t t  1975a, Fig. 31, 8697.5 KB (work-over 
r i g ) ,  8714.9 KB (Noble r i g ) ,  where GL = ground leve l ,  KB = K e l l y  bushing, FEL 

= from east  l i n e ,  FNL = from north l i n e .  The televiewer footages on imagery 

( f i d u c i a l  values) re fer red to the o r i g i n  a t  ground leve l ,  8689.9 msl. 

11. D I R E C T I O N S  I N  A WELLBORE 

A. D i r e c t i o n  Vectors 
D i r e c t i o n  vectors are unbound u n i t  vectors. L e t  - v denote a column three 

vector; t h a t  i s ,  - v = [v,, v2, v3]' where ' i nd i ca tes  transpose. Le t  the opera- 
to rs  - , x , and norm ind i ca te  scalar product, vector product, and normaliza- 

t i o n  (reduct ion to u n i t  length),  respect ively,  as i n  - - -  w = u v, y = u x 1 and 
- u = norm ( V I .  The geometrical r e l a t i o n s  o f  a geological s t ruc tu re  i n  an i n -  

c l i ned  wel lbore i n  a deviated magnetic f i e l d  may be described i n  terms of d i -  
r e c t i o n  vectors as shown i n  perspective i n  Figure 1. The geometrical arrange- 

ment o f  d i r e c t i o n s  i n  three dimensions i s  shown i n  the stereographic projec- 
t i ons  o f  Figures 2 and 3. Figure 2 i s  the p ro jec t i on  f o r  a v e r t i c a l  hole; 
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TABLE I: REDUCED WELLBORE SURVEY, GT-2 ( f rom Zora Dash, Los Alamos) 

Depth Or ien ta t ion  Location 
Downhole Azimuth I n c l i n a t i o n  North East Down ~ 

( ft) ( deg 1 ( deg 1 ( f t )  (ft) ( f t )  

2500 
2600 
2700 
2800 
2900 

3000 
3100 
3200 
3300 
3400 

3500 
3600 
3700 
3800 
3900 

4000 
4100 
4200 
4300 
4400 

4500 
4600 
4700 

317.27 
313.98 
314.85 
313.70 
310.27 

302,13 
297.47 
293.67 
287.50 
277.25 

268.37 
277.645 
287.97 
286.98 
284.83 

284.72 
287.02 
288.685 
290.35 
288.65 

286.43 
286.30 
286.37 

88.65 
88.57 
88.52 
88.33 
88.20 

88.10 
88.33 
88.20 
88.60 
88.67 

88.58 
88.565 
88.43 
88.15 
87.97 

87.83 
87.72 
87.585 
87.45 
87.77 

87.67 
87.78 
87.90 

-1734.36 -1543.45 
-1732.62 -1545.13 
-1730.85 -1546.95 
-1728.91 -1548.97 
-1726.86 -1551.21 

-1725.07 -1553.82 
-1723.48 -1556.51 
-1722.13 -1559.25 
-1721.28 -1561.55 
-1720.86 -1563.85 

-1720.80 -1566.21 
-1720.685 -1568.68 
-1720.13 -1571.13 
-1719.22 -1574.01 
-1718.27 -1577.27 

-1717.30 -1580.85 
-1716.30 -1584.55 
-1714.975 -1588.55 
-1713.65 -1592.55 
-17 12.20 ' -1596.48 

-1711.54 -1600 39 
-1709.80 -1604.18 
-1708.72 -1607.78 

2504.58 
2604.55 
2704.51 
2894.48 
2904.43 

3004.38 
3104.33 
3204.28 
3304.25 
3404.23 

3504.20 
3604.165 
3704.13 
3804.09 
3904.03 

4003.96 
4103.89 
4203.80 
4303.7 1 
4403.62 

4503.54 
4603.46 
4703.39 

Figure 3 f o r  an i n c l i n e d  hole. This se t  o f  d i rec t i ons  var ies i n  some impor- 

t a n t  respects from t h a t  o f  K i e r s t e i n  (1984). 
6. Environmental D i rec t ions  

The north-seeking 
d i r e c t i o n  of the magnetic f i e l d  i s  - n, the magnetic vector. The magnetic 

meridian i s  a plane def ined by i t s  normal m, as shown i n  Figure 1, where - m = 2 
x - n = [cos d, s i n  d, 01, where d i s  the t rue azimuth o f  magnetic north.  

The d i r e c t i o n  v e r t i c a l l y  down i s  3, the g rav i t y  vector. 
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Figure 1. Perspective view of a plane s t ruc tu re  i n te rsec t i ng  a wellbore. The 
u n i t  vector e i s  normal to the plane, s i s  the right-handed s t r i k e  d i rec t i on ,  
and t i s  the d i p  d i rec t i on .  The axis-of the wel lbore has d i r e c t i o n  h. The 
c e n c r  of the plane i s  where the ax i s  o f  the wel lbore i n te rsec ts  the-plane; 
the magnetic meridian through the center has normal d i r e c t i o n  m. The i n t e r -  
sect ion o f  planes normal to 2 and h i s  a space curve. For a p h e  s t ructure,  
centered televiewer, and circular-wel lbore,  the space curve reduces to an 
e l l i p s e  w i t h  semiaxes s and - t, where - -  s = h x e, - t = e x  - s. - 

C. We1 1 bore D i rec t i on  

The o r i e n t a t i o n  o f  a d r i l l  hole i s  defined by the vector k t h a t  po in ts  
down the ax i s  o f  the hole, as shown i n  Figure 1. I f  the hole i s  a quadric 

cy l inder ,  then 9 i s  the ax is  o f  the cy l inder  o r  a generator o f  the cy l inder .  

If a televiewer too l  i s  proper ly  a l igned w i t h  the wellbore, the ax i s  o f  ro ta -  

t i o n  of the transducer i s  p a r a l l e l  to the ax i s  o f  the hole. Then the plane 
normal t o  - h i s  the plane o f  r o t a t i o n  o f  the transducer and the scanner t races 

where t h i s  plane in te rsec ts  the wellbore. On every revo lu t i on  o f  the t rans- 
ducer, the magnetometer senses the pos i t i on  o f  the magnetic meridian. One 

method i s  to sense the change o f  magnetic p o l a r i t y  from negative to p o s i t i v e  
as the ax i s  of the magnetometer sweeps through the magnetic azimuth o f  270'. 

It i s  convenient to th ink  o f  a " t r i g g e r "  being t r ipped whenever the transducer 
sweeps through the magnetic azimuth o f  360". The t r i g g e r  d i r e c t i o n  or the 

meridian trend on the scanner t race i s  then e u where - - -  u = h x m. 
D. S t ruc tu ra l  D i rec t i on  

The o r i e n t a t i o n  o f  a plane d i sc re te  s t ruc tu re  i s  defined by the or ien ta-  
t i o n  vector g, t h a t  po in ts  normal to the plane, p o s i t i v e  down. For a wel lbore 
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W 

MN 

E 

W u l f f  
1 o w e r  

Figure 2. Stereographic p ro jec t i on  (Wul ff, equal-angle o r  conformal pro jec-  
t i o n )  showing d i rec t i ons  associated w i th  a v e r t i c a l  wellbore. Horizon (geo- 
graphic) d i rec t i ons  are MN, E, S, W (magnetic north, east, south, and west). 
D i rec t i on  vectors are f, 9, h, m, n, r, s, t, ;, 1, and 9. Cyclographic 
traces are F, H, M, S,T, and-G.-D.Thefial-anges are P a n d  6 .  

wi th  the shape of a c i r c u l a r  cy l inder ,  the t race o f  the s t ruc tu re  on the wa l l  

i s  an e l l i p s e  i n  the plane normal to - p (Goodman 1976, p. 143) w i t h  axes - s (=  - h 
x E) and - t (=  e x E), as shown i n  Figure 1. The d i r e c t i o n  9 (=  E x - m) or the 
meridian trend on the s t ruc tu ra l  t race i s  the d i r e c t i o n  o f  the i n te rsec t i on  o f  

the magnetic meridian and the s t ruc tu ra l  plane. 

E. Reference D i rec t i on  

It i s  convenient t o  def ine a reference or a u x i l i a r y  plane w i t h  normal - f 

def ined by - - -  f = u x h. This plane contains the ax is  o f  the  hole and the t r i g -  

ger d i rec t ion .  It in te rsec ts  the s t ruc tu re  i n  the reference d i rec t ion ,  - r ( =  - p 
x f ) ,  o r  the reference trend on the s t ruc tu re  trace. 
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l o w e r  

Figure 3.  
c l i ned  wellbore. Labels as f o r  Figure 2. 

Stereographic p ro jec t i on  showing d i rec t i ons  associated w i t h  an i n -  

F. Ver t i ca l  Wellbore 

f o r  the case - h = 2. 
sponding cyclographic traces H, M, and P. 
- -  s, t, and 9 as defined above. 
defined by u = h x m and - - -  v = h x s. 

and - r are defined by the degeneracies - -  f = m and - r = 9. 
G. I n c l i n e d  Wellbore 

Figure 3 i s  a stereographic p ro jec t i on  f o r  an i n c l i n e d  wellbore. Four 
independent d i rec t i ons  are 2, - -  h, m, and e, w i t h  corresponding cyclographic 

traces G, H, M, and P. Derived d i r e c t i o n s  are - -  s, t, 9, - u, and - v, as before. 

The reference plane i s  defined by i t s  normal, - f, where - f = - u x - h, and the 

reference d i r e c t i o n  i n  the s t r u c t u r a l  trace i s  defined by - r = E x - f. I f  the 

7 

Figure 2 i s  a stereographic p ro jec t i on  f o r  a v e r t i c a l  wellbore, t h a t  i s ,  

Three independent d i rec t i ons  are - -  h, m, and E, w i t h  corre- 
Derived d i rec t i ons  i n  the plane are 

Derived d i rec t i ons  on a scan l i n e  are - u and - v, 
I n  a v e r t i c a l  wel lbore the d i r e c t i o n s  - f 

- - e  



wel lbore i s  v e r t i c a l ,  9 = h. 

noted f o r  the v e r t i c a l  case. 

Then f = u x h = (9 x - m) x e h becomes ( h  - -  x m) x - h - - - -  
= m, and r = e x - f becomes e x = 9, which are the degeneracies prev ious ly  - - 
H. Discussion 

The l i s t  o f  o r i e n t a t i o n  ( u n i t )  vectors i s  as fo l lows: 

9 
- n 

- m = 2 x 
h : ax is  o f  d r i l l  hole, p o s i t i v e  down. 

: g r a v i t y  vector, p o s i t i v e  down. 
: magnetic vector, p o s i t i v e  north. 

: normal to the magnetic meridian plane, p o s i t i v e  east. 

- 
u = h x m : meridian d i r e c t i o n  on scanner trace. 
f = u x h : normal to reference plane. 

e 
9 = e x  - m : meridian d i r e c t i o n  on s t ruc tu ra l  plane. 

r = p x f : reference d i r e c t i o n  i n  s t ructure.  

- s = 

- - -  
- - -  

: normal t o  s t ruc tu ra l  plane, p o s i t i v e  down. 

- -  
x e : s t r i k e  d i rec t i on ,  p o s i t i v e  i f  right-handed. 

- t = e x f  : d i p  d i rec t i on ,  post ti ve down-dip. 
v = h x s : trend o f  d i p  d i rec t i on .  - - -  

This se t  of d i rec t i ons  i s  more complex than t h a t  o f  K i e r s t e i n  (1984). 

The d i f fe rence i s  the in t roduc t ion  o f  the v e r t i c a l  reference plane, - f, as d i f -  

f e ren t  from the ( v e r t i c a l )  meridian plane, - m. The two are p a r a l l e l  on ly  i f  
the wel lbore azimuth i s  magnetic north.  K i e r s t e i n ' s  r e s u l t s  are regarded as 

appl icable only t o  t h i s  special case. 

111. TRACES ON A WELLBORE 

The in te rsec t i on  of a geological  s t ruc tu re  w i t h  an i n c l i n e d  wel lbore i n  a 
deviated magnetic f i e l d  may be described i n  terms o f  a s t ruc tu ra l  trace, which 

i s  a space curve formed a t  the i n te rsec t i on  of two three-dimensional surfaces, 
the plane s t ruc tu re  and the c y l i n d r i c a l  wellbore. The in te rsec t i on  i s  shown 

i n  a perspect ive diagram, Figure 1. 

A. Trace i n  Wellbore Coordinates 

The trace o f  a plane s t ruc tu re  on the wa l l  o f  a c i r c u l a r  d r i l l  hole i s ,  
i n  three dimensions, an e l l i p s e  i n  the plane e w i t h  axes - -  s = h x e and - t = E x 

- s (Figure 1 ) .  The t race of a s t ruc tu re  on a wel lbore i s  i l l u s t r a t e d  i n  Figure 
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4. Figure 4 i s  a c y l i n d r i c a l  p ro jec t i on  o f  the ins ide  o f  the wel lbore look ing 

along - u (=  5 x - m) a t  the o r ig in ,  w i t h  the Y-axis p a r a l l e l  to - h and with the 
remainder o f  the f i g u r e  "unro l led"  about - h. I n  t h i s  p ro jec t ion ,  the t race of 

a plane s t ruc tu re  i s  the harmonic curve: 

= c + A COS ( X  - x,) + B s i n  ( x  - xl) Y - Y l  

r Y - 
' 2  

Y 
' 1  

A z i m u t h  i n  wellbore 

~~ ~~ ~ ~ 

F igure 4. Cy l i nd r i ca l  p ro jec t i on  about the wel lbore ax i s  showing the t race o f  
a plane s t ruc tu re  on the wellbore. The coordinates (x, y )  are azimuth and 
a1 t i tude ,  respect ive ly ,  i n  wel lbore coordinates. Generators o f  the wellbore 
are x = constant. Traces through u are M, the magnetic meridian; F, the r e f e r -  
ence plane; P, the s t ruc tu re  trace: and H, the plane normal t o  the ax i s  of the 
borehole. The p ro jec t i on  of the right-handed s t r i k e  d i r e c t i o n  i s  (x  and 
o f  the d i p  d i r e c t i o n  i s  (x5, y2), which correspond to d i rec t i ons  - s4'afd - t of 
Figure 2. 
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The s t r i k e  o f  a plane i s  defined right-handedly; t h a t  i s ,  o f  the two a n t i -  

podal d i rec t i ons  f o r  s t r i ke ,  we choose as p o s i t i v e  t h a t  f o r  which the plane i s  
ro ta ted  downward to the r i g h t .  The d i p  l i n e ,  - t, i s  the d i r e c t i o n  o f  steepest 

descent i n  the plane. For a te leviewer r o t a t i n g  r ight-handedly about the we l l -  
bore axis,  h, the pro jec t ions  from Figure 1 t o  Figures 4 and 5, and t o  Figures 

2 and 3, are 

: u ---> (xl, y3) : reference d i r e c t i o n  
s t r i k e  l i n e  : - s ---> (x4, y3) : descending node 
a n t i s t r i k e  : (x2, y3) : ascending node 

d i p  l i n e  : - t ---> (x5, y2)  : minimum turn ing  p o i n t  
a n t i  d i p  (x3, y4) : maximum turn ing  p o i n t  
trend o f  d i p  : - v ---> ( x  

- r : reference crossing 9 : meridian crossing 
5’ y3) 

The terminology used i s  - h f o r  a d i r e c t i o n  ( u n i t  vector) ,  H o r  t race ( H )  
for  the plane normal to - h ( the  p ro jec t i ve  dual o f  Gans 1969, p. 2401, and ---> 
f o r  a p r o j e c t i v e  mapping. 
B. Trace i n  Image Coordinates 

The r o t a r y  te leviewer ro ta tes  about - h w i t h  each scan l i n e  being t r iggered 
a t  the p o i n t  where it crosses the magnetic meridian. I n  the r e s u l t a n t  image 

(F igure 51, the l i n e s  y = constant are scan l ines ,  and the po in ts  w = wu i n  
each scan l i n e  are the meridian crossing points.  The l i n e s  x = constant are 

cy l i nd ro ida l  generators ( t h a t  i s ,  generators o f  a quadric cy l i nde r )  t h a t  run 

p a r a l l e l  to the ax i s  o f  the borehole. On televiewer imagery the trace, y, o f  

a plane s t ruc tu re  i s  an i m p l i c i t  func t ion  o f  w given by 

Y - Y 1  = C + A cos(x - x,) + B s i n ( x  - x1 1 

and 

w - wu 

cos 8 = {normC(m - x k) x fill. . 
= ( x  - x,) + (y  - y1 - C )  tan e; 
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A z i m u t h  i n  i m a g e  

...., 

JJV W 

Figure 
nates 
are y 
scan 1 

5. Appearance o f  a s t ruc tu ra l  t race on a te leviewer image. The coordi-  
(w, y )  are azimuth and a l t i t u d e ,  respect ive ly ,  i n  the image. Scan l i n e s  
= constant, 0' S w 6 360'. The locus o f  the magnetic meridian on the 
ines i s  the scan-l ine t r i gge r ,  w = wu. Label s are as f o r  Figure 4. 

