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DOWNHOLE MEMORY-LOGGING TOOLS 
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Geoscience Research Drilling Office 
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Abstract 

Logging technologies developed for hydrocarbon re- 
source evaluation have not migrated into geothermal 
applications even though data so obtained would strengthen 
reservoir characterization efforts. Two causative issues have 
impeded progress: (i) there is a general lack of vetted, high-' 
temperature instrumentation, and (ii) the interpretation of log 
data generated in a geothermal formation is in its infancy. 
Memory-logging tools provide a path around the first obstacle 
by providing quality data at a low cost. These tools feature on-' 
board computers that process and store data, and newer sys- 
tems may be programmed to make "decisions". Since memory 
tools are completely self-contained, they are readily deployed 
using the slick line found on most drilling locations. They 
have proven to be rugged, and a minimum training program is 
required for operator personnel. Present tools measure proper- 
ties such as temperature and pressure, and the development of 
noise, deviation, and fluid conductivity logs based on existing 
hardware is relatively easy. A more complex geochemical tool 
aimed at a quantitative analysis of potassium, uranium and tho- 
rium will be available in about one year, and it is expandable 
into all nuclear measurements common in the hydrocarbon 
industry. A second tool dqigned to sample fluids at conditions 
exceeding 4000C ((752°F)iis in the proposal stage. Partner- 
ships are being formed between the geothermal industry, sci- 
entific drilling programs, and the national laboratories to define 
and develop inversion algorithms relating raw tool data to 
more pertinent information. 

In trod uction 

Downhole logging and surface geophysical measure- 
ments have become a backbone for hydrocarbon reservoir 
analysis. Since the first recorded borehole measurements in 
1927, advances in hardware and interpretative methods have 
produced an impressive series of successes. In his 1990 
keynote address to the Society of Professional Well Log 
Analysts, Paul Worthington noted these successes and envi- 
sioned that within five years there will be an industry-wide 
consensus regarding a multidisciplinary approach to reservoir 
definition (Worthington, 1991). This approach will r aFe  from 
the petrophysics of individual pores at a scale of 10- meters 
(0.004 inches) to surfa? geophysical investigations with 
investigative lengths of 10 meters (328 feet). Cooperation in 
this effort is necessary due to the magnitude of the task and its 
importance in an era of declining resources and increasing 
costs. 

An effort of this magnitude is not a feature of the 
geothermal thrust in the United States. While some surface 
geophysical studies are used, these studies are limited (e.g., 
Goldstein and Stein, 1988, and ref. therein). Furthermore, 
there is a general lack of downhole measurements even though 
they are required to interpret surface studies, to extrapolate 
core data away from a hole, and to correct production 
difficulties. 

An often-cited obstacle to downhole measurements is 
the fact that tools used in low-temperature formations are not 
compatible with the geothermal environment, and the cost of 
developing and maintaining a suitable tool suite exceeds the 
anticipated revenues from logging services. But a market can 
only be supported if measurements produce a meaningful 
output. Since interpretative techniques developed for hydro- 
carbon reservoirs are not proven in geothermal formations, a 
second obstacle is the general inability to relate log data to 
meaningful information. In some respects, the development of 
a viable geothermal logging industry is impeded by the 
chicken-egg syndrome. 

Recently a program was instituted at Sanida to address 
the obstacles noted above. As envisioned, it involves a coop- 
erative effort between industry, scientific drilling programs, 
and national laboratories. One purpose of this paper is to 
solicit comments on this effort. 

In the following we first give a status report on the 
development of downhole memory tools. Then the discussion 
turns to the complex topic of interpretation. The paper con- 
cludes with a discussion of shared resources. 

Memory-Logging-Tool Concept 

ing service 
industry are capable of operation to 26OoC (500&), and thus 
are applicable to some, but not all, geothermal applications. 
Furthermore, size constraints are imposed by the diamond 
coring techniques used in some geothermal operations. Taken 
together, the temperature and the tool diameter provide initial 
criteria for the design of logging equipment. Given present 
needs and realistic technologies, a modern tool will be operable 
at 400OC (752OF) and will be about 50 mm (2 inches) in 
diameter (Lysne, Worthington and Pyle, 1990). 

Conceptually, two classes of tools are able to meet 
these criteria. The first class utilizes an electrical wireline to 
transmit power and data between the tool and the surface, and 
it is exemplified by tools common to the logging industry. The 
second class is completely self-contained in that power is 
obtained from batteries, and data are stored in a memory sys- 
tem. Even though memory tools have been around for 
decades, they have not found common usage due to past limi- 
tations. This situation is changing rapidly due to improve- 
ments in digital technology. 

