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Abstract 

Sandia Geo Energy Programs related to geothermal, coal, 
oil and gas, and synfuel resources have provided a useful 
mechanism for transferring laboratory technologies to private 
industry. Significant transfer of hardware, computer pro- 
grams, diagnostics and instrumentation, advanced materials, 
and in situ process understanding has occurred through US/DOE 
supported programs in the past five years. ,The text briefly 
reviews the technology transfer procedures and summarizes 
32 items that have been transferred and another 20 techno- 
logies that are now being considered for possible transfer 
to industry. A major factor in successful transfer has been 
personal interactions between Sandia engineers and the techni- 
cal staff from private industry during all aspects of the 
technology development. 
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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. 
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R&D 

AREAS K 

Matrix system provides an effective mechanism for u t i l i z i n g  advanced weapons 
technologies  to meet energy and other non-weapon needs. 

\ 
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GEO ENERGY TECHNOLOGY: 
TRANSFER FROM SANDIA TO INDUSTRY 

Recognition that' mechanical switching devices could never 
meet the increasing demands of communication networks, Bell 
Telephone Labs initiated a research program resulting in the 
now ubiquitous transistor. This successful development with 
the ensuing transfer of multiple technologies to many indus- 
tries is a recognized achievement of this century and details 
are well documented [e.g., References 1,2]. This concept of 
research directed to solve a problem with a requirement of 
transferring results to a manufacturing facility has been 
passed down from Bell Laboratories to Sandia for developing 
the sophisticated, high reliability components needed for 
nuclear weapon systems. Since all the weapon components are 
produced by captive private industry, all advanced technology 
has to be transferred effectively from the government labora- 
tory to industrial process lines on-defined schedules. 

implications and the national laboratories were asked to 
assist development of solutions, Sandia made a conscious 
decision to apply its technology base to resolve problems 
then existing in the fossil and geothermal energy producing 
communities rather than to develop new energy producing con- 
cepts, This decision required intimate interactions with 
industry personnel from the research labs to field operations. 
The decision also implied, in many cases, an understanding of 
the economics, definition of a development schedule and a pro- 
duct that would be adopted by private industry. 

This report is a summary of those results from the Geo 
Energy (geothermal, fossil and synfuels) Programs at Sandia. 
The following briefly reviews technology transfer concepts, 
how they were evolved by Sandia, and then summarizes the 
technology that has been or is being transferred. Composi- 
tion of the industrial advisory panels and some relevant 
references are included in the appendix for general informa- 
tion. This report will hopefully demonstrate that government 
laboratories and private industry can work effectively to 
solve national problems and the results can catalyze further 
industry-laboratory interactions. 

When the energy shortage had serious national security 
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GEO ENERGY RESEARCH AND DEVELOPMENT: 
TECHNOLOGY TRANSFER 

Large government investments in R&D result in many 
developments that have potential application in U . S .  industry. 
The mechanism of transferring this technology has been the 
subject of books [3-51, conferences [6 ,7 ]  and many papers. 
NASA [81 has implemented a major technology transfer program 
including state, university and industry applications centers, 
a computer software and management center, a distribution of 
NASA Tech Briefs and applications teams. Nevertheless, the 
amount of spinoff technology from all government R&D has been 
disappointing considering the total federal investments [9]. 
A number of reasons for limited spinoff are given in Table 1. 

As mentioned earlier, Sandia chose to use their capabi- 
lities to directly transfer technology to energy producing 
industries. A number of mechanisms have been suggested for 
transferring technology; some are listed in Table 2. However, 
with al1,the rhetoric, modeling and analyses, one fact keeps 
being repeated: 

"The key to successful technology transfer lies not 
in procedures, but people." [121 

"...feedback, direct personal links...direct 
contacts" [131 

"The real problem is that we ignore the human 
involvement. 'I [ 14 I 

Technology transfer is 9novement of people... 
agents versus agencies. 1151 

"In fact, it appears that the early establishment 
of a strong innovator -- manufacturer linkage,-- 
strong enough so that the manufacturer becomes 
the co-inventor -- is one of the keys to success- 

sfer of federal la y technology." [161 

Successful transfer requires champion." 1141 

TO assure stron ommunicat io extensive industrial 
interaction is designed into all programs as outlined in 
Table 3. The "Stages of Development" are standard for an R&D 
program with the exception of a continuing system and economic 
analyses through the development activities to: 

. Identify critical areas requiring R&D plus those 
that have the most potential for influencing 
costs 
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Table 1. Impediments to technology transfer from national 
laboratories 

Lag Time: An approximate six-year lag time [lo] 
exists between the actual transfer 
operation and visible industry use. 

