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OF R&D IN GEOTHERMAL DRILLING COST REDUCTION 

The role that drilling technology development can 
play in reducing the cost of geothermal power is 

potential technology 
those costs are identified. Projects under way at 
Sandia National Laboratories to address these 
technology needs are summarized, and estimates are 
made of the potential drilling cost savings resulting 
from these projects. 

PROGRAM STRAT 

comprehensive and br 
of projects addressin 

INTRODUCTION 

Approximately 35-50% of the costs of a typical 
geothermal power project are the costs of drilling 
and completing the wells. Given this fact and the 
fact that a typical geothermal well costs two to three 
times that of a typical oil and gas well drilled to the 
same depth, it is logical to seek drilling cost 
reduction as a way of making geothermal power 
more cost competitive. 

Geothermal drilling is already a highly developed 
process, and improvements that result in significant 
cost reductions will not come easily, Because of the 
maturity of drilling technology in general, 
technology development can play a role in reducing 
drilling costs only if it is done in a persistent, 
deliberate, and long-term manner. Not only must 
technology be developed, it must also be 
implemented and demonstrated numerous times in 
the field before it is widely accepted. 

Such is the task undertaken by the U.S. Department 
of Energy’s Geothermal Drilling Technology 
Program at Sandia National Laboratories. The 

needs. This approach assumes that incremental 
improvements will add up to the significant savings 
in drilling costs that are needed to make g 
energy more cost competitive. 

To ensure that the program is focused on t 
techniques that help reduce drilling c 
project is carefully examined prior to undertakin 
Although it is difficult to precisely quantify 
potential savings in all cases, only projects that 
result in significant industry cost saving 
undertaken. 

What constitutes significant cost savings? A 1% 
reduction in well costs is a savings of $20,000 on a 
$2 million dollar well. A single, large geothermal 
project requiring 50 wells would thus save one 
million dollars by using a tool that saves 1% in well 
costs. A 25% reduction in well costs would save 
enough on a large project to totally finance a second, 
smaller geothermal project. Another way to view it 
is that every 2-3% reduction in well costs results in a 
1% reduction in power plant costs. Using these 
benchmarks, a project that could result in well cost 
savings of a few percent would be worthwhile if it is 
sound and has a good probability of success. 

It is difficult to ass 
risk and payoff on 
view the tradeoff i 
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rd-Rock Drill Bit Technology; 
High-Temperature Instrumentation; 
Wireless Data Telemetry; 
Slimhole Drilling Technology; 
Geothennal Drilling Organization Projects: 
Drilling Systems Studies. 

potential cost savings resulting from the projects 
in each of the first six areas are discussed in the 
following sections. 

LOST CIRCULATION TECHNOLOGY 

Lost circulation ,is a costly problem in geothermal 
drilling, accounting for roughly 15% of the cost of a 
typical well (Carson and Lin, 1982). The goal of the 
Sandia program in this technology area is to develop 
tools and techniques for reducing lost circulation 
costs by 30%, thereby reducing geothermal well 
costs by about 5%. 

The cost savings that may accrue from any lost 
circulation project are related to the cost of a 
conventional cement plug pumped through open-end 
drill pipe, which is currently the standard treatment 
for severe lost circulation in geothermal drilling. It 
is not uncommon for 30 or more cement plugs to be 
pumped while drilling a single geothermal well. 
These plugs are often pumped in groups, with some 
lost circulation zones requiring two, three, or even 
more plugs to seal them. 

this analysis, a typic 

cement plugs. The distribution of the plugs is 
assumed to be as follows: three of the loss zones are 

1) detecting and quantifying or characterizing lost 
circulation zones; and 2) more cost effectively 
sealing lost circulation zones. 

andia has developed a 
drilling-mud flow-measurement system that provides 
inflow and outflow data during drilling. This data is 
useful for, among other things, detecting and 
quantifying lost circulation zones. The centerpiece 
of this system is a rolling float meter for measuring 
the outflow rate of drilling fluid exiting a well 
during the drilling process. When combined with 
data from pump stroke counters andfor a commercial 
Doppler flow meter to measure inflow rates, the 
outflow rate data can be used to detect and quantify 
any fluid lost to or produced by the formation. Thus, 
lost circulation and steadgas kicks can be 
immediately detected at the surface. 