Both classes of tools were used to make high-resolution 
tem rature measurements in the VC-2B scientific corehole to 

quality, the tool using an electric wireline failed about one-half 
of the time due to wireline or cable-head difficulties. Signifi- 
cantly, the memory tool has never experienced a data loss. 
This record includes the faithful recording of fishing exercises 
made when the tool was twice dropped through 2.5 km (8,200 
feet) of internal upset drill pipe. 

Cost considerations weigh heavily in the establishment 
of logging services, and memory tools are effective due to a 
number of issues. These tools are programmed at the surface 

Hostile environment tools found in the lo 

295 g. C (563OF) (Lysne, 1992). While data were of equivalent 
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by linking the tool to a personal computer running a simple, 
menu-driven program. This fact, coupled with the point that 
the tools are rugged and mechanically simple, minimizes oper- 
ator training. It has been found that personnel will become 
operators after a day or so of hands-on experience. Secondly, 
the slick line deployment system is almost always available on 
site so exercises may be undertaken on the spur of the moment 
and without the mobilization and maintenance of a special 
truck. Finally, while the development cost of prototype tools is 
understandably high, it is envisioned that simple tools will 
become inexpensive almost to the point of being expendable 
(est. 0.1% of hole cost). Memory tools then will be suitable for 
high-risk duty. 

While memory tools are inexpensive, logging engineers 
raise the point that the memory concept is flawed by the lack of 
communication between the tool and the operator. The 
greatest concern is that a tool will fail, yet the logging run con- 
tinue due to lack of information. Perhaps future tools will 
possess some means of communicating a failed condition to the 
surface. In any event, memory tools must possess reliability to 
be creditable. 

In the same vein, logging strategies are often evolved 
on the basis of real-time data. Memory tools preclude this 
approach. This point is not as valid now as it was in the past 
since newer computer systems support languages that are 
"intelligent". Thus, a logging strategy that contains 
contingencies may be programmed into the tool. Finally, the 
power available in a battery operated tool is limited. This 
means that power-intensive measurements are constrained to 
short durations. 

Sandia Tool Suite 

Three memory tools will form the backbone of the ini- 
tial Sandia tool suite. These tools meet the temperature and 
size criteria noted above. The background and status of these 
tools is discussed in this section. 

In 1988, Sandia contracted with the Geophysical 
Research Corporation (GRC), Tulsa, for the development of a 
temperature-measuring tool (Duda, 1988). The cost of this 
prototype tool was $58,000. The tool was funded jointly by 
DOE/Office of Basic Energy Sciences and DOE/Geothermal 
Development. 

The GRC/Sandia temperature tool has seen about thirty 
deployments in VC-2B and other holes including hot holes 
drilled by the Ocean Drilling Program on the Juan de Fuca 
Ridge. The status of this tool is best described by the statement 
of independent ocean scientists given to panels of peers: "The 
tool of choice." (Becker, 1990), and: "..a superb temperature 
tool that worked flawlessly even with rough handling." 
(Langseth, 1990). A precision (0.005%) pressure measurement 
will be incorporated into this tool in the near future. 

Currently Sandia is negotiating for the development of 
a modular memory tool, and it is envisioned that this tool will 
be available for calibration and field tests in about one year. 
The cost of the prototype tool is estimated to be less than 
$200,000. This effort is funded by the DOE/Geothermal 
Division. 

The modularity concept means that different sensor 
units can be joined to a universal Dewar-computer system. 
The prototype tool will feature a sodium iodide sensor for the 
spectral recording of gamma rays emitted by potassium, ura- 
nium and thorium decay-series elements. These "KUT" 
measurements will provide an elementary mineralogical 
analysis, and they will be a discriminate for scale buildup. 
Future applications may involve the addition of radioactive 
gamma and neutron sources. Such sources would permit a 
neutron activation analysis of aluminum for clay assays, the 
determination of densities through the Compton scattering of 

gamma rays, and the determination of water content through 
the slowing of high-energy neutrons. Pulsed neutron genera- 
tors could be incorporated into the tool for more sophisticated 
activation analyses, but limitations exist due to their power 
requirements. 

