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SANDIA LABORATORIES
DRILLING TECHNOLOGY RESEARCH PROGRAM
ALB~QUERQUE, NEW MEXICO
by
M. M. Newsom
C. F. Huff
Sandi a Laboratories
Albuquerque, New Mexico 87115
ABSTRACT
This paper presents the activities of the Drilling Technology
Research Program conducted by Sandia Laboratories for DOGST/ERDA
from program inception in April, 1976, to September, 1977,
Progress on four projects is presented --High Performance Bits,
High Temperature Mud Instrumentation, High Temperature Materials
and Downhole Infoimation While Drilling.
The high performance bit development centers on improved bond-
ing techniques for attaching the General Electric man-made diamond
(Stratapax) to a mounting structure or bit body. Bond strengths
in excess of 80,000 psi (550 MPa) in shear have been produced by
diffusion bonding. The improved bonding technology will
accelerate application of the Stratapax to drill bits by improving
manufacturability and reliability of these bits. Single point
cutting tests of diffusion bonded Stratapax are discussed along
with plans for bits to field test the diffusion bonds.
Preliminary design work on high temperature mud filtration
and viscosity instrumentation is described along with initial
attempts to characterize physical changes that occur in muds in
deep hot wells. The goal is to develop tests that will simulate
downhole conditions. This field equipment will allow on-site
evaluation which will decrease mud costs by reducing the necAssity
of over treatment oi urilling fluids. Experiments underway to
determine ways to increase the service life of drill steels and
el astomers in hot corrosive environments are discussed. Better
·service life will decrease the number of equipment failures, reduce
expensive fishing jobs and allow completion of more wells in
hostile environments. A fourth area, Dovnhole Information While
Drilling, has limited activity on development of a "Drilling and
Formation Information System" to determine the difference between
formation and mud column pressures while drilling. These programs
will aid in reaching the ERDA/FE goals by improving rig efficiency,
reducing drilling costs and increasing the footage drilled per
year. Additional footage will yield increased petroleum reserves.
Prepared for the Energy Research and
under Contract No. (29-1)-789.
, - - - - - N O T I C E - - - - - ,
This report was prepared u an account of work
spon10red by the United States Government. Neither
the United States nor the United States Energy
Retearch and Development Admlni.st,.tion, nor any of
their empk>yees, nor any of their contractor&,
subcontractora, or their employees, makes any
warnnty, express or impUed, or assumes any lepl
U.bility or responsibility for the accuracy, completeness
or utefulne• of any information, appantus, product or
proceiS dbcloted, or represents that its use would not
infrinae privately owned ri&Jlts.
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	2. DISCLAIMER
This report was  prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
 


	3. DISCLAIMER
Portions of this  document may be illegible in
electronic image products. Images are produced
from the best available original document.
 


	4. SUMMARY
The Drilling Techno~ogy  Research Program at Sandia Laboratories,
being conducted for the Division_of-Oil, Gas and Shale Technology/
ERDA, is composed of four parts -- High Performance Bit Development,
High Temperature Drilling Fluids, High Temperature Materials and
Downhole Information While Drilling. This document reports the
activities of the program in FY-76, FY-76A and FY-77.
The primary thrust of the High Performance ·Bit Development
Program has been the development of an improved bonding technique
for attaching the General Electric Co. man-made diamond cutters,
Stratapax. Diffusion bonding has been selected for development
because it provides a strong attachment method at a relatively low
temperature that is more resistant to weakening due to frictional
heating and fluid erosion than conventional brazing; Suitable
bond properties have been demonstrated in the lab. The present
efforts are directed to developing a manufacturing technique and
production specification for the diffusion· borid using commercially
available processes. Drill bits are being designed to field
test the diffusion bonded joints to demonstrate the serviceability
of the bond.
Accomplishments to date are:
(1) Ni-Ni diffusion bonds with shear strengths in excess
of 80 ksi have been prepared. These bonds are both
heat and erosion resistant and their toughness has
been demonstrated in laboratory single cutter tests.
(2) Single cutter tests have shown a diamond failure mode
in harder rock at currently accepted low rake angles
(< 15°). Rake angles greater than 20° have been shown
to minimize this failure mode and provide a controlled
wear, longlife, self-sharpening cutter.
(3) An interactive graphics computer algorithm has been
developed that greatly reduces the design time required
to define an optimum Stratapax bit configuration.
(4) A Stratapax core bit has been developed jointly with
American Coldset Corp. and has. shm,rn greatly improved
drilling rates and life in laboratory tests. Further
development of this bit could greatly reduce coring
co~ts.
The High -Temp ere~t.ure- Pres sure l-·1ud Ins trumen tation work has
centered on a state of the art assessment and instrumentation
definition and design. This program has characterized the effects
of high temperatures and pressure on drilling· muds and will provide
field portable test equipment to simulate downhole conditions in
mud testing. Development of a high-temperature/pressure viscometer
and a high te~perature filteration test are underway.
2
 


	5. The High Temperature  Haterials project includes testing
.of samples of coated elastomers and specimens of drill steels
wfth various heat treatment to increase the service life of
these materials in a high temperature, sour gas environment.
Ageing tests ·and fatigu.e tests are being conducted and scheduled
for completion by the end of FY-77.
In the fourth project, Downhole Information While Drilling,
work was in the form of an investigation to determine areas that
would benefit from ERDA support. After considerable study, it
has been concluded that the technique proposed by Mobil R&D
Corporation for determining the difference between the formation
pressure and mud column pressure while drilling is a technique
that should be actively pursued. This project is described in
the-joint Mobil-Sandia proposal, "Drilling and Formation
Information System." The technique will be a valuable asse·t in
drilling into pressure sensitive formations and in frontier
areas and will complement the downhole telemetry systems that are
being developed by industry at the present time.
