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ABSTRACT  

To safely and effectively excavate and harvest ponded coal fly ash materials from wet or 
partially saturated ash basins requires specialized skills in earthwork construction, 
dewatering and field applied geotechnical engineering.  As the frequency of ash basins 
with wet and/or partially saturated coal fly ash materials increases, it is antricipated that a 
wider range of ash variability and behavior will be observed.   This technical paper will 
provide an update on the current “state of the practice” based on several case studies 
and applied research studies.  It will include recommendations that take into consideration 
conditions that are often encountered only upon construction.   Some of the topics and 
useful tools provided in this presentation include: 

• Importance of making a distinction between geotechnical parameters that are 
relevant to construction activities and geotechnical parameters that are relevant to 
design of permanent conditions.   

• Consideration of an incremental approach to geotechnical investigation and 
conditions verification of ponded ash basins to allow a cost effective and planned 
approach for updating closure design recommendations during the construction 
process.     

• The use and application of a variety of ash stabilization methods to improve ash 
basin stability and safe excavation and earthmoving practices during construction.    

• Consideration of changes in coal ash characteristics related to consistency and 
chemistry that may occur over time.   

• Understanding and application of the concepts of capillary rise, capillary breaks, 
and attraction of water and silt-sized particles.  

• Practical field-testing utilizing the hand-held vane shear device, cone penetrometer 
tests (CPTs), and “real time” porewater pressure monitoring devices to measure 
the buildup excess porewater pressure.   

• Explanation of how performance based geotechnical evaluations can be utilized for 
beneficial use harvesting projects, ash excavation, and/or close-in-place closure 
projects. 



 

 

INTRODUCTION  
 
To safely and effectively close coal ash basins containing wet or partially saturated ash 
requires specialized skills in earthwork construction, dewatering, and field-applied 
geotechnical engineering.  Widely varying ash conditions have been experienced to date, 
and as the frequency of ash basin closures involving wet and/or partially saturated coal fly 
ash materials increases, and excavation and harvesting of ash occurs, it is anticipated 
that a wider range of ash variability and behavior will be observed.  Because initial 
geotechnical investigations are limited in their ability to forecast all possible conditions 
and ash behaviors, an incremental approach to the geotechnical investigation and ground 
(ash) conditions performance assessment is needed. This is particularly important as the 
site specific drainage and construction activities can alter the ash conditions and play an 
enormous role in the safe, timely, and cost effective closure of these ponds.  
 
This paper is intended to provide guide recommendations for initial and continued 
incremental geotechnical site investigations, practical engineering and dewatering 
controls, and geotechnical monitoring to promote safe construction.   The information 
provided in this technical paper is NOT intended to promote the “best” or “recommended” 
method for CCR impoundment closure.   Rather, this paper is offered to promote 
continued professional discussion and interaction that connect the essential parts of a 
successful CCR impoundment closure project, including open and frequent stakeholder 
engagements and communication between Owners, Engineers, and Contractors 
necessary for safe, successful pond closures (Figure 1). 
 

 
 

Figure 1.  Proper division of project responsibilities for safety and quality assurance.   
Courtesy of the Calm Initiative 

 
 
 



 

 

DIFFERENT TYPES OF POND CLOSURES 
 
Since the Final Rule of US EPA regulation for the Disposal of Coal Combustion Residuals 
(Final CCR Rule) became effective on April 17, 2015 (US EPA 2015) for electric power 
utilities with ash basins, design engineers and contractors have begun the process of 
closing CCR surface impoundments.    The primary design approaches for CCR surface 
impoundment closure projects to date have included: 
 

• Close-in-Place:  This closure method utilizes a combination of near surface 
grading and excavation and placement of partially saturated coal ash materials, 
that are covered with an engineered cap system often incorporating a geosynthetic 
liner.   

• Excavate and Removal:   This closure method involves dewatering of the CCR 
material and excavation prior to placement in trucks or railcars for off-site or on-site 
placement in an approved lined landfill and/or transport to a recycling/benficiation 
plant for use as cement kiln feed, cement replacement in concrete, or other 
approved beneficial use.     

