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INTRODUCTION

Geothermal fluids significantly impact the operation of geothermal power plants. Specifically, when the geothermal brine is acidic well casings, surface pipelines, and power generation equipment, typi-
cally constructed of carbon steel, often suffer from general corrosion and erosion. Corrosion progresses in carbon steel and low-alloy steels in high-temperature environments with a pH of 4 or less. Aus-
tenitic and duplex stainless steels are known to be susceptible to Chloride Stress Corrosion Cracking (Cl SCC) pitting, and crevice corrosion, when chloride
and low pH under high temperature. Furthermore, in non-aerated, hydrogen sulfide-containing geothermal environments, Sulfide Stress Cracking (SSC) can oc- Test Conditions
cur in materials such as martensitic stainless steels, particularly during plant shutdowns (low temperature.). Therefore, when utilizing acidic geothermal brine,

it is essential to select appropriate metallic materials based on the hydrothermal conditions, the composition of non-condensable gases, temperature, pH, and
other contaminants.

According to a survey conducted in fiscal year 1992 for geothermal developers (NEDO, 1992), the proportion of wells with acidic hydrothermal water (pH 5 or
less) in Japan was 13.3%, and the distribution of acidic hydrothermal resources is estimated to be about 30%.

In this R&D project, we focused on Cr13S, Cr13U, and 17Cr—materials that are more affordable compared to Duplex stainless steel—and evaluated their corro-
sion rates in acidic hydrothermal water through laboratory experiments (Fig.1). The aim is to develop a corrosion rate prediction model from the obtained results
and make it easily accessible through software, thereby assisting developers in material selection. Fig.1 Material selection Chart

METHODS B Development of corrosion rate prediction formula

« A pH-corrected empirical formula was developed based on predicted pH at high temperatures
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« This prediction formula was implemented in the "Geothermal Power Plant Risk Assessment
System,” making it available for detailed material selection studies for K55, CrMo, 13Cr, Super
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The Geothermal Power Plant Risk Assessment System is a software platform that integrates essential information required B Corrosion Rate Caluculation B Material Selection Chart
for the utilization of acidic geothermal fluids into a comprehensive risk assessment framework (Fig.5). The system is based CrBIcLAEARERE [seriar Seecion Chart for Seomermal Envirenmen:
Te ,4-3[?;; vES

on an extensive database of geothermal corrosion data originally obtained from the Sunshine Project conducted at the for-
mer Tohoku National Industrial Research Institute of AIST (National Institute of Advanced Industrial Science and Technolo-
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sy). To this foundation, newly acquired corrosion test data for novel materials—those with limited prior application in geo- = .. .

thermal environments (no recommended materials between Carbon steel and Duplex)—have been added. The system was | =~ =
developed with the objective of providing geothermal developers considering the use of acidic geothermal resources with S T
easy access to fundamental corrosion-related information. T ]
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The system comprises four main functions: M Economic evaluation function | Database for Papers of Material Corrosia
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2) Material Selection chart based on these laboratory data for material corrosion. e TR e o F -
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(3) an economic evaluation tool.
(4) a database tool containing corrosion rate data and references to related scientific literature.
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By combining these elements, the software integrates key information necessary for evaluating the risks associated with the
utilization of acidic geothermal fluids.

KD S) N
-

s E R TRLES iC A
— -0 1
ed_ | 78 — B%E

Initially, the system was developed as a set of modules operating within Microsoft Excel. However, due to the increasing vol- e oo [E) omua om
ume of data, resulting in slower database response times and heightened security concerns, the development policy was
shifted toward creating a standalone software application.

EXAMPLE OF APPLICATION

Fig.5 The Geothermal Power Plant Risk Assessment System

CONCLUSION

0.5 - . 1.The risk assessment system for geothermal power plants dealing with acidic hydrothermal fluid
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the Philippines. Hot brine at 160 deg.C was adjusted to a 2.Case studies confirmed that in a single-phase hydrothermal environment, which is close to the
' ' %37 conditions of metal material corrosion tests, there was generally good agreement. For actual ma-

pH of 7 to 4.5 using sulfuric acid, and then cooled to 120
deg.C. This simulated the temperature drop caused by a
double flash process. The adjustment to pH 4.5 was spe-

terial selection, the preferred approach is to first use the risk assessment system for preliminary
estimation, followed by on-site testing using equipment such as a loop-type corrosion test appa-
ratus before making the final material choice.
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objective was to evaluate the corrosion risk under these FUTURE CHALLENGES

conditions. The mass loss method using metal coupons 0 R

was employed to measure the corrosion rate, and the test 0 10N f;ﬂ 30 1.Improving the accuracy of the corrosion rate prediction formula by refining the regression equa-
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was performed for over 30 days. g tion to reflect specific case studies, as well as enhancing the prediction accuracy by collecting pH
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Regarding the empirical formula, in addition to the 24-hour | asstimedin project.
Fig.6 Comparison with field test data 2.Continuous updates to the "Geothermal Power Plant Risk Assessment System" (including updat-

value, estimates were calculated for 240 hours (10 days),
480 hours (20 days), and 720 hours (30 days), assuming a parabolic function (parabolic law). By ed corrosion rate data, relevant literature, and case studies.) through the collection of case stud-

overlaying the calculation results from the improved corrosion prediction equation onto the data les and additional data.
from the long-term exposure test where no corrosion inhibitor was used, the predicted corrosion  3.While there are few examples of corrosion tests conducted within production well bores, it is de-

rates were consistent with the measured values (Fig.6). Therefore, we judged that the predicted re- sirable that such tests be feasible in the future to improve the prediction accuracy of piping corro-
sults were consistent with the measured values, confirming the validity of the model. sion rates under two-phase conditions.
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