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Sandia Laboratories, established
in 1945, is a U.S. Department of
Energy (DOE) multi-program labo-
ratory employing 7600 persons in
Albuquergue, NM, and Livermore,
CA. It is primarily an engineering
laboratory concerned with develop-
ment of nuclear weapons. In recent
years the Labs has also made signifi-
cant contributions to the nation’s
energy research and development
effort. The Labs was originally
operated by the University of
California, but in 1949 a contract
with the Atomic Energy Com-
mission  assigned  management
responsibility to the Bell System.
This contract continues today with
DOE. The Labs also undertakes
assignments for other federal agen-
cies on a noninterference basis.
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Albuquerque, New Mexico 87185
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GEO ENERGY TECHNOLOGY —
AN OVERVIEW

The goal of the Geo Energy Tech-
nology Program is to improve the
understanding and efficiency of
energy extraction and conversion
from geologic resources, hence
maintaining domestic production
capability of fossil energy re-
sources and expanding the usage
of geothermal energy. The Geo
Energy Technology Program con-
ducts projects for the Department
of Energy in four resource areas —
coal, oil and gas, synthetic fuels
and geothermal energy. These
projects, which are conducted
collaboratively with private industry
and DOE’s Energy Technology
Centers, draw heavily on expertise
derived from the nuclear weapons
engineering capabilities of Sandia.
The primary technologies utilized
in the program are instrumentation
development and application,
geotechnical engineering, drilling
and well completions, and chemi-
cal and physical process research.

COAL

A major effort continues to develop
the technology of in situ gasification
of coal. Instrumentation and pro-
cess research studies defined the
time-temperature-combustion zones
on Laramie Energy Technology
Center's Hanna [V field test; diag-
nostic instrumentation assistance
was provided to Lawrence Liver-
more Laboratory's Hoe Creek Il field
test. Geological site characteriza-
tion studies were initiated to support
a possible major coal gasification
field test in the State of Washington.
New projects were initiated in the
geomechanics of coal mine subsi-
dence and in coal mining technol-

ogy.
OIL AND GAS

Technology development for oil and

gas production continues to be the -

largest activity of the Geo Energy
Technology Program. To allow eco-
nomic recovery of deep deposits
of heavy oil through steam drives,
Project DEEP STEAM is developing

improved thermally-efficient injec-
tion strings for use with surface
steam generators as well as the
new technology of downhole steam
generators. Component testing be-
gan in a full-scale environmental
test facility; agreements were nego-
tiated with Getty and Husky Qil to
evaluate thermally-efficient compo-
nents in field tests. Prototype low-
and high-pressure combustors for
downhole steam generation were
successfully fabricated; a field test
of a surface version of a downhole
steam generator has been initiated
with Chevron in California.

To exploit unconventional deposits
of natural gas, diagnostic tech-
niques to characterize stimulation
processes have been developed
and are being extended to forma-
tion evaluation studies. New insights
into the physical processes of explo-
sive and hydraulic stimulation have
been obtained via the mineback
project at the Nevada Test Site. The
Labs will conduct a full-scale Mul-
ti-Well Research Experiment in a
western tight gas sands reservoir.
To define seafloor stability for off-
shore oil production, the first in
a family of seafloor instrumentation
systems, the prototype Seafloor
Earthquake Measurement System,
was successfully emplaced in the
Santa Barbara Channel and is re-
cording seismic events. Drilling
technology studies have aided the
commercialization of drill bits using
polycrystalline diamond cutting
surfaces through new bit designs
and improved bonding procedures.

SYNTHETIC FUELS

Research in synthetic fuels concen-
trated on oil shale and coal lique-
faction. Major accomplishments ir
oil shale included a quantitative as-
sessment of true in situ retorting
and development of improved rock
mechanics fragmentation models.
Negotiations are underway for San-
dia to aid industry’s commercializa-
tion efforts in modified in situ oil
shale processing.

Research in coal liquefaction quan-
tified the influence of pyrite as a
catalyst for liquefaction, developed
a novel catalyst tagging process to

assist in catalyst deactivation stud-
ies, and led to development of a
proposed new model for coal lique-
faction with significant changes in
short-residence-time phenomena.

GEOTHERMAL ENERGY

The Drilling and Well Completion
Program successfully field tested
an improved roller cone bit at the
Geysers in California and the chain
drill at NTS. Improvements were
also made in drilling fluids and bear-
ings and seals for high temperature
applications. Logging tools measur-
ing temperature, flow and pressure,
developed under the Logging In-
strumentation Program, were suc-
cessfuly tested at several field sites,
including one reservoir in excess of
275°C. As part of the Magma En-
ergy Research Program, novel drili-
ing techniques were successfully
tested at Kilauea lki, Hawaii, and
the Magma Simulation Facility be-
came operational.

OTHER EVENTS

At the request of DOE, Sandia Labs,
through the Geo Energy Technol-
ogy Program, undertook a special
engineering overview study of the
Strategic Petroleum Reserve (SPR)
Program. At the conclusion of this
study, Sandia assumed responsibil-
ity for the geotechnical aspects of
SPR. This mission is now centered
in Sandia's Waste Management
and Geotechnicatl Projects Directo-
rate.
Concurrently, the Geo Energy Tech-
nology Program was reorganized
into two departments.. Department
| retains responsibility for all fossil
energy projects and newly created
Department II, managed by R. K.
Traeger, will be responsible for geo-
thermal energy and drilling tech-
nology projects.
, H. M. Stoller
Geo Energy Program Coordinator
Manager — Geo Energy
Technology
Department |




COAL

Coal is the United States’ most
abundant energy resource; it can
meet our needs for hundreds of
years provided it can be mined and
utilized in an economic and envi-
ronmentally sound manner. Sandia
conducts projects which should (1)
permit extraction of energy from
unminabie coal deposits by under-
ground coal gasification, (2) mini-
mize environmental impact by de-
veloping a capability to predict and
control coal mine subsidence, and
(3) increase productivity by devel-
oping improved coal cutting and
mining technology. These projects
are sponsored by DOE’s Division
of Fossil Fuel Extraction.

in Situ Coal Gasification

In situ or underground gasification
of coal is a method of energy ex-
traction which eliminates the need
for mining. Basically, it consists of
providing access to the coal seam
by drilling wells, establishing per-
meability in the seam between wells,
igniting the seam, sustaining gasifi-
cation by injection of air or oxygen,
and withdrawing the product gas
(chiefly hydrogen, carbon monox-
ide, carbon dioxide, and methane)
from neighboring wells. The prod-
uct gas can be combusted to gen-
erate electricity on-site, used as a
chemical feedstock, or upgraded to
synthetic natural gas.

The process has environmental ad-
vantages because the energy is ex-
tracted without mining, and most
ash and sulfur contaminants remain
underground. In addition, the pro-
cess permits exploitation of deep,
~ thin, or other deposits which can-
not be satisfactorily mined with con-
ventional techniques.

