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Corridor Study Scope of Work

1. Review 

• Available 
data, site 
history, and 
maintenance 
records

2. Desk Study

• Corridor 
Identification 
& Assessment

3. Field 
Verification

• Site 
Selection

4. Monitoring 
Plan 

• Layout, 
sensors, 
placement, 
geohazard

5. PROTECT 
Eligibility

• Review and 
address 
checklist 
criteria



Desk Study

• Reviewed Applicable Monitoring Techniques
• Site challenges: Heavy canopy and ground vegetation, LOS for satellites, 

variable rates of change (landslides, rockfall, debris flows)

• Change Detection 
• LiDAR – Fair chance of seeing change from occasional, repeat surveys.  Low temporal 

resolution (annual if fixed wing, seasonal if UAV)

• InSAR – LOS not ideal, cannot see through vegetation. Poor reflectance on pavement.  
Moderate temporal resolution (~12 days)

• Photogrammetry – UAV fly under canopy for pavement changes. Low to moderate 
temporal resolution (annual to seasonal)

LIMITED APPLICABILITY FOR RAPID VELOCITY, GOOD FOR SLOW VELOCITY

• Direct Monitoring
• Inclinometers, piezometers, debris flow sensor arrays

LIMITED APPLICABILITY FOR MOVEMENT EXTENT DETECTION, GOOD FOR 
RAPID CHANGE AT INSTALLATION POINT

1. Review 2. Desk Study
3. Field 

Verification
4. Monitoring 

Plan 
5. PROTECT 

Eligibility



Desk Study

• Interpret landslides and debris flow paths on bare earth LiDAR maps

• Conceptualize sensor types and locations

1. Review 2. Desk Study
3. Field 

Verification
4. Monitoring 

Plan 
5. PROTECT 

Eligibility









• Minor distress in several 
locations

• 12/2018 and 1/2019 – several 
storms led to landslides

• Several inches of vertical 
displacement

• Landslide was too fast to keep 
road open, ER contract let

• Realignment, soil nail walls, 
and horizontal drains installed 
in summer 2019

• Distress is on going

Stability Issues LM 25-26







Field Verification

• Summer 2023
• Two geologists, one long week in the field

• Visited all locations & performed cursory reconnaissance

• Observed other infrastructure damage

• Planned and prioritized (A, B, C) ground monitoring locations

• Conceptualized mitigation approaches

• Collected and verified GIS data

• Mapped drains at LM 25-26 

1. Review 2. Desk Study
3. Field 

Verification
4. Monitoring 

Plan 
5. PROTECT 

Eligibility



Other Damages – Damaged/Distressed Box Culverts



Other Damages – Damaged/Distressed Box Culverts



Other Damages – Repairs Stacked on Other Repairs



Other Damages – Shoulder/Embankment Repairs 



Other Damages – Past Events 



Other Damages – Past Events 



Conceptual Resiliency Improvements

• Candidate Deep Patch Locations



Conceptual Resiliency Improvements

• Possible Horizontal Drain Improvements



Conceptual Resiliency Improvements

• Possible Horizontal Drain Improvements



Field Verification - Results
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• Mapped 95 Landslide Features (landslides, embankment 
failures, debris flows)

• Seven Rock Slopes

• 21 Debris Flow Paths

• 18 Candidate Deep Patch Locations

• 104 Wall or Horizontal Drains @ LM 25-26 area

• 45 Candidate Borings with A, B, C Prioritization

• 10 Candidate Debris Flow Sensors



Monitoring Plan
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• Pilot Study for InSAR, Lidar, and 
SfM Photogrammetry Change 
Detection

• Geotechnical Borings focusing on 
Landslide Sensors
• Vibrating Wire Piezometers

• Inclinometers (discrete IPIs after 
movement is known)

• Option to install ShapeAccelArrays

• Depths and access estimated for 
each boring



Monitoring Plan
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• Debris Flow Sensors
• Earth Pressure Cells installed at Culvert Inlet 

(detect bedload + streamflow)

• Piezometers (streamflow)

• Radio-telemetry capable dataloggers

• Transmitting data to a cellular modem-
equipped centralized datalogger(s)

• Obtain readings at close intervals (5 to 
15 minutes)

• Send data to an interactive website



Monitoring Plan - Costs
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• Required generalization and estimation
• Track rig: $8,500/day (materials, labor, and TC)

• Debris Flow Installation: $7,000/day, 2 days

• Drilling 45’ per day, including installation

• Moves take 6 hours

• Landslide Boring Hardware: $5,300 per combination SI & VWP, 
$4,500 SI only, SAA $350 per foot

• Debris Flow Monitoring $7,200 ea

• Geotech Inspection & Instrumentation Install $2,900/day

PLUG ALL INTO EXCEL AND PIVOT THOSE TABLES!!



Monitoring Plan - Costs
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility



Monitoring Plan - Costs
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PROTECT Eligibility
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• PROTECT Act (Promoting Resilient Operations for 
Transformative, Efficient, and Cost-Saving Transportation) 
• Competitive grant program focusing on resiliency related to 

natural hazards, climate change, wildfire, landslides, rockfall, 
debris flows, etc.

• Four Grant Categories
• Planning ($45M)

• Resilience Improvements ($638M)

• Community Resilience and Evacuation Routes ($45)

• At-Risk Coastal Infrastructure ($120M)

Implementation
(10% pre-const.)



PROTECT Eligibility
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• Grants approved on Merit, measured against 8 criteria
1. Vulnerability and Risk

2. Criticality to Community

3. Design Elements

4. Public Engagement, Partnerships, and Collaboration

5. Equity and Justice40

6. Climate Change and Sustainability

7. Schedule and Budget

8. Innovation



PROTECT Eligibility
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
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PROTECT Eligibility
1. Review 2. Desk Study

3. Field 
Verification

4. Monitoring 
Plan 

5. PROTECT 
Eligibility

• Opinion: Subject corridor and the proposed monitoring and 
resiliency improvements meet eligibility criteria
• Evacuation route with a history of redundant infrastructure (I-24 

and Marion Memorial Bridge both cross the TN River) 

• Vulnerable to geohazards and intensifying storm systems

• Meets political goals of disadvantaged communities and 
partnerships with MPOs



Thank you!