An expert system is also under development by 
Tracor, Inc., under contract to Sandia as a 
Geothermal Drilling Organization (GDO) project. 
The objective of this project is to develop a software 
system that analyzes flow and other drill rig data, 
detects potential fluid circulation or other drilling 
problems, and reports to the driller, even offering 



of Iost circulation can help 

ottom loss zones are notoriously 

optimized. 

Another benefit of accurate flow data is in assessing 
the effectiveness of any given cement plug or other 
loss-zone treatment. After allowing a cement plug 
time to harden, the seal is generally tested by 
pumping the borehole full of drilling mud and 
observing whether or not it holds the flui 
able to accurately measure inflow and out 
allows this process to be conducted more quickly and 
with greater accuracy. 

The cost benefit of such a flow measurement system 
can thus be estimated as follows. If the system 
prevents one premature cement plug from being set 
per well, the cost savings would be $17k per well for 
that plug alone. If the system’s rapid response 
reduces two hours of unnecessary drilling mud loss 
at 500 gpm per well, another $7k in lost mud costs 
(@ $5/bbl) are eliminated. If the flow system 
prevents unintended vertical accumulation of 
untreated loss zones, then a savings of several failed 
off-bottom cement plugs might also be prevented. 
Assuming three such plugs at $&/plug, this 
represents an additional savings of $24k. A savings 
of $48k, or more than 2% of total well costs for a 
$2M well, can therefore be conservatively estimated 
as a potential savings resulting from use of the flow 
measurement system. 

This estimate does not include benefits accruing 
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exampIe, if improved detection and characterization 
of loss zones improved the strategy for treating 
multiple loss zones such that no single zone required 

eliminated in our 

of the smaller of cement pumped 

The real cost savings assumed to occur with the DSP 
is in plugging the loss zone with a single plug, rather 
than the multiple plugs often required with off- 
bottom loss zones. If the DSP obviates the need for a 
multiple plug it will save an estimated $8k per plug. 
For instance, if the seven-plug treatment assumed in 
the typical well described above could be replaced 
with a single-plug DSP treatment, a savings of $50k, 
or about 2.5% of total well cost savings, would 
result. 

It can, of course, be argued that the savings 
accruable with the flow measurement system and the 
drillable straddle packer are mutually exclusive with 
regards to the Occurrence and treatment of off- 
bottom loss zones. While that may be true to a large 
extent, it is always possible for drilling induced 
fractures to occur at any time anywhere in the 
exposed (uncased) section of the borehole. Thus, 
even with careful attention and immediate treatment 
of loss zones as they are encountered during drilling, 
there may always be a need for an improved method 
for treating off-bottom loss zones. 

Sandia is also participating in a project to field 
evaluate several types of alternative cements for lost 
circulation control. CalEnergy and Halliburton are 
participating in the study, which is being -conducted 

The alternative 



that had previously taken up to ten conventional 
cement plugs or more without effect. For each 
cement plug not needed, approximately $8k can be 
saved under multiple-plug conditions. Using our 
typical geothermal history, 16 such plugs might be 
eliminated, saving $128k or over 6% of the total well 
cost. 

In the case of CLCM, the ultimate goal is to develop 
sufficient confidence in its setting characteristics that 
it can be pumped through the drill bit. This would 
save a significant amount of rig time in tripping. 
The total cost of a oneplug CLCM treatment would 
thus be $12k, a two-plug treatment would cost $20k, 
and a three-plug treatment would cost $28k 
(Glowka, 1989). Assuming the CLCM is as effective 
as conventional cement is sealing loss zones, the cost 
savings using CLCM instead of conventional 
Portland cement would be $5Ok or about 2.5% of the 
well cost. This does not include the reduced cost of 
chemically treating the drilling mud, which is 
generally required when drilling large quantities of 
Portland cement because of the deleterious effects of 
cement fines on mud properties. CLCM fines do not 
react with the mud chemistry and therefore do not 
significantly affect mud properties. 

