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Background
The gravity of the situation:

● The U.S. produces around 100 million tons of coal ash every 
year.

○ Nearly 130 million tons of coal ash was generated in 
2014

● Reckless coal ash disposal in landfills and waste ponds has 
gone unchecked. Until recently . . . sort of.
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Background
Power companies have been reckless in 
the disposal of coal ash.

● Poor coal ash management has led 
to major spills time and time again.

● Long term, disposal of coal ash into 
ponds and landfills resulting in 
groundwater contamination will 
have most significant impact.
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Background
What’s wrong with coal ash 
contaminating groundwater? Well . . .  
there is a long list of toxic pollutants in 
high concentrations in coal ash.

● Arsenic
● Boron
● Cadmium
● Cobalt
● Chromium
● Fluoride
● Lead

● Lithium
● Mercury
● Molybdenum
● Radium
● Selenium
● Thallium
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Background
The general human health 
risks of coal ash toxic 
contaminants:

● Cancer
● Heart disease
● Reproductive failure
● Stroke
● Child neurological 

impairments
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Data: Introduction

● EIP’s Coal Ash Rule groundwater monitoring results database

● 38,792 groundwater samples 

● 198 upgradient/downgradient wells

● 18 sites in Illinois

● 21 contaminants 
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Data: Format
● Variables:

● State 
● Site 
● Disposal Area
● Type
● Well ID
● Gradient
● Sample Date
● Contaminant
● Measurement Unit
● Concentration

● Samples
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After
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Research Questions

● About how many upgradient 
wells are contaminated?

● Can we identify contaminated 
upgradient wells?
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Research Questions
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● How can we correct contaminant measurements if upgradient wells are 
contaminated? 
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Exploratory Data Analysis
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Wells identified
Wells with _____ contaminant(s) above the health based threshold

One Two Three Twelve Thirteen

08D
31
8
APW5
BA06
G201
G45S
MW-01
MW-10
MW-304

25
G48MG
MW-05
MW-06
T03S

EBG
MW-09
MW-11
MW-14

AP-4
AP-5

G01D
G02D
G03D
MW201
MW203
MW24D
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Classification - Introduction

● How does classification work?
● What is the goal of classification?

○ How do we achieve this?
● Assumption that we have to 

make for our coal ash dataset
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Classification - Which method?

● Many different classification 
methods to choose from, each with 
their advantages/disadvantages

● We decided to go with kNN (k 
nearest neighbors) 
○ Why?
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Classification - Splits 
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TOTAL: 
50 upgradient wells

Training Set: 
40 upgradient wells

Testing Set: 
10 upgradient wells

80% 20%

Model



Classification - Results 
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Let’s try to use a clustering-based 
approach instead!
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Clustering
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Clustering - Hierarchical Clustering
● Ward’s Method

○ Agglomerative Hierarchical Clustering 

■ Bottom-up approach (small to big)
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Clustering (HC) - Ward’s Cluster Solution

51



Clustering (HC) - Biplot

● Sulfate
● Radium 226+228
● Chloride
● TDS

52



 K-Means Clustering
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Clustering - K-Means

K = 2

Group 0 : Group 1:

44  wells                 6 wells
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● Comparing mean concentrations of each group/cluster

. . .

Radium 226+228 threshold: 5 pCi/L

Sulfate threshold: 500 mg/L
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Group 1 wells:

● G01D
● G02D
● G03D
● MW201
● MW203
● MW24D

Wells with 13 threshold 
violations:

● G01D
● G02D
● G03D
● MW201
● MW203
● MW24D



Visualization - PCA 
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Bootstrapping
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Bootstrapping
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Upgradient 
Wells

Contaminated
Wells

Uncontaminated 
Wells

Bootstrapped 
Empirical Dist. of 

Correct Values

sampling 
with 

replacement

● Need to correct these values!
○ Contamination from 

retired/unregulated ponds

● Calculate the actual amount of 
contamination ONLY from the 
coal ash with the equation:

Mean Conc. of Contaminated Wells - Bootstrapped Empirical Dist. of Corrected Values

Mean Concentration 
of Contaminated 

Values
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Conclusion
● Did we accomplish our original research goals?

○ Yes, for the most part!
○ Classification based approach was limited

■ Model needs more training data
○ Cluster based approach was more effective

■ Identified two distinct clusters
○ Bootstrapping and imputation methods
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