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INTRODUCTION 
 
Some of the most challenging issues facing geotechnical engineers trying to build with 
or on existing ash deposits are to understand the in-place layering system and locate 
saturated zones of deposited ash. It has been the authors’ experience that sluiced ash 
deposits are lenticular in deposition.  These lenticular deposits, or some abbreviated 
lenses, appear to behave as if they are saturated. These zones are sometimes called 
“pseudo-saturated” zones.  Pseudo-saturated zones are susceptible to increases in 
pore-water pressures resulting from applied loads, which can affect the general stability 
of the ash.  However, the anisotropic nature of pseudo-saturated zones, in regard to the 
nature of their deposition, affects the rate of pore-water dissipation.  Therefore, efforts to 
identify pseudo-saturated zones within areas constructed over fly ash are important.  
 
We used a standard penetration test (SPT) rig and wash rotary drilling to advance steel 
casing and install the settlement measuring devices. We used a cone penetration test 
(CPT) rig to install direct push piezometers to obtain hydraulic data on the sluiced ash in 
the basin.  The hydraulic data was used to design a similar pore-water pressure and 
settlement monitoring system for a test pad located on the site. 
 
The purpose of the test pad was to monitor pore-water pressure and settlement of the 
fly ash deposits in response to gypsum test fill loading.  The test pad loading sequence 
was modeled using finite element software to predict the pore-water pressure and fly 
ash settlement response.  Ultimately, the monitoring system results, with the use of 
finite element method software, will be used to predict future landfill construction 
behavior. The measured and predicted pore-water pressure and settlement responses 
were compared, and a discussion was provided in this document    
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SITE HISTORY 
 
A 3-unit coal-fired steam generating station situated in south central Kentucky was built 
in the 1950s.  The plant has handled coal and generated coal combustion residuals 
(CCR) since coal combustion began in the 1950s.  CCR generated at the plant 
historically consisted of primarily bottom ash and fly ash.  Beginning in 2009, gypsum 
was produced from scrubbers installed to remove sulfur from the plant’s air emissions, 
and gypsum has been dried at a gypsum processing plant.  Up until the present, ash 
produced from coal combustion has been transported by water flow (sluicing) to settling 
ponds.  The first pond, referred to as the Main Ash Pond, or Main Pond, was located 
directly south of the generating station.  As the Main Pond filled, it was expanded twice, 
in 1973 and 1989, to its current surface area (approximately 110 acres (0.461 square 
kilometers)).  The volume of CCR contained in the Main Pond is estimated to be 
approximately 6 million cubic yards (4.6 million cubic meters).  In the 2000s, a second 
pond was constructed, referred to as the Auxiliary Pond (or Aux Pond).  The Main Pond 
was taken out of service in late 2008, and the sluicing operation was switched to the 
active Auxiliary Pond.  The Main Pond CCR surface was re-graded in 2012 to eliminate 
standing water and shed runoff, and two-thirds of the surface was capped with clay soil 
to control dust and further limit surface water infiltration. 
 
The Main Ash Pond was constructed by a cross-valley, north/south dike that forms the 
east boundary of the site.  The north boundary originally consisted of the valley wall; 
however, the perimeter dike height exceeded the valley wall height at the north end of 
the pond during a vertical expansion in 1990 and a north dike was added. The south 
and west sides primarily consist of existing valley walls. The lowest elevation of the 
eastern dike toe is approximately 740 feet (225.5 meters), resulting in a dam height of 
160 feet (48.8 meters). In late 2007/2008 a multi-phase vertical expansion of the dikes 
was designed, which would have raised the dike crest to an approximate elevation of 
980 feet (298.7 meters). This would have required not only raising the north and east 
dikes but also effectively building dikes on the south and west. The Kentucky Energy 
and Environment Cabinet, Water Infrastructure Branch Dam Safety and Floodplain 
Compliance Section permitted the proposed expansion. 
 
Construction of the vertical expansion began in 2008; however, construction terminated 
in 2009, and the vertical expansion of the pond was replaced by a lined landfill, the 
construction of which began in 2014. 
 
