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(57) ABSTRACT

The steel drill string attached to a drilling bit during typical
rotary drilling operations used to drill oil and gas wells is used
for a second purpose as the casing that is cemented in place
during typical oil and gas well completions. Methods of
operation are described that provide for the efficient installa-
tion a cemented steel cased well wherein the drill string and
the drill bit are cemented into place during one single drilling
pass down into the earth. The normal mud passages or water-
courses present in the rotary drill bit are used for the second
independent purpose of passing cement into the annulus
between the casing and the well while cementing the drill
string into place during one single pass into the earth. A
one-way cement valve is installed near the drill bit of the drill
string that allows the cement to set up efficiently under ambi-
ently hydrostatic conditions while the drill string and drill bit
are cemented into place during one single drilling pass into
the earth.
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METHOD AND APPARATUS FOR
CEMENTING DRILL STRINGS IN PLACE
FOR ONE PASS DRILLING AND
COMPLETION OF OIL AND GAS WELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of co-pending
U.S. patent application Ser. No. 11/761,270, which is a con-
tinuation of co-pending U.S. patent application Ser. No.
11/292,331, filed on Dec. 1, 2005, now U.S. Pat. No. 7,228,
901, which is a continuation of U.S. patent application Ser.
No. 10/678,731, filed on Oct. 2, 2003, now U.S. Pat. No.
7,048,050, which is a continuation of U.S. patent application
Ser. No. 10/162,302, filed on Jun. 4, 2002, now U.S. Pat. No.
6,868,906, which applications and patent are herein incorpo-
rated by reference in their entirety. U.S. patent application
Ser. No. 10/162,302 is a continuation-in-part of U.S. patent
application Ser. No. 09/487,197 filed on Jan. 19, 2000, now
U.S. Pat. No. 6,397,946, which is herein incorporated by
reference in its entirety. U.S. Pat. No. 6,397,946 is a continu-
ation-in-part of U.S. patent application Ser. No. 09/295,808
filed on Apr. 20, 1999, now U.S. Pat. No. 6,263,987, which is
herein incorporated by reference in its entirety. U.S. Pat. No.
6,263,987 is a continuation-in-part of U.S. patent application
Ser. No. 08/708,396 filed on Sep. 3, 1996, now U.S. Pat. No.
5,894,897, which is incorporated herein by reference in its
entirety. U.S. Pat. No. 5,894,897 is a continuation-in-part of
U.S. patent application Ser. No. 08/323,152 filed on Oct. 14,
1994, now U.S. Pat. No. 5,551,521, which is herein incorpo-
rated by reference in its entirety.

[0002] This application further claims benefit of U.S. Pro-
visional Patent Application Ser. No. 60/313,654 filed on Aug.
19, 2001, U.S. Provisional Patent Application Ser. No.
60/353,457 filed on Jan. 31, 2002, U.S. Provisional Patent
Application Ser. No. 60/367,638 filed on Mar. 26, 2002, and
U.S. Provisional Patent Application Ser. No. 60/384,964 filed
on Jun. 3, 2002. All of the above United States Provisional
Patent Applications are herein incorporated by reference in
their entirety.

[0003] Portions of this application were disclosed in U.S.
Disclosure Document No. 362582 filed on Sep. 30, 1994,
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0004] 1. Field of Invention

[0005] The field of invention relates to apparatus that uses
the steel drill string attached to a drilling bit during drilling
operations used to drill oil and gas wells for a second purpose
as the casing that is cemented in place during typical oil and
gas well completions. The field of invention further relates to
methods of operation of said apparatus that provides for the
efficient installation a cemented steel cased well during one
single pass down into the earth of the steel drill string. The
field of invention further relates to methods of operation of the
apparatus that uses the typical mud passages already present
in a typical drill bit, including any watercourses in a “regular
bit”, or mud jets in a “jet bit”, that allow mud to circulate
during typical drilling operations for the second independent,
and the distinctly separate, purpose of passing cement into the
annulus between the casing and the well while cementing the
drill string into place during one single drilling pass into the
earth. The field of invention further relates to apparatus and
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methods of operation that provides the pumping of cement
down the drill string, through the mud passages in the drill bit,
and into the annulus between the formation and the drill string
for the purpose of cementing the drill string and the drill bit
into place during one single drilling pass into the formation.
The field of invention further relates to a one-way cement
valve and related devices installed near the drill bit of the drill
string that allows the cement to set up efficiently while the
drill string and drill bit are cemented into place during one
single drilling pass into the formation.

