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ABSTRACT , 
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The successful sidetracking o f  well EE-3 and the 
d r i l l i n g  o f  we l l  EE-3A proved t h a t  w i th  deta i led 
planning and by adjust ing techniques based ion 
previous experience a t  Fenton H i l l ,  d r i l l i n g  can 
be accomplished w i t h  reduced r i sk .  The primary 
d r i l l i n g  problems associated w i t h  d r i l l i n g  'of  
hot, c r y s t a l l i n e  basement rock, are (a) 
abrasiveness between the downhole tools and the 
formations and (b) a crooked wellbore path. 
These were essent ia l ly  el iminated by a specia l ly  
designed d r i l l i n g  f l u i d  and carefu? pre-planning 
o f  the d i rec t iona l  d r i l l i n g  operations. These 
improvements have taken much o f  the r i s k  o u t  of 
d r i l l i n g  a t  the Fenton H i l l  Hot Dry Rock (HOR) 
Geothermal Test S i t e .  

The Sidetracking o f  EE-3 and d r i l l i n g  o f  EE-3A 
were undertaken to complete the hydraul ic 
connection between boreholes. D r i l l i n g  thqough 
f ractured regions ind icated by the dense zones o f  
microseismic a c t i v i t y  Increased the p r o b a b i l i t y  
o f  success. EE-3 was sidetracked a t  9,373'r and 
r e d r i l l e d  to a depth o f  13,182' (Figure 1). 

INTRODUCTION 

The Lot Alamos National Laboratory Hot DryitRock 
pro jec t  a t  Fenton H111. Mew Mexico Is descqlbed 
I n  Reference 1. I n i t i a l l y  two deep wells,iGT-2 
and EE-1 were d r l l l e d  and a HDR reservo i r  11 
created. This system was extensively t e s q d  
(Reference 2). Later, a larger, hot ter  system 
was planned and a pa f r  o f  wells, EE-2 and EE-3 
were d i rec t iona l l y  d r i l l e d  to t o t a l  depthsllof 
15,289' and 13,933' respectively (Referenys 3,4, 
and 5). Well EE-3 was above well'EE-2 by a 
v e r t i c a l  separation o f  1,200' I n  the same plan 
w i t h  wellbores inc l ined  a t  35' from v e r t i c a l  
(Figure 2).  Considerable problems w i t h  both 
sidetracking and d r i l l i n g  had plagued previous 
d r i l l i n g  operations i n  both the GT-2lEE-1 and the 

D r i l l i n g  problems encountered were assoc iakd  
w i t h  f i v e  aspects o f  the gran i t i c ,  formations, 
namely; hardness , abrasl veness , temperature , h o t  

EE-2/EE-3 well pairs. 11 

gases, and deviation. II 

I 
. I  

The hardness o f  the formations l e d  to  d i f f i c u l t y  
w i t h  sidetracking by using the standard 
techniques w i th  downhole motors and bent subs. 
Another problem associated w i t h  the formation 
hardness i s  t h a t  abrupt doglegs created during 
d r i l l i n g  can n o t  be "smoothed out*  by standard 
r o t a r y  d r i l l i n g  methods. Doglegs created i n  
so f te r  formations can be rounded to gradual 
doglegs by the use o f  "s t r ing  reamers". These 
abrupt doglegs increased d r i l l  s t r i n g  fa t igue and 
wear problems. This l e d  to numerous f i s h i n g  
operations i n  the previously d r i l l e d  boreholes. 

The f o r k t i o n  abrasiveness caused severe wear on 
downhole d r i l l i n g  tools, wire l ines and w i re l ine  
tools. Rol ler  reamers and b i t s  w i th  tungsten 
carbide , inser ts  were r a p i d l y  damaged due to the 
formation abrasiveness. Diametrical b i t  wear 
resul ted i n  t i m e  consuming reaming operations of 
under ga,uge hole. This usual ly  resul ted i n  
premature f a i l u r e  o f  the b i t  used f o r  reaming. 
Severe wear o f  the d r i l l  s t r i n g  due to the 
combination o f  abrasiveness and high s ide 
loading, because o f  the d i rec t iona l  nature o f  the 
wells, contr ibuted to the problems o f  downhole 
equipment f a f l u r e  and the need f o r  frequent 
equipment inspections. 