A construction permit was issued in 2014 for a special waste landfill to be built over top 
of the Main Pond as a long-term disposal facility for CCR (including bottom ash, fly ash, 
and gypsum) generated by the plant.  As a result, a 5-acre (61-square-kilometer) CCR 
treatment (CCRT) area, where future CCR materials will be dried and conditioned prior 
to landfilling, is under construction. The CCRT is located adjacent to the landfill, on the 
Main Pond’s northeast corner.  Both facilities are expected to be in operation by late 
2015. 
 



In 2012, the surface of the CCRT area was at an elevation of 887 to 900 feet (270 to 
274 meters) and was underlain by 3 to 5 feet (1 to 1.5 meters) of shot rock over CCR.  
Between October and December 2012, the surface of this area was raised to an 
elevation of approximately 898 feet (273.7meters) using 8 to 11 feet (2.4 to 3.35 meters) 
of additional rock fill, to provide a working surface for construction of the new CCRT 
facility.  
 
Amec Foster Wheeler installed a piezometric and settlement monitoring system prior to 
loading the CCRT area with additional rock fill.  However, the piezometric and 
settlement monitoring system in the CCRT area was abandoned in 2014 due to 
interference with construction activities in this area.  Based on this initial monitoring 
program performed in the CCRT area in 2012, an expanded monitoring network was 
subsequently designed and installed under the landfill area.   
 
PROPOSED LANDFILL CONSTRUCTION SEQUENCING 
 
The landfill footprint will encompass nearly the entire former Main Pond ash surface, an 
area of approximately 114 acres (0.461 square kilometers). The design includes 
building two storm water ponds and a leachate collection pond between the east toe of 
the landfill and the east dike. An area at the juncture of the east and north dikes will be 
used for CCRT. The landfill was designed to be constructed and operated in three 
phases, with Phase I beginning in the south and Phase III ending in the north.  A site 
lay-out is shown below on Figure 1. 



 
 
 



The original operation plan was to use Phase I of the landfill until near full height, 
approximate elevation 984 feet (300 meters), before beginning construction and use of 
Phase II. However, a condition set-forth in the Kentucky Energy and Environment 
Cabinet, Division of Waste Management landfill permit limited the elevation differential 
between phases during landfill operation to 10 feet (3.05 meters). This permit stipulation 
requires initiating construction of Phase II prior to placing more than 10 feet (3.05 
meters) of ash in Phase I. Based on the average expected ash generation it will take 
approximately 3-1/2 years to place 10 feet (3.05M) of CCR in Phase I. 
 
The owner was allowed to re-grade the exposed ash during the landfill design and 
permitting stage and place a rocky clay cover over the southern 2/3 of the landfill area 
to control dust.  An underdrain system was installed beneath the clay cover. The 
northern 1/3 of the landfill area is being used to temporarily stockpile gypsum and as a 
laydown area for construction of the CCRT facility. The stockpiled gypsum will be used 
as liner protection in the landfill. 
 
REGULATORY REQUEST FOR GEOTECHNICAL MONITORING 
 
During the landfill design phase, which included the geotechnical explorations, the 
Division of Waste Management voiced concerns about the estimated total landfill 
settlement and overall stability due to the expected rise in pore-water pressure within 
the sluiced ash. The owner agreed to install a “geotechnical monitoring system” to 
monitor and measure changes in pore-water pressure and actual settlement. Amec 
Foster Wheeler designed a monitoring system consisting of nine pairs of nested 
piezometers with companion settlement measuring devices located at each of the 
nested piezometer pairs.  Four of the nested piezometer pairs and settlement 
measuring devices would be installed in each of the first two landfill phases. The 
remaining pair of piezometers and a settlement measuring device were installed at the 
test pad location (Figure 2). 
 
PORE-WATER PRESSURE & SETTLEMENT MONITORING 
 
Amec Foster Wheeler initially performed nine CPT soundings within the Main Ash Pond 
to evaluate the presence of shallow and deep water-bearing strata and to determine the 
refusal depths needed for installation of an electronic settlement system. We used the 
soil data obtained from the CPT soundings and water dissipation results as well as our 
knowledge of groundwater measured in existing traditional piezometers surrounding the 
Main Ash Pond to develop the depths for electronic piezometer installation. Eighteen 
piezometers were installed within the old ash pond limits over the course of Amec 
Foster Wheeler’s involvement at this site.  Figures 2 and 3 show piezometer and 
settlement device locations at this site, with Figure 2 also showing the location of other 
observation wells, piezometers, and geotechnical borings. 
 