[0006] 2. Description of the Prior Art

[0007] From an historical perspective, completing oil and
gas wells using rotary drilling techniques has in recent times
comprised the following typical steps. With a pile driver or
rotary rig, install any necessary conductor pipe on the surface
for attachment of the blowout preventer and for mechanical
support at the wellhead. Install and cement into place any
surface casing necessary to prevent washouts and cave-ins
near the surface, and to prevent the contamination of fresh-
water sands as directed by state and federal regulations.
Choose the dimensions of the drill bit to result in the desired
sized production well. Begin rotary drilling of the production
well with a first drill bit. Simultaneously circulate drilling
mud into the well while drilling. Drilling mud is circulated
downhole to carry rock chips to the surface, to prevent blow-
outs, to prevent excessive mud loss into formation, to cool the
bit, and to clean the bit. After the first bit wears out, pull the
drill string out, change bits, lower the drill string into the well
and continue drilling. It should be noted here that each “trip”
of the drill bit typically requires many hours of rig time to
accomplish the disassembly and reassembly of the drill
string, pipe segment by pipe segment.

[0008] Drill the production well using a succession of
rotary drill bits attached to the drill string until the hole is
drilled to its final depth. After the final depth is reached, pull
out the drill string and its attached drill bit. Assemble and
lower the production casing into the well while back filling
each section of casing with mud as it enters the well to
overcome the buoyancy effects of the air filled casing (caused
by the presence of the float collar valve), to help avoid stick-
ing problems with the casing, and to prevent the possible
collapse of the casing due to accumulated build-up of hydro-
static pressure.

[0009] To “cure the cement under ambient hydrostatic con-
ditions”, typically execute a two-plug cementing procedure
involving a first Bottom Wiper Plug before and a second Top
Wiper Plug behind the cement that also minimizes cement
contamination problems comprised of the following indi-
vidual steps. Introduce the Bottom Wiper Plug into the inte-
rior of the steel casing assembled in the well and pump down
with cement that cleans the mud off the walls and separates
the mud and cement. Introduce the Top Wiper Plug into the
interior of the steel casing assembled into the well and pump
down with water under pump pressure thereby forcing the
cement through the float collar valve and any other one-way
valves present. Allow the cement to cure.

SUMMARY OF THE INVENTION

[0010] Apparatus and methods of operation of that appara-
tus are disclosed that allow for cementation of a drill string
with attached drill bit into place during one single drilling
pass into a geological formation. The process of drilling the
well and installing the casing becomes one single process that
saves installation time and reduces costs during oil and gas
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well completion procedures. Apparatus and methods of
operation of the apparatus are disclosed that use the typical
mud passages already present in a typical rotary drill bit,
including any watercourses in a “regular bit”, or mud jets in a
“jet bit”, for the second independent purpose of passing
cement into the annulus between the casing and the well while
cementing the drill string in place. This is a crucial step that
allows a “Typical Drilling Process™ involving some 14 steps
to be compressed into the “New Drilling Process” that
involves only 7 separate steps as described in the Description
of the Preferred Embodiments below. The New Drilling Pro-
cess is now possible because of “Several Recent Changes in
the Industry” also described in the Description of the Pre-
ferred Embodiments below. In addition, the New Dirilling
Process also requires new apparatus to properly allow the
cement to cure under ambient hydrostatic conditions. That
new apparatus includes a Latching Subassembly, a Latching
Float Collar Valve Assembly, the Bottom Wiper Plug, and the
Top Wiper Plug. Suitable methods of operation are disclosed
for the use of the new apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a section view of a drill string in the
process of being cemented in place during one drilling pass
into formation with a preferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] Apparatus and methods of operation of that appara-
tus are disclosed herein in the preferred embodiments of the
invention that allow for cementation of a drill string with
attached drill bit into place during one single drilling pass into
a geological formation. The drill bit is the cutting or boring
element used in drilling oil and gas wells. The method of
drilling the well and installing the casing becomes one single
process that saves installation time and reduces costs during
oil and gas well completion procedures as documented in the
following description of the preferred embodiments of the
invention. Apparatus and methods of operation of the appa-
ratus are disclosed herein that use the typical mud passages
already present in a typical rotary drill bit, including any
watercourses in a “regular bit”, or mud jets in a “jet bit”, for
the second independent purpose of passing cement into the
annulus between the casing and the well while cementing the
drill string in place.