HARD-ROCK DRILL BIT TECHNOLOGY 

Geothermal resources are usually found in or 
beneath hard rock, so drilling a geothermal hole is 

carbide-insert tricon 
below 10 ft/hr are c 
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tu rd  nature of the typical geothermal rock, PDC 
thus far not been proven capable of 
use in this application. 

recent study (Pierc 

ftfhr for this hypothetical interval reduces 
cost for that interval (including casing and loggi 
from $800k to $675k, a 16% reduction. 

Based on these considerations, a goal of the Sandia 
program is to double both the penetration rate and 
the life of drill bits used in geothermal drilling ab 
the levels currently achieved with tungsten-car 
insert tricone roller bits. As seen above, achieving 
this goal would reduce geothermal well costs b 
about 15%. 

Sandia’s drill bit program concentrates on improvin 
synthetic-diamond drill bits for hard-roc 
applications. The reason for this is that drag bits, 
such as PDC bits, are much more efficient than roller 
bits in cutting rock, easily drilling twice as fast in 
any rock type. Survivability and adequate life, 
however, are issues when drag cutters are used in 
hard-rock drilling. The hard-rock capability of PDC 
and other syntheticdiamond drag bits has been 
steadily improving over the years, and the Sandia 
program is striving to accelerate the pace (Glowka 
et al., 1996.). 

The centerpiece of the Sandia drill bit program is a 
set of unique test facilities for evaluating the cutting 
and wear performance of drag cutters in rock. The 
Single-Cutter Test Facility (SCTF) is used to screen 
cutter geometries and materials for their r6ck cutting 
capabilities and to quantify 

erimental drag cut 
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Mudjet-augmented PDC bit design and testing 
with Security DBS, Dynaflow, and Terra Tek 
(NADET project); 

PDC cutter chatter study with the University of 
Southwestern Louisiana; and 

Explosive compaction of boron sub-oxide cutters 
for hard-rock drilling with New Mexico Institute 
of Mining and Technology. 

H-TEMPERATURE INSTRUMENTATION 

The ability to obtain reliable downhole data in 
geothermal wells is essential to understanding a 
geothermal reservoir and optimizing operation of the 
field. The high cost of conventional wireline 
logging in the harsh, remote geothermal 
environment inhibits it use and thereby limits the 
amount of data available on most geothermal 
reservoirs. 
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The memory tool n est commercialization is the 
pressurdtemperaturdspinner memory tool. This tool 
originally had only temperature and pressure 

fractures in the c 

Indonesia in late 1997. 

The downhole steam sampler is also a dewared 
memory device that condenses and collects a 150 ml 

ted downhole location. An 
y, and pressure and 

record data on the 
t which the sample is 

ation can also be used to 
actually trigger the sampling. Unocal and 
Thermochem, Inc., are funded through Sandia to 
further use and develop the tool and sampling 
technique in The Geysers over the next one or two 
years. Sandia will continue to provide technical 
support to this project as requested by the industry 
partners. 

A suite of high-temperature memory logging tools is 
under development at Sandia to significantly reduce 
the cost of geothermal well logging. These tools are 
microprocessor-based data acquisition systems using 
electronic data storage and battery power to 
eliminate costly conducting wirelines. Non- 
conducting slicklines, available on most rigs and 
easily pickup-mounted, can be used to run these 
tools. The tools are heat-shielded with dewars and 
can gather data for up to 10 hours at 400°C. The 

o a computer and 
001 is reeled back to 

surface. 
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A core-tube data logger has also been developed and 
extensively tested by Sandia. This simple device 
provides essentially free data on downhole drilling 
conditions and borehole trajectory. The tool has 
been tested in cooperation with Tonto Drilling 
Services and Boart Longyear and found to be of 
significant value (Henfling et al., 1997). 
The cost benefit of lower-cost logging methods can 
be estimated at least two ways. One-way is to 



conducting-wireline logging truck. As 
logs per well are run, a cost savings of $ 
of the total well cost would result. 

expected with improved downhole logging methods 
is much more significant, but harder to measure. It 
is expected that the advent of lower-cost, reliable 
logging methods will lead to greatly expanded use 
and interpretation of wellbore logs. This, in turn, 
will lead to greater knowledge and understanding of 
the reservoir. This information can be used to better 
locate wells and to better operate the reservoir to 
maximize its productivity and life. If successful, the 
effect this will have will be to reduce the number of 
wells needed to operate the reservoir and the number 
of replacement wells needed to extend its life. It is 
conceivable that 1 in 20 wells could be eliminated in 
such a manner, thereby reducing geothermal well- 
field costs by 5%. This seems like a reasonable goal 
for the high-temperature instrumentation program, 
but it is a difficult metric to prove and document. 