There has been worldwide interest
in underground coal gasification for
more than 100 years. However, in-
adequate understanding of the proc-
ess, which occurs hundreds of feet
below ground, and lack of satisfac-
tory process controls needed to
make combustion proceed effi-
ciently have delayed application of
the technique. The Sandia project
addresses these problems by ap-
plying instrumentation expertise
developed in association with the
Labs’ underground tests of nuclear
weapons.

This expertise has been applied
to several field experiments which
have been conducted during the
past five years. Early experiments
provided preliminary information on
the site geology, gasification con-
cepts, and instrumentation tech-
niques. Sandia studies in more re-

cent experiments by the Laramie

Energy Technology Center exam-
ined the gasification between pairs
of wells and evaluated an areal
sweep concept for improved re-
source recovery. During these ex-
periments more than 15,000 tons of
coal were gasified, and gas produc-
tion rates of 8.5 MMscf/day of 150
to 180 Btu/scf gas were maintained
for several weeks. This output is
equivalent to power production of
more than 6 MWe.

As part of these experiments — the
most thoroughly instrumented tests
ever conducted — Sandia designed,
fielded, and evaluated instrumenta-
tion techniques belonging to two
general classes: (1) in situ diagnostic
techniques (thermal, in-seam gas
sampling and pressure, and over-
burden tilt and displacement) to
obtain data for process charac-
terization and (2) remote monitor-
ing techniques (electrical, passive

acoustic, and induced seismic) to
provide a continuous, real-time map
of the in situ process to be used in
a process conirol system. These
techniques used a combination of
instrumentation wells within the ex-
perimental region and instrumenta-
tion arrays at or near the surface.
Extensive thermocouple arrays,
which incorporated special branched
circuitry for data validation, provid-
ed the most detailed characteriza-
tion of in situ coal gasification yet
obtained. The feasibility of in-seam
gas sampling and pressure meas-
urements was demonstrated and
compositional changes caused by
the advancing reaction front were
detailed.

The remote monitoring techniques
— electrical, acoustic and seismic
— provided promising results. Con-
tour maps of potential data from a
surface probe array showed the
location and movement of the com-

“bustion front at 300 feet below the

surface. Mapping the source of
process-related acoustic signals
was also shown to be feasible.
These signals originate in the over-
burden and are related to areas of
gasification and coal removal. Bore-
hole-to-borehole induced seismic
techniques also delineated the ad-
vance of the gasification process.

Recent in situ coal gasification ac-
tivity has revealed the importance
of initial geological conditions at a
site to the ultimate success of the
process. Unidentified faulis or se-
vere folding, for example, can im-
pede or even halt the burn front.
Sandia has been heavily involved
in site characterization, using con-
temporary and innovative tech-
niques to investigate geometric,
geomechanical, and hydrogeologi-
cal conditions. Surface geophysical
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surveys include reflection and re-
fraction seismic tests, electrical re-
sistivity and induced polarization
measurements, and electromag-
netic, magnetic, and gravity sur-
veys. Model calculations aid in the
interpretation of the fieid data. Re-
sults are used to delineate site spe-
cific geologic features such as areal
extension of coal seams, strike and
dip of strata, depth of seams, thick-
ness and intervals of seams, and

IN SITU COAI. GASIFICATION PROCESS DEVELOPMENT

o SITE CHARACTERIZATION
o INSTRUMENTATION & DATA ANALYSIS

structural characteristics used to
determine subsidence.

Exploratory boreholes are drilled,
cored, and logged to provide ref-
erence data for surface surveys and
to provide samples for accurate lab-
oratory evaluations. A full suite of
geophysical logs — naturai gamma,
density, sonic, neutron porosity,
spontaneous potential, resistivity,
and caliper — are used in each bore-
hole. Flow logs are used to deter-

e PROCESS DESIGN

mine hole-to-hole permeability in the
coal seam, and cross-borehole geo-
physical measurements are made
to determine seam and overburden
properties.

The combination of these tests pro-
vides information which is compre-
hensive enough to assess coal
quality, geological, and hydrogeo-
logical features of candidate sites.




Coal Mine Subsidence

Subsidence-caused by underground
mining of coal has impacted more
than two million acres in this country,
seriously affecting ground water,
surface topography, and surface
structures, while, at the same time,
decreasing mine productivity and
increasing costs. To address these
problems, DOE has begun a pro-
gram to improve the ability to predict
and control coal mine subsidence
and damage. Sandia’s contribu-
tions are in the areas of predictive
computer code development, rock
mechanics, and physical simulation.
Field instrumentation and field ex-
periment activities are anticipated.
Subsidence occurs when overbur-
den collapses into the void created
by mining. The geologic material
properties and structure of the over-
burden determine the mechanism
of subsidence, the amount of bulk-
ing, the time dependence, and even-
tually, the fraction of the original
void which appears at the surface
as subsidence. Overburden failure
modes and degree of bulking are
being determined by centrifuge sim-
ulation tests, rock mechanics stud-
ies, and field measurements. Mod-
els which incorporate relatively
simple failure criteria are being
used within large deformation, finite
element codes to simulate geolog-
ic formations and the development
of contact stresses as the forma-
tions interact. t is clear that discrete
geologic features such as faults and
joints affect behavior of the rock
mass and this behavior is being in-
corporated into the development of
constitutive models. Material prop-
erty testing is also being done. in
the long term, time-dependent con-
stitutive models and behavior will
be incorporated.

Sandia’s centrifuge testing capabili-
ty permits the Labs to make unique
contributions to the subsidence prob-
lem. The stress field produced in
the overburden by gravity may be
reproduced on a scale model by
proportionally increasing the body
force on the model with a centri-
fuge. For example, a one-foot mod-
el at 250 gravities (g's) simulates a
250-foot overburden at 1 g. This
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simulation technique leads to scal-
ing taws which reduce physical di-
mensions and duplicates the siress
field on the model since the stress
field cannot be easily produced by
direct physical loading. This geo-
technical simulation provides pre-
cise data under known and control-
lable conditions and is thus being
used to investigate the adequacy
of computer codes and constitutive

46 FEET WIDE AT DEPTH OF 70 FEET.

CENTRIFUGE TUFF SUBSIDENCE MODEL S

descriptions to predict the response
of the overburden at field sites.
Sandia’s 25-foot centrifuge has max-
imum rated capabilities of 16,000-
pound payload, 240 g acceleration,
and 1,600,000 g-pound dynamic
load. Fully instrumented models
can be tested under computer-con-
trolled operation and data acquisi-
tion procedures.

IMULATING MINE DRIFT 8 FEET HIGH AND

SANDIA’S 25-FOOT CENTRIFUGE




Mining Technology

Sandia is conducting a project to
improve cutting and drilling opera-
tions in coal mines by improving
roof bolt drill bits and coal cutting
picks. Geologic strata overlying
coal seams must be supported so
compression bolts are inserted into
these formations via the roof bolter
to increase roof stability. Coal cut-
ting machines use individual cutting
elements, or picks, to mechanically
attack the coal face.