.............................................................. 
Mission Goals: Mission-oriented laboratories have 

defined goals (e.g., reliable weapons, 
safe waste disposal, etc). Attempts to 
transfer technology to other industries 
detract from those goals and do not 
improve the viability of the labs. 

Successful transfer of technology 
terminates an R&D program with no 
assurance of combining support for a 
researcher; i.e., the researcher works 
himself out of a job. 

.............................................................. 
Program Termination: 

.............................................................. 
Visibility: Direct transfer of technology needed to 

meet mission goals is usually not con- 
sidered a spinoff to industry; secondary 
applications of this technology may not 
be visible. 

Not Technical: The mechanics of transfer are difficult, 
expensive, and not usually technically 
challenging. 

.............................................................. 
Solution Oriented: Most scientists work in a discipline- 

oriented environment (solid state, shock 
wave, circuit design...), not a problem- 
oriented environment. Thus, they have 
many solutions searching for problems. 

.............................................................. 
Incentives: No incentives exist to encourage trans- 

fer efforts. However, NASA's actions 
were legislated and the recent Stevenson- 
Wydler Act [ll] requires other federal 
agencies to make a conscientious effort 
to transfer technologies. 
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Activity 

Table 3. Technology transfer processes 

Staqes of Development 
Evaluation Feasibility Development Verification Transfer 

System and Math t Lab Build & Test Viable Prototype Design, 

Industry Review Research Field Tests 

Economic Models Prototypes Field Test & Manufacture 
Analyses Basic Lab & Initial Evaluation and Test in 

(continues to Define Application 
end of pro- Boundary 
gram) Conditions 

Commercial 

Advisory Panel Establish Continued Involvement in Critique, Joint Tests,' 

Possible Funding 
Structure 

Potential Users 

Total 

Typical T h e  
Scales 3-12 Months 6-12 Months 12-24 Months 6-24 Months 12 Months 



. Involve i n d u s t r y  t o  understand commercial 
c o n s t r a i n t s  and i n c e n t i v e s  

Develop r e a l i s t i c  schedules  and g o a l s  

Provide a ’ r a t i o n a l e  f o r  s h u t t i n g  down a 
program i f  r e s u l t s  cannot be j u s t i f i e d  

I . I d e n t i f y  new a r e a s  f o r  needed R&D 

Advisory pane l s  of i n d u s t r i a l  personnel ,  p l u s  academic and 
government e x p e r t s  provide semi-annual c r i t i q u e s  of t h e  pro- 
grams, i d e n t i f y  c a p a b i l i t i e s  f o r  j o i n t  endeavors and become 
pe r sona l ly  involved i n  technologies  of i n t e r e s t  t o  t h e i r  
f i r m s .  None of t h e  panel  m e m b e r s  have, nor expect  c o n t r a c t s  
from t h e  programs they  advise .  
t i v e  i n  t h e s e  i n t e r a c t i o n s ;  advisory  panel  members who have 
supported Sandia programs are l i s t e d  i n  t h e  appendix. 

Indus t ry  has  been most suppor- 

The funding sequences obviously vary  wi th  d i f f e r e n t  
p r o j e c t s ,  bu t  it is  important  t h a t  p r o j e c t s  be c a r r i e d  
through t h e  v e r i f i c a t i o n  s t a g e  t o  a s s u r e  t r a n s f e r .  
i n d u s t r i a l  funding has  t y p i c a l l y  been t o  support  t h e  advisory  
panels ,  provide hardware or computer ana lyses  s p e c i f i c  t o  a 
given development, o f f e r  t es t  or o p e r a t i o n a l  f a c i l i t i e s  t o  
e v a l u a t e  pro to type  equipment and supply t h e  des ign  and manu- 
f a c t u r i n g  suppor t  f o r  bu i ld ing  f i n a l  hardware p a r t s .  

methodology as  app l i ed  t o  t h e  geotechnology programs. 

The 

The fol lowing chap te r  summarizes t h e  r e s u l t s  of t h i s  
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GEO ENERGY TECHNOLOGY TRANSFER 

The effective transfer of technology occurs for many 
reasons and in several ways. A new concept -- hardware, 
computer program, material -- that has an economic or market 
advantage, will be readily transferred. Such a transfer is 
obvious and easy to document. In some cases, a technology 
exists but industry is reluctant to pick it up because of the 
risk involved in modifying an existing plant or procedure. In 
the case where that technology exists at a federal laboratory, 
some directed research can catalyze adoption of that techno- 
logy by industry. Since the technology does exist, the 
catalytic role of a laboratory may be difficult to quantify. 
When technology transferred consists of information or under- 
standing, the transfer usually cannot be quantified. Such 
"inventions" have many fathers. Industrial personnel will 
also have been thinking along similar lines due to past con- 
tacts and the new concept is undoubtedly an evolution of many 
peoples' thoughts. 