The temperature increased the corrosiveness o f  
the d r i l l i n g  f l u i d  reducing the f a t i g u e n l i f e  o f  
the d r i l l  st r ing,  r e s u l t i n g  i n  several G i s t  
off's'. The temperature a lso  contr ibuted to 
d r i l l  pfpe protector  f a i l u r e  which increased 
casing wear from d r i l l  pipe tool jo in ts .  
Downhole motors containing elastomers were 
l i m i t e d  i n  usage because the high temperature 
destroyed the elastomers. 

Reservoir creat ion a c t i v i t i e s  by hydraul ica l ly  
f rac tu r ing  between EE-2 and EE-3 began i n  Apr i l ,  
1982. Several hydraul ic f rac tu r ing  operations 
attempted to connect the two wellbores. I n  
December, 1984 a massive hydraul ic f rac tu r ing  
experiment was conducted by pumping 5.6 s l i l l i o n  
ga l lons , in to  EE-2 (References 6 and 7). The 
i n j e c t i o n  zone was 60' o f  openhole between the 9 
518' casing s h y  a t  11,578' and a tand/barite 
plug a t  11,648 . The massive hydraul ic f racture 
createdlwas mapped as a large seismic cloud b u t  
d i d  n o t  In te rsec t  well EE-3. 
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The attempts to create a HDR reservo i r  by 
hydraul ica l ly  f rac tu r ing  between two wel ls  (EE-2, 
EE-3) alreadv d r i l l e d  were unsuccessful. I t  was y i e l d  p o i n t  (Table I V ) .  The corrosion control 

and drag problems. The mud properties o f  primary 
importance were l u b r i c i t y ,  pH, solids, weight and 

decided to sidetrack EE-3 and re-d i rect  the 
wellbore i n t o  pre-selected c lus tc rs  o f  mfcro- 
seismic events which were recorded during ithe 
MNF. The d r i l l i n g  would be planned to address 
the experienced problems to assure a successful 
deep sidetracking and r e d r i l l i n g  operation. 

PLANNING 

A comprehensive r e d r i l l i n g  plan f o r  sidedacking, 
d i rect ional  d r i l l i n g ,  tes t ing  and completi'ng was 
developed. This plan was developed by the LANL 
personnel and sub-contractors on the HDR / 
project. The plan was then reviewed by 
geothermal industry personnel and comments" were 
incorporated i n t o  the f i n a l  planning. , 

The i n i t i a l  step i n  the develop&t.of the', 
r e d r i l l i n g  plan was the target  selection. '1 Target 
select ion was made w i t h  three goals i n  mind: (1) 
the penetration o f  as much o f  microseismi 
created during the MHF as possfble. 
d r i l l i n g  along a we l l  t ra jec to ry  that coulid be 
eas i l y  modified to a l low re-d i rect ion o f  the 
wellbore i n t o  other seismic zones i f  f r a c v r e  
connections to EE-2 could no t  be made a f t e r  600' 
o f  i n i t i a l  ta rge t  region d r i l l i n g  and ( 3 )  / 
minimization d i rec t iona l  motor d r i l l i n g  and 
sever i ty  o f  the wellbore curvature. 

The target  select ion resul ted I n  
about 9,300' turn ing the hole to 
N77E to S36E and dropping hole angle from '22 1/4' 
to about 11.. The dogleg sever i ty  would be 
l i m i t e d  to 2'/100' maximum while turning and 
sidetracking and 1'/100' whlle dropping angle 
only (Figure 3) .  