[0013] FIG. 1 shows a section view of a drill string in the
process of being cemented in place during one drilling pass
into formation. Often, the drill string is the term loosely
applied to both drill pipe and drill collars. Drill collars pro-
vide weight on the bit to keep it in firm contact with the
bottom of the hole. Drill collars are primarily used to supply
weight to the bit for drilling and to maintain weight to keep
the drill string from bending or buckling. They also prevent
doglegs by supporting and stabilizing the bit. A borehole 2 is
drilled though the earth including geological formation4. The
borehole is the wellbore, or the hole made by drilling or
boring. Drilling is boring a hole in the earth, usually to find
and remove subsurface formation fluids such as oil and gas.
The borehole 2 is drilled with a milled tooth rotary drill bit 6
having milled steel roller cones 8, 10, and 12 (not shown for
simplicity). A standard water passage 14 is shown through the
rotary cone drill bit. This rotary bit could equally be a tung-
sten carbide insert roller cone bit having jets for waterpas-
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sages, the principle of operation and the related apparatus
being the same for either case for the preferred embodiment
herein.

[0014] Where formations are relatively soft, a jet deflection
bit may be employed in directional drilling to deviate the hole.
Directional drilling is the intentional deviation of a wellbore
from the vertical. Controlled directional drilling makes it
possible to reach subsurface areas laterally remote from the
point where the bit enters the earth. For a jet deflection bit, a
conventional roller cone bit is modified by equipping it with
one oversize nozzle and closing off or reducing others, or by
replacing a roller cone with a large nozzle. The drill pipe and
special bit are lowered into the hole, and the large jet is
pointed so that, when pump pressure is applied, the jet washes
out the side of the hole in a specific direction. The large nozzle
erodes away one side of the hole so that the hole is deflected
off vertical. The large amount of mud emitted from the
enlarged jet washes away the formation in front of the bit, and
the bit follows the path of least resistance. The path of the
wellbore is the trajectory.

[0015] A basic requirement in drilling a directional well is
some means of changing the course of the hole. Generally, a
driller either uses a specially-designed deflection tool or
modifies the bottomhole assembly he is using to drill ahead. A
bottomhole assembly is a combination of drill collars, stabi-
lizers, and associated equipment made up just above the bit.
Ideally, altering the bottomhole assembly in a particular way
enables the driller to control the amount and direction of
bending and thereby to increase, decrease, or maintain drift
angle as desired.

[0016] Deflection tools cause the bit to drill in a preferred
direction because of the way the tool is designed or made up
in the drill string. A stabilizer may be used to change the
deviation angle in a well by controlling the location of the
contact point between the hole and drill collars. The stabilizer
is a tool placed near the bit, and often above it, in the drilling
assembly. Conversely, stabilizers are used to maintain correct
hole angle. To maintain hole angle, the driller may use a
combination of large, heavy drill collars and stabilizers to
minimize or eliminate bending. Any increase in stabilization
of'the bottomhole assembly increases the drift diameter of the
hole being drilled. Stabilizers must be adequately supported
by the wall of the hole if they are to effectively stabilize the bit
and centralize the drill collars.

[0017] The threads 16 on rotary drill bit 6 are screwed into
the Latching Subassembly 18. The Latching Subassembly 18
is also called the Latching Sub for simplicity herein. The
Latching Sub 18 is a relatively thick-walled steel pipe having
some functions similar to a standard drill collar.

[0018] The Latching Float Collar Valve Assembly 20 is
pumped downhole with drilling mud after the depth of the
wellis reached. The Latching Float Collar Valve Assembly 20
is pumped downhole with mud pressure pushing against the
Upper Seal 22 of the Latching Float Collar Valve Assembly
20. The Latching Float Collar Valve Assembly 20 latches into
place into Latch Recession 24. The Latch 26 of the Latching
Float Collar Valve Assembly 20 is shown latched into place
with Latching Spring 28 pushing against Latching Mandrel
30.

[0019] The Float 32 of the Latching Float Collar Valve
Assembly 20 seats against the Float Seating Surface 34 under
the force from Float Collar Spring 36 that makes a one-way
cement valve. However, the pressure applied to the mud or
cement from the surface may force open the Float to allow
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mud or cement to be forced into the annulus generally desig-
nated as 38 in FIG. 1. This one-way cement valve is a par-
ticular example of “a one-way cement valve means installed
near the drill bit” which is a term defined herein. The one-way
cement valve means may be installed at any distance from the
drill bit but is preferentially installed “near” the drill bit.

