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ABSTRACT  
 
The changing climate is predicted to bring increased incidence of flooding, drought, high 
intensity hurricanes and associated storm surges, and a rise in sea levels.  These 
changes have the potential to impact coal combustion residual (CCR) storage facilities 
in the near- and long-term.  Due to the passage of the US federal CCR Rule, many 
energy companies are currently evaluating long-term management and closure options 
for CCR storage facilities.  While evaluation of climate change impacts is not required 
under the CCR Rule, evaluation of these impacts will provide mitigation strategies that 
can be integrated into existing long-term facility planning, allowing companies to 
develop solutions on their own timelines rather than responding to emergencies as they 
arise.  We describe a process for performing a screening level evaluation of climate 
change impacts on CCR surface impoundments and landfills.  Our process includes the 
following three steps:  1) Identify the physical climate change risks to the facility by 
integrating information from existing climate change studies and/or new facility-specific 
assessments; 2) Develop climate change impact scenarios that summarize potential 
risks to the facility; and 3) Quantify the costs and associated uncertainty of the impact 
scenarios using decision trees and statistical tools.   
 

1 Introduction 

Due to the passage of the April 2015 Federal Coal Combustion Residual (CCR) Rule, 
many energy companies are evaluating long-term management and closure options for 
CCR storage facilities (i.e., landfills and surface impoundments).  At the same time, 
there are increasing concerns by companies, shareholders, and the public about the 
impacts of climate change on infrastructure.  In particular, increased incidences of 
flooding due to climate change have the potential to impact CCR stored in landfills and 
surface impoundments.  The US National Climate Assessment predicts an increase in 
extreme weather events such as major storms and hurricanes, which can lead to 
coastal and inland flooding (US Global Change Research Program, 2018).  A Federal 
Emergency Management Agency (FEMA) study found that on average for US riverine 
environments, the area covered by the 100-year floodplain is expected to increase 
31.5% by 2100 due to climate change (AECOM, 2013).  The FEMA study also found 
that on average for US coastal environments, the coastal Special Flood Hazard Area 
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(SFHA) is expected to increase 55% by 2100 if there is no change in the current extent 
of shorelines.  This change in coastal SFHA is largely based on a predicted increase in 
the number of strong North Atlantic hurricanes (i.e., Category 4 and 5 storms).  Major 
flood events have the potential to impact CCR surface impoundments and landfills; for 
example, inundation of a surface impoundment can lead to concerns about downstream 
surface water quality.  While evaluation of climate change impacts is not required under 
the CCR Rule, many companies may find that such evaluations can be integrated into 
existing long-term facility planning and could lessen the costs associated with 
responding to emergencies as they arise. 
 
2 A Screening Level Evaluation for Physical Climate Change Impacts 

A three step process can be used to evaluate the physical climate change impacts on 
CCR surface impoundments and landfills.  The process described below integrates 
available tools and resources to provide a roadmap for a screening level evaluation of 
impacts. 
 
Step 1:  Identify the Physical Climate Change Impacts to the Facility 
 
There are many resources available to assist companies in identifying potential physical 
climate change impacts.  The most recent Intergovernmental Panel on Climate Change 
(IPCC) assessment report (IPCC, 2013) can be helpful for identifying events (e.g., 
hurricanes, major storms, sea level rise) that have the potential to impact existing or 
future infrastructure at a facility.  The National Climate Assessment (US Global Change 
Research Program, 2018) provides more detailed descriptions of potential regional 
impacts, and some US municipalities have also developed climate change impact 
assessments focused on their localities.  If desired, a facility-specific climate change 
impact assessment can also be conducted that models impacts in a targeted area. 
 
Step 2:  Develop Climate Change Impact Scenarios 
 
Once the potential climate change impacts to surface impoundments, landfills, and 
other infrastructure have been identified, impact scenarios can be developed to quantify 
the risks of each type of event.  For example, an impact scenario could focus on a flood 
triggered by a major storm.  The impact scenario would analyze the set of potential 
physical impacts of that storm (e.g., flooded roads, power loss, CCR discharges into 
surface waters).  The impact scenarios would also detail the range of financial impacts 
of the event.  Development of impact scenarios will often involve site-specific analyses 
using hydrological models, climate data, or Geographic Information System (GIS) 
analyses.  The Task Force on Climate-related Financial Disclosures (TCFD; TCFD, 
2016) provides further guidance and recommendations on scenario development and 
analysis. 
 
 
Step 3:  Quantify the Costs and Associated Uncertainty 
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The final step is to fully evaluate the costs of each impact scenario, taking into 
consideration the range of financial impacts for the scenario and the likelihood of those 
impacts occurring.  One method for accomplishing this step is to use a decision tree.  
Figure 1 shows an example branch of a decision tree that details the impact of a flood 
on a power plant with a surface impoundment.  In this hypothetical scenario, a major 
storm could cause flooding, which could result in the need to fix infrastructure (e.g., 
buildings), evaluate the impacts of the inundated surface impoundment on local surface 
water bodies, or replace lost materials (e.g., coal or other materials that were stored in 
piles on-site).  Monte Carlo analysis can be used to further evaluate the likely 
distribution of costs. 
 

  
Figure 1  Hypothetical Example Branch of a Decision Tree 
 
3 Conclusions 

Climate change is predicted to increase the number of flood events across the US, 
which could impact surface impoundments, landfills, and other nearby infrastructure.  
This paper describes a three-step screening level evaluation that can be used to 
understand the physical impacts of floods and the associated financial implications.  
Many companies may find it useful to consider these impacts in the near-term because 
this will allow the companies to couple mitigation measures (e.g., infrastructure 
changes) with other existing long-term plans, which can have financial benefits. 
 



Draft 
 
 

   4 

 
C:\Users\trpi222\Documents\WOCA Site\Papers\Late\170 - WOCA_Paper_ClimateChange_BriggsLewisBittner.docx 

4 References 

AECOM. 2013. "The Impact of Climate Change and Population Growth on the National 
Flood Insurance Program Through 2100." Report to Federal Emergency Management 
Agency (FEMA), Federal Insurance and Mitigation Administration. 257p., June.  

 

Intergovernmental Panel on Climate Change (IPCC). 2013. Climate Change 2013: 
The Physical Science Basis, Working Group I Contribution to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change. (Eds.: Stocker, TF; Qin, 
D; Plattner, GK; Tignor, M; Allen, SK; Boschung, J; Nauels, A; Xia, Y; Bex, V; 
Midgley, PM), Cambridge University Press, Cambridge, UK. 1552p. Accessed on 
February 21, 2017 at https://www.ipcc.ch/report/ar5/wg1/  

 

Task Force on Climate-related Financial Disclosures (TCFD). 2016. 
"Recommendations of the Task Force on Climate-related Financial Disclosures." 
74p. December 14. Accessed on March 15, 2018 at https://www.fsb-tcfd.org/wp-
content/uploads/2016/12/16_1221_TCFD_Report_Letter.pdf.  

 

US Global Change Research Program. 2018. Impacts, Risks, and Adaptation in the 
Unites States: Fourth National Climate Assessment, Volume II. (Eds.: Reidmiller, 
D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and 
B.C. Stewart). US Global Change Research Program, Washington, DC, USA. 1515p. 
doi:10.7930/NCA.2018 

 

 


