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INTRODUCTION 

The Cerro Prieto geothermal field is 
located in the north-western pzrt of 
Mexico approximately 30 km to the south of 
Mexicali, Baja California, where the 
Cerro Prieto volcano serves as a point of 
reference in the Mexicali Valley. 

The geothermal field is divided into 
three areas (Cerro Prieto I, I 1  and 1 1 1 )  
because of the electric power plants and 
1 0 4  wells that have been constructed there. 

Completion of these wells has 
differed in regard to casings, depth into 
the production zone and problem zones, but 
all are similar in the formation drilled 
through, although it differs in thickness 
and in depth. 

Drilling fluids. 

A drilling fluid program has been 
prepared for purposes such as cleaning the 
bottom of the hole as well as the drill 
bit teeth in the formation, carrying 
cuttings from the well bottom to the 
surface, suspending cuttings and densifylng 
material when the fluid circulation is 
interrupted, cooling and lubricating the 
drill bit and drilling string, controlling 
the formation pressures, forming a 
protective coating on the walls of the 
well, preventing damage to the production 
formation, facilitating the handling and 
operation of logging equipment, floating 
tolls within the well, and s o  forth. 
Furthermore, it solves problems that arise 
while drilling through the zones where the 
greatest danger exists, which in this 
field are hydratable shales, friable 
shales and zones with circulation loss, 
where differential sticking of tools and 
the drilling string getting caught must be 
prevented, etc. All of these functions are 

and good drilling within well constructio 
aimed at having a positive impact on saf J This program may be applied to any 
well constructed in this field, even though 
they vary in depth with production zones 
from 1,400 m to 3,500 m. Specifications 
for drilling fluid (commonly called mud) 
characterisitcs that will allow such fluids 
to fulfill their purposes have been 
established, together with the ranges or 
margins within which they should be 
maintained. This program and the correct 
application of chemical reagents in 
relation to the formulation to be drilled 
th-rough were based on the compilation of 

mud analysis data, background in its 
application in this field and information 
from several drilling fluid companies. 

It should be noted that well depths 
in this field, as well as the respective 
depth of casings and formations have been 
averaged for the program referred to 
below. 

Hydraulics 

Hydraulics is one of the principal 
techniques for good drilling progress. The 
hydraulic power required in the mud pump 
may be calculated according to the 
hydraulic power desired in the drill bit 
nozzle and the total fall in pressure in 
the system or the optimum diameter of the 
nozzle may be calculated according to the 
hydraulic power of the pumps. On the 
basis of the hydraulic power of the pump 
and a flow cross section, the type of flow 
that exists at a given point may be 
calculated, in addition to the critical 
and real velocities and pressure losses 
caused by friction in each part of the 
system or in the complete fluid cycle. The 
time of the fluid cycle or the time that 
it takes for formation cuttings to rise 
to the surface may also be calculated in 
accordance with the critical velocity of 
the fluid, the type of formation and 
drilling mud conditions. To improve 
friction caused pressure losses, the 
diameters of the pump bushings and the 
diameters of drilling casings may be 
changed, in accordance with the diameter 
of the drill bit. 

An analysis of drilling in relation 
to hydraulics and optimum hydraulic 
conditions for improved drilling progress 
is presented in relation to drilling in 
the Cerro Pr-ieto area with a model of an 
average depth of 2,400 m. 

ABSTRACT 

The objective of the drilling manual 
is to solve all problems directly related r t o  drilling during the construction of a 
well. In this case, the topics dealt which 
are drilling fluids and hydraulics to be 
applied in the field to improve drilling 
pr gress, eliminate risks and achieve good 
we 1-completion. There are other topics 

the drilling string, which are closely - _ ^ I  / 
/.  . t i  , e.* 
I ' / ,  

th P t are applicable such as drill bits and 
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linked to drilling progress. On this 
occasion drilling fluid and hydraulics 
programs are presented, in addition to a 
computing program for a Casio FX-502P 
calculator to be applied in the field to 
optimize hydraulics and in the analysis of 
hydraulics for development and exploration 
wells at their different intervals. 

DRILLING FLUID DEVELOPMENT IN THE CERRO 
PRIETO, B.C., GEOTHERMAL FIELD. 

This development is based on the 
formation to be drilled through and on a 
casing program. 

Initially a bentonitic mud is 
prepared in the mud reservoirs (the water- 
bentonite ratio depends on the bentonite 
yield) to obtain the following 
characteristics: 

VISCOSITY: 43-50 sec/l 
DENSITY : 1.06-1.08 gr/cm 

Drilling begins with a certain 
diameter and later a number of expansions 
are made until a 36-in. diameter hole is 
constructed (at approximately 50.0 m) and 
the 30-in. conductor casing is cemented. 
During this stage the drilling fluid 
should remain within the following 
characteristics: 

D F N S I " Y  VISCOSITY VOL. OF SAND 
1.12-1.14 48-50 sec/l 2% or less 
gr/cm 

The formation that will be encountered 
during drilling is plastic sandy clay with 
medium-grain sand (subangular, subrounded 
and rounded) where the density will 
increase due to the incorporation of sand 
into the system and viscosity will be 
suitable and pumpable to carry information 
cuttings effectively and keep the hole 
clean. 

Care should also be taken with the 
surface equipment to control solids 
(shakers and desanders), which will work 
at their maximum capacity. The shakers 
should have screens (/I20 in the upper part 
and 1/40 in the lower part) capable of 
processing the entire flow and eliminating 
the greatestpossible quantity of formation 
cuttings, The desander, which has two 
phases for eliminating solids (a water 
cycle and a vibrating screen), should have 
a /I120 screen. To place the 30-in. 
diameter conductor casing, the viscosity 
is decreased to 40-45 sec/l, which will 
also facilitate shifting during cementing. 

After the cement for the 30-in. casing 
and the surface connections has set, when 

drilling through the drilling accessories 
and cement, treatment is applied to 
counteract contamination and to continue 
drilling and expanding to obtain a 
26-in. diameter hole (at approximately 
300.0 m) and in order to cement the 
20-in. surface casing. During this stage, 
the characteristics of the drilling fluid, 
which should continue to be bentonitic, 
are maintained. 

DENSITY 1.12-1.14 gr/cm . 
VISCOSITY 48-50 sec/l. 
FILTRATE N/C. 
COATING 2-4 mm. 
VOL. OF SAND 2% or less. 

3 

The formation to be encountered is 
brown plastic clay with fine-and medium 
grain-sand, fine-and medium-grain sandy 
lenses that vary in thickness from 100 to 
200 m, gravel and pieces of peat. The 
function o f  the mud will thus be to 
provide effective carrying and to clean 
the hole and the viscosity will be kept at 
an average value for that purpose. The 
coating in this interval will be kept at 
- + 2 mm, although it may reach 4 mm in 
certain cases without causing problems. 
The percentage of sands is kept low in 
order to improve coating conditions and 
to prevent damage to hydraulic parts of 
the mud pumps. Density should be kept at 
a value that will provide control for the 
walls of  the hole and for possible surface 
water flows that will thin the drilling 
fluid. 

The most important factor is the time 
in which the well is constructed, since it 
does not give time for the filtrate to 
damage the walls by hydrating the clay, 
which would reduce the hole or cause the 
sandy lenses to collapse and trap in 
drilling casings. 

In conditioning for the placement of 
the 20-in. diameter casing, the viscosity 
is reduced to 40-45 sec/l, which also 
facilitates spreading the cement slurry 
during cementing. The surface equipment to 
control solids is kept in the same 
conditions as previously. 

Once the cementing of the 30-in. 
casing has set and the surface connections 
have been made, the cementing accessories 
and cement are drilled through after the 
drilling mud is treated to prevent cement 
con t ami na t ion. 

Drilling and expansion are continued 
until a hole 17 112 inches in diameter is 
obtained (at approximately 1,000 m), where 
the 13 3/8-in.diameter intermediate casing 
is placed and cemented. For this interval 
the characteristics of the drilling fluid 
are made more specific in order to solve 
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t h e  p r o b l e m s  t h e  f o r m a t i o n  may p r e s e n t .  
T h e  mud c h a n g e s  a n d  b e c o m e s  l i g n i t i c .  

DENSITY 1 . 1 2 - 1 . 1 4  g r / c m  
VISCOSITY 
FILTRATE - 
C O A T I N G  2 mm 
PH 8 . 5 - 9  .O 
VOL.OF SAND 1% o r  l e s s  
VOL.OF SOLIDS 1 0 - 1 4 %  
VOL.OF O I L  3-4% 
VOL.OF WATER 8 2 - 8 7 %  
PLASTIC 
VISCOSITY 1 0 - 1 4  C P S  
YIELD POINT 2-5 l b / 1 0 0  f t  

GEL 1 0 '  2-4 l b / 1 0 0  f t  

3 

45-48 s c / l  5 + 1 2  c m  

GEL O!. 0 l b / 1 0 0  f t 2  

T h e s e  c h a r a c t e r i s t i c s  a r e  b a s e d  o n  
t h e  f o r m a t i o n  t o  b e  d r i l l e d  t h r o u g h ,  t h e  
s i z e  o f  t h e  c u t  a n d  t h e  t i m e  r e q u i r e d  t o  
d r i l l  t h e  h o l e .  The  f o r m a t i o n  i s  composed  
o f  b r o w n  p l a s t i c  c l a y ,  f i n e -  a n d  m e d i u m -  
g r a i n  a n d  ( s u b a n g u l a r ,  s u b r o u n d e d  a n d  
r o u n d e d )  a n d  p i e c e s  o f  g r a v e l .  When 
d r i l l i n g  i s  i n i t i a t e d ,  s u f f i c i e n t  d i e s e l  
i s  a d d e d  t o  p r o v i d e  t h e  p e r c e n t a g e  
r e q u i r e d .  L i g n i t e ,  c a u s t i c  s o d a  a n d  
t a n n i n s  a r e  a d d e d  a s  b a s i c  r e a g e n t s  f o r  
t h i s  i n t e r v a l .  E f f o r t s  a r e  made t o  i n h i b i t  
c l a y s ,  t o  r e d u c e  f i l t r a t e s ,  t o  t h i n  t h e  
c o a t i n g ,  t o  s p r e a d  a n d  r e d u c e  v i s c o s i t y ,  
t o  d e f l o c c u l a t e ,  t o  c o n t r o l  a l k a l i n i t y ,  t o  
r e m o v e  c a l c i u m ,  t o  e m u l s i f y ,  a n d  s o  f o r t h .  

T h e  s u r f a c e  e q u i p m e n t  t o  c o n t r o l  
s o l i d s ,  w h i c h  i s  i m p o r t a n t  i n  m a i n t a i n i n g  
t h e  p r o p e r  c h a r a c t e r i s t i c s ,  i s  m o d i f i e d  i n  
a c c o r d a n c e  w i t h  t h e  n e e d s  i n  t h e  i n t e r v a l  
t o  b e  d r i l l e d .  T h e  s h a k e r  s h o u l d  h a v e  1 2 0  
s c r e e n  a b o v e  a n d  %:to s c r e e n  b e l o w  a n d  t h e  
d e s a n d e r  s h o u l d  h a v e  11150 s c r e e n .  

To p l a c e  t h e  i n t e r m e d i a t e  c a s i n g ,  t h e  
v i s c o s i t y  i s  r e d u c e d  t o  40-45  s e c f l ,  w h i c h  
a l s o  f a c i l i t a t e s  movement  d u r i n g  c e m e n t i n g .  

A f t e r  t h e  c e m e n t  o f  t h e  1 3  3 1 8 - i n .  
d i a m e t e r  c a s i n g  h a s  s e t  a n d  t h e  s u r f a c e  
c o n n e c t i o n s  h a v e  b e e n  m a d e ,  i n c l u d i n g  t h e  
i n s t a l l a t i o n s  o f  t h e  w e l l h e a d ,  t h e  
c e m e n t i n g  a c c e s s o r i e s  a n d  c e m e n t  a r e  
d r i l l e d  f o l l o w i n g  t r e a t m e n t  t o  p r e v e n t  
c e m e n t  c o n t a m i n a t i o n .  A h o l e  w i t h  a 
d i a m e t e r  o f  1 2  1 / 4  i n c h e s  i s  d r i l l e d  ( a t  
a p p r o x i m a t e l y  2 , 0 0 0  m) a n d  t h e  9 5 1 8 - i n .  
d i a m e t e r  p r o d u c t i o n  c a s i n g  i s  c e m e n t e d .  