The x, , and norm ind i ca te  vector product, scalar product, and normal izat ion,  

respect ive ly .  The d e f i n i t i o n  o f  angle e given i n  Equation (4 )  i s  f o r  a too l  
r o t a t i n g  r ight-handedly about the p o s i t i v e  d i r e c t i o n  (down) o f  - h. 

C. Scanner D i s t o r t i o n  

The d i f fe rence between Equations (1) and ( 3 )  cons t i tu tes  an i n t r i n s i c  

scanner d i s t o r t i o n .  The transformat ion i s  a f f ine;  i t  does n o t  displace i n f l ec -  
t i o n  po in ts  b u t  does displace tu rn ing  points.  For t h i s  p a r t  o f  GT-2, the d is -  

t o r t i o n  e r ro r  i s  small, the average value being about 1.2'. The e r r o r  i n  
o r i en ta t i on  i s  less  than 0.01' for  a t yp i ca l  s t ruc tu re  and i s  no t  corrected. 
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I V .  DETERMINATION OF LOCATION 

A. Depth Ca l i b ra t i on  

Depths are usua l ly  expressed i n  r e l a t i o n  to a standard survey obtained 
f ran  the l oca t i on  o f  c o l l a r s  on the d r i l l  s t r i ng .  Depths obtained w i t h  cable 

tools,  such as the televiewer, depart  from the standard mainly because o f  

cable s t re tch.  I f  {ci; i = 1, B I  i s  a s e t  o f  cable too l  depths f o r  which 

matching po in ts  {bi; i = 1, B I  have been found on a c o l l a r  log, then the c a l i -  
brated depth o f  the te leviewer,  d, i s  given by a c a l i b r a t i o n  func t ion  d = P(c) 

defined by the requirement t h a t  bi = P(ci) f o r  i = 1, B. This statement leads 
to a polynomial c a l i b r a t i o n  func t ion  (e.g., Adey and Brebbia 1982, p. 179). 
A l te rna t i ve l y ,  a Green's ( in f luence)  func t ion  G(c, b) can be def ined so t h a t  
G(c, b)  = 1 i f  c = b and d i s  found as a weighted sum o f  in f luences o f  the 

type G(c, bi); i = 1, B. Watson (1984) shows t h a t  Green's funct ions lead to 

cubic spl ines,  which under some condi t ions are equiva lent  t o  Kr ig ing.  For 

GT-2, we use the reduced wel lbore survey GT2yd and piecewise- l inear in terpo-  
l a t i o n .  For depth c a l i b r a t i o n  i n  EE-3A, i t  was useful to p l o t  the te leviewer 

data as the scalar func t ion  l / z  versus depth, where z = sqrt(A2 + B 1, f o r  
comparison w i th  ca l i pe r  and gamma logs, as the physical  e f f e c t  o f  a s t ruc tu re  

var ies inverse ly  w i t h  the amplitude o f  i t s  trace. 

B. Re la t i ve  Locat ion 

The r e l a t i v e  o r  image l o c a t i o n  i s  the  p o i n t  a t  which the  s t r u c t u r e  
crosses the ax is  of the wellbore, i n  coordinates attached t o  the wel lbore 

ax is .  I f  bl i s  the ca l ib ra ted  depth downhole o f  the base o f  the scanner 

yl). I f  the  f i d u c i a l  marks a r e  nominated i n  depths downhole, t h a t  i s ,  
assigned a l t i t u d e s  i n  terms o f  ca l i b ra ted  depth downhole, then from Equation 

(11, b3 = C. 

C. Absolute Locat ion 

2 

image, then the r e l a t i v e  l o c a t i m  o f  the s t ruc tu re  i s  given by b3 = b l  - (Y, - 

L e t  b6 and b7 be depths downhole, measured along the d r i l l  s t r i ng ,  o f  two 
survey po in ts  on the d r i l l  hole where the wel lbore i n c l i n a t i o n  vectors 16 and 
h and l o c a t i o n  v e c t o r s  5 and &7 a r e  known f rom a reduced h o l e  survey. -7 
Linear i n te rpo la t i on  then y i e l d s  the l oca t i on  vector, - z, and hole i n c l i n a t i o n  

vector, - h, where 
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( h  - h ) / ( h  - h = (f - f 7 ) / ( 3  - f7) = (b3 - b7) / (b6 - b7) -7 4 -7 

Linear i n t e r p o l a t i o n  i s  found to be s u f f i c i e n t l y  accurate if 

V. DETERMINATION OF ORIENTATION 

A. Invers ion o f  Wellbore Trace 
The p r i n c i p a l  po in ts  on the trace o f  Figure 4 are the ascending and de- 

scending nodes and maximum and minimum turn ing points.  Equation (1) may be 
inver ted  t o  y i e l d  the azimuth o f  the descending node, i n  wel lbore coordinates, 

as fo l lows.  The ascending and descending nodes i n  Figure 4 correspond t o  posi-  
t i v e  and negative f i r s t  der iva t ives  o f  Equation (1) so that ,  f o r  x1 = 0, 

dy/dx = -A s i n  x + B cos x > 0 ascending node (5) 

and 

dy/dx = -A s in  x + B cos x c 0 descending node . 

The nodes are a t  zeros i n  the second der iva t ive ;  thus, 

d2y/dx2 = -A cos x - B s i n  x = 0 . 

The so lu t ion  to Equation (7)  i s  found, a f t e r  some manipulat ion, t o  be 

x = 180 n + atn(-A/B); n = 0, 1 , (8) 
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where a t n  re tu rns  i n  the range -90" to +go". The problem o f  f i n d i n g  the de- 

scending node i s  then t o  choose n appropr iate t o  Equation ( 6 ) .  The r e s u l t  i s  
n = C1 + sgn(B)1/2, where sgn(B) i s  the sign o f  8. By s i m i l a r  arguments the 

s e t  o f  p r i n c i p a l  po in ts  on the trace i s  obtained as 

ascending node : : x2 - x1 = 180 n2 + atn(-A/B) 
n2 = C1 - sgn(B) l /2 

maximum turn ing p o i n t  : : x3 - x1 = 180 n3 + a tn (  B/A) 

: s: x4 - x1 = 180 n4 + atn(-A/B) 
n3 = [l - sgn(A)1/2 

n4 = [l + sgn B)1/2 
descending node - 

minimum turn ing p o i n t  : x5 - x1 = 180 n5 + 
n5 = [l + sgn 

a t n (  B /A)  
A) 1/2 (9) 

B. Relat ive Or ien ta t i on  
Relat ive t o  a d r i l l  hole ax is  po in t i ng  v e r t i c a l l y  down and a magnetic 

meridian i n t e r s e c t i n g  the wellbore a t  (x ,  y )  = (xl, y3), as i n  Figure 4, the 
o r i e n t a t i o n  o f  the s t r u c t u r a l  plane, where a i s  the borehole rad ius (from a 

c a l i p e r  l og ) ,  i s  given by 

( i )  R e l a t i v e  s t r i k e :  
measured r ight-handedly about - h. 

0 = x4  - xl. T h i s  i s  t h e  az imu th  o f  - s i n  H, 

( i i )  Relat ive dip:  e = a t n ( l y 3  - y,l/a). This i s  the dihedral  angle 

.from h to 2, measured r ight-handedly a b o u t z .  

( i i i )  Trend o f  d ip:  90 + 0 = x5 - xl. This i s  the azimuth o f  - v i n  H, 
measured r ight-handedly about - h. 

(10) 

14 



C. Rotat ion about an I n c l i n e d  Axis 

vector)  - a may be w r i t t e n  (Burns and Murdoch 1983) as the operator R(a,e): 
A r i g i d  right-handed r o t a t i o n  through an angle o f  e o  about an ax i s  ( u n i t  

where & e o *  - a' = alal ala2 ala3 and - a - a' = 

a 2 a l  a2a2 a2a3 
'3'1 a3a2 a3a3 

0 -a3 a2 

a3 0 -al 
0 -a2 al 

R i s  a general screw r o t a t i o n  (MacMillan 1936, p. 167; Burns and Murdoch 

1983). The elementary operators e o *  and O X *  are the "outer-product" and 
"cross-product" operators, respect ive ly .  The operation o f  R on - x t o  y i e l d  - y 

w i l l  be w r i t t e n  41. = R(a,e) - - x. 
D. Absolute Or ien ta t i on  

The Relat ions (2) and (10) def ine the p ro jec t i on  from Figures 4 and 5 t o  
Figures 2 and 3, t h a t  i s ,  from the scanner image to the spherical pro ject ion.  

Def ine o r i e n t a t i o n  ( u n i t )  v e c t o r s  as f o l l o w s ,  no rma l i zed  t o  u n i t y  where 
necessary : 

9 
n 
- m = g x n :  

h 

u = h x m :  

- 

- 
f = u x h :  - - -  
e 
- -  r = p x f :  
s = t J x e :  

t = p x z :  - -  
v = h x s :  - - -  

grav i  t y  vector (posi ti ve down I .  
magnetic vector ( p o s i t i v e  north).  
normal t o  the magnetic meridian plane ( p o s i t i v e  east) .  

ax i s  o f  d r i l l  hole ( p o s i t i v e  down). 

reference d i r e c t i o n  on scanner trace. 

normal to reference plane. 
normal t o  s t r u c t u r a l  plane ( p o s i t i v e  down). 
reference d i r e c t i o n  i n  s t ructure.  
minor ax i s  o f  e l l i p t i c a l  trace. 

major ax i s  o f  e l l i p t i c a l  trace. 
t rend o f  d i p  l i n e .  

Note t h a t  (5, c, - t) are coplanar, normal to E, and s i m i l a r l y  f o r  (s, - -  u, XI ,  2; 
(h, r, u), f; and (E, 2, 11, E. Note also t h a t  (s, - -  t )  are perpendicular t o  
each other i n  the plane normal to E, and s i m i l a r l y  for  (2, !!.I, 2 and (h, - 2)' 
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- f. We are given 3, 11 from regional  observations, - h from a reduct ion o f  the 

borehole survey, and in format ion on s, - e - -  t, u, v from the scanner trace, and we 
are requi red to f i n d  E. The procedure i s  described i n  a lgor i thm 1, below. 

This method i s  much shor ter  than K ie rs te in ' s  (1984, pp. 6-16). 

Algor i thm 1: 

( i )  F ind the o r i e n t a t i o n  o f  the reference d i r e c t i o n  on the scanner 
t race from - u = norm [(g x - n) x - h]. 

( i i )  Since - u and s are coplanar, normal t o  - h, and the angle between u 
and - s i s  0 ,  f i n d  - s = R(h-, 0 )  - u. 

( i l l )  Since. u and c v are coplanar, normal to h, and the angle between - u 
and y i s  (90 + I) degrees, f i n d  - v = R(h, - 90 + 8 )  - u. 

( i v )  Since - v and - t are coplanar, normal to - s, and the angle between - v 
and - t i s  e, f i n d  t a s  t = R ( 2 ,  e )  - v. 

( V I  F ina l l y ,  e i s  found as e = - -  s x t. 

V I .  OBSERVED TEXTURES 

A. D r i l l  Core Resul ts 

o f  d r i l l  core, are l i s t e d  i n  Table 11. 

B. Televiewer Resul ts 

The tex tu ra l  i d e n t i f i c a t i o n s  o f  Laughlin e t  a l .  (1983) , from inspect ion 

As f a r  as possible, s t ructures were i d e n t i f i e d  by tex tu ra l  type, such as 

j o in t s ,  f au l t s ,  layer ings,  veins, f o l i a t i o n  (gneissosi  t y  and sch is tos i t y ) ,  and 
cleavage. St ructures such as f o l d  closures or traces o f  l i nea t i ons  could no t  

be dist inguished. The tex tu ra l  names are l i s t e d  i n  Table 111. 

V I I .  LOCATION AND ORIENTATION 

A. Results from D r i l l  Core 

The o r ien ta t i ons  i n  Table I V  were obtained by d i g i t i z a t i o n  o f  Figures 5 
and 8 i n  Laughl in e t  a l .  (1983). These are lower-hemisphere Lambert pro jec-  

t i ons  w i t h  the t ransformat ion o f  co la t i t ude  (90" - e)  given by ( V i s t e l i u s  
1966): re = sq r t (2 )  ro sin(45" - e/2), where re i s  the rad ius corresponding 
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TABLE 11: TEXTURAL NAMES FROM RECOVERED CORE, DRILL HOLE GT-2 
[from Laughl in e t  a l .  (198311 

(This i s  an index t o  names i n  Table IV.) 

F = f o l i a t i o n  (gneissos i ty  & sch i s tos i t y )  
Ju = unhealed f rac tu re  
Jh = healed f rac tu re  
Jp = f rac tu re  w i t h  p y r i t e  f i l l i n g  

t o  a co la t i t ude  o f  90'- e on the p ro jec t i on  and ro 
= 90'. 

