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420.01 Introduction
The geology and soils section of an environmental review focuses on identifying and
addressing geologic hazards that may affect the highway, as well as impacts the highway may
have on existing geologic conditions. This review should include any effects that increasing
environmental degradation will have on the geologic hazards and site geology. While the
primary emphasis is on the highway corridor, related off-site activities, such as borrow site
development, mitigation areas, and construction staging, must also be evaluated for geologic
hazards and impacts to geologic resources.
Geologic hazards that should be considered include:

» Seismic hazards such as ground shaking, liquefaction, flow failures, lateral spreading,
tsunami, and differential settlement, all of which may affect the stability and performance
of highway structures.

» Landslides, rock fall and debris flows, which may be triggered or reactivated by
construction activities such as excavation, slope modification, vegetation removal, or
changes in drainage patterns.

» Soil-related hazards, including expansive (shrink-swell) soils, Loess, glacially over
consolidated clays and corrosive or saline soils, which may affect the integrity of
pavement, foundations, and other infrastructure components.

In addition to hazard considerations, highway development can have impacts on existing
geologic conditions and may result in the irreversible loss of valuable geologic resources.
Impacts to consider include:

» Mineral resources, which may be irreversibly committed to the highway system if
development occurs over viable extraction areas.

« Prime farmlands or unique soils, which may be lost through grading, paving, or site
occupation.

» Soil erosion can occur due to changes in topography, vegetation and climate. Protecting
soils and stabilizing them to prevent erosion is covered in Chapter 430 of this manual.

Off-corridor sites used for material sourcing, mitigation, or temporary construction support
should also be evaluated for both potential geologic hazards and impacts to geologic and
soil resources.
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420.02 Applicable statutes, regulations, executive orders, and agreements

The following are the applicable statutes, regulations, executive orders, and agreements that
pertain to Earth (geology and soils).

420.02(1) Federal

o 42 United States Code (U.S.C.) Chapter 55. National Environmental Policy Act of 1969
(NEPA)

e 23 CFR 771 Environmental Impact and Related Procedures
» 7 CFR 658 Farmland Protection Act
« 30 CFR 700 Surface Mining Reclamation and Enforcement

420.02(2)  State
« RCW 18.104 Water Well Construction
» RCW 47.01.260 Authority of WSDOT on state highway system design
« WAC 173-160 Minimum Standards for Construction and Maintenance of Wells
« WAC 197-11 SEPA Rules

« WAC 468-12 Transportation Commission and Transportation Department State
Environmental Policy Rules

« Governor’s Directive on Acquisitions of Agricultural Resource Land

420.02(3)  Local

» Grading Permit - Specifics vary for each jurisdiction

420.03 Project life cycle guidance

The following is intended to provide guidance throughout the project life cycle.

420.03(1) Planning

During the planning phase, Regions should contact the State Geotechnical Office (SGO) for
support. The Region shall provide the project corridor information to the SGO, and the SGO
will develop a planning/conceptual level technical memorandum that identifies potential
geologic hazards and valuable geologic resources along the project corridor. These resources
include prime and important farmlands, unique soils, and mineral deposits.

The planning/conceptual level technical memorandum will also identify pertinent
geotechnical information that may influence the selection of project alternatives. At this
stage, examples of relevant geotechnical considerations include identification of geologic
hazards, the presence of overconsolidated clays that could affect cut stability, soft clays that
may cause settlement under load, or loess deposits that require special design attention.

Regions shall use this information to develop project alternatives that minimize impacts
to sensitive resources and reduce exposure to geologic hazards to the greatest extent
practicable.
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https://uscode.house.gov/view.xhtml?path=/prelim%40title42/chapter55&edition=prelim
https://uscode.house.gov/view.xhtml?path=/prelim%40title42/chapter55&edition=prelim
https://www.ecfr.gov/current/title-23/chapter-I/subchapter-H/part-771
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-VI/subchapter-F/part-658
https://www.ecfr.gov/current/title-30/chapter-VII/subchapter-A/part-700
https://app.leg.wa.gov/rcw/default.aspx?cite=18.104
https://app.leg.wa.gov/rcw/default.aspx?cite=47.01.260
https://app.leg.wa.gov/WAC/default.aspx?cite=173-160
http://apps.leg.wa.gov/WAC/default.aspx?cite=197-11
http://apps.leg.wa.gov/WAC/default.aspx?cite=468-12
https://governor.wa.gov/sites/default/files/exe_order/eo_80-01.pdf
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420.03(2) Scoping

Scoping of a project includes the development of an Environmental Review Summary (ERS)
by the Region. The ERS needs to be based on the best available information at the scoping or
pre-design phase of development. During the scoping phase, the SGO performs the following
tasks (as applicable to the project):

» Conduct a field reconnaissance to assess surface conditions that affect geotechnical
aspects of the project (e.g., evidence of settlement, high groundwater, landslides).

