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Core Values and Future Improvement Strategies
for Geologically Sensitive Areas
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Yen-Hui Lin'  Shu-Heng Lin' Chang-Cheng Lin'
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1. Geological Survey and Mining Management Agency, MOEA Section Chief
2. Geological Survey and Mining Management Agency, MOEA  Technician
3. Geological Survey and Mining Management Agency, MOEA Technical Specialist
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Abstract
Taiwan’s active geology and past disasters- such as the 1999 Chi-Chi Earthquake
and the National Freeway No. 3 landslide- led to the implementation of the
Geological Act, emphasizing information disclosure and investigation prior to

development. The designation of Geologically Sensitive Areas is intended not to

1-1



prohibit development but to ensure the public’s right to know and require professional

geological investigations before land use. By early 2026, 70 areas across four

categories—geological heritage sites, groundwater recharge zones, active faults, and

landslide-prone areas—had been designated, covering about 15.2% of Taiwan’s land

area. Through certified site geological investigation and safety assessment reports,

geological risks are incorporated into planning and development reviews to guide

safer land use and mitigation measures. While challenges remain in improving

investigation quality, updating dynamic data, and enhancing public understanding, the

system primarily aims to guide safe development. Future efforts should integrate Al

analysis, big-data feedback, and stronger inter-agency collaboration to transform risk

awareness into a foundation for resilient land governance and a safer living

environment.
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An Overview of the Collection and Management of Geological Data in
Taiwan and Recent Developments
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Abstract

Since the enforcement of the Geological Act, the Geological Survey and Mining Management
Agency of the Ministry of Economic Affairs (hereinafter referred to as “the Agency”) has
implemented and refined measures aimed at strengthening the geological survey system and
enhancing the management of national geological data. Geological data are clearly defined in three
categories: geological survey reports, geological drilling reports, and original geological materials
(e.g., drill cores and specimens). These data are widely applied to national land-use planning,
disaster prevention and response, and resource development—areas essential to national

development. In recent years, the Agency has improved data collection and management by
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establishing transparent and consistent sanction standards and standardized administrative
procedures, thereby reinforcing enforcement under the Geological Act and ensuring compliance
with data submission requirements. It has also clarified the scope of geological data and promoted
digital, paperless submission processes to enhance administrative efficiency and convenience. To
further improve data quality and practical application, the Agency has introduced a regular
stakeholder feedback mechanism and continuously updated the Manual for Geological Surveys and
Geological Safety Assessments in Geologically Sensitive Areas, ensuring that the geological safety
assessment system remains aligned with field investigation needs and evolving professional

standards.
Key Word :  Geology Act, geological data, Fine Determination Criteria, Geologically Sensitive
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Abstract

As landslide and landslip geologically sensitive areas have been progressively designated, site
geological investigation and geological safety assessment have become essential components in the
review of hillside development and soil and water conservation projects. The outcomes of
geological safety assessments not only serve as a basis for evaluating development suitability but
also directly influence the rational planning of subsequent soil and water conservation measures and
engineering layouts. Therefore, the completeness and technical soundness of investigation data and
assessment conclusions are of critical importance in review practice.

Based on the current Geological Act and relevant operational guidelines and technical manuals,
this study synthesizes recent practical experience in the review of projects located within landslide
and landslip geologically sensitive areas. The key focus is placed on practical considerations in site
geological investigation and geological safety assessment, including the functional roles of regional
and detailed investigations, principles for establishing geological models, approaches to assessing
landslide susceptibility, and evaluation of the impacts of development activities on slope stability.
Key technical aspects and judgment criteria commonly emphasized during review processes are
also discussed.

By organizing these review-oriented practical considerations, this paper aims to facilitate a
shared understanding among review authorities, planning and design teams, and geological
professionals, thereby enabling site geological investigation and geological safety assessment
results to effectively support soil and water conservation planning and hillside engineering
decision-making.

Key Word : Landslide and landslip Geologically Sensitive Areas; Site Geological Investigation;

Geological Safety Assessment; Review Practice; Soil and Water Conservation
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Abstract

The report provides an exploration of the critical role of geological drilling throughout the
entire engineering lifecycle, encompassing planning, design, construction, and operation. Key
highlights include practical techniques, where the report evaluates different drilling rigs. Regarding
construction and quality control (QA/QC), it outlines standardized procedures from site layout and
sampling to monitoring, highlighting crucial quality indicators such as Core Recovery and Rock
Quality Designation (RQD) as essential for data reliability. Furthermore, the report explores digital
transformation and Al integration, detailing the synergy between geological surveys, [oT
monitoring, and 3D geological modeling (Leapfrog). A significant focus is placed on the application
of Al tools (such as ChatGPT or Gemini) for rock core image interpretation, demonstrating how Al
can identify lithological features (e.g., Shale vs. Slate), thereby significantly enhancing both the
efficiency and accuracy of modern geological investigations and providing clear recommendations
for the industry's digital evolution.