T h e  c h a r a c t e r i s t i c s  become e v e n  
s t r i c t e r  i n  o r d e r  t o  s o l v e  t h e  p r o b l e m  
a r e a s  t h a t  a r i s e  d u r i n g  t h i s  s t a g e ,  w h i c h  
a r e  t h e  m o s t  d a n g e r o u s .  Here,  t h e  mud 
r e m a i n s  l i g n i t i c  u n t i l  p r o d u c t i o n  
t e m p e r a t u r e  i s  n o t e d  a n d  i t  i s  c h a n g e d  t o  
c h r o m o l i g n o s u l f o n a t e .  

D E N S I T Y  

VISCOSITY 4 2 - 4 5  secll 

1 . 1 6 - 1 . 1 8  g r / c m 3  ( u p  t o  1 . 2 2  
3 g r l c m  ) .  

FILTRATE 
C O A T I N G  
PH 
VOL.OF SAND 
VOL.OF SOLIDS 
VOL.OF O I L  
VOL. OF WATER 
PLASTIC 
VISCOSITY 
YIELD POINT 
GEL 0 '  
GEL 1 0 '  

-+ 8 em3 o r  l e s s  
1 . 5  mm 
9 . 5  
1% O K  l e s s  
1 1 - 1 6 %  
5-6% 
78-84% 

1 1 - 1 6  C P S  
3-6  l b / 1 0 0  $ t  

2-4 l b I 1 0 0  f t  
0 l b / 1 0 0  f t  

The  f o r m a t i o n  t o  b e  d r i l l e d  i s  b r o w n  
p l a s t i c  c l a y ,  f i n e - a n d  m e d i u m - g r a i n  s a n d ,  
f i n e  g r a v e l ,  m u d s t o n e ,  f r i a b l e  s h a l e s ,  
s h a l e s  a n d  s a n d s t o n e s .  T h i s  i n t e r v a l  i s  
c o n s i d e r e d  t h a t  o f  h i g h e s t  r i s k  b e c a u s e  o f  
i t s  s t r a t i g r a p h i c  s t r u c t u r e  a n d  t h e  f i r s t  
s i g n s  o f  t e m p e r a t u r e  t h a t  a l t e r  t h e  
c h a r a c t e r i s t i c s .  

The p e r c e n t a g e  o f  d i e s e l  i s  
i m m e d i a t e l y  i n c r e a s e d  ( 5 - 6 % )  i n  t h i s  
i n t e r v a l  a n d  r e a g e n t s  c o n t i n u e  t o  b e  
a d d e d .  The  t r e a t m e n t  i s  s t r o n g  a n d  
c o n s t a n t  i n  o r d e r  t o  c h a n g e  t h e  
c h a r a c t e r i s t i c s  t o  t h e  s u i t a b l e  
r e q u i r e m e n t s .  The  r e a g e n t s  a r e  l i g n i t e ,  
c a u s t i c  s o d a  a n d  t a n n i n s .  F u r t h e r  o n ,  
when t e m p e r a t u r e  i n c r e a s e s  a p p e a r ,  
c h r o m o l i g n o s u l f o n a t e  i s  a d d e d  a s  t h e  b a s e  
f o r  t h e  m u d .  

T h e s e  s p e r i f i c a t i o n s  f o r  t h e  mud a r e  
b a s e d  o n  t h e  p r o b l e m s  i n  t h e  a r e a  t o  b e  
d r i l l e d  a n d  i t s  c o n d i t i o n  c o u l d  b e  
i m p r o v e d  t o  a e v e n  g r e a t e r  e x t e n t ,  b u t  
w o u l d  i n v o l v e  i n c r e a s e d  c h e m i c a l  m a t e r i a l  
c o s t s .  We h a v e  v e r i f i e d  t h a t  t h e s e  
c h a r a r t e r i s t i c s  a r e  s u f f i c i e n t l y  s o u n d  
f o r  d r i l l i n g  a t  t h i s  s t a g e  e x c e p t  when t h e  
f r i a b l e  s h a l e  z o n e  i s  o f  a g r e a t e r  
t h i c k n e s s  a n d  c h a n g e s  i n  2 o r  3 
c h a r a c t e r i s t i c s  a r e  t h e n  r e q u i r e d .  

H e r e ,  t h e  f a c t o r s  t o  b e  t a k e n  i n t o  
a c c o u n t  a r e :  t h e  m u d s t o n e s ,  w h i c h  a r e  
e x t r e m e l y  h y d r a t a b l e ,  a n d  f r i a b l e  s h a l e s  
t h a t  c a u s e  c a s i n g s  t o  become t r a p p e d ,  
w h i c h  m e a n s  t h a t  t h e  m u d  s h o u l d  p r o v i d e  
i n h i b i t i o n ,  t h e  f i l t r a t e  s h o u l d  b e  r e d u c e d ,  
t h e  w e i g h t  o f  t h e  mud s h o u l d  b e  i n c r e a s e d ,  
t h e  p e r c e n t a g e  o f  d i e s e l  s h o u l d  b e  r a i s e d  
t h r o u g h o u t  t h e  s y s t e m ,  f l o c c u l a t i o n  
s h o u l d  b e  p r e v e n t e d ,  a n d  s o  f o r t h .  

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

The  c o n d i t i o n s  o f  t h e  s u r f a c e  
e q u i p m e n t  t o  c o n t r o l  s o l i d s  a r e  m a i n t a i n e d  
a s  l i s t e d  b e l o w :  t h e  s h a k e r  s h o u l d  ! l a v e  a 
? 4 0  s c r e e n  i n  t h e  u p p e r  p a r t  a n d  a # h O  
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s c r e e n  i n  t h e  l o w e r  p a r t  i n  o r d e r  t o  
p r o c e s s  t h e  f l o w  a n d  e l i m i n a t e  t h e  
f o r m a t i o n  c u t t i n g s  e f f e c t i v e l y .  T h e  
d e s a n d e r  w i l l  c o n t i n u e  t o  have a t150 
s c r e e n ,  s i n c e  t h e  s i z e  o f  t h e  s a n d  i s  t h e  
same as d u r i n g  t h e  p r e v i o u s  s t a g e ,  a n d  t h e  
c o o l i n g  t o w e r  w i t h  i t s  v e n t i l a t o r  w i l l  
b e g i n  t o  o p e r a t e  when t e m p e r a t u r e s  b e t w e e n  
4b-45'C a r e  r e a c h e d .  

1 
d 

C o n d i t i o n i n g  t h e  d r i l l i n g  f l u i d  f o r  
t e m p e r a t u r e  a n d  e l e c t r i c  l o g s  and  f o r  
p l a c i n g  t h e  c a s i n g  r e q u i e r e s  t h e  u s e d  o f  a 
r e a g e n t  t h a t  k e e p  t h e  mud i n  s u i t a b l e  
c o n d i t i o n s  w h i l e  i t  i s  s t a t i c  ( d u r i n g  
t h e s e  o p e r a t i o n s  t h a t  l a s t  up  t o  3 2  h o u r s ) .  
T h i s  r e a g e n t  i s  a d e f l o c c u l a n t  p o l y m e r  o f  
low m o l e c u l a r  w e i g h t  t h a t  i s  e f f e c t i v e  f o r  
t h e  g e o l o g i c a l  a n d  f i l t r a t i o n  p r o p e r t i e s  
o f  w a t e r - b a s e  muds a t  h i g h  t e m p e r a t u r e s  
w h e r e  t h e  e f f e c t i v e n e s s  o f  l i g n i t i e s  a n d  
c h r o m o l i g n o s u l f o n a t e s  i s  r e d u c e d .  

A f t e r  t h e  c e m e n t i n g  o f  t h e  9 5 / 8 - i n .  
d i a m e t e r  c a s i n g  h a s  s e t  a n d  t h e  s u r f a c e  
c o n n e c t i o n s  h a v e  b e e n  m a d e ,  t h e  d i f f e r e n t  
c e m e n t i n g  a c c e s s o r i e s  a n d  c e m e n t  a r e  
d r i l l e d  a n d  t h e  d r i  l i n g  m u d  i s  t r e a t e d  
f o r  d e c o n t a m i n a t i o n  i n  o r d e r  t o  c o n t i n u e  
d r i l l i n g  w i t h  a n  8 / 2 - i n .  b i t  ( a t  
a p p r o x i m a t e l y  2 , 4 0 0  0 m) a n d  t h e n  t o  
h a u g  a n d  c e m e n t  t h e  7 - i n .  d i a m e t e r  s h o r t  
c a s i n g  o r  l i n e r .  

W h i l e  t h i s  i n t e r v a l  i s  b e i n g  d r i l l e d ,  
t h e  c h a r a c t e r i s t i c s  a r e  o n r e  a g a i n  
m o d i f i e d  t o  meet t h e  r e q u i r e m e n t s .  The  mud 
c o n t i n u e s  t o  b e  c h r o m o l i g n o s u l f o n a t e .  

3 DENSITY 1 . 1 2 - 1 . 1 4  g r / c m  
VISCOSITY 42-45  s e c l l  
FILTRATE - + 1 2  cm3 
C O A T I N G  1 . 5  mm 
PH 9 . 5 - 1 0  
VOL.OF SAND 1% o r  l e s s  

VOL.OF O I L  2% 
VOL.OF W A T E R  8 4 - 8 8 %  
PLASTIC 
VISCOSITY 10-14  C P S  

Y I E L D  POINT 2-5 l b / 1 0 0  f t  
G E L  0 '  0 l b / 1 0 0  f t 2  
G E L  10' 2-4 l b / 1 0 0  f t  

VOL.OF SOLIDS 1 0 - 1 4 %  

T h e  f o r m a t i o n  t o  b e  d r i l l e d  i s  v e r y  
c o m p a c t  s h a l e ,  s i l t s t o n e  s h a l e  and  
s i l t s t o n e  w i t h  i n t e r c a l a t i o n s  o f  s a n d s t o n e  
a n d  c e m e n t i n g  m a t e r i a l  o f  c a l c i u m  
c a r b o n a t e  a n d / o r  s i l i c a  a n d  h i g h  
t e m p e r a t u r e  m i n e r a l s  w i t h  p a r t i c l e s  o f  
q u a r t z .  I n  some w e l l s ,  gypsum h a s  b e e n  
d e t e c t e d .  

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

n o t e d ,  T h e  f i l t r a t e  ( l o s s  P f  water)  h a s  
i n c r e a s e d  b e c a u s e  t h e  f o r m a t i o n  i s  more 
c o m p a c t  a n d  t h e r e  2 s  no p r o b l e m  o f  
c o l l a p s e ,  T h e  w e i g h t  of t h e  mud ( d e n s i t y )  
was a l s o  r e d u c e d  f o r  t h e  same r e a s o n ,  as  
w e l l  as t o  n o t  i n d u c e  c i r c u l a t i o n  l o s s .  
The p e r c e n t a g e  o f  0 2 1  ( d i e s e l )  was r e d u c e d  
t o  2 %  s o  as  o n l y  t o  p r o v i d e  g o o d  
l u b r i c a t i o n  i n  t h e  mud s y s t e m .  

B e t w e e n  t h e  f r i a b l e  z o n e  a n d  t h e  
p r o d u c t i o n  z o n e ,  a h i g h l y  p o r o u s  a n d  
p e r m e a b l e  z o n e  was  l o c a t e d ,  w h i c h  c a u s e d  
a temp:rary  b u t  t o t a l  l o s s  o f  c i r c u l a t i o n  
( y p  t o  6 0  m 3  o f  m u d ) .  S u b s e q u e n t l y ,  t h e  
c i r c u l a t i o n  b e c a m e  n o r m a l  a s  a r e s u l t  o f  
t h e  z o n e  b e c o m i n g  s a t u r a t e d .  S o m e t i m e s  i t  
h a s  b e e n  n e c e s s a r y  t o  a d d  f i n e  s c a l i n g  
m a t e r i a l  ( f i n e  n u t  s h e l l  o r  c l a s s i f i e d  
m i c a ) .  

