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Safety Share
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G O L D E R  S A F E T Y  S H A R E  – C C R  P O N D  A C C E S S  S A F E T Y  

 Golder Safety Share – CCR Pond Access Safety 
Golder takes pride in sharing our approaches and experience in dealing with the unique 
challenges and safety risks working in and over ash.  Our professionals have prepared 
multiple publications focused on CCR safety aspects.
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Safety Share
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F R A M E W O R K  F O R  M I T I G AT I O N  O F  R I S K S
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Technical Considerations for CCR 
Closures

Stability 
Evaluations

Liquefaction Potential
DeWatering

Settlement & Capping
Material Characterization

Future Harvesting
Env Protection
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Stormwater
Management



___
Closure Option Criteria
 Ash Management
 None
 Off-Site
 On-Site
 Consolidation
 Total Volume Handled 
 Capacity Flexibility

 Post Closure Site Restoration
 Stream Restoration & Credits
 Stormwater Attenuation

 Environmental Factors
 Long Term GW Levels
 Buffers to Sensitive Areas
 GW Quality
 Risk Factors – Karst, etc.

 Water Management
 Area of Final Cap
 Surface water During Construction
 Surface water Post-Construction
 Ash Dewatering
 Treatment & Discharge

 Proven Technology & Constructability / Phasing
 Closure Schedule Duration & Confidence
 Cost
 CAPEX | OPEX | Long Term Maintenance

 Future Land Use
 Risks
 Geotechnical | Flood | Environmental

 Acceptance
 Community | Regulatory
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Design Drivers for CCR Closures
Water Levels and Control are Keys to Design and Performance of 
these Systems

Sluiced and Uncompacted Materials can show significant strength when 
dried but retain risk of return to low strengths and liquefaction / flow 
susceptibility if saturated and containment is lost

Obtain Enough Data to Evaluate PFMs, Potential Critical Interim 
Conditions, Future Harvesting Potential, Geochemical Evaluations, etc.

Economic & Risk Trade offs Between: Material and Placement Controls 
& Engineering and Monitoring Controls. 

Public and Regulatory Acceptance and Pressures



Engineering Improved 
Performance in CCR 
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Engineering Improved Performance into CCR Closures
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P O T E N T I A L  A C T I O N S

 Know Your Sites – Evaluate Data Across Disciplines, Continue to Gather Data During 
Closures, and Plan Closures with a Holistic Strategy

 Prioritize Beneficial Use, Especially in Handled % of CCR Materials 

 Look at Hybrid Closures – All closures typically require some % of CCR Handling to 
Achieve Drainage, etc.  Prioritize Removals in Critical / Sensitive Areas

 Add Passive Engineering Controls that Achieve Improved GW Levels and 
Engineering Performance Post-Closure

 Continually Evaluate Technology, Innovations, and Cross Industry Applications 
throughout lifespan of Closure Process

 Water Management During and Post Closure is often a Key Driver to Short, Mid and 
Long Term Performance and Costs.

 Manage Dust, Off site Traffic Loadings, On-Site Safety and other Risks



___
Engineering Keys During Closure

October 1, 2019 12

Ash Pond Conditions Are Complex and Unique for Each Site

Engineering Controls & Hold Points Critical – Conditions and Ash strengths can 
change rapidly, recommend engineering guidelines during construction and caution 
with use of observation method

CCR Closures are Often Atypical –More Complex Engineering (Unique design 
and construction issues wrt deep excavations in and long-term stability of cut 
slopes in previously ponded ash.)