B. Results from Televiewer 
The subsurface in format ion from Fenton H i l l  i s  unique and i r rep laceable.  

Precambrian rocks outcrop a t  the surface i n  the P i c u r i s  Range, Truchas Range, 
Nacimiento u p l i f t ,  and Sandia Mountains about 65 km E, 65 km NE, 13 km W, and 

65 km SSE, from Fenton H i l l .  The re la t i onsh ip  between these occurrences i s  
conjectura l .  The Fenton H i l l  subcrop l i e s  c e n t r a l l y  between these four  out- 

crops, and in format ion from Fenton H i l l  may we l l  be c r i t i c a l  to understanding 
Precambrian re la t i onsh ips  i n  t h i s  p a r t  o f  New Mexico. For t h i s  reason, the 

r e s u l t s  are tabulated i n  Tables V and V I .  Table V l i s t s  r e s u l t s  from run 1, 

i s  the rad ius f o r  90" - e 

TABLE 111: TEXTURAL NAMES FROM TELEVIEWER LOGS OF GT-2 
(This  i s  an index to names i n  Tables V and VI.) 

J =  
Js = 

J f  = 
J? = 
F =  
Fs = 

F1 = 
F? = 
c =  
cs = 

C? = 
V ?  = 

j o i n t ,  probably 
j o i n t  w i t h  chattermark 
( s p a l l i n g  or  chipping on the t race)  
f a u l t  or  boundary o f  f rac tu re  system 
j o i n t ,  poss ib ly  
f o l i a t i o n  
f o l i a t i o n  w i t h  chattermark 
( t h i n  m i  caceous seam?) 
li tho log ica l  layer ing  
f o l i a t i o n ,  poss ib ly  
cleavage , probabl y 
cleavage w i t h  chattermark 
(c renu la t ion  cleavage?) 
cleavage , possib ly  
vein, poss ib ly  
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TABLE I V :  ORIENTATIONS OF STRUCTURES I N  DRILL CORE, GT-2. FOLIATIONS 
FROM DEPTH RANGE 1126-1129 m. FRACTURES FROM DEPTH RANGES 

1127-1129, 1304-1306, and 1672-1674 m 
[from Laughlin e t  a l .  (1983) l  

Or ien ta t ion  
Azimuth I n c l i n a t i o n  

No. (deg) (deg 1 Type 

1 144 
16 1 
168 

4 176 
5 184 

196 
201 

9 004 
218 

10 028 
0 40 
110 
111 

14 123 
15 1 34 

134 
141 
144 

19 146 

71.3 
52.0 
60.5 
63.8 
58.0 
45 .3  
49.5 
73.7 

1 .1  

2 .3  
81.9 
11.0 
8 .8  

61.3 
77.0 
70.3 

5.6 
6 .5  

65.2 

F 
F 
F 
F 
F 
F 
F 
F 
Ju 

Ju 
Ju 
Ju 
Ju 
Jh 
Jh 
Jh 
Ju 
Ju 
3U 

f o r  depths o f  2536-2670 f t  and 2690-4270 ft. Table V I  l i s t s  r e s u l t s  f o r  run 

2 ,  4000-5600-f t  and 6260-6340- f t  depths downhole. The accuracy o f  these 

measurements i s  discussed i n  Par t  3 o f  t h i s  repor t .  

C. Prec is ion R e c t i f i c a t i o n  
Rec t i f i ca t i on  by the sequential processing method used here i s  sa t is fac-  

t o ry  f o r  GT-2 because o f  the small angle beween the ax i s  o f  the hole and the 
plane o f  the magnetic meridian. However, i n  general, the method i s  on ly  ap- 

proximate because the magnetic vector and hole i n c l i n a t i o n  vector are requi red 
f o r  f i t t i n g  a trace; f i n d i n g  these vectors requi res a knowledge o f  depth down- 

hole t h a t  i s  no t  known before f i t t i n g  a trace. I t e r a t i v e  procedures t h a t  con- 
s ider  a l l  inputs  simultaneously are requi red f o r  determining l oca t i on  precise- 

ly .  These procedures are l i k e l y  to be qu i te  elaborate and w i l l  requ i re  simul- 
taneous considerat ion o f  d i g i t i z e d  televiewer imagery, ca l i pe r  and c o l l a r  

logs. Because o f  the impulsive nature o f  ca l i pe r  data and t h e i r  la rge  e f f e c t  

18 



Or ien ta t ion  
Azimuth I n c l i n a t i o n  

No. (deg) (deg 1 TY Pe 

20 

24 
25 

29 

30 

34 
35 

39 

40 

42 

150 
150 
150 
169 
174 
180 
211 
222 
2 42 
243 

25 1 
269 
276 
2 86 
297.5 
302.5 
309.5 
3 11 
311 
313.5 

314 
317 
319.5 

68 .O 
64.7 
60.7 
2.3 
58.7 
72.9 
34.4 
11 .o 
20.1 
67.7 

22.1 
21.1 
52.9 
17.1 
15.1 
34.2 
20.1 
20.1 
18.1 
6.7 

20.1 
5.4 
2.3 

Ju 
Jh 
Ju 
Jh 
Jh 
Jh 
Ju 
Ju 
Ju 
Ju 

Ju 
JP 
Ju 
Ju 
Ju 
Ju 
Ju 
Ju 
Ju 
Ju 

Ju 
Ju 
Ju 

on the estimated dip, p rec is ion  o r ien ta t i ons  are d i f f i c u l t  by any method re -  
q u i r i n g  co r re la t i on  between logs, and high prec is ion  requi res t h a t  the te le -  

viewer be run simultaneously w i t h  a ca l iper ,  hole incl inometer,  and 
magnetometer . 
V I I I .  CONCLUSIONS 

R e c t i f i c a t i o n  comprises c a l i b r a t i n g  depth, f i nd ing  p r inc ipa l  po in ts  on 

the s t ruc tu ra l  trace, and r o t a t i n g  t o  geographic coordinates using r i g i d  screw 
ro ta t i ons .  From the  t e s t  imagery o f  GT-2, 733 s t ruc tures  ( f rac tu res  and f o l i a -  

t i o n s )  were measured, compared w i t h  42 st ructures from recovered core. The 
733 new measurements are l i s t e d  i n  Tables V and V I .  These measurements are a 
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unique and unrepeatable c o l l e c t i o n  o f  s t ruc tu ra l  in format ion from the Pre- 

cambrian basement o f  northern New Mexico. The method used f o r  determining 
depth f o r  GT-2 was l i n e a r  i n t e r p o l a t i o n  between po in ts  estimated by the meth- 

ods o f  Callas, Novak, and Henderson (1979). Nonlinear methods, such as cubic 
spl ines, based on the actual  survey po in ts  would be preferable.  The method o f  

determining o r i e n t a t i o n  was a d i r e c t  method t h a t  assumed the too l  was centered 
and a l igned i n  a c i r c u l a r  wellbore, the s t ruc tu re  was plane, and the magnetic 

f i e l d  vector was constant. The instrument used i n  GT-2 d i d  no t  provide suf- 
f i c i e n t  in format ion t o  support a more sophis t icated model able to take account 

o f  d i s t o r t i n g  fac to rs  such as tool off-center ing,  too l  misalignment, tool o s c i l -  
la t ions ,  hole noncyl i n d r i c a l  i ty, magnetic f i e l d  inconstancy, and s t r u c t u r a l  

nonplanari ty, so prec ise measurements were n o t  possible. More powerful i n s t r u -  
ments are desirable.  I n  the absence o f  in format ion on the d i s t o r t i n g  factors ,  

d i r e c t  evaluat ion of the l i k e l y  s ize or type o f  e r ro rs  i s  n o t  possible, and i t  
i s  necessary to use i n d i r e c t  methods to assess errors .  An analys is  o f  data 

q u a l i t y  i s  given i n  Par t  3 o f  t h i s  repor t .  

20 



TABLE V :  LOCATION AND ORIENTATION OF STRUCTiRES I N  TELEVIEWER RUN 1, 
FROM 2536 TO 4263 ft 

Depth Or ienta t ion  Loca ti on 
Downhole Azimuth I n c l i n a t i o n  North East  Down TvDe F i t  

1 2536.63 326.79 
2536.71 195.27 
2538.22 328.05 
2541.33 325 
2542.43 280.96 
2550.49 85.1 
2556.37 240.5 
2563.32 73.33 

9 2570.2 242.29 

10 2587.65 242.34 
2587.71 249.11 
2590.55 271.01 
2595.24 267.65 
2612.71 336.22 
2617.46 53.2 
2622.52 269.9 
2638.77 66.59 
2643.36 321.25 

19 2649.56 267.43 

20 2664.85 12.45 
2665.54 295.83 
2697.05 96.55 
2697.36 214.76 
2700.6 264.9 
2706.87 261.28 
2718.28 240.68 
2720.5 277.66 
2724.7 266.66 

29 2727.16 258.67 

30 2736.83 
2737.44 
2738.47 
2754.86 
2758.87 
2761.14 
2762.73 
2770.55 
2771.83 

39 2772.04 

241.55 
253.62 
257.56 
75.9 
263.2 
69.98 
83.02 
70.58 
59.38 
68.97 

2.47 
15.74 
2.83 
4.46 
12.34 
6.23 
2.97 
15.39 
34.87 

5.84 
15.31 
8.55 
16.44 
3.63 
13.78 
5.23 
5.67 
3.11 
7.94 

5.38 
1.31 
6.45 
12.67 
27.52 
2.54 
7.24 
17.52 
19.7 
19.77 

10.79 
10.65 
10.03 
13.09 
2.93 
15.88 
12.03 
15.72 
15.29 
15.66 - 

-1733.72 
-1733.72 
-1733.7 
-1733.64 
-1733.62 
-1733.48 
-1733.38 
-1733.26 
-1733.14 

-1732.83 - 1732.83 
-1732.78 
-1732.7 
-1732.39 
-1732.31 
-1732.22 
-1731.93 
-1731.85 
-1731.74 

-1731.47 
- 1731.46 
-1730.9 
-1730.9 
-1730.84 
-1730.73 
-1730.5 
- 1730.45 
-1730.37 
-1730.32 

-1730.14 
-1730.12 
-1730.1 
-1729.79 
-1729.71 
-1729.66 
-1729.63 
- 1729.48 
-1729.46 
-1729.45 

-1544.07 
- 1544.07 
-1544.09 
-1544.14 
-1544.16 
- 1544.3 
-1544.4 
-1544.51 
-1544.63 

-1544.92 
-1544.92 
-1544.97 
-1545.05 
-1545.36 
-1545.45 
-1545.54 
- 1545.84 
-1545.92 
-1546.03 

-1546.31 
-1546.32 
-1546.9 - 1546.9 
-1546.96 
-1547.08 
-1547 .32 
-1547.36 
-1547.45 
-1547.5 

-1547.69 
-1547.71 
-1547.73 - 1548.06 
-1548.14 
-1548.18 
-1548.22 
-1548.38 
-1548.4 
-1548.41 

2541.2 
2541.28 
2542.78 
2545.9 
2547 
2555.06 
2560.93 
2567.89 
2574.75 

2592.2 
2592.27 
2595.1 
2599.79 
2617.26 
2622 
2627.06 
2643.31 
2647.9 
2654.09 

2669.38 
2670.06 
2701.56 
2701.87 
2705.11 
2711.38 
2722.78 
2725.01 
2729.2 
2731.66 

2741.33 
2741.93 
2742.97 
2759.35 
2763.36 
2765.63 
2767.22 
2775.04 
2776.31 
2776.53 

F 
J 
F 
F 
J 
Js 
Js 
J 
J 

Js 
J 
J 
J 
Js 
J 
cs 
J 
Fs 
J 

Js 
J 
J 
J? 
J 
J 
F 
J 
J 
J f  

F 
F 
J 
J 
C 
J 
J 
J 
Js 
Js 

0.01 
0.02 
0.01 
0.03 
0.1 
0.03 
0.05 
0.09 
0.28 

0.06 
0.06 
0.16 
0.14 
0.06 
0.13 
0.12 
0.11 
0.07 
0.05 

0.11 
0.04 
0.04 
0.07 
0.07 
0.03 
0.06 
0.08 
0.08 
0.14 

0.09 
0.05 
0.11 
0.12 
0.02 
0.03 
0.02 
0.04 
0.07 
0.09 

aOrientat ions r e f e r  to the pole to the plane,  t h a t  i s ,  the u n i t  vector normal 
to the plane. Azimuths are  degrees east  of  t rue north;  i n c l i n a t i o n s  a r e  
p o s i t i v e  down (degrees below the geographic hor izon) .  21 



TABLE V (cont )  

Depth O r i e n t a t i o n  Loca ti on 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

40 2786.45 
2787.53 
2787.88 
2800.89 
2803.24 
2805.83 
2815.87 
2825.75 
2828.96 

49 2829.03 

50 2829.19 
2830.85 
2836.24 
2838.4 
2853.04 
2855.32 
2855.89 
2858.07 
2860.92 

59 2869.68 

60 2879.51 
2893.92 
2922.5 
2924.27 
2926.11 
2931.62 
2932.77 
2934.55 
2935.64 

69 2939.87 

70 2940.34 
2943.61 
2954.86 
2958.96 
2964.31 
2964.34 
2964.44 
2965.23 
2967.8 

79 2969.69 

22 

17.9 
71.73 
104.92 
256.59 
59.24 
286.96 
140.95 
98.11 
125.46 
257.42 

350.44 
79.16 
50.46 
166.05 
299.59 
287.43 
35.94 
56.13 
75.14 
237.03 

80.51 
75.35 
57.02 
62.58 
57.8 
63.83 
53.84 
59.8 
56.62 
91.3 

42.27 
52.56 
40.16 
166.88 
297.95 
236.26 
90.84 
276.99 
38.82 
53.21 

4.33 
15.54 
7.5 
8.95 
34.9 
37.02 
20.57 
23.73 
24.28 
34.85 

14.54 
12.3 
18.38 
13.89 
22.52 
35.95 
30.57 
14.28 
8.13 
15.31 

34.66 
23.79 
12.78 
12.85 
17.62 
9.84 
37.81 
30.53 
31.48 
12.37 

16.57 
15.09 
18.36 
72.69 
19.11 
0.33 
23.9 
30.92 
5.61 
17.56 

-1729.17 
-1729.15 
-1729.15 
-1728.89 
-1728.85 
-1728.8 
-1728.58 
-1728.38 
-1728.32 
-1728.31 

-1728.31 
-1728.28 
-1728.17 
-1728.12 
-1727.82 
-1727.78 
-1727.76 
-1727.72 
-1727.66 
-1727.48 

-1727.28 
-1726.98 
-1726.46 
- 1726.43 
-1726.39 
-1726.29 
-1726.27 
-1726.24 
-1726.22 
-1726.15 

-1726.14 
- 1726.08 
-1725.88 
-1725.8 
-1725.71 
-1725.71 
-1725.71 
-1725.69 
-1725.65 
-1725.61 

-1548.7 
-1548.72 
-1548.73 
-1548.99 
-1549.04 
-1549.09 
-1549.33 
-1549.55 
-1549.62 
-1549.62 

-1549.62 
-1549.66 
-1549.78 
- 1549.83 
-1550.16 
-1550.21 
-1550.22 
- 1550.27 
-1550.33 
-1550.53 

-1550.75 
-1551.07 
-1551.8 
-1551.84 
-1551.89 
-1552.04 
-1552.07 
-1552.11 
-1552.14 
-1552.25 

2790.94 
2792.02 
2792.36 
2805.37 
2807.72 
2810.31 
2820.34 
2830.22 
2833.42 
2833.49 