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

The s u r f a c e  e q u i p m e n t  t o  c o n t r o l  
s o l i d s  a l s o  u n d e r g o e s  c h a n g e s  i n  o r d e r  t o  
p r o v i d e  e x t r a  a s s i t a n c e  i n  m a i n t a i n i n g  
i d e a l  d r i l l i n g  f l u i d  c o n d i t i o n s .  The  
s h a k e r  u s e s  t 6 0  s c r e e n  a b o v e  a n d  P80 
s c r e e n  b e l o w  t o  e l i m i n a t e  f o r m a t i o n  
c u t t i n g s  e f f e c t i v e l y  a n d  ;I200 s c r e e n s  a r e  
i n s t a l l e d  i n  t h e  d e s a n d e r s  t o  r e d u c e  t h e  
a m o u n t  o f  s o l i d s  i n  t h e  s y s t e m  t o  t h e  
minimum p o s s i b l e  w i t h i n  t h e  p r o c e s s .  

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

T a b l e s  1 a n d  2 i n d i c a t e  t h e  d r i l l i n g  
i n t e r v a l s ,  d r i l l i n g  d i a m e t e r s  a n d  w e i g h t  
t o o l  d i a m e t e r s ,  i n  a c c o r d a n c e  w i t h  w e l l  
d r i l l i n g  a n d  c o m p l e t i o n  i n  t h e  C e r r o  
P r i e t o  a r e a .  

To o b t a i n  t h e  r e s u l t s  r e q u i r e d  f o r  
h y d r a u l i c s  i n  w e l l  d r i l l i n g ,  t h e r e  a r e  
d i f f e r e n t  m e t h o d s  s u c h  a s  B i n g h a m ' s  
p l a s t i c  f l u i d s  m e t h o d ,  t h e  f l u i d s  m e t h o d  
t h a t  o b e y s  t h e  l a w  o f  p o t e n t i a l s  a n d  J 

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

A c c o r d i n g  t o  B i n g h a m ' s  p l a s i - i c  . 
f l u i d s  m e t h o d ,  unknown s u c h  a s  pump f l o w  
r a t e ,  t h e  t y p e  o f  f l o w  i n  e a c h  i n t e r v a l  o f  
t h e  f l u i d  r y r l e ,  t h e  t y p e  o f  f l u i d ,  
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t h e  f l u i d  c y c l p ,  t h e  t y p e  o f  f l u i d ,  t h e  
r e a l  a n d  c r i t i c a l  v e l o c i t y  i n  e a c h  
i n t e r v a l  a n d  i n  t h e  e n t i r e  s y s t e m ,  t h e  
h y d r a u l i c  p o t e n t i a l  r e q u i r e d  f o r  t h e  pump 
and  i n  t h e  d r i l l  b i t ,  i m p a c t  s t r e s s ,  
h y d r o s t a t i c  p r e s s u r e  a t  t h e  b o t t o m  o f  t h e  
h o l e ,  c i r c u l a t i o n  p r e s s u r e  a t  t h e  b o t t o m  
o f  t h e  h o l e ,  e q u i v a l e n t  d e n s i t y  o f  mud 
c i r c u l a t i o n ,  op t imum d i a m e t e r  o f  t h e  
d r i l l  n o z z l e s  a n d  s i z e  o f  t h e  d r i l l  b i t  
c a s i n g  may b e  c a l c u l a t e d .  To c a l c u l a t e  
d r o p s  i n  p r e s s u r e ,  a t a b l e  i s  p r e s e n t e d  
b e l o w  i n d i c a t i n g  t h e  e q u a t i o n s  r e q u i r e d  
f o r  e a c h  t y p e  o f  f l o w  a n d  f l u i d  i n  t h e  
s y s t e m .  

To o b t a i n  t h e  r e s u l t s  r e q u i r e d  t o  
i m p r o v e  h y d r a u l i c s  i n  t h e  f i e l d ,  a 
c o m p u t i n g  p r o g r a m  h a s  b e e n  p r e p a r e d  t o  b e  
u s e d  o n  a C a s i o  FX-502P c a l c u l a t o r .  T h i s  
p r o g r a m  was p r e p a r e d  w i t h  t h e  a s s i s t a n c e  
o f  t h e  e q u a t i o n s  shown i n  T a b l e  3 .  I n  t h i s  
c a s e ,  w e  d i v i d e d  t h e  c a l c u l a t i o n  i n t o  
t h r e e  p a r t s ,  s i n c e  t h e  c a p a c i t y  o f  t h e  
c a l c u l a t o r  d o e s  n o t  a l l o w  f o r  t h e  e n t i r e  
c a l c u l a t i o n  t o  b e  made a t  o n c e .  

F i g u r e s  1 0  a n d  11 p r e s e n t  a f l o w  
c h a r t  f o r  t h e  c o m p u t i n g  p r o g r a m  w i t h  
B ingham' s  p l a s t i c  f l u i d s  m e t h o d .  F i g u r e s  
1 2  and  13 p r e s e n t  t h e  c a l c u l a t i o n  
i n t e r v a l s  f o r  d e v e l o p m e n t  and  e x p l o r a t i o n  
w e l l s .  

To e n t e r  t h e  p r o g r a m  s i m p l y  s e l e c t  t h e  
number  o f  t h e  p r o g r a m  o n  t h e  c a l c u l a t o r  a n d  
e n t e r  i t .  The  d a t a  may b e  e n t e r e d  i n  
a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  m e m o r i e s :  

Memory 

Min 1 
Mi!n 2 
Min 3 
Min 4 
Min 5 
Min 6 
Min 7 
Min 8 
Min 9 

D a t a  

Q ( g a l / n i n )  
D ( i n )  
d ( i n )  

P c ( l b / 1 0 0  f t  ) 
P ( l b / g a l )  
N r  ( c a l c u l a t e d )  
f ( c a l c u l a t e d )  
L ( f t )  

- 

M p ( c p s )  2 

A f t e r  i n t r o d u c i n g  t h e  p r o g r a m  a n d  t h e  
d a t a ,  p r e s s  t h e  b u t t o n  o f  t h e  p r o g r a m  
number  a n d  t h e  d a t a  a p p e a r  a t  a p p r o x i m a t e l y  
3 - s e c o n d  i n t e r v a l s ,  s h o w i n g  t h e  v a l u e s  i n  
t h e  f o l l o w i n g  s e q u e n c e :  

V ( f t / s e c )  
V ( f t / s e c )  

( n o n d i m e n s i o n a l )  $ ( n o n d i m e n s i o n a l )  
( l b  / i n 2 )  * p f  

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

B e c a u s e  o f  t h e  l i m i t e d  c a p a c i t y  o f  
t h e  FX-502P c a l c u l a t o r ,  t h e  P r o g r a m  m u s t  
b e  c o n t i n u e d  s e p a r a t e l y ,  t h a t  i s ,  t h e  
p r o g r a m  m u s t  be  e r a s e d  a n d  t h e  
c o n t i n u a t i o n  o f  t h e  p r o g r a m  e n t e r e d  a s  o f  
p r e s s u r e  l o s s e s  d u e  t o  c i r c u l a t i o n .  W i t h  
t h e  d a t a  i n  t h e  same m e m o r i e s  p r e v i o u s l y  
m e n t i o n e d ,  t h e  b u t t o n  o f  t h e  new p r o g r a m  
i s  p r e s s e d  a n d  r e s u l t s  a r e  o b t a i n e d  i n  t h e  
f o l l o w i n g  s e q u e n c e :  

2 ( l b / i n  ) 
( h o r s e p o w e r )  HHPt 

HHP ( h o r s e p o w e r )  
F i  j ( l b s )  
BHCP ( l b / i n  ) 
E CD ( l b / g a l )  

* Pt  

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

I n  a c c o r d a n c e  w i t h  t h e  d r i l l i n g  
i n t e r v a l s  i n d i c a t e d  i n  t a b l e s  1 a n d  2, a n  
a n a l y s i s  o f  e a c h  o f  t h e  i n t e r v a l s  i n  t h e  
C e r r o  P r i e t o  a r e a  i s  p r e s e n t e d  b e l o w .  

Tho d a t a  a r e  b a s e d  o n  a t r i p l e :  
C o n t i n e n t a l  Emsco F-800 pump 5" X 9 - i n .  
u s i n g  a 8 1 / 2 - i n .  d r i l l  b i t  a n d  t h r e e  
1 / 2 - i n .  n o z z l e s  and  t h e  d r i l l i n g  f l u i d  
d a t a  p r e v i o u s l y  i n d i c a t e d  f o r  e a c h  
d r i l l i n g  i n t e r v a l .  

FIGURES 

F i g . 1 0 .  F low c h a r t  

F i g . 1 1 .  F low c h a r t  

F i g . 1 2 .  D r i l l i n g  i n t e r v a l s  i n  a 
d e v e l o p m e n t  w e l l  i n  t h e  C e r r o  P r i e t o  a r e a .  

F i g . 1 3 .  D r i l l i n g  i n t e r v a l s  o f  a n  
e x p l o r a t i o n  w e l l  i n  t h e  C e r r o  P r i e t o  a r e a .  

TABLES 

T a b l e  1 D e v e l o p m e n t  w e l l  

T a b l e  2 E x p l o r a t i o n  w e l l  

T a b l e  3 F low e q u a t i o s  f o r  Bingham and  
N e w t o n i a n  p l a s t i c  f l u i d s .  

659 



M A N U A L  D E  PERFORACION D E  P O Z O S  G E O T E R M I C O S  D E  C E R R O  PRIETO 

A .  F e r n d n d e z  P .  y M .  F l o r e s  S .  

C O M I S I O ? I  FEDERAL DE ELECTRICIDAD 
I N T R O D U C C I O N  

L a  z o n a  g e o t s r m i c a  d e  C e r r o  P r i e t o  s e  
e n c u e n t r a  l o c a l i z a d a  a1  N o r o e s t e  d e  l a  
R e p G b l i c a  M e x i c a n a ,  a p r o x i m a d a m e n t e  a 30 
km a 1  S u r  d e  M e x i c a l i ,  B . C . ,  como p u n t o  d e  
r e f e r e n c i a  g e o g r h f i c a  e l  v o l c ' a n  d e  C e r r o  
P r i e t o  e n  e l  V a l l e  d e  M e x i c a l i .  

3 ' a r e a s  ( C e r r o  P r i e t o  I ,  11 y 111) p o r  
c u e s t i 6 n  d e  l a s  u n i d a d e s  g e n e r a d o r a s  d e  
e n e r g i a  e l ' e c t r i c a ,  e n  d o n d e  s e  t i e n e n  l a  
c a n t i d a d  d e  1 0 4  p o z o s  c o n s t r u i d o s .  

E l  campo g e o t e ' r n i c o  e s t 5  d i v i d i d o  e n  

En e s t o s  p o z o s  s e  t i e n e  d i f e r e n t e  
t e r m i n a c i 6 n  t a n t o  e n  t u b e r z a s  d e  
r e v e s t i m i e n t o  como p r o f u n d i d a d  d e  l a  z o n a  
p r o d u c t o r a  y d e  l a s  z o n a s  p r o b l e m a ,  p e r 0  
e n  t o d o s  h a y  s i m i l i t u d  d e  l a  f o r m a c i 6 n  
a t r a v e s a d a ,  s 6 l o  d i f i e r e n  e n  e l  e s p r s o r  y 
l a  p r o f u n d i d a d .  

1 .- F l G i d o s  d e  P e r f o r a c i 6 n .  