• Hybrid Closure:  For this closure option, a hybrid combination of excavation and 
close-in-place methods are used to consolidate CCR materials in on-site 
consolidation cells, typically with excavation of CCR materials from more sensitive 
areas (e.g. closer to nearby water bodies) with consolidation into upland cells that 
then receive engineered cover systems often incorporating a geosynthetic liner.   

Each of these types of pond closures have their unique geotechnical considerations for 
long-term performance as well as during construction.  Because geotechnical conditions 
in ash are highly changeable, the geotechnical conditions during construction play a 
major role in the safety, timeliness, and cost effectiveness of the work.   

 
CHANGEABLE CONDITIONS 
 
Ash pond closures, unlike other types of construction, can suffer greatly from the dramatic 
changes in geotechnical conditions which occur in the course of the work.  The single 
most significant “driver” for potential challenges with changing conditions is due to 
variation in water level and saturation conditions and the subsequent impacts on ash 
shear strength.   This dramatic change in shear strength and other associated parameters 
is most prominent when comparing saturated sluiced ash to drained sluiced ash, although 
the difference between saturated and drained shear strength is also significant for 
stacked, paste thickened, etc. ash.   
 

Water level and saturation conditions in an ash pond are highly changeable and often 

vary due to a range of climatological and contruction stormwater management practices 

during CCR pond closure.  The specific yield of ash is relatively low, on the order of 8 to 

12 percent of total volume.  This is advantageous in that the behavior of the ash will 

change dramatically with a relatively small amount of drainage, i.e. removal of the specific 

yield.  A small amount of recharge, however, can undo a lot of drainage effort which 

means a reversal of the shear strength gain that occurred with drainage.  A one inch 

rainfall can result in almost a foot of water level rise within the ash.  Localized recharge or 

run-on can have a more significant re-wetting effect.  Water level in the ash should not be 

considered a constant, and must be accounted for in the design and construction of most 



 

 

ash basin closure projects.  Recent experience on several ash ponds indicate that 

significant failures can occur from a localized source of groundwater recharge from the 

natural soils and preferential flow pathways in shallow bedrock.   Water levels and 

porewater pressures must be regularly measured and evaluated by experienced 

professionals to confirm consistency with design parameters. 

 

Water level and the stability of the surface crust can also change due to the 

rearrangement of the ash particles when subjected to different types of construction 

vibration.  This is comparable to the effect sometimes referred to as “pumping” or “rutting” 

where construction traffic causes the water level in the soil to rise.  Continued vibration 

will result in liquefaction or complete loss of strength of the material.   The main difference 

with coal ash is that these changes can happen very quickly, thereby putting construction 

equipment and workers potentially at risk.   

 

Repetitive motions of equipment (e.g. truck traffic, dozer tracking and track hoes) on or 

near crusted ash underlain by partially saturated ash, fill and cut slopes in ash, and 

changes in water level can cause saturated or nearly saturated ash to rapidly lose 

strength and flow in a liquefaction-type phenomenon.  Figure 2 shows sand boils 

associated with liquefaction in an ash pond.  Liquefaction occurred after a tracked 

amphibious drill rig repeatedly turned over an area of ponded ash.  In addition, the site 

geotechnical engineer observed progressively worsening ground pumping as the rig 

made multiple passes over the ash, also an indication of liquefaction. 

 

   

Figure 2. Examples of liquefaction triggered by equipment movement on ash 
 

Fundamentals of Capillary Rise and Ash Basin Stability 

 
Capillary rise is when water is drawn upward against the force of gravity through soil 
pores or the spaces between soil particles.   The height to which the water rises is 
dependent upon pore size (Figure 3). As a result, the smaller the soil pores, the higher 
the capillary rise.   Coal ash is a silt-sized particle that is highly susceptible to capillary 
action because it has a relatively high permeability for silt sized particles.  Porewater 
chemistry, surcharge load, excess porewater pressure and vibration can increase the 
tendency and rate of capillary-like action in coal ash.   Coal ash that increases in 
saturation through capillary action will typically become less stable and can provide an 
engulfment hazard for workers and heavy construction equipment.    
 