In all of these projects it has been Sandia's policy to
actively consul~ with industry in order to have the best possible
information to direct our work. It is also program policy to
develop cooperative programs with industry where possible to
insure proper program direction and eventual utilization. These
coope~ative programs range from formal contractual arrangements to
informal working agreements. Industry is willing to participate
in the~e programs, especially if arrangements can be made in such
a manner· as to avoid compromise of their competitive position.
The following sections give a more detailed description of
the work to date and some indication of the planned activities
for the future.
HIGH PERFORMANCE BIT DEVELOPMENT
This project is designed to aid in development of high
performance bits with th~ goal of higher penetration rates in
deep vells and offshore where drilling costs are very high.
Because of the great promise shown by the GE-Stratapax cutters in ·
tests reported to.Sandia by GE and others in the drilling industry,
it was decided to direct the full efforts of this program toward
aiding in developing Stratapax bit technology.
Early studies in the application of Stratapax to rock
drilling 1
showed that one of the primary failure modes was
fracture of the braze joint between the Stratapax and. supporting
stud. Low temperature brazes have been used due to inherent
temperature limitations in the man -made diamond. It was decided
that Sandia could best help accelerate the use of Stratapax in
drill bits by improving the bonding techniques used. A necessary
part of this program is to evaluate the integrity of the bond in
3
 


	6. field drilling applications.  This requires extensive testing of
th~ bondincluding design of a bit for field testing as a final
proof test for the bonding technique. It is under these guidelines
that the activities described below were conducted.
The results to date include the development of an Ni-Ni
diffusion bond that in initial tests shows the high shear strength,
erosion resistance and thermal stability desired. In baseline
braze testing on single cutter tests, there was evidence of braze
softening due to friction heating of a worn cutter. The new
technique uses an Ni-Ni bond which will not soften at these
temperatures. Single cutter tests in hard rock have also demon-
strated the importance of high negative rake angles (greater than
- 20°) for cutting edge stability and long life. Early design
layouts of the test bit demonstrated the need for automated
technique for position~ng the Stratapax on the bit body. An
interactive graphics computer algorithm is being developed to
position the Stratapax in an optimum way. These results are
described in more detail below.
The present plans for the program include additional manu-
facturin~ development of the bondirtg technique and construction of
several bits to test the improved bonds. The impact and fatigue
resistance of the bonding technique must be evaluated in full
scale field tests. The baseline rock cutting studies gave some
indication. of the ruggedness of the bond but only a field test
can give the ultimate proof of field worthiness. Future bonding
studies will be directed towards insuring consistency and manu-
facturability. The design of the test bits in cooperation with
bit companies are proceeding with the critical area of bit hydraulics
requiring considerable effort·.
Stratapax Bonding Study
The objective of Sandia's. Stratapax bonding studies is to
develop a joining technology for Stratapax cutters which will
assure joint efficiencies adequate for all high performance bit
designs. Since high drilling rates create large forces and signi-
ficant heating, the development of high strength joints to
Stratapax cutters is important to high performance bit development.
Conventionally, Stratapax cutters are joined to cermet studs
or drill bodies by brazing with an Ag-Cu-Zn-Cd alloy. Typical
strengths of these braze joints are reported to be~ 35,000 psi.
Some vaTiation in joint strength can be expected due to flux
inclusions. These joints have often failed in field tests.
Several alternate approaches to improving joint efficiencies
have been considered. These include improved braze techniques,
. ultrasonic welding, friction w~lding, diffusion bonding, and
diffusion brazing. Braze joints could probably be made more
consistent in strength by minimizing or eliminating flux entr~p
ment, but the ultimate strength of braze joihts can probably not
4
 


	7. be. made to  exceed 50,000 psi in shear, because of the necessity to
use alloys which flow we~l at 650°C and the braze is subject to
softening due to the heat generated·while cutting.
Advantages of diffusion bonding are the ability to bond to
complex shapes, maintain thin bond zones and potentially produce
very high joint efficiencies .. Potential disadvantages of diffusion
bonding are the probable need to metallize parts prior to bonding,
high capital equipment costs and the fact that required bonding
temperatures are near the maximum permissible limit of the
Stratapax (650-700°C). Diffusion bonding was selected for develop-
ment as an alternate process to brazing because of potentially
high joint efficiencies obtainable by proven process techniques.
Nickel and cobalt were selected for investigation as platings
on the tungsten carbide-cobalt matrix cermets to increase the
bondable areal fraction. Cobalt was an obvious choice because of
its demonstrated ability to bond to tungsten carbide .. Nickel
was attractive from several points of view. First, of the f.c.c.
metals, which have generally shown better bonding than b.c.c. and
h.c.p. metals, nickel is the strongest. Anothe.r favorable
property of nickel is the ease with which organize barriers can
be removed. Also, nickel has the ability to destroy organic
surface contaminants and oxide films by absorption during diffusion
bonding. ·
Experimental Approaches
Metallization -- Platings applied to cermet surfaces prior
to diffusion bonding must not only be bondable but must exhibit
strong interfacial bonds at the cermet surfaces. Two plating
processes have been satisfactorily evaluated: electroplating and
a physical deposition technique, d.c. electron beam ion plating.