[0020] FIG. 1 corresponds to the situation where cement is
in the process of being forced from the surface through the
Latching Float Collar Valve Assembly 20. In fact, the top level
of cement in the well is designated as element 40. Below 40,
cement fills the annulus of'the borehole 2. Above 40, mud fills
the annulus of the borehole 2. For example, cement is present
at position 42 and drilling mud is present at position 44 in
FIG. 1.

[0021] Relatively thin-wall casing, or drill pipe, designated
as element 46 in FIG. 1, is attached to the Latching Sub 18.
The bottom male threads of the drill pipe 48 are screwed into
the female threads 50 of the Latching Sub 18.

[0022] The drilling mud was wiped off the walls of the drill
pipe 48 in the well with Bottom Wiper Plug 52. The Bottom
Wiper Plug 52 is fabricated from rubber in the shape shown.
Portions 54 and 56 of the Upper Seal of the Bottom Wiper
Plug 52 are shown in a ruptured condition in FIG. 1. Initially,
they sealed the upper portion of the Bottom Wiper Plug 52.
Under pressure from cement, the Bottom Wiper Plug 52 is
pumped down into the well until the Lower Lobe 58 of the
Bottom Wiper Plug 52 latches into place into Latching Sub
Recession 60 in the Latching Sub 18. After the Bottom Wiper
Plug 52 latches into place, the pressure of the cement ruptures
the Upper Seal of the Bottom Wiper Plug 52. A Bottom Wiper
Plug Lobe 62 is shown in FIG. 1. Such lobes provide an
efficient means to wipe the mud off the walls of the drill pipe
48 while the Bottom Wiper Plug 52 is pumped downhole with
cement.

[0023] Top Wiper Plug 64 is being pumped downhole by
water 66 under pressure in the drill pipe. As the Top Wiper
Plug 64 is pumped down under water pressure, the cement
remaining in region 68 is forced downward through the Bot-
tom Wiper Plug 52, through the Latching Float Collar Valve
Assembly 20, through the waterpassages of the drill bit and
into the annulus in the well. A Top Wiper Plug Lobe 70 is
shown in FIG. 1. Such lobes provide an efficient means to
wipe the cement off the walls of the drill pipe while the Top
Wiper Plug 64 is pumped downhole with water.

[0024] After the Bottom Surface 72 of the Top Wiper Plug
64 is forced into the Top Surface 74 of the Bottom Wiper Plug
52, almost the entire “cement charge” has been forced into the
annulus between the drill pipe and the hole. As pressure is
reduced on the water, the Float of the Latching Float Latching
Float Collar Valve Assembly 20 seals against the Float Seat-
ing Surface. As the water pressure is reduced on the inside of
the drill pipe, then the cement in the annulus between the drill
pipe and the hole can cure under ambient hydrostatic condi-
tions. This procedure herein provides an example of the
proper operation of a “one-way cement valve means”.
[0025] Therefore, the preferred embodiment in FIG. 1 pro-
vides apparatus that uses the steel drill string attached to a
drilling bit during drilling operations used to drill oil and gas
wells for a second purpose as the casing that is cemented in
place during typical oil and gas well completions.

[0026] The preferred embodiment in FIG. 1 provides appa-
ratus and methods of operation of said apparatus that results
in the efficient installation of a cemented steel cased well
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during one single pass down into the earth of the steel drill
string thereby making a steel cased borehole or cased well.

[0027] The steps described herein in relation to the pre-
ferred embodiment in FIG. 1 provides a method of operation
that uses the typical mud passages already present in a typical
rotary drill bit, including any watercourses in a “regular bit”,
or mud jets in a “jet bit”, that allow mud to circulate during
typical drilling operations for the second independent, and the
distinctly separate, purpose of passing cement into the annu-
lus between the casing and the well while cementing the drill
string into place during one single pass into the earth.

[0028] The preferred embodiment of the invention further
provides apparatus and methods of operation that result in the
pumping of cement down the drill string, through the mud
passages in the drill bit, and into the annulus between the
formation and the drill string for the purpose of cementing the
drill string and the drill bit into place during one single drill-
ing pass into the formation.

[0029] The apparatus described in the preferred embodi-
ment in FIG. 1 also provide a one-way cement valve and
related devices installed near the drill bit of the drill string that
allows the cement to set up efficiently while the drill string
and drill bit are cemented into place during one single drilling
pass into the formation.