Underground coal mining typically
involves using a continuous coal
cutting machine followed closely by
a roof bolt operation to support the

{MPROVED COAL PICK
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mined cavern. The need to fre-
quently replace roof drill bits and
cutting pins, a result of the wearing
out of the tungsten carbide cutting
surfaces, results in significant lost
time and expense. Specifically in
the area of roof bolt drilling, new
drills employing polycrystalline dia-
mond compact bits are being inves-
tigated with the goal of improving
both the lifetime of the drill and the
penetration rate of the drilling op-

eration. This study is an extension

of Sandia’s fossil energy and geo-
thermal energy drilling research
where polycrystalline diamond com-
pact cutting surfaces have demon-
strated longer life and more efficient

rock removai. Similarly, attempts
are being made to design more du-
rable coal picks which would ena-
ble continuous mining machines to
operate for longer periods of time
without shutdown for pick replace-
ments.

As new systems, such as miner/
bolters (a combined continuaus
mining and bolting operation) are
developed, the total mining opera-
tion will become more continuous.
Therefore, more durable and reli-
able cutting and drilling methods
should significantly increase coal
production.




OIL AND GAS

Petroleum furnishes 50 percent of
the country’'s energy supply and
almost half of this oil is imported.
Domestic petroleum production
peaked in 1972 and since that time
oil imports havé doubled. Additional
production from presently known
resources, as well as the develop-
ment of new offshore resources,
could stabilize domestic production.
Natural gas provides 25 percent of
our energy supply. While proven
reserves have declined significani-
ly, current estimates indicate sev-
eral generations of supply exist
in presently undiscovered reser-
voirs as well as in unconventicnal
sources, most of which will require
improved technology for economic
production.

Sandia’s oil and gas research and
development projects include ex-
amination of thermal methods to re-
cover heavy oils, studies to improve
natural gas recovery from uncon-
ventional resources, development
of improved drilling technology, pri-
marily for deep gas wells, and de-
velopment of instrumentation and
geotechnical studies to better de-
fine offshore engineering hazards.
These projects are conducted for
DOE’s Division of Fossil Fuel Ex-
traction. The offshore studies also
receive funds from the U.S. Geo-
logical Survey and private industry.

Enhanced Oil Recovery

In commercial production, oil is ini-
tially brought to the surface by nat-
ural pressures. Secondary recovery
methods, such as injection of natu-
ral gas or water, are then used to
produce additional oil. After prima-
ry and secondary recoveries are no
longer effective, some 40 to 70
percent of the original oil still re-
mains in place. A portion of this oil,
estimated to be 15 billion barrels in
the U.S., could be recovered by
appiication of tertiary or Enhanced
Oil Recovery (EOR) techniques.

Thermal recovery techniques are
the most economic for heavy oil
reservoirs. In these processes,
steam is injected in the well or in
situ combustion is initiated to heat
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the reservoir, decrease the viscosity
of the oil, and force it from the well.
A recent survey attributes 373,000
barrels per day of U.S. oil produc-
tion to EOR techniques, 260,000
of which are due to thermal recov-
ery. As much as 96 percent of this
latter amount comes from steam
drive and steam soak operations.
Sandia is attempting to improve cur-
rent steaming operations as part of
Project DEEP STEAM. The object
is to extend the steam drive tech-
nigue to heavy oil reservoirs locat-
ed at depths below 2500 feet.

Two approaches are being pursued:
thermal efficiency improvement in
delivery of surface-generated steam
and development of downhole steam
generators. Many basic technical
problems need to be solved, how-
ever. For example, the life of insu-
lation and structural materials is
greatly affected by erosion and cor-
rosion caused by air and steam mix-
tures containing hydrogen sulfide,
hydrochloric acid, and sand. To ad-
dress these problems, studies are
underway at Sandia to define down-
hole chemistry, to develop stability
diagrams for different materials in
these environments, and to evalu-

ate candidate materials in labora-
tory and field tests.

Downhole steam generator devel-
opment requires an understanding
of combustion processes at high
pressure. Liquid fuels burning at
high pressure tend to produce solid
particles such as coke. These parti-
cles may plug the generator pas-
sage or the oil reservoir itself.
Methods to achieve efficient va-
porization of the fuel and complete
mixing with air prior to ignition are
being investigated.

Instrumentation and monitor/control
systems are also being studied. De-
termining and controlling the air/fuel
ratio is one function of the monitor
and control system of the downhole
generator. By maintaining control
of the air/fuel ratio, corrosive effects
of excess oxygen can be minimized
and free carbon production from ex-
cess fuel can be avoided.

Field tests of components involved
in thermally efficient delivery of sur-
face generated steam are being
planned with Getty Oil Co. and
Husky Oil Co. Field tests of proto-
type downhole steam generators
will be conducted with Chevron.

PROTOTYPE HIGH PRESSURE COMBUSTOR
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Enhanced Gas Recovery

A tens-of-years supply of natural
gas is thought to be contained in
the so-called unconventional gas
sources: tight gas sands of the
western United States, the eastern
Devonian shales, methane in coal
seams, and geopressured zones
along the Gulf Coast. Recovery of
this gas will require improved know!-
edge of the reservoirs and better
recovery methods. Generally, these
reservoirs require some form of stim-
ulation to increase formation per-
meability and gas flow into the
wellbore. Sandia is developing di-
agnostic instrumentation techniques
to characterize the formations and
stimulation processes and is con-
ducting a stimulation research pro-
gram centered around in situ exper-
iments at NTS. Cooperative field
activities with industry are common
and industry has participated in ex-
periment planning and interpretation.
This participation promotes trans-

fer of program results into produc-

tion practice.

Hydraulic fracturing is commonly
used to stimulate gas production.
Fluid is pumped into the formation
at pressures high enough to frac-
ture the rock. Sand is added to the
fluid and carried into the fractures
to prop them open after pressure
release. These propped fractures
increase the flow of gas to the well
by increasing the drainage area.
Massive hydraulic fracturing is often
applied to these unconventional res-
ervoirs. In these costly cases, more
than 500,000 gallons of fluid and
1,500,000 pounds of specially sized
sand have been pumped, creating
fractures believed to be more than
5000 feet long. Enhanced gas pro-
duction success is often uncertain,
nevertheless.

Critical to the understanding and
optimization of fracturing are char-
acterization of the fracture system
and an accurate description of the
reservoir. In this regard, four hy-
draulic fracture diagnostic tech-
niques are under development: (1)
surface electrical potential system,
(2) surface tiltmeter system (on con-
tract), (3) borehole seismic system,
and (4) a stacked hydrophone sys-

8

tem. The electrical potential system
is a method where the fracturing
wellbore acts as a buried electrode
which changes geometry as the
fracturing fluid is injected. The re-
sulting change in the electric field
is measured by surface probes
permitting fracture orientation,
asymmetry, and growth to be de-
termined. Excellent, consistent
agreement between this technique,
tiltmeter results, and other evi-
dence has been obtained from
commercial well stimulations at
depths to 8,000 ft.

