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Project Problem Statement

In the New England region, erosion-prone zones have been the main sources of

erosion, particularly when major storms occur. With recent and continuing climate

change influencing weather patterns (specifically causing an increase in high-

intensity rainfall events, and rainfall events following snow events), soil erosion and

landslides are a major concern for planners, designers, and maintainers of

transportation networks and other critical infrastructure. With minimal operational

resources and funding available for maintenance and repairs, effective screening

tools used for modeling, monitoring, and forecasting erosion can aid in assessing

erosion and landslide susceptibility, which is critical for regional operations and

planning.

Source: Maine RFP# T201908002



Project Objectives

Develop a slope stability model that:

• Can be used as an effective screening tool for monitoring, forecasting
and prioritizing areas of erosion and slope instability

• Will be used to create an effective, multi-scale assessment toolkit 

• Is scalable to all New England state DOTs

• Can be implemented as a proof-of-concept on a limited area (Maine)



GZA Presentation Outline / Agenda

• Project overview by tasks (Bin) – 15 min Task 1 thru 4

• GIS “Model Builder” and data layers (Dan B.) – 5 min Task 4/5

• Example engineering application (Chris) – 5 min

• Toolkit live demo (Aimee) – 5 min

• Summary and thoughts for future improvement (Dan S.) – 5 min



Project Tasks

1
Literature Review and Survey

2
Analysis and Modeling

3
Ground Truthing and Monitoring

4
Toolkit Development

5
Toolkit Refinement



• Identify GIS platforms used by each state DOT

• Identify each New England state DOT toolkit needs, existing 
data and capabilities

• Research and identify current state-of-the art modeling 
capabilities and similar applications

• Collect existing slope stability and landslide map data

• Identify the availability of DOT and state land data

Task 1. Literature Review and Survey



Task 1. Survey Results

Q: GIS platform your office is currently using? 

Q: Geographic or design software packages

Q: Use of GIS for work ? 



Task 1. Survey Results
Q: Method for collecting field data.  

Q: Preferred format of maps



Task 1. Literature Review

Example



Task 1. Literature Review

Example

http://www.geo.umass.edu/stategeologist/Products/Landslide_M
ap/Slope_Stability_Map_MA_Report.pdf

http://www.geo.umass.edu/stategeologist/Products/Landslide_Map/Slope_Stability_Map_MA_Report.pdf
http://www.geo.umass.edu/stategeologist/Products/Landslide_Map/Slope_Stability_Map_MA_Report.pdf


Task 1. Literature Review

Example



Develop model applications to evaluate and screen for erosion (washout) and 
landslide (slope stability) risk along transportation corridors

Task 2. Analysis and Modeling



Overview of Model

Task 2. Model Development



Geospatial Site Data: Environmental Data Environmental Data – Real time 
data acquisition

• Topographic data

• Jurisdictional boundaries

• Land Cover

• Surficial geology

• Roadways

• Roadway bridge and 
drainage structures

• Available planimetric data

• Additional asset data 

• Flood mapping information

• Precipitation

• Soil moisture

• Seismic ground acceleration 

• Coastal flood inundation 

• Coastal waves

• River flood 

• Groundwater conditions

• Proximity to scouring source 
(surface water and/or 
drainage structure)

• Precipitation

• River flow and elevation gage 
data

• Coastal water levels and 
predicted inundation limits 

• Other

Overview of NETC 19-2 Model Input Data 

Task 2. Model Development

(current and w/ climate change) (for failure forecasting)

Note – BOLD indicates action included in current model/toolkit prototype



Simplified Work Flow (for Pilot Study)

Task 2. Model Development

Compile 
Input in GIS

Discretize 
Parameter 

Space

Prepare 
Reference 

Set

Match Pre-
Simulated 

Node

Apply 
Response 

Function(s)

1 2 3 4 5



Geospatial Site Data Environmental Data Environmental Data – Real time 
data acquisition

• N/A (future)• Northing-Easting (m)

• Elevation (m)

• Slope (%)

• Aspect (º)

Input Data used for Pilot Study

Task 2. Model Development

1

Assumptions (shallow vs deep)

point loc

road

• Road proximity (m)

• Hydro proximity (m)

• Culvert proximity (m)

• Surficial Geology Code 250k 

• NLCD Land Cover Code

FEMA flood zone

• Riverine flood 

• Coastal flood inundation 

• Coastal waves

• Groundwater table

• Proximity to scouring source 
(surface water and/or drainage 
structure)



USGS/Maine Geological Survey 250K Surficial Geology

Task 2. Model Development



Methodology – Reference Set Parameter Combinations

Task 2. Model Development

Slope Type Soil Types Granular Soils  
(phi)

Cohesive Soils 
(Su)

Geometry 
(Slope)

Groundwater 
conditions

Support Granular G1 (28°) C1 (350 psf) 6:1 Shallow (at toe)

Source Cohesive G2 (32°) C2 (750 psf) 4:1 Deep (10’ below)