Key Word : Geological Drilling; Site Geological Investigation;
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Case Study on Geological Safety Assessment
in Zoning of Landslide-Landslip Geologically Sensitive Area
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Min-Lang Huang'
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1. GeoHarvester Consultants Co., Ltd., manager
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Abstract

Following the comprehensive implementation of the Geological Act, land development within
geologically sensitive areas is legally required to undergo base geological investigations and
geological safety assessments prior to application. This mandate aims to mitigate environmental
geological disaster risks and ensure the safety of engineering structures and human lives. Based on
the "Guidelines for Base Geological Investigation and Geological Safety Assessment in
Geologically Sensitive Areas" issued by the Ministry of Economic Affairs, this study compiles and
analyzes several recent practical development cases located in hillside and hilly areas. Depending
on different geological conditions, failure mechanisms, and development scales, the cases are
categorized into five major types for in-depth analysis: "Dip Slope with No Development Risk,"
"Dip Slope with Development Risk," "Debris Slide Cases," "Zoned Development Cases," and
"Large-Scale Development Cases."

The research results indicate that for dip slope terrains, stereographic projection analysis
effectively determines whether the pole of the strata falls within the unstable zone of the daylight
envelope, thereby accurately assessing the potential for rock mass sliding. For large-scale
developments or debris slide areas, in addition to conventional drilling and mechanical testing,
historical satellite image interpretation and comprehensive slope stability analyses based on soil and
water conservation technical regulations are essential. Through the feedback of practical cases, this
paper explores the impacts of various geological weak planes, groundwater conditions, and
anthropogenic development activities (such as toe excavation or fill loading) on slope stability.
Furthermore, corresponding soil and water conservation and engineering treatment countermeasures
are proposed. The study recommends that "zoning and avoidance" should be prioritized for
high-potential areas. For unavoidable developments, rigorous verification of temporary disaster
prevention measures and the installation of lifelong monitoring systems are mandatory. The findings
aim to provide a practical reference for professionals conducting geological safety assessments,
ultimately enhancing the effectiveness of slope disaster prevention and mitigation.

Keywords : Landslide and Landslip Geologically Sensitive Area, Geological Safety Assessment,

Dip Slope, Stereographic Projection Analysis, Soil and Water Conservation, Slope Stability
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Investigation Methods and Considerations for Active Fault Geologically
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Abstract
Taiwan is located at the collision boundary between the Eurasian Plate and the

Philippine Sea Plate, where active faults are widely distributed. Fault activity may
cause surface rupture and significant ground deformation, posing risks to
infrastructure. To mitigate these hazards, the government designates Active Fault
Geologically Sensitive Areas and requires site investigations prior to development.
This study presents practical investigation methods for small- to medium-scale
projects, including data collection, geomorphic interpretation, field investigation,
geophysical exploration, drilling, and trenching. Case studies are also presented to
demonstrate their application in geological safety assessment.

Keywords : Geology Act, Geologically Sensitive Areas, Active Fault
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Abstract

In the process of land development, underground geological conditions have a critical impact
on engineering design and construction safety. If the geological survey data is insufficient or the
interpretation is too simplified, it will lead to differences between the geological model and the
actual underground environment, which will affect the slope stability analysis, foundation design,

and construction safety.

The geological survey of the base usually includes regional geological environment
interpretation, topographic water system analysis, drilling investigation, lithology analysis, outcrop
and topology observation, geological profile construction, etc. However, some survey cases have
shown that the survey results may still have problems such as insufficient lithological description,
unidentified soft interlayers, unreasonable geological profile inference, insufficient outcrop survey,

and lack of on-site confirmation of the erosion ditch and wild stream environment.

Based on the practical experience of land development engineering, this paper sorts out the
oversimplified interpretation and neglected key geological data that are common in the geological
survey and geological safety assessment of the base, and if the core interpretation is oversimplified
and the key geological data is neglected in the implementation of the geological survey and
geological safety assessment of the base, including: trench survey in the terrain and environment,
drilling core interpretation, rock outcrop and topology survey, geological profile analysis and
geological model establishment, and geological evaluation in the engineering design stage, etc.
Avoid neglecting the above situations, which will lead to differences between the geological model
and the actual underground environment, and the engineering design may not accurately reflect the
underground environmental conditions, thereby affecting the rationality of the planning and design

and construction safety.