Seismic signals are created by hy-
draulic fracturing and the location
of these signals can be used to map
the fractures. However, the fre-
quency of the signals and their
attenuation by the earth make it im-
perative that such information be

obtained close tothe fractures. Thus, -

downhole instrumentation systems
to record seismic signals are under
development. The borehole seismic
system, placed in the fracturing
wellbore consists of three-axis geo-
phones, an orientation package,
signal conditioning equipment, and
a wall-clamp mechanism. Several
classes of signals have been ob-
served and information contained
inthese is being analyzed. A stacked
hydrophone system will provide im-
proved measurement of fracture
height during fracturing. Ultimately,
the objective is to obtain fracture
length, height, azimuth, and sym-
metry in a single wireline package.
Knowledge of the geometry and
properties of the lenticular, low
permeability gas reservoirs is im-
portant for proper well placement
and stimulation design. The state-
of-the-art in seismic reflection
geophysical data acquisition and an-
alysis is being evaluated as a means
of determining the three-dimensional
lens geometry and spacing. The
technique is first being applied at
shallow depths where the geome-
tries of the lenses can be readily
inferred from outcrop and drilling
data. The technique will then be
applied to the greater depths asso-
ciated with potential production. Im-
proved formation characterization
is also the objective of a fundamen-
tal study to improve interpretation

of well logs by establishing correla-
tions between various electrical
properties and the porosity, pore
water saturation, salinity, and fluid
permeabilities of these reservoirs.
The objective of the stimulation re-
search project is to improve under-
standing of stimulation processes
for unconventional gas recovery. A
major activity has been controlled
stimulation experimentation under
realistic in situ conditions. The ex-
periments are being conducted in
a tunnel complex at NTS and
include mining back to allow first-
hand observation of fracture be-
havior.

Data from these experiments are
used to confirm existing methodol-
ogy and to develop understanding
of factors affecting fracture growth.
For example, experiments have
demonstrated that: (1) observed
fractures usually differ significantly
from conventional design predic-
tions, (2) hydraulic fractures are not
confined by modulus or other mater-
ial property changes as originally
believed, (3) in situ stress is the
dominant factor affecting hydraulic
fracture growth, and (4) fracture
growth is significantly affected by
geologic faults, joint systems and
other physical features.

A new stimulation concept is under
development; it is based on high
energy gas fracturing that avoids
the limitations of hydraulic fractur-
ing (a single fracture whose orien-
tation is controlled by the in situ
stress) and explosive fracturing (well-
bore damage and residual stress)
has been investigated. For the first
time, multiple, radial fractures from
a wellbore produced by a controlled
pressure pulse have been observed
under realistic in situ conditions.
Supportive rock mechanics, fluid
dynamics, petrographic, and geo-
chemical studies are performed to
aid in design and interpretation of
the field experiments and to ex-
tend the knowledge gained. Frac-
ture propagation at well-bonded
interfaces where physical properties
change over short distances are
being investigated. A microcrack
model which determines the zone
of influence of the crack tip as a
function of confining stress has




MINE-BACK OF A SAND-PROPPED FRACTURE

been formulated. Also under devel-
opment is a comprehensive fluids
fracturing model which includes
time-dependent terms normally as-
sumed. It will also yield accurate
fracture widths. Petrographic and
geochemical studies look at such
microscopic effects of fracturing as
the interaction of the fracturing fluid
with the formation and the factors
affecting resultant permeability. A
major effort is made to translate
these results to representative
reservoir geologies and to current

petroleum and gas engineering
technology.

The research and development ac-
tivity has involved a variety of field
experiments — most conducted in
cooperation with industry. Several
fracture mapping experiments have
been conducted with Amoco in the
Wattenburg/Denver Basin area, and
future field work is planned. Partic-
ipants in other field tests conducted
or planned include: Shell in Texas,
Conoco in Wyoming, Gas Produc-
ing Enterprises in Utah, Mitchell,
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Columbia and Weed in the De-
vonian Shales in Ohio, and Amoco
in Texas, Oklahoma, Wyoming
and Alberta. Recently, Sandia ini-
tiated, as part of the Western Gas
Sands Project, a research-ori-
ented, but full-scale Multi-Well Ex-
periment in the Piceance Basin of
Colorado. Objectives are to

- characterize fully a lenticular tight

gas reservoir and to evaluate the
present and developing technol-
ogy for its stimulation.




Drilling Technology

Sandia is conducting several drilling
projects to help improve oil and gas

drilling systems. QOil and gas well

drilling is encountering increasing-
ly severe environments as shallow,
easy-to-find sources are depleted.
Deeper wells, higher temperatures,
high formation pressures, and the
presence of corrosive gases make
it necessary to improve materials,
fluids, and techniques so that sys-
~tems which are reliable and have
satisfactory operating costs and
penetration rates can be developed.
High performance drill bits which
use man-made polycrystalline dia-
mond compacts are being devel-
oped. A major effort is being made
to improve attachment of these
compacts to the bit head. A diffu-
sion bonding process has been de-
veloped and is approaching commer-
cialization. Fieid tests of bits using
diffusion bonding have been suc-
cessful and have increased pene-
tration rates by factors of two to
three over those obtained with con-

ventional drilling bits. One bit de- -

signed and built in collaboration

HYBRID BIT

with Smith Tool Company uses
both polycrystalline diamond com-
pacts and a conventional roller cone
in a hybrid design which has per-

formed very well in granite-type for-

mations.

A project to improve service life
of elastomers used in the severe
environment found in deep wells is
also underway. Coating elastomeric
parts with intimately bonded, chem-
ically resistant materials such as
Teflon and adding protective fillers
to the elastomeric compounds be-
fore molding are being tried. Initial
laboratory test results show im-
provements in life and operating
capabilities for coated elastomers
used in bit seals and O-ring seals.
A project to improve reservoir core
recovery under near in situ condi-
tions is being conducted in conjunc-
tion with the Bartlesville Energy
Technology Center. This project in-
volves design of an improved pres-
sure coring system and testing and
selection of non-invading coring
fluids. Mechanical design of the
core barrel has been made more
reliable and a reservoir for the spe-
cial non-invading coring fluid -has

been incorporated into the barrel.
This special fluid required the de-
sign and fabrication of a new cor-
ing .bit which uses polycrystalline
diamond compact cutters and a re-
placeable pilot portion cooled and
cleaned by the coring fluid. Tests
of this new system have demon-
strated its improved reliability and
capability under near in situ condi-
tions.