The following discussion is divided into these three 
categories: New Concepts, Risk Removal and Understanding. 
Again, there will be fuzzy boundaries between the areas with 
potential overlap. The results described are those by Sandia 
researchers and contractors. In most outside contracts, a 
Sandia engineer or scientist was involved in research on one 
aspect of the project to maintain technical expertise in that 
area and contribute to the problem's solution. 

Technology Transferred 

New Concepts 

activities are all oriented to accessing resources 
in 

everal major bit com- 

to bit studs. Pressure Coring Inc. is now 
applying this technology. 

Developed (with Hydronautics, Inc.) cavitating jets 
to enhance cutting and cleaning ability of bi-cone 
and tri-cone bits. Nozzles now available in 
Smith A-1 bits. 
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Developed and field tested new high-temperature 
drilling fluid using sepiolite clay. 
now available from NL Baroid. 

Developed.(with L'Garde) high-temperature elasto- 
mers for "0" ring applications. Now available 
through L'Garde, Precision Rubber, and Parker Seal 
Company. 

Developed (by Pacer Industries) high-temperature 
lubricant for roller-cone bearings. Marketed by 
Pacer Industries as Geobondm. 

Identified stabilizing aqents and detergents for 
making aqueous foams stable at high temperature. 
Foamair is using results in foam drilling and 
Chevron in foam drive for enhanced oil recovery. 

Formulation 

Low invasion organic and water-based coring fluids 
developed for sampling depleted oil reservoirs 
are now in use by Pressure Coring Inc. and 
Christensen. 

Diagnostics: 
been oriented toward instrumentation and analyses of 
in situ processes as enhanced oil recovery, oil shale 
retorting, underground coal gasification and stimulation, 
and to the evaluation of reservoirs by improved logging 
toqls. Emphasis was also on high temperature electronics 
and capabilities. 

The major portion of diagnostics R&D has 

a Quartz crystal transducer research led to new 
company, Quartex, and establishment of lab at 
Schlumberger. 

New thick film resistor inks and discrete resis- 
tors for hybrid use at high temperature were 
developed and marketed by Cermalloy, DuPont, 
Craddock and Corning. 

. 

. Development of new circuits, materials, rotating 
transformer, acoustic transducers and other 
improvements are being incorporated into the 
borehole televiewer by Simplec, the original 
manufacturer, and by Hot Hole Instruments, a new 
company established to provide high temperature 
field instrumentation. 

10 



Monitoring of in situ temperatures, pressures, 
flows and gas compositions is combined with 
retort model calculations, for oil shale 
retorting by Geokinetics and Occidental Oil 
Shale. 

X-radiography for catalyst level monitoring 
developed, built and installed at HRI for coal 
liquefaction processing; Lummus and others 
requesting similar diagnostics and manufacturing 
technology being transferred to JR Sheppard. 

Processes: Hardware or concepts to improve processes 
have been developed with major emphases on enhanced oil 
recovery and stimulation. 

Development and test of a downhole steam generator 
for enhanced oil recovery is a new concept that has 
provided technology for five firms currently 
marketing generators; one of the firms, Enhanced 
Energy Systems, is a new company. 

Development of advanced packer designs for high 
temperatures resulted in marketing of new designs 
by Baker, L'Garde and Foster-Miller. 

Developed and demonstrated the tailored pulse 
loading concept for creating multiple fractures 
for well stimulation. Currently offered as a 
commercial service through several companies. 

Risk Removal 

Drilling, Completions and Mining: 

Catalyzed design and use of bits using poly- 
crystalline diamond compact (PDC) cutters. Prior 
to Sandia involvement, there were no commercial 
PDC bit manufacturers in the United States; now 
there are fifteen-plus companies marketing PDC 
bits (PCI, Stratabit, Davis Hicks, Security, 
Christensen, American Coldset, etc.). 

Developed (with Drilling Research Labs) new seals 
and materials for tri-cone bits which enable 
survival at geothermal temperatures. Program 
cost shared with Reed Tool Company. 

11 
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Figure  1. Downhole Steam Generator Concept -- Steam i s  used t o  recover  heavy o i l s  
i n  o i l  reservoirs and ta r  sands. The downhole genera tor  has  advantages 
over s u r f a c e  boilers of high thermal e f f i c i e n c e s ,  reduced a i r  p o l l u t a n t s  
and more r a p i d  recovery of o i l .  