[0030] Methods of operation of apparatus disclosed in FIG.
1 have been disclosed that use the typical mud passages
already present in a typical rotary drill bit, including any
watercourses in a “regular bit”, or mud jets in a “jet bit”, for
the second independent purpose of passing cement into the
annulus between the casing and the well while cementing the
drill string in place. This is a crucial step that allows a “Typi-
cal Drilling Process” involving some 14 steps to be com-
pressed into the “New Drilling Process” that involves only 7
separate steps as described in detail below. The New Drilling
Process is now possible because of “Several Recent Changes
in the Industry” also described in detail below.

[0031] Typical procedures used in the oil and gas industries
to drill and complete wells are well documented. For
example, such procedures are documented in the entire
“Rotary Drilling Series” published by the Petroleum Exten-
sion Service of the University of Texas at Austin, Austin, Tex.
that is included herein by reference in its entirety comprised
of'the following: Unit [—“The Rig and Its Maintenance™ (12
Lessons); Unit II—“Normal Drilling Operations™ (5 Les-
sons); Unit [II—Nonroutine Rig Operations (4 Lessons);
Unit [V—Man Management and Rig Management (1 Les-
son); and Unit V—Offshore Technology (9 Lessons). All of
the individual Glossaries of all of the above Lessons are
explicitly included in the specification herein and any and all
definitions in those Glossaries shall be considered explicitly
referenced herein.

[0032] Additional procedures used in the oil and gas indus-
tries to drill and complete wells are well documented in the
series entitled “Lessons in Well Servicing and Workover”
published by the Petroleum Extension Service of the Univer-
sity of Texas at Austin, Austin, Tex. that is included herein by
reference in its entirety comprised of all 12 Lessons. All of the
individual Glossaries of all ofthe above Lessons are explicitly
included in the specification herein and any and all definitions
in those Glossaries shall be considered explicitly referenced
herein.
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[0033] With reference to typical practices in the oil and gas
industries, a typical drilling process may therefore be
described in the following.

Typical Drilling Process

[0034] From an historical perspective, completing oil and
gas wells using rotary drilling techniques has in recent times
comprised the following typical steps:

Step 1

[0035] With a pile driver or rotary rig, install any necessary
conductor pipe on the surface for attachment of the blowout
preventer and for mechanical support at the wellhead.

Step 2

[0036] Install and cement into place any surface casing
necessary to prevent washouts and cave-ins near the surface,
and to prevent the contamination of freshwater sands as
directed by state and federal regulations.

Step 3

[0037] Choose the dimensions of the drill bit to result in the
desired sized production well. Begin rotary drilling of the
production well with a first drill bit. Simultaneously circulate
drilling mud into the well while drilling. Drilling mud is
circulated downhole to carry rock chips to the surface, to
prevent blowouts, to prevent excessive mud loss into forma-
tion, to cool the bit, and to clean the bit. After the first bit
wears out, pull the drill string out, change bits, lower the drill
string into the well and continue drilling. It should be noted
here that each “trip” of the drill bit typically requires many
hours of rig time to accomplish the disassembly and reassem-
bly of the drill string, pipe segment by pipe segment.

Step 4

[0038] Drill the production well using a succession of
rotary drill bits attached to the drill string until the hole is
drilled to its final depth.

Step 5

[0039] After the final depth is reached, pull out the drill
string and its attached drill bit.

Step 6

[0040] Perform open-hole logging of the geological forma-

tions to determine the amount of oil and gas present. This
typically involves measurements of the porosity of the rock,
the electrical resistivity of the water present, the electrical
resistivity of the rock, certain neutron measurements from
within the open-hole, and the use of Archie’s Equations. If no
oil and gas is present from the analysis of such open-hole logs,
an option can be chosen to cement the well shut. If commer-
cial amounts of oil and gas are present, continue the following
steps.

Step 7

[0041] Typically reassemble drill bit and drill string into the
well to clean the well after open-hole logging.

Step 8

[0042] Pull out the drill string and its attached drill bit.
Step 9

[0043] Attach the casing shoe into the bottom male pipe

threads of the first length of casing to be installed into the
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well. This casing shoe may or may not have a one-way valve
(“casing shoe valve”) installed in its interior to prevent fluids
from back-flowing from the well into the casing string.

Step 10

[0044] Typically install the float collar onto the top female
threads of the first length of casing to be installed into the well
which has a one-way valve (“float collar valve”) that allows
the mud and cement to pass only one way down into the hole
thereby preventing any fluids from back-flowing from the
well into the casing string. Therefore, a typical installation
has a casing shoe attached to the bottom and the float collar
valve attached to the top portion of the first length of casing to
be lowered into the well. Please refer to pages 28-31 of the
book entitled “Casing and Cementing” Unit II Lesson 4,
Second Edition, of the Rotary Drilling Series, Petroleum
Extension Service, The University of Texas at Austin, Tex.,
1982 (hereinafter defined as “Ref. 1”). All of the individual
definitions of words and phrases in the Glossary of Ref. 1 are
explicitly included herein in their entirety.