 
 



 

 

 
 

Figure 3:   Diagram of Capillary Rise is Sand and Silt Soils 
 

Changing Conditions and Safety Considerations 

 

Localized liquefaction and capillary rise in partially saturated coal ash present unique 

challenges that can translate to an increased safety risk when working on and around ash 

ponds if not carefully monitored, accounted for, and mitigated.  For example, an operator 

of an excavator may be tempted to turn the equipment around after encountering soft 

conditions in which the equipment may become stuck.  However, turning heavy 

equipment on a stable crust underlain partially saturated ash may trigger a sudden loss in 

strength due to liquefaction of underlying ash or weakening of a surficial crust from the 

equipment turning.  As an alternate approach, an experienced operator working over 

partially saturated ash would typically retreat slowly in the direction from which he came 

without turning the equipment.  As another example, extra care should be taken in safety 

monitoring and heavy equipment operating procedures for excavations over and around 

partially saturated and/or layered or highly stratified ash.  A small slough occurring in the 

excavation could be an early indication of a flow-type failure, exacerbating the slough to a 

much larger area in a matter of minutes 

 
Engineering During Construction 
 
Ash pond construction activities can also cause changes in stress conditions that  result 
in geotechnical instability during and after construction.   Some of the construction 
activities that should be engineered because of their potential detrimental effect on 
permanent elements of the closure are construction of floating roads (i.e. access roads 
constructed with drainable material and geogrid or geotextile underlayment) working 
platforms, excavation cuts, stacking ash, dredging, and pasting placement operations. 
Failures have been documented with the placement of only several feet of fill during the 
construction of floating roads even when conditions appeared acceptable at the start of 
placement and stabilization.  Shallow cuts in partially saturated ash have resulted in 
flowing ash conditions.  Stacking of ash fill too high, too fast has resulted in many global 
failures when pre-construction geotechnical measurements and slope stability 



 

 

computations were not conducted.     Although some of these instability events occur with 
little warning, after the fact there are linked causes and effects.  Water level changes on 
the other hand may occur undetected if not carefully premeditated and instrumented. 
 
Because of the  changeable conditions that can occur on on an ash pond, mostly due to 
the saturation and layered ash conditions, incremental geotechnical investigations and 
updates in the geotechnical stability computations are often warranted during the course 
of the work to verify adequate shear strength and factor of safety is maintained during the 
ash basin construction.     
 
EVALUATING AND MITIGATING RISKS WITH GEOTECHNICAL INVESTIGATIONS 
 

A simple four step process as illustrated in Figure 4 provides a framework for mitigating 

safety risks associated with work on ash ponds.  This framework consists of assessment 

of risks, evaluation of ash pond conditions, engineering controls, and verification of 

controls.   

 

 

 
 

Figure 4: Framework for mitigating risks associated with access of ash ponds. 
 

Risks are reduced in each stage until an acceptable level of risk is achieved as seen in 

Figure 5.  These steps often have to be repeated several times if an acceptable level of 

risk is not achieved from the first pass, and/or if conditions are found to change during 

construction.  Each step is discussed in further detail below. 

 
 

 

Figure 5: Mitigation of risks are intended in every step.  Steps are repeated until risks are 
reduced to an acceptable level. 

 



 

 

Assessment of Risks 
 

As discussed above, ponded ash presents unique challenges that can greatly increase 

risks associated with testing and construction activities if not properly addressed.  In the 

assessment, or initial geotechnical investigation phase, access needs should be 

discussed and data gaps should be identified.  Some key questions regarding the need 

for access include: 

 

• For whom or what is access needed (e.g. persons on foot, light equipment, heavy 
equipment)? 

• Do all areas of the pond need to be accessed or can access be limited to portions 
of the pond? 

• What information is available to assess the condition of the ash pond and is this 
information sufficient to evaluate access safety? 

• What emergency action plans (including rescue contingencies) have been 
completed regarding ash pond access? 

