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ABSTRACT 
 
This project has demonstrated and documented the long term performance of the 
Meredosia Industry Truck Route project that had used ponded F-fly ash as a road subbase 
material for a 2.1-mile county highway. About 70,000 cubic yards of Meredosia power 
plant ponded fly ash were used on this project in summer 2002. Long term post-
construction studies included falling weight deflectometer (FWD) and water quality 
assessment studies.  
 
This project represents a two-year cooperative demonstration effort among the Office of 
Coal Development (OCD) of the Illinois Department of Commerce and Economic 
Opportunity (DCEO), Southern Illinois University (SIU), Morgan County Highway 
Department (MCHD), Illinois Department of Transportation (IDOT), AmerenCIPS, and 
Morgan County Regional Planning Commission. Over the last two years, SIU oversaw all 
the long-term performance evaluation studies. 
 
The FWD results over the study period have indicated gradual stabilization of the 
pavement in general and the fly ash subbase specifically. The back calculated sub-grade 
moduli values obtained for the fly ash subbase are considered very good for similar 
natural fine sized soils. The structural numbers calculated for the entire pavement cross-
section are consistent over the entire length of the project and are satisfactory for this 
type of road application. Regular water quality sampling and analyses results have 
indicated an overall decreasing trend for all the trace elements. Groundwater samples 
have conformed to Illinois Class I and Class II standards for almost all of the tested trace 
elements.  



  

EXECUTIVE SUMMARY 
 

Most of the coal combustion byproducts (CCBs) generated by Illinois coal burning power 
plants (~3-4 m. tons) are disposed in on-site ponds at a cost of about $4 to $10 per ton.  
The generated CCBs represent a negative cash flow for the power plant and a cost to 
Illinois coal producers. In addition, most of the on-site ponds at power plants are either 
already full or almost full. Development of new on-site ponds according to the present 
environmental specifications is very expensive and negatively impacts the use of Illinois 
coal. Therefore, development and demonstration of large-volume beneficial use 
applications for F-fly ash are considered very important for the enhancement of Illinois 
coal industry. One such application demonstrated in this study is the Meredosia Industry 
Access Truck Route fly ash road subbase (Figure 1).  
 
The project represents a two-year cooperative effort among Southern Illinois University 
(SIU), Morgan County Highway Department (MCHD), and AmerenCIPS. The goal of 
this project was to demonstrate, and document the performance of a ponded F-fly ash as a 
road subbase material. This was demonstrated for a 2.1-mile county highway without 
long-term negative environmental impacts to groundwater. The road has performed very 
satisfactorily during the monitoring period. Approximately 77,000 cubic yards of ponded 
F-fly ash were used.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Industry Access Truck Route, Meredosia. 



  

The Meredosia Industry Access Truck Route consists of a truck by-pass highway to 
divert heavy truck traffic from highway 104 south of the Meredosia business district and 
into the plant entrances of ICI National Starch, AmerenCIPS, and the other 
commercial/industrial facilities in the area. The County Highway consists of a 24-foot 
wide road built on a 0 to 7 foot thick compacted F-fly ash subbase overlain by an 
aggregate course, 6-inch thick bituminous concrete binder course, and 2-inch thick 
bituminous concrete surface course. AmerenCIPS Meredosia power plant ponded F-fly 
ash was used on this project.  Prior to initiation of this project, preliminary geotechnical 
(compaction studies, size distribution studies of fly ash, load bearing capacity etc.) and 
environmental studies had indicated that this fly ash would serve adequately as a road 
subbase material, conforming to Illinois Department of Transportation (IDOT) standards.  
Environmental studies of the fly ash included ASTM leaching tests and leachate quality 
evaluation. Six groundwater monitoring wells were installed along the length of truck 
route and four sets of groundwater quality samples were collected and analyzed, which, 
together with the fly ash leachate studies, formed the baseline for the post-construction 
environmental monitoring. Based upon a review of the developed data, the subbase and 
the road were designed by MCHD. The road was opened to traffic in October 2002. 
 
A base line Falling Weight Deflectometer (FWD) survey was performed in November 
2002 immediately after completion of the road construction. An additional FWD survey 
was completed in June 2003. The first set of post-construction water quality samples 
were collected and analyzed in March 2003.  
 
During Year 1 of this project, road and subbase performance evaluation performance 
activities included one FWD survey and two sets of water quality samples collected from 
the monitoring wells.  During Year 2, the studies included one more FWD survey and 
one additional set of water quality samples from the groundwater monitoring wells. In 
addition, visual observations on both lanes of the road were performed by walking each 
lane with emphasis on cracks development and differential settlement.  
 