In the electron beam ion plating process, the cermet parts
are initially sputter cleaned with ar~on ions. While d.c.
sputtering is still in progress, electron beam evaporation is
initiated so as to result in 0 ion implantation of metal ions for
approximately the first 100 A of deposit. Then sputtering is
discontinued and deposition continues resulting from electron
.beam evaporation. Because of the initial sputter cleaning, this
process is expected to produce a high purity cermet-plating
interface. Also, the process produces high purity depositions with
clean, active surfaces.
Bonding -- Initially, diffusion bonding studies were per-
formed by uniaxially loading pairs of tungsten carbide cermets
in a vacuum hot press. The_specimen chamber was evacuated to
maintain a pressure of"-' 10 6
torr at bonding temperatures. A
disadvantage of uniaxial loading is that mechanical restraint,
both geometrical and frictional, produce pressure hill effects and
non-plastic zones near the faying interface which are known to
cause non-uniform bonding. In an effort to minimize the effect
5
 


	8. of these phen6mena,  most of the specimens were bonded at an
average compressive stress cif 100,000 psi, which is an order of
magnitude greater than the flow stress of either nickel or
cobalt, in the 600-650°C temperature range. A second problem with
uniaxial bonding is that pressure gradients can easily develop
transverse to the loading axis unless all specimens are accurately
aligned and surfaces are parallel.
A more sure approach of avoiding pressure gradients is to
diffusion bond under isostatic pressure. In this study specimens
were gas-pressure bonded to evaluate this approach. Gas pressure
bonding greatly simplifies loading, since parts of irregular
shape can easily be uniformly loaded so long as their faying
surfaces are parallel and external surfaces are loaded with a
suitable pressure medium. Two gas-pressure bonding experiments
have been conducted at Battelle :Memorial Institute, Columbus,
Ohio, with specimens prepared by Sandia. In the first experiment,
one group of specimens was bonded at 600°C, whereas the other was
bonded at 650°C. All specimens were isostatically bonded at a
pressure of 40,000 psi (275 MPa). The specimens were encapsulated
in a pressure medium of CS graphite, which was canned in thin
walled (0.035 inch), 304 stainless steel tubing. The tubes were
sealed by electron beam welding stainless steel end caps to the
open end while the assemblies were under a vacuum of 10- 5
torr.
Prior to assembly, the graphite and stainless steel parts were
vacuum outgassed one-half hour at 1150°C.
In t"he second experiment, one run was· made at
(206 MPa) and 650°C and a second run at 40,000 psi
A core bit was included in the lower pressure run.
procedures were similar to those used in the first
0.065 in stainless steel cans were used.
Results of Initial Bonding Experiments
30,000 psi
(276 :MPa) and 650°C.
The canning
experiment, but
Objectives during.this initial phase of the Stratapax bonding
study were:
(1) to determine the feasibility of joining tungsten
carbide cermets by diffusion bonding
(2) to evaluate materials and processes for metallization
of cermets in preparation for diffusion bonding,
(3) to evaluate gas-pressure bonding as a process for
diffusion bonding of ~ermets, and
(4) to bond a set of Stratapax to a full bit blank.
Most of the study employed tungsten carbide-cobalt cermet
blanks, which were metallized, diffusion bonded, and then shear
tested to failure. One blank of each pair had cobalt enriched
6
 


	9. surfaces to simulate  cermet studs with cobalt enriched surfaces,
whereas the other had the normal non-enriched surface of the
Stratapax.. The first ex{)erimental results are summarized in
Table I. The ADH series of specimens were all bonded by uniaxial
loading, whereas the GPB series were gas-pressure bonded.
Advanced Experiments
Additional experimental studies are being conducted to
develop techniques for bonding Stratapax directly to drill bodies,
study the cermet plating interfaces and explore the practicality
of gas-pressure bonding as a production process.
Drill bits are expected to utilize Stratapax cutters in two
ways: mounted on cermet studs and bonded directly to drill
bodies. Results of recent gas-pressure bonding studies indicate
that Stratapax cutters can be bonded to cermet studs by techniques
already developed. However, direct bonding to drill bodies intro-
duces new problems involving materials, size and complexity in shape.
These problems suggest the use of powdered materials as pressure
transfer mediums versus the commonly used machined inserts. This
technique is being studied in a series of experiments, the first
of which is. described below.
Experiments with Powdered Pressure Transfer Mediums
A second series of cermet specimens has been gas pressure
bonded at Battelle Memorial Institute, Columbus, Ohio. The
objectives of these .studies were to evaluate:
(1)
(2)
(3)
(4)
The dependence on bonding pressure (20 7 :MPa vs
276 MPa),
The effect of metallization thickness (60 ~m
nickel vs 25 ~m nickel),
Gas-pressure transfer medium (graphite granules
and spherical aluminum powders), and
Encapsulation techniques fnr coring bits.
Following bonding at 650°C for four hours, the encapsulation
cans were removed from the autoclave. Visual inspection of both
the cans and the specimens extracted from the cans indicated that
sufficient compaction of the pressure transfer medium had occurred,
with the possible exception of the can containing the coring bit.
To recover the specimens, the graphite granules were easily poured
from the cans. As expected, the aluminum was fully densified and
required dissolution in potassium hydroxide (20%)/water solution.
The bonding of the Stratapax cutters to the coring bit was
unsuccessful. The welds were veiy intermittant and the Stratapax
were easily remove.d with moderate hammer blmvs. The faying
surfaces did not appear to have been brought into continuous
intimate contact. The most probable cause of this failure is.
7
 


	10. insufficient compaction of  the pressure transfer medium (graphite
·granules). The can collapsed radially, but underwent very little
reduction in the axial direction; presumably due to column strength.