2833.66 
2835.31 
2840.7 
2842.86 
2857.5 
2859.78 
2860.34 
2862.52 
2865.37 
2874.13 

2883.95 
2898.35 
2926.92 
2928.69 
2930.53 
2936.03 
2937.19 
2938.97 
2940.05 
2944.28 

-1552.26 2944.75 
-1552.35 2948.02 
-1552.64 2959.26 
-1552.75 2963.36 
-1552.89 2968.71 
-1552.89 2968.74 
-1552.89 2968.84 
-1552.91 2969.63 
-1552.98 2972.19 
-1553.03 2974.09 

V ?  
J 
C 
C 
F 
F 
J 
Js 
J 
J s  

J s  
J 
J 
F 
J 
F 
Js 
J 
J 
F 

J s  
J 
J 
J f  
J 
F 
J 
J 
J 
J 

Jf 
J f  
J f  
J 
J 
J 
J 
J 
J 
J 

0.08 
0.07 
0.01 
0.1 
0.11 
0.1 
0.04 
0.14 
0.03 
0.12 

0.04 
0.04 
0.09 
0.06 
0.11 
0.23 
0.13 
0.09 
0.02 
0.1 

0.13 
0.13 
0.17 
0.17 
0.14 
0.04 
0.06 
0.1 
0.03 
0.04 

0.1 
0.02 
0.12 
0.14 
0.14 
0.03 
0.13 
0.1 
0.02 
0.13 



TABLE V (cont) 

Depth Orientation Location 
Downhole A z i m u t h  Inclination North East Down TY Pe F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

8 

80 2974.74 
2975.07 
2980.08 
2980.38 
2984.37 
2987.17 
2990.59 
2992.18 
2994.74 
2996.78 

90 2997.31 
2999.05 
3000.93 
3001.73 
3004.02 
3005.12 
3005.13 
3006.62 
3014.86 

99 3015.81 

100 3020.18 
3021.3 
3024.3 
3025.34 
3029.52 
3031.59 
3036.38 
3036.62 
3040.21 

109 3043.33 

110 3047.54 
3048.8 
3052.21 
3053.65 
3054.08 
3054.35 
3054.8 
3056.23 
3060.37 

119 3061.47 

16.65 
111.8 
74.16 
100.19 
107.89 
295.64 
54.33 
16.19 
49.77 
145.71 

13.08 
261.36 
322.61 
321.36 
217.44 
52.4 
239.92 
54.24 
198.02 
189.45 

161.82 
323.74 
339.23 
264.2 
271.44 
70.85 
269.63 
84 
63.48 
230.16 

278.09 
276.29 
247.55 
71.77 
104.46 
213.96 
217.39 
260.92 
140.69 
269.29 

33.62 
20.79 
9.46 
9.25 
10.17 
2.78 
9.3 
21.55 
24.68 
8.18 

27.57 
25.89 
8.95 
9.9 
11.14 
26.67 
17.1 
19.39 
32.71 
29.93 

46.2 
13.95 
67.4 
56.92 
43.86 
24.83 
19.32 
22.22 
12.56 
10.02 

8.79 
22.71 
38.4 
6.51 
14.32 
12.89 
0.09 
4.4 
5.9 
3.84 

-1725.52 
-1725.52 
-1725.43 
-1725.42 
-1725.35 
-1725.3 
-1725.24 
-1 725.21 
-1725.16 
-1725.13 

-1725.12 
-1725.09 
-1725.05 
-1725.04 
-1725 
- 1724.98 
-1724.98 
-1724.95 
-1724.83 
-1724.82 

-1724.75 
-1724.73 
-1724.68 
-1724.67 
-1724.6 
-1724.57 
-1 7 24.49 
- 1724.49 
-1724.43 
- 1724.38 

-1724.31 
-1724.29 
-1724.24 
-1724.22 
-1724.21 
- 1724.21 
-1724.09 
-1724.18 
-1724.11 
- 1724.09 

-1553.16 
-1553.17 
-1553.3 
-1553.31 
-1553.41 
-1553.49 
-1553.57 - 1553.62 
-1553.68 
-1553.74 

-1553.75 
-1553.8 
-1553.84 
-1553.87 
-1553.92 - 1553.95 
-1553.95 
-1553.99 
-1554.22 
-1 554.25 

-1554.36 
-1554.39 
-1554.47 
-1554.5 
-1554.61 
- 1554.67 
-1554.8 
- 1554.81 
-1554.9 
-1554.99 

-1555.1 
-1555.13 
-1555.22 
-1555.26 
-1555.27 
-1555.28 
-1555.25 
-1555.33 
-1555.44 
-1555.47 

2979.13 
2979.46 
2984.47 
2984.77 
2988.76 
2991.55 
2994.98 
2996.56 
2999.12 
3001.16 

3001.69 
3003.43 
3005.3 
3006.11 
3008.39 
3009.49 
3009.51 
3011 
3019.23 
3020.18 

3024.55 
3025.67 
3028.67 
3029.7 
3033.89 
3035.95 
3040.74 
3040.98 
3044.57 
3047.69 

3051.89 
3053.16 
3056.56 
3058 
3058.43 
3058.7 
3059.15 
3060.58 
3064.72 
3065.82 

J 
J 
J 
J s  
J 
F 
F 
J 
Jf 
J 

Jf 
J 
C 
C 
C 
Jf 
J 
J 
Jf 
Jf 

C 
F 
Jf 
Jf 
Jf 
F 
F1 
F 
J 
J 

J 
F 
J s  
J 
F 
J s  
J 
J 
J 
J 

0.21 
0.06 
0.01 
0.04 
0.02 
0.02 
0.03 
0.11 
0.18 
0.00 

0.2 
0.16 
0.02 
0.03 
0.01 
0.17 
0.07 
0.04 
0.21 
0.14 

0.29 
0.08 
0.24 
0.46 
0.12 
0.15 
0.09 
0.06 
0.06 
0.02 

0.02 
0.11 
0.11 
0.02 
0.07 
0.02 
0.02 
0.01 
0.05 
0.04 
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TABLE V (cont )  

Depth Or ienta t ion  Location 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

120 3063.5 43.35 15.17 
3064.43 48.67 17.32 
3065.41 23.83 5.45 
3068.11 53.2 15.95 
3069.57 4.08 4.91 
3074.16 69.91 16.74 
3076.53 239.73 7.4 
3083.38 18.16 2.49 
3084.3 256.84 3.58 

129 3092.58 249.03 30.22 

130 3093.89 247.61 
3098.08 287.25 
3100.92 244.46 
3101.21 289 
3101.83 293.15 
3106.51 118.45 
3109.89 65.4 
3118.94 73.37 
3134.73 3.12 

139 3136.87 71.01 

18.44 
31.79 
2.39 
17.83 
3.49 
5.83 
5.66 
17.85 
62.64 
12.88 

140 3141.06 110.2 6.93 
3142.19 154.54 4.19 
3142.52 52.93 10.81 
3144.31 10.56 20 
3146.69 239.7 32.25 
3147.67 33.07 17.7 
3150.51 151.16 5.51 
3150.91 85.54 25.37 
3152.25 149.05 9.05 

149 3158..27 0.73 15.67 

150 3158.34 314.45 16.98 
3161.09 11.26 60.9 
3162.38 59.55 31.99 
3172.94 252.46 20.53 
3173.1 293.63 10.45 
3176.6 127.62 11.23 
3178.53 347.66 23.7 
3179.3 125.24 22.12 
3185.34 289.77 23.62 

159 3185.56 129.12 14.69 

-1724.06 
-1724.05 
-1724.03 
-1723.99 
-1723.96 
-1723.89 
-1723.85 
-1723.74 
-1723.73 
-1723.6 

-1723.58 
-1723.51 
-1723.47 
-1723.46 
-1723.45 
-1723.38 
-1723.35 
-1723.22 
-1723.01 
-1722.98 

-1722.93 
-1722.91 
-1722.91 
-1722.88 
-1722.85 
-1722.84 
-1722.8 
-1722.79 
-1722.77 
-1722.69 

-1722.69 
-1722.66 
-1722.64 
-1722.5 
-1722.49 
-1722.45 
-1722.42 
-1722.41 
-1722.33 
-1722.32 

-1555.53 
-1555.55 
-1555.58 
-1555.65 
-1555.69 
-1555.81 - 1555.88 
-1556.06 
-1556.09 
-1556.31 

-1556.35 
-1556.46 
-1556.53 
-1556.54 
-1556.56 
-1556.69 
-1556.78 
-1557.03 
-1557.46 
-1557.52 

-1557.63 
-1557.67 
-1557.67 
-1557.72 
-1557.79 
-1557.82 
-1557.89 
-1557.9 
-1557.94 
-1558.11 

-1558.11 
-1558.18 
-1558.22 
-1558.51 
-1558.51 
-1558.61 
-1558.66 
-1558.68 
-1558.85 
- 1558.85 

3067.85 
3068.78 
3069.76 
3072.46 
3073.91 
3078.5 
3080.88 
3087.72 
3088.63 
3096.91 

3098.22 
3102.41 
3105.25 
3105.54 
3106.16 
3110.84 
3114.22 
3123.26 
3139.05 
3141.19 

3145.37 
3146.5 
3146.83 
3148.62 
3151 
3151.98 
3154.81 
3155.22 
3156.56 
3162.57 

3162.64 
3165.39 
3166.68 
3177.23 
3177.39 
3180.89 
3182.82 
3183.59 
3189.63 
3189.85 

C 
C 
J 
C 
J 
J 
J f  
J f  
J 
C 

C 
J f  
J 
J 
F 
J 
F 
J f  
J 
F 

J 
J 
F 
J 
Js 
Js 
C 
F 
F 
F 

J 
J f  
J f  
Js 
Js 
J 
J 
J 
J 
Js 

0.03 
0.04 
0.03 
0.01 
0.01 
0.04 
0.05 
0.03 
0.07 
0.05 

0.07 
0.08 
0.07 
0.01 
0.05 
0.1 
0.07 
0.08 
0.27 
0.06 

0.03 
0.02 
0.06 
0.07 
0.11 
0.05 
0.01 
0.1 
0.03 
0.07 

0.04 
0.22 
0.08 
0.07 
0.15 
0.04 
0.18 
0.13 
0.16 
0.04 
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TABLE V (cont) 

~~ 

Depth Or i en ta t i  on Location 
Downhole Azimuth Inclination North E a s t  Down TY Pe F i t  
No. (ft)  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

160 

169 

170 

179 

180 

189 

190 

199 

3185.85 
3188.37 
3189.72 
3194.36 
3196.28 
3214.38 
3221.04 
3222.43 
3235.76 
3243.18 

3244.31 
3247.91 
3248.6 
3253.37 
3255.33 
3258.54 
3261.73 
3262.65 
3263.74 
3265.69 

3265.69 
3270.61 
3272.76 
3273.71 
3275.42 
3279.47 
3282 
3286.08 
3292.3 
3293.81 

3300.41 
3303.65 
3313.97 
3317.03 
3319.89 
3320.04 
3320.26 
3322.83 
3326.77 
3333.16 

328.16 
55.67 
37.17 
186.76 
290.23 
106.85 
123.55 
274.58 
203.8 
32.35 

280.99 
334.87 
40.49 
300.23 
240.39 
250.55 
353.77 
258.74 
270.54 
260.04 

272.16 
32.9 
27.74 
29.15 
357.26 
15.82 
184.15 
28.8 
37.17 
328.05 

197.5 
267.8 
289.74 
50.27 
285.8 
302.12 
192.57 
334.82 
283.89 
255.27 

40.02 
7.95 
7.7 
35.79 
39.71 
66.28 
36.04 
49.4 
51.14 
14.89 

19.05 
54.72 
12.6 
23.76 
24.99 
15.98 
13.34 
20.71 
31.39 
41.33 

23.54 
12.16 
17.31 
18.08 
7.79 
10.02 
18.37 
15.66 
13.64 
1.44 

65.73 
23.72 
7.39 
7.81 
4.08 
10.96 
38.34 
16.36 
12.45 
11.01 

-1722.32 
-1722.29 
-1722.27 
-1722.21 
-1722.18 
-1722.01 
-1721.95 
-1721.94 
-1721.83 
-1721.76 

-1721.75 
-1721.72 
-1721.72 
-1721.68 
-1721.66 
-1721.63 
-1721.61 
-1721.6 
-1721.59 
-1721.57 

-1721.57 
-1721.53 
-1721.51 
-1721.5 
-1721.49 
-1721.45 
-1721.43 
-1721.4 
-1721.35 
-1721.33 

-1721.28 
-1721.25 
-1721.22 
-1721.21 
-1721.2 
-1721.2 
-1721.19 
-1721.18 
-1721.17 
-1721.14 

-1558.86 
-1558.93 
-1558.97 
-1559.1 
-1559.15 
-1559.58 
-1559.73 
-1559.77 
-1560.07 
-1560.24 

-1560.27 
-1560.35 
-1560.37 
- 1560.48 
-1560.52 
-1560.6 
-1560.67 
-1560.69 
-1560.72 
-1560.76 

-1560.76 
-1560.87 
-1560.92 
-1560.95 
-1560.98 
-1561.08 
-1561.14 
-1561.23 
-1561.37 
-1561.41 

-1561.56 
-1561.63 
-1561.87 
-1561.94 
-1562.01 
-1562.01 
-1562.02 
-1562.08 
-1562.17 
-1562.31 

3190.14 
3192.66 
3194.01 
3198.65 
3200.56 
3218.66 
3225.31 
3226.7 
3240.03 
3247.44 

3248.57 
3252.17 
3252.87 
3257.64 
3259.59 
3262.8 
3265.99 
3266.91 
3268 
3269.95 

3269.95 
3274.87 
3277.02 
3277.97 
3279.68 
3283.73 
3286.26 
3290.34 
3296.55 
3298.06 

3304.66 
3307.9 
3318.22 
3321.28 
3324.14 
3324.28 
3324.5 
3327.07 
3331.02 
3337.4 

Js 
J S  
Js 
Js 
Jf 
J 
J 
J 
J 
J 

J 
J 
F 
F 
F 
F 
J 
F 
F 
F 

Jf 
F 
J 
J 
J 
F 
J 
F 
F 
J 

J 
J 
J 
F 
C 
F 
J 
F 
F 
J 

0.05 
0.03 
0.02 
0.13 
0.11 
0.26 
0.07 
0.1 
0.15 
0.06 

0.02 
0.08 
0.02 
0.11 
0.12 
0.08 
0.01 
0.2 
0.16 
0.04 

0.09 
0.13 
0.06 
0.09 
0.05 
0.08 
0.06 
0.09 
0.13 
0.02 

0.54 
0.1 
0.04 
0.01 
0.00 
0.08 
0.16 
0.03 
0.03 
0.16 
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TABLE V (cont)  

Depth O r i  en ta ti on Location 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. ( f t )  (deg) (deg) ( f t )  ( ft) ( f t )  ( f t )  

200 

209 

210 

2 19 

220 

2 29 

230 

239 

26 

3334.31 
3338.76 
3339.07 
3341.25 
3343.41 
3344.32 
3344.81 
3347.22 
3347.85 
3348.33 

3349.93 
3352.68 
3354.95 
3359.58 
3360.54 
3361.04 
3361.94 
3362.08 
3363.11 
3369.97 