Recent trends in drilling oil and gas
wells, particularly in the offshore
environment, require drilling of direc-
tional boreholes whose trajectory
can be maintained accurately. A
project has been initiated to de-
velop an inertial navigation system
which fits inside conventional drill
pipe and which will improve the ac-
curacy of directional well borehole
surveys tenfold. Future systems
could have the capability of steering
the bit to a pre-programmed loca-
tion. Error analyses of the system
using estimation theory have been
performed, and initial laboratory tests
are underway to determine the ac-
curacies obtainable in a system
packaged in the small diameter cy-
lindrical geometry.




Offshore Technology

To halt the decline in domestic pro-
duction of oil and gas, new sources
of hydrocarbons must be located.
Oftshore regions appear to be prime
exploration targets. These areas
may present the oil industry with
such natural environmental con-
straints as massive storms, exten-
sive seismic activity, large ice
movements, and unstable seafloor
sediments.
There is a recognized need to
monitor these environmental con-
straints. DOE, with the U.S. Geo-
logical Survey, has established an
offshore technology program to de-
velop instrumentation systems to
characterize the geotechnical envi-
ronment of offshore areas.

Sandia projects have included:

e the-Marine Sediment Penetrom-
eter, a hard-wire system {o pro-
vide shaliow sediment strength
profiles

¢ instrumentation support to Proj-
ect SEASWAB, a USGS study
of the stability characteristics of
sediments in the Mississippi River
delta area

e a high data rate acoustic te-
lemetry system which can trans-
mit data periodically from long-life
seafloor instrumentation systems

e the Seafloor Earthquake Mea-
surement System (SEMS) to
measure sediment response to
seismic activity

e the Geotechnically Instrument-
ed Seafloor Probe (GISP) to
measure in situ properties of sub-
marine sediments

e analytical studies of marine
geotechnical phenomena

The Seafloor Earthquake Measure-
ment System measures sediment
response to seismic activity through
use of force-balance accelerome-
ters with arange of 104to 1 g. The
accelerometer outputs are digitized
at a rate sufficient to reproduce fre-
quencies up to 20Hz. The digital
data are stored in solid-state, mag-
netic bubble memory units with a
storage capacity of 10¢ bits. The
system is powered by lithium bat-
teries with an operating life of one
to two years. The acoustic telem-
etry is used for data retrieval.
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The SEMS prototype consists of a
pressure vessel with probe. The
power supply, memory, electronics
and acoustic telemetry are in the
pressure vessel. The accelerome-
ter package is in the forward por-
tion of the probe. The package is
emplaced with a ballast weight which
forces the probe about 3.5 meters
into the sediments. Subsequently,
the ballast is disconnected, resulting
in a retraction of the probe sting,
isolating the accelerometer package
from the pressure vessel.

The SEMS prototype has been in-
stalled in the Santa Barbara Chan-
nel and three additional prototypes
wili soon be available for deploy-
ment. Five oil companies — ARCO,
Chevron, Gulf, Mobil, and Shell —
are supporting the project.

The Geotechnically Instrumented
Seafloor Probe (GISP) will measure
geotechnical properties of marine

sediments in situ. Initial emphasis
is on formation pore water pressures
of unconsolidated sediments to as-
sess mudslide potential. Pore water
pressures are measured at three
locations along an inserted 10-meter
probe. The GISP incorporates
much of the data processing, stor-
age and retrieval techniques devel-
oped for SEMS but with a 45-day
lifetime. The USGS will select the
sites for prototype deployment.
Analytical studies are underway on
geotechnical engineering proper- .
ties of marine sediments — to in-
vestigate hazards and interpret data.
New instrumentation techniques to
measure 50il strength characteris-
tics are under study. Extension of
these instrumentation techniques to
sea ice thickness measurements
and to delineate stratigraphic lay-
ering is under consideration.
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SYNTHETIC FUELS

Transportation in this country con-
sumes 10 million barrels of oil per
day. This represents about 26 per-
cent of all energy used inthe U. S.
daily and more than half the oil. The
private automobile, in turn, con-
sumes more than half of the trans-
port sector’s energy. The energy
crisis is, in large part, an inability to
supply from domestic resources the
crude oil necessary to fuel the trans-
port sector.

While it is difficult to conceive of
synthetic liquid hydrocarbon fuels
produced from oil shale and coal
as replacing a major portion of im-
ported crude oil, the successful de-
velopment of economically viable
oil shale retorting and coal liquefac-
tion processes could make a sig-
nificant contribution to reducing
U.S. dependence on foreign crude
oil sources.

Private industry will develop these
processes. Sandia is conducting
supportive research and develop-

ment projects to assist industry in

better understanding critical phe-
nomena and, hence, in improving
process efficiency. These projects
are sponsored by DOE’s Division
of Fossil Fuel Extraction and Fossil
Fuel Conversion.

Qil Shale

Efforts to recover hydrocarbons
from the nation’s vast deposits of
oil shale have, until recent years,
been focused on surface process-
ing methods. Such methods require
the shale to be mined, transported
to a processing site, crushed and
screened, and then heated in a re-
tort vessel to convert the solid or-
ganic constituent (kerogen) in the
rock to recoverable liquid and gas-

eous hydrocarbons. While the tech-

nology for surface processing is
proven, application on a scale broad
“enough to significantly impact the
nation’s demands for petroleum
products may not occur because
of concern about surface damage,
water requirements, and spent
shale disposal. Additionally, eco-
nomic constraints will restrict use of
these methods only to oil shale

14

seams which satisfy certain rich-
ness, thickness, and accessibility
criteria. The prognosis for the
Green River Qil Shale Formation in
Colorado, Utah, and Wyoming is
that about two-thirds of the esti-
mated two-trillion barrels of oil in
place cannot be recovered by sur-
face processing methods.

To improve the efficiency of re-
source utilization, as well as to
mitigate adverse environmentalim-
pacts, efforts are underway by the
DOE and private industry to develop
methods to process oil shale under-
ground. These in situ methods fall
into two general categories — true
and modified. In either case, an
underground retort bed is formed,
typically by explosively fracturing and
fragmenting the rock. Subsequent
processing occurs, in most instances,
by using heat generated by burning
a carbon residue left in the shale
after the hydrocarbons have been
freed. By definition, true in situ me-
thods involve no rock mass remo-
val during bed preparation, except
for that produced in drilling well-
bores to gain access to the under-
ground formation. With modified in
situ concepts, access can be gained
through mine shafts or tunnels and
rock mass removal is a basic fea-
ture. A typical modified in situ bed
preparation operation includes cre-
ation of a mined cavity into which
rock from the surrounding formation
is blasted to form a rubble, or re-
tort, bed with a void fraction of 20

to 30 percent. Except in shallow for-

mations, where overburden lift can
be achieved with explosives, true
in situ retort beds are characterized
by much lower void fractions. The
void fraction difference implies that
fluid-flow properties also differ; the
result is that modified in situ pro-
cessing methods offer a greater
chance for near-term success than
do true in situ methods. As a re-
sult, the bulk of DOE’s 0il shale re-
search effort is currently directed

- toward developing viable modified

in situ processing methods.