S e  h a  e l a b o r a d o  u n  p r o g r a m a  d e l f l G i d o  
d e  p e r f o r a c i S n  p a r a  c u m p l i r  c o n  l a s  
f u n c i o n e s  p a r a  e l  q u e  f u e  d i s e i i a d o  como s o n  
e l  d e  l i m p i a r  e l  f c n d o  d e l  a g u j e r o  y 10s  
d i e n t e s  d e  l a  b a r r e n a  e n  l a  f o r m a s i 6 n ;  
a c a r r e a r  1 0 s  r e c o r t e s  d e s d e  e l  f o n d o  d e l  
p o z o  h a s t a  l a  s u p e r f i c i e ,  s u s p e n d e r  10s 
r e c o r t e s  y m a t e r i a l  d e n s i f i c a n t e  c u a n d o  s e  
i n t e r r u m p e  l a  c i r c u l a c i 6 n  d e l  f l 6 i d o ;  
e n f r i a r  y l u b r i c a r  l a  b a r r e n a  y l a  s a r t a  
d e  p e r f o r a c i b n ,  c o n t r o l  d e  l a s  p r e s i o n e s  
d e  l a  f o r m a c i b n ;  f o r m a c i S n  d e  un  e n j a r r e  
p r o t e c t o r  d e  l a s  p a r e d e s  d e l  p o z o ;  e v i t a r  
d a i i o s  a l a  f o r m a c i 6 n  p r o d u c t o r a ;  f a c i l i t a r  
e l  m a n e j o  y o p e r a c i 6 n  d e l  e q u i p o  d e  
r e g i s t r o s ;  f l o t a r  l a s  h e r r a m i e n t a s  d e n t r o  
d e l  p o z o ;  e t c .  y q u e  a d e m 5 s  n o s  r e s u e l v a  
10s p r o b l e m a s  a 1  a t r a v e s a r  l a s  z o n a s  d e  
m a y o r  p e l i g r o  e x i s t e n t e s .  En e s t e  campo 
como l o  s o n  l a s  l u t i t a s  h i d r a t a b l e s ,  
l u t i t a s  d e l e z n a b l e s ,  z o n a s  d e  p e ' r d i d a s  d e  
c i r c u l a c i 6 n ,  e v i t a r  p e g a d u r a s  d i r e r e n c i a l e s ,  
a t r a p a m i e n t o s  d e  l a  s a r t a  d e  p e r f o r a c i G n ,  
e t c . ,  y q u e  t o d o  e s t 0  r e p e r c u t a  e n  u n a  
b u e n a  y s e g u r a  p e r f o r a c i 6 n  e n  l a  
c o n s t r u c c i 6 n  d e  u n  p o z o .  

c u a l q u i e r  p o z o  q u e  s e  c o n s t r u y a  e n  e s t e  
campo,  c o n  e s t 0  s e  q u i e r e  d e c i r ,  q u e  l a  
p r o f u n d i d a d  d e  1 0 s  p o z o s  v a r i a ,  y a  q u e  10s 
h a y  d o n d e  p r o d u c e n  d e s d e  1 4 0 0  m h a s t a  
3503 m. Las  c a r a c t e r z s t i c a s  d e l  f l f i i d o  d e  
p e r f o r a c i 6 n  ( c o m i i n m e n t e  l l a m a d o  l o d o )  s e  
h a n  h e c h o  e s p e c I f i c a s  p a r a  l o g r a r  s u s  
p r o p S s i t o s ,  l o g r ' a n d o s e  r e d u c i r  e l  r a n g o  o 
m a r g e n  d o n d e  d e b e n  m a a t e n e r s e  s u s  
c a r a c t e r i s t i c a s .  En b a s e  a l a  r e c o p i l a c i 6 n  
d e  d a t o s  d e  a n d l i s i s  a 1  l o d o  y d e  
a n t e c e d e n t e s  e n  s u  a p l i c a c i d n  e n  e s t e  
campo y d e  i n f o r m a c i 6 n  d e  v a r i a s  
c o m p a i i z a s  d e  f l 5 i d o  d e  p e r f o r a c i G n ,  s e  
l o g r j  e s t e  p r o g r a m a  y adem'as l a  a p l i c a c i 6 n  
c o r r e c t a  d e  1 0 s  r e a c t i v o s  q u i m i c o s  c o n  

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

r e s p e c t o  a l a  f o r m a c i 6 n  a p e r f o r a r .  

n o s  r e f e r i m o s ,  c a b e  m e n c i o n a r  q u e  s e  
p r o m e d i 6  l a s  p r o f u n d i d a d e s  d e  1 0 s  p o z o s  d e  
e s t e  campo c o n  s u s  r e s p e c t i v a s  t u b e r z a s  d e  
r e v e s t i m i e n t o  y d e  l a s  f o r m a c i o n e s .  

P a r a  e l  p r o g r a m a  q u e  a c o n t i n u a c i 6 n  

2 . -  H i d r d u l i c a .  

L a  h i d r a c l i c a  es  u n a  d e  l a s  
p r i n c i p a l e s  t g c n i c a s  p a r a  e l  b u e n  a v a n c e  
e n  l a  p e r f o r a c i G n ,  d e  e s t a  f o r m a  s e  p u e d e  
c a l c u l a r  l a  p o t e n c i a  h i d r h u l i c a  r e q u e r i d a  
e n  l a  bomba d e  l o d o s  d e  a c u e r d o  a l a  
p o t e n c i a  h i d r d u l i c a  d e s e a d a  e n  l a s  t o b e r a s  
d e  l a  b a r r e n a  y a l a  c a i d a  d e  p r e s i 6 n  
t o t a l  e n  e l  s i s t e m a  o b i e n  c a l c u l a r  e l  
d i ' a m e t r o  6 p t i m o  d e  l a s  t o b e r a s  d e  a c u e r d o  
a l a  p o t e n c i a  h i d r h u l i c a  q u e  s e  t L e n e  e n  
l a s b o m b a s .  De a c u e r d o  a l a  p o t e n c i a  
h i d r d u l i c a  d e  l a  bomba y e l  Q r e a  
t r a n s v e r s a l  a 1  f l u j o ,  s e  p u e d e  c a l c u l a r  e l  
t i p 0  d e  f l u j o  e x i s t e n t e  e n  u n  p u n t o ,  l a s  
v e l c c i d a d e s  c r z t i c a s  y r e a l e s  a s ?  como l a s  
p e ' r d i d a s  d e  p r e s i 6 n  p o r  f r i c c i 6 n  e n  c a d a  
p a r t e  d e l  s i s t e m a  o e n  e l  c l c l o  c o m p l e t o  
d e l  f l G i d o ,  t a m b i G n  s e  p u e d e  c a l c u l a r  e l  
t i e m p o  d e l  c i c l o  d e l  f l 6 i d o  o e l  t i e m p o  e n  
q u e  a s c i e n d e n  1 0 s  r e c o r t e s  d e  f o r m a c i 6 n  a 
l a  s u p e r f i c i e  d e  a c u e r d o  a l a  v e l o c i d a d  
c r i t i c a  d e l  f l G i d o ,  t i p o  d e  f o r m a c i 6 n  y 
c o n d i c i o n e s  d e l  l o d o  d e  p e r f o r a c i 6 n .  P a r a  
m e j o r a r  l a s  p g r d i d a s  d e  p r e s i 6 n  p o r  
f r i c c i 6 n  s e  p u e d e n  c a m b i a r  10s  d i d m e t r o s  
d e  c a m i s a s  p a r a  bombas  y d i h m e t r o s  d e  
t u b e r i a s  d e  p e r f o r a c i 6 n  d e  a c u e r d o  a 1  
d i z n e t r o  d e  b a r r e n a .  

Con r e s p e c t o  a l a  p e r f o r a c i 6 n  e n  e l  
d r e a  d e  C e r r o  P r i e t o ,  t o m a n d o  como m o d e l o  
u n  p r o m e d i o  ( 2 4 0 0  m) s e  p r e s e n t a  u n  
a n d l i s i s  d e  l a  p e r f o r a c i 6 n  c o n  r e s p e c t o  a 
l a  h i d r d u l i c a  y l a s  c o n d i c i o n e s  6 p t i m a s  d e  
e'sta p a r a  un  m e j o r  a v a n c e  d e  p e n e t r a c i 6 n .  

RESUMEN 

E l  m a n u a l  d e  p e r f o r a c i 6 n  t i e n e  como 
o b j e t i v o  s o l u c i o n a r  t o d o s  10s p r o b l e m a s  
d i r e c t a m e n t e  r e l a c i o n a d o s  c o n  l a  
p e r f o r a c i 6 n  e n  l a  c o n s t r u c c i 6 n  d e  u n  p o z o .  
En e s t e  c a s 0  10s t e m a s  % o n  f l u ' i d o s  d e  
p e r f o r a c i 6 n  e h i d r h u l i c a  como a p l i c a c i 6 n  
a 1  campo p a r a  m e j o r a r  e l  a v a n c e  d e  l a  
p e n e t r a c i 6 n ,  e l i m i n a r  r i e s g o s  y u n a  b u e n a  
t e r m i n a c i 6 n .  Hay o t r o s  t e m a s  a p l i c a b l e s  
c o m o s o n  b a r r e n a s ,  s a r t a  d e  p e n e t r a c i 6 1 - 1 ,  
e t c . ,  q u e  e s t 5 n  l i g n d o s  a 1  a v a n c e  d e  l a  
p e r f o r a c i 6 n .  En e s t a  o c a s i 6 n  s e  p r e s e n t a n  
p r o g r a m a s  d e l  f l u ' i d o  d e  p e r f o r a c i 6 n  e 
h i d r h u l i c a  y a d e m h s  un  p r o g r a m a  d e  c 6 m p u t o  
p a r a  u n a  c a l c u l a d o r a  C A S 1 0  FX-502P p a r a  
a p l i c a r s e  e n  cnmpo y o p t i m i z a r  l a  
h i d r 5 u l i c a ,  a s 7  como un  a n d l i s i s  d e  Gsta  
p a r a  p o z o s  d e  d e s a r r o l l o  y e x p l o r a c i 6 n  e n  
s u s  d i f e r e n t e s  i n t e r v a l o s .  
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DESARROLLO DEL FLUID0 D E  PERFORACION E N  EL CAMPO G E O T E R M I C O  DE CERRO PRIETO, B . C .  

E s t 5  b a s a d o  e n  l a  f o r m a c i 6 n  a 
p e r f o r a r  y un p r o g r a m a  d e  t u b e r l a s  d e  
r e v e s t i m i e n t o .  

I n i c i a l m e n t e  s e  p r e p a r a  un  l o d o  
b e n t o n i t i c o  e n  l a s  p r e s a s  p a r a  l o d o  
( r e l a c i b n  a g u a - b e n t o n i t a  d e p e n d e  d e l  
r e n d i m i e n t o  d e  l a  b e n t o n i t a ) ,  p a r a  o b t e n e r  
l a s  s i g u i e n t e s  c a r a c t e r i s t i c a s :  

D E N S I D A D  : 1 .06-1 .08  g r / c c .  

La p e r f o r a c i 6 n  i n i c i a  c o n  c i e r t o  
d i g m e t r o  y p o s t e r i o r m e n t e  u n a  s e r i e  d e  
a m p l i a d o r e s  h a s t a  c o n s t r u i r  u n  a g u j e r o  d e  
36"0 ( a  50  m a p r o x . )  y c e m e n t a r  e l  t u b 0  
c o n d u c t o r  30"0;  D u r a n t e  e s t a  e t a p a ,  d e b e r l  
m a n t e n e r s e  e l  f l d i d o  d e  p e r f o r a c i 6 n  con  
l a s  s i g u i e n t e s  c a r a c t e r c s t i c a s :  

DEN S I D A D  V I S C O S I D A D  V O L .  A R E N A  

1 . 1 2 - 1 . 1 4  48-59 S E G / L T  2 %  o menos 
gr1cm3 

p e r f o r a c i S n  es :  a r c i l l a  c a f 6  p l l s t i c a  c o n  
a r e n a  d e  g r a n o  m e d i o  ( s u b a n g u l o s o ,  
s u b r e d o n d e a d o  y r e d o n d e a d o )  donde  l a  
d e n s i d a d  a u m e n t a r l ,  d e b i d o  a l a  i n t e g r a c i o ' n  
d e  l a  a r e n a  a 1  s i s t e m a  y l a  v i s c o s i d a d  sera' 
l o  s u f i c i e n t e  v i s c o s a  y b o m b e a b l e ,  p a r a  e l  
a c a r r e o  e f e c t i v o  d e  10s c o r t e s  d e  formacio'n 
y m a n t e n e r  l i m p i o  e l  a g u j e r o .  