 
  



 
 
  



Operation and Principals 
 
The vibrating wire piezometer (VWP) obtained from Slope Indicator measures water 
pressure indirectly by sensing resonant frequency of a tensioned steel wire connected 
to a diaphragm. When the data collector takes a pressure reading, an electrical signal is 
sent to a magnetic coil located within the piezometer, which causes the wire to vibrate. 
As the diaphragm deflects under changes in pressure, the wire’s vibrating frequency 
creates a signal change, which the data collector interprets and stores. The data 
collector uses calibration factors between the pressure applied to the diaphragm and 
the frequency signal returned in Hertz to establish hydraulic pressure. The piezometers 
are manufactured with a hardened conical tip at the driving end to allow direct push 
installation with a CPT rig.  A typical diagram and actual photograph of the VWP is 
shown below as Figure 4. 
 

 
 

Figure 4.  (Typical) Diagram of the VWP Configuration (Left).  Actual VWP (Right) 
 
The settlement system was manufactured and factory-assembled by Geokon.  The 
remote sensing settlement monitoring equipment also uses vibrating wire technology. 
The system functions by using plastic tubing to attach a fluid (water/glycol mixture)-filled 
reservoir directly to a vibrating wire transducer, and operates on a similar principle as 
the transducers used in piezometer installations to measure fluid pressure (pressure 
head). The vibrating wire transducer in a settlement system measures the fluid pressure 
exerted from the reservoir located above the transducer, and allows calculation of the 
difference in elevation between the fluid reservoir and vibrating wire transducer.  
 
Electronic settlement systems are primarily designed to be installed two ways. 
Depending on the installation orientation (horizontal or vertical), either the transducer or 
the fluid reservoir requires a fixed elevation, while the other component is allowed to 



move. A data collector is electrically connected to the vibrating wire transducer. The 
data collector is programmed to send a pulse of electrical energy to the transducer, 
which excites the vibrating wire and calculates the hydraulic pressure on the diaphragm 
within the transducer created by the fluid reservoir. The data collector may be set for 
any time interval between readings, and operates using direct current provided by 1.5 
volt batteries. The data collector stores the data for later retrieval via portable computer.  
The remote sensing equipment allows full-time monitoring of settlement at any required 
time interval.  A diagram and actual photograph of the settlement device is shown below 
as Figure 5. 
 

 
 

Figure 5.  Diagram of the Settlement Device Configuration (Left). Actual Settlement 
System (Right) 

 
VWP Installation Procedure 
 
Amec Foster Wheeler used a CPT rig subcontracted from ConeTec to evaluate the 
existing site soil types, soil properties, refusal depths (apparent bedrock surface) and 
groundwater conditions present in the old ash pond area. ConeTec performed pore 
water dissipation tests as CPT holes were advanced. Volume displacement when a 
cone is pushed into water-bearing soils creates excess pore-water pressure. The CPT 
rig is equipped with a water pressure transducer within the cone, which gives a reading 
of pressure to the on-board data recorder. The dissipation test measures reduction of 
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pore-water pressure with time. The plot of pressure dissipation with time can be useful 
in evaluating soil type, drainage characteristics, and in-situ static water levels. 
 
Electronic VWPs were installed rather than traditional screened piezometers, because 
the future landfill will require buried remote sensing equipment to accommodate landfill 
construction.  Moreover, an advantage of remote sensing equipment is that data 
collection can be programmed for any time interval. Electronic piezometers can be 
installed using standard penetration boreholes or directly pushing the piezometer units 
with a CPT rig.  Direct push techniques using a tracked CPT rig were used for efficiency 
of installation.  
 
Each electronic piezometer unit was directly attached to the cone rod by sliding it into 
the annulus at the tip of the rod, and the data wire was extended up through the interior 
of the rods. Each piezometer was advanced to the desired depth using the rods and 
hydraulic system on the CPT rig. Once the desired piezometer depth was reached, the 
slack in the data wires was removed and the rods were extracted from the ground one 
at a time. The data wire was monitored closely for slack and potential movement to 
allow Amec Foster Wheeler to have reasonable confidence the piezometer had properly 
disengaged from the cone rods and was remaining fixed at the desired elevation. A 
nested system of one shallow and one deep piezometer was installed at each of the 
nine test locations at the site. Each pair of the piezometers was placed in the ground 
approximately 10 feet (3.05 meters) apart horizontally. 
 