• What resources (emergency responders, experienced engineers and operators, 
equipment) are available to deal with emergencies in the ash pond? 

 

This assessment should include both short- and long-term considerations and for large 

ponds access may need to be assessed segmentally.  The answers to the above and 

other risk assessment questions may differ in various phases of investigation and 

construction, but steps to mitigate long-term risks may apply to short-term risks as well. 

 

Evaluation of Ash Pond Conditions 
 

If a pond must be accessed for geotechnical investigation or construction, the current 
condition of the pond should be evaluated.  This evaluation starts with available data on 
the ash pond including previous geotechnical investigations, ash pond construction 
drawings, records of plant operations, historical photographs and aerial images, and 
interviews with plant operators.  Historical photos are a valuable tool for revealing the 
deposition history of a pond and identifying potential problem areas.  The problem areas 
are usually where finer ash is deposited or materials are mixed.   Locations of finer ash 
are more problematic for construction equipment access and access road construction, 
and are less responsive to dewatering.  Historic photos can also reveal areas of coarser 
ash which are areas where dewatering wells or wellpoints should be located.   
 

One of the most important important aspects of any successful geotechnical construction 
projects is a subsurface investigation and laboratory testing program that adequately 
represents and characterizes the soil and groundwater conditions.  As of the writing of 
this technical paper, there have not been any guidelines established for the frequency 
and location of test borings, cone penetrometer (CPT) probes and groundwater 
monitoring wells.   Part of the reason for this is the non-prescriptive nature of the Federal 
CCR Rule.  Another reason is the difficulty with access, testing and sampling of the wet 
and partially saturated coal ash.   The establishment of safe protocols and equipment for 
geotechnical investigations over partially saturated and potentially unstable areas of ash 
basins has been a focus of the CALM  (Coal Ash & Liquid Management) Initiative over the 
last several years.  Figures 6 and 7 show advancements in equipment  utilized to safely 



 

 

perform geotechnical investigations.  Figure 8 is a good summary of equipment used to 
access different areas of a pond for both geotechnical investigation as well as 
construction. 
 

 

Figure 6: Photo of redundant amphibious field investigation equipment completing CPTu 
investigations on an Ash Pond.  The second piece of equipment is utilized as a rescue 

unit.  Courtesy of Golder Associates. 
 

 
 

Figure 7.  Floating tire rig capable of numerous in-situ geoteochnical exploration methods.  

Courtesy of R.B. Jergens. 

 



 

 

 

Figure 8: CCR Sampling and Field Exploration Methods Across Typical Ash Pond 
Conditions.  Courtesy of Golder Associates. 

 

Of particular interest is information relating to the strength of ash and the presence of 

water across the pond.  Although undrained strengths are typically found to be less than 

drained strengths in ash, this trend should be confirmed where the ash strengths are 

quantified.  The presence of water can greatly influence the behavior of ash since it is 

often defined as a transitional material portraying both sand-like and silt-like tendencies, 

similar to many mine tailings.  Typically the water level in the pond must be at least 1-2 m 

(3-6 ft) below the ground surface to allow access of even low pressure equipment for 

exploration, but it is dependent on the consistency/density of the ash.   

 

Data gaps identified in the assessment phase should be addressed in this step as well. 

Observational methods are desirable as a first step before moving to quantitatively based 

strategies because observational methods are typically of low sophistication and cost, not 

requiring specialized equipment.  Observational methods are not usually fully sufficient to 

deal with risks (especially long-term risks and risks resulting from future changes in water 

levels or other conditions), so some quantitative evaluation of the ash is recommended. 