Sandia’s oil shale projects are muiti-
faceted, focusing in large part on
modified in situ processing, but also
bearing on true in situ processing
and surface processing. Activities

include laboratory and field exper-
imentation and theoretical analyses,
on rock fracture and fragmentation,
rock mass and rubble pile stability,
process chemistry, and instrumen-
tation technology.

Field programs are conducted at var-
ious sites throughout the country
to monitor and evaluate explosive
fracturing and retorting operations.
The work is done in conjunction with
the Laramie Energy Technology
Center. Instrumentation systems
are used to monitor the dynamic
events that occur during a blasting
operation, to evaluate the physical
state of the formation both before
and after a blast, to monitor and
control retorting operations contin-
uously, and to provide information
about the stability and integrity of a
rubble bed and the surrounding
rock mass before, during and after
a retort.

Laboratory studies and theoretical
analyses support the field activities
in various ways. For example, study
of the static and dynamic mechan-
ical properties of oil shale has led
to the formulation of computer mod-
els to quantitatively describe ex-
plosive fracturing events. The im-
mediate payoff of these studies is
that instrumentation systems for
field experiments can be effectively
designed and operated. Ultimately,
however, the laboratory, field, and
theoretical work will lead to the abili-
ty to confidently prepare rubble
beds for processing. Work in rock
mechanics also is being used to
study the strength and creep of ma-
terials at ambient and elevated
temperatures to provide information
on subsidence or collapse of under-
ground rubble beds or surrounding
rock masses.

Evaluation of the physical state of
a rubble bed (fragment dimensions,
void ratio, fluid-flow properties, etc.)
is addressed through development
of remote sensing devices and in-
struments used directly in the rub-
ble. Particularly noteworthy is a flow
evaluation system which, by means
of time-resolved measurements of
the transit of tracer elements be-
tween pairs of wellbores, is capa-
ble of providing spatiaily resolved
information not only about flow, but




also about the void volume of the
flow path. Methods to enter a rub-
ble bed non-destructively for direct
examination {core extraction, TV,
etc.) or for instrument emplacement
are also under investigation. Re-
mote sensing devices (acoustic,
electro-magnetic, resistive, etc.) are
being developed for use when in-

trusion into a rubble bed is not fea-.

sible.

Many of the techniques applicable
in rubble bed evaluation can be used
in monitoring retorting activities.
Remote sensing devices or instru-
ments in the bed are needed to pro-
vide continuous information about
temperature profiles; input and out-
put gas compositions, product sta-
tus, etc. Computerized methods to
handle the data acquisition and an-
alysis aspects of these tasks have

been developed in basic form and
are being refined and modified for
new applications. Theoretical de-
scriptions of process chemistry have
also been developed. The non-uni-
form flow (channel flow) character-

" istics expected in in situ retorts have

been emphasized, as opposed to
the uniform or packed-bed flow
characteristics that can be achieved
in a surface retort.

COMPUTER PORTRAYAL OF DAMAGED OR FRACTURED ROCK (YELLOW) PRODUCED BY DETONATING EXPLOSIVE CHARGES {(RED)
NEAR FREE FACE IN OIL SHALE
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TRACER SYSTEM is used to study flow through coal and
oil shale seams in situ. A pulse of Kr&is introduced in the
injection well at the top of the seam, and the arrival of that
puise in the recovery well is measured at four or more
focations. Data can provide information on the number of
flow paths and their location, size, and character (fracture,
rubble, etc.) as well as a flow log of the recovery well,




Coal Liquefaction Process
Research

Conversion of a portion of our large
coal resource into liquid fuels will be
essential to meet future demands
for gasoline, fuel oil and chemicals.
Technologies for producing syn-
thetic fuels from coal, by means of
both direct and indirect liquefaction,
were developed by Germany be-
fore World War ll. Indirect lique-
faction, the steam-gasification of
coal to synthesis gas followed by
the catalytic conversion of this gas
to liquid products, is currently in
commercial use in South Africa.
Several processes for the direct lig-
uefaction of coal (SRC-I, SRC-II,
H-Coal and EDS) are currently in
the pilot plant stage of develop-
ment, and plans for large demon-
stration units (e.g., 6000 tons/day
of coal) have been proposed. Ap-
plied research is needed to un-
derstand the basic processes and
mechanisms of coal liquefaction
and to provide a foundation for eco-
nomic analyses.

Sandia is supporting DOE and in-
dustrial programs with process re-
search in three areas: (1) catalyst
deactivation; (2) mineral matter ef-
fects and disposable catalysts; and
(3) short-residence-time reactions.

Catalyst Deactivation

Catalysts such as cobalt-molyb-
denum or nickel-molybdenum on
alumina are used for: (1) hydro-
desulfurization, hydrodenitrogena-
tion, cracking and hydrogenation as
in the H-Coal process; (2) solvent
hydrogenation as in the Exxon Do-
nor Solvent process; and (3) liquid
product upgrading as in the
Cities Service-Lummus two-stage
process. These processes are gen-
erally carried out at temperatures
high enough (400 to 460°C) to re-
sult in dominance of thermal reac-
tions, loss of catalyst selectivity,
and generation of large quantities
of hydrocarbon gases. Catalysts
degrade rapidly because of the for-
mation of carbonaceous deposits
and contamination by inorganic
species originally present in the
coal.
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Sandia’s effort includes the charac-
terization of used catalysts by scan-
ning electron microscopy, electron
microprobe, etc., to identify con-
taminants and correlate structural
changes with the industrial process
results. In addition, specificity of
new and used catalysts is deter-
mined by reactions with model com-
pounds and coal-derived products
in small-scale tubing reactors. Anal-
yses have shown that carbon and
sulfur are distributed uniformly
throughout the catalyst, but that ti-
tanium, iron, and boron slowly pen-
etrate the interior of the catalyst.

MoS, CRYSTAL GROWTH ON CATALYSTS
DURING COAL HYDROLIQUEFACTION
(2000X)

Catalysts that have been used at
temperatures in excess of 430°C
may experience loss of active met-
als due to vaporization of metal sul-
fides. Significant crystal growth of

molybdenum disulfide, which could

substantially decrease the active cat-
alyst surface area, has been ob-
served.

Current studies include efforts to
better define the time history of con-
taminant buildup, and to identify
changes in catalyst activity. These
results will be used to develop a
deactivation model for coal lique-
faction catalysts and to provide a
fundamental basis for catalyst im-
provement. Recently, radioactively
tagged catalysts were used in the
H-Coal continuous reactor in Tren-
ton, NJ. Data from this experiment
are to be used to calculate the dis-
tribution of catalyst lifetimes and to

provide insights into the mixing re-
gime in the reactor.