Rock G3 (38°) C3 (1,250 psf) 3:1

2:1

1.5:1

1:1

Interpretation based on 
the 250K surficial 
material dataset

# of SLOPE/W Simulations = 72

2

Typical Slopes



Example SLOPE/W Simulation

Task 2. Model Development

Task 2 Memo Figure A-6:
SLOPE/W-Calculated Factor of Safety Results – Medium Dense Sand (G2) on 3:1 Slope

Task 2 Memo Figure A-8:
SLOPE/W-Calculated Factor of Safety Results – Medium Stiff Clay (C2) on 3:1 Slope

Relatively 
close to an 

infinite slope 
failure

Circular/ 
rotational and 
deep seated

3



Methodology – Pre-simulated Reference Set

Task 2. Model Development



Methodology – Input Spatial Data w/ Environmental Information

Task 2. Model Development

Lake Auburn

Evergreen Forrest

30-deg northeast

Cohesive material

Slope-road parallel

Close to road & water

Roadway alignment



Mapping Product

Task 2. Model Development

Map Color Code Predicted 
Stability Zone

Relative Hazard 
Ranking

Factor of Safety 
(FoS)

Probability of 
Instability

Possible Influence of 
Stabilizing or 

Destabilizing Factors

Unstable Very High (5) <0.9 90%
Stabilizing factors required 
for achieving/maintaining 

stabilityThreshold of 
instability 

High (4) 0.9 – 1.1 >50%

Nominally stable Moderate (3) 1.1 – 1.3 10% Minor destabilizing factors 
needed

Moderately 
stable

Low (2) 1.3 – 1.5 -- Moderate destabilizing 
factors needed

Stable Very Low (1) >1.5 -- Significant destabilizing 
factors needed

(Task 2 Memorandum)



Shallow GW Deeper GW

Task 2. Model Development



Shallow GW Deeper GW

Task 2. Model Development



Model Challenges:

1. Computational intensity:
• Large DEM file size – will need to utilize 

tiles
• Model domain and grid – need high 

grid resolution (e.g., 10 x 10 feet)
• Consider use of AI to reduce 

computational intensity

2. Human Performance:
• Targeted to transportation 

infrastructure planners and decision 
makers

• Users with varying levels of technical 
expertise

• Multiple users (+/- 6 states x 30 users 
per state = 180)

• Assume limited GIS skill by user survey

3. Adaptability:
• Wide use of ESRI data layers, 

portals and technology. Growing 
availability of data - highly 
adaptable.

4. Availability of data:
• Subsurface data

5. Data consistency – while most states 
use ESRI GIS, data fields are often 
inconsistent between towns, states 
and agencies

Task 2. Model Development



GZA Model/Toolkit Approach:

• Utilize ESRI ArcGIS for the toolkit development and application platform 

• Create a tool for use with existing state web mapping apps

• Design the app to support future capabilities to include:

a. Field data collection and input:

i. e.g., ESRI ArcGIS Collector

ii. e.g., public-facing website for crowd sourced data

b. Real-time data input (e.g., precipitation)

c. Failure forecast capabilities

• Utilize available hazard data/analysis (e.g., USGS, NWS, FEMA, NOAA, etc. layers and 
portals)

• Modular “plug and play” architecture

• Categorizes and ranks failure probability (e.g., high, medium, low, etc. )

• Capabilities to assess category of risk related to specific segments.  

Modeling/Toolkit Development



Task 3. Ground Truthing and Monitoring

• Evaluated the model performance 
and modify as needed, upon 
completion of the site-specific data 
gathering. 

• Selected four (4) sites with readily 
available subsurface data that we 
consider representative of the 
principal types of predictions that the 
model was developed to include. 

• Visual reconnaissance of the areas of 
concern identified by screening may 
be employed to better refine the risk 
areas, e.g., minimizing false positives 
(project photos, field data, etc.)

• Use the web mapping platform to screen for 
potential erosion and slope stability hazard 
zones. 

• Provide recommendations ground-truthing 
sites and procedures

• Identify the appropriate field data and 
methods required for model verification 
and/or calibration. 

Proposed:  Performed:  



Task 3. Ground Truthing and Monitoring

(1)

(3)

• Selected four (4) “test” sites with readily 
available subsurface data for model 
validation

• Small footprints for computational efficiency

• Streamlined modeling method

• Representative of the principal types of 
predictions (terrain, surficial geology, 
development, structures, hydrographic 
features, etc.)