The final step in the piezometer installation was to grout the remaining hole in the soil. 
The installation rods were removed and a polyvinyl chloride (PVC) grout tremmie line 
was inserted in the annulus between the outer wall of the hole and the data wire as 
deep as the hole remained open. A soft bentonite and Portland cement grout was mixed 
and pumped down the tremmie pipe in stages to complete the piezometer installation. 
Data collectors were then temporarily installed near the grouted holes and mounted 
onto wood posts near each piezometer location.  The data collection rate was set to 
every 12 hours.   
 
Settlement Device Installation 
 
Embankment fill settlement monitoring is traditionally performed using a settlement 
plate, fixed rods, and protective casing incrementally extended upward as fill height 
increases. The rod attached to the settlement plate is surveyed to determine elevations 
and settlement values. This method was not appropriate for this site, because the 
settlement plate rods would interfere with equipment constructing the landfill and would 
be subject to damage. Moreover, surveying the settlement plates would be expensive 
and time consuming. Therefore, Amec Foster Wheeler chose to install remote sensing 
equipment.  
 
Although the settlement monitoring system could have been installed horizontally 
across the site, we chose a vertical orientation.  The horizontal installation requires 
careful grade control to maintain a consistent positive slope between the transducer 



placed on the subgrade below the fill and the fluid reservoir placed at a fixed elevation 
outside the zone of settlement. Any uneven locations in the fluid tubing can trap air 
pockets within the tube, which prevents accurate pressure reading. Maintaining a 
consistent subgrade slope along the required fluid tubing lengths presented concerns 
due to the large site area. 
 
Nine vibrating wire transducers were installed using a Mobile B-61 SPT drill rig.  The 
transducers were installed in cased boreholes at a fixed elevation by attaching them to 
the underlying bedrock formation. Tubing and the transducer wiring was then extended 
up the borehole to the ground surface where the tubing was attached to the fluid-filled 
reservoir (settlement plate) positioned at the top of the borehole. The data cable was 
trenched into the ground and extended to data collectors located outside the fill area.  
The subsurface conditions where the settlement system was installed consisted of 
about a 2-foot (61-centimeter)-thick clay cap overlying coal ash residuals that ranged 
from fly ash to bottom ash. Refusal material (limestone) was encountered at depths 
ranging from about 33 feet (10.1 meters) to 92 feet (28.0 meters) below ground surface 
(BGS).  Standard rock coring techniques were used to obtain a rock sample for 
engineering evaluation and to create a socket in the limestone into which the pressure 
transducer could be mounted at a fixed elevation. 
 
Amec Foster Wheeler prepared the settlement system equipment carefully to allow 
installation into the borehole without damage. The excess fluid tubing and wire cable 
were bundled and taped below the reservoir body to form a cylindrical section that 
would safely pass through the casing segments as the drilling tools were withdrawn 
from the borehole. The depth to refusal was measured and marked on the hydraulic 
tubing to verify the transducer was positioned at the correct elevation. The transducer 
was threaded to a standard plumbing pipe to allow for grouting into the hole cored in the 
limestone. Amec Foster Wheeler used 5-foot (1.52-meter)-long core holes and 6 feet 
(1.83 meters) of pipe attached to the transducer to position the sensor 12 inches (30.5 
centimeters) above the rock surface.  
 
The equipment was lowered into the borehole casing and the elevation previously 
marked on the tubing was verified to be at the top of the drill casing. The hydraulic 
reservoir was attached to a strong cord passed through the drilling mast and attached to 
the drill rig.  A soft bentonite and Portland cement grout was prepared and pumped 
through a tremmie pipe that extended to the base of the borehole, and pumping 
continued until the water was flushed from the casing and grout return was observed at 
the surface. The casing pipe was removed in segments by breaking the casing, 
lowering the hydraulic reservoir using the cord tied to the drill rig, and pulling the 
reservoir and bundled cable out between the top casing segment while the casing below 
was held in the borehole. Grouting was repeated after each casing segment was 
removed to maintain the grout level at the ground surface. The hydraulic reservoir was 
then attached to a 12-inch (30.5-centimeter) square steel settlement plate placed on 
compacted gypsum material after the drilling tools were removed from the borehole. 
 