In spite of the failure to achieve good weld joints, several design
concepts were proven in this experiment. The can was designed to
pressurize the coring bit both internally and externally to mini-
mize distortion. Also, molybdenum-stainless steel fixtures which
were designed to hold the Stratapax in place- during bonding
appear to have functioned well and were easily removed.
Approximately half of the samples from the recent gas-pressure
bonding experiment will have been shear tested by July 15, 1977.
The shear test data are summarized in Table II. These data indi-
cate the graphite granules can be substituted for solid machined
graphite as a pressure transfer medium. However, as was demon-
strated in the case of the coring bit, the use of graphite granules
requires careful design of the assembly to produce full compaction
of the pressure transfer medium. A pressure transfer medium which
is highly plastic at bonding temperatures, such as aluminum or
glass, should accommodate a wider range .of assembly designs.
Although in the first such experiment, high strength bonds were
not achieved in the three samples made with aluminum as the pres-
sure transfer medium. Further analysis of these samples has
been initiated to determine the cause of the low strength failures.
n·ecreasing the bonding pressure only had a slight effect on
shear strength. It is anticipated that an increase in bonding
temperature to 973 K from 923 K vill more than offset the decrease
in bonding pressure. Autoclaves large enough to accommodate most
drill bits restrict bonding pressures to a maximum of 207 MPa.
The shear strengths show little dependence on plating thickness.
The thicker plating (60 ~m) is expected to be more tolerant to
surface waviness.
Copper matrix cermet samples were included in .this experiment
for the first time. In ·all cases, the shear test samples failed
in the copper matrix cermet rather than in the weld zone.
The strenith of diffusion bonded cermet couples has been
limited by the quality of the cermet-plating interface. Studies
of the interface by scanning electron microscopy has yielded
structural information about the interface and metallization.
These studies have been initially applied to electron beam ion
plating since it has yielded the highest strength bonds. Effects
of plating variables such as reactive gasses vs inert gasses for
sputter cleaning, r.f. vs d.c. sputtering, and cobalt vs nickel
are being evaluated. Also, various substrate conditions are to
be studied, including the effect of cobalt enrichment and
metallizing directly to ground cermet surfaces.
Although electron beam ion plating has demonstrated the
potential for producing high strength bonds, the process must
8
 


	11. be.scaled up to  complex commercial size bits. Plans are underway
to contract with two comm.ercial suppliers to develop the capability·
of metallization by electron beam ion plating on a large scale.
This development will include the capability of metallizing
complete hits .with complex geometries. A contract is also being
negotiated to develop a supplier to prepare CVD nickel samples
since this technique offers several advantages.
Test Bit Design
A program has been initiated to develop a high performance
drill bit to field test the improved Stratapax bond.
The Stratapax cutter is composed of a circular carbide sub-
strate faced with man-made diamonds in a layer .020 inches thick.
The Stratapax are manufactured in two sizes: 1) .32 inch diameter
and 2) .52 inch diameter. The diamond surface· is smooth, ·extremely
hard, and has been used commercially to machine ceramics, graphite
struc.ture and similar abrasive .materials.
The.manufacturer, General Electric (G.E.) has a program to
evaluate the performance of the Stiatapax in well drilling. G.E.
has accumulated extensive data.both in the laboratory (Tulsa
University) and in drilling operations in various parts of the
country.
A program to supplement the G.E. data was established in
Sandia's model shop to determine the effect of rake angle on
life and the forces involved in rock cutting. An instrumented
cutter bar was designed which would hold the Stratapax securely
at different rake angles and would yie1d three axis dynamic
force data in a variety of geologic samples.
In the tests, large rock samples were mounted on the table of
the King mill. These test rocks were rotated at speeds that
result in surface cutting speeds of 120' per minute. Cuts of
various depths and feeds were made in St. Cloud Gray Granodiorite
(41,000 psi compressive strength), l'lhite Sierra Granite (28,000
psi compressive), and Texas Pink Granite (23,000 psi compressive).
·.The hard rocks were used because they give accelerated wear and
fatigue data. During the initial tests, which were performed
using the cutters with the manufactured rake angle of 5° negative,
a cutter failed and the carbide stud holding the cutter sheared.
Investigation indicated the failure probably occurred in stages,
that is, the diamond surface failed causing the cutting forces to
rise. The higher forces then caused the mounting stud to fail.
To pursue this possible problem, a series of tests were
performed at shallow penetration rates (.040 inch). The failure
of the diamond surface was again observed, but the test was
halted before the supporting stud failed. Analysis of the data
and inspection of the damaged Stratapax resulted in the conclusion
that the diamond face had failed in shear due to high vertical
forces on the diamond surface. By increasing the negative rake
9
 


	12. ang~e, it was  possible to determine that in hard-strong rocks
rake ~ngles less than Z0°. often result in catastrophic failure of
the diamond and at angle~ greater th~n zoo the diamond surface
and supporting carbide substrate were instead slowly worn away,
resulting in a self-sharpening action.
The wearing process and cutting action results in the genera-
tion of heat in the cutting element and carbide stud. The heat
generated is· enough to soften the current braze joint which holds
the Stratapax to the mounting stud. Field tests by G.E. have also
noted a tendency for the drilling mud to erode the braze joint.
The efforts of this program are directed towards improving the
strength and temperature capability of the joint.