Sidetracking i n  grani te  rocks o f  28,000 6' 40,000 
p s i  comprehensive strength had been a t t e d t e d  
several times (and accomplished G i c e )  using 
cement plugs and downhole motors w i th  bent, subs 
above the motor. D i f f i c u l t i e s  arose I n  cement 
placement and achieving cement compressive, 
ztrength s u f f i c i e n t  to side load the b i t  to get  a 

ledge" s tar ted into the grani te  borehole ' w a l l .  
It was planned to make an attempt to sidefrack 
o f f  the ledge o f  a previously underreamed section 
a t  around 9.290' using a downhole motor and bent 
sub without placing a cement plug i n  the m i l l e d  
section. This was given a l i m i t e d  chance :of 
Success, bu t  had the desirable features of, 
possibly lower dogleg severity a t  the sidetrack 
and el iminatlon o f  potent ia l  problems associated 
w i t h  the use o f  a whipstock. I n  case the j 
sidetrack would n o t  be made using the downhole 
motor and bent sub, two specia l ly  b u i l t  2'1/100' 

The d r i l l i n g  f l u i d  was designed to reduce 
Corrosion, torque, abrasion, and to impro 
cleaning. The mud would be a l ightweight, low 
sol ids, fresh water sepio l i te ,  and bentonite 
system treated w i th  l i g n i t e  and'caustic. 
Triglycerides would be used to overcome torque 

(2) 
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whipstocks were procured. 'I 
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program was an i n t e g r a l  p a r t  o f  the d r i l l i n g  
f l u i d  program. Careful monitoring o f  pH and 
corrosion coupons provided guidance f o r  
treatments to the system. 

El iminat ing downhole d r i l l  s t r i n g  fa i lu res  and 
minimizing wear on the 9 5/8" casing were prime 
considerations f o r  the d r i l l  s t r i n g  design, 
hand1 ing  procedures and fnspection program. 
d r i l l  s t r i n g  was designed f o r  100,000 l b s  over 
p u l l  i n l a i r  w i t h  an 80.000 l b  bottomhole 
assembly. The d r i l l  s t r i n g  handling program 
Included: ( a )  odd-even break on too l  j o i n t s  
while t r i p p i n g  to prevent ga l l ing  and seizure of 
threads and shoulders on connections, (b) use o f  
non-hardbanded tool j o i n t s  i n  casing, and (c)  the 
use o f  pipe spinners to make-up and break tool 
j o i n t s  to reduce wear on the 9 5/8" casing. 
Rotary s l i p s  were to be s e t  sof t ly .  Special 
geothermal grade thread lubr icants  would be used 
on a l l  r o t a r y  t o o l  jo in ts .  I n  addition, two 
complete s t r i n g s  o f  d r i l l  pipe and d r i l l  c o l l a r s  
would be on-site so t h a t  d r i l l i n g  could be 
continued during inspection. D r i l l  pipe pup 
j o i n t s  were used to change too l  j o i n t  pos i t ion  
while m i l l i n g ,  reaming and d r i l l i n g .  

The d r i l l  pipe would undergo a fu l l - leng th  
inspection a f t e r  no more than 200 hours o f  
ro tat ion.  B l a c k l i g h t  o r  magnetic p a r t i c l e  
inspection o f  a l l  too l  j o i n t s  i n  the bottomhole 
assembly would be performed a t  in te rva ls  no t  to 
exceed 100 r o t a t i n g  hours. The option o f  
inspecting d r i l l  pipe and bottomhole assemblies 
p r i o r  to the 200 and 100 hour range was reta ined 
i n  the event severe doglegs, f ishing, and or  
mi l l ing ,  operations exceeded the normal working 

The 

ownhole components. 

