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Agenda and Discussion Topics

STATEMENT:   A)  The projected cost of coal ash basin closure and remediation is 
in excess of $300 billion, and construction of new renewable energy is expected to 
cost in excess of $4.5 trillion.  
B)   Energy storage is an essential, a challenging and very expensive part of the 
electric power energy transition.  Practical and technical information on the following:
KEY POINTS:  
• Financial and regulatory benefits of using encapsulated coal ash for construction of 

energy storage structures;
• Identification of the five main requirements in the Federal CCR Rule for coal 

combustion residuals (CCRs) to be considered a beneficial use;
• Explanation of how the energy storage structures can utilize large volumes of 

encapsulated CCRs, and provide a reduction in environmental liability;
• Guidelines on how the US EPA Leachability Environmental Assessment Framework 

(LEAF) testing can be used to verify encapsulation according to State regulatory 
requirements;

• Summary of recent applied research from the Department of Energy that provides 
guidelines for cost evaluation of energy storage options;

• Explanation of basic design and permitting requirements for pumped hydro storage 
and other energy storage methods;

• A list of recommended EPA guidance documents for the use and interpretation of 
leachability test methods as it pertains to stabilization and encapsulation of CCRs.



CALM Initiative – History of Safety Awareness Training
Focused on Solving Problems with Ash Basin 
Construction – September 2015

 Invited 10 Industry Pa rtners a nd 4 
e lectric power utilities .   

 Discussion on Demonstra tion Projects 
a nd sha red funding a pproa ch to 
a pplied resea rch.

 Listened a nd lea rned a bout industry 
needs a nd concerns. 

 Results a nd recommendations:
 Focus on access road and excavation 

s tability – excess porewater pressures .

 SAFETY AWARENESS:   Ash ba sin 
sa fe ty tra ining defined a s an urgent and 
important need.

 NEED FOR BMPs:  Need to close gap 
be tween a sh ba sin closure design 
approach and means and methods.

CALM Initiative is the 
Largest Industry 
Consortium Focused on 
Safety and Solutions.
• 10 Contractors
• 3 Engineering 

Consultants
• 10 Special Technology 

Companies 



Background and Credentials of C. Hardin 
and the CALM Initiative
 Professional Engineer registered in six states including NC, SC, VA and GA.
 Former member of the American Coal Ash Association (ACAA) Executive Committee –

Provided Industry Response Presentation – May 2009, Five months after TVA Kingston.
 Designed one of the first lined coal ash landfills in North Carolina – R.J. Reynolds Landfill 

in Rural Hall, NC and the first landfill after the TVA Kingston failure, Lee Steam Station 
in South Carolina.   Involved with coal ash remediation for over 25 years. 

 Designed and implemented one of the largest coal ash structural fills in North Carolina. 
 Was present at the Dan River coal ash basin pipe repair to coach and guide contractors –

Geotechnical & Safety   
 Currently Managing Director of the Coal Ash and Liquid Management (CALM) Initiative at 

UNC Charlotte.  Five of the largest Power Companies in the United States are members.
 Part-time sustainable, organic farmer who regularly interacts with environmental groups 

in the Carolinas. Over 70-percent “carbon neutral” and 70-percent recycle/reuse on our 
farm since 2012

 Purposely avoid litigation – periodically involved as a subject atter expert (SME) on 
several large coal ash projects.   

 Currently involved with some of the largest, and most challenging ash basin closure 
design and construction projects in the United States.  



How BIG is the coal ash problem?

 Coal ash is the second largest waste stream in the 
United States.   Over 1.9 Billion cubic yards of coal ash, 
plus and additional 130 million cubic yards each year.   

 The total cost of the coal ash basin cleanups will be in 
excess of $150 Billion across the United States.    

 The majority on the cost of coal ash basins cleanups 
and closure will be passed on to the rate payers –
business, homeowners and the general public.  

 Summary:   Anything we can do to reduce the cost of 
coal ash basin closure and increase beneficial use will 
reduce the “life cycle” cost of coal ash management 
and mitigation.  

CONTEXT:   The Remediation of 
Coal Ash Basins will be the LARGEST 
and Could be the Most Expensive 
Cleanup in the History of the 
United States.