  



TEST PAD 
 
The owner recognized the value of pore-water pressure and settlement monitoring, and 
agreed to install a “test pad” consisting of one pair of nested piezometers and one 
settlement monitoring device.  The test pad is located in the Phase III area of the landfill 
as and is labeled as “J”, shown on Figure 3.  
 
The test pad area is currently used to temporarily stockpile gypsum for future use as 
liner and leachate system cover and protection. Installation of the pore-water pressure 
and settlement monitoring system indicated the ground surface is underlain by 
approximately 26.6 feet (8.11 meters) of fly ash, over 7 feet (2.13 meters) of residual 
clay, overlying limestone bedrock.  As much as 21 feet (7 meters) of gypsum has been 
placed over and around the installed instrumentation over the past 6 months. The 
instruments were set to record data twice daily, and we typically down-loaded data on a 
monthly schedule. The pore-water pressure and settlement monitoring results for the 
test pad are presented below.  
 
ANALYSIS MODEL DESCRIPTION 
 
A stress-deformation analysis was performed using Sigma/W, a finite element software 
product developed by Geo-Studio International, Ltd.  The analysis was used to predict 
excess pore-water pressure and settlement within the fly ash deposits resulting from the 
test load applied by the gypsum fill.  The analysis was performed using two unique 
constitutive (mathematically described) models: linear-elastic and Modified Cam Clay 
(MCC), respectively.  The MCC model was used for the one-dimensional consolidation 
analysis.  Furthermore, a fully-coupled analysis was applied to the MCC model to solve 
for the stress-deformation and seepage dissipation equations. 
 
Model Construction 
 
A general cross section based on the subsurface conditions observed from the 
monitoring system installation, was created using Sigma/W.  The model limits extended 
100 feet (30.5 meters) from the center in each horizontal direction, for a total model 
width of 200 feet (61 meters).  The subsurface stratigraphy used to construct the model 
is summarized in Table 1. The bedrock surface was assumed to be horizontal.   
 
  



Table 1 – Initial Model Conditions Summary 
 

Stratum Depth (feet/meters 
bgs) 

Elevation (feet/ 
meters, NGVD) 

Fly Ash 0 882.8/ 269.1 

Residual Clay 26.6/ 8.12 856.2/ 261 

Limestone Bedrock 33.6/ 10.24 849.2/ 258.8 

Initial Groundwater Table 21.6/ 6.58 861.2/ 262.5 

 
The finite element model was discretized using a global element size of 24 inches (61 
centimeters). However, the elements in the upper 10 feet (3.05 meters) of fly ash were 
sized smaller, using a 0.5 ratio of the global size (element size of 12 inches [30.5 
centimeters]), for computational accuracy. The mesh consisted of a combination of 
quadrilateral and triangular structural elements.  The models were constrained in the 
vertical and horizontal direction at the bedrock surface.  The vertical sides of the model 
were constrained in the horizontal direction, which allowed them to deflect vertically.  A 
hydraulic boundary condition was applied in the MCC model for a fully coupled analysis. 
 
Test Pad Fill Loading Sequence 
 
Twenty-one feet of gypsum fill was placed between the dates of 5-11-14 to 1-15-15.    
The gypsum fill loading sequence was replicated in the analysis model using three 
construction stages.  Table 2 summarizes the loading sequence used in the analysis 
models.  
 

Table 2 – Gypsum Fill Loading Sequence Summary 
 

Construction 
Stage 

Gypsum Fill 
Height 

(feet/meters) 

Fill Height 
Elevation 

(feet/meters, 
NGVD) 

Date 
Time 

Interval 
(Days) 

Accumulated 
Time (Days) 

Start Finish 

1 5/ 1.52 887.8/ 270.6 5-11-14 7-7-14 61 61 

2 11/ 3.35 893.8/ 272.4 7-7-14 8-21-14 45 106 

3 21/ 6.4 903.8/ 275.5 8-21-14 1-15-15 147 253 

 
Constitutive Model Description 
 
Most historical studies that have focused on interpreting loaded fly ash behavior 
attribute settlement within fly ash deposits to consolidation or immediate settlement, 
exhibiting linear-elastic behavior.  For this study, a one-dimensional consolidation model 



coupled with pore-water pressure, and a linear-elastic constitutive model was developed 
to predict the settlement that would occur within the fly ash deposits.  The change in 
pore-water pressure as a result of loading was computed for the one-dimensional 
consolidation model. 
 