Mineral Matter Effects and Dis-
posable Catalysts

Naturally occurring minerals in coal
have been shown to have a cata-
lytic effect in coal liquefaction. Clays
are known cracking catalysts, and
iron-containing species may be ac-
tive in hydrogenation reactions. Con-
version to liquid products has been
correlated with the total sulfur con-
tent of the feed coal, and high-ash
coals were shown to be more easi-
ly liguefied than coals with low min-
eral contents. The Solvent Refined
Coal process, or SRC-II, makes use
of slurry recycle to increase the min-
eral content in the reactor and re-
sults in marked improvements in
the yield of distillates. Identification
of specific mineral effects is crucial
in understanding and, ultimately,
controlling the various liquefaction
processes.

The objective of the Disposable Cat-
alyst Project, which is coordinated
by DOE, is to utilize mineral matter in
coal or other readily available miner-
als as catalysts for coal liquefaction.
Current activities include a compre-
hensive study of the role of pyrite,
and the preparation of sub-micron,
high-surface-area iron sulfides. It
has been shown that the addition
of pyrite results in a greater con-
version of high molecular weight
species to distillates, and enhances
the overall yield of liquids.

Under typical liquefaction condi-
tions (425°C, 1800 psig, 30 min),
pyrite (FeS2) is transformed into
a non-stoichiometric iron sulfide
known as pyrrhotite (Fe1x S). It is
currently thought that pyrrhotite
may be one of the “active” cata-
lysts for coal liquefaction. Recent
Méssbauer studies (a joint program
with West Virginia University) have
revealed a correlation between coal
reactivity and the composition of
the pyrrhotite found in the liquefac-
tion residue. This information is
being used to improve understand-
ing of the role of pyrite in coal lig-
uefaction and to develop a pre-
dictive model for mineral matter
effects.




RAPID INJECTION AUTOCLAVE SYSTEM FOR MINERAL EFFECTS STUDIES

Short-Residence-Time Reactions

In most direct liquefaction process-
es, coal/solvent/hydrogen mixtures
are heated to 380-450°C to produce
a clean boiler fuel or to provide a
product stream for subsequent up-
grading. During this heating, the
coal initially swells in the solvent
and disintegrates, resulting in the
formation of a high viscosity gel.
Asphaltenes, oils and gases are
then formed from the initially solu-
bilized coal.

Design and analysis of preheaters
and reactors is difficult because the
three-phase flow can alter flow re-

gimes, and the large increases in
viscosity, from centipoise to tens
of poise, can drastically affect heat
transfer coefficients. In addition to
these physical changes, there are
complex chemical transformations
which are not completely under-
stood. Process studies, using a con-
tinuous bench-scale reactor, are in
progress to provide engineering ki-
netics data and to characterize the
physical and chemical changes that
take place in the initial stages of
coal liquefaction.

Studies to date have shown that
coal and solvent initially interact to
form a preasphaitene. During this

time, a process would most likely
not be in solvent balance. Later on,
the preasphaltenes are converted
to asphaltenes and oils in a series
ot parallel reactions. At short resi-
dence times, net solvent production
is not achieved until the tempera-
ture exceeds 425-450°C.

Specific kinetic parameters for the
reaction sequence are now being
defined for comparison-with oper-
ating data from larger-scale reac-
tors. Future work will include the
development of techniques to de-
fine flow regimes, and to measure
residence time distributions of solid,
liquid and gas phases in pilot and
large-scale reactors.
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GEOTHERMAL ENERGY

In early 1978, American electric util-
ities had about 515,000 megawatts
of capacity. Slightly more than 500
megawatts of this capacity were
produced via geothermal energy.
The U.S. Geological Survey in its
recent survey of geothermal re-
sources {Circular 790) estimates
that the equivalent of 100,000
megawatts of electric power and
process heat could be produced
from geothermal energy.
State-of-the-art energy production
processes from geothermal re-
sources do not appear to make this
energy source a dominant contender
to enlarge our energy supply —
primarily because of the concen-
tration of the resources in the West
and because of the relatively low
temperatures of most of the re-
sources. Yet, the potential exists
for geothermal to make a significant
contribution. However, some limit-
ing technological factors — the high
cost of drilling and completing geo-
thermal wells and the inability to
make reliable measurements in geo-
thermal reservoirs — limit the use
of geothermal energy.

To address these factors, Sandia
is directing the Geothermal Drilling
and Well Completion Program and
the Geothermal Logging Instru-
mentation Development Program
for DOE’s Division of Geothermal
Energy. Additionally, for DOE’s Of-
fice of Basic Energy Sciences, San-
dia is investigating the scientific fea-
sibility of extracting energy from
magma — the ultimate geothermal
source.

Drilling and Well Completion

The Drilling and Well Completion
Program is a broadly based tech-
nology development program to
help reduce the high cost of geo-
thermal drilling. Major elements
include development of high per-
formance rock bits, downhole mo-
tors, high temperature drilling fluids,
and systems which permit reliable
high-temperature well completions.
These activities are conducted in-
house and by the drilling industry
under Sandia’s technical direction.
Development of the chain bit for
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hard-rock drilling is one in-house
technology program. The bit has a
diamond studded cutting surface
located on a continuous chain which
is circulated between the drilling
head at the bottom of the bit and a

CONTINUOUS CHAIN
DRILL. BIT(PROTO YPEVII)

sprocket located several feet distant
at the top of the bit. The hole is cut
by the portion of the chain wrapped
around the drilling head. When the
five links which form the cutting

“structure of the chain become dull,
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CHAIN DRILL AT FIELD TEST

another segment is cycled into place
without removing the bit from the
hole. The current design has fifteen
complete cutting segments.
Recent field testing of this bit has
demonstrated that the drilling rate
of the bit is comparable to the best
hard-rock diamond bit. In addition,
the ability to cycle new cutters into
position without removing the bit
from the hole has been successful-
ly demonstrated. Further develop-
ment of this bit will be done in close
collaboration with private industry.
Work is also being done on drag
bits utilizing man-made polycrystal-
line diamond compact cutters. To
optimize design of bits using this
technology, it is necessary to un-
derstand the interaction of the cut-
ter with the rock, the wear rate of
the cutter, and the failure modes of
the rock. Finite element computer
models have been developed for
use in calculating the stress induced
in both the rock and the cutter under
real-time drilling conditions. These
calculations can be used to optimize
rake angles, weight-on-bit, and cut-
ter placement.

Another project involves the de-
velopment of a high-temperature,
low-density drilling fluid, using
surfactants to generate foams. This

involves screening existing high-
temperature surfactants to deter-
mine their rheological properties
under simulated drilling conditions.
Non-corrosive, stable formulations
of high-temperature drilling foams
are required to improve penetration

rate and to reduce corrosion in the
geothermal drilling environment.

An in-house materials study for
development of new steel alloys
which can be used for fabricating
drill pipe used in the harsh geo-
thermal drilling environments is
being pursued. Present activities
involve formulating new alloys of
duplex phase steels in Sandia’s
melting laboratory and then testing
these new alloys in a fatigue tester
to determine stress corrosion fail-
ure modes. In these experiments
samples of the experimental steels
are placed inside an environmental
chamber containing corrosive
gases and subjected to fatigue
loading. Crack growth rates are
measured and this information is
used to rank steels for use in the
geothermal environment.