, 
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Figure 2. Downhole Steam Generator -- The generator is being installed in a well 
in conjunction with the City of Long Beach, California. 



Redesigned (with DOWDCO) a pressure coring system 
for higher pressure use, to recover a longer 
core, with improved seals, and to incorporate a 
core orientation device; is in commercial use and 
resulted in establishment of a new company, 
Pressure Coring Inc. 

Diagnostics: 

Developed 275OC hybrid circuitry for: voltage 
regulators, line drivers, pulse stretchers, and 
voltage-to-frequency converters. Products are 
now available from Teledyne-Philbrick. 

Developed a multiplexer (GE marketing) and an 
op-amp (Harris marketing) for use to 275OC in 
downhole logging tools. 

Demonstrated (with Gearhart Industries) the 
application of hybrid microcircuit technology to 
logging tool instrumentation; adopted for use by 
Gearhart and Schlumberger. 

Design changes on clock bearings and lubricants 
now used in slick line logging tools transferred 
to Kuster Tool and Geophysical Research; also a 
new company, Thermodurics, established. 

Developed several advanced instrumentation tech- 
niques for in situ process monitoring; the tilt 
meter concept for determining fracture propagation 
direction was jointly developed by and currently 
marketed by Fracture Technology, Inc., and others. 

Processes: 

Verification of insulation effectiveness on down- 
hole tubular goods resulted in a new injection 
string insulation system by GE and catalyzed work 
on new downhole pipe insulation concepts by 
several companies. 

Identification of catalytic effects by pyrite and 
other minerals in coal provided major impetus to 
DOE programs in disposable and slurry phase 
catalysts. Being evaluated by Gulf, Exxon and 
Mobil. 

14 



Figure 3. High Temperature Electronics -- The high temperature hybrid micro- 
circuits (upper unit) operate to 27SoC, are more compact than 
conventional circuitry (middle unit) and have high reliability. These 
circuits are packed in a Gearhart temperature logging tool (lower unit). 
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Information 

Drilling, Completions and Mining: 
F 

Software f.or analyzing casing stress and failure 
in geothermal environments adapted by Union and 
Aminol. 

Diagnostics: 

. Improved performance of Corioles mass flow meters 
by changing tube radii being incorporated in new 
models by Micromotion, Inc. 

Processes: 

Verification of low temperature coal dissolution 
reactions enhancing shift of all direct liquefaction 
processes to "two-stage" processes. 

. 

Measured residence times and catalyst deactivation 
rates in H coal PDU; resulted in changes in operating 
procedures and data interpretation for H-coal 
process . 
Development of novel, slurry phase catalysts 
initiated research on advanced catalysts for two- 
stage liquefaction at Amoco, American Cyanamide 
and Lummus/Cities Service. 

Identification of the formation and loss of low 
boiling hydrocarbon fuels in o i l  shale retorting; 
now being recovered by Geokinetics. 

Technology with Potential for Transfer 

Extensive interactions with advisory panels and industry 
assures that many program aspects are in the process of being 
transferred. 
received industrial interest and many should be transferred 

The technologies listed in this section have 

erature/high-pressure 

Prototypes now being used 
Industry requests from 

viscometer for evaluating drilling fluids at 
geothermal conditions. 
by Texas Tech University. 
Shell, Chevron, and Union. 
i 

17 



Application of an inertial navigation system to 
the .spatial mapping of wellbores. Field test of 
prototype tool scheduled for February 1982. Exxon 
and Scientific Drilling Controls currently develop- 
ing hardware; Sperry Sun and Eastman Whipstock 
following. Patent problems delaying transfer of 
electronic design, packaging techniques and 
associated software . 
Design (with Engelhard) of inert gas generator 
which cleans diesel exhaust gas for use as a sub- 
stitute for air (when air drilling) to reduce 
drill pipe corrosion. Companies such as Western 
Air Drillinu and Foster-Miller Associates con- 
sidering marketing. 

Waterjet descaling system for cleaning scale for 
geothermal wells. Uses cavitating jets, minimizing 
casing damage and permittinq well to flow while 
being cleaned. A l s o  being considered for under- 
reaming geothermal wells to increase productivity. 

Waterjet drill for providing horizontal wellbores 
in coal seams for methane drainage, in situ 
gasification or other processes. 

Reamer bits modified to use polycrystalline dia- 
mond compact cutters and Sandia developed wear 
sensors (to indicate hole gase) to be evaluated 
in field tests. 