During the course of the VC-2B Program, it was noted 
that present fluid sampling tools leak (Lysne, 1991). 
Consequently a peer-reviewable proposal has been submitted 
to the DOE/Office of Basic Energy Sciences for the develop- 
ment of an improved sampler, and this proposal has received 
very favorable reviews. The proposed tool will be smart in that 
a pre-programming of the memory system will allow sampling 
based on, say, the nearest approach of the hole to the critical 
point of water or the precipitation state of a critical mineral. 

An essential feature of the sampler proposal is that total 
system development is to be co-sponsored by Basic Energy 
Sciences and the Ocean Drilling Program, with the latter 
agency supporting the development of an uphole analysis 
system. This division results in approximately equal develop- 
ment costs, and it provides each agency with an identifiable 
program element. A panel of geochemists, the Borehole 
Sampler Support Group (Edmond, 1991), has been convened 
by the Ocean Drilling Program to help in the coordination and 
implementation of this effort. 

Interpretation of Borehole Data 

Physical properties fall into two categories: those prop- 
erties that can be readily determined with logging tools, and 
those properties that are of importance, but are difficult to 
measure directly. Properties of the first type include tempera- 
ture, pressure, gamma ray spectra, sonic velocity, resistivity, 
and fluid composition. Often these properties are important in 
their own right, some are necessary to the interpretation of sur- 
face geophysical studies, and they may be used in hole-to-hole 
correlations. Properties in the second category include fluid 
content, density, permeability, lithology, and oxidation state. 
A difficulty of log interpretation lies in the fact that algorithms 
relating the second category to the first are often site specific. 

It is not envisioned that Sandia cover the myriad 
contingencies involving log interpretation. A better approach 
is for Sandia to make its tool suite available to scientific and 
industrial users for the development of inversion techniques. 
Interactions between Sandia and users would insure that the 
program was evolutionary. This path is a microcosm of that 
taken by the hydrocarbon logging industry over the past 65 
years (Worthington, 1991). 

It should be noted that the scientific drilling programs 
and the geothermal industry possess common interests involv- 
ing data interpretation, albeit with a different perspective. For 
example, a geochemist may ponder why oxidation states 
change (or minerals precipitate), whereas an engineer may 
wonder why casings corrode (or scales form). Thus, it is envi- 
sioned that useful partnerships can be formed between the 
scientific drilling community and producers of geothermal 
energy. But, in view of the diverse nature of these groups, two 
issues are essential to making such a partnership work: 

Pertinence 

Shared projects must provide pertinent information to 
all participants. The DOE/Office of Basic Energy Sciences 
and the Ocean Drilling Program have placed this criterion on 
the sampler program, and issues of common interest are being 
outlined by the Borehole Sampler Support Group. Further- 
more, the Department of Energy requires that its programs 
support solutions to energy-related problems. Given this envi- 
ronment, partnerships should not be difficult to initiate. The 
formation of an industrial group paralleling the actions of the 
Sampler Support Group may be in order. 
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Quality 

Quality insures that one user group can confidently use 
a system that has been developed by another. Specifically, it 
requires that the accuracy of a measurement or an interpreta- 
tive technique be verified by independent means. Simple 
measurements such as pressure may require only that the tool 
calibration be traceable to a recognized standard. More com- 
plex measurements involving borehole effects and inversion 
algorithms utilize complicated mathematical programs and 
ancillary measurements, and each system element requires 
independent verification. 

Resource Sharing 

Some indication of the costs associated with prototype 
tool development are given in a previous section. While these 
figures are not exorbitant, they are significant. More impor- 
tantly, they are incomplete. When the cost of human resources 
is included, total system costs become large. This observation 
provides a strong argument for cooperation. 

One concept for sharing is found in the fluid sampler 
proposal. Recall that this document proposes cooperation 
between two agencies with each having its identifiable area of 
responsibility, but funds are not commingled. This latter fea- 
ture may be essential in the complex environment in which we 
work. 

At this point it is useful to reflect on where we are. The 
temperature-pressure tool is in hand, and the Geothermal 
Division is supporting the KUT tool. Let us assume that the 
sampler proposal is accepted by Basic Energy Sciences and the 
Ocean Drilling Program. Then the prototype tool development 
program is underway, interpretative techniques are being ad- 
dressed for sampler issues by the Borehole Sampler Support 
Group, and the interpretation of some KUT measurements also 
will be addressed by this group due to their geochemical inter- 
ests. All that is needed to complete the package is for the 
geothermal industry to join the partnership. This action will 
require support for industrial investigators working on inver- 
sion issues as well as hard money or money-in-kind such as 
that provided by allowing open access to industry field sites. 
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