Where did all the coal cash come from?  
 From a combination of 

residential, manufacturing 
and commercial electric 
power consumption.   

 Coal combustion was a 
major source of electric 
power in the United States 
until 2010.  

 Coal fired electric power 
production tended to be 
“cheap” energy, until the 
life cycle cost was 
considered.  

 The Answer:   All or most  
Americans produced coal 
ash every they utilized 
and/or wasted electricity. 

https://www.eia.gov/todayinener
gy/detail.php?id=11951



Probable Cost of Coal Ash Cleanups to 
Ratepayers and the Electric Power 

North Carolina ratepayers were slated to pay $4 
billion for the cleanup from 2015 to 2030, but 
after Friday's settlement they'll be on the hook 
for roughly $2.9 billion, according to Duke 
Energy spokeswoman Meredith Archie. 
Jan 25, 2021

Between $8 billion and $9 billion
The total cost to close all coal ash basins in 
the Carolinas will be between $8 billion and $9 billion, 
according to the utility. For years, the state and the 
utility have sparred over who should pay for 
the cleanup. Duke said customers should - Jan 25, 2021



How will the cost of coal ash basin closure 
impact all Americans?  Are there better 
options? 

 The majority of CCR units closed to date have been 
“closure in place”.   

 Closure in Place is approximately half of the cost of 
Closure by Removal.   

 Many citizens and non-government organization (NGOs) 
clean water advocates are bringing legal action to force 
Closure by Removal.  

 Closure by Removal can and will increase the cost of 
electricity for the general public and businesses.    

 Increasing beneficial use addresses groundwater protection 
needs, and keeps the cost of Closure by Removal and/or 
excavation and landfilling reasonable. 

 Summary:   Additional methods for using coal ash in 
recycled products, and/or for construction of building 
and energy storage structures are needed.  

CONTEXT:  The January 
11, 2022 US EPA 
interpretation puts many 
Completed and To Be 
Completed Close-In-Place 
projects “At Risk”.   



How Much Electric Power Energy is Wasted 
Every Day Before it Gets to the Consumer?
 According to the Energy Information 

Administration (EIA), thirty-four (34) 
percent of electric power energy is 
wasted BEFORE it gets to the meter.  

 Most of the energy is wasted during 
transmission from the point of 
Generation to the location of use. 

 Other sources include excess energy 
generated during non-peak periods, and 
release of excess energy from heated 
steam and process water.   

 Practical Ways to Save Electric 
Energy: Voltage regulation close to the 
source of generation, and increasing the 
amount of cost effective distributed 
energy are 

Ref:  https://www.eia.gov/energyexplained/electricity/use-of-electricity.php
How Much Primary Energy Is Wasted Before Consumers See Value from 
Electricity?   Bob Shively, Energy Dynamics, https://www.enerdynamics.com/

https://www.eia.gov/energyexplained/electricity/use-of-electricity.php


Financial and Regulatory Benefits of Using 
Encapsulated CCRs for Energy Storage



CCR Beneficial Use
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The Solution

Key Characteristics

Krubera’s patented CCR Static Structures provide cost-effective options for the
beneficial use of CCR that can utilize 100% of the ash stored in ponds, converting the
material to a productive use within a reasonable timeframe.

• Beneficial Use of Large Volumes of CCR
o Can utilize 100% of ponded ash
o Able to coordinate with other beneficiators

• Compliant with CCR Rule
o Meets all (4) beneficial use criteria
o Meets/Exceeds CCR Rule project timeframe

• Practical / Cost Effective Solutions
o Eliminate or minimize trucking expenses
o Creates useable infrastructure*
o Generates both short and long term jobs

*High Probability of being reimbursable through rate base



CCR Beneficial Use
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Beneficial Use Criteria

Beneficial Use Criteria 

1. Provide a functional benefit

2. Substitute for the use of a virgin material

3. Meet product specifications and/or design standards or not use 
excess quantities

4. Unencapsulated uses shall not impart environmental releases 
beyond relevant regulatory benchmarks* 

Ref: https://www.epa.gov/coalash/frequent-questions-about-
beneficial-use-coal-ash#t1q6

* Encapsulated uses are not considered a regulated waste material.