Analyses of all the FWD studies’ data have yielded very satisfactory back calculated sub-
grade moduli and effective structural numbers for this type of pavement and its 
constituent layers. Long term post-construction environmental monitoring of the fly ash 
based road subbase, conducted jointly by AmerenCIPS and SIUC, have concluded that 
the large volume fly ash subbase has not contaminated the groundwater at the 
demonstration site. Almost all the trace metal concentrations of concern have shown a 
decreasing trend over the entire period of monitoring. Almost all of the trace metal 
concentrations conform to Illinois water quality standards during the most recent 
sampling. It is believed that well considered, properly designed and constructed large 
volume uses of CCBs are appropriate as a natural resource conservation and 
environmental stewardship mechanism. Large volume utilization of fly ash should be 
encouraged with the appropriate geotechnical and environmental characterizations of the 
natural soils and fly ash, hydrogeology of the site and appropriate construction/post-
construction environmental monitoring.  
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OBJECTIVES 
 
The goal of this project was to monitor the structural and environmental performance of a 
fly ash road subbase for a period of two years after completion of its construction. The 
road subbase was developed to demonstrate under field conditions that coal combustion 
byproducts (CCBs) from Illinois coal can be used safely and economically without 
negative environmental impacts to surface or groundwater. A successful demonstration of 
this application will open up several other large volume beneficial use applications for 
CCBs such as embankments, structural fills, etc. The more specific objectives of the 
project were: 
 

1. Document the engineering performance of fly ash subbase after completion of its 
construction using Falling Weight Deflectometer (FWD) technique. 

 
2. Assess the post-construction environmental impacts of fly ash subbase on 

groundwater. 
 
 

INTRODUCTION AND BACKGROUND 
 
The Meredosia Industry Access Truck Route, a 2.1-mile county highway improvement 
project, was proposed for construction in spring 2002 in Meredosia, Illinois (Figure 1).  
This project, since completion, has provided safe access to an emerging industrial 
development corridor on South Washington Street, south of downtown Meredosia. The 
county road consists of a 24-foot wide road built on a 0 to 7-foot thick fly ash subbase.  
The subbase used 77,000 cubic yards of compacted Class-F ponded fly ash from the 
nearby AmerenCIPS Meredosia Power Plant, for the road subbase.  Prior to construction, 
analyses of engineering properties of the fly ash indicated that it would meet IDOT 
standard specifications for the subbase.   
 
Project Description 
 
The Meredosia Industry Access Truck Route consisted of a truck by-pass county road to 
divert heavy truck traffic from highway 104 south of the Meredosia business district and 
into the plant entrances of ICI National Starch, AmerenCIPS, and other 
commercial/industrial facilities in the area. These facilities receive in excess of 150 
trucks per day based on the average traffic information provided. The safety in the 
downtown area was a significant concern given the number of trucks passing through 
Meredosia and turning across traffic and off Highway 104 at the foot of the Illinois River 
Bridge.  
 
The Meredosia Industry Access Truck Route required about 70,000 cubic yards of fill to 
elevate the road out of the 100-year flood plain. Illinois Department of Transportation 
(IDOT) specifications were adhered to for the project design and construction with the 
Morgan County Highway Department (MCHD) acting as the lead agency for the project. 
The entire project lies behind the levee system protecting the city of Meredosia. The fly 
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ash was placed in 6-inch lifts and compacted to densities of about 95 pcf, appropriate for 
this type of civil design. The ash fill was placed in accordance with 415ILCS 5/3.94, sect. 
10, which includes measures to control the fugitive dust.  The subbase fill, upon 
placement, was overlain by an aggregate course, 6-inch thick bituminous binder course 
and 2-inch thick bituminous concrete surface course, with the side slopes built on a 4:1 
slope.  The anticipated permeability of the ash fill is in the range of 10-5 to 10-6 cm/sec. In 
this project, the fly ash is not in regular contact with surface or ponded water and none of 
the project routes involve currently identified or mapped wetland areas. Surface water 
control measures in the form of ditches are included as part of the project design to carry 
runoff water away from the fill. Based on the elevation of the proposed truck bypass 
route, the potential for flooding in the project area is characterized as between a 50- and 
100-year occurrence frequency.   
 