» Review existing records, geologic maps, and other historic information to assess potential
subsurface conditions. For projects that lack significant existing geotechnical information,
have a short schedule, or are complex, subsurface explorations (e.g., test pits, borings)
may be completed and/or a geophysical study performed at critical locations.

« |dentify potential fatal flaws and geotechnical hazards (e.g., earthquake sources and faults,
liqguefaction, landslides, rock fall, soft ground, high groundwater). Provide conceptual
hazard avoidance or mitigation plans to address the identified geotechnical hazards.

» Provide conceptual/feasibility level recommendations (e.g., structure foundation types).

» Assess the potential effects of geotechnical conditions on construction staging and
project constructability.

Based on the information collected from these tasks, the SGO prepares a scoping level
technical memorandum. This memorandum can be a reference or used to develop a summary
to be included in the ERS.

If field explorations are necessary during the scoping or pre-design phase the Region shall
provide support with acquisition of permits and approvals for the field exploration. Additional
information is provided in the Geotechnical Design Manual M 46-03 (GDM).

420.03(3) Design

The Region shall develop a design using the guidance provided by the State Geotechnical
Office to develop a project that is resilient through its design life.

The Region shall develop drawings, quantities and other information needed for local
permitting efforts.

Increasing adverse environmental effects shall be considered to ensure resilience throughout
the project’s design life.

The Region shall provide support with acquisition of permits and approvals for the field
exploration. Additional information is provided in the GDM.

As additional subsurface information is obtained and the design is refined, it is essential to
revisit planning- and scoping-level assumptions related to geologic hazards and resources.
New data may reveal conflicts with earlier assumptions. If changes are identified, the
geotechnical subject matter expert (SME) should notify the Region. The Region must then
determine whether these changes affect project permits, and if so, coordinate with the
appropriate permitting agencies to update the permits accordingly.

Well decommissioning shall be conducted in accordance with GDM, RCW 18.104.020(3), and
WAC 173-160-381.
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https://www.wsdot.wa.gov/publications/manuals/fulltext/M46-03/Geotech.pdf
https://www.wsdot.wa.gov/publications/manuals/fulltext/M46-03/Geotech.pdf
https://www.wsdot.wa.gov/publications/manuals/fulltext/M46-03/Geotech.pdf
https://app.leg.wa.gov/RCW/default.aspx?cite=18.104.020
https://app.leg.wa.gov/WAC/default.aspx?cite=173-160-381
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420.03(4) Construction

» The construction of transportation infrastructure is closely tied to the geology and soils of
the project site. Construction activities can significantly alter subsurface conditions and
trigger geologic hazards if not carefully planned and managed. Key considerations during
the construction phase include:

- Landslides and Slope Instability:
Construction activities can trigger new landslides or reactivate existing ones, as well
as cause general slope instability. Common contributing factors include:

» Excavation near the toe of a slope

« Placement of fill or spoil piles at or near the crest of a slope
» Over-steepening of cut slopes

» Removal of vegetation

» Construction-induced vibrations

« Changes in surface water and groundwater flow or elevation

Both deep-seated and shallow failures may occur depending on site conditions. Generally,
landslides and slope instability are considered during the design phase of the project,
however temporary works during construction are designed under contract. These

risks should be carefully evaluated when designed and mitigated during construction,
especially in geologically sensitive areas.

» Settlement and Subsidence:
Placement of fill on compressible or collapsible soils can lead to long-term settlement,
often extending beyond the footprint of the fill or stockpile. While permanent works
typically address this during design, temporary features—such as staging areas, debris
piles, bypass roads, and haul routes—may not. Additionally, construction dewatering can
cause ground settlement and subsidence over broad areas and should be evaluated during
both design and construction.

