
Matt Kurle, P.E – NDDOT

Aaron T. Grosser, D.GE, P.E. – Barr Engineering Co.

Gregory R. Fischer, Ph.D., D.GE, P.E. – Shannon & Wilson, Inc.

Highway 73 Landslide
Bear Den Creek



Highway 73



Highway 73



Highway 73
2010 Imagery



May 11, 2011



May 17, 2011



May 23, 2011



Emergency Declaration 

Phase 1 – Emergency Bypass 
Cost Estimate - $184,900
Actual Cost - $218,650 – Lump Sum Bid

June 2011



Phase 1 – Emergency Bypass



Project Started June 30, 2011
Project Completed September 9,2011

Phase 1 – Emergency Bypass



Project: SER-7-073(009)124 PCN:19321
Final Cost: $1,850,000
Project Dates:

Stability Recommendation: 11/18/2011 (Consultant)
Plans Complete: 3/26/2012
Bid Opening: 5/04/2012
Construction Completed: Summer/Fall 2012

Phase 2
Roadway Realignment/Slide 

Stabilization



Phase 2
Roadway Realignment/Slide 

Stabilization



Phase 2
Roadway Realignment/Slide 

Stabilization



Benching & Drain Installation

Picture Taken 7/10/12

Phase 2
Roadway Realignment/Slide 

Stabilization



Tension Cracks

Picture Taken 5/21/13

Highway 73 RP 8 Spring 2013



Inclinometer Tubes

Picture Taken 8/5/13

Highway 73 RP 8 Summer 2013



Inclinometer Tubes

Picture Taken 8/5/13

Patches due 
to Tension 
Cracks

Google Earth August 2013

Highway 73 RP 8 Summer 2013



Inclinometer Tubes

Picture Taken 8/5/13

Patches due 
to Tension 
Cracks

Google Earth August 2013

Highway 73 RP 8 March 2014



Emergency Declaration - Continuation 

• Something Bigger is going on here
• Pay for Contractor Patching – $18,650
• Allow Time for Larger Geotechnical Investigation

July 2014



Emergency Declaration - Continuation 

• FHWA Meeting to Discuss Options
• Split Project into 2 Phases

1.)Phase 1 – Maintenance
Drainage Improvements
Estimated Cost - $415,000

2.) Phase 2 – Permanent Realignment
Estimated Cost - $15,000,000

• Two-phase approach signed off by FHWA in 
March 2015

February 2015



Phase 1 – Drainage and Roadway Improvements

• NDDOT Developed Plans to Remove Free 
Standing Water and Restore Roadway Profile

• Plans Completed July 2015
• Project Bid September 2015
• Project Completed November 2015 
• Total Cost for Project - $352,000

March 2015



Phase 1 – Drainage and Roadway Improvements
Phase 1 Plan



Phase 1 – Drainage and Roadway Improvements

Picture Taken 10/28/2015

Phase 1 Construction



Phase 1 – Drainage and Roadway Improvements

Picture Taken 10/28/2015

Phase 1 Completed



• Phase I: Scoping (to define scope of work in 
Phase II)

• Phase II: Geotechnical Investigation and 
Recommendation (characterize problem and 
select recommended alternative)

• Phase III: Environmental Documentation and 
Preliminary Engineering (of recommended 
alternative)

• Phase IV: Plans & Specs
• Phase V: EOR – Construction

This Project – Barr & SRF



North Dakota 
Geological 

Survey—
areas of 

landslides



Landslide 
Characteristics

Road length 
impacted = 1,500 ft

Landslide width 
= 1,500 ft

Landslide length 
= 3,100 ft

Landslide area = 85 acres
Landslide volume = 10 million CY

Ranch



Landslide 
Monitoring –

“electric 
garden hose”



Deformation 
Measurements

Shear zone

Direction of 
landslide 
movement



Deformation Measurements
(near real-time basis)



• Seepage calibration with GeoStudio to match 
observed porewater pressures

• Slope stability and deformation calibration with 
finite difference modeling to match ongoing 
deformation

• Parameters calibrated were consistent with 
laboratory testing results, but also reflected scale 
of area analyzed, including variations of geo-
materials