Water Management & Dewatering Systems – Water Levels Often Key to Stability, 
Surface Water Controls Key to Successful Dewatering, Well Designs Can Typically 
be Aggressive

Monitoring & Verification of Design Assumptions During Construction – Water 
Level Tracking, Assessment of Material Behavior Changes with Dewatering, 
Loading (Stacking) and Unloading (Excavations) – CPT a quick and effective tool 
for both



Importance of Water 
Management in CCR 
Projects – Case Studies
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Volume of Water for Management &Treatment

Finite Sources: 
• Pore Water
• Free Water

Variable Source -
Storm Water 

• Diversion Water
• Contact Water
• Closure Timeframe
• Weather dependent 
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Data Source:  Confidential Project Experience with Golder CCR Clients, includes 
more than 50 CCR basins across US.
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Volume of Water for Management & Treatment

28%

26%

33%

10%
3%

Percentage of Sites vs.
Total Water Volume

< 100 MG

100-200 MG

200-500 MG

500-1000 MG

> 1000 MG

9%

16%

35%

41%

Percentage of Sites vs.
Rainfall Contribution

0-25%

25-50%

50-75%

75-100%

> 50% Rainfall Contribution at 76% of 
sites

• Diversion Water – Conveyance/TSS

• Contact Water – Site Specific 
Storage/Treatment Requirements

 54% of sites have less than 200 MG 
total water

 13% of sites have more than 500 MG 
total water

Data Source:  Confidential Project Experience with Golder CCR 
Clients, includes more than 50 CCR basins across US.
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Relative Basin Closure Cost Impact
Closure Scenarios

• Clean Close

• Cap In Place

• Combination

Water Management 
& Treatment ~ 20%

• Water Storage

• Water Movement

• Water Treatment

Design & Permitting
1%

Mobilization & 
Site Prep

7%

Site 
Infrastructure 
Modifications

2%

Water 
Management & 

Treatment
20%

Ash Dewatering 
& Movement

44%

Ash Transport & 
Disposal

13%

Site Restoration 
& Demob

4%

Owners Costs
9%

Data Source:  Confidential Project Experience with Golder CCR Clients, includes closure scenarios for more than 50 
CCR basins across US.
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Water Management Case Study
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Use of Temporary Covers – Case Study
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PROJECT BACKGROUND

Owner : Virginia Electric Power d/b/a Dominion Energy 
Virginia

Engineer : Golder Associates (Richmond, VA)

Original Scope of Work:
East Ash Pond - Clean Closure
North Ash Pond (NAP) - Interim and Final Capping

Motivation: Federal CCR Rule Compliance

East Ash Pond

North Ash Pond (NAP)
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Senate Bill 807
Virginia DEQ suspended the issuance of any permit 
to Virginia Electric Power Company d/b/a 
Dominion Energy Virginia for any CCR surface 
impoundment closure within the Chesapeake Bay 
Watershed.

Consequently… Closure-in-place activities were 
suspended.

Use of Temporary Covers – Case Study
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Eliminate contact 
water volume 
generation.

Prevent increase in 
pore water 
phreatic surface 
elevation.

Minimize 
i t  

Use of Temporary Covers – Case Study
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• ~68-acres
• Long drainage lengths
• Large volume 

of storm water
• Installation Phasing
• Wind uplift
• Snow loading
• UV degradation
• Ballast materials damaging 

underlying rain cover

DESIGN CONSIDERATIONS

Use of Temporary Covers – Case Study
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• Eliminate Contact Water
• Reduce Pore Water 

Generation 
• Erosion & Dust Control
• UV Protection
• Improve Stormwater

Run-off Water Quality
• Low Maintenance
• Cost-effective

TEMPORARY COVER

Same Closure Benefits as 
Final Closure

Use of Temporary Covers – Case Study
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• Avg. Annual Rainfall Volume - ~79.3M gal
• Area - ~68-acres (Lined Area) x 43,560 SF/acre 
• Avg. Annual Rainfall – (43-in/yr)/12-in/ft) = 3.58-ft/yr*

• Average Disposal Cost = $0.10/gallon**

• Annual Estimated Treatment Cost – ~$7.9M/yr. **
• Avg. Annual Rainfall - ~79.3M gal
• Avg. Disposal Cost - $0.10/gal**

• Temp Cover System Supply & Install= ~$1.5M**

• Contact water & pore water from the NAP is ~35% of 
the total water treated by the site.