Completed development of roof bolt drill bits which 
significantly improve penetration rates and bit 
life over conventional bits; being evaluated by . 
General Electric, Kennametal and Bendix. 

Diagnostics: 

Development of a long-life, high-power electrical 
switching device for use at elevated temperature. 
Sprytron tube is being modified to operate as SCR 
for primary use in cement-bond loguing tool. 

Development of a 3OOOC sheathed monocable which is 
resistant to geothermal environment. Halpen 
Engineering to deliver 15,000 feet of sheathed 
monocable to Sandia in March 1982. Other private 
companies have initiated development and marketing 
activities. 

Downhole, periodic seismic source for in situ, 
geophysical exploration of geothermal and oil or 
gas reservoirs, mineral resources and in situ 
processes. 

. 
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Development of high temperature probes for moni- 
toring convection in magma bodies being considered 
for use in monitoring steel making processes. 

Magnetic tracer for process diagnostics requested 
by Lummus 'and Exxon. 

Electrical potential and borehole seismic methods 
developed for determining fracture orientation and 
geometry is being documented and being considered 
for adoption by industry. 

. Remote, underwater seismic equipment with an auto- 
mated acoustic communications link has been 
developed and successfully used; detailed designs 
being disseminated to industry. 

Processes: 

Titanium Diboride hard coatings as valve trim for 
Air Products and Exxon: for hardened thermocouple 
wells by Stearns-Rogers. 

Currently developing and demonstrating technologies 
to recover gas from lenticular, tight gas sand 
reservoirs in an extensive field experiment in 
Colorado; joint industry-Sandia effort constantly 
transferring technology. 

Risk Removal 

Drilling, Completions and Mining: 

Seals capable for sealing high-speed turbine/motor 
bearing packages at geothermal conditions. The 
HTCR-SF design has operated for 200 hours under 
laboratory conditions. 

Guidelines for the design of hydraulic configura- 
tions to improve cutter cooling and bottomhole 
cleaning being assessed by industry. 

Developing understanding of coal and rock cutting 
energetics through laboratory tests and finite 
element analyses for advanced rock and coal cutting 
systems. 



Processes: 

. Research on low temperature coal liquefaction 
mechanisms and catalyst deactivation processes 
oqiginated a concept of low severity coal lique- 
faction now being considered for H-coal and the 
new two-stage liquefaction processes. 



SUMMARY 

The unclassified,, energy related, industry oriented 
Department of Energy Programs at Sandia have provided an 
excellent mechanism to effectively transfer many of our tech- 
nologies from government to industry. 
base in insitu diagnostics (from weapons testing), transport 
processes and materials for hostile environments is being 
coupled with a directed systems approach to get new concepts 
into the private sector. A recent conference [17] on high 
temperature electronics, after all federal funding on the 
project had ceased, attracted over 350 attendees with industry 
asking to present papers and display new wares. This termina- 
tion of a geothermal logging instrumentation program signaled 
the advent of a new industrial move into high temperature 
electronics for use in the logging of deep gas wells and 
geothermal resources, for monitoring controls and environ- 
ments inside nuclear reactor containment vessels, for warning 
of jet flameout in aircraft engines and many other new appli- 
cations. 

The strong research 

Details of the transferred technology, presented in the 
previous text, can be summarized in facts: 

Five new companies have been established 
based on these technology developments. 

. Over thirty engineers and scientists, 
involved in these energy programs, have 
joined industry at industry's initiative. 

A new perspective of electronics 
use in hostile environments and for  
describing in situ processes has been 
initiated. 

monitor and evaluate national problems 
as coal mine fires in Pennsylvania and 
Colorado, volcanic hazards at Mt. St. 
Helens, and oil storage problems at the 
Strategic Petroleum Reserve sites. 

. Capabilities were made available to 

The technology transfer has been largely from the base 
developed in the weapons programs to the energy sector, but 
transfer has also occurred in the other direction. Work on 
special crystallographic cuts of quartz crystals to minimize 
temperature effects for the evaluation of geopressured 
resources has resulted in quartz tuning forks for weapon's 
timer applications. Work initiated on gallium phosphide and 
arsenide semiconductor devices for high temperature diodes 
is being applied to use in radiation hardened circuits for 
weapons. 

21 



The success of these programs reinforce the lessons of 
past technology transfer studies that person-to-person 
interactions are essential to effective transfer. These 
interactions are generally well supported by industry as 
evidenced by the advisory panels and many joint programs. 
As the energy programs phase out of the federal budgets, new 
methods will have to be developed to maintain the existing 
communications. Unfortunately, these new methods have not 
yet been identified. 
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