Tambisn ,  s e  t i e n e  c u i d a d o  c o n  e l  
e q u i p o  s u p e r f i c i a l ,  d e  c o n t r o l  d e  s b l i d o s  
( t e m b l o r i n a s  y d e s a r e n a d o r e s ) ,  que  
t r a b a j a r l n  a s u  m6xima c a p a c i d a d ;  l a  
t e m b l o r i n a  t e n d r d  u n a s  m a l l a s  ( #  20 e n  l a  
p a r t e  s u p e r i o r  y d 40 en  l a  i n f e r i o r )  
c a p a c e s  d e  p r o c e s a r  e l  t o t a l  d e l  c a u d a l  y 
e l i m i n a r  l a  m a y o f c c a n t i d a d  p o s i b l e  d e  
c o r t e s  d e  f o r m a c i o n  y a 1  d e s a r e n d a d o r  e l  
c u a l  t i e n e  2 f a s e s  d e  e l i m i n a c i b n  d e  
s 6 l i d o s  ( h i d r o c i c l 6 n  y m a l l a  v i b r a t o r i a ) ,  
s e  l e  i n s t a l a  u n a  m a l l a  120 .  Pa ra  l a  
c o r r i d a  d e l  t u b 0  c o n d u c t o r  30"0, l a  
v i s c o s i d a d  s e r l  d i s m i n u i d a  a 40-45 S E G / L T  
y ademgs p a r a  f a c i l i t a r  e l  d e s p l a z a m i e n t o  
d u r a n t e  l a  c e m e n t a c i b n .  

d e  l a  T . R .  30" y c o n e x i o n e s  s u p e r f i c i a l e s ,  
a1 p e r f o r a r  10s  a c c e s o r i o s  d e  p e r f o r a c i 6 n  
y c e m e n t o ,  s e  d a  un  t r a t a m i e n t o  p a r a  
c o n t r a r r e s t a r  la c o n t a m i n a c i b n  y c o n t i n u a r  
p e r f o r a n d o  y a m p l i a n d o  p a r a  c o n s t r u i r  un  
a g u j e r o  d e  26"0 ( a  300  m a p r o x . )  y cemen ta r  
l a  t u b e r i a  s u p e r f i c i a l  d e  20"0. D u r a n t e  
e s t a  e t a p a  d e b e r 6 n  m a n t e n e r s e  l a s  
c a r a c t e r i s t i c a s  d e l  f l u ' i d o  d e  p e r f o r a c i b n ,  
e l  c u a l  c o n t i n u a r l  s i e n d o  b e n t o n i t i c o .  

V I S C O S I D A D  : 48-50 SEG./LT 

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

Despu6s  d e l  f r a g u a d o  d e  l a  cemen tac i6n  

DENS I D A D  1 .12 -1 .14  g r / c c .  

F I L T R A D O  N / C  
E N J A R R E  2-4  mm 
VOL.  A R E N A  2% o menos 

VISCOSIDAD 48-50 S E G / L T  

La f o r m a c i 6 n  a e n c o n t r a r  e s ;  a r c i l l a  
c a f s  p l d s t i c a  c o n  a r e n a  d e  g r a n o  f i n o  y 
m e d i o ,  l e n t e s  a r e n o s o s  d e  g r a n o  f i n o  y 
med io  q u e  v a r i a n  d e  e s p e s o r  d e  100 a 200 
m ,  g r a v e s  y t r o z o s  d e  t u r b a ,  p o r  l o  c u a l  
l a  f u n c i b n  d e l  l o d o  s e r d ,  e l  a c a r r e o  
e f e c t i v o ,  l i m p i e z a  d e l  a g u j e r o  p o r  l o  q u e  
s e  man tendra '  una  v i s c o s i d a d  m e d i a ,  e l  
e n j a r r e  e n  e s t e  i n t e r v a l o  s e  m a n t i e n e  e n  
f 2 mm p u d i e n d o  l l e g a r  e n  c i e r t o s  c a s o s  
h a s t a  4 mm s i n  o c a s i o n a r  p r o b l e m a s ,  e l  
p o r c e n t a j e  d e  a r e n a s  s e  m a n t e n d r l  b a j o  
p a r a  m e j o r a r  l a s  c o n d i c i o n e s  d e l  e m j a r r e  y 
p a r a  no  da i i a r  l a s  p a r t e s  h i d r l u l i c a s  d e  
l a  bomba d e  l o d o s ;  s e  m a n t e n d r g  u n a  
d e n s i d a d  que  n o s  m a n t e n d r l  un  c o n t r o l  e n  
l a  p a r e d  d e l  a g u j e r o  y d e  p o s i b l e s  f l u j o s  
d e  a g u a  s u p e r f i c i a l e s  q u e  n o s  a d e l g a z a r l n  
e l  f l 6 i d o  d e  p e r f o r a c i 6 n .  

E l  f a c t o r  mds i m p o r t a n t e  es e l  t i e m p o  
e n  q u e  s e  c o n s t r u y e  e l  p o z o ,  y a  q u e  no  d a  
t i e m p o  a q u e  e l  f i l t r a d o  o c a s i o n e  da i ios  e n  
l a s  p a r e d e s ,  como h i d r a t a c i 6 n  d e  l a  
a r c i l l a ,  que  p r o v o c a r l ' a  un  a g u j e r o  
r e d u c i d o  o q u e  10s l e n t e s  a r e n o s o s  se  
d e r r u m b a r a n ,  o c a s i o n a n d o  a t r a p a d u r a s  d e  l a  
t u b e r c a  d e  p e r f o r a c i 6 n .  

En e l  a c o n d i c i o n a m i e n t o  p a r a  l a  
c o r r i d a  d e  l a  T . R .  2 0 " ,  l a  v i s c o s i d a d  s e r d  
d i s m i n u i d a  a 40-45 S E G / L T  y a l a  v e z  p a r a  
f a c i l i t a r  e l  d e s p l a z a m i e n t o  c o n  l a  l e c h a d a  
d e  c e m e n t o  d u r a n t e  s u  c e m e n t a c i b n .  Con 
r e s p e c t o  a 1  e q u i p o  s u p e r f i c i a l  d e  c o n t r o l  
d e  s 6 l i d o s  s e  m a n t i e n e  e n  l a s  m i s m a s  
c o n d i c i o n e s  a n t e r i o r e s .  

Una v e z  f i n a l i z a d o  e l  f r a g u a d o  d e  l a  
c e m e n t a c i b n  d e  l a  T . R .  30" y d e  e f e c t u a r  
l a s  c o n e x i o n e s  s u p e r f i c i a l e s ,  s e  p r o c e d e  a 
p e r f o r a r  10s a c c e s o r i o s  d e  c e m e n t a c i 6 n  y 
c e m e n t o ,  p o r  l o  c u a l  a 1  l o d o  d e  
p e r f o r a c i 6 n  s e  l e  d a  u n  p r e t r a t a m i e n t o  
p a r a  c o n t r a r e s t a r  l a  c o n t a m i n a c i 6 n  d e  
c e m e n t o .  

S e  c o n t i n u a r d  l a  p e r f o r a c i b n  y 
a m p l i a c i d n  h a s t a  c o n s t r u i r  un  a g u j e r o  d e  
1 7  1 / 2 " 0  ( a 1000  m a p r o x . ) ,  d o n d e  s e  
i n s t a l a r a '  y c e m e n t a r l  l a  t u b e r i a  d e  
a n c l a j e  1 3  3 / 8 " 0 .  P a r a  e s t e  i n t e r v a l o ,  l a s  
c a r a c t e r i s t i c a s  d e l  f l i i d o  d e  p e r f o r a c i b n  
s e  h a c e n  m l s  e s p e c i f i c a s ,  p a r a  r e s o l v e r  
los p r o b l e m a s  q u e  l a  f o r m a c i 6 n  p r e s e n t a .  
E l  l o d o  c a m b i a r d  a L I G N I T I C O .  

DENS I D A D  1 . 1 2 - 1 . 1 4  g r / c c  
V I S C O S I D A D  45-58 S E G / L T  
FILTRADO - + 1 2  c c  
E N J A R R E  2 mm 
PH 8.5-9 
V O L .  A R E N A  1% o menos 
V O L .  SOLIDOS 10-14 % 
V O L .  A C E I T E  3-4 % 
V O L .  A G U A  82-87 % 
VISC. PLASTICA 10-14 CPS 
PUNT0 C E D E N C I A  2-5 LB/100 PIES 2 .  
GEL 0 '  0 LB/100 PIES 2 .  
GEL 1 0 '  2-4 LB/100 PIES 2 .  

e 
e 
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Estascaracteristicas estdn basadas en 
la formacibn a perforar, tamaiio del corte 
y del tiempo que se llevarl para hacer el 
agujero. La formacibn est2 compuesta por 
arcilla pllstica cafe', arena de grano fino 
y medio (de forma subangulosa, 
subredondeada y redondeada) trazos de 

Q grava. AI iniciar a perforar se le 
agrega diesel, lo suficiente para darnos 
el porcentaje requerido y la adici6n de 

Q lignito, sosa clustica y taninos como 
reactivos base para este intervalo. Se 
tratarl de inhibir arcillas, reducir 
filtrados adelgazar enjarres, dispersar, 
reducir viscosidad, desflocular, controlar 
la alcalinidad, remover el calcio, 
emulsificar, etc. 

so'lidos, el cual es importante para 
mantener las caracteristicas adecuadas, se 
modificard de acuerdo a las necesidades 
del intervalo a perforar, la temblorina 
mantendr6 mallas nos. 20140 (superior1 
inferior) y a1 desarenador se le 
instalarl malla no. 150. 

Para la corrida de le tuberia de 
revestimiento anclaje, la viscosidad serl 
disminuida a 40-45 segllt y ademzs, para 
facilitar el desplazamiento durante la 
cementacibn. 

El equipo superficial de control de 

Despu'es del fraguado de la 
cementacibn de la T.R. 13 3/8"0 y de las- 
diversas conexiones superficiales 

@ (instalaci6n del cabezal), se procede a 
perforar 10s accesorios de cementaci6n y 
cemento, por lo cual se le da un 
tratamiento para evitar la contaminacibn 
con el cemento y se procede a perforar con 
un didmetro de 12 1/4"0 ( a 2000 m aprox.) 
y cementar la tuberEa de produccibn 
9 5/8"0. 

rigurosas con el fin de resolver las zonas 
problemas, que en esta etapa se presentan 
y que son, las de mayor peligro. Aqui el 
lodo se mantiene lignltico hasta el 
momento de hacerse presente la temperatura 
cambia a cromolignosulfonato. 

Las carcterysticas se hacen a6n m6s 

DENS IDAD 1.16-1.18 

VISCOSIDAD 
F I LT RAD 0 
ENJARRE 
PH 
VOL. ARENA 
VOL. SOLIDOS 

VOL. AGUA 
VISC. PLASTICA 
PUNT0 CEDENCIA 
GEL 0' 
GEL 10'  

@ VOL. ACEITE 

42-45 
8 
1.5 
9.5 
1 

11-16 
5-6 
78-84 
11-16 
3-6 

0 
2- 4 

gr/cc (hasta 1.22 

segllt 
cc o menos 
mm 

% o menos 

grlcc). 

% 
% 
% 
CPS 
lb/100 pies2. 
lb1100 pies . 
lb/100 pies . 

2 

2 

La formaci6n que se va a perforar es: 
arcilla pllstica cafh, arena de grano fino 
a medio, gravilla, lodolitas, lutitas 
deleznables, lutitas y areniscas, este 

intervalo estd considerado como el mds 
riesgoso por s u  estructura estratigrlfica 
y ademds 10s primeros indicios de 
temperatura que alteran las 
caracteristicas. 

En este intervalo, inmediatamente se 
aumenta el porcentaje de diesel (5-6%) y 
se contin6a la adici6n de reactivos, per0 
el tratamiento es fuerte y constante, para 
cambiar las caracterzsticas a las 
necesidades convenientes. Los reactivos 
s o n  lignita, sosa cdustica y taninos y 
posteriormente, con la presencia de la 
temperatura, se agrega el 
cromolignosulfonato como base para el lodo. 

Estas caracterlsticas en el lodo, 
esta'n ubicadas a lo problem6tico de esta 
zona a perforar, se podrian mejorar a6n 
mbs las condiciones del lodo pero se 
tendrla un costo mayor de materiales 
quimicos, pero hemos comprobado que con 
estas caracteristicas es suficientemente 
seguro para perforar esta etapa, salvo que 
encontremos la zona de lutitas 
deleznables con un espesor mayor, y se 
tenga necesidad de cambiar 2 6 3 
caracteristicas. 

cuenta serbn: 10s lodolitas que son 
altamente hidratables y las lutitas 
deleznables que provocan atrapaduras de 
la tuberEa por lo que el lodo deber6 
proporcionar inhibicibn reducir filtrado, 
aumentar el peso del lodo, aumentar el % 
de diesel en todo el sistema, evitar 
floculaciones, etc. 

caracterEsticas extras, para este 
intervalo que es el m6s largo, 
considerando el tiempo y la longitud de 
agujero descubierto, se entiende que las 
paredes van a estar expuestas a1 lodo 
durante cierto tiempoy pueden provocar 
problemas. 