 
Recognizing that coal fly ash is an industrial byproduct, it may be important to consider 
that additional uncertainty and unpredictable behaviors are developed during placement 
in wet ponds.   We do not fully understand the influences of chemistry on the 



 

 

characteristics of CCR.  The chemistry and age of ash in the ponds can cause parts of 
the ash pond to become slightly to strongly cemented.  The common classification 
provided by ASTM C 618 categorizes coal fly ash into Class C and Class F materials 
based on the cumulative percentage of oxides (silica, alumina, and iron oxides) and 
calcium (or lime) content.  The cementitious nature of coal fly ash often intensifies the 
formation of surface crusts where sluiced ash has been dried.  Intermittent deposition of 
ash or co-disposal of variable CCR materials may result in stiff horizontal layers (buried 
crustal zones) at various depths within the pond such that alternating stiff and soft layers 
of ash exist.   These crustal zones can lead to anomalies in drainage behavior and 
mischaracterization of ash properties averaged across the entire extent and depth of the 
pond.  Additionally, crusts at the surface of ponds may give a false sense of safety in 
accessing the ponds as they tend to vary in integrity spatially.  Recent experience with 
older coal ash with elevated loss on ignition (LOI) is believed to have resulted in 
particularly problematic behavior due to intermittent layers of high carbon material.  
Ponded coal fly ash tends to be often changing and inconsistent from a geotechnical 
performance perspective.  All of these complex and unpredictable behaviors reinforce the 
need to perform intermittent geotechnical investigations over the course of a project.   

 

Engineering of Controls 
 

Typically equipment can be walked out onto a pond surface if there is a “dry crust” 

because the shear strength of drained ash is significantly greater than that of saturated 

ash.  The rule of thumb is 10 ft (3 m) of dry crust is necessary to consider the use of 

heavy track mounted construction equipment including low ground pressure units.  In 

reality the thickness varies from pond to pond, generally in the range of 5 to 15 ft (1.5 to 

4.5 m), based on the site specific conditions.   

 

Intuitively, water level is typically the gauge of dry crust thickness; however this doesn’t 

take into consideration capillary action or delayed drainage.  Capillary rise is when water 

moves upward against the force of gravity through soil pores or the spaces between soil 

particles.   The height to which the water rises is dependent upon pore size. The smaller 

the soil pores, the higher the capillary rise.   Fly ash typically consists of silt-sized 

particles that are susceptible to capillary action because it has smaller pores or spaces 

between soil particles but a relatively high permeability for fine particles.  Porewater 

chemistry, surcharge load, excess porewater pressure, and vibration can increase the 

tendency and rate of water level rise in coal fly ash, which may appear to be similar to 

capillary action.   Coal fly ash that increases in saturation through capillary action or 

“pumping” will typically become less stable and can provide an engulfment hazard for 

workers and heavy construction equipment.   In most cases, instability within the ash 

occurs several feet above the water level, which is the zone presumably within the 

capillary fringe.   

 

Where the water level is at or within several feet of the surface, there is essentially no dry 

crust.  To create suitable access, the ash can either be dewatered with wells, wellpoints, 

sometimes ditches and sumps.  Wellpoints can be installed without the use of heavy 

equipment out on the pond (Figure 9), which makes this technique a good first measure in 

establishing safe access out on a pond.  Wellpoints, however, are limited by available 



 

 

suction lift, which results in a practical drawdown limitation of about 15 to 20 ft (4.5 to 6 m) 

below the elevation of the vacuum header pipe.   

 

 
 

Figure 9.  A wellpoint system installed without the use of heavy equipment from a 

temporary geogrid reinforced working platform.  Courtesy of Moretrench. 

 

Prior to the CCR rule, wellpoints were the most proven dewatering technique in fly ash.  

Since then, deep wells have been used extensively.  They have been used effectively in 

very deep ponds and on very wide spacing for just creating a dry crust at the surface.  

They have also been used for dewatering a 100+ ft (30+ m) deep ponds. They are used 

typically where the ash is thicker than 30 ft (9 m) and/or there are coarser strata at depth.   

 

Dewatering, in the opinion of the authors, is the most readily available, well proven, and 

cost effective way to improve ash conditions.  It does however, require proper verification 

and monitoring.  Numerous papers have been written on the recent advancement of 

dewatering techniques in ash, and we have included references for them at the end of 

this paper. 