Sidetracking Operations. A section was mi l led  i n  
The 9 518'' casing from 9,285' to 9,353' (68 
(Figure 4 ) ) .  A series o f  Dyna-Dril ls and bent 
subs were run wi thout  achieving a sidetrack. 
addi t ional  19' o f  9 5/8' casing was section 
m i l l e d  down to 9,372'. A f t e r  section m i l l i n g  a 
cement plug was s e t  through the section and 
d r i l l e d  out. A gauge run w i t h  the pack-stop 
assembly was mde to insure locating properly on 
the bottom stub o f  9 5/8" casin . The pack stock 
and whipstock was run (Figure 33, oriented w i th  a 
steering t o o l  and hydraul ica l ly  set. The face o f  
the whlpstock was 45'R o f  N70E. t h i s  allowed f o r  
a small bu i ld - in  i n c l i n a t i o n  which was necessary 
to avoid re-enter ing the EE-3X abandoned borehole 
d i r e c t l y  below the k i c k  o f f  po in t  (KOP). A 
l imber assembly w i t h  a tungsten carbide Cutter 
b i t  was used to d r i l l  o f f  the whipstock. The 
assembly consisted of :  8 1/2" b i t ,  b i t  sub, 2 
j o i n t s  of 4 1/2" d r i l l  pipe, 6-6 1/2" d r i l l  
co l lars ,  21 j o i n t s  o f  5" heavy weight d r i l l  pipe. 
A f t e r  d r i l l i n g  off the whipstock f o r  30' to a 
depth of 9,410'. the hole was reamed to remove 
any ledges t h a t  may have formed during k ick  o f f  

An 
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operations. A pos i t lve displacement mobr and 1' 
bent sub were t k n  u t i l i z e d  to d r i l l  to about 
9,450'. The i n c l i n a t i o n  was 22 1/4' a t  9,450' 
wi th  an azimuth o f  N74'E. 

A t  a depth o f  9,457' the r i g  used to sideback 
had reached I t s  depth capab i l i t i es  and a' large 
d r i l l  r i g  was brought i n  to d r i l l  the rema,fnder 
o f  the hole. 

R e d r i l l i n  
whTpstocL~ 20 mtor runs were mde uslng h 1' 
and 2' bent sub to establ ish the hole on the 
desired t r a j e c p r y .  Three correct lye runs were 
made a t  10,655 , 11,015' and 11,315 . The hole 
angle and d i rec t i on  were p r imar i l y  cont ro l led by 
s l i g h t  var iat ions o f  the bottom hole assemblies 
(Table 1). 

The d i rect ional  program was very successful i n  
dropping angle and turning the hole to the, r igh t .  
The bottom hole assemblies were o f  the fo l lowlng 
basic types: 

erations. A f t e r  sidetracking o f f  the 

1. Slow Dropping Assembly 
8 1/2" b i t  
6 po in t  f u l l  gauge reamer 
Short d r i l l  c o l l a r  
3 po in t  f u l l  gauge reamer 
Hone1 d r l l l  c o l l a r  
3 po in t  f u l l  gauge reamer 
5 - 6 1/4' d r l l l  co l l a rs  
24 j o i n t s  5" heavy weight d r i l l  pipe ' 

t i  

2. Fast Dropping Assembly 
8 1/2" b i t  
3 po in t  under gauge reamer 
F loat  sub 
Clone1 d r i l l  c o l l a r  
6 po in t  f u l l  gauge rmmer 
Steel d r i l l  c o l l a r  + 5, 

3 po in t  f u l l  gauge reamer ! 
5 - 6 1/4' d r i l l  co l l a rs  
24 j o i n t s  5' heavy weight d r i l l  pipe., 

3. Hold and D r i l l  Assembly 
8 1/2' b i t  
Float  sub ' /  

8 112" f u l l  gauge s p i r a l  ( f u l l  wrap ., 
s tabi  l i z e r  1 (IBS1 

I 13 

Short d r i l i  c o l l a r  t l  

3 po in t  f u l l  gauge reamer 
X-over 
Steel d r i l l  c o l l i i r  
8 1/2' f u l l  gauge s p i r a l  ( f u l l  wrap) 
s tab i l i ze r  ( I B S )  
4 - 6 1/4' d r l l l  co l l a rs  
24 j o i n t s  5' heavy weight d r i l l  pipe.1 

By making small adjustments I n  weight on b l t ,  
ro tary  RPM, and pump pressure the well bore 
t ra jectory  target  guidellnes established I n  the 
d r i l l i n g  plan were maintained throughout the 
r e d r i l l .  