Task 3. Ground Truthing and Monitoring
Auburn, ME

Steep support 
slope

Steep source 
slope



Task 3. Ground Truthing and Monitoring
Auburn, ME

Steep toe 
(failure in 

2010)

2009 LiDAR; 
more recent 
aerial image



Task 3. Ground Truthing and Monitoring
Auburn, ME – Project Photos

Slope Failure Summer 2010

Remediated Slope December 2010



Task 3. Ground Truthing and Monitoring

Culvert 
proximity flagWater body 

proximity flag



Toolkit

Truthing

Modeling

Task 4. Toolkit Development



Task 4. Toolkit Development

Pilot Results by County: 

1) Aroostook County

• Large footprint with low roadway density; 

2) York County

• Small footprint with high roadway density; 

 Smaller data size for efficient GIS 
processing; and 

 Local knowledge/experience from 
ongoing projects



Task 4. Toolkit Development

Aroostook

York

County (Approximate)

Pilot Counties for Toolkit Development – Aroostook and York
NETC 19-2 Study Area – 300 feet Buffer along Public Roadways

300-ft buffer of road centerline



Task 4. Toolkit Development

Data Processing … 

• Proximity to Surface Water; 

• Proximity to Culverts;

• Proximity to FEMA’s Special 
Flood Hazard Area; 

• Slope Type;

• Relative Aspect;

• Surficial Material Type;

• Factor of Safety;

• Hazard Index; and

• Culvert Hazard Index 



Task 4. Toolkit Development
Layer ID Layer Name Layer Description

1 Proximity to Surface Water Area within 100 feet (in distance) from surface water 
body from the National Hydrography Dataset (NHD) 
(including streams, ponds, lakes, and coastal water) 
(index value = 1)

2 Proximity to Culverts Area within 100 feet (in distance) from existing culverts 
per Maine DOT’s inventory of cross culverts and large 
culverts  (index value = 1)

3 Proximity to FEMA SFHA’s Area within 100 feet (in distance) from FEMA’s special 
flood hazard areas (i.e., 1% annual chance floodplain, 
including various A and V zones) (index value = 1)

4 Slope Types Support slope – slopes that are lower in elevation than 
the nearest roadway segment (index value = 0); 

Source slope – slopes that are higher in elevation than 
the nearest roadway segment (index value = 1); 

5 Relative Aspect Nearly Parallel Slope: “included angle” between aspect 
of slope and aspect of the nearest roadway segment  
less than +/- 22.5 degrees  (index value = 0)

Perpendicular Slope:  “included angle” between aspect 
of slope and aspect of the nearest roadway segment  
greater than +/- 22.5 degrees (index value = 1)

6 Surficial Materials Generalized soil classification per 1:250,000-scale Maine 
Geological Survey surficial geology map symbols and 
local knowledge about the relationship between 
surficial geology and soils’ geotechnical properties.

Material ID – Material Type
101 - Loose Granular Soil 
102 - Medium Dense Granular Soil 
103 - Dense Granular Soil
201 - Soft Cohesive Soil 
202 - Medium Stiff Cohesive Soil
203 - Stiff Cohesive Soil
300 - Rock

Layer ID Layer Name Layer Description

7 Factor of Safety Factor of safety (FoS) based on numerical slope stability 
modeling results (GeoStudio SLOPE/W) with slope (in 
percent), specified soil type and associated geotechnical 
properties.  
- Not available (-9,999)
- Unstable (0 – 0.9)
- Threshold of instability (0.9 – 1.1)
- Nominally Stable (1.1 – 1.3)
- Moderately Stable (1.3 – 1.5)
- Stable (> 1.5)

8 Hazard Index The hazard index values have a one-to-one relationship 
with the computed FoS. 

- Very Low Hazard (1) for FoS >= 1.5
- Low Hazard (2) for 1.3 <= FoS <1.5
- Moderate Hazard (3) for 1.1 <=  FoS < 1.3
- High Hazard (4) for 0.9 <= FoS < 1.1
- Very High Hazard (5) for FoS < 0.9

9 Culvert Hazard 
Index

Culvert hazard index based on roadway priority rating (1 
through 6) and descriptive culvert conditions (critical, poor, 
fair, and good) per Maine DOT’s cross culverts data layer. 

- High hazard (roadway priority 1 or 2 combined with 
culvert conditions of “critical” or “poor”)

- Medium hazard (all the combinations in between)

- Low hazard (roadway priority 3 through 6 combined 
with culvert condition of “good”)



Aimee Mountain, GISP, CPMSM
Senior Project Manager
South Portland, ME 
207-358-5116
Aimee.Mountain@gza.com

Bin Wang, P.E., CFM
Senior Technical Specialist
Norwood, MA 
781-278-5809
Bin.Wang@gza.com

Daniel Boudreau, GISP
Geospatial Systems Lead
Norwood, MA
781-278-3834
Daniel.Boudreau@gza.com

Christopher Snow, P.E.

Principal
South Portland, ME 
207-358-5118
Christopher.Snow@gza.com

Daniel Stapleton, P.E.

Senior Principal
Norwood, MA  
781-278-5743
Daniel.Stapleton@gza.com

Thank You

mailto:Bin.Wang@gza.com
mailto:Matthew.barvenik@gza.com
mailto:Daniel.boudreau@gza.com
mailto:Cassandra.Wetzel@gza.com
mailto:Daniel.Stapleton@gza.com
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