 

Where dewatering cannot be performed, either due to logistical reasons or the work 

occurs in the far, finer corner of the pond in undrainable ash, floating roads can be built 

over the pond surface.  In cases where perhaps a very large, heavy piece of equipment 

must be walked out onto a pond, a shallow working platform can be created by mixing a 

binder with the ash in place.   Access for the mixing work, however, poses the same 

questions and concerns as initial site access. 

 

Verification of Controls 
 

Verification that controls are working as intended reduces safety risks further.  Verification 

tools include those discussed above plus water level monitoring tools such as vibrating 

wire piezometers.  Vibrating wire piezometers are particularly useful when installed in 

conjunction with an automated data acquisition system connected to the internet (Figure 



 

 

10).  These systems allow for monitoring of ash conditions in real time and are easily 

configured to alert stakeholders at pre-defined trigger levels.   

 

 
 

Figure 10.  A solar powered instrumentation station which sends real-time pore pressure, 

vibration, and inclinometer data to an internet-based data communication system.  

Courtesy of GeoInstruments. 

 

The performance of wells and wellpoints for excavation is typically verified with either 

open standpipe piezometers, or vibrating wire piezometers.  Where wells and wellpoints 

are utilized to provide stability for a deep slope cut, the monitoring of the water levels is 

critically important.  Water level rises must be immediately recognized.  Instrumentation 

may be connected to autodialers or real time alarms.   

 

In situations where the water level will be lowered significantly, or where there is potential 

for perched water levels, piezometers at several depths may be warranted.  In highly 

stratified conditions, the depth of the pore pressure transducer or open standpipe 

piezometer screen should be carefully considered. If dewatering is underway, it is likely 

that there are both horizontal and vertical gradients.  As the critical conditions are at 

shallow depth, it is a good general rule of thumb to install a piezometer so that the sensor 

or screen is only several feet below the lowest anticipated water level at that location.   

 

As the conditions that are being encountered on CCR impoundments have become more 
complex, field engineers and contractors are using hand-held vane shear tests (VST) and 
in-situ porewater pressure monitoring to measure the undrained shear strength and 
porewater pressures that may increase with site activity.  Vane shear tests can also be 
performed by hand in the upper 10 ft (3 m) of ash (Figure 11), which is advantageous for 
areas difficult to assess with heavy equipment.  The pore pressures can be tied into an 
internet-based data communication system to serve as an early warning system to 
increase construction safety.   
 



 

 

CPTs are more useful for rapid evaluation of both upper and deeper zones.  Water levels 
and VST/CPT tests together can provide the best indication of dry crust thickness and 
strength.  Low shear strength measurements or elevated and/or perched water levels can 
suggest increased potential for instability.  Water levels should be monitored at regular 
frequency (at least daily) in areas of activity and VST/CPT should be repeated when it is 
suspected that conditions have been altered, either by construction activity, precipitation / 
infiltration / wetting,  or other occurrence which may result in a change in water levels.   
 

Results from verification tests may indicate additional engineering controls are needed, 

more precise zoning of the pond is appropriate, or materials are performing at or above 

the expectations.  Based on these results, it is often advantageous to revisit the 

assessment, evaluation, and engineering stages to reduce safety risks or costs further. 

 

 
 

Figure 11.  Performance of hand held vane shear tests from a geogrid working surface. 

Courtesy of the CALM Initiative. 

 

INCREMENTAL INVESTIGATION CASE STUDY - HYBRID CLOSURE 

 

Incremental geotechnical testing during construction can often be safer and more 

informative than just relying upon pre-design / pre-construction investigations as it can 

allow for the evaluation of the impacts of changing water and loading conditions.  

Changes in water levels and saturation levels are often associated with either strength 

gain or strength loss.   The  lowering of the water table and sufficient drying will result in 

significant strength gain.  Wetting or increases in saturation levels will result in strength 

reductions or reversion to undrained strength.  A saturation level of ~ 85% is found to be 



 

 

a safe break point between materials that will behave as drained and undrained during 

shear failure.  Incremental investigations have been found to be useful in: 

• dried sluiced ash areas to evaluate strength gains  

• stack areas to evaluate the impact of compaction performance  

• slope areas with contact water side slope seepage  

• stack areas with erosion and tension cracking at the surface that can result in 

build ups of pressure and potential instability 

 

One project example, a hybrid closure, is discussed further as a good representative 

example of the practice of incremental investigations.  In this project example, 

incremental CPTs have been used effectively to assess safety and performance 

conditions and to show the effectiveness of using CPTu’s incrementally during 

construction to evaluate conditions and changes from pre-construction conditions.   