Step 11

[0045] Assemble and lower the production casing into the
well while back filling each section of casing with mud as it
enters the well to overcome the buoyancy effects of the air
filled casing (caused by the presence of the float collar valve),
to help avoid sticking problems with the casing, and to pre-
vent the possible collapse of the casing due to accumulated
build-up of hydrostatic pressure.

Step 12

[0046] To “cure the cement under ambient hydrostatic con-
ditions”, typically execute a two-plug cementing procedure
involving a first Bottom Wiper Plug before and a second Top
Wiper Plug behind the cement that also minimizes cement
contamination problems comprised of the following indi-
vidual steps:

[0047] A. Introduce the Bottom Wiper Plug into the inte-
rior of the steel casing assembled in the well and pump
down with cement that cleans the mud off the walls and
separates the mud and cement (Ref. 1, pages 28-31).

[0048] B. Introduce the Top Wiper Plug into the interior
of the steel casing assembled into the well and pump
down with water under pump pressure thereby forcing
the cement through the float collar valve and any other
one-way valves present (Ref. 1, pages 28-31).

[0049] C. After the Bottom Wiper Plug and the Top
Wiper Plug have seated in the float collar, release the
pump pressure on the water column in the casing that
results in the closing of the float collar valve which in
turn prevents cement from backing up into the interior of
the casing. The resulting interior pressure release on the
inside of the casing upon closure of the float collar valve
prevents distortions of the casing that might prevent a
good cement seal (Ref. 1, page 30). In such circum-
stances, “the cement is cured under ambient hydrostatic
conditions”.

Step 13

[0050] Allow the cement to cure.

Step 14

[0051] Follow normal “final completion operations™ that
include installing the tubing with packers and perforating the
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casing near the producing zones. For a description of such
normal final completion operations, please refer to the book
entitled “Well Completion Methods”, Well Servicing and
Workover, Lesson 4, from the series entitled “Lessons in Well
Servicing and Workover”, Petroleum Extension Service, The
University of Texas at Austin, Tex., 1971 (hereinafter defined
as “Ref. 2”). All of the individual definitions of words and
phrases in the Glossary of Ref. 2 are explicitly included
herein in their entirety. Other methods of completing the well
are described therein that shall, for the purposes of this appli-
cation herein, also be called “final completion operations”.

Several Recent Changes in the Industry

[0052] Several recent concurrent changes in the industry
have made it possible to reduce the number of steps defined
above. These changes include the following:

[0053] a. Until recently, drill bits typically wore out dur-
ing drilling operations before the desired depth was
reached by the production well. However, certain drill
bits have recently been able to drill a hole without having
to be changed. For example, please refer to the book
entitled “The Bit”, Unit I, Lesson 2, Third Edition, of the
Rotary Drilling Series, The University of Texas at Aus-
tin, Tex., 1981 (hereinafter defined as “Ref. 3”). All of
the individual definitions of words and phrases in the
Glossary of Ref. 3 are explicitly included herein in their
entirety. On page 1 of Ref. 3 it states: “For example,
often only one bit is needed to make a hole in which the
casing will be set.” On page 12 of Ref. 3 it states in
relation to tungsten carbide insert roller cone bits: “Bit
runs as long as 300 hours have been achieved; in some
instances, only one or two bits have been needed to drill
a well to total depth.” This is particularly so since the
advent of the sealed bearing tri-cone bit designs
appeared in 1959 (Ref. 3, page 7) having tungsten car-
bide inserts (Ref. 3, page 12). Therefore, it is now prac-
tical to talk about drill bits lasting long enough for drill-
ing a well during one pass into the formation, or “one
pass drilling”.

[0054] b. Until recently, it has been impossible or
impractical to obtain sufficient geophysical information
to determine the presence or absence of oil and gas from
inside steel pipes in wells. Heretofore, either standard
open-hole logging tools or Measurement-While-Drill-
ing (“MWD”) tools were used in the open-hole to obtain
such information. Therefore, the industry has histori-
cally used various open-hole tools to measure formation
characteristics. However, it has recently become pos-
sible to measure the various geophysical quantities
listed in Step 6 above from inside steel pipes such as drill
strings and casing strings. For example, please refer to
the book entitled “Cased Hole Log Interpretation Prin-
ciples/Applications”, Schlumberger Educational Ser-
vices, Houston, Tex., 1989. Please also refer to the
article entitled “Electrical Logging: State-of-the-Art”,
by Robert E. Maute, The Log Analyst, May-June 1992,
pages 206-227.