TEMPORARY COVERS

** Theoretical value for comparison purpose only.
*   Per U.S. Climate data

Use of Temporary Covers – Case Study
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SOLUTION

Use of Temporary Covers – Case Study
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Cross Winds Wind Uplift or Negative Pressure

WIND LOADING

The key performance property of a ballast system is to withstand the wind uplift force through a 
downward force used to pin or hold down the geomembrane.  Wind Defender utilizes aerodynamics to 

diffuse and cancel out the forces causing wind uplift.

Use of Temporary Covers – Wind Defender



___






Hybrid Closure 
Examples

27
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Closure Option Criteria
 Ash Management
 None
 Off-Site
 On-Site
 Consolidation
 Total Volume Handled 
 Capacity Flexibility

 Post Closure Site Restoration
 Stream Restoration & Credits
 Stormwater Attenuation

 Environmental Factors
 Long Term GW Levels
 Buffers to Sensitive Areas
 GW Quality
 Risk Factors – Karst, etc.

 Water Management
 Area of Final Cap
 Surface water During Construction
 Surface water Post-Construction
 Ash Dewatering
 Treatment & Discharge

 Proven Technology & Constructability / Phasing
 Closure Schedule Duration & Confidence
 Cost
 CAPEX | OPEX | Long Term Maintenance

 Future Land Use
 Risks
 Geotechnical | Flood | Environmental

 Acceptance
 Community | Regulatory
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Hybrid Closure Scenarios
Combination of Impounded (sluiced) & Stacked  (dry) CCR
Why Important / Considered 

• Can Significantly Reduce Footprint for Closure of Existing 
Impoundments

• Can Increase Buffer with Adjacent Sensitive Areas (Rivers / 
Lakes / Wetlands / Population Centers, etc.) 

• Exist to some extent in almost all in-place impoundment closures 
to provide caps with positive drainage.

• Concepts can be applicable to “dry” Landfills / Stacks if waste 
becomes saturated. 

• Engineering and Construction of Hybrid Closures is Typically 
More Complicated

October 1, 2019 18
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Hybrid Closure – Consolidated Close on Site

30

Cap in Place 
Over Existing 

Footprint

Reshaped / 
Consolidated

Cap in Place
Area

Closure by 
Removal
Area –

Post Closure Buffer

Option 1 Option 2



A Few Hybrid Closure Examples
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Closure Plan

32

Green Contour 
Areas – Closure 
by Removal

Purple Contour 
Areas – Close in 
Place with 
ClosureTurf 
Cover
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CCR Closure Example – Hybrid Closure

October 1, 2019 33

Site Conditions Control Design Decision - Slope Stability, Dewatering & Water 
Management, Control Design & Construction – Integrate active dewatering and 

monitoring during and after construction with a Soil Buttress & Underdrain

10x Vertical Exaggeration
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CCR Closure Example – Hybrid Closure –
Slope Stability Drivers w/  Deep Cut Slopes

34

Dewatering & Slope Stability 
Control Design – Integrate active 
dewatering and monitoring during 
and after construction with a Soil 

Buttress & Underdrain

October 1, 2019
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Stability and Site Controls
Stability of an ash basin during construction is dependent on a 
variety of factors:

• Presence or absence of water – surface or decant water, and interstitial or porewater.

• Surcharge load of the material -- type of material and thickness.

• Capillary action of the porewater in work areas

• The geometry and slope angle of the cut or fill slope and the staging methods for construction.

• The undrained shear strength of the coal ash.

• Changing conditions in subsurface drainage and improved conditions from dewatering.

• Vibrations and/or the repetitive motion of construction equipment and field personnel

• Variation in material properties and interaction of dissimilar materials such as fly ash, bottom ash, 
FGD gypsum/fly ash mixtures.  