 

The potential failure mode with this hybrid closure which involves both excavation and 

stacking ash is a rotational type slope failure.  Slope stability analyses indicate that the 

higher the stack height, the deeper the slip circle, and the requirement for higher shear 

strength ash at greater depths as the work proceeds.  As stack height increases, it must 

be verified that water levels are incrementally lowered.   

 

CPTs were completed at the toe, mid-slope, and crest of a proposed excavation slope 

before slope excavation began and repeated at these same locations once pre-

determined checkpoint depths had been excavated (Figure 12).  CPTu’s served three 

purposes: (1) verify improved strengths in the dewatered ash, (2) detect any perched 

water or saturated zones within the ash which are not detectable with the vibrating wire 

piezometers, and (3) confirm water levels recorded by the vibrating wire piezometer data 

acquisition system.   

 

Figure 13 shows CPTu results at one test location completed after a checkpoint level was 

reached.  Pre-excavation values are shown in gray, and corresponding pre-excavation 

water levels are represented with the blue lines.  Incremental checkpoint CPTu values 

during construction following partial excavation are shown in black with orange lines 

corresponding to checkpoint water levels.  In the dewatered zone (areas between the 

blue and orange lines), measured tip stress resistance is improved from pre-excavation 

levels, and ash is behaving in an unsaturated manner as seen in the pore water pressure 

comparison.  Correlations to strength measurements (drained friction angle and 

undrained shear strength) have improved in this zone.  Thus, CPTu’s verified improved 

strengths in the dewatered ash and did not detect any perched zones above the 

dewatered levels at this test location.  Ash which had not been dewatered (below the 

orange line) shows little change in CPT response and interpreted strengths from pre-

excavation levels. 

 

 



 

 

 
 

Figure 12. Cross section through slope of hybrid closure where incremental CPTu’s were 

performed.  Courtesy of Golder Associates. 

 

 

    

 

Figure 13: Improvement in condition of ash from dewatering verified using CPTu.  
Courtesy of Golder Associates. 

 

SUMMARY AND CONCLUSIONS 
 
An incremental, performance-based approach to geotechnical characterization of ash 
basin recognizes that the subsurface conditions encountered on most CCR 



 

 

impoundments are often unpredictable and changing during the contruction process.   
Relying on an initial investigation with a limited number of test borings and laboratory 
tests can create a false sense of security, unintended risk, and potential safety issues for 
construction workers.   To account for unpredictable and changing conditions that are 
present in most CCR impoundents, owners, engineers and contractors are incorporating 
incremental geotechnical investigations, field testing and in-situ monitoring on a more 
frequent basis as an essential part of the construction process.  These practical methods 
provide the following advantages for coal ash excavation and removal, hybrid closure and 
close-in-place projects: 
 

• Offers a practical approach and method for “change management” in the project 
contract that helps to quantify the types of conditions where additional dewatering 
and/or in-situ stabilization is required.  

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

• Reduces the risk of contractors accessing areas with an unstable crust by 
providing a method for verifying stable conditions or identifying problem areas 
before they influence the closure construction process.   

 
Properly implemented, a performance-based approach coupled with incremental 
geotechnical investigations provides a practical method for ash basin owners and 
contractors to address changing and unpredictable conditions.   When contractors 
understand the location and depth of challenging site conditions, they are able to plan 
ahead and develop innovative methods for dewatering and stabilization of partially 
saturated CCR materials.  Incorporating a performance-based approach and incremental 
geotechnical investigations into the contract and “change management” guidelines for a 
project often results in increased productivity, better control of construction costs, and 
enhanced safety for the contractor and its field personnel.   
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