[0055] Because drill bits typically wore out during drilling
operations until recently, different types of metal pipes have
historically evolved which are attached to drilling bits, which,
when assembled, are called “drill strings™. Those drill strings
are different than typical “casing strings” run into the well.
Because it was historically absolutely necessary to do open-
hole logging to determine the presence or absence of oil and
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gas, the fact that different types of pipes were used in “drill
strings™ and “casing strings” was of little consequence to the
economics of completing wells. However, it is possible to
choose the “drill string” to be acceptable for a second use,
namely as the “casing string” that is to be installed after
drilling has been completed.

New Drilling Process

[0056] Therefore, the preferred embodiments of the inven-
tion herein reduce and simplify the above 14 steps as follows:
Repeat Steps 1-2 above.

Steps 3-5 (Revised)

[0057] Choosethedrill bitso that the entire production well
can be drilled to its final depth using only one single drill bit.
Choose the dimensions of the drill bit for desired size of the
production well. If the cement is to be cured under ambient
hydrostatic conditions, attach the drill bit to the bottom
female threads of the Latching Subassembly (“Latching
Sub”). Choose the material of the drill string from pipe mate-
rial that can also be used as the casing string. Attach the first
section of drill pipe to the top female threads of the Latching
Sub. Rotary drill the production well to its final depth during
“one pass drilling” into the well. While drilling, simulta-
neously circulate drilling mud to carry the rock chips to the
surface, to prevent blowouts, to prevent excessive mud loss
into formation, to cool the bit, and to clean the bit. Open-hole
logging can be done while the well is being drilled with
measuring-while-drilling (MWD) or logging-while-drilling
(LWD) techniques. LWD is obtaining logging measurements
by MWD techniques as the well is being drilled. MWD is the
acquisition of downhole information during the drilling pro-
cess. One MWD system transmits data to the surface via
wireline; the other, through drilling fluid. MWD systems are
capable of transmitting well data to the surface without inter-
rupting circulating and drilling.

[0058] MWD may be used to determine the angle and
direction by which the wellbore deviates from the vertical by
directional surveying during routine drilling operations. A
steering tool is a directional survey instrument used in com-
bination with a deflected downhole motor that shows, on a rig
floor monitor, the inclination and direction of a downhole
sensing unit. A gyroscopic surveying instrument may be used
to determine direction and angle at which a wellbore is drift-
ing off the vertical. The steering tool instrument enables the
operator both to survey and to orient a downhole motor while
actually using a deflection tool to make hole. Sensors in the
downhole instrument transmit data continuously, via the
wireline, to the surface monitor. The operator can compensate
for reactive torque, maintain hole direction, and change
course when necessary without tripping out the drill string or
interrupting drilling. MWD systems furnish the directional
supervisor with real-time directional data on the rig floor—
that is, they show what is happening downhole during drill-
ing. The readings are analyzed to provide accurate hole tra-
jectory.

Step 6 (Revised)

[0059] After the final depth of the production well is
reached, perform logging of the geological formations to
determine the amount of oil and gas present from inside the
drill pipe of the drill string. This typically involves measure-
ments from inside the drill string of the necessary geophysical
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quantities as summarized in Item “b.” of “Several Recent
Changes in the Industry”. If such logs obtained from inside
the drill string show that no oil or gas is present, then the drill
string can be pulled out of the well and the well filled in with
cement. If commercial amounts of oil and gas are present,
continue the following steps.

Steps 7-11 (Revised)

[0060] If the cement is to be cured under ambient hydro-
static conditions, pump down a Latching Float Collar Valve
Assembly with mud until it latches into place in the notches
provided in the Latching Sub located above the drill bit.

Steps 12-13 (Revised)

[0061] To “cure the cement under ambient hydrostatic con-
ditions”, typically execute a two-plug cementing procedure
involving a first Bottom Wiper Plug before and a second Top
Wiper Plug behind the cement that also minimizes cement
contamination comprised of the following individual steps:

[0062] A.Introduce the Bottom Wiper Plug into the inte-
rior of the drill string assembled in the well and pump
down with cement that cleans the mud off the walls and
separates the mud and cement.