• Unique or challenging construction activities that cause changes that are unforeseen or 
unexpected.  

• Liquid level and percent saturation of the ash materials.

• Climatic factors – precipitation and run-off.
October 1, 2019
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Stability & Access During Closure Excavations

October 1, 2019 36

Evaluate Stability Over Course of 
Construction Excavation Stages

Automated Instrumentation and 
Monitoring Put Under Contractor 
Control with Weekly Update 
Meetings.
Set Intermediate Check Points: 
 Dewatering Performance Criteria set 

for each bench excavated
 Piezometer and Inclinometer 

Instrumentation
 Incremental CPT During Construction 

to Evaluate Pre-Construction 
Assumptions & Strength Gains from 
Dewatering
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Verification of Site Controls
Trust, but Verify is an essential principle 
and practice for safe construction and 
geotechnical characterization of ponded 
ash materials.  

Field experience indicates that changing 
conditions on ash basins can change 
quickly and unexpectedly. 

Most challenging ash basin sites are 
including “real time” monitoring and 
verification of porewater pressure as an 
essential part of the stability and safety 
monitoring program.  

October 1, 2019 37

Solar Powered “Real-time” 
Porewater Pressure Monitoring
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Incremental Investigations for Verification

October 1, 2019
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Incremental Investigations w/ CPT

October 1, 2019 39

Location #1 -

See very distinct 
changes in CPT 
pore pressure 
response and 
correspondent 
large increases in 
correlated friction 
angle and 
undrained shear 
strength over the 
dewatered zone.
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Importance of Incremental Reviews 
and Verification of Initial Assumptions

An incremental, performance-based approach to geotechnical 
characterization of ash basins recognizes that subsurface conditions on 
most CCR impoundments are unpredictable and changing during 
the construction process.  The methods described in this paper and 
presentation:

• Offers a practical approach and methods for “change management” in the 
project contract to identify and quantity the cost of additional dewatering and/or 
stabilization.

• Identifies potential problem areas early in the project, and allows the CCR 
closure design to be adjusted to account for unexpected or changing conditions. 

• Reducing the risk of contractors assessing areas with an unstable crust by “trial 
and error” by offering a systematic method for identify unstable conditions 
before they impact the closure construction process.  

October 1, 2019 40
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Long Term Post Closure Considerations

41

NEW 
DEWATERING 
WELLS

RETAIN EXISTING 
DEWATERING WELLS

ENHANCED
UNDERDRAIN ALONG 
TOE

NEW DEWATERING WELLS
Enhanced Underdrain 
Along Toe of Slope

Continued Use of Existing 
Construction Dewatering 
Wells to Accelerate 
Reaching Long Term 
Steady State Drying of Ash

Additional Dewatering 
Wells to Further Accelerate 
Drying of Ash



___
Enhanced Underdrain & Accelerated Dewatering to 
Accelerate Achievement of Long Term Goals

42

Selected AEM = 
Enhanced 
Underdrain + 
Dewatering System 
2B

Decreases Time to 
Dry Ash from ~ 36 
Years w/ enhanced 
Underdrain Alone to 
< 10 years

Redacted
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Example Project Site

Power 
Plant
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Example Hybrid Closure Site

Redacted
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Potential Post Closure Conditions
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Increased Buffer to River

Redacted

Redacted
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Site Hydrology and Hydraulics

Basin Area: 1,302 ac

Req. Storm: 100% PMP, 6-hr

Storm Peak Inflow
(gpm)

2-yr, 24-hr 716,300
5-yr, 24-hr 966,300
10-yr, 24-hr 1,205,100
25-yr, 24-hr 1,584,400
50-yr, 24-hr 1,913,800
100-yr, 24-hr 22,69,700
1,000-yr, 24-hr 3,680,900
PMP, 6-hr 9,818,600
*Flows into pond, not discharge flows
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Site H&H Summary – Watershed Basins

Note:  The total basin flows calculated as part of the H&H analysis (separate project) have been allocated to each sub-basin based 
on each sub-basin’s area contribution to the overall watershed, denoted as ‘Area (%)’ in the chart below.  