A second series of tests in sandstone (6,000 psi compress1ve)
and limestone (8,000 psi compressive) were performed. These soft
rocks did not have sufficient strength to fracture the diamond
face or noticeably wear the Stratapax in the test setup. Other
rock samples of dolomites, shales, etc., will be obtained to
increase the knowledge of Stratapax cutting characteristics in
sedimentary rocks as funds are available. A report covering these
studies will be issued.
In parallel with the physical teiting of the Stratapax, a _ .
design program was· initiated to adapt the Stratapax to a field
test drill bit. nvo designs are being investigated: A Stratapax
roller-cone hybrid and an all-Stratapax bit. These designs have
been completed. During the initial layout of the drill bits, it
became evident that the drafting procedures used to position the
Stratapax cutters to give full bottomhole coverage and equal
cutter loading was at best an estimate. The time involved was
extensive and the design required evaluation of each cutter's
loading with drawing layouts, digitizer~ or planimeters.
To minimize the effort required and increase the design
accuracy, Dr. K. W. Chase, Brigham Young University, was assigned
the task of developi11g a computer program to calculate the cutting
area, volume removed, wear surface, and radii to give equal
volume or 'vear surface per cutter per revolution of the drill bit.
The resulting graphics program will _optimize the locati9n of
the individual cutters. The initial program was applied to the
drill bit designs and quickly calculated the positions of the
individual cutters using a criteria of equal volume removed per
cutter. With further effort the ~rogram can be generalized to
evaluate and optimize other drill bit designs for the industry.
This program can also be expanded to evaluate the effect of cutter
wear, rake and cant .angles and torque ?n the drill bit.
One of the most significant problems remaining in Stratapax
bit technology is bit hydraulics, While this problem is not unique
10
 


	13. ~o Stratapax designs,  the fluid flow required in cleaning the
bit' and hole bottom are more stringent in Stratapax bits. Poor
bit cleaning has apparent·ly been a problem in virtually every
Stratapax bit ·tested to date. Sandia will devote considerable
effort to this problem in our field test bit designs. Plans are
being made to enter into cooperative ventures with several bit
companies to build the test bits. These bits will be manufactured
and tested as funding and scheduling permits ..
Slim-Hole Coring Bit
In order to obtain field test data at minimum cost, a coring
bit design concept was conceived which would incorporate the
emerging technology of the Stratapax cutters with the con'ventional
technology of a diamond core bit. The size selected was a "NQ"
bit size (2.98" OD x 1.875" ID). The concept vas presented to
American Coldset Corporation and they joined Sandia in a no-cost,
cooperative bit development program~
Three prototype core bits .vere made. with American Coldset
Corporation (ACC) who built the bit blank with diamond pads.
Sandia purchased the Stratapax ahd ~ounted them on the first bit
using conventional brazing techniques. The bit was then tested
on September 25, 1976. The results are shown in Table III. In
mounting the Stratapax to the bit, one of the braze bonds was
visiblj defective. It failed while drilling along with another
braze that was probably defective, but neither failure was ·
detected ~n the drilling records. The bit continued to drill
until drilling location had to be changed on the Sierra White
Granite specimen. The bit and the Stratapax were not damaged as
a result of the loss. A conventional diamond coring bit was run
in this rock as a comparison standard. Penetration rates as high
as 30 ft/hr were noted at the start, btit within 70 inches of
drilling in this rock the rate of the conventional bit decreased
to 3 ft/hr and the bit was visibly worn, The Sandia-ACC design
drilled approximately 24 inches with no apparent wear.
A second bit was included in the last bonding experiment.
The bonding was not successful due to canning problems but the
bit dimensions remained stable. The bit will be remetallized
and bonded in a later experiment.
HIGH TEMPERATURE.MUD INSTRUMENTATION
The goal of this project is to develop field test equipment
for drilling muds that will simulate the high temperatures and
pressures found in deep wells. This technology is nee~ed to
allow determination of mud performance at depth at. the well site
while drilling. Presently, this information is unavailable at
the well site and overtreatment with chemicals is practiced to
reduce the mud problems experienced. This procedure is costly and
does not assure elimination of the problem. The project is
11
 


	14. diyided into three  parts -- modification of existing equipment,
new equipment design where modifications are not feasible, and
determination of the high temperature-pressure mud characteristics
that need to be considered. This latter effort will be conducted
by consultation with industry plus laboratory investigations at
Sandia and Maurer Engineering Inc. (MEI), sub-contractor on this
program.
The modification of existing equipment is being conducted
at ME!. Their efforts involve developing a high temperature
filteration test and modification of the Fann SOC laboratory
viscometer for field portable use.
· Filter papers used in present tests char well below the
desired S00°F in the mud filtration tests. ME! has been testing
other porous media that will give repeatable results. Several·
materials have been identified that perform well up to the desired
temperatures. These materials include metal felts, sand with a
plastic binder and high temperature cloths.
After the best candidate material is selected, a test
standard will be prepared and submitted to the API for inclusion
as a standard filteration test.
The Fann SOC is a laboratory viscometer capable of testing the
viscosity of muds at temperature and pressure. The test cell
from this device is being used in development of a field portable
viscometer capable of determining viscosities of mud up to SS0°F
and· 1 ,SOO psi.
Sandia is designing a viscometer capable of determining the
viscosity of drilling muds up to SS0°F and 20,000 psi. This
device will be fully field portable. The device is a rotating
viscometer driven by a magnetic torque coupler. Viscosity can be
measured through the full range of shear rate with a variable speed
motor. The design is simple and allows for easy maintenance.