Each of Krubera’s solutions meet all of the beneficial use requirements mandated by
EPA in its 2015 Final Rule.



The Value of Encapsulated CCRs for 
Energy Storage Structures
 Encapsulated Coal Combustion Residuals (CCRs) 

are no longer considered a waste material.  

 Pumped Hydro Storage structures from CCRs 
can be monetized in the electric power rate 
base. 

 Encapsulation of CCRs are equally protective as 
lined landfills, and reduce the Life Cycle Cost. 



A Critical Need to Convert More CCRs to Useful 
Energy Storage and Ancillary Structures

 Coal Ash Basin Remediation by 
Excavation and Lined Landfills is 
necessary to protect groundwater, 
but tends to be EXPENSIVE. 

 QUESTION: Are there better and 
more cost effective methods for 
handling and utilization of CCR 
materials?  

 Encapsulated CCRs placed over an 
HDPE liner Reduces Risk and 
Creates a Useful Energy Storage 
Structure.   



Four Main Requirements for Encapsulated 
CCR from the Federal CCR Rule. 

• Definition and Four Main Requirements – THIS IS THE LAW!

• Federal CCR Rule – Guidelines, Testing and Methodology

• Mix Design and Stabilization Methods 



Four Main Criteria for Beneficial Use of 
CCRs in Structures
 Provide a functional benefit

 Substitute for the use of a virgin material

 Meet product specifications and/or design 
standards or not use excess quantities

 Unencapsulated uses shall not impart 
environmental releases beyond relevant 
regulatory benchmarks

Ref: https://www.epa.gov/coalash/frequent-
questions-about-beneficial-use-coal-ash#t1q6

See Federal CCR 
Rule: Page 21349



Explanation of the Encapsulation and the  Leachability 
Environmental Assessment Framework (LEAF)

 Encapsulation in a “cementious” solid matrix is 
identified on Page 21328 of the Federal CCR Rule as 
the preferred method for SAFE Beneficial Use of CCRs.  

 LEAF is a useful Design Tool to evaluate Encapsulation. 

 LEAF is NOT a Compliance Test, but a collection of:

 Four leaching test methods that are designed 
evaluate leaching potential of industrial waste 
materials, and site specific conditions.  

 Associated with SW-846, a compendium of test 
method to evaluate and separate leaching potential 
of industrial material and hazardous materials.  

 LEAF waste developed by the US EPA to identify 
characteristic leaching behaviors in a wide variety 
of industry materials including CCRs.   

 https://www.epa.gov/hw-sw846/how-guide-leaching-
environmental-assessment-framework



Regulatory Requirements for Encapsulation 
and Beneficial Use of CCRs

 The Federal CCR Rule has clear guidelines on the 
beneficial use of CCR materials.   

 Evaluation of beneficial use and testing for 
verification of encapsulation is outlined on Pages 
21327 to 21330 in the Federal CCR Rule.  

 The Leachability Evaluation and Assessment 
Framework (LEAF) is an EPA recognized method 
that establishes a way to verify that heavy and 
metals and other constituents will not leach from 
stabilized CCR materials.   

 Summary:   There are technical and regulatory 
considerations that must be addressed and 
“proven” by testing and evaluation using 
guidelines from the US EPA.  



Definition and Historical Context on 
Encapsulation
 Federal CCR Rule – Page 21327:   “An encapsulated beneficial use is one that 

binds the CCR into a solid matrix that minimizes mobilization into the 
surrounding environment”

 Lime stabilized fly ash and volcanic ash has been used for hundreds of years in 
building construction, roadway construction and waterway construction.   

• Roman concrete, also called opus caementicium, was based on a hydraulic-setting cement.  It is 
durable due to its incorporation of volcanic ash bound in chemical bond by lime, which prevents 
cracks from spreading and increases durability.

• Lime stabilized fly ash is longer lasting and more stable than typical cement based concrete.  

• Lime stabilized fly ash is resistant to sulfate attack can be used to stabilize a wide variety waste 
materials.