» Ground Improvement:
Ground improvement techniques can:

- Affect nearby structures and infrastructure

Alter groundwater flow paths

Induce settlement in adjacent soils

Generate significant vibrations

Temporarily change the pH of groundwater or surrounding soils
Best management practices should be implemented to mitigate these impacts during
installation.

» Borrow Sites and Surface Mines:
Construction often requires large volumes of borrow materials (soil and rock). WSDOT
owns and leases various source sites statewide. Whether using an existing source or
developing a new one, follow the guidance in the GDM, including requirements for site
reclamation after use.
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« Temporary by-passes:

- Often temporary bypasses are needed during construction to route traffic around the
construction site. These bypasses could impact adjacent areas through settlement/
subsidence, as well as mixing existing surface soils with borrow material. Special
consideration should be given when temporary bypasses are located in areas with
sensitive soils or habitat, and controls put in place to minimize impacts to the area
post construction.

Construction considerations shall be anticipated, and controls shall be incorporated into
project contract during the design phase.

420.03(5) Maintenance and Operations

Geologic and soil-related issues during the maintenance and operations phase primarily
relate to the safety and reliability of the transportation system. Activities focus on
identifying, monitoring, and mitigating hazards that may develop or persist over time. Key
considerations include:

« Post-Seismic Response:
Following an earthquake, inspections may be required to assess the condition of bridges,
slopes, retaining walls, and embankments. Depending on the severity and location of
ground shaking, highways or structures may need to be closed until they are evaluated
and deemed safe for use. Long-term monitoring may also be warranted in areas
susceptible to delayed failures or settlement.

» Settlement and Pavement Deformation:
Some roadways may continue to experience settlement, subsidence, or differential heave
over time, particularly where they were constructed over soft or compressible soils. These
conditions can create unsafe driving surfaces and require regular monitoring, localized
repairs, or longer-term geotechnical mitigation such as ground improvement or structural
overlays.

« Landslides, Debris Flows, and Slope Failures:
Geologic hazards such as shallow and deep-seated landslides, debris flows, and slope
washouts can occur during storm events or due to long-term instability. These events
often require:

Immediate response to ensure public safety and prevent further damage

Temporary road closures

Field assessments by geotechnical or engineering geology staff

Coordination with emergency response teams

Stabilization or remediation efforts, including drainage improvements and regrading

« Rockfall Hazards:
Rockfall events may occur unpredictably and pose a direct risk to motorists and
infrastructure. Regular inspections of rock slopes and proactive maintenance of rockfall
protection systems (e.g., catchment ditches, fences, and draped mesh) are essential.
Emergency response plans should include protocols for clearing debris, inspecting slopes,
and determining the need for hazard mitigation.
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420.04 Analysis and documentation requirements

This section describes analysis and documentation requirements based on regulatory
requirements. Determine level of detail based on complexity/size of project, expected
severity of impacts, and potential for public controversy.

420.04(1) Environmental Review Summary (ERS)

The ERS is an initial environmental document used to determine what permits are needed

for a project. It is developed as a component of the Project Summary during the scoping

or pre-design phase for all projects in the construction program. It is important to identify
potential geologic and geotechnical issues that may influence the project’s environmental
classification, design considerations, permitting needs, and construction planning. As part of
the scoping or pre-design phase, the SGO provides input to support the ERS by identifying
baseline geologic conditions and potential geotechnical constraints. See Section 420.03(2) for
more information.

Geotechnical considerations included in the ERS support early identification of permit
triggers, particularly where project activities may intersect with sensitive geological features
or require ground-disturbing construction in areas with known hazards. As the design
progresses and new subsurface information becomes available, geotechnical assumptions
documented in the ERS should be revisited, and if conditions differ substantially, coordination
with the Region Environmental staff and permitting agencies may be necessary.

420.04(2) Analysis and documentation for NEPA

The National Environmental Policy Act (NEPA) requires that federal agencies consider the
environmental effects of their proposed actions in their decision-making processes.

At a minimum the general topographic and geologic setting, significant features and
landforms, soil types and their properties, and known geologic hazards within the project area
should be identified. Geologic hazards include such things as highly erodible soils, landslides,
debris flows, seismic hazards (e.g., faults and areas subject to liquefaction), volcanic hazards,
subsidence, rockfall and other critical/sensitive areas.