HIGH TEMPERATURE MATERIALS
This project is designed to improve the service life of
commercially available materials. The program is currently
divided into environmentally resistant elastomer and corrosion-
fatigue resistant steel investigations with each program described
below. It should be noted that neither project has the goal of
developing an entirely new material but rather to upgrade the
service capabilities of existing commercial materials. Experiments
are presently underway and because of the extended environmental
exposure time required for each test, definitive results on some of
the tests are not available at this time.
Environmentally Resistant Elastomers
Elastomers are widely used·in drilling and production equip-
ment, and many of the commercially available elastomers fail under
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	15. the severe environmental  conditions that prevail in deep oil and
gas wells. There is, therefore, a need for elastomers which will
survive a.t elevated temperatures in the presence of sour-gas,
steam, drilling mud, and oil or any combination of these conditions.
Although Kalrez, a perfluoroelastomer developed by DuPont has shown
excellent prom1se because of its outstanding chemical and thermal
resistance, this material has found only limited application
because of its high cost. The goal of this program is to overcome
this cost problem by enhancing the chemical resistance of less
expensive elastomers. Enhanced chemical resistance can be
realized by plasma polymerization in which a very thin layer of
an impervious film is deposited on the rubber surface or by
adding stabilizing compounds to the elastomers. Improved chemical
resistance can be accomplished either by applying an inert coating
to the elastomer or by modifying the surface of the elastomer in
such a way as to enhance its stability.
Plasma deposited films are noted for their chemical inert-
ness, and strong adhesion to the substrate if the film is suffi-
ciently thin. Such films are generally highly crosslinked and
therefore should exhibit reduced permeability to gases. Plasma
polymerizations will be carried out in an inductively coupled RF
glow discharge apparatus. Although Teflon and Parylene coatings
have been used to environmentally protect metals and electronic
circuitry for some time, these coatings have never been used to
protect elastomers. The C-F bond is one of the strongest chemical
bonds and accounts for the high stability of such polymers as
Teflon and Kalrez. In theory then, enhanced stability could be
achieved by fluorinating the surface of polymers ~uch as Viton or.
DPR, whereby C-H bonds are converted to C-F bonds. The primary
purpose of this part of the study is t~ determine the feasibility
of these two approaches toward stability enhancement. Currently,
the rubber industry is not active in this area. Although this
technique is developmental in nature, it has been used successfully
in a number of other applications at Sandia.
To date, it has been found that Teflon coated Vitons were
slightly more resistant to attack by sour gas at ~00°C than uncoated
Viton specimens. That only marginal enhancement of stability was
achieved was attributed to the fact that the conditions and
apparatus for making high molecular weight, crosslinked Teflon .via
·plasma polymerization were not optimum. The RF glow discharge
apparatus is being modified in an effort to overcome this problem.
Success was experienced however, in coating Viton, EPR and other
elastomers with a tough, high quality film of Parylene C (poly
(chloro~p-xylylene)). Tests to evaluate the effectiveness of this
coating as a barrier for sour gas are in progress. Initial
efforts to fluorinate Viton using C2F6 in an electrical discharge
look promising. Qualitative observations suggest such that
enhanced resistance to sour gas was realized. Tests to quanti-
tatively confirm these findings are underway.
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	16. In the coating  tests, samples of Buena N, Viton and Kalrez
are coated and the effic~ency of these coatings is evaluated as
follows: 1) dynamic mechanical properties, i.e., shear modulus,
of both the c~ated and uncoated rubber specimens will be determined
before and after exposure to sour gas at elevated temperatures;
and 2) stress relaxation experiments will be performed under the
same conditions. If improved stability is observed in these
tests, the samples are exposed to an environment which approxi-
mates that encountered in a deep oil well, i.e., the effect of
high pressures, steam and drilling muds will be determined.
Another approach to enhancing the resistance of elastomers to
a sour gas/steam environment is to incorporate additives that
are·reactive toward these chemicals. The additives we propose
to ev~luate will be polymeric in nature so as to minimize their
loss due to volatilization. The test llethods employed will be
similar to those described above. New formulations will be made
from both Viton and Kalrez gumstocks.
A Hastelloy C Autoclave has been ordered so as to be able to
evaluate elastomers under conditions that approximate those found
in a deep oil ~ell. In addition, a microrubber mill was ordered.
This mill will be used to incorporate stabilizing additives in
such rubber resins as Kalrez, Viton and EPR.
Corrosion-Fatigue Resistant Steels
Fatigue failure of drill stem is a problem that has plagued
the· drilling in.dustry for decades. The object of this program is
to det~rmine whether this type of failure can be minimized by
closer control of drill stem manufacturing procedures.
The American Petroleum Institute specifications for drill
stem are written primarily in terms of mechanical properties and
say very little about manufacturing processes. As a result, most
grades of drill stem can be and are processed in a .variety of
ways. Little is known about the effects of these processing
variables on fatigue behavior. It is well known that processing
variables can significantly influence properties such as toughness
and environmental.embrittlement wear when less sensitive variables
. such. as hardness are unchanged. This program will determine to
what extent the method of heat treatment influences fatigue
behavior in drill stem materials. Special attention will be given
to fatigue in H2S containing environments because of the increased
severity of the problem in sour gas holes.
The material selected for initial study is 4140 steel. This
material was selected because it is similar to drill stem steels
and because yield strength levels corresponding to those of
intermediate strength drill stem steels can be easily obtained by
two widely different heat treatments: normalizing and quenching
and tempering. Initial experiments focused on determining the
details of the heat treatments required to give the desired
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	17. . .
strengths. It  va·s found that a yield strength of 96 ksi (662 MPa)
could be obtained by normalization (relatively slow cooling from
1600°F) or by water quenching from 1550°F followed by tempering
at 1200°F for 24 hours. Fatigue specimen blanks were given these
heat treatments and machined into compact tension type specimens.