3377.07 
3377.48 
3381.87 
3394.39 
3394.57 
3402.14 
3404.75 
3413.18 
3415.92 
3417.57 

3417.94 
3418.24 
3422.49 
3426.04 
3426.22 
3428.71 
3433.06 
3434.5 
3436.04 
3439.41 

244.05 
45.48 
21.35 
49.5 
55 
51.02 
34.11 
39.43 
84.89 
40.93 

63.53 
57.95 
53.88 
19.49 
38.8 
25.44 
55.57 
27.3 
358.16 
342.41 

70.22 
299.23 
198.39 
183.68 
107.25 
218.52 
241.51 
319.32 
241.67 
123.79 

248.02 
93.32 
108.55 
208.55 
284.01 
108.02 
101.57 
59.93 
206.82 
230.45 

25.37 
8.29 
11.02 
18.68 
12.97 
18.44 
25.24 
4.17 
10.66 
4.16 

12.1 
16.14 
9.43 
6.32 
14.43 
6.53 
5.81 
21.48 
5.57 
3.77 

11.82 
14.45 
16.23 
22.24 
10.95 
15.17 
15.53 
8.93 
24.57 
48.07 

34.26 
17.25 
21.8 
8.39 
49.9 
22.34 
18.71 

29.22 
46.87 

3b58 

-1721.14 
-1721.12 
-1721.12 
-1721.11 
-1721.1 
-1721.09 
-1721.09 
-1721.08 
-1721.08 
-1721.08 

-1721.07 
-1721.06 
-1721.05 
-1721.03 
-1721.03 
-1721.02 
-1721.02 
-1721.02 
-1721.01 
-1720.99 

-1720.96 - 1720.95 
-1720.94 - 1720.88 
-1720.88 
-1720.85 
-1720.84 
-1720.85 
-1720.85 
-1720.85 

-1720.85 - 1720.85 
-1720.85 
-1720;&4 
-1720.84 
- 1720.84 
-1720.84 
-1720.84 
-1720.84 
-1720.84 

-1562.34 3338.56 
-1562.44 3343 
-1562.45 3343.32 
-1562.5 3345.5 
-1562.55 3347.65 
-1562.57 3348.56 
-1562.58 3349.05 
-1562.64 3351.46 
-1562.65 3352.09 
-1562.66 3352.57 

-1562.7 
-1562.76 
-1562.81 
-1562.92 
-1562.94 
-1562.95 
-1562.97 
-1562.98 
-1563 
-1563.16 

-1563.32 
-1563.33 
-1563.43 
-1563.72 
-1563.73 
-1563.9 
-1563.96 
-1564.16 
-1564.23 
-1564.26 

3354.17 
3356.92 
3359.19 
3363.82 
3364.78 
3365.28 
3366.18 
3366.32 
3367.35 
3374.21 

3381.31 
3381.71 
3386.1 
3398.63 
3398.8 
3406.37 
3408.97 
3417.4 
3420.14 
3421.8 

-1564.27 3422.16 
-1564.28 3422.47 
-1564.38 3426.71 
-1564.46 3430.26 
-1564.47 3430.44 
-1564.53 3432.93 
-1564.63 3437.28 
-1564.66 3438.72 
-1564.7 3440.26 
-1564.78 3443.63 

F 
J 
J 
F 
F 
F 
F 
J 
J 
J 

F 
F 
F 
F 
F 
F 
J 
J 
J 
C 

Js 
F 
J 
J 
F 
Js 
J 
F 
J 
J 

J 
F 
J 
J 
J 
J 
J 
J 
Js 
J 

0.22 
0.04 
0.08 
0.12 
0.1 
0.14 
0.05 
0.04 
0.05 
0.04 

0.04 
0.09 
0.06 
0.02 
0.02 
0.03 
0.06 
0.11 
0.01 
0.04 

0.08 
0.03 
0.11 
0.04 
0.01 
0.09 
0.05 
0.07 
0.12 
0.07 

0.06 
0.02 
0.07 
0.02 
0.17 
0.03 
0.11 
0.03 
0.18 
0.38 



-~ ~ 

Depth O r  i enta ti on Locat ion 
F i t  

Type ( f t )  
Downhole Azimuth I n c l i n a t i o n  North East  Down 
No. ( f t )  (deg) (deg) (ft) (ft) ( f t )  

240 

2 49 

250 

259 

260 

2 69 

270 

279 

3441.17 
3442.35 
3444.81 
3450.64 
3458.62 
3462.36 
3463.12 
3465.07 
347 1.05 
3474.07 

3474.88 
3476.58 
3476.67 
3477.15 
3478.69 
3479.12 
3479.91 
3480.36 
3486.16 
3489.46 

3494.12 
3495.66 
3496.98 
3498.06 
3500.04 
3500.44 
3506.66 
3516.05 
3516.83 
3520.65 

3522.14 
3524.64 
3526.12 
3532.22 
3536.54 
3539.65 
3543.9 
3545.8 
3548.44 
3549.25 

246.96 
261.78 
285.36 
68.82 
73.33 
223.7 
134.32 
6.28 
24.54 
267.63 

76.92 
66.2 
274.19 
303.37 
137.82 
242.94 
292.29 
47.97 
313.24 
11.74 

320.22 
313.93 
322.64 
173.17 
249.25 
352.32 
229.23 
301.63 
52.76 
175.89 

31.61 
208.06 
54.68 
152.12 
345.88 
326.94 
285.8 
52.25 
310.97 
269.13 

30.45 
35.5 
23.07 
16.23 
25.46 
15.12 
21.48 
37.45 
16.99 
27.34 

20.98 
20.43 
8.84 
13.6 
38.89 
14.47 
51.13 
55.6 
11.96 
22.99 

11.66 
13.78 
11.45 
2.76 
13.28 
18.94 
11.5 
5.25 
15.65 
16.59 

6.22 
24.37 
21.3 
51.87 
3.81 
15.82 
3.86 
6.57 
24.71 
27.03 

-1720.84 - 1720.83 
-1720.83 - 1720.83 
-1720.82 
-1720.82 
-1720.82 
- 1720.82 
-1720.82 
-1720.82 

-1720.82 
-1720.81 
-1720.81 
- 17 20.81 
-1720.81 
-1720.81 
-1720.81 
-1720.81 
-1720.81 
-1720.81 

-1720.8 
-1720.8 
-1720.8 
-1720.8 
-1720.8 
-1720.8 
-1720.8 
-1720.78 
-1720.78 
-1720.78 

-1720.77 
-1720.77 
-1720.77 
r 1720.76 
-1720.76 
-1720.75 
-1720.75 
-1720.75 
-1720.74 
-1720.74 

-1564.82 - 1564.85 
-1564.91 
-1565.05 
-1565.23 
-1565.32 
-1565.34 
-1565.39 
-1565.53 
-1565.6 

-1565.62 
-1565.66 
-1565.66 
-1565.67 
-1565.71 
-1565.72 
-1565.74 
-1565.75 
-1565.88 
-1565.96 

-1566.07 
-1566.11 
-1566.14 
-1566.16 
-1566.21 
-1566.22 
-1566.37 
-1566.61 
-1566.63 
-1566.72 

-1566.76 
-1566.82 
-1566.86 
-1567.01 
-1567.11 
-1567.19 
-1567.29 
-1567.34 
-1567.41 
-1567.43 

3445.39 
3446.57 
3449.03 
3454.85 
3462.84 
3466.57 
3467.33 
3469.28 
3475.26 
3478.28 

3479.09 
3480.78 
3480.88 
3481.36 
3482.9 
3483.32 
3484.12 
3484.57 
3490.37 
3493.67 

3498.32 
3499.87 
3501.18 
3502.26 
3504.24 
3504.64 
3510.86 
3520.25 
3521.03 
3524.85 

3526.33 
3528.83 
3530.31 
3536.41 
3540.72 
3543.83 
3548.08 
3549.98 
3552.62 
3553.43 

J 
J 
J 
F 
F 
J 
J 
F 
Js 
F 

J 
J 
F 
J 
J 
Js 
J 
F 
F 
Js 

F 
Js 
Js 
Js 
F 
J 
F 
J 
Js 
Js 

Js 
J 
Js 
F 
J 
J 
J 
J 
J 
J 

0.11 
0.07 
0.16 
0.05 
0.09 
0.04 
0.06 
0.06 
0.06 
0.09 

0.03 
0.05 
0.02 
0.07 
0.16 
0.02 
0.12 
0.22 
0.02 
0.03 

0.07 
0.08 
0.13 
0.03 
0.06 
0.12 
0.06 
0.09 
0.06 
0.1 

0.07 
0.08 
0.08 
0.23 
0.06 
0.07 
0.03 
0.05 
0.13 
0.16 
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TABLE V (cont)  

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~ ~~ ~ ~ ~ ~ ~ 

Depth O r i e n t a t i o n  Location 
Downhole Azimuth I n c l i n a t i o n  North East  Down Type F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

280 3551.76 204.51 29.67 
3555.71 321.83 9.5 
3556.08 160.15 10.99 
3558.51 348.08 15.49 
3561.18 21.96 15.53 
3577.68 351.26 8.82 
3577.74 255.91 28.72 
3588.99 94.91 7.93 
3589.53 142.82 24.79 

289 3596.19 4.39 9.32 

290 3598.43 21.06 13.7 
3604.55 27.9 26.7 
3608.48 168.68 27.18 
3611.36 41.38 28.26 
3614.55 225.14 14.32 
3616.01 344.23 20 
3619.14 279.63 12.56 
3624.34 291.91 8.54 
3627.65 89.43 67.3 

299 3629.95 56.35 17.94 

300 3630.33 275.79 18.33 
3634.96 265.97 53.07 
3637.3 287.5 29.29 
3644.37 172.59 12.43 
3644.99 359.03 25.31 
3655.87 333.81 19.15 
3661.71 44.29 6.79 
3663.66 42.06 42.36 
3663.84 279.21 27.87 

309 3669.06 9.58 16.96 

310 3669.06 200.01 26.8 
3669.87 128.82 16.75 
3682.6 36.83 23.51 
3683.06 34.79 23.69 
3684.09 16.95 6.1 
3692.23 48.21 14.81 
3693.33 44.63 13.97 
3694.49 42.69 17.74 
3694.63 44.81 3.91 

319 3694.67 43.92 15.2 

-1720.74 
-1720.74 
-1720.74 
-1720.73 
-1720.73 - 17 20.7 1 
-1720.71 
-1720.7 
-1720.7 
-1720.69 

-1720.69 
- 1720.68 
-1720.68 
-1720.62 
-1720.6 
-1720.6 
-1720.58 
-1720.55 
-1720.53 
-1720.52 

-1720.52 - 1720.49 
-1720.48 
-1720.44 
-1720.44 
-1720.37 
-1720.34 
-1720.33 
-1720.33 
-1720.3 

-1720.3 
-1720.3 
-1720.23 
-1720.22 
-1720.22 
-1720.17 
-1720.17 
-1720.16 
-1720.16 
-1720.16 

-1567.49 
-1567.59 
-1567.6 
-1567.66 
-1567.72 
-1568.13 
-1568.13 
-1568.41 
-1568.42 
-1568.59 

3555.94 
3559.89 
3560.26 
3562.69 
3565.35 
3581.85 
3581.91 
3593.16 
3593.7 
3600.35 

-1568.64 3602.59 
-1568.79 3608.71 
-1568.89 3612.64 
-1568.96 3615.52 
-1569.04 3618.71 
-1569.07 3620.16 
-1569.15 3623.3 
-1569.28 3628.5 
-1569.36 3631.8 
-1569.41 3634.1 

-1569.42 
-1569.54 
-1569.59 
-1569.77 
-1569.78 
-1570.05 
-1570.19 
-1570.24 
-1570.24 
-1570.37 

-1570.37 
-1570.39 
-1570.7 
-1570.71 
-1570.74 
-1570.94 
-1570.97 
-1570.99 
-1571 
-1571 

3634.48 
3639.11 
3641.46 
3648.52 
3649.14 
3660.02 
3665.86 
3667.81 

3673.2 
3667.98 

3673.21 
3674.02 
3686.74 
3687 19 
3688.23 
3696.36 
3697.46 
3698.62 
3698.76 
3698.8 