The 8 1/2' roller cone b i t  record Is s h o d  I n  
Table 11. The d r i l l i n g  rates var ied from an 
average low o f  9.0' to 16' per hour during normal 
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ch i l lo  Nicholson 
d r l l l  l ng  opera tfons. he rage  pene)tt%&nfa~om50n 
f o r  the 3.700' o f  d r l l l l n g  was 12' per hour. 
6auge wear caused no problems and only minimum 
reaming,was required. The use o f  f u l l  gauge 
tungsten carblde pads I n s t a l l e d  on b i t  shanks 
contr ibuted to the d r i l l i n g  of a f u l l  gauge hole. 

The d r i l l i n g  f l u i d  program was simple. 
inexpensive, and great ly  reduced the torque, drag 
and wear problems assoclated w i th  p r i o r  d r i l l i n g  
experience using water as a c i r cu la t i ng  medium. 
The d r i l l i n g  f l u i d  l o s t  i ts  rheological and 
l u b r i c i t y  propert ies a f t e r  long periods o f  
stagna t i o n  a t  geothermal bottom-hole 
temperatures. 
smectite was detected using x-ray d i f f r a c t i o n  
analysis. 
s i g n i f i c a n t  increases i n  d r i l l s t r i n g  drag, torque 
and d r l l l  s t r i n g  wear. The system would then be 
replenished by increasing the concentration o f  
bentoni te and decreasing the  use o f  l i g n i t e .  

The d r i l l e d  cut t ings were removed e f f i c f e n t l y  
from the wellbore. The cut t ings were generally 
about 1/16" to 1/8" i n  size. Sample qua l i t y  was 
good to excel lent  throughout the r e d r i l l  
operation. No s i g n i f i c a n t  amounts of  large size 
cu t t i ngs  were recovered i n  previous d r i l l i n g  
using water as a c i r c u l a t i n g  medium. 

Coring Operations. The f i r s t  coring operatlon 
was conducted a t  a depth o f  9,450' to 9,457 
using an experimental Christensen Navi -Dr i l l  Core 
System w i t h  an 8 1/2' diamond and po lc rys ta l l i ne  
diamond impregnated core b i t  (Table 2). A total 
core recovery o f  4' 2" o r  60% o f  i n te rva l  cored 
was achieved. The second core run u t i l i z i n g  a 
PDC cu t te r  core system, a lso an experimental 
system f o r  ho t  c r y s t a l l i n e  rock, cored from 
10,875'. to 10,880 . Recovery was 2' 7 1/2" of 
core o r  55% o f  total footage cored. Subsequent 
runs 12 and #3 were made using a tri-cone X3TC7 
hybr id  core system. Coring rates o f  penetrat ion 
and recovery were substant ia l ly  improved over 
previous runs. The hybr id core b i t  runs o f  15' 
and 30' recovered 87% and 80% respect ively i n  15' 
and 30' bar re l  lengths. 

CONCLUSION 

The EE-3A r e d r i l l  operations success can be 
a t t r i b u t e d  to several factors  that, when 
combined, l e d  to a safe and productive e f fo r t .  
The dedication o f  management to insure proper 
r e d r i l l  planning and adequate personal, played a 
v i t a l  ro le .  The a b l l i t y  o f  the management team, 
sc ient is ts ,  engineers and technicians to work 
e f f e c t i v e l y  proved to be a valuable resource as 
the r e d r i l l  p ro jec t  progressed. 

Penetration rates f o r  d r i l l i n g  the deviated hole 
average approximately 100' per day while staying 
Within the proposed t ra jec to ry  guidelines (Figure 
5). The torque, drag and abrasion were reduced 
s i g n i f i c a n t l y  w i t h  the use o f  the sep lo l i t e  laud 
system and sample qua l i t y  was good to excel lent  
throughout the r e d r i l l  which was also a t t r i b u t e d  
to the d r i l l i n g  f lu id .  