The first set of fatigue tests were run in air· on a closed loop
testing machine. The load amplitude was measured by an electric
load cell and crack length was. determined by comparing the
compliance of the specimen with those of standard specimens of
known crack lengths. Results show that fatigue behavior in air
was not influenced by the difference in heat treatment. Similar
results were found when the test samples were subject to a brine
environment. It is not expected that this trend will follow
through the more severe simulated downhole environments, parti-
cularly those containing H2S. These tests will be conducted in
August of 1977.
DOWNHOLE INFORMATION WHILE DRILLING
This phase of the Drilling Technology Program was budgeted
in FY-76 to determine areas where Sandia could assist in develop-
ment of downhole sensing and telemetry system development.
Several areas were identified but the most promising is a program
suggested by Mobil Research and Development Corporation. This led
to a joint proposal between Sandia and Mobil submitted to DOGST/
ERDA which is described below. Effort in FY-77 has been limited
to familiarization, coordination with Mobil and program planning
by personnel that will be involved in the project.
The objective of this project is to conduct research on
actual drilling wells to develop knowledge about the drilling
process so that one can accurately estimate the difference between
the formation and mud column pressure, ·called differential pres-
sure (6P). This work is presently in the proposal stage, but Mobil
has actively pursued the project independently for several years.
The techniques and knowledge gained from this work will result
in more economical (higher rate of penetration), and safer (improved
knowledge of pressures, especially in geopressured zones) drilling
in offshore and other frontier areas. In addition, the~e will be
fewer bypassed hydrocarbon formations and higher well production
. rates resulting from decreased formation damage by the drilling
fluids. Lost wells, and well disasters and delays, will be
reduced since geopressured zones will be detected before they
create difficulties in drilling.
The primary goal of this program is to develop a technique
capable of predicting drilling differential pressures (6P =
P d - P ) to wi.thin a standard deviation of 100 psi in real
mu pore .
time while drilling. It is known that 6P strongly influences the
drilling rate of penetration and safety aspects of the drilling
operation, especially in offshore areas where economy and safety
are of utmost importance. It is highly desirable to drill with
a minimum 6P (low~r 6P results in higher rate of penetration and
reduced formation damage) consistent with the mud pressure
required to maintain adequate control of foimation fluids
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	18. .·...
·('ef>pecially in dangerous  offshore and over-pressured zones).
Thus, the objective of the project is to develop a technique that
can be used to very accurately determine ~P in real time while
drilling so that it can be controlled closely at the value
deemed necessary to drill at the most economical rate while
maintaining control of the well. Mobil believes that current
~p estimation techniques supply ~p to an error standard deviation
of 500 to 1000 psi when drilling at 10,000 feet in a known forma-
tion.
Formation properties constitute a set of independent variables
which, along with drilling control variables, determine the values
of dependent drilling variables. The formation properties can be
classed as lithology, porosity, fluid content, pore pressure,
and temperature. These properties are independent variables in
drilling equations as they are· beyond control while drilling.
The drilling control variables include bit type and condition,
• rotary speed, weight on bit, drilling mud weight and other prop-
erties, and fluid system pressures along with various secondary
equipment effects. The dependent variables are rate of penetra-
tion, rotary torque, and drill string_ vibrations with secondary
properties such as hole diameter, hole straightness and chip size.
These variables can be combined to form drilling response
equations which relate the dependent variables to the independent
and control variables. Drilling differential pressure, ~P,.is a
combination formation-drilling control variable that can be
calculated from these drilling equations if the other variables
and· parameters in the equation are deterministic.-
Since the inception of the program in January, 1975, Mobil
has developed a ~p estimation scheme as far as possible with
currently available data. Additional field data must be collected
with instrumentation superior to that presently in use. Because
of the complexity of the field instrumentation problem, Sandia
has been asked to join the project.
Mobil believes that this technique will be of significant aid
to the entire oil and gas industry in the areas of drilling
economics and safety. Furthermore, it is desirable for the proven
. technique to be marketed ultimately by industry service companies,
thus making the advancement available to the entire industry.
Mobil has already made a substantial research effort in the program
area as exhibited by $1/2 million expended on equipment, manpower,
and research results, that they plan to contribute to the proposed
project. For these reasons it is felt that a cooperative project
is the proper way to develop this technique.
The improved procedures developed by this project should
contribute to increased reserves (fewer lost wells in wildcat
areas, fewer commercial intervals in a well hidden by formation
damage), increased well production rates (reduted formation damage),
and reduced drilling and completion costs (increased drilling rates,
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	19. reduced rig time,·  reduced drilling problems and disasters,
reduced formation damage. resulting in reduced well stimulation
costs). The benefits will be derived by implementation of the
following project accomplishments within drilling operations:/
(1) A greatly improved knowledge of the drilling
differential pressure (~P) while drilling. This
real.time knowledge will allow additional control
of the drilling process to .obtain: ·
1 .
(a) Improved detection of pressure transition
zones. This ability will reduce the chances
of a blowout and loss of the hole when a gee-
pressured zone is encountered, and of lost
circulation when a low pressured zone is encountered.
Drilling safety and environmental control will be
improved.
(b) Improved selection of casing setting depths,
especially in the pressure transition and over-
pressured zones. Improved casing point selection
can sometimes result in one less casing string 1n
a hole.