Consolidation Model – MCC  
 
The MCC model is a critical state model that relates effective stress parameters to the 
isotropic normal consolidation line and the isotropic over-consolidation line.  Table 3 
summarizes the required parameters used for the MCC model.   
 

Table 3 – MCC Model Property Description Summary 
 

Property Property Description 

Total Unit Weight () Weight density, weight of soil per unit volume1 

Over Consolidation Ratio 
(OCR) 

Ratio by which the current mean effective stress in 
the soil was exceeded3 

Poisson’s Ratio () Ratio of lateral and axial strains3 

Lambda () Slope of the normal consolidation line3 

Kappa () Slope of the over-consolidation line3 

Initial Void Ratio (eo) Ratio of volume of voids and volume of solids prior to 
loading3 

Effective Friction Angle (’) Angle between the normal and resultant force, under 
drained conditions2 

M Slope of the critical state line (based on ’)3 

Note:   1. Units are pounds per cubic feet (pcf), or kilonewton per cubic meter (kN/m3) 
 2. Units are degrees 
 3. Unit-less  
 

Linear-Elastic Model 
 
The linear-elastic constitutive model computes deformations directly proportional to the 
applied load as a function of soil stiffness.  The soil stiffness is represented as Young’s 
Modulus of Elasticity (E), which is the ratio of applied stresses and strains in units of 
kilopounds per square feet (ksf) or Mega-Pascal (Mpa).  The required parameters are 
Unit Weight (), E, and Poisson’s Ratio ().     
 
 
 



Material Property Determination 
 
Soil material properties used for the analysis models were obtained from field 
explorations and field testing performed at this site.  Material properties available from 
industry-accepted references were used to supplement data as required.  Table 4 
summarizes the material properties input into the models. 
 

Table 4 – Model Property Input Summary 
 

Model Type 
Material 
Property 

Material Property Value 
Reference 

English Units SI Units 

MCC 

 100 pcf 15.71 kN/m3 1 

OCR 1 1 1 

 0.334 0.334 3 

 0.122 0.122 1 

 0.024 0.024 (1, 2)a 

eo 1.14 1.14 1 

’ 25o 25o 3 

M 0.984 0.984 (3, 2)a 

Linear-Elastic 

 100 pcf 15.71 kN/m3 1 

E 140,000 ksf 6,703 Mpa 3 

 0.334 0.334 3 

Note:  a. (Reference of value, Reference of equation) 
 
Analysis Procedure 
 
The procedures described below were used to analyze the models to predict the 
settlements measured in the fly ash deposits at the site. 
 

1. Initial model – An initial model was constructed to define the in-situ conditions.  
The geometry was created, material properties input, initial water table defined, 
mesh discretized, and stress-strain boundary constraints applied.  The initial 
model was used as a starting stress state for both the MCC constitutive model 
and the linear-elastic constitutive model. 
 



2. MCC model – A hydraulic head boundary condition was applied to the fly ash 
deposit as the gypsum loading sequence was applied to the in-situ model, using 
the time of the actual fill schedule records.  In the model, the gypsum fill load was 
applied in time increments in accordance with the following time steps: 

 
Table 5 – Loading Time Step Summary 

 

Lift Thickness 
(feet/meters) 

Increment Time Step (Days)
Elapsed Time 

(Days) 

5 / 1.53 10 6.1 61 

11 / 3.36 10 4.5 45 

21 / 6.41 10 14.7 147 

0 Dissipation Phase 30 

 
The model divides the total amount of fill by the increment and applies the 
respective amount of fill for each time step on the “first” day; the “remaining” days 
of the time step allowed the pore-water to dissipate.  This process was applied 
until the elapsed time was reached.  A 30-day dissipation period was given to the 
model in order for the settlements to reach equilibrium.  The purpose of the time 
step application was to analyze the pore-water conditions and settlement over 
time. 
 

