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S y n ops i s  

The program objective aims to identify the highest temperature at which silica 
scale will develop from partially evaporated and significantly cooled geothermal 
liquid. The approach involves tracking deposition of silica scale by monitoring 
the apparent electrical conductivity of the geothermal liquid in an isolation 
chamber. A decrease in apparent conductivity occurs because the deposited silica 
is less conductive than the geothermal liquid. 

The major technical hurdle is building a conductivity monitoring system that is 
sensitive enough to distinguish between no silica deposition and almost no 
silica deposition, while accounting for other factors which also affect 
conductivity, such as temperature and varying fluid composition. 

Activities This Period 

In early January, Don Michels and David Mendive worked through numerous 
electrical problems concerning probe sensitivity and refinement of the signal 
conditioning methodology. In late January and early February Dr. Michels 
completed final assembly and lab testing of the equipment. Dr. Michels arrived 
in Reno, Nevada, on February 12,1998, to begin field testing at the Caithness 
Power Plant. A location at the Cox 1-1 injection well was chosen for the first 
round of field testing. 

The ability to safely install and remove the probe through a 1” pressure gauge 
port on a hot line was demonstrated. Initial testing revealed that the electrodes 
were sensitive to fluid conductivity, and the expected correlation of conductivity 
with fluid temperature was documented. 
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Testing continued at Caithness over several days. Minor modifications were 
made to the equipment to improve the signal quality from the electrodes, and to 
improve the reactor temperature sensor response time. At the conclusion of 
testing at Caithness, it was determined that scale forming on the electrodes had 
affected the conductivity, and the response could be seen on the strip chart 
recorder. Unfortunately, the temperature of the injectate flowing in the pipeline 
was not stable, making it impossible to keep the reactor, and therefore the fluid 
surrounding the electrodes, at a constant temperature. 

On February 19, testing began at the Dixie Valley Power Plant. Again, a suitable 
location on an injection pipeline was selected. Very encouraging data was 
gathered which confirmed that the probe indeed responds to a build-up of scale. 

The ends of several of the electrodes were examined under a scanning electron 
microscope at the University of Nevada, Reno. A scan from one of the 
Caithness samples has been included with this report. An energy dispersive 
spectrometry (EDS) attachment was used to confirm the scale on the sample was 
indeed a silica-based deposit. The output from the EDS analysis has also been 
included. 

Findings and Improvements 

These experiments revealed that the conductivity of the fluid in the pipeline 
was not constant. With a single probe, it could not be determined whether 
temperature effects or slight variations in fluid composition were affecting 
the conductivity measurement, masking changes in conductivity which were 
caused by scale formation. 

It was determined that two conductivity probes and two temperature probes 
were required to monitor both the fluid in the reactor and the fluid in the 
pipeline. Improvements were also made in the equipment by adding a 
programmable logic controller (PLC) to linearize the signals from both the 
conductivity and temperature sensors to the strip chart recorders. The J-type 
thermocouple temperature sensors were replaced with 1 OOR platinum RTD’s, 
and two conductivity signal conditioner/ transmitter modules were added. 
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Schedule 

It was originally expected that the project would be in its third month at this 
point. Due to the complexity of the required signal conditioning and the need to 
conduct additional field testing, the tasks of finalizing the configuration of the 
equipment and obtaining successful field testing have added five to six months 
to the schedule. 

Budget 

Don Michels Associates has invoiced the project $30,550 for labor as of March 
31,1998. It was anticipated that up through the Nevada field testing his labor 
cost would be $21,500. This is a direct result of the unexpected difficulties 
relating to signal conditioning. This leaves about $23,700 for Dr. Michels to 
complete the experiments in Costa Rica and to co-author the final report. 

Geothermal Development Associates has invoiced the project $18,908 as of 
March 31,1998. This represents about 39% of GDA’s total budget for project 
management, assistance with the Nevada field testing, and reporting. The 
unexpected difficulties with signal conditioning have required a substantial 
number of hours from our electrical engineer and technician. 

The original budget for equipment, materials, chemical analyses, and outside 
services was $25,180. At the end of the first quarter of 1998, $5,713 had been 
spent. DMA and GDA have confidence that the existing equipment is 
suitable, and that the only other major purchase would be some type of data 
logger to complement the strip chart recorders. 

In summary, $57,798.35 has been spent, representing about 43% of the total 
funded by the DOE. A table has been included which details expenditures and 
budget amounts for the various categories. 

Anticipated Work in Second Quarter of 1998 

The experimental methodology and equipment, although greatly improved, 
has not yet been finalized. Prior to Dr. Michels’ trip to Costa Rica, GDA will 
conduct additional field trials of the equipment in Nevada. 
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It is anticipated that upon successful completion of system development in 
early May, Dr. Michels will travel to Costa Rica in the last part of May. This ' 

would allow data reduction and production of a draft report before the end of 
the second quarter of 1998. The final report and dissemination of the results 
will likely occur in the third and fourth quarters of 1998. 

Summary 

In this period, an airline-transportable system was developed which can 
monitor conductivity and temperature of both a fluid sample and fluid in the 
pipeline. Confirmation that silica would form on the probe, and that the 
deposit affected the apparent fluid conductivity, was achieved. 

In the next period, the temperature and fluid composition resolutions needed 
during monitoring to properly account for their apparent effects on 
conductivity will be defined. The system will then be transported to the 
Miravalles geothermal field in Costa Rica to determine the lowest practical 
temperature to which separated brine can be cooled without forming 
detrimental silica scale. 

Respectfully submitted, 
GEOTHERMAL DEVELOPMENT ASSOCIATES 

President 
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Scanning electron micrograph of scale formation on probe tip. 
(Caithness Plant, Cox 1-1 Injection Well) 
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EDS analysis of scale sample on tip of probe showing high silica content. 
(Caithness Plant Cox 1-1 Injection Well) 
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Progress to Date 
March 31,1998 

Cost Summary by Task 

Section of Form 424A 6a, 6b 6a, 6b 6f 6f 6c 
Total 

(Actual) Machine Shop Travel Expenses 

Actual Budget Actual Budget Actual Budget Actual Budget Actual Budget Actual Budget 

Chemical Components & 
No. Description GDA DMA Analysis Materials 

1 koject Management $ 18,908 $ 32,400 $ 18,90€ 

$ 6,240s 4,000 $ 5,510 $ 15,980 $ 11,76C 2 
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4 Field Test in Nevada $ 4,875 $ 14,900$ 11,900 $ 200 $ 1,!500 $ 1,m $ 2,131 $ 2,125 $ 17,231 

Finalize Design & 
Procure Components 
Build and Assemble 
Components 

~ --- 
$ 9,400$ 6,3300 $ 500 $ 500 $ 9,9N 

$ 21,OOo $ 62300 $ 1,200 $ c 

$11250 $ 15,000 $ 1,620 $ c 

Field Experiments in 
CostaRica 
Data Reduction and 
Reporting 

Total $ 18,908 $ 48,5525 $ 30,550 $ 58,200 $ 200 $ 7,700 $ 5,510 $ 16,980 $ 500 $ 500 $ 2,131 $ 4,945 
& 
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Total to date (Actual) 

Total DOE Funding (Budget) 

Balance remaining 

$ . 57,798 

$ 136,150 

$ 78,352 


