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Cal Hanson 
Regional Engineer – West Virginia

Resiliency of Drainage & 
Stormwater Infrastructure
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“
What is Resiliency?

Resiliency is the ability to prepare and plan for,

absorb, accommodate, recover from, or more 

successfully adapt to actual or potential 

adverse events as appropriate for the 

importance of the site.

— The TRB AFF70(2) Resilient and Sustainable Buried 

Structures Subcommittee

— The American Society of Civil Engineers (ASCE)

“
Capability to mitigate against significant all-

hazards risks and incidents and to 

expeditiously recover and reconstitute critical 

services with minimum damage to public 

safety and health, the economy, and national 

security.

1. Anticipate

2. Endure

3. Rapidly Recover

Key Points

Seismic Activity 

Underground movement

Differential settlement

Freeze / Thaw

Flooding 

High Slope applications

Head pressures

Durability during high flows

1Source: Redcross.org
2Source: NOAA.org
Map furnished by Data Foundry

US Natural Disaster Map

Wildfires

Restoration timeline

Design considerations

All materials are affected

4Source: https://www.climate.gov/
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National Oceanic and Atmospheric 
Administration (NOAA) 

Source: https://www.climate.gov/

Exposure

• Presence of 
infrastructure in 
places adversely 
affected.

Sensitivity

• Degree to which 
systems are 
affected by 
stressor.

Adaptive 
Capacity

• Ability of a system 
to adjust or cope 
with climate 
variability or future 
impacts.

Vulnerability

Defining Infrastructure Vulnerabilities
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Source: nypost.com Source: nytimes.com
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Source: govtech.com

Source: crossvillenews1st.com
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Drainage Infrastructure

A conveyance [and/or storage] system for 

excess stormwater that protects 

transportation and other infrastructure

assets from the destructive forces of water.
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Water’s Impact on Soil

Soil Strength/Consolidation

Changing Moisture Conditions

Differential Settlement

Soil Erosion/Infiltration

Voids and Washouts
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Pipe Defect

Inflow -
Groundwater

Infiltration -
Stormwater

Capacity 
Consumed

Surcharging 
& Flooding

Expedited 
Pipe 

Deterioration

Surrounding 
Infrastructure 
Deterioration
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Piping
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Erosion Risk: Joints

Improve Joint Performance

Provide Redundant Safety Measures

Reduce Statistical Chance For Failure
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ASTM C443 ASTM D3212ASTM D3212
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Erosion Risk: Entry/Exit Points

Improve End Treatments

Improve Inlets, Catch Basins, Structures

Use Geotextiles for Stabilization

Improve Capacity

1919 2020
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Erosion Risk: Corrosion

Evaluate Soil & Water Conditions

Consider Abrasion Resistance

Specify Inert Materials

22

https://www.pbs.org/newshour/science/why-does-salt-melt-road-ice
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https://www.pbs.org/newshour/science/why-does-salt-melt-road-ice

https://www.vice.com/en/article/vvbwbd/the-farm-runoff-feedback-loop-is-turning-aquifers-radioactive

“
“Most West Virginia soils are acidic.” – agriculture.wv.gov 

2424

Source: https://www.galvanizing.org.uk/corrosion/process/
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25 26
Source: https://www.corrosionpedia.com/corrosion-resistance-in-reinforced-concrete-structures/2/6966
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Corrosion Resistance
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Hydraulic Risk:

Improve Capacity

Manage Blockages
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Hydrologic Modeling

Any one can make a culvert large enough, but 

it is the province of the engineer to design one 

of sufficient but not extravagant size. 

— Byrne, A Treatise on Highway Construction 4th ed. 1902

Credit as found by the Mr. Sheen presentation Oregon EWRG/ASCE
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Structural Risk

Design Conservatively (LRFD)

Validate Design (Post-Installation Inspection)

Monitor Performance (Asset Management)

Protect Vulnerabilities in 

High Risk Areas Through Design
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• Voted and Passed By 
AASHTO Committee on 
Bridges and Structures

• Update From 1986

• 5 Sections:
• Section 1: Intro
• Section 2: Design & 

Performance Characteristics
• Section 3: Inspection Procedure
• Section 4: Condition Rating 

System
• Section 5: Asset Mgmt
• Appendices: Details

AASHTO Culvert & Storm Drain Inspection Guide

Source: AASHTO Used with permission.
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3737Source: AASHTO. Used with permission. 38

3939

Rapid Recovery

Leverage sourcing efficiencies

Maximize spending efficiency 

Minimize installation time

Utilize adaptable repair methods

40

Material Logistics
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Economics of Open [Qualified] Competition

$0.00 $10.00 $20.00 $30.00 $40.00 $50.00 $60.00 $70.00 $80.00

24" Dia

40% Savings

Research suggests that municipalities which bid two or more technically qualified materials save up to 50% in total installed

costs versus municipalities that specify and bid only one material.
$97,997

Total installed cost $156,077 – Cost 

of Post Install Inspection $58,080 = 

Referring to the Texas Drainage Cost Study:
One mile of 24” pipe showed average of $156,077 savings

OPEN COMPETITION

CLOSED COMPETITION

42
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Source: pdworld.com
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1. Consider infrastructure exposure to adverse 

events, severity of risk

2. Resilient infrastructure endures erosion, 

corrosion, hydraulic, structural risks

3. Leverage logistic efficiencies of rapid recovery  

Your Opportunity
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Thank You 

To learn more about resiliency at ADS, go to 

adspipe.com/resiliency

Cal Hanson
Regional Engineer – West Virginia

calvin.hanson@adspipe.com

(629) 214-0060
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