** Keywords - geological survey, core interpretation, geological safety assessment, geological

model
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Abstract
Taiwan 1s located within one of the most active orogenic belts in the world,

where active faults are densely distributed and seismic hazards are significant. To
reduce geological risks associated with land development, the Geology Act and its
subsidiary regulations established the “Active Fault Geologically Sensitive Area”
system, requiring site-specific geological investigation and safety assessment for
developments located within designated sensitive zones. However, challenges remain
in practical implementation, including the selection of investigation methods, data
quality control, and inconsistencies in review standards. This study integrates current
regulations, technical manuals, and review experience to propose a comprehensive
and practical investigation framework, demonstrated through a case study in the
Qiaotou Science Park, Kaohsiung.

Results indicate that active fault investigations must integrate multiple
methods—geomorphic interpretation, field reconnaissance, geophysical surveys,
drilling, and trenching—to ensure reliable interpretation through cross-validation.
Drilling and core analysis are the most critical steps for identifying subsurface fault
structures. In areas with thick alluvial deposits, the Gompertz function is essential for
estimating near-surface deformation to avoid underestimating fault-related hazards.
The case study reveals that although the main fault trace does not cross the site, a
subsidiary shear zone is present, requiring fault-zone zoning (DZ, SP, WR) and
corresponding adjustments to building layout and seismic design.

This study also identifies common deficiencies in review practice, including
insufficient drilling depth, uncleansed core samples, lack of geophysical-drilling
correlation, and improper fault-zone zoning. Recommendations for improving the
system include establishing unified review standards, developing a national drilling
database, promoting nationwide Lidar DEM coverage, and strengthening professional
training for engineering geologists. The findings provide valuable references for
practitioners, reviewers, and regulatory agencies, enhancing the quality and efficiency
of active fault investigations and reviews.

Keywords : Active fault, geologically sensitive area, site investigation, geological safety

assessment, drilling investigation, trenching, fault-zone zoning, review practice
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Abstract

Groundwater plays a critical role in Taiwan’s overall water supply system, supporting domestic
use, agricultural irrigation, and industrial development, while also enhancing regional water
resilience during dry seasons. According to the data discussed in this study, Taiwan’s annual
average water consumption is approximately 17.95 billion cubic meters, of which groundwater
extraction accounts for about 5.59 billion cubic meters, or roughly 31% of the total. This
demonstrates that groundwater is an essential and irreplaceable water resource in Taiwan. However,
rapid urbanization, transportation infrastructure expansion, and intensive land development have
significantly increased impervious surface coverage, thereby altering natural infiltration conditions.
In addition, agricultural fertilizers, domestic wastewater, and pollutants associated with land
development may further threaten both groundwater recharge capacity and groundwater quality.

This study first reviews the delineation criteria, procedures, and the six officially announced
groundwater recharge geologically sensitive areas in Taiwan. It then compares the different
regulatory requirements regarding permeable area review for urban and non-urban land.
Furthermore, through five practical cases involving different land-use types and development
patterns—including urban land without underground structures, urban land with underground
structures, non-urban land involving zoning changes, and non-urban land without zoning
changes—this paper analyzes methods of permeable area calculation, applicable legal standards,
and compensatory mitigation measures. The findings show that geological safety assessment in
groundwater recharge geologically sensitive areas has gradually evolved from a simple compliance
review into an integrated assessment framework that takes into account geological conditions,
hydrogeological mechanisms, site layout, pollution prevention, and compensatory infiltration
measures. In highly developed urban sites in particular, the adverse impacts of development on
recharge functions may be mitigated, to a certain extent, through the provision of green areas,
permeable pavements, soil-cover compensation, and rooftop rainwater collection and infiltration
systems.

Nevertheless, this study also finds that the current system still shows differences in review
standards across distinct land-use regulatory systems. In addition, practical issues such as the
treatment of green spaces above underground structures, the recognition of compensatory
permeable measures, and the discount calculation of rainwater recycling systems still require further
clarification. Therefore, this paper argues that the core objective of the groundwater recharge
geologically sensitive area system is not merely to restrict development, but rather to establish a risk
governance mechanism that balances land use, groundwater recharge, water quality protection, and
engineering feasibility. Future efforts should continue to refine review criteria, standards for
recognizing compensatory measures, and post-development monitoring and management
mechanisms so as to improve the consistency and effectiveness of implementation.