Las condiciones del equipo 
superficial de control de s6lidos se 
mantendrln como a continuaci6n se detalla, 
la temblorina deberl tener mallas No. 
40160 (superiorlinferior), para procesar 
el caudal y la eliminaci6n efectiva de 10s 
cortes de forrnaciGn, el desarenador 
mantendrl la malla No. 150, ya que el 
tamaiio de la arena serd igual a1 de la 
etapa anterior y la torre de enfriamiento 
con su ventilador empezarl a funcionar 
cuando se presente la temperatura entre 

Aquz 10s factores que se tendrdn en 

El lodo deber6 proporcionar 

40-45°C. 

En el acondicionamiento del fldido de 
perforaciGn, para regis tros de temperatura, 
registros elgctricos y corrida de la T.R., 
s e  usa un reactivo que mantiene a1 lodo en 
buenas condiciones a1 estar estltico 
(durante estas operaciones que duran 
hasta 3 2  hr.), este reactivo es un 
polimero defloculante de bajo peso 
molecular, que es efectivo para las 
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p r o p i e d a d e s  r e o  S g i c a s  y d e  f i l t r a c i s n  e n  
l o d o s  b a s e  a g u a  a e l e v a d a s  t e m p e r a t u r a s  y 
d o n d e  s e  r e d u c e n  l a s  e f e c t i v i d a d e s  d e  l a s  
l i g n i t a s  y c r o m o l i g n o s u l f o n a t o s .  

P o s t e r i o r  a 1  f r a g u a d o  d e  l a  
c e m e n t a c i 6 n  d e  l a  T . R .  9 5 / 8 ” 0  y d e  l a s  
c o n e x i o n e s  s u p e r f i c i a l e s ,  s e  p r o c e d e  a 
p e r f o r a r  10s d i v e r s o s  a c c e s o r i o s  d e  
c e m e n t a c i 6 n  y c e m e n t o  y un  t r a t a m i e n t o  a 1  
l o d o  d e  p e r f o r a c i 6 n  p a r a  s u  
d e s c o n t a m i n a c i 6 n  y c o n t i n u a r  l a  
p e r f o r a c i 6 n  c o n  b a r r e n a  d e  8 1 / 2 ”  ( a  
2 4 0 0  m a p r o x . )  p a r a  c o l g a r  y c e m e n t a r  l a  
t u b e r i a  d e  r e v e s t i m i e n t o  d e  7”0 ( c o r t a  o 
l i n e r ) .  

D u r a n t e  l a  p e r f o r a c i 6 n  d e  e s t e  
i n t e r v a l o  n u e v a m e n t e  l a s  c a r a c t e r i s t i c a s  
s e  m o d i f i c a n  a l a s  n e c e s i d a d e s  r e q u e r i d a s .  
E l  l o d o  s e  m a n t i e n e  c r o m o l i g n o s u l f o n a t o .  

DENS I D A D  1 . 1 2 - 1 . 1 4  g r l c c  
VISCOSIDAD 42-45  S E G / L T  
F I L T R A D O  _. + 1 2  cc  
E N J A R R E  1 . 5  mm 
PH 9 . 5 - 1 0  
V O L .  A R E N A  1 % o m e n o s  
V O L .  S O L I D O S  10-14  % 
V O L .  A C E I T E  2 % 
V O L .  A G U A  8 4 - 8 5  % 
VISC. PLASTICA 10-14  CPS 

2 ‘  
PUNT0 C E D E N C I A  2-5 l b 1 1 0 0  p i e s  
G E L  0 ’  0 l b 1 1 0 0  p i e s 2 .  
G E L  1 0 ’  2-4 l b 1 1 0 0  p i e s  . 

L a  f o r m a c i b n  a p e r f o r a r  e s  l u t i t a ,  
l u t i t a  l i m o l i t a  y l i m o l i t a  muy c o m p a c t a  
c o n  i n t e r c a l a c i o n e s  d e  a r e n i s c a  c o n  
c e m e n t a n t e  d e  c a r b o n a t o  d e  c a l c i o  y / o  
s i l i c e  y m i n e r a l e s  d e  a l t a  t e m p e r a t u r a  c o n  
g r a n o s  d e  c u a r z o .  En a l g u n o s  p o z o s  s e  h a  
d e t e c t a d o  y e s o .  

p e r f o r a c i 6 n  d e  e s t a  f a s e ,  s e  c o n t i n G a  c o n  
l a  a d i c i 6 n  d e  10s r e a c t i v o s  a n t e r i o r m e n t e  
m e n c i o n a d n s  p a r a  m a n t e n e r  l a s  
c a r a c t e r z s t i c a s  a d e c u c i d a s  s e  n o t a r d  q u e  
a l g u n o s  d e  e l l o s  h a n  s i d o  l i g e r a m e n t e  
a l t e r a d o s ,  e l  f i l t r a d o  ( p z r d i d a  d e  a g u a )  
h a  a u m e n t a d o  d e b i d o  a q u e  l a  f o r m a c i b n  e e  
mbs c o m p a c t a  y n o  e x i s t e  e l  p r o b l e m a  d e  
d e r r u m b e s ,  p o r  l o  c u a l  t a m b i g n  f u e  
r e d u c i d o  e l  p e s o  d e l  l o d o  ( d e n s i d a d )  y a 
l a  v e z  p a r a  n o  i z l d u c i r  u n a  p e ’ r d i d a  d e  
c i r c u l a c i 6 n ;  s e  h a  d i s m i n u i d o  e l  
p o r c e n t a j e  d e  a c e i t e  ( d i e s e l )  h a s t a  2 %  
p a r a  o b t e n e r  G n i c a m e n t e  b u e n a  l u b r i c a c i b n  
en e l  s i s t e m a  d e l  l o d o .  

2 

D u r a n t e  e l  t r a n s c u r s o  d e  l a  

E n t r e  l a  z o n a  d e l e z n a b l e  y l a  z o n a  
p r o d u c t o r a  s e  h a  l o c a l i z a d o  u n a  z o n a  
a l t a m e n t e  p o r c s a  y p e r m e a b l e  q u e  n o s  
p r o v o c a  una p s r d i d a  t o t a l  d e  c i r c u l a c i 6 n  
m o m e c t d n e a  ( h a s t a  d e  60  m 3  d e  l o d o )  y a  q u e  
p o s t e r i o r m e n t e  s e  n o r m a l i z a  l a  c i r c u l a c i 6 n ,  
como c o n c l u s i d n ,  e s  q u e  l l e g a  a s a t u r a r s e  
e s t a  z o n a .  En o c a s i o n e s  h a  s i d o  
n e c e s a r i o  a g r e g a r  m a t e r i a l  o b t u r a n t e  f i n o  
( c h s c a r a  d e  n u e z  f i n a  o m i c a  c l a s i f i c a d a ) .  

T a m b i 6 n  h a y  q u e  t e n e r  p r e s e n t e  e l  
i n c r e m e n t o  d e  l a s  t e m p e r a t u r a s  y a  q u e  
r e p e r c u t i r d  e n  l a s  c a r a c t e r i s t i c a s  d e l  
l o d o ,  p o r  l o  c u a l  e l  u s 0  d e  10s r e a c t i v o s  
s e r z  e s e n c i a l  y a  q u e  a q u ?  d e p e n d e  d e  l a  
e c o n o r n i a  d e l  f l 6 i d o  d e  p e r f o r a c i d n  y e l  
u s 0  e x c e s i v o  a p a r t e  d e  l o  a n t e r i o r  n o s  
t r a e  c o n s i g o  e l  p r o b l e m a  d e  s 6 l i d o s  e n  e l  
s i s t e m a .  Aqu: tambie’n  es  i m p o r t a n t e  e l  
b u e n  f u n c i o n a m i e n t o  d e  l a  t o r r e  d e  
e n f r i a m i e n t o  y d e  s u  c a p a c i d a d  p a r a  
q u i t a r l e  t e m p e r a t u r a  a1  l o d o ,  l o  c u a l  
v i e n e  a r e f l e j a r s e  e n  e l  c o n s u m o  d e  
r e a c t i v o s  y e n  1 0 s  t i e m p o s  p a r a  10s  
c a m b i o s  d e  b a r r e n a s .  

s G l i d o s ,  t a m b i g n  6e l e  h a c e n  c a m b i o s  p a r a  
a y u d a  c o m p l e m e n t a r i a  a m a n t e n e r  l a s  
c o n d i c i o n e s  p r o p i c i a s  d e l  f l g i d o  d e  
p e r f o r a c i b n .  L a  t e m b l o r i . n a ,  u s a r d  m a l l a s  
No. 6 0 1 8 0  ( s u p e r i o r l i n f e r i o r )  p a r a  l a  
e l i m i n a c i 6 n  e f e c t i v a  d e  10s  c o r t e s  d e  
f o r m a c i b n  y 10s d e s a r e n a d o r e s ,  s e  l e s  
i n s t a l a r a ‘  m a l l a s  No. 200 p a r a  r e d u c i r  l a  
c a n t i d a d  d e  s b l i d o s  e n  e l  s i s t e m a  a 1  
m i n i m 0  p o s i b l e  o p r o c e s a b l e .  

A 1  e q u i p o  s u p e r f i c i a l  d e  c o n t r o l  d e  

L a  H i d r s u l i c a  e n  l a  p e r f o r a c i 6 n  d e l  srea 
d e  C e r r o  P r i e t o .  - 

G e  a c u e r d o  a l a  p e r f o r a c i b n  y 
t e r m i n a c i 6 n  d e  10s  p o z o s  e n  e l  d r e a  d e  
C e r r o  P r i e t o ,  i n d i c a n  a c o n t i n u a c i 6 n  
( t a b l a s  No. 1 y 2 )  10s  i n t e r v a l o s  d e  
p e r f o r a c i b n  as: como 10s d i d m e t r o s  d e  
p e r f o r a c i 6 n  y d i d m e t r o s  d e  h e r r a m i e n t a s  d e  
p e s o .  

n e c e s a r i o s  p a r a  l a  h i d r d u l i c a  e n  l a  
p e r f o r a c i 6 n  d e  p o z o s ,  e x i s t e n , d i f e r e n t e s  
m 6 t o d o s  como s o n  m s t o d o  d e  f l u i d o s  
p l d s t i c o s  d e  B i n g h a m ,  m 6 t o d o  d e  f l u ‘ i d o s  
q u e  o b e d e c e n  a l a  Ley  d e  p o t e n c i a s  y 
m g t o d o s  d e  f l u ’ i d o s  q u e  o b e d e c e n  a l a  l e y  
d e  p o c e n c i a s  c o n  p u n t o  d e  c e d e n c i a .  

De a c u e r d o  a 1  m d t o d o  d e  f l u ’ i d o s  
p l d s t i c o s  d e  B i n g h a m  s e  p u e d e n  c a l c u l a r  
l a s  i n c o g n i t a s ,  como s o n :  g a s t o  d e  b o m b a ,  
t i p 0  d e  f l u j o  e n  c a d a  i n t e r v a l o  d e l  c i c l o  
d e l  f l h i d o ,  t i p o  d e  f l u ’ i d o ,  v e l o c i d a d  
r e a l ,  y c r i t i c a  e n  c a d a  i n t e r v a l o ,  a s ?  
como l a  c a i d a  d e  p r e s i 6 n  p o r  f r i c c i o ’ n  e n  
c a d a  i n t e r v a l o  y l a  t o t a l ,  l a  p o t e n c i a  
h i d r h u l i c a  r e q u e r i d a  p a r a  l a  bomba y s n  
l a  b a r r e n a ,  f u e r z a  d e  i m p a c t o ,  p r e s i 6 n  
h i d r o s t d t i c a  e n  e l  f o n d o  d e l  a g u j e r o ,  
p r e s i 6 n  d e  c i r c u l a c i 6 n  e n  e l  f o n d o  d e l  
a g u j e r o ,  d e n s i d a d  e q u i v a l e n t e  d e  
c i r c u l a c i b n  d e l  l o d o ,  d i d m e t r o  6 p t i m o  d e  
l a s  t o b e r a s  d e  l a  b a r r e n a  y tamafio d e  l a s  
c a m i s a s  d e  l a  b a r r e n a .  P a r a  e l  c d l c u l o  d e  
c a i d a s  d e  p r e s i 6 n ,  a c o n t i n u a c i 6 n  s e  
p r e s e n t a  u n a  t a b l a  i n d i c a n d o  l a s  
e c u a c i o n e s  n e c e s a r i a s  p a r a  c a d a  t i p 0  d e  
f l u j o  y f l u / i d o  e n  e l  s i s t e m a .  