 Coal fly ash encapsulated with lime and/or cement has been used for over 40 
years to stabilize and prevent migration of contaminants from a wide variety of 
hazardous waste and industrial waste materials.  Ref:  Solidification/Stabilization of 
Hazardous Waste, January 1986, EPA/600/D-86/028



EPA Outlines a Step by Step Process to Verify 
Encapsulation of CCRs – Steps 1 and 2

 Step No. 1:   Develop Mix Design utilizing 
EPA 1313:   Leaching as a Function of pH.
Develop Target pH and percentages of 
quicklime or cement – See Daniels and 
Das, 2006, Lhoist lab results and Ogunro, 
et al, WOCA 2015

 Step No. 2:  Test Mix Design:  Utilizing a 
combination of EPA 1315 and TCLP at 
different lime/cement percentages and 
target pH for leachate. 



Summary of Technical Literature
Dams and Highways
 Leaching Behavior of Lime-Fly Ash 

Mixtures, Daniels and Das, 2006

- Provides specific guidelines for lime 
required to stabilize metals in coal ash 

 US Bureau of Reclamation and 
Federal Highway Administration 
reports and projects demonstrate 
mix designs and methods to 
stabilize coal fly ash. 

 EPRI and other ACAA funded 
research reports indicate that coal 
fly can be stabilized with lime and 
cement mixtures.

 Lhoist mix designs and test results 
from previous CALM meeting 
presentation, November 2018 are 
available upon request.

Fly Ash Facts for Engineers 
FHWA-IF-03-019



Historical Context of Encapsulation and 
Stabilization US EPA, FHWA and USWAG
 Support from Test Results and Standard Methods from 

Federal Agencies:  The Federal Highway Administration 
(FHWA), the US EPA Hazardous Waste Research 
Laboratory and the US Bureau of Reclamation (USBR) 
have research, test results and standard methods 
verifying that coal fly ash is a SAFE, and cost effective 
construction material with cement, lime and other 
additives.  

 Encapsulation and Stabilization are similar terms from 
a scientific and engineering perspective.    See 
Stabilization/Solidification of Hazardous Waste, 
EPA/600/D-86/028, US EPA Hazardous Waste Engineering 
Research Laboratory.  

 Federal Highway Administration (FHWA) has recognized 
the benefits of using coal fly ash for SAFE and effective 
road subbase stabilization for over 40 years.   

 Summary:   The US EPA, FHWA, and other Federal 
organizations have recognized that coal fly is a SAFE 
and effective way to stabilize waste materials and 
improve road subgrades for construction, IF they are 
pre-tested and used properly.  



How Energy Storage Structures Utilize 
Large Volumes of Encapsulated CCRs, 
and Reduce Environmental Liability



Typical Layout for Energy Storage on a 
Coal Ash Basin Sites

Example Project Sites 
Photos from Public Record



Coal Fly Ash Mixes Have Been Used for Over 50 
years in Dam and Water Impoundments

 US Bureau of Reclamation has 
used high volume fly ash 
cement mixes since the 
1980s.  

 The Ameren, Taum Sauk 
Pumped Hydro Dam repair 
was completed with a high fly 
mix to reduce micro cracking 
and seepage.   

 High Fly Mix Designs are a 
time tested, technically 
sound way to encapsulate 
coal fly ash and build useful 
water and energy storage 
structures.

Taum Sauk 
Pumped Hydro 
Storage (PSH) 
Embankment 
Failure

Taum Sauk 
During 
Repair –
Cement, Fly 
Ash & RCC

Taum Sauk 
PSH After 
Repair with 
High Volume 
Fly Ash Mix 



CCR Beneficial Use
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Pumped Hydro Energy Storage

Pumped Hydro Energy Storage

Krubera’s pumped hydro system can be designed using proven technology and sized to
meet the site specific project requirements.

60 mil HDPE
Geocomposite Clay Layer (GCL)
18” Drainage Layer > 1x10^.3
40 mil FML

40 mil FML or GCL

Secondary  Containment

Primary Containment

Leak Detection and 
Removal Layer

150’

4’

2’

Low Permeability CCR Mix Design

Upper Reservoir

Not To Scale

Encapsulated CCR 
Ref: Krubera & 
Thalle Presentation 
at CALM Meeting, 
November 2019
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CCR Beneficial Use
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Mix Design / LEAF

The mix design for this project (for CCR materials at the Dominion sites) has been developed based on site
specific testing of concrete mixes and recently completed applied research testing by UNC Charlotte and
Lhoist.