- Work on advanced drilling and

completion systems is also under-
way. A workshop attended by par-
ticipants from industry, government,
and universities was held, and rec-
ommendations obtained about
which advanced drilling systems
should be developed. Studies of
these advanced systems have been
initiated with primary emphasis on
cost-effectiveness of the proposed
concepts.

COMPUTER SIMULATION SHOWING STRESS DISTRIBUTION DEVELOPED WHEN DRAG
TYPE CUTTER (UPPER] FRACTURES ROCK (LOWER). TOP LEFT, 35 ySECS AFTER START
OF DRILLING; TOP RIGHT, 45 ySECS; BOTTOM LEFT, 60 uSECS; BOTTOM RIGHT, 70 ¢SECS.
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Logging Instrumentation
Development

Development of geothermal re-

sources as an alternative source of

energy requires measurement of
those physical and chemical prop-
erties required for reservoir evalu-
ation and production. Well logging
is the primary technique for locat-
ing production zones, planning the
well's completion, and controlling its
production. Key logging system com-
ponents, such as cables, electron-
ics, transducers, and seals, will not
function in the hot (over 180°C),
corrosive, “hostile” environment of
geothermal wells. The Geothermal
Logging Instrumentation Develop-
ment Program is being conducted
to correct these technical defi-
ciencies.

The program combines the ad-
vanced, high temperature materials
and components capabilities of
Sandia with the proven ability of the
logging service industry and its
suppliers to develop new logging
technology. The near-term goal is

to develop instrumentation for use
at 275°C in pressures up to 48.3
MPa (7,000 psi); subsequent goals
are to extend these capabilities to
350°C and 138 MPa (20,000 psi).
Tools to be upgraded and/or devel-
oped include temperature, flow
rate, high resolution downhole pres-
sure, caliper, and fracture mapping
sondes. o

High temperature electronic circuits
are needed for gathering, process-
ing, and transmitting the required
information. Component develop-
ment has emphasized hybrid thick
film microcircuitry. The passive
devices, such as resistors and ca-
pacitors, use special inks that are
deposited and baked onto the cir-
cuit at high temperature. The active
devices, such as amplifiers, consist
of silicon field effect transistors spe-
cially screened and selected for
operation up to 300°C. Several gen-
eric circuits have been fabricated
and tested in prototype temperature,
pressure, and flow tools in geo-
thermal wells up to 275°C — the
highest operational temperature

COMPLETE TEMPERATURE TOOL ELECTRONICS
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ever achieved for an uncooled, non-
thermally insulated instrument
equipped with active electronics.
Efforts are now underway to com-
mercialize these prototype tools
and the technology they represent.
Electronic manufacturers are fabri-
cating the new generic circuits under
contract to Sandia, and several pri-
vate firms are investigating the new
technology for use in high temper-
ature logging tools. '

‘Exploratory development efforts are

continuing. An. experimental high-
resolution quartz resonator pressure
transducer has been successfully
tested to 275°C and 1,000 psi, a
gallium phosphide diode has been
designed and operated successful-
ly up to 400°C, a new metal sheath
logging cable configuration is being
investigated, and both silicon and
compound semiconductor designs
and fabrication techniques are be-
ing developed for reliable long-term
(1,000 hours) operation at high
temperature (up to 300°).
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PRESSURE, FLOW, AND TEMPERATURE TOOLS
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Magma Energy Research

Magma, the source of all geother-
mal energy, provides an enticing
resource for high quality thermal
energy. The USGS estimates (Cir-
cular 790) that the energy content
of moiten rock deposits within 10
km of the earth’s surface in the con-
tinental United States is 500 times
greater than the total annual U.S.
energy consumption in 1979. The
Magma Energy Research Program
is investigating the scientific feasi-
bility of extracting energy directly
from byried, magma sources.

The project has five major elements:
(1) locating and defining buried
magma bodies, (2) tapping and
maintaining access to the source,
(3) estimating the chemical and
physical properties of the high pres-
sure-high temperature magma bod-
ies, (4) determining if materials can
survive in a magmatic environment,
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and (5) evaluating concepts 1o ex-
tract energy.

To better understand application of
geophysical measuring technigues
to buried liquid rock bodies, seis-
mic and electromagnetic experi-
ments were carried out over Kilauea
ki lava lake on the island of Ha-
waii by the USGS, MIT, University
of Texas and Sandia. Although the
initial measurements provided a
good description of the hydrother-
mal and hot, dry region of the crust,
the thickness and state of the mol-
ten lens were less clearly defined.
Recent drilling penetrated the mol-
ten region where the temperature
exceeds 1000°C. These tests indi-
cated that portions of the upper
crust contained veins of molten ma-
terial and that the liquid lens con-
sisted of a high viscosity mixture
of 40 to 60 percent crystals in melt.
The drilling data are being used to
re-evaluate the previous geophysi-

GEOSCIENCE FIELD STUDIES IN 1000°C MOLTON ROCK

cal data and to define future exper-
iments using this field laboratory.

In addition to the limited drilling
studies used to characterize the
lava lake, a study is underway at
the Center for Tectonophysics at
Texas A&M University to evaluate
the mechanical stability of bore-
holes drilled through the deep, hot
rock regions. Strengths of repre-
sentative rocks measured to 1100°C
under 0 and 50 MPa confining pres-
sures suggest boreholes will be
stable to depths of 10 km under
certain formation stress conditions.

In situ magmatic compositions are
being estimated by thermodynami-
cally folding volcanic eruption gas
compositions back to magmatic en-

" vironments and tying these to known

lava analyses. These compositions
are being duplicated in an 80cc, 4
kbar, 1600°C test vessel for meas-
urement of chemical and physical
properties.

The simuiated compositions are also
used to evaluate material compati-
bilities and to identify engineering
materials for possible drilling and
energy extraction equipment. Some
super-alioys and high chromium
steels have been shown to be com-
patible with simulated magmas for
100 hours at 1150°C.

Energy extraction investigations
have included laboratory and -cal-
culational studies of hydrogen and
synthesis gas production by reac-
tion of simulated magma and bio-
mass. In addition, investigations into
methods for the continuous extrac-
tion of heat have included a steam
boiler inserted into a vat of moiten
rock, insertion of a heat transfer
probe in the flowing lava river dur-

~ing the 1977 Kilauea eruption, and

limited heat transfer studies in the
lava lake.

The Magma Energy Research Pro-
gram is a scientific feasibility study
pushing the state-of-the-art in such
diverse areas as volcanology, geo-
chemistry, geophysics, materials,
heat and mass transport and rock
mechanics. Magma energy utiliza-
tion, if proven scientifically feasible
and subsequently developed, could
provide a significant and environ-
mentally acceptable portion of the
nation’s future energy needs.
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