Geotechnical Modeling – existing 
conditions



Cross Section for Geotechnical 
Modeling



Deformation Modeling 
Calibration



• Do nothing
• Highway realignment
• Repairs within current alignment of highway

Three Alternatives



• Effects
 reduced speed
 ongoing maintenance, potentially including 

temporary shutdown
 permanent shutdown

• Does NOT meet the purpose of the project

Do Nothing



Restricted Access to Properties



Long Detours 
under a 
Closure 

Scenario



Highway Realignment



Highway Realignment Profile



• One interceptor trench within ROW + two-three 
rows of drilled shafts

• Cost in the order of $13.5M - $18.5M (scoping 
level accuracy)

• Overall timeline through Phase IV: Plans & Specs 
on the order of 9 months 

Recommended Alternative



Plan View of 
Interceptor 
Trench and 

Rows of 
Drilled 
Shafts



Maintain Current Alignment



Interceptor trench



Groundwater Control



Plan View Loading 
Configuration

Drilled Shaft Design Concept



• 5-foot-diameter 
drilled shafts

• 2% steel by area
• total length based 

on depth to failure 
surface, minimum 
20 feet of shaft 
below failure

• A larger diameter 
shaft would exceed 
moment capacity 
as designed

Drilled Shaft Details from Bid 
Documents



Repair Layout



• Contract Highlights
• Trench Drain Installation 

- Trench Installation Procedures
- Challenges
- Techniques to Address Challenges

• Drilled Shaft Installation
- Typical Construction
- Challenges
- Techniques to Address Challenges
- Inspection and Testing
- Remediation

Construction



• Engineer’s Cost Estimate ($13,705,449)
• Seven Submitted Bids
• Bid Range from $9,329,039 to $14,827,210
• Awarded to Veit Construction
• Schedule

• Trench Drain Required First 
• Followed by Drilled Shafts
• Followed by Repaving

Contract Highlights



Trench Drain



Trenching Operations






Encountering Groundwater






Water Flow During Installation



Water Flow Post Installation






• Specialty Sub Schedule
• Pulling Trencher Uphill

Challenges



Pulling Trencher Uphill



Drilled Shafts



Drilling Shafts



Tying Reinforcement Cage



Picking up the 
Reinforcement Cage



Setting the Reinforcement Cage



Setting up to Place Concrete



Placing Concrete via Free Fall



Completed Drilled Shaft



First Challenge – Groundwater 
and Caving Soil



Cuttings Below Groundwater



Voids

Caving without Groundwater



Caving in Presence of Groundwater






• Typically first method used to address caving
• May or may not seal-off groundwater
• If groundwater not sealed off then tremie pours 

required

Addressing Caving and 
Groundwater by Casing



Typical Casing Used



Clean-out Bucket



Water Trapped Behind Casing



Pump and Bail Water and 
Contaminated Concrete



Casing, Often Stuck



• Means to extend casing deeper
• Results in larger diameter temporary casing, 

which may alter requirements for reinforcement

Telescoping Casing



Telescoping Casing



• Reduces or eliminates need for casing by 
providing viscous fluid in hole that supports 
excavation 

• Specialized equipment and field technicians
• Messy

Polymer Slurry



Mixing up the Slurry



Slurry Tent with Ground Defrosters



Drilling with Polymer Slurry



Slurry Testing



Drilling Bucket



Second Challenge – Placing 
Concrete Underwater



Pump Truck and Tremie Pipe



Pump Truck and Tremie Pipe



Pumping out Slurry and 
Measuring Tremie Embedment



Pulling Casing with Slurry



Third Challenge – Cold Weather 
Construction








Dealing with the Cold



Hi-Low Thermometer to Measure 
Temperatures under Concrete Blanket



Importance of Inspection



Instrumentation





Coring Shaft for Defect



Core Recovery at Defect



• Drilled shafts relatively new to NDDOT
• Special provisions written and used on two (soon 

to be three) projects 
• Requires specialty contractors
• Requires inspection
• Testing can be used to verify integrity
• Drilled shafts should be considered as another 

tool in your foundation option box

Conclusions



Questions?
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