2%

9%

14% 19%

4%

6%

3% 3%
2%

7%
5%

3%

2%
5%

10%
4%

2% Q1

Q1Peak: Base 2,000 gpm
2-yr 307,500 gpm
100-yr 974,900 gpm
1,000-yr 1,580,800 gpm
PMP 4,216,300 gpm

Q2Peak: Base 2,600 gpm
2-yr 408,900 gpm
100-yr 1,294,900 gpm
1,000-yr 2,100,500 gpm
PMP 5,601,900 gpm

Q2
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Design with not Against Site Conditions
Traditional dewater and excavate not ideal, due to:
 Size, shape, depth, and volume of ash
 Watershed and surrounding topography with 4,500 gpm base flow

 Closure method chosen to optimize time-dependent costs:
 Water treatment
 Construction management
 Quality assurance
 Owners’ costs
 Contractor general costs

Select closure methods that 
work with the wet nature of the site not against it.
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Wet Handling – Dredging Benefits
Wet closure using dredging permits:
 Dredge access across most of pond & no need for 

complicated water diversion and dewatering operations.  24 
Hour Operations Possible.

 Safer than dry closure methods
 Better site conditions (reduced risk from temporary 

slopes cut in sluiced ash, and less work on wet / 
unstable ash areas)

 Reduced dust
 Less Personnel with Higher Throughput

 Reduced water treatment timeframe / variability
 Pond provides retention time / equalization
 Allows for initial in-pond water treatment

 Faster ash handling rate (12,000 CY/day)

 Increased schedule and cost confidence
 Not burdened by stormwater management & weather 

delays if partnered with Paste Deposition FASTER
SAFER

CHEAPER49



___
Closure Concept – Paste Thickening Benefits

FASTER++
SAFER++

CHEAPER++

Employing paste technology provides additional benefits:
 Increased safety

 Fewer crews / equipment 
 Directly Deposited / Stacked without additional handling

 Improved schedule duration and confidence
 Lessens burden from weather delays 
 Allows project to match dredge throughput (12k CY/day) vs. land 

based operations handling (6k CY/day)

 Sig. positive change to geotech. properties & stability
 Homogeneous consistency & behavior
 Reduced permeability (i.e., leachate gen.)
 Higher density / reduced volume
 Increased Strength

 Potential simplification to water treatment
 Point sources vs dredge cell areas
 Separate WT streams
 Faster deposition, reduces WT timeframe

50
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Construction Phasing
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Redacted



Options Assessment & 
Decision Making Tools
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Options Evaluations – Dashboard Presentations
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Beneficial Use Resource Evaluations

CCR Unit Beneficial Use Dashboards
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Redacted
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Monte Carlo Assessments - GoldSIM
G O L D S I M

 Dynamic Monte-Carlo 
simulation software

 GoldSim is a graphical, object-
oriented program for dynamic, 
probabilistic simulations of 
complex systems 

 GoldSim has a wide variety of 
specialized elements

 You build a model by connecting 
the outputs of elements to the 
inputs of another element
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Scenario Assessment for Corrective Measures
G O L D S I M E X A M P L E

 Multi-criteria analysis 
by ranking objects

 Different COIs, site 
specific

 Upfront engineering 
and design costs 
considered

 Rankings based on 
pump and treat as the 
“average” option

 Risk is considered as 
30% of weighting (e.g., 
risk of well failure, COI 
release, dam failures

Location X
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GoldSET Multi-Criteria Assessment Tool
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Multi-Criteria Analysis (MCA) -
Conventional

69%

83%

69%

How do we make 
meaning from this?