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

P a r a  o b t e n e r  10s r e s u l t a d o s  
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campo,  s e  h a  e l a b o r a d o  un  p r o g r a m a  d e  
co 'mputo p a r a  s e r  u t i l i z a d o  e n  u n a  
c a l c u l a d o r a  CAS10 FX-502P. E s t e  p r o g r a m a  
s e  h a  e l a b o r a d o  c o n  a y u d a  d e  l a s  
e c u a c i o n e s  m o s t r a d a s  e n  l a  t a b l a  No. 3 .  
P a r a  e s t e  c a s o ,  d i v i d i m o s  e l  c d l c u l o  e n  
t r e s  p a r t e s ,  d e b i d o  a l a  c a p a c i d a d  d e  l a  
c a l c u l a d o r a  q u e  n o  n o s  p e r m i t e  e l  c d l c u l o  
c o m p l e t o .  

En l a s  f i g u r a s  1 0  y 1 1 ,  s e  p r e s e n t a  
e l  d i a g r a m a  d e  f l u j o  p a r a  e l  p r o g r a m a  d e  
c 6 m p u t o  p o r  m e d i o  d e l  m z t o d o  d e  f l u ' i d o s  
p l d s t i c o s  d e  B i n g h a m .  Y e n  l a s  f i g u r a s  1 2  
y 1 3  s e  p r e s e n t a n  10s i n t e r v a l o s  d e  
c 5 l c u l o s  p a r a  p o z o s  d e  d e s a r r o l l o  y 
e x p l o r a t o r i o s .  

P a r a  l a  i n t r o d u c c i 6 n  d e l  p r o g r a m a ,  
G n i c a m e n t e  se  e l i g e  e l  nGmero d e  
p r o g r a m a  e n  l a  c a l c u l a d o r a  y s e  i n t r o d u c e  
h s t e .  L o s  d a t o s  s e  p u e d e n  d a r  d e  a c u e r d o  
a l a s  s i g u i e n t e s  m e m o r i a s .  

M E M O R I A  

Min 1 
Min 2 
Min 3 
Min 4 
Min 5 
Min 6 
Min 7 
Min 8 
Min 9 

DATOS 

q ( g a l / m i n )  
D ( P P I  
d ( P g )  
Mp ( C P S )  
P c ( L b / 1 0 0  p 2 . )  
P ( L b / g a l )  
N r ( c a l c u 1 a d o )  
f ( c a l c u l a d o )  
L ( p i e s )  

Despu 'es  d e  i n t r o d u c i r  e l  p r o g r a r n a  y 
d a t o s ,  s e  p r e s i o n a  l a  t e c l a  d e l  nGmero d e  
p r o g r a m a  y 10s d a t o s  s e  p r e s e n t a n  e n  u n  
i n t e r v a l o  d e  t i e m p o  d e  a p r o x i m a d a m e n t e  3 
s e g .  d a n d o  10s v a l o r e s  e n  l a  s i g u i e n t e  
s e c u e n c i a :  

V 
v C  
N R  

A pf 

f 

( p i e / s e g )  
( p i e / s e g )  
( A d i m e n s i o n a l )  
( a d i m e n s i o n a l )  
( l b / p g 2 )  

Como l a  c a p a c i d a d  d e  l a  m d q u i n a  n o  e s  
muy g r a n d e ,  e s  n e c e s a r i o  m e t e r  d a t o s  p a r a  
c a d a  i n t e r v a l o  a i n v e s t i g a r .  

D e b i d o  a l a  p o c a  c a p a c i d a d  d e  l a  FX- 
5 0 2 P ,  e s  n e c e s a r i o  c o n t i n u a r  e l  p r o g r a m a  
p o r  s e p a r a d o ,  e s  d e c i r ,  b o r r a r  l o  p r o g r a m a  
d o  e i n t r o d u c i r  l a  c o n t i n u a c i 6 n  d e l  
p r o g r a m a  a p a r t i r  d e  l a s  p e ' r d i d a s  d e  
p r e s i 6 n  p o r  c i r c u l a c i o ' n .  Con 10s  d a t o s  e n  
l a s  misrnas m e m o r i a s  a n t e r i o r m e n t e  
m e n c i o n a d o s ,  s e  p r e s i o n a  l a  t e c l a  d e l  n u e v o  
p r o g r a m a  y s e  o b t i e n e n  10s s i g u i e n t e s  
r e s u l t a d o s  e n  l a  misma s e c u e n c i a :  

A p t  
HHP 
HHP j 
F i  
BHCP 
E C D  

( l b / p g 2 )  
( c a b a l l o s )  
( c a b a l l o s )  
( l b s )  
( l b / p g 2 >  
( I b / g s l )  

A p l i c a c i 6 n  d e  l a  h i d r i i u l i c a .  

De a c u e r d o  a 10s i n t e r v a l o s  d e  
p e r f o r a c i 6 n  i n d i c a d o s  e n  l a s  t a b l a s  1 y 2 ,  
s e  p r e s e n t a  a c o n t i n u a c i o ' n  e l  a n z l i s i s  d e  
c a d a  u n o  d e  e l l o s  e n  e l  a'rea d e  C e r r o  
P r i e t o .  

Tomando como d a t o s  u n a  bornba t r i p l e x  
C o n t i n e n t a l  Emsco F-800 c o n  c a m i s a s  d e  
5 x 9 p g ,  u s a n d o  b a r r e n a  8 1 / 2 " ,  c o n  3 
t o b e r a s  d e  11'2'' c / u  u t i l l z a n d o  como d a t o s  
d e l  f l G i d o  d e  p e r f o r a c i 6 n  10s  i n d i c a d o s  
a n t e r i o r m e n t e  d e  a c u e r d o  a c a d a  i n t e r v a l o  
d e  p e r f o r a c i 6 n .  
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TABLA NO. 1 
POZO DE DESARROI 0 

Prof. (mts) 
50.0 
300.0 
1000.0 
2000.0 
2400.0 

Prof. (mts) 

100.0 
1000.0 
2000.0 
3000.0 
3500.0 

Di&. Bna. Di5m.D.C.. Peso D.C. (lblpie) Long D.C. (mts) Dih. T .P. 

36" 8" 150.5 50.0 4 112" 
26" 8" 150.5 106.6 4 112" 
17 112" 8" 150.5 135.0 4 112" 
12 114" 8" 150.5 135.0 4 112" 
8 112" 6" 99.1 135.0 4 112" 

TABLA NO. 2 
POZO EXPLORATORIO 

Di&u.Bna. Di5m.D. C. Peso D.C. (lblpie) Long D.C. (mts) Di&n.T. P. 

26" 8" 150.5 100.0 4 112" 
17 112" 8" 150.5 135.0 4 112" 
12 114" 8" 150.5 135.0 4 112" 
a 1 1 2 ~ 1  6 112" 99.1 165.0 4 112" 
6" 4 314" 43.5 165.0 4 112" 

ANALISIS DE LA PEWORACION DE UN POZO DE DESARROLLO CON BOMBA CONTINENTAL EMSCO F-800 CON CAMISAS DE 
5 X 9 PG, HHP MAXIM0 DE BOMBA ES DE 853 Y PERFORANDO CON BARRENA DE 3 TOBERAS DE 112 PG C/V. CONVEXIONEC 
SUPERFICIALES DEL TIP0 NO. 4. 

D A T O S  
Intervalo Intervalo de Gasto de bog 
de perf. Anglisis. ba(gal/min) 
0-50.0 m Conex.Superf. 200.10 

lnt. de Drill 
Collars. 200.10 
E.A.entre 
agujero y D.C. 200.10 
E.A.entre cofl 
ductor y D.C. 200.10 
en la barrena 200.10 

Conexiones Ss 
perf. 230.0 

T.P. 230.0 
Int. de D.C. 230.0 
E.A.entre Ag. 
y D.C. 230.0 
E.A. entre Ag. 
y T.P. 230.0 
E.A. entre T.R 
y T.P. 230.0 
en la barrena 230.0 
T o t a l  

50.0-300.0 Interior de 

300-1000.0 Conex.Superf. 276.0 
Int. de T.P. 276.0 
Int. de D.C. 276.0 
E.A. entre Ag. 
y D;C. 276.0 
E.A. entre Ag. 
y T.P. 276.0 
E.A.entre T.R. 
y T.P. 276.0 
en la barrena 276.0 
T o t a l  

D 
(Pd 
3.826 

2.75 

12.25 

48.00 
--- 

3.826 

3.826 
2.75 

12.25 

12.25 

29.00 
--- 

3.826 
3.826 
2.75 

12.25 

12.25 

19.00 --- 

d 
(Pd 
0 

0 

8 

8 
--- 

0 

0 
0 

a 

4.5 

4.5 --- 

0 
0 
0 

8 

4.5 

4.5 --- 

P 

10 

10 

10 

10 
10 

(CPS) 

10 

10 
10 

10 

10 

10 
10 

13 
13 
13 

13 

13 

13 
13 

Pc 
(lb 1 loop2) 
4.0 

4.0 

4.0 

4.0 
4.0 

10 

10 
10 

10 

10 

10 
10 

10 
10 
10 

10 

10 

10 
10 

'~ 

Longitud 
(lblgal) (pies) 
9.03 

9.03 

9.03 

9.03 
9.03 

9.53 

9.53 
9.53 

9.53 

9.53 

9.53 
9.53 

9.53 
9.53 
9.53 

9.53 

9.53 

9.53 
9.53 

340.14 

164.00 

142.20 

21.80 ----- 

340.14 

636.32 
347.68 

347.68 

472.32 

164.00 ----- 

340.14 
2837.2 
442.8 

442.8 

1853.2 

984.0 ---- 

e 
e 

64 2 



D A T O S  

Intervalo Intervalo de Gasto de Bog 
An6lisis. ba (gal/min) 

Conex.Superf. 299.0 
1000-2OOOm Int.de T.P. 299.0 

Int.de D.C. 299.0 
E.A. entre Ag. 
y D.C. 299.0 
E.A.entre Ag. 
y T.P. 299.0 
E.A. entre T.R. 
y T.P. 299.0 
en la barrena 299.0 

T o t a l  

Conex.Superf. 299.0 
2000-2400111 Int. de T.P. 299.0 

Int. de D.C. 299.0 
E.A.entre Ag. 
y D.C. 299.0 
E.A.entre Ag. 
y T.P. 299.0 
E.A.entre T.R. 
y T.P. 299.0 
en la barrena 299.0 

T o t a l  

D 
(PPI 

3.826 
3.826 
2.75 

12.25 

12.25 

12.415 
--- 

3.826 
3.826 
2.25 

8.50 

8.50 

8.681 
--- 

0 
0 
0 

8 

4.5 

4.5 --- 

0 
0 
0 

6.5 

4.5 

4.5 
--- 

Vel. Real Vel.Critica NR.Adimeg Adimen 
(pies/seg) (pies/seg) sional. sional. (lb /pg2) 

5.58 2.85 17903 0.00682 6.62 
10.81 2.99 24908 0.00629 15.33 

--- 0.74 0.95 2.48 --- 
-- 0.01 0.04 2.21 --- 
--- 100.60 

Total = 123.30 
--__ --- 

6.42 4.18 
6.42 4.18 

12.42 4 . 3 1  
1.09 3.63 
0.72 3.51 
0.11 3.40 --__ 

21717.80 0.00651 8.80 
21717.80 0.00651 16.47 
30215.38 0.00599 43.19 

--- 4.30 
--- 3. l o  
--- 0.34 
--- 140.27 

--- 
--- 
--- 
--- 

Total = 216.47 

643 

13 
1 3  
13 

13 

13 

13 
13 

14 
14 
14 

14 

14 

14 
14 

HHPb 
(he) 

Pc 
(lb/ loop2) 

10 
10 
10 

10 

10 

10 
10 

1 2  
12 
12 

1 2  

1 2  

1 2  
12 

HHPj Fuerza 

Longi t ud 
(lb/gal) (pies) 

9.53 
9.53 
9.53 

340.14 
6117.20 

442.8 

9.53 442.8 

9.53 2837.2 

9.53 3280.0 
9.53 --- 

9.53 340.14 
9.53 7429.20 
9.53 442.80 

9.53 442.80 

9.53 869.20 

9 .53  6560.00 
9 .53  ---- 

Pres.C._ 1nt.Eq. 
(hpj Imp.1bs. f.lb/pgZ C.lb/gal. 