• Verification of Mix Design*
o US EPA Encapsulation Methodology
o LEAF Methods 1313, 1315 and 1316

• Typical Encapsulation of RCRA Metals
o lime > 2.5%
o pH > 10  
o Daniels & Das, 2006 Leaching Behavior of 

Lime–Fly Ash Mixtures  
• Additional Encapsulation Considerations

o Material mixing, placement and compaction
o Daniels & Bensen, 1991 Water Content and 

Density Criteria for Soil Liner Systems 
• Verification of Pass/Fail Criteria

o TCLP testing of samples / mix designs
o Developed based on LEAF methods

Mix Design / LEAF and US EPA Encapsulation Methodology

Ref: Krubera & 
Thalle Presentation 
at CALM Meeting, 
November 2019



MODULAR PUMP STORAGE

CALM INITIATIVE AND ENVIRO WORKSHOPS
ENERGY & ENVIRONMENT WORKSHOP

ANDRITZ GROUP

SEPTEMBER 15, 2015
Brian A. Murtha, PE
Business Development Director
ANDRITZ 
Charlotte, NC USA
704.712.8611
brian.murtha@andritz.com

ANDRITZ HYDRO SLIDES
CALM Initiative Fall 2021 

Technology Meeting
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ANDRITZ HYDRO-
DIVISION SUMMARY

30 / ENERGY AND ENVIRONMENT WORKSHOP / SEPTEMBER 15, 2021 / © ANDRITZ GROUP

Modular Pump Storage



DEFINITION OF COMPACT HYDRO

31 / ENERGY AND ENVIRONMENT WORKSHOP / SEPTEMBER 15, 2021 / © ANDRITZ GROUP



COMPACT HYDRO
APPLICATION RANGE

32 / ENERGY AND ENVIRONMENT WORKSHOP / SEPTEMBER 15, 2021 / © ANDRITZ GROUP



Andritz Modular Pumped Hydro 
Equipment is Off the Shelf Technology

 Encapsulated Coal Ash can 
be used to repair older, 
non-powered dams.   

 Cost effective for Voltage 
Regulation and/or Power 
Grid Stability in locations 
where coal plants are 
being closed down. 

 KEY POINT:   Modular 
Pumped Hydro Pumps 
and Turbines ready to be 
deployed to a wide 
variety of Pumped Hydro 
Storage sites.  



US EPA Guidelines on 
Encapsulation and Beneficial Use



Explanation of the Leachability 
Environmental Assessment Framework (LEAF)

 LEAF is a collection of:

 Four leaching test methods that are designed 
evaluate leaching potential of industrial waste 
materials, and site specific conditions.  

 Associated with SW-846, a compendium of test 
method to evaluate and separate leaching potential 
of industrial material and hazardous materials.  

 Leaching assessment approach and it is NOT a 
compliance test method.

 Designed to identify characteristic leaching behaviors 
in a wide variety of industry materials including 
CCRs.   

 https://www.epa.gov/hw-sw846/how-guide-
leaching-environmental-assessment-framework



Acceptable EPA Methods for Testing 
Encapsulation

 Leachability Environmental Assessment 
Framework (LEAF) methods can be used 
to test whether and a solid matrix 
material is encapsulated.  

 EPA Method 1313:   For determining the 
target pH concentration for monolithic 
slab test. 

 EPA 1315:  Testing of a solid monolithic 
slab in a tank over 60 days to determine 
if the encapsulated mix is stable.  

 Toxicity Characteristic Leaching 
Procedure (TCLP).  A compliance test 
that is part of SW-846.  Can be 
correlated to LEAF tests and other test 
results. 



Federal CCR Rule and EPA Beneficial Use 
Verification Methodology

 Clear Methodology referenced on Page 21327 
in the Federal CCR Rule for determining if 
an encapsulated product.

 Step 2:  Comparison to Analogous Product.   
Encapsulated CCRs is similar to concrete and 
other cementious construction products. 

 If leaching potential is tested using LEAF, 
TCLP and other methods in EPA SW-846 and 
determined to be less than the Maximum 
Contaminant Levels (MCLs) then it would be 
considered encapsulated.  