F 
Js 
J 
F 
F 
Js 
J 
J 
J 
J 

J 
J 
J 
J 
F 
Js 
F 
F 
C 
F 

J 
J 
Js 
F 
J 
J 
F 
J 
J 
J 

J 
J 
F 
F 
J 
F 
F 
F 
J 
F 

0.23 
0.09 
0.06 
0.02 
0.12 
0.05 
0.05 
0.09 
0.23 
0.08 

0.05 
0.09 
0.08 
0.1 
0.1 
0.09 
0.12 
0.11 
0.1 
0.2 

0.11 
0.15 
0.14 
0.07 
0.12 
0.06 
0.03 
0.16 
0.11 
0.1 

0.09 
0.02 
0.18 
0.19 
0.08 
0.03 
0.11 
0.03 
0.03 
0.06 
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TABLE V (cont)  

~~~ 

Depth O r i e n t a t i o n  Location 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. ( f t )  (deg) (deg) (ft) (ft) ( ft) ( f t )  

320 

3 29 

330 

339 

340 

349 

350 

3 59 

3699.25 
3702.08 
3714.29 
3715.79 
3727.3 
3733.84 
3739.06 
3741.68 
3746.01 
37 54 

3757.61 
3758.01 
3764.83 
3765.72 
3768.9 
3773.52 
3774.61 
3774.65 
3781.74 
3787.18 

3792.49 
3796.69 
3798.17 
3798.52 
3806.95 
3813.19 
3813.53 
3813.71 
3817.34 
3818.63 

3818.75 
3822.51 
3822.6 
3827.93 
3831.96 
3841.95 
3843.99 
3844.42 
3845.75 
3852.05 

66.67 
270.02 
59.92 
70.6 
42.51 
64.43 
260.16 
32.43 
40.67 
224.56 

224.76 
212.96 
232.92 
211.87 
195.81 
46.33 
236.65 
72.33 
74.07 
300.99 

91.48 
31.71 
79.33 
113.01 
30.3 
142.02 
80.31 
147.83 
166.65 
253.25 

65.36 
156.04 
326.79 
147.73 
211.96 
157.9 
105.65 
356.6 . 
222.08 
179.12 

23.91 
5.83 
26.13 
24.41 
5.91 
24.33 
38.7 
17.68 
31.14 
14.2 

16.01 
2.24 
64.01 
7.02 
8.48 
9.76 
9.69 
37.92 
11.1 
54.67 

11.71 
41.79 
43.02 
13.72 
22.78 
9.15 
13.67 
74.37 
29.64 
25.43 

15.18 
16.09 
1.79 
41.56 
25.22 
81.47 
12.38 
1.85 
7.03 
55.17 

-1720.13 
-1720.12 
-1720 
-17 19.99 
-17 19.88 
-1 7 19.82 
-1719.77 
-1719.75 
-1719.71 
-17 19.64 

-17 19.61 
-1719.6 
-1719.54 
-1719.53 
-17 19.5 
-1719.46 
-17 19.45 
-17 19.45 
-17 19.39 - 17 19.34 
-1719.29 
-1719.25 
-1719.24 
-1719.23 
-1719.16 
-1719.09 
-17 19.09 - 17 19.09 
-17 19.06 - 17 19.04 
-1719.04 
-1719.01 
-1719.01 
-1718.95 
-1 7 18.92 
-17 18.82 
-1718.8 

-1718.79 
-1718.73 

-1718. a 

-1571.11 
-1571.18 
-1571.54 
-1571.58 
-1571.92 
-1572.1 
-1572.26 
-1572.33 
-1572.46 
-1572.69 

-1572.79 
-1572.8 
-1573 
-1573.02 
-1573.11 
-1573.25 
-1573.28 
-1573.28 
-1573.48 
-1573.64 

-1573.79 
-1573.91 
-1573.96 
-1573.97 
-1574.21 
-1574.44 
-1574.45 
-1574.46 
-1574.58 
-1574.62 

-1574.62 
-1574.74 
-1574.75 
-1574.92 
-1575.05 
-1575.38 
-1575.44 
-1575.46 
-1575.5 
-1575.71 

3703.38 
3706.21 
3718.41 
3719.91 
3731.42 
3737.96 
3743.18 
3745.79 
3750.12 
3758.11 

3761.72 
3762.12 
3768.93 
3769.83 
3773 
3777.62 
3778.71 
3778.75 
3785.84 
3791.27 

3796.59 
3800.78 
3802.26 
3802.62 
3811.04 
3817.27 
3817.61 
3817.8 
3821.42 
3822.71 

3822.83 
3826.59 
3826.68 
3832 
3836.03 
3846.01 
3848.05 
3848.48 
3849.82 
3856.11 

F 
J 
F 
F 
J 
J 
J 
F 
F 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
F 

F 
F 
F 
Js 
Js 
C 
F 
F 
Js 
Js 

F 
F 
Js 
Js 
3s 
Js 
F 
Js 
J 
Js 

0.08 
0.03 
0.04 
0.11 
0.04 
0.17 
0.2 
0.13 
0.25 
0.12 

0.13 
0.03 
0.42 
0.07 
0.02 
0.07 
0.05 
0.15 
0.14 
0.56 

0.06 
0.13 
0.2 
0.03 
0.14 
0.07 
0.08 
0.49 
0.06 
0.31 

0.08 
0.16 
0.05 
0.39 
0.11 
0.74 
0.08 
0.01 
0.03 
0.11 
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TABLE V (cont )  

Depth Or ienta t ion  Locat ion 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

360 3853.53 228.29 
3856.36 62.29 
3858.33 47.08 
3859.95 313.22 
3864.7 285.48 
3867.78 124.42 
3867.82 216.32 
3868.3 240.27 
3872.38 137.06 

369 3876.38 348.74 

370 3877.53 40.07 
3879.18 163.3 
3884.71 12.21 
3886.1 240.43 
3890.45 203.59 
3892.96 33.63 
3893.82 297.68 
3896.36 46.79 
3896.76 173.73 

379 3902.37 191.23 

380 3905.27 225.45 
3907.38 42.29 
3911.75 185.98 
3914.11 32.89 
3915.09 261.59 
3922.48 134.41 
3925.43 223.12 
3928.27 228.87 
3932.09 214.38 

389 3933.69 217.39 

390 3934.36 56.03 
3936.08 236.41 
3938.76 1.62 
3941.76 230.8 
3942.65 3.98 
3942.79 16.37 
3944.95 39.89 
3947.2 53.27 
3947.69 159.23 

399 3949.33 339.32 

69.99 
27.36 
50.6 
27.68 
68.2 
10.72 
35.36 
70.35 
62.64 
5.85 

43.3 
22.62 
20.66 
14.57 
11.69 
6.37 
15.92 
12.97 
18.19 
2.3 

31.75 
3.38 
7.2 
18.7 
49.01 
19.6 
26.95 
16.91 
19.77 
17.92 

29.97 
40.41 
40.6 
16.89 
40.73 
10.26 
16.13 
16.59 
12.54 
15.3 

-1718.71 
-17 18.68 
-1718.67 
-1718.65 
-1718.61 
-17 18.58 
-17 18.58 
-17 18.57 
-1718.53 
-17 18.49 

-1 7 18.48 
-17 18.47 
-1718.42 
-1718.4 
-1718.36 
-1718.34 
-17 18.33 
-17 18.3 
-1718.3 
-1718.25 

-1718.22 
-17 18.2 
-1718.16 
-1718.13 
-1718.12 
-17 18.05 
-17 18.02 
-1718 
-1717.96 
-1717.94 

-17 17.94 
-1717.92 
-1717.89 
-1717.86 
-1717.86 
-1717.85 
-1717.83 
-1717.81 
-1717.81 
-1717.79 

-1575.75 
-1575.85 
-1575.91 
-1575.96 
-1576.12 
-1576.22 
-1576.22 
-1576.24 
-1576.37 
-1576.5 

-1576.54 
-1576.59 
-1576.77 
-1576.82 
-1576.96 
-1577.04 
-1577.07 
-1577.15 
-1577.16 
-1577.35 

-1577.44 
-1577.53 
-1577.69 
-1577.78 
-1577.81 
-1578.07 
-1578.18 
-1578.28 
-1578.42 
-1578.48 

-1578.5 
-1578.56 
-1578.66 
-1578.76 
-1578.8 
-1578.8 
-1578.88 
-1578.96 
-1578.98 
-1579.04 

3857.58 
3860.42 
3862.38 
3864.01 
3868.76 
3871.83 
3871.87 
3872.35 
3876.43 
3880.42 

3881.57 
3883.22 
3888.75 
3890.14 
3894.48 
3896.99 
3897 .86 
3900.39 
3900.8 
3906.4 

3909.29 
3911.41 
3915.78 
3918.13 
3919.11 
3926.5 
3929.44 
3932.28 
3936.1 
3937.69 

3938.37 
3940.09 
3942.76 
3945.76 
3946.65 
3946.79 
3948.95 
3951.2 
3951.68 
3953.33 

Js 
Js 
J 
J 
J 
C 
C 
F 
F 
F 

F 
J 
J 
F 
J 
Js 
3s 
Js 
C 
Js 

J 
C 
J 
J 
J 
F 
F 
J 
F 
F 

J 
F 
J 
F 
J 
J 
J 
J 
J 
J 

0.49 
0.17 
0.12 
0.03 
0.22 
0.02 
0.18 
2.23 
0.1 
0.02 

0.15 
0.03 
0.04 
0.04 
0.01 
0.02 
0.04 
0.02 
0.03 
0.09 

0.19 
0.03 
0.03 
0.19 
0.17 
0.13 
0.14 
0.14 
0.16 
0.21 

0.12 
0.08 
0.14 
0.09 
0.19 
0.01 
0.02 
0.03 
0.03 
0.04 
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Depth Or ienta t ion  Loca ti on 
Downhole Azimuth I n c l i n a t i o n  North East  Down Type F i t  
No. ( f t )  (dea l  (deq) (ft) ( f t )  ( ft) ( f t )  

400 

4 09 

410 

4 19 

420 

4 29 

430 

439 

3952.26 
3955.28 
3957.47 
3957.63 
3959.12 
3961.65 
3965.04 
3968.13 
3972.31 
3973.52 

3973.9 
3974.87 
3977.5 
3978.12 
3978.72 
3982.33 
3983 
3984.98 
3986.55 
3988.97 

3990.29 
3992.21 
3992.63 
3993.39 
3993.57 
3994.2 
3996.14 
3999.69 
4000.29 
4000.32 

4001.79 
4002.12 
4004.31 
4004.42 
4005.33 
4007.64 
4007.86 
4013.16 
4015.07 
4017.12 

176.76 
326.84 
214.56 
12.56 
8 

202.76 
344.06 
22.35 
336.72 
317.19 

46.95 
191.13 
47.63 
42.78 
43.33 
46.74 
174.59 
47.88 
208.16 
201.67 

213.95 
144.61 
86.58 
155.91 
348.88 
108.11 
41.1 
295.05 
248.41 
97.26 

118.1 
24.34 
100.16 
171.07 
103.68 
96.07 
167.87 
32.89 
217.91 
61.93 

79.41 
40.86 
5.72 
1.66 
49.54 
20.34 
68.38 
14.51 
26.41 
18.68 

24.56 
6.87 
14.42 
13.71 
4.52 
15.45 
9.08 
9.97 
1.15 
28.65 

6.55 
8.57 
12.2 
67.17 
14.55 
19.26 
19.02 
34.99 
49.62 
6.75 

16.93 
13.57 
18.27 
5.28 
19.97 
14.82 
9.99 
18.6 
26.77 
53.78 

-1717.76 
-1717.73 
-1717.71 
-1717.71 
-1717.7 
-1717.67 
-17 17.64 
-1717.61 
-1717.57 
-1717.56 

-17 17.55 
-1717.54 
-1717.52 
-1717.51 
-1717.51 
-1717.47 
-1717.46 
-1717.45 
-17 17.43 
-1717.41 

-1717.39 
-1717.38 
-1717.37 
-1717.36 
-1717.36 
-1717.36 
-1717.34 
-1717.3 
-1717.3 
-1717.3 

-1717.28 
-1717.28 
-1717.26 
-1717.26 
-17 17.25 
-1717.23 
-1717.22 
-1717.17 
-1717.15 
-1717.13 

-1579.14 
-1579.25 
-1579.33 
-1579.33 
-1579.39 
-1579.48 
-1579.6 
-1579.71 
-1579.86 
-1579.9 

-1579.92 
-1579.95 
-1580.04 
-1580.07 
-1 580.09 
-1580.22 
-1580.24 
-1580.31 
-1580.37 
-1580.45 

-1580.5 
-1580.57 
-1580.59 - 1580.61 
-1580.62 
- 1580.64 
-1580.71 
- 1580.84 
-1580.86 
- 1580.86 
-1580.91 
-1580.93 
-1581 
-1581.01 
-1581.04 
-1581.12 
-1581.13 
-1581.34 
-1581.41 
-1581.48 

3956.25 
3959.27 
3961.46 
3961.62 
3963.11 
3965.63 
3969.03 
3972.11 
3976.29 
3977.5 

3977.88 
3978.85 
3981.47 
3982.1 
3982.69 
3986.3 
3986.97 
3988.95 
3990.51 
3992.93 

3994.26 
3996.18 
3996.6 
3997.36 
3997.53 
3998.16 
4000.1 
4003.65 
4004.25 
4004.28 

4005.75 
4006.08 
4008.26 
4008.38 
4009.28 
4011.6 
4011.81 
4017.11 
4019.02 
4021.07 

J 
J 
F 
J 
J 
F 
J 
J 
J 
J 

F 
Js 
F 
F 
Js 
F 
C 
F 
J 
F 

J 
J 
F 
J 
Js 
F 
3s 
3s 
Js 
Js 

Js 
Js 
F 
Js 
Js 
F 
F 
Js 
Js 
Js 

1.52 
0.2 
0.11 
0.04 
0.13 
0.16 
0.59 
0.03 
0.21 
0.12 

0.14 
0.11 
0.05 
0.05 
0.08 
0.1 
0.1 
0.08 
0.06 
0.12 

0.1 
0.03 
0.03 
0.23 
0.03 
0.13 
0.03 
0.03 
0.07 
0.05 

0.11 
0.08 
0.12 
0.04 
0.05 
0.15 
0.13 
0.09 
0.18 
0.25 
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TABLE V (cont )  

Depth O r i e n t a t i o n  Location 
Downhole Azimuth I n c l i n a t i o n  North East Down Type F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

440 4017.74 52.82 
4018.5 46.89 
4019.09 59.49 
4020.68 16.46 
4021.74 137.52 
4025.39 301.26 
4030.76 308.44 
4030.83 207.19 
4031.86 208.34 

449 4031.86 43.74 

450 4039.83 78.05 
4044.01 27.6 
4044.35 91.91 
4045.42 95.67 
4056.03 57.59 
4056.61 206.63 
4057.72 340.71 
4060.62 309.86 
4061.87 311.04 

459 4066.38 318.47 

460 4066.79 217.38 
4069.37 78.52 
4072.02 220.14 
4075.78 287.18 
4076.57 287.34 
4080.36 86.08 
4082.95 249.25 
4093.36 196.25 
4093.46 272.6 

469 4095.62 99.14 

470 4096.31 241.72 
4097.03 244.16 
4097.62 316.98 
4098.8 258.56 
4098.99 48.45 
4099.79 254.1 
4101.26 250.64 
4103.56 111.24 
4105.8 90.2 

479 4111.47 277.83 

34.65 
29.. 43 
28.23 
9.83 
71.85 
31.85 
11.91 
31.73 
40.36 
14.12 

15.62 
5.93 
15.99 
36.26 
26.93 
14.74 
6.94 
8.98 
8.76 
16.57 

17.98 
45.69 
27.12 
5.93 
45.88 
6.69 
11.22 
21.71 
6.2 
11.86 

7.28 
7.98 
15.31 
10.9 
5.93 
11.13 
14.28 
12.12 
22.89 
3.28 

-1717.12 
-1717.12 
-1717.11 