14.39 11.74 104.33 77.00 9.11 



7.70 
7.70 

14.91 
1.31 
0.87 
0.33 

Vel. Real 
(pies /seg) 

8.34 

8.34 
16.15 

1.42 
0.94 
0.91 

8.34 
8.34 

2L. 13 
4.07 
2.35 
2.21 

4.28 
4.28 
4.45 
3.72 
3.55 
3.46 

Vel.Crltica 
(pies/seg) 

4.28 

4.28 
4.45 
3.72 
3.55 
3.55 --- 

4.68 
4.68 
5.01 
4.55 
4.10 
4.08 --- 

20047.20 
20047.20 
27891.12 --- 
--- 
--- 

NR . Adimep 
s iona l .  

21717.80 

217 17.80 
302 15.38 --- 
--- 
--- 
--- 

20166.53 
20166.53 
34292.06 --- 
--- 
--- 
--- 

0.00664 12.93 
0.00664 107.88 
0.00611 80.81 
--- 5.63 
--- 12.30 
--- 3.41 

201.99 

Total = 223.33 

Adimec 
s iona l .  (lb/pg2) 

0.00651 14.88 

0.00651 267.58 
0.00599 29.96 
--- 5.66 
--- 18.88 
--- 21.34 
--- 237.06 

Total = 595.36 

0.00663 15.16 
0.00663 331.04 
0.00580 245.65 
--- 19.59 
--- 14.82 
--- 105.78 
--- 237.06 

Total = 969.10 

36.79 18.82 145.48 487.63 9.68 

e 
e 

35.96 32.53 209.49 1625.43 9.66 

Dens idad 
HHPb HHPj Fuerza P.C.f2 Eq. c i r c .  
(hp) (hp) 1mp.lb. lb/pg lb /ga l .  

103.85 41.35 245.86 3250.87 9.66 

, e 
309.24 41.35 245.86 3901.0 9.87 

A CONTINUACION SE PRESENTA LA HIDRAULICA DE UN POZO EXPLORATORIO EN TOWS SUS INTERVALOS DE PERFORACION. 

D A T O S  

In te rva lo  de 
In te rva lo  Ans l i s i s  

Conex.Sup. 
In t .  D.C. 

0-100 m E.A. en t r e  
Ag.y D.C. 
E. A. en t r e  
c0nd.y D.C. 
en l a  bna. 

T o t a l  

Conex. Sup. 
I n t  .T. P. 

100-1OOOm 1nt.D.C. 
E.A.entre 
Ag. y D.C. 
E.A.entre 
Ag. y T.P. 
E. A. en t r e  
T.R. y T.P. 
en la bna. 

T o t a l  

Gasto de 
bomba D d 
g a l b i n .  (pi.$ (pg) 

200.10 3.826 0 
200.10 2.75 0 

200.10 12.25 8 

200.10 48.00 8 
200.10 --- --- 

230.0 3.826 0 
230.0 3.826 0 
230.0 2.75 0 

230.0 12.25 8 

230.0 12.25 4.5 

230.0 19.00 4.5 
230.0 --- --- 

Pc 
(cps) lb/100p2 ( lb /ga l )  

10 4 8.86 
10 4 8.86 

10 4 8.86 

10 4 8.86 
10 4 8.86 

10 10 9.36 
10 10 9.36 
10 10 9.36 

10 10 9.36 

10 10 9.36 

10  10 9.36 
10 10 9.36 

Long. 

340.14 
328.00 

306.20 

21.80 

(p ies )  

---- 

340.14 
2837.20 

442.80 

442.80 

2509.20 

328.00 ---- 

Vel. r e a l  
(pies/seg) 

5.58 
10.81 

0.95 

0.04 

6.42 
6.42 

12.42 

1.09 

0.72 

0.27 
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Conex.Sup. 
Int. T.P. 
Int. D.C. 

1000-2000 E.A. entre 
Ag. y D.C. 
E.A. entre 
Ag. y T.P. 
E.A. entre 
T.R. y T.P. 
en la bna. 

T o t a l  

276.0 
276.0 
276.0 

276.0 

276.0 

276.0 
276.0 

299.0 
299.0 
299.0 

299.0 

299.0 

299.0 
299.0 

299.0 
299.0 
299.0 

299.0 

299.0 

299.0 

299.0 
299.0 

3.826 0 

2.75 0 

12.25 8 

12.25 4.5 

12.415 4.5 
--- 4.5 

3.826 o 

3.826 o 
3.826 0 
2.25 0 

8.50 6.50 

8.50 4.50 

8.681 4.50 --- --- 

3.826 0 
2.764 0 
2.25 0 

6.00 4.75 

6.00 3.50 

6.184 3.50 

8.621 3.50 -- -- 

13 
13 
13 

1 3  

13 

13 
13 

14 
14 
14 

14 

14 

14 
14 

14 
14 
14 

14 

14 

14 

14 
14 

HHPb 
(hP) 

16.42 

39.76 

10 
10 
10 

9.53 340.14 7.70 
9.53 6117.20 7.70 
9.53 442.80 14.91 

10 9.53 442.80 1.31 

10 9.53 2837.20 0.87 

10 
10 

9.53 3280.00 0.84 
9.53 --- 0.84 

1 2  
1 2  
1 2  

9.53 340.14 8.34 

9.53 541.20 24.13 
9.53 9298.80 a. 34 

Conex.Sup. 
Int. T.P. 
Int. D.C. 

2000-3000 E.A. entre 
Ag. y D.C. 
E.A. entre 
Ag. y T.P. 
E.A. entre 
T.P. y T.P. 
en la bna. 

T o t a l  

12 9.53 541.20 4.07 

12 9.53 2738.80 2.35 

1 2  
12 

9.53 6560.00 2.22 
9.53 6560.00 2.22 

Conex.Sup. 
Int. T.P. 
Int. D.C. 
E.A. entre 
E.A. entre 

E.A. entre 
Ag. y T.P. 
E.A. entre 
T.R. y T.P. 

' E.A. entre 
T.R. y T.P. 
en la bna. 

T o t a l  

3000-3500 Ag. y D.C. 

1 2  
1 2  
1 2  

9.70 340.14 8.34 

541.20 24.13 9.70 
9.70 10938.80 15.98 

12 9.70 541.20 9.09 

9.70 1098.80 5.14 

9.70 3144.00 4.70 

9.70 6396.00 1.93 

12 

12 

12 
12 

Vel.Crztica NR. Adimep 
(pies/seg) sional. 

2.88 17566 
3.03 21439 
2.51 --- 
2.23 --- 
--- -- 

Adimeq 
sional. ( lb /pg2)  

0.00686 6.53 
0.00631 30.23 
--- 1.60 

--- 0. l o  

137.17 
--- 98.71 

HHPj 
(hp) 

11.52 

18.49 

Fuerza Pres.C. 1nt.Eq. 
1mp.lbs. f.lb/pg2 C.lb/gal. 

102.37 151.11 8.96 

4.22 21330 
4.22 21330 
4.35 29676 
3.67 --- 
3.54 -- 
3.47 --- 

0.00653 8.68 
0.00653 72.45 
0.00602 54.27 

--- 5.48 

--- 16.49 
--- 1.14 

--- 137.77 

296.29 142.89 159.44 9.49 

4.28 20047 
4.28 20047 
4.45 27891 

0.00664 12.93 
0.00664 232.60 
0.006ii  80.81 
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3.72 --- 5.63 

--- 18.83 

--- 21.29 
-- 201.99 

3.55 
3.55 
--- 

574.08 138.19 32.53 209.49 32.50 9.66 

4.68 
4.68 

5.01 
4.55 
4.10 
4.08 

0.00663 15.16 
0.00663 414.35 

0.00580 300.24 
--- 23.95 

20166 
20166 

34292 
--- 
--- 
I- 

--- 237.06 
1143.25 199.43 41.35 245.86 4876.31 9.87 

4.64 

4.81 
4.96 

20526 

28413 
34904 

0.00660 15.36 
0.00608 2314.22 
0.00578 304.25 

5.10 7305 0.00854 114.92 

4.32 8266 0.00829 36.21 

4.27 8109 0.00832 88.68 

3.96 --- 80.52 
241.29 

3195.45 577.43 42.09 250.25 5790.51 10.24 
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DENSIDAD DEL F LUIDO DE PERFORACION 
EN EL CAMPO 

DENSIDAD 

. 

GEOTERMICO DE CERRO PRIETO 

TUB. de REV.  FORMACION 

(5Om) I T. R. 20"0 

NO 
CONSOLIDADOS 

SEMI  

CONSOLIDADOS 

T. R. 7" $ 
(2400111 1 

I 
t 

B l E N  

C O N S O L  IDADOS 

1 
FIG. No- 1 
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I 

Cakular H H P] en la barrena 

Pc ,  Pb, Ps, H H P b ,  H H P j  

I 

1 Calcular el qusidminuto de la bomba ( Q 1 

Fig. Ne 2 

I Calcular la viscusidad plastica ( A p )  y el punto de cdencia ( Fc I 
1 

Cdrular Id velocidad real a media ( V 1 

(si 1 
1 
I 

Calcular Calcular la pre - 

la friccion (M) 

Calcular la pres. perdda 

b I 
-.. L -- 

I I Calcular la presion en la barrena ( P b  ) 

I Calcular la perdida de presian total ( A p t )  I DIAGRAMA DE 
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A 

Q =  (0.90(0.O2575 (2D'- d e )  x L ) ) N Q = (0.03864 x D'x L N 

(Si) (No) 

Fluido Newtoniano Fluido Plastic0 de Bingham 

(Si) 

A D - d )  I 1.078M t I.078h I v c =  
P O  

flujo 
laminar 

flujo flujo 
turbulento turbulento 

NR=928 A 
(D-d 'VP I 

G NR)O*'s 

f L P V '  APf = 
25.8( D-d)  

-1 1500 DL 

FIG. Ne 3 0 DIAGRAMA DE FLUJO 

1 

a 
a 

0 

e 

.- 
a 



(si) (no) (no) 

f lujo flujo flujo 
turbulento turbulento laminar 

Y m 

1 I f = o . m  N R ~ * ~ ~  
I I 
I I - A P f =  fLIVe / 25.8 ( D - d )  

bPf  = 
1500D2 2 2 5 D  

( D-d ) V.P NR=928 I AP 

B H  P = 0 . 0 5 2  P L  I 
I BHCP= B H P  t APf,.,. I 

I I E C D = B H C P  / 0.052 LI  

CONTINUACION 

I Q ,  APc,APj, HHPt, HHPj, BHCP, ECP. I 
651 



i 

FIG. Neq 

ROTARIA = 

I 

ROTARIA 

!,I - 

ROTARIA 

1 

INTERVALOS DE PERFORACION EN UN POZO DE DESARROLLO EN 

EL AREA DE CERRO PRIETO. 

652 



CONDUCTOR 
DE LAMINA 40-e  

- 6" # 160.6 Ib/pl. 

T '  
2738 pier 

64i . t  t pi.. 

1 
F 1 G . m  INTERVALOS DE 

ROTARIA 

- m1. e p i n  

0' 0.i50.6 ib/pir 

,3200.0 plrr 

110 T A R  I A  1390 

T.R. 9 9/0.#.47pl00 

,T P. 4 Un'e, ie.6 ~b 

-44 pi.. 

1098.0 t 4  plrr 

8 I 99.1  Wia 

541.P p1.r 

-0840 pl.. 1 

R O T A R I A  

( 10931.8 p k r  ) 

PERFORACION EN UN POZO DE EXPLORACION 

EN EL AREA DE E R R 0  PRIETO. 
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U N I O N  GIRATORIA  

COLUMNA REGULADORA - 

TUBERIA DE 

R O M B A  DE L O D O  

L A S T R A - B A R R . E N A S  

BOQUILLAS DE L A  B A R R E N A  

FLECHA 

r 

E S F A C I O  A N U L A R  
J 

E N  E S T €  ESQUEMA SE MUESTRA DONDE SE GASTAN LOS CABALLOS DE F U E R -  
Z A  QUE E N T R A N  EN LA EOMBA DEL LODO. 
EL GRUESO DE LA L I N E A  NEGRA REFRESENTA LA PRESION E N  D I V E R S O S  
PUNTOS D E L  S I S T E M A  DEL LOOO. 

a 
i 

r 

a 
a 

a 
a 
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