Encapsulated CCRs are No Longer a 
Waste Material – Pages 21328 to 21330

 Federal CCR Rule on Page 21328 provides 
guidelines for the creation and beneficial 
use of encapsulated CCRs.  

 Encapsulated CCRs may include:
 Beneficiated fly ash material like 

products from the STAR Process by SEFA.

 Solid matrix materials that are tested 
using LEAF methods and TCLP to below 
the RCRA MCLs.  

 Analogous materials encapsulated in 
solid matrix and tested using TCLP and 
proper applied LEAF methods is no longer 
considered as waste material.  It’s a 
product.



How to Encapsulate CCR with Lime 
and/or Cement and Compaction
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Mix Design / LEAF

The mix design for this project (for CCR materials at the Dominion sites) has been developed based on site
specific testing of concrete mixes and recently completed applied research testing by UNC Charlotte and
Lhoist.

• Verification of Mix Design*
o US EPA Encapsulation Methodology
o LEAF Methods 1313, 1315 and 1316

• Typical Encapsulation of RCRA Metals
o lime > 2.5%
o pH > 10  
o Daniels & Das, 2006 Leaching Behavior of 

Lime–Fly Ash Mixtures  
• Additional Encapsulation Considerations

o Material mixing, placement and compaction
o Daniels & Bensen, 1991 Water Content and 

Density Criteria for Soil Liner Systems 
• Verification of Pass/Fail Criteria

o TCLP testing of samples / mix designs
o Developed based on LEAF methods

*UNC Charlotte and Energy & Environment 
Foundation to be utilized as third party check labs  

Mix Design / LEAF and US EPA Encapsulation Methodology

Ref: Krubera & 
Thalle Presentation 
at CALM Meeting, 
November 2019
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Mechanism for Lime
Stabilization of CCRs

 Fly Ash is a pozzolan with high amounts of 
SiO2 and Al2O3

 When Ca(OH)2 is added to system 
 SiO2 and Al2O3 become soluble above pH 10

 SiO2 reacts with Ca to form C-S-H

 Al2O3 reacts with Ca to form C-A-H

 Cementitious products agglomerate to form stable 
matrices

 But calcium must be added to insure pH of 11 
is achieved for stabilization

Ref:  Lhoist Presentation 
at CALM Meeting, 
November 2018



Confidential

Metals Leaching as
function of QL addition

ql
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RCRA Haz Limits:
• As - 5 ppm
• Cr – 5 ppm
• Ba - 100 ppm

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Baseline 3% QL 3.5% QL 4% QL 5% QL

As

0

0.5

1

1.5

2

2.5

3

3.5

4

Baseline 3% QL 3.5% QL 4% QL 5% QL

Ba

0

0.02

0.04

0.06

0.08

0.1

0.12

Baseline 3% QL 3.5% QL 4% QL 5% QL

Cr

Ref:  Lhoist Presentation 
at CALM Meeting, 
November 2018



Department of Energy Guidelines 
on Pumped Hydro Energy Storage



Department of Energy Applied Research 
Energy Storage and Non-Powered Dams

 Dept of Energy – HydroWIRES Research 
recommends repowering small to 
medium sized dams.   NOTE:  Many Non-
Powered Dams (NPDs) are located in 
former rural manufacturing areas.  
Estimated at over 2,000 dams 
nationwide. 

 DOE – HydroWIRES Research provides 
comparison of Environmental Effects and 
probable cost for different types of PHS  
projects.   

 SUMMARY:    Non-powered dams and 
PHS are reasonable cost energy storage 
resources that are typically located 
near existing transmission and 
distribution lines. 



Dept of Energy – HydroWires References 
and Resources
 Recent DOE Research completed in 

2020 and 2021.   Ready for 
implementation.

 References and Resources:

https://www.energy.gov/eere/water/
hydrowires-initiative

https://www.energy.gov/gmi/grid-
modernization-initiative

NOTE:   CALM Initiative 
Contractors and Engineers 
can provide Level 2/3 Cost 
Estimates on Pumped Hydro 
Storage projects using 
Encapsulated Coal Ash.  

https://www.energy.gov/eere/water/hydrowires-initiative
https://www.energy.gov/gmi/grid-modernization-initiative


QUESTIONS?
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