-1717.09 
-1717.08 
-1717.05 
-17 16.99 
-1716.99 
-17 16.98 
-1716.98 

-1716.9 
-17 16.86 
-17 16.86 
-1716.85 
-1716.74 
-1716.73 
-1716.72 
-1716.69 
-17 16.68 
-1716.64 

-1716.63 - 17 16.61 
-1716.58 
- 17 16.54 
-17 16.53 
-1716.5 
-17 16.47 
-1716.37 
-1716.37 
-1716.34 

-1716.34 
-1716.33 
-1716.32 
-1716.31 
-1716.31 
-17 16.3 
-1716.29 
-1716.26 
-1716.24 
-1716.15 

-1581.51 
-1581.53 
-1581.56 
-1581.62 
-1581.65 
-1581.79 
-1581.99 
-1581.99 
-1 582.03 
-1582.03 

-1582.32 
-1582.48 
-1582.49 
-1582.53 
-1582.92 
-1582.94 
-1582.99 
-1583.09 
-1583.14 
-1583.31 

-1583,32 
-1583.42 
-1583.51 
-1583.65 
-1583.68 
- 1583.82 
-1583.92 
-1584.3 
-1584.31 
-1584.39 

32 

-1584.41 
-1584.44 
-1584.46 
- 1584.51 
-1584.51 
-1584.54 
-1584.6 
-1584.68 
-1584.76 
-1585.01 

4021.69 
4022.44 
4023.03 
4024.63 
4025.68 
4029.33 
4034.7 
4034.77 
4035.8 
4035.8 

4043.76 
4047.94 
4048.28 
4049.35 
4059.95 
4060.53 
4061.64 
4064.54 
4065.79 
4070.3 

4070.7 
4073.28 
4075.93 
4079.68 
4080.47 
4084.26 
4086.85 
4097.26 
4097.36 
4099.51 

4100.21 
4100.93 
4101.51 
4102.69 
4102.88 
4103.68 
4105.15 
4107.44 
4109.69 
4115.35 

3s 
Js 
Js 
Js 
JS 
Js 
Js 
Js 
Js 
F 

F 
Js 
F 
Js 
J 
J 
F 
F 
F 
F 

J 
J 
J 
F 
J 
J 
J 
C 
J 
C 

F 
F 
J 
F 
J 
F 
F 
C 
J 
J 

0.18 
0.23 
0.37 
0.08 
0.26 
0.14 
0.08 
0.11 
0.16 
0.06 

0.1 
0.09 
0.04 
0.09 
0.17 
0.1 
0.03 
0.07 
0.1 
0.13 

0.11 
0.11 
0.05 
0.01 
0.04 
0.01 
0.05 
0.04 
0.07 
0.01 

0.02 
0.02 
0.03 
0.01 
0.02 
0.02 
0.03 
0.01 
0.19 
0.05 



TABLE V (cont )  

Depth Ori enta ti on Location 
Downhole Azimuth I n c l i n a t i o n  North East  Down Type F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

480 

489 

490 

499 

500 

5 09 

510 

517 

4113.36 
4119.68 
4125.89 
4126.82 
4133.26 
4137.53 
4141.47 
4143.15 
4145.71 
4150.77 

4163.53 
4165.36 
4169.26 
4174.11 
4176.72 
4177.14 
4191.14 
4194.13 
4196.81 
4201.41 

4204.22 
4207.96 
4211.14 
4211.99 
4215.91 
4218.72 
4218.98 
4220.8 
4223.38 
4231.45 

4231.88 
4237.38 
4244.94 
4256.3 
4258.59 
4259.77 
4265.08 
4267.87 

280.64 
82.69 
94.75 
161.73 
119.98 
78.06 
194.29 
112.3 
198.56 
101.46 

234.31 
230.33 
193.31 
85.24 
175.31 
274.62 

7.51 
353.43 
77.07 
98.04 

110.68 
245.1 
101.6 
107.61 
87.02 
82.33 
33.3 
227.28 
102.79 
119.02 

122.43 
309.37 
168.54 
203.41 
260.08 
268.32 
288.92 
‘68.93 

12.57 
43.48 
19.01 
5.38 
11.04 
13.88 
15.23 
67.81 
75.05 
18.73 

20.09 

17.54 
49.51 
14.52 
10.64 
31.77 
73.59 
41.63 
35.9 

22.38 
27.99 
41.63 
34.27 
40.67 
31.87 
19.87 
22.52 
49.47 
26.25 

26.89 
25.7 
79.67 
15.63 
17.65 
14.96 
31.53 
87.13 

14. a5 

-1716.12 
-17 16.04 
-1715.96 
-1715.94 
-1715.86 
-1715.8 
-1715.75 
-1715.73 
-1 7 15.69 
-1715.63 

-1 7 15.46 
-1715.43 
-1715.38 
-17 15.32 
-1715.28 
-1715.28 
-17 15.09 
- 17 15.05 
-1715.02 
-1714.96 

-17 14.92 
-1714.87 
-1714.83 
-17 14.82 
-1714.76 
-1714.73 
-1714.72 
-17 14.7 
-17 14.67 
-1714.56 

-1714.55 
-1714.48 
-1714.38 
-1714.23 
-1714.2 
-1714.18 
-1714.11 
- 1 7 14.08 

-1585.08 
-1585.34 
-1585.59 
-1585.62 
-1585.88 
-1586.05 
-1586.21 
-1586.28 
-1586.38 
-1586.58 

-1587.09 
-1587.16 
-1587.32 
-1587.51 
-1587.62 

-1588.2 
-1588.32 
-1588.42 
-1588.61 

-1587.64 

-1588.72 
-1588.87 
-1589 
-1589.03 
-1589.19 
-1589.3 
-1589.31 
-1589.38 
-1589.49 
-1589.81 

-1589.83 
-1590.05 
-1590.35 
-1590.8 
-1590.89 
-1590.94 
-1591.15 
-1591.26 

4117.24 
4123.55 
4129.76 
4130.69 
4137.12 
4141.38 
4145.32 
4147 
4149.56 
4154.62 

4167.36 
4169.19 
4173.08 
4177.94 
4180.54 
4180.96 
4194.94 
4197.93 
4200.62 
4205 21 

4208.02 
4211.75 
42 14.93 
4215.78 
4219.7 
4222.51 
4222.76 
4224.58 
4227.15 
4235.23 

4235.66 
4241.15 
4248.7 
4260.05 
4262.34 
4263.52 
4268.83 
4271.6 

J 
J 
J 
J 
J 
Js 
J 
J 
J 
J 

F 
F 
F1 
J 
F 
C 
C 
J 
F 
F? 

F 
J 
F 
F1 
F1 
F 
J 
J 
F1 
F1 

F1 
J 
J 
J 
F 
F 
J 
F1 

0.08 
0.15 
0.09 
0.07 
0.09 
0.09 
0.09 
0.47 
0.14 
0.11 

0.08 
0.03 
0.09 
0.13 
0.04 
0.07 
0.17 
0.6 
0.13 
0.1 

0.17 
0.09 
0.19 
0.09 
0.18 
0.11 
0.02 
0.08 
0.22 
0.11 

0.11 
0.06 
0.54 
0.1 
0.14 
0.12 
0.28 
0.87 

NB: Entry n o . l l 6 : i n t e r p o l a t i o n  inaccuracy from 2990 f e e t  2 9 8 : i n c l i n a t i o n  
om i s s i on : es ti ma t e  67.30 degrees. 
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TABLE V I :  LOCATION AND ORIENTATION OF STRUCJURES I N  TELEVIEWER RUN 2, 
FROM 4000 TO 4565 f t  

Depth ~ Or ienta t ion  Loca ti on 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. ( f t )  (deg) (deg) (ft) (ft) ( f t )  ( f t )  

1 4000.97 48.27 
4001.91 211.42 
4002.61 220.27 
4005.19 27.08 
4005.23 168.88 
4005.64 210.17 
4008.13 34.6 
4013.92 142.58 

9 4014.64 139.23 

10 4017.91 141.21 
4021.26 81.05 
4025.97 347.09 
4031.38 14.28 
4035.31 175.11 
4052.46 226.54 
4053.64 113.08 
4055.05 55.47 
4057.38 89.7 

19 4069.42 123.07 

20 4070.7 11 
4080.49 228.68 
4083.36 239.26 
4087.7 113.65 
4088.02 61.63 
4093 50.68 
4093.72 260.45 
4102.08 355.2 
4109.4 79.37 

29 4114.68 122.73 

30 4 
4 
4 
4 
4 
4 
4 
4 
4 

.14.8 85.71 

.16.21 278.16 

.17.03 289.29 

.24.04 173.51 
-24.73 93.08 
.25.76 230.82 
.28.99 69.27 
.31.59 129.59 
.33.4 113.52 

12.56 
39.09 
28.9 
9.86 
5.63 
29.1 
12.88 
14.99 
59.94 

24.29 
72.62 
3.92 
3.49 
6.49 
3.36 
19.71 
4.12 
15.29 
6.95 

18.6 
6.1 
7.23 
21.62 
18.91 
10.75 
8.58 
19.5 
19.63 
11.25 

21.87 
4.42 
13.64 
7.38 
26.7 
17.58 
27.74 
22.86 
59.76 

-1717.29 
-1717.28 
-1717.27 
-1717.25 
-1717.25 
-1717.24 
-1717.22 
-1717.16 
-1717.15 

-1580.89 4004.93 
-1580.92 4005.87 
-1580.95 4006.57 
-1581.04 4009.15 
-1581.04 4009.18 
-1581.06 4009.6 
-1581.15 4012.08 
-1581.36 4017.87 
-1581.39 4016.59 

-1717.12 -1581.51 4021.86 
-1717.09 -1581.64 4025.2 
-1717.04 -1581.81 4029.91 
-1716.99 -1582.01. 4035.32 
-1716.95 -1582.16 4039.25 
-1716.78 -1582.79 4056.39 
-1717.76 -1582.83 4057.57 
-17 16.75 -1582.89 4058.98 
-1716.73 -1582.97 4061.3 
-1716.61 -1583.42 4073.33 

-1716.59 
-1716.5 
-1716.47 
-1716.42 
-17 16.42 
-1716.37 
-1716.36 
-1716.27 
-1716.18 
-17 16.11 

-1716.1 
-1716.09 
-1716.07 
-1715.98 
-1715.97 
-17 15.96 
-1715.92 
-1715.88 
-1715.86 

-1583.47 4074.61 
-1583.83 4084.39 
-1583.93 4087.26 
-1584.09 4091.6 
-1584.11 4091.92 
-1584.29 4096.9 
-1584.32 4097.61 
-1584.63 4105.97 
-1584.93 4113.28 
-1585.14 4118.56 

-1585.14 4118.68 
-1585.2 4120.09 
-1585.23 4120.9 
-1585.51 4127.9 
-1585.54 4128.6 
-1585.58 4129.63 
-1585.71 4132.86 
-1585.81 4135.46 
-1585.89 4137.26 

Js 
F? 
F? 
Js 
Js 
F? 
Js 
F? 
J? 

F? 
J? 
J 
J 
J 
J? 
F? 
J 
F? 
J 

F? 
J 
Js 
Js 
Js 
F? 
Js 
Js 
J 
J 

J 
Js 
J 
Js 
F 
J 
F 
F 
F 
F 

0.08 
0.19 
0.17 
0.11 
0.06 
0.16 
0.03 
0.1 
0.43 

0.17 
0.54 
0.07 
0.06 
0.03 
0.06 
0.07 
0.02 
0.05 
0.05 

0.11 
0.02 
0.04 
0.02 
0.04 
0.03 
0.04 
0.05 
0.01 
0.03 

0.09 
0.04 
0.02 
0.05 
0.06 
0.09 
0.07 
0.04 
0.08 
0.04 39 4135.08 81.78 26.62 -17 15.84 -1585.95 4138.94 

aOrientat ions r e f e r  to pole to plane. 
north. I n c l i n a t i o n  i s  p o s i t i v e  down (degrees below the horizon) .  F i t  i s  
root-mean-square e r r o r  i n  f i t  o f  Equation 1. 
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TABLE V I  (cont)  

~~ 

Depth Or ienta t ion  Location 
Downhole Azimuth I n c l i n a t i o n  North East  Down TY Pe F i t  
No. (ft) (deg) (deg) ( f t )  ( f t )  ( ft) ( f t )  

40 4135.88 
4138.64 
4143.44 
4147.49 
4150.28 
4151.25 
4153.76 
4155.46 
4157.07 

49 4165.69 

50 4167.08 
4173.25 
4181.96 
4182.24 
4184.2 
4184.97 
4186.65 
4189.26 
4189.35 

59 4190.64 

60 4192.5 
4192.72 
4195.09 
4195.5 
4198.18 
4200.86 
4202.73 
4202.92 
4203.19 

69 4204.82 

70 4207.61 
4207.68 
4207.97 
4211.28 
4227.88 
4229.94 
4231.24 
4239.57 
4243.07 

79 4245.95 

84.62 
18.83 
140.82 
198.36 
118.56 
244.07 
166.10 
189.43 
162.57 
296.23 

275.95 
75.66 
132.11 
75.21 
110.69 
233.97 
66.9 
233.78 
44.32 
67.83 

100.54 
291.44 

289.36 
359.74 
99.62 
8.38 

198.98 
79.33 
222.81 

301.69 
219.89 
189.25 
100.61 
147.7 
168.98 
141.72 
185.4 
218.04 
71.42 

91 

41.92 
61.18 
47.07 
69.9 
56.23 
1.27 
64.46 
57.35 
59.39 
21.42 

10.54 
67.87 
27.72 
13.81 
40.63 
24.43 
48.14 
72.51 
19.67 
22.13 

19.53 
6.49 
15.57 
10.57 
67.23 
28.04 
7.89 
27.06 
30.50 
18.71 

10.24 
14.56 
14.99 
30.48 
49.07 
35.83 
35.32 
3.14 
44.5 
7.47 

-1715.82 
-17 15.79 
-1715.72 
-17 15.67 
-1715.63 
-1715.62 
-1715.59 
-1715.57 
-1715.54 
-17 15.43 

-17 15.41 
-1715.33 
-1715.21 
-1715.21 
-1715.18 
-1715.17 
-1715.15 
-1715.12 
-1715.12 
-1715.1 

-1715.07 
-1715.07 
-17 15.04 
-1715.03 
-1715 
-17 14.96 
-1714.94 
-1714.94 
-1714.93 
-1714.91 

-1714.87 
-1714.87 
-1714.87 
-1714.83 
-17 14.61 
-1714.56 
-1714.56 
-1714.45 
-1714.4 
-1714.37 

-1585.99 
-1586.1 
-1586.29 
-1586.45 
-1586.56 
-1586.6 
-1586.7 
-1586.77 
-1586.83 
-1587.18 

-1587.23 
-1587.48 
-1587.83 
-1587.84 
-1587.92 
-1587.95 
-1588.02 
-1588.12 
-1588.12 
- 1588.18 
-1588.25 
- 1588.26 
-1588.35 
-1588.37 
-1588.48 
-1588.58 
-1588.66 
- 1588.67 
-1588.68 
-1588.74 

-1588 -85 
-1588.86 
-1588.87 
-1589 
-1589.67 
-1589.75 
-1589.8 
-1590.13 
-1590.27 
-1590.39 

4139.74 
4142.5 
4147.29 
4151.33 
4154.12 
4155.09 
4157.61 
4159.3 
4160.91 
4169.52 

4170.91 
4177.07 
4185.77 
4186.06 
4188.01 
4188.78 
4190.47 
4193.07 
4193.16 
4194.45 

4196.31 
4196.53 
4198.9 
4199.3 
4201.98 
4204.65 
4206.53 
4206.71 
4206.99 
4208.61 

4211.41 
4211.47 
4211.76 
4215.07 
4231.66 
4233.72 
4235.01 
4243.33 
4246.83 
4249.71 

F 
F 
F 
F 
F 
J 
F 
F 
F 
Js 

Js 
F? 
Fs 
J 
Fs 
J 
Fs 
Fs 
C? 
C? 

C? 
J 
C? 
J 
F? 
Js 
J 
J? 
J 
J?  

J 
J? 
J? 
F1 
F1 
F1 
F1 
J 
F? 
J 

0.05 