Keywords: Geological Act, groundwater recharge geologically sensitive area, geological safety

assessment
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Case Study on Geological Safety Assessment
in Active Fault Geologically Sensitive Areas
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Abstract

. Taiwan is located in the circum-Pacific seismic belt, where intense plate compression has
resulted in a dense distribution of faults across the island. Crustal displacement and near-fault
strong ground motions caused by active faults are the primary sources of geological hazards. The
1999 Chi-Chi earthquake not only caused severe casualties but also, due to the surface rupture of
the Chelungpu Fault, resulted in the physical tearing and destruction of countless buildings, bridges,



and public facilities along the fault line. To effectively control land development risks, the
government, authorized by the "Geology Act," designated faults with evidence of activity within the
past 100,000 years and their adjacent areas susceptible to fault dislocation or surface rupture as
"Active Fault Geologically Sensitive Areas." Furthermore, it strictly requires that any land
development activities within these areas must undergo prior site geological investigations and
geological safety assessments.

This paper aims to explore the standard operational methods for active fault investigations and
the core content of safety assessments. It provides a detailed analysis of two representative practical
cases: the first is the rear playground track reconstruction project at Taichung Municipal Taiping
Junior High School, which is affected by the disturbance of a Category I active fault, the
"Chelungpu Fault"; the second is the new semi-outdoor court project at Taichung Municipal
Longquan Elementary School, located near a Category I active fault, the "Dajia Fault." Through
comprehensive data analysis of regional investigations, topographic interpretation, outcrop
investigations, geophysical explorations (Resistivity Image Profiling method), and intensive
geological drilling (continuous coring) from these two cases, this paper concretely demonstrates the
logic of safety assessments under different geological conditions. For the Taiping Junior High
School case, since the entire site was confirmed to be heavily disturbed by fault shearing, a
disaster-avoidance conclusion of "unsuitable for any building development" was reached, along
with a recommendation for enhanced slope monitoring. In contrast, for the Longquan Elementary
School case, through precise localization of the fault trace and its underground dip angle, it was
confirmed that a safe distance remained between the fault and the new building. Consequently, the
spectral acceleration parameters (SS, S1) and near-fault adjustment factors (NA, NV) reflecting the
near-fault effects were incorporated into the structural seismic design. These two cases fully
highlight the new disaster-prevention paradigm of geological safety assessments—"clarifying risks,
adapting to nature, and adjusting development intensity"—with the hope of providing in-depth
theoretical and practical references for future national land planning and engineering practices.

Keywords: Geology Act, Active Fault Geologically Sensitive Area, Geological Safety Assessment,
Chelungpu Fault, Dajia Fault
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Abstract

Following the 1999 Chi-Chi (921) earthquake, the Chelungpu Fault became Taiwan’s most
representative surface-rupture fault zone, and land development in its vicinity has since been subject
to intensive administrative control. In practice, some local governments reviewing building-permit
applications in hillside areas apply the no-build setback under Article 262(1)(3) of the Building
Technical Regulations (Design and Construction) (where the historically maximum earthquake
magnitude is M > 7, 100 meters outward from each outer edge of the fault zone) while also
invoking the 15-meter announced control belt designated under Article 4-1 of the Regulations
Governing Building Administration in Areas Implementing Regional Plans, treating that announced
belt as the baseline for determining the relevant boundary. This combined approach effectively
results in a cumulative “15 m + 100 m” no-build control.

This paper adopts the general principles of Taiwan’s Administrative Procedure Act as its
analytical framework, focusing on the control of administrative discretion (Article 10) and
proportionality (Article 7). It examines the legality and institutional risks that arise when local
governments, through internal rules or operational guidelines, directly combine distance thresholds
derived from different regulatory regimes and treat the cumulative result as a decisive criterion for
granting or denying building permits. The paper argues that the core problem is not that Article 4-1
and Article 262 each lack a legal basis, but rather whether, in the absence of an express linking rule,
the former announced control zone may be converted into the baseline for the latter’s
outer-boundary calculation.

The study finds that the 15-meter announced control zone and the 100-meter no-build belt
under Article 262 serve different regulatory purposes and operate under distinct prerequisites and
determination mechanisms. If local governments use internal rules to mechanically connect and
cumulate the two, the practice may in substance create an additional restriction with external
binding effects and directly constrain landowners’ buildable interests. The risk is aggravated when
authorities fail to rely on the Geology Act’s procedural risk-control mechanisms—such as site
geological investigations and geological safety assessments—as the technical basis for defining
outer boundaries and for permit review. Under proportionality review, if the cumulative control is
not supported by sufficient reasoning for such linkage and intensification, and where private losses
are concrete and substantial, the measure is prone to a marked imbalance between public benefits
and private burdens. The paper therefore recommends grounding active-fault boundary
determinations and permit review in the Geology Act’s procedural risk-management framework so
as to maintain stable public-safety governance while minimizing unnecessary infringement on
private buildable interests.

Keywords: Chelungpu Fault; Building Technical Regulations Article 262; 15-meter
announced control zone; Administrative Procedure Act; administrative discretion;
margin of administrative judgment; proportionality principle; Geology Act
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