3. Linear-elastic model – The gypsum fill loading sequence was applied to the in-
situ model for 5 feet (1.52 meters), 11 feet (3.35 meters), and 21 feet (6.4 
meters) fill heights to determine settlement. 

 
TEST PAD PORE-WATER PRESSURE & SETTLEMENT RESULTS 
 
The results of the field monitoring program and analysis models are depicted in the 
graphs below.  The graphs include actual and predicted settlement and pore-water 
pressure measurements of the fly ash in response to the gypsum fill loading, with 
respect to time. Amec Foster Wheeler compared the measured results with the 
predicted results in the following subsections. 
 



 
 

Figure 6.  Measured Settlement and Pore-water Pressure Results 
 



 
 

Figure 7. Measured and Predicted Pore-water Pressure Results 
 
 



 
 

Figure 8. Measured and Predicted Settlement Results 
 
Pore-water Pressure Comparison 
 
The authors’ experience and much of the published literature suggest that pore-water 
pressure in saturated and pseudo-saturated ash deposits, particularly fly ash, would rise 
rather quickly when loaded and dissipate slowly over time. This is primarily based on 
vertical permeability tests, which indicate vertical permeability on the order of less than 
1x10-5 cm/sec4.  However, much of that data is based on vertical permeability, which 
does not take into account the lenticular nature of sluiced ash or the very fine layering 
that occurs during deposition.  
 
Amec Foster Wheeler observed the following results in regard to measured and 
predicted pore-water pressure results from the loaded fly ash deposits within the test 
pad: 
 



 Measured pore-water pressure responses to the gypsum loading was small; 
however, “spikes” in pressure head were observed in conjunction with gypsum 
loading.   
 

 The maximum measured pressure head was less than approximately 2 feet (0.5 
meters).  

 
 The measured pressure head plot indicates a downward trend over the course of 

gypsum fill construction. 
 

 Predicted pore-water pressure responses were considerably higher than the 
measured values. 

 
Settlement Comparison 
 
Predicting settlement of sluiced ash is difficult due to limited knowledge of the 
geotechnical properties of the in-place ash, the actual loading conditions including time 
rate, and available seepage paths.  
 
Amec Foster Wheeler observed the following results in regard to measured and 
predicted settlement results from the fly ash deposits within the test pad: 
 

 Measured settlements were smaller than predicted. 
 

  Pore-water responses were smaller than expected.   
 

 The maximum measured settlement was approximately 4 inches (10 
centimeters).  

 
 The measured settlement plot indicates the settlement is ongoing. 

 
 The predicted settlement using the MCC constitutive model indicates settlement 

of approximately 18 inches (46 centimeters). 
 

 The predicted settlement using the Linear-elastic constitutive model indicates 
settlement of approximately 6 inches (14 centimeters). 

 
CONCLUSIONS 
 
Based on the results of the monitoring system installed within the fly ash deposits of the 
test pad Amec Foster Wheeler has made the following observations: 
 

 A pseudo-saturated zone was not identified during our monitoring installation. 
 

 The downward trend of the pressure head plot indicates the groundwater table is 
freely draining. 



 
 The high horizontal permeability and lenticular nature of sluiced ash deposits, 

coupled with a freely-draining and deep groundwater table, allow for very rapid 
dissipation of pore pressures induce by surcharge loading. 

 
 The ongoing settlement may be a result of an increase in effective stress due to 

the load transferred to the fly ash material-matrix by the ongoing draining of the 
groundwater table.  
 

 Based on our finite element model results, prediction of settlement due to 
surcharge loading is best performed using a linear-elastic model. 
 

 Modeling the application of the test fill surcharge load using continuous time 
increments, instead of in three discreet load increments, would more closely 
predict the shape of the settlement response curve. However, the total 
settlements predicted would be consistent. 
 

The pore-water pressure responses and settlement measured for the fly ash deposits 
within the test pad were based on a low groundwater table, a relatively thin deposit of fly 
ash, and a slow rate of applied surcharge load.  A difference in any one of these 
conditions could have impacted the measured results.  Furthermore, this study is based 
on a single set of monitoring devices. While the conclusions appear reasonable, a more 
rigorous study is required. Measuring future settlement and excess pore-water pressure 
induced in the sluiced ash by the new landfill (overfill) will provide valuable data for the 
landfill owner/operator and landfill designers in the future. 
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