0.17 
0.14 
0.16 
0.17 
0.01 
0.11 
0.20 
0.12 
0.04 

0.14 
0.1 
0.1 
0.05 
0.13 
0.10 
0.14 
0.34 
0.01 
0.05 

0.02 
0.04 
0.02 
0.13 
0.14 
0.17 
0.02 
0.07 
0.02 
0.04 

0.01 
0.03 
0.01 
0.11 
0.06 
0.12 
0.16 
0.02 
0.23 
0.04 
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TABLE V I  ( cont )  

Depth O r i e n t a t i o n  Location 
Downhole Azimuth I n c l i n a t i o n  North t a s  t Down F i t  

80 4245.98 175.33 
4250.87 119.18 
4251.47 64.78 
4251.62 213.52 
4251.88 300.38 
4252.54 222.29 
4252.98 259.33 
4252.99 74.78 
4253.02 313.1 

89 4254.97 285.06 

90 4257.39 
4258.2 
4260.23 
4262.01 
4264.7 
4264.81 
4267.55 
4268.38 
4271.41 

99 4274.98 

171.38 
280.9 
257.98 
234.35 
270.74 
231.9 
275.26 
322.55 
191.1 
164.63 

100 4277.98 65.4 
4278.25 176.23 
4282.37 201.23 
4283.53 174.37 
4283.98 82.58 
4285.33 197.35 
4285.62 77.97 
4285.74 32.66 
4286.98 211.38 

109 4287.5 72.88 

110 4287.92 
4290.4 
4293.4 
4296.1 

- 4298.08 
4301.44 
4303.89 
4304.46 
4304.98 

119 4308.09 

63.84 
72.95 
56.94 
41.97 
74.2 
253.36 
155.34 
187.54 
290.71 
291.07 

74.81 
8.61 
9.49 
1.63 
29.57 
21.61 
18.01 
11.66 
4.58 
54.27 

37.67 
84.52 
11.08 
33.82 
8.75 
31.55 
15.46 
3.28 
30.7 
64.98 

14.04 
8.51 
40.76 
69.25 
11.57 
28.85 
10.23 
47.38 
23.37 
18.8 

10.45 
14.48 
17 
36.55 
54.05 
51.65 
24.56 
37.46 
15.14 
17.35 

-1714.37 
-1714.3 
-1714.29 
-17 14.29 
-1714.29 
-1714.28 
-17 14.27 
-1714.27 
-1714.27 
-1714.25 

-1714.21 
-1714.2 
-1714.18 
-1714.15 
-1714.12 
-1714.12 
-17 14.08 
-1714.07 
-1714.03 
-1713.98 

-17 13.94 
-1713.94 
-1713.88 
-17 13.87 
-1713.86 
- 17 13.84 
-1713.84 
-17 13.84 
-1713.82 
-1713.82 

-1713.81 
-1713.78 
-1713.74 
-1713.7 
-1713.68 
-1713.63 
-1713.59 
-1713.59 
-1713.58 - 17 13.53 

-1590.39 
-1590.58 
-1590.61 
-1590.61 
-1590.63 
-1590.65 
-1590.67 
-1590.67 
-1590.67 
-1590.75 

-1590.85 - 1590.88 
-1590.96 
-1591.03 
-1591.14 
-1591.14 
-1591.25 
-1591.29 
-1591.41 
-1591.55 

-1591.67 
-1591.68 
-1591.84 
-1591.89 
-1591.91 
-1591.96 
-1591.97 
-1591.98 
-1592.03 
-1592.05 

-1592.07 
-1592.17 
-1592.29 
-1592.39 
-1592.47 
-1592.61 
-1592.7 
-1592.73 
-1592.75 
-1592.87 

4249.73 
4254.62 
4255.23 
4255.37 
4255.63 
4256.3 
4256.73 
4256.75 
4256.77 
4258.72 

4261.13 
4261.95 
4263.96 
4265.75 
4268.45 
4268.56 
4271.29 
4272.11 
4275.15 
4278.72 

4281.71 
4281.98 
4286.1 
4287.26 
4287.7 
4289.06 
4289.35 
4289.46 
4290.7 
4291.22 

4291.64 
4294.12 
4297.12 
4299.81 
4301.79 
4305.15 
4307.59 
4308.16 
4308.68 
4311.79 

F? 
J?  
J 
3s 
J 
J 
J 
J 
J 
F? 

J 
F? 

.F 
F 
J 
F 
F 
Js 
F 
F 

J 
J 
F 
F 
J 
Js 
J 
F 
J 
F 

J 
F 
F 
F 
F 
F 
J? 
J?  
F? 
F 

0.76 
0.03 
0.02 
0.06 
0.03 
0.02 
0.14 
0.07 
0.05 
0.12 

0.06 
1.79 
0.02 
0.16 
0.02 
0.1 
0.1 
0.05 
0.2 
0.34 

0.12 
0.03 
0.27 
0.22 
0.06 
0.08 
0.05 
0.11 
0.1 
0.05 

0.07 
0.08 
0.08 
0.13 
0.05 
0.16 
0.07 
0.05 
0.11 
0.13 
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TABLE V I  (cont )  

Depth Or ien ta t ion  Location 
Downhole Azimuth I n c l i n a t i o n  North East Down Type F i t  
No. (ft) (deg) (deg) (ft) (f t)  (ft) (ft) 

120 4310.54 
4314.59 
4317.57 
4317.79 
4317.85 
4322.93 
4323.27 
4323.3 
4324.62 

129 4327.49 

130 4329.66 
4330.88 
4333.19 
4337.33 
4342.02 
4343.05 
4345.68 
4346.23 
4348.3 

139 4354.37 

140 4356.27 
4356.97 
4359.46 
4363.71 
4368.25 
4368.81 
4372.35 
4373.38 
4375.9 

149 4378.36 

150 4379.55 
4381.86 
4383.15 
4386.69 
4387.97 
4388.25 
4388.91 
4390.16 
4391.15 

159 4392.29 

271.78 
267.13 
5.74 

159.32 
229.9 
298.79 
202.09 
171.42 
298.49 
150.64 

191.5 
276.42 
138.49 
204.02 
24.13 
174.87 
57.77 
232.88 
304.02 
132.83 

94.7 
113.63 
115.04 
50.82 
172.87 
120.31 
76.51 
81.83 
261.01 
9.75 

91.75 
55.22 
221.78 
271.48 
170.28 
78.08 
100.57 
89.49 
159 
82.4 

22.12 
30.32 
11.92 
5.06 
61.33 
11.74 
15 .OO 
6.47 
53.05 
61.33 

66.93 
14.39 
79.19 
59.57 
13.8 
22.28 
15.4 
42.15 
2.27 
62.75 

50.91 
8.87 
65.32 
17.72 
5.69 
33.8 
34.54 
8.66 
35.72 
12.5 

61.86 
19.15 
26.13 
4.49 
24.86 
20.07 
7.27 
27.64 
6.22 
21.42 

-1713.5 
-17 13.44 
-1713.4 
-17 13.39 
-1713.39 
-1713.32 
-1713.31 
-1713.31 
-1713.29 
-1713.25 

-1713.22 
-1713.2 
-1713.17 
-1713.11 
-1713.04 
-17 13.03 
-1712.99 
- 17 12.98 
-1712.95 
-17 12.86 

-1712.83 
-1712.82 
-1712.79 
-17 12.73 
-1712.66 
-1712.65 
-1712.6 
-1712.59 
-1712.55 
-1712.51 

-1712.5 
- 17 12.46 
-1712.44 
-1712.39 
-1712.37 
-1712.37 
-1712.36 
-1712.34 
-1712.33 
-17 12.31 

-1592.96 
-1593.12 
-1593.24 
-1593.25 
-1593.25 
-1593.45 
-1593.46 
-1593.47 
-1593.52 
-1593.63 

-1593.72 
-1593.76 
-1593.85 
-1594.02 
-1594.2 
-1594.24 
-1594.35 
-1594.37 
-1594.45 
-1594.69 

-1594.76 
-1594.79 
-1594.89 
-1595.05 
-1595.23 
-1595.25 
-1595.39 
-1595.43 
-1595.53 
-1595.63 

-1595.68 
-1595.77 
-1595.82 
-1595.96 
-1596.01 
-1596.02 
-1596.04 
-1596.09 
-1596.13 
-1596.18 

4314.24 
4318.28 
4321.27 
4321.48 
4321.54 
4326.62 
4326.96 
4326.99 
4328.31 
4331.18 

4333.35 
4334.56 
4336.87 
4341.01 
4345.69 
4346.72 
4349.35 
4349.9 
4351.97 
4358.03 

4359.93 
4360.63 
4363.12 
4367.36 
4371.9 
4372.46 
4376 
4377.02 
4379.54 
4382 

4383.19 
4385.49 
4386.79 
4390.33 
4391.6 
4391.88 
4392.54 
4393.79 
43 94.78 
4395.91 

F 
F 
J 
J 
F 
J 
C ?  
J 
F 
F 

F1 
C ?  
F 
F 
J? 
J?  
J 
F? 
J 
F? 

F? 
J 
F? 
F1 
J 
F? 
F1 
J 
F? 
J 

F1 
J 
J 
J 
J 
J 
J 
F 
J 
F 

0.12 
0.08 
0.12 
0.06 
0.48 
0.14 
0.07 
0.07 
0.41 
0.48 

0.46 
0.14 
0.59 
0.73 
0.13 
0.13 
0.06 
0.46 
0.05 
0.62 

0.30 
0.04 
0.3 
0.08 
0.06 
0.17 
0.13 
0.06 
0.14 
0.1 

0.35 
0.12 
0.18 
0.07 
0.33 
0.1 
0.03 
0.08 
0.05 
0.09 
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TABLE V I  (cont )  

Depth Or ien ta t ion  Location 
Downhole Azimuth I n c l i n a t i o n  North East Down TY Pe F i t  
No. ( f t )  (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

160 4394.7 61.57 
4395.82 297.84 
4396.72 54.28 
4397.46 61.57 
4404.59 85.9 
4405.21 49.18 
4406.49 300.26 
4411.58 168.64 
4413.04 186.85 

169 4413.56 155.15 

170 4419.46 247.46 
4424.41 36.06 
4432.3 270.11 
4432.9 285.99 
4441.73 129.01 
4443.93 67.43 
4447.13 291.12 
4448.87 338.36 
4449.07 308.81 

179 4449.58 348.51 

180 4450.03 72.08 
4450.88 48.11 
4456.19 178.32 
4457.68 179.15 
4461.21 201.89 
4466.71 206.58 
4470.34 106.68 
4477.55 35.34 
4477.97 71.01 

189 4478.04 195.97 

190 4479.09 71.69 
4481.44 102.97 
4485.61 112.14 
4486.87 201.35 
4488.38 197.41 
4489.14 354.48 
4491.07 274.23 
4494.44 340.46 
4496.04 57.85 

199 4496.57 0.51 

21.54 
2.6 
24.03 
23.1 
14.5 
10.02 
5.02 
19.44 
4 
25.67 

20.96 
73.75 
17.68 
18.8 
33.36 
16.98 
51.08 
25.46 
7.15 
6.25 

7.63 
20.65 
19.04 
15.67 
4.51 
25.72 
24.88 
22.36 
11.5 
25.4 

4.97 
23.93 
13.72 
9.51 
26.22 
22.33 
10.99 
25.41 
7.74 
28.54 

-1712.28 
-17 12.25 
-1712.25 
-1712.24 
-1712.14 
-1712.13 
-1712.12 
-1712.05 
-1712.03 
-17 12.02 

-1711.95 
-1711.88 
-1711.78 
-1711.77 
-1711.66 
-1711.63 
-1711.59 
-1711.56 
-1711.56 
-1711.56 

-17 11.55 
-1711.54 
-17 11.47 
-1711.45 
-1711.4 
-1711.33 

-1711.19 
-1711.19 
-1711.19 

-i711.29 

-1711.17 
-1711.14 
-1711.09 
-1711.07 
-1711.05 
-1711.04 
-1711.02 
-1710.97 
-1710.95 
-17 10.94 

-1596.27 
-1596.32 
-1596.35- 
-1596.38 
-1596.66 
-1596.68 
-1596.73 
-1596.93 
-1596.99 
-1597.01 

-1597.24 
-1597.43 
-1597.74 
-1597.77 
-1598.11 
-1598.2 
-1598.32 
-1598.39 
-1598.4 
-1598.42 

-1598.44 
-1598.47 
-1598.68 
-1598.74 
-1598.87 
-1599.09 
-1599.23 
-1599.51 
-1599.53 
-1599.53 

-1599.57 
-1599.66 
-1599.83 
-1599.88 
-1599.94 
-1599.97 
-1600.04 - 1600.17 
-1600.24 
-1600.26 

4398.32 
4399.44 
4400.34 
4401.08 
4408.21 
4408.82 
4410.1 
4415.2 
4416.65 
4417.17 

4423.06 
4428.01 
4435.89 
4436.49 
4445.31 
4447.51 
4450.72 
4452.45 
4452.65 
4453.16 

4453.61 
4454.46 
4459.77 
4461.26 
4464.78 
4470.27 
4473.91 
4481.1 
4481.52 
4481.6 

4482.65 
4485 
4489.16 
4490.42 
4491.93 
4492.69 
4494.61 
4497.98 
4499.59 
4500.11 

F 
J 
F 
F 
J 
J 
C? 
F? 
J 
F? 

F? 
F? 
J 
J 
F? 
J 
F? 
J 
J 
J 

J 
J 
J 
J 
J 
Js 
J 
J 
J 
J?  

J 
J 
J? 
J 
J? 
F? 
C? 
F 
J 
F 

0.08 
0.02 
0.09 
0.11 
0.08 
0.09 
0.09 
0.12 
0.05 
0.05 

0.05 
0.12 
0.03 
0.06 
0.21 
0.13 
0.19 
0.1 
0.01 
0.02 

0.03 
0.07 
0.05 
0.02 
0.08 
0.04 
0.07 
0.09 
0.04 
0.18 

0.01 
0.1 
0.08 
0.06 
0.08 
0.16 
0.02 
0.1 
0.04 
0.25 

38 



TABLE V I  (cont )  

Depth Or ien ta t ion  Loca ti on 
Downhole Azimuth I n c l i n a t i o n  North E a s t  Down TY Pe F i t  
No. (ft) (deg) (deg) ( f t )  ( f t )  ( f t )  ( f t )  

200 4498.04 
4499.36 
4504.22 
4510.94 
4511.33 
4514.9 
4519.55 
4526.46 
4526.58 

209 4530.68 

210 4534.84 
4538.23 
4540.35 
4545.51 
4555.89 
4562.88 

216 4564.46 

12.76 
194.14 
139.06 
184.69 
25.81 
14.22 

348.66 
2.2 
76.52 
345.77 

351.43 
12.98 
1.61 

350.59 
225.44 
101.47 
62.08 

26.86 
5.99 
15.3 
17.63 
37.64 
26.61 
20.73 
27.92 
11.46 
24.11 

31.55 
44.33 
30.93 
26.18 
71.14 
8.27 
30.05 

-1710.93 
-1710.91 
-1710.85 
-1710.78 
-17 10.78 
-1710.74 
-1 7 10.68 
-17 10.61 
-1710.61 
-1710.56 

-1710.52 - 17 10.48 
-1710.46 
-1710.4 
-1710.29 
-1710.21 
-1710.15 

-1600.31 
-1600.36 
-1600.55 
-1600.8 
-1600.82 
-1600.95 
-1601.13 
-1601.39 
-1601.4 
-1601.55 

-1601.71 - 1601.84 
-1601.92 
-1602.12 
-1602.51 
-1602.77 
-1603.13 

4501.58 F 
4502.9 J 
4507.76 J 
45 14.47 J 
45 14.86 F 
4518.43 F 
4523.08 F 
4529.98 Fs 
4530.1 J 
4534.2 F 

4538.35 F 
4541.74 F 
4543.86 F 
4549.02 F1 
4559.39 F? 
4566.37 J 
4567.93 F 

0.25 
0.04 
0.14 
0.11 
0.28 
0.12 
0.12 
0.12 
0.09 
0.1 

0.31 
0.07 
0.05 
0.12 
0.49 
0.02 --- 
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