A phase change from sep lo l i t e  t o  

This degradation was assoclated w i t h  

I 



The placement o f  reamers and s tab i l i zers  i n  the 
b o t t o m  hole assemblies performed s a t i s f a c t o r i l y  
I n  maintaining ta rge t  t ra jectory  throughout w s t  
o f  the r e d r i l l .  Motor d r i l l i n g  to maintain 
ta rge t  t ra jec to ry  was used 4 times to I n i t i a t e  
the required turns. A total o f  517' o f  the 
3,732' was motor dr i l led ,  roughly 14%, which 
resul ted i n  substantial cos t  savings. Th 
to d r i l l  c r y s t a l l i n e  rock e f fec t i ve ly  i n  a 
sidetracked borehole and maintain t r a  j e  
accomplished on the r e d r i l l .  
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WORKONTAL PROJECTION 

fro Survey of EE-3A Borehole. 
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DETAILED fI-3A 811 RECORD' 

L i s t  of Abbreviations 

ITC Hughes Tool Co. 
;Tc b i t h  Tool to. 
I Y I B  Won-Sealed Roller Bearing 
,J8 Scaled Jourml Eearlng 
B Core B i t  
IYOP nervy Height Drill Pipe 
YDP Flea Height Drill Pipe 
IC Drill Collar 

ROTATING 
HOURS - 

I 

t 
5.5 
6.5 

23.5 
7.25 

27.25 
25.5 

7 
14.75 

5.5 
8.75 

12.5 
10 
31 
1 
4 

10.75 
14.75 
0.5 

23.25 

22.5 
2.75 
5.75 

20.75 
19.75 

~ 

nu0 
M I G H T  

(PPG) - 
6.7 
8.7 
8.6 
8.7 
8.6 
8.6 
8.7 
8.6 
8.5 
8.5 
8.7 
8.6 
8.6 
8.8 
8.8 
8.6 
8.7 
8.6 
8.5 

8.5 
8.7 
8.7 
8.7 
8.8 
8.7 

FEET 
DRILLEO - 

78 
53 

235 
77 

362 
265 
115 
220 

5 
135 
111 
189 
278 

7 
15 

171 
168 

2 
247 

199 
37 
30 

247 
292 
174 

B I T  POUNDS 
WEIGHT ,PER 
1000 I O M  .IN. - DEPTH 

OUT 

9470 
9548 
9601 
9836 
9913 

IO275 
IO540 
IO655 
10875 
10880 
I1015 
I1126 
I1315 
I1593 
LlbOO 
L1615 
Ll786 
L1954 
I1956 
I2203 

- MAKE frPE JETS - SIZE 

8 112' 
8 1/2' 
8 1/2' 
8 112' 
8 1/2' 
8 1/2- 
8 1/2' 
8 112' 
8 112' 
8 112' 
8 1/2' 
8 112' 
8 1/2' 
8 1/2' 
8 112' 
7 7/8' 
8 1/2' 
8 112' 
8 1/2' 
8 112- 
8 112' 
8 112' 
7 7/8' 
8 7/8' 
8 112' 
8 112' 
8 1/2' 

- 

PIMP 
RATE 
(6PM) - 
340 
374 
390 
390 
390 
390 
344 
390 
395 
393 

390 
390 
377 
292 
390 
383 
37 3 
307 

372 
372 

357 
357 
357 

39n 

F f I H R  - 
14.18 
8.15 

10. 
9.94 

13.28 
10.39 
16.43 
14.92 
0.91 

15.43 
8.88 

18.9 
9. 
7. 
3.75 

15.91 
11.39 
4. 