SLIMHOLE DRILLING TECHNOLOGY 

Geothermal exploration costs can reduced by 40- 
50% if slimholes are drilled instead of production- 
sized wells. The goals of the Sandia program in the 
slimhole technology area are to: 1) document and 
further reduce the relatively low cost of slimhole 
drilling as compared with larger wells; and 2) 
demonstrate that slimhole test data can be used to 
accurately predict production rates in large-diameter 
wells in the same geothermal reservoir. 

1990s. Those projects served to demo 
document the cost advantages of slimhol 
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geothermal developer may be financing the drilling 
with venture capital instead of a secured bank loan. 
This cost reduction may, therefore, be particularly 
welcomed by the developer at that time. 

WIRELESS DATA TELEMETRY 

Transmitting data fiom the bottom of a well is 
problematic in cases where a conducting wireline 
cannot be easily or economically installed. Wireless 
telemetry methods have the potential for reducing 
well costs by providing an economical means for 
transmitting data to the surface. Sandia is working 
on several wireless telemetry techniques for this 
purpose. 

An acoustic line-shaft pump alignment system is 
currently under development and testing in 
cooperation with Johnston Pumps. This system will 
allow line-shaft pumps to be aligned while the pump 
is running using acoustic alignment signals actively 
generated downhole. The acoustic signals are 
transmitted up the line shaft and production tubing 
and interpreted at the surface to properly adjust the 
shaft alignment. It is estimated that the alignment 
system will help increase pump life from 18 months 
to three years, thereby reducing pump installation 
and maintenance costs by $look per well. 
According to Johns make the 
difference between closing or 



ervices. This 
that allows the 

assumption as before, that 
exploratory drilling, elimination of this waiting time 
represents a 1/2% reduction 

A high-speed measuremen 
also under study. The Surface Area Modulated 
(SAM)  system has the potential for transmitting data 
at kilobaud speeds. This would allow for the 
possibility of using downhole accelerometers to 
monitor bit vibration. With this information, the 
driller may be able to modify driIling parameters 
sufficiently that PDC bits could be used in harder 
rocks than they are currently capable of drilling. If 
PDC bits could be made to survive in the geothermal 
drilling environment, a doubling of the penetration 
rate would be easily achievable. 

GEOTHERMAL DRILLING ORGANIZATION 
PROJECTS 

The GDO consists of approximately 20 member 
organizations that cooperate on the development and 
field testing of technologies for reducing geothermal 
well costs. GDO projects are cost-shared by DOE 
(through Sandia) and participating GDO members. 
In addition to the lost circulation GDO projects 
previously described, the following projects are also 
under way. 

High-pressure, high-temperature valve changing 
tool, with Smith International and PGV: This tool 
provides a way to change the master valve on 
geothermal wells without "killing" the well with cold 
water; thus, the benefits are substantial, but the cost 
savings are difficult to assess. 

Mud-actuated perc er, with Novatek, 
CalEnergy, Unocal, OCO: This project could 
help achieve the dou on rate that 
would reduce well cos 
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Insulated drill pipe, with Drill Cool Systems and 
CalEnergy: This project will result in cooler 
downhole fluid temperatures, thereby preventing 
drilling mud degradation, extending bit life, and 
making the use of downhole electronics more 
feasible. The potential cost savings ar 
assess but could be substantial. 

When added together, the well cost reduction 
for the various program areas exceed the o 
25% well-cost-reduction goal for the 
as a whole. This is reasonable 
uncertainty involved 
cost-reduction goal 
power plant costs wil 
would make 
competitive and hopefully increase the utili 
this environment 
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mendation, or favoring by the United States Government or any agency thereof. The views 
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