The analysis evaluates the potential for direct construction and operations impacts on
identified geologic and soil conditions for all project alternatives, including the “no-build”
option. Potential impacts to mineral resources and prime farmlands should also be evaluated.

The analysis should also describe the potential for identified geologic hazards to impact
project alternatives. Mitigation measures, commitments, and monitoring procedures
associated with geologic hazards should be described. If no geologic hazards or potential
impacts are anticipated, the conclusion should be stated in the environmental documents.

The results of the analysis should be written directly into the project’s environmental
document (EIS, EA, or CE) with supporting information included in the appendices if needed.
In rare cases when warranted by the nature of the project, the analysis can be documented in
a separate discipline report, which supplements the environmental document.
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420.04(3) Analysis and documentation for SEPA only (No federal nexus)

The SEPA requirements for geology and soils are the same as the federal requirements.

420.04(4) Analysis and documentation for local permits

Permitting information is located in Chapter 500.

420.05 External engagement

Geology and soils impact analyses typically do not require a specialized external engagement
process beyond the standard NEPA/SEPA scoping, public noticing, accepting agency and
public comments, and responding to comments appropriate to the level of the environmental
review process.

420.06 Internal roles and responsibilities

420.06(1) Region/Modal Environmental Manager

The Region/Modal environmental manager’s role is to oversee the general preparation of
environmental review documents, provide expert guidance to Region staff as to the type of
analysis needed and identify the need for specialized analysis. The manager’s responsibilities
are to provide quality assurance and quality control, to distribute new or updated guidance,
and to verify that the guidance is being followed. The manager is also responsible to report to
ESO when guidance is not adequate, confusing, or in need of revision.

420.06(2) Project Engineer

The Project Engineer is responsible for overseeing and coordinating the efforts of various
subject matter experts (SMEs) to ensure that all engineering studies and technical reports
are developed collaboratively. This coordination helps prevent costly and time-consuming
miscommunications between disciplines.

The Project Engineer also ensures that appropriate levels of technical analysis are provided
to support the environmental review process and permitting activities, in alignment with the
needs of the environmental staff.

420.06(3) Region Environmental Coordinator

The region environmental coordinator’s role is to oversee the development of the
environmental review documents and apply for permits. The coordinator is responsible to
for exchange of information between the project engineer and the environmental review
specialists on the team and to ensure that any environmental requirements are incorporated
into the project design as well as engineering information needed for permits and other
agency approvals is provided. The coordinator is also responsible for tracking environmental
commitments.

420.06(4) ESO

ESO'’s role is primarily to keep the guidance current with existing laws and regulations. ESO
staff also provide expert assistance for developing scopes of work for consultants and internal
WSDOT staff as well as reviewing environmental documents.
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420.06(5) Geotechnical Subject Matter Expert

The Geotechnical Subject Matter Expert (SME) supports the environmental process by
identifying geologic hazards and valuable geologic resources early in project development.
During planning and scoping, the SME prepares technical memoranda based on field
reconnaissance, desktop studies, and preliminary investigations. These memoranda inform
project alternatives, support the Environmental Review Summary (ERS), and help define
permit needs.

As the project advances, the SME revisits and updates assumptions based on new subsurface
information, ensuring that environmental documentation and permitting remain accurate.
Throughout design, construction, and maintenance, the SME advises on geotechnical risks
and mitigation strategies to support resilient, environmentally compliant project delivery.

420.07 Applicable permits and approval process

Permitting information is located in Chapter 500.

420.08 Mitigation

Impacts to geologic and soil resources are minimized to the extent practicable by adjusting
the project alighnment to avoid these resources or issues.

Geologic hazards are usually avoided to the extent practicable by adjusting the alignment,
but many hazards such as ground shaking are regional and not avoidable. The GDM provides
specific guidance on engineering solutions to address geologic hazards.

420.09 Abbreviations and acronyms

CE Categorical Exclusions/Exemptions
EA Environmental Assessment

EIS Environmental Impact Statement
ERS Environmental Review Summary
ESO Environmental Services Office
GDM Geotechnical Design Manual
NEPA National Environmental Policy Act
SEPA State Environmental Policy Act
SGO State Geotechnical Office

SME Subject Matter Expert

420.10 Glossary

Prime and important farmland - includes all land that is defined as prime, unique, or
farmlands of statewide or local importance.

Saline soils - Soils with high concentrations of salts in the soil profile
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