10.62 

8.84 
13.45 

5.22 
11.9 
14.78 

RPU 

R R l l  STC F3G 14-14-14 
HTC HH77 , 16-16-16 
STC 7GA 10-10-10 
HTC HH77 12-12-12 

14-14-12 
14-14-12 
16-16-16 
15-15-15 
12-12-12 

14-14-14 
12-12-12 
12-12-12 
12-12-12 
12-12-12 

14-14-14 
14-14-14 
15-15-15 
15-15-15 

OymOri 1 1  
50 
50 

11 

16-20 2118-2353 
40-45 4706-5294 
35-40 4118-4706 
35 4118 
40-45 4706-5294 

2 
3 
4 

50 
50 
45-50 
Dynaor 
45-50 
55 
&Mor 
65 
DyMOl 
60 
60  
45 
60  
60  
50-60 
60 

55 
80 
40 
60-65 
55-60 
55-60 

5 
6 
7 
8 
9 
c e l l  
10 

STC 76A ' 
HTC HH77 
HTC JSSR 40 4706 

20-25 2353-2941 
40-42 4706-4941 
2 0  

STC 76A , 
STC 76A 
DOYO CO. CTS4HR 
5TC 7GA 
STC 76A 
STC 7GA 
STC 7M 

1 1  

11 

20-25 2353-2941 
40 4706 
40-45 4706-5294 
40-45 4706-5294 
22 2588 

45 5294 
8-12 

i 4  
CB12 
15 
16 

a 17 
RR117 
R R I  17 
18 
19 
CBI3 

STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
HTC 
STC 
STC 
STC 
STC 

7GA 
X3TC7, 
16A 
7M 8 

F7 5 

F7 ' 
F7 
76A 
577 < 

X3TC7 
7GA 
76A 
76A ' 

45 5294 
20-30 2353-3529 
35 4118 

14-14-14 12402 
14-14-14 I 12439 

' 12469 
14-14-14 12716 
14-14-14 / 13008 
14-14-14 13182 

45 5294' 
39 4588 
12-14 

20 
21 
22 

45 
4b 
40 

5294 
5412 
4706 

B I T  
COWOITION 

4-4-1 
4-6-1 
7-6-1 

8-8-1/4 
8-6-1/16 
7-6-1 
5-5-1 
2-2-1 
7-7-1 
3-3-1 
6-7-1/16 8-8-112 

6-7-118 
5-5-1 

7-4-118 

6-6-1 
2-2-1 

8-8-1116 
7-8-1 

PWP 
PRESSURE 

(PSI) , HHP/ln2 

PLASTIC 
VISCOSITY 

(CP) 
BLARING 

TYPE 
7 

WfRB 

. . 
SJ8 
WfRP 

CB 
WfRB 

. 
UI 

SJ! 

WSR8 
SJB 
CB 
WS!8 

WS?B 

O E V l A T l O N  

RRIl  
2 
3 
4 
5 
6 
7 
8 
9 
CBl1 
10 
11 
12 
13 
14 
a 1 2  
15 
16 
17 
RRI17 
W I l l  
18 

3.85 
9.61 
7.02 
5.41 
5.41 
4.68 
3.89 
6.02 

6.06 
5.79 
5179 
5.79 
6.9 

5.81 
4.94 
4.6 
3.16 ' 
5.16 
5.79 

5.53 
5.42 
5.05 

1100 
2500 
1750 
1350 
1350 , 

1167 
1100 
1500 
1150 

14 
17 
15 

9 
15 11'190E 

13'N87E 
13.25'572E 
15'571E 

8 
5 

11 
10 
14 
8 

17 

13.7 5'553F 

9.5*S30E 
9'532E 

1500 
1445 
1445 
1445 
1779 
720 

1450 
1255 
1200 
1000 

1350 
1300 

750 
1507 
1476 
1376 

9 
22 
22 8.5'536E 

8.75'537E 
8.25'54 2E 

9 
12 
12 
12 

3 
12 
14 
16 

' 14 
24 

9 W 4 E  

lO'S40E 
19 
a t 3  
20 
2 1  
22 

lO'S42. 5E 
11.5'546.5E 
12.33'553.9F 
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