[0063] B. Introduce the Top Wiper Plug into the interior
of the drill string assembled into the well and pump
down with water thereby forcing the cement through any
Float Collar Valve Assembly present and through the
watercourses in “a regular bit” or through the mud
nozzles of a “jet bit” or through any other mud passages
in, the drill bit into the annulus between the drill string
and the formation.

[0064] C. After the Bottom Wiper Plug and Top Wiper
Plug have seated in the Latching Float Collar Valve
Assembly, release the pressure on the interior of the drill
string that results in the closing of the float collar which
in turn prevents cement from backing up in the drill
string. The resulting pressure release upon closure of the
float collar prevents distortions of the drill string that
might prevent a good cement seal as described earlier.
Le., “the cement is cured under ambient hydrostatic
conditions”.

Repeat Step 14 above.

[0065] Centering the casing in the hole is necessary for
cement to form a uniform sheath around the casing to effec-
tively prevent migration of fluids from permeable zones. Vari-
ous accessory devices assure better distribution of the cement
slurry outside the casing.

[0066] Field reports show that that casing cementation is
improved by the employment of centralizers. Centralizers are
often used on casing for two main purposes in connection
with cementing: (1) to ensure a reasonably uniform distribu-
tion of cement around the pipe, and (2) to obtain a compete
seal between the casing and the formation. Centralizers allow
proper cement distribution by holding casing away from the
wall. Centralizers also lessen the effect of differential pres-
sure to stick the liner and center the pipe in the hole. A casing
centralizer is a device secured around the casing at regular
intervals to center it in the hole. Hinged centralizers are usu-
ally clamped onto the casing after it is made up and as it is run
into the hole.
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[0067] Therefore, the “New Drilling Process™ has only 7
distinct steps instead of the 14 steps in the “Typical Drilling
Process”. The “New Drilling Process”, consequently has
fewer steps, is easier to implement, and will be less expensive.
[0068] The preferred embodiment of the invention dis-
closed in FIG. 1 requires a Latching Subassembly and a
Latching Float Collar Valve Assembly. The advantage of this
approach is that the Float 32 of the Latching Float Collar
Valve Assembly and the Float Seating Surface 34 in FIG. 1 are
installed at the end of the drilling process and will not be worn
due to mud passage during normal drilling operations.
[0069] Another preferred embodiment of the invention pro-
vides a float and float collar valve assembly permanently
installed within the Latching Subassembly at the beginning of
the drilling operations. However, such a preferred embodi-
ment has the disadvantage that drilling mud passing by the
float and the float collar valve assembly during normal drill-
ing operations will tend to wear on the mutually sealing
surfaces.

[0070] The drill bit described in FIG. 1 is a milled steel
toothed roller cone bit. However, any rotary bit can be used
with the invention. A tungsten carbide insert roller cone bit
can be used. Any type of diamond bit or drag bit can be used.
The invention may be used with any drill bit described in Ref.
3 above that possesses mud passages, waterpassages, or pas-
sages for gas. The bit consists of a cutting element and circu-
lating element. The cutting element penetrates and gouges or
scrapes the formation to remove it. The circulating element
permits passage of drilling fluid and utilizes the hydraulic
force of the fluid stream to improve drilling rates. Any type of
rotary drill bit can be used possessing such passageways.
Similarly, any type of bit whatsoever that utilizes any fluid or
gas that passes through passageways in the bit can be used
whether or not the bit rotates. A drag bit, for example, is any
of a variety of drilling bits with no moving parts that drill by
intrusion and drag.

[0071] A rockbit cone or other chunk of metal is sometimes
left in an open hole and never touched again. A fish is an
object that is left in the wellbore during drilling or workover
operations and that must be recovered before work can pro-
ceed, which may be anything from a piece of scrap metal to a
part of the drill stem. The drill stem includes all members in
the assembly used for rotary drilling from the swivel to the bit.
The fish may be part of the drill string which has been pur-
posely disconnected, so that the part of the drill string may be
recovered from the well by fishing.

[0072] While the above description contains many speci-
ficities, these should not be construed as limitations on the
scope of the invention, but rather as exemplification of pre-
ferred embodiments thereto. As have been briefly described,
there are many possible variations. Accordingly, the scope of
the invention should be determined not only by the embodi-
ments illustrated, but by the appended claims and their legal
equivalents.

What is claimed is:
1. An apparatus for drilling a wellbore comprising:
a drill string having a casing portion and a drill bit.
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