(c) Fewer trips, increased bit footage, increased
penetration rate, and reduced drilling problems
from differential sticking and sloughing shales
because of the ability to drill safely with a
low differential pressure (near balanced pressure
drilling) and decreased open hole time~
(d) Reduced formation damage due to lower mud filtra-
tion penetration of the ·formation because of
lowered differential pressures while drilling and
decreased open hole time.
(e) Accurate near balanced pressute drilling will permit
improved mud designs, e.g., higher mud filtrate
loss will be acceptable. ·
(2) Real time logs of formation drillability (Cf), porosity
(from Cf), pore pressure (Pp), drilling equation para-
meters, differential pressure, and rate of penetration
(ROP) . The Cf log is a good real time log by which to
correlate formations from well to well. Real time
collection of the above logs means that the drilling and
formatiorr properties of a well lost during drilling are
permanently available up until the instant· that the well
was lost.
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	20. (3)_ New and  greatly improved information on the drilling
·process in the form of improved versions of empirical
~drilling process equations. These equations can be
used to improve drilling cost minimization algorithms,
to help ,develop direct rig control techniques, etc.
This proposed program has been submitted to ERDA/DOGST in
a joint Mobil/Sandia report, "Drilling and Formation Information
System," dated October 12, 1976.
REFERENCE
1) Eaton, Brown, and Martin, J. Petroleum Tech., May 1975.
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	21. Table I
Shear Str~ngths  of Diffusion Bonded Cermet Blank Pairs
Bonding Process** Metallization
Shear
Pressure Thickness Strengths
IdentitY Technique Kpsi MPa Temperature Mater:lal ].liD Process Kpsi MPa
ADH-1 Vacuum Hot Press 100 690 rv 625 Ni 38 Electroplate 51 350·
ADH-2 Vacuum Hot Press so 345 rv 625 Ni 100 Electroplate 44. 300
ADH-3 Vacuum Hot Press :.oo 690 rv 625 Ni 38 Electroplate 25 170
ADH-4 Vacuum Hot Press :.oo 690 rv 600 Ni + Co 125 Electroplate 58 400
ADH-9 Vacuum Hot Press 100 690 rv 600 Co 38 Electroplate
ADH-6 Vacuum Hot Press 100 690 rv 600 Ni 25 EB Ion Plated 90 620
ADH-7 Vacuum Hot ?ress 100 690 rv 600. Ni 25 EB Ion Plated 74 . 510
ADH-12 Vacuum Hot ?ress 100 690 rv 600 Ni 25 EB Ion Plated 75 520
ADH-13 Vacuum Hot Press 100 690 rv 600 Ni 25 EB Ion Plated 113 780
.......
ADH-10 Vacuum Hot Press 100 690 rv 600 Co 25 EB Ion Plated 60 410
I 1.()
ADH-11 Vacuum Hot Press ]00 690 rv 600 Co 25 EB Ion Plated 54 370
ADH-5 Vacuum Hot Press 100 690 ' rv 600 Co 10 Chemical*** '
Vapor
Deposition 1.4 10
GPB--1 Gas Pressure Bonding 40 276 rv 600 Ni 25 EB Ion Plated 77 530
GPB-2 Gas Pressure Bonding 40 276 rv 600 Ni 25 . EB Ion Plated 84 580
GPB-3 Gas Pressure Bonding 40 276 rv 650 Ni ·2 5 EB Ion Plated 7.8 540
GPB-4* Gas Pressure Bonding 40 276 rv 650 Ni 25 EB Ion Plated 19 130 .
GPB-5* Gas Pressure Bonding 40 276 rv 600 Ni so Electroplate
GPB-6* Gas Pressure Bonding 40 276 rv 600 Ni so E1ect r op 1ate
GPB-7 Gas Pressure Bonding 40 276 rv 650 Ni so Electroplate 47 320
GPB-8 Gas Pressure Bonding 40 276 rv 650 Ni so Electroplate 42 290
X
Assembly problems held faying surfaces apart.
** Bonding time for all specimens was four hours.
*** Temperatures used were too low for adhesion.
,....__
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0
Table II
Summary of  Shear Test Data for Dif;fusion
Sample T:n~e
Cermet Nickel Pressure
Matrix Plating, -llffi Transfer Medium
Cobalt 25 Solid Graphite
Cobalt 60 Solid Graphite
Co'Jalt 25 Graphite Granules
Cobalt 60 Graphite Granules
Cobalt 60 Aluminum
Cobalt 25 Solid Graphite
Cobalt 25 Graphite Granules
Copper 60 Solid Graphite
Copper 25 Graphite Granules
c.opper 60 Graphite Granules
(1) All specimens bonded at 923 K for 4 hours.
(2) Average for thr~e test specimens.
Bonded Cermet Samples
...
Process Conditions(!)
Pressure
MPa-
20 7
20 7
20 7 .
. 20 7
207
276
276
207
207
20 7
(3) Value for one test specimen, more specimens to be tested.
. I
·;
:··~.: ..
..
. -
Shear Strength
K;esi MPa
62 426( 2)
61 4.21 (2)
83 573( 3)
64 442( 3)
13 88 ( 2)
67 464( 2)
72 5ooC 3)
55 381( 2)
46 318 ( 3)
58 39 8 ( 3)
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Table  III
 .
Bit
~
Pressure
Weight Torque Mud Flow Drop @ Bit Drill Rate
(lbs) RPM (ft/lbs). (gEm) (Esi) (ft/hr)
,,
1500 200 15 'V 70 'V 100 1. 35
2500 200 45 66 100 6.1
3500 200 130 55 100 27.9
21
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