Is Option 2 really the 
best?

Are Options 1 and 3 
actually equivalent?

59
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Multi-Criteria Analysis (MCA)

A structured MCA approach explicitly defines:

• Indicators against which to measure options

• Scoring schemes for the indicators to use for measuring

• A mechanism to account for the relative importance of indicators

And in doing so, a thorough MCA:

• Provides traceability and accountability

• Allows us to explicitly identify our priorities in decisions

• Removes subjectivity from the decision making process

• Make an informed decision based upon the factors that we consider to be the most 
important

60



___
GoldSET approach in a Nutshell
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Project
Description

Evaluation of 
Options

Interpretation 
& Decision 

Making

Option 
Development

Indicator 
Selection

A 5-Step Evaluation Process
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Example CCR Pond Closure Options
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Cap in Place 
Over Existing 

Footprint

Reshaped
Cap in Place

Area

Closure by 
Removal

Area      

Option 1 Option 2
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Example CCR Pond Closure Options
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On-Site 
Landfill

Opt 3: On Site Disposal

Opt 5: Off Site LF Disposal

Opt 4: Off Site LF Disposal 
w/ % Beneficial Re-Use
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Project Description and Option Development
GoldSET is tailored for a 
wide variety of uses. Data 
entered in the tool is 
exported while creating the 
evaluation report.
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Indicator Selection and Weighting

Four dimensions to be evaluated:
Environmental – Direct & Indirect Impacts
Social – Benefits & Nuisances
Economics – Bottom Line
Technical – Reliability Vs. Complexity
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Evaluation of Options (Quantitative and Qualitative)
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Quantitative evaluation
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Results & Interpretation (Hypothetical Case)
Process is Systematic, Repeatable, Defensible – inputs, trade-offs, relationships and 
assumptions explicit & fully documented
Avoiding unintended consequences by systematically considering environmental, social, 
economic and technical factors 
Obtaining support & buy-in from stakeholders through a collaborative process  greater 
potential for community approval
Model is reusable with a long “shelf life” once the cost/suitability surface is developed, it 
may be used repeatedly for similar applications



Landfill / Project Siting 
with GoldSET Spatial

68
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Documentation of Selection Process



___
Documentation of Selection Process

Redacted
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Documentation of Selection Process
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Documentation of Selection Process

Redacted
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Documentation of Selection Process
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Documentation of Selection Process
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Documentation of Selection Process
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Documentation of Selection Process

Redacted
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Documentation of Selection Process

Redacted Redacted Redacted Redacted



Incorporating Beneficial 
Use Characterization and 
Planning Into Closure
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Beneficial Use Evaluations

EPRI Report – 3002013740 Under Program 78
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Beneficial Reuse Characterization
Evaluate the CCR Resource

• Quantity – Develop Volumetric Estimates / Models by Material Type

• Resource Map the CCR Unit

• Quality of CRR for reuse

• Material Variability Vertically and Laterally

• Disturbed samples typically fine for Beneficial Use Evaluations

• Application / Use Options Evaluations ( Concrete,  Fill,  other)

• Define the Market, Transportation, and Other Conditions 

Is Beneficiation Required ?
• What kind (Carbon control, drying, material separation, thermal, etc.)

• Constraints on use opportunities

Leverage operations, construction activities, and other investigation 
programs to systematically obtain samples for beneficial use characterization.

Can closure be situated / staged to improve potential future harvesting?
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Beneficial Use Evaluations

Optimizing your Investigation Program
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Beneficial Use Evaluations

Evaluation of Safe and Cost Effective Sampling Methods 
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Beneficial Use Resource Evaluations

CCR Unit Beneficial Use Data

83



___
Beneficial Use Resource Evaluations

CCR Unit Beneficial Use Data
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Follow up 
Questions & Discussion

Greg Hebeler, PhD, PE 
Ghebeler@golder.com 
770-492-8252 (Direct)
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