The fly ash considered for use as the primary fill material is a class F ash generated by 
burning Illinois Basin bituminous coal from several Illinois coal mines.  This fly ash is 
currently managed separately in a permitted surface impoundment located at the 
AmerenCIPS Meredosia plant. AmerenCIPS supported the Meredosia Industry Access 
Truck Route project by providing fly ash to the project. The value of the fill, estimated at 
approximately $300,000 on this project, improved the economics of the project. Since the 
AmerenCIPS plant receives most of the fuel deliveries by truck, the addition of the truck 
route benefited the power plant operation directly. All other industries along South 
Washington Street also benefited directly from the project through additional business.   
 
As part of the approval process, AmerenCIPS collected representative samples from six 
locations along the northern half of the pond in an effort to characterize the proposed fill 
material. The samples were collected using “Geoprobe” direct push sampling techniques 
to a depth of 12 feet in the fly ash pond.  Continuous samples were collected at each 
sample location.  Geotechnical and environmental analyses were performed on composite 
and individual samples of the ash, respectively.   
 
The geotechnical testing on a composite of the ash samples indicated that the ash would 
have excellent performance as a structural fill in the road fill application. Particle size 
analyses, moisture-density relationship (proctor), swell test, and permeability analyses 
were included in the geotechnical analysis. Each of the six individual samples was also 
analyzed as part of the environmental analysis.  The environmental analysis consisted of 
laboratory analysis with ASTM D3987-85 “Shake Test Extraction Procedures” consistent 
with the environmental requirements of 415 ILCS 5/3.94.  

 
Impact on the Illinois Coal Industry 
 
Implementation of Phase II of the Clean Air Amendments Act in January 2000 and its 
negative impacts on engineering and environmental properties of fly ash require that 
large volume CCBs must be effectively managed to enhance Illinois coal utilization.  The 
plant uses about 500,000 to 600,000 tons of coal annually, which results in about 45,000 
tons of fly ash/bottom ash annually.  Development of large volume, economic and 
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environmentally sound CCBs management techniques saved the plant about $500,000 
annually or about $1 per ton of delivered coal. This was considered a significant savings. 
 
 

EXPERIMENTAL PROCEDURES 
 
Task 1 involved post-construction performance testing.  IDOT recommended the use of 
FWD surveys for performance testing of subbase.  ERES Consultants from Urbana, IL 
was hired to perform FWD surveys. The first survey, within the duration of this project, 
was completed in May 2004. The second survey was completed in June 2005. The 
baseline FWD survey was conducted in November 2002, immediately after completion of 
the pavement construction and another FWD survey completed in June 2003. To date, 
four surveys have been performed on the truck route. 
 
Task 2 involved ground water quality monitoring. Periodic water quality samples were 
collected from six groundwater monitoring wells (Figure 2), lysimeters and surface 
trenches. The water samples were analyzed according to IEPA requirements. The data 
was analyzed for trends for different trace elements starting with baseline data collected 
prior to subbase development and road construction in 2000.  
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Locations of Groundwater Monitoring Wells. 
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RESULTS AND DISCUSSION 
 

Preconstruction Geotechnical Studies: 
 
The State prepared a soil investigation report for the site. The native foundation soils in 
the area were found to be silt, silty loams, and fine sands, but no clays. The laboratory 
tests performed on the fly ash samples included 1) specific gravity, 2) particle size 
distribution, 3) Atterberg limits, 4) moisture-density relationships, 5) permeability, 6) 
load-deformation characteristics, and 6) load bearing characteristics without stabilization. 
A summary of the results is presented in the following sections. Prior to placement of the 
base course, the subgrade was tested using Dynamic Cone Penetrometer (DCP) to obtain 
Immediate Bearing Value (IBV) to assess the suitability of the subgrade soil as well as 
the fly ash subbase as a pavement layer. 
 
The geotechnical characterization results performed on the foundation soils along the 
length of the road are presented in Table 1. These results are based on the sample cores 
collected at specific stations along length of the road. The control sections AC1 and AC2 
are located within stations 10+00 to 34+00 and 104+00 to 112+00, respectively. The fly 
ash section is within stations 36+00 to 102+00. The foundation soils under control 
section AC1 were granular fine sand down to a depth of 5.4 feet. Foundation soils 
underneath control section AC2 ranged from clay to sandy clay. Foundation soil 
underneath the fly ash section varied from sandy silt, silty sand, silty clay and clay. 
 
Table 1. Geotechnical characterization results of foundation soils (IDOT report, 2000) 
 

Station Location 11+64 30+00 50+00 70+00 70+00 100+00 100+00 110+00 110+00 117+00 

Depth (m) 
0 - 

1.83 0 - 1.83 0 - 0.91 0 - 0.91 
0.91 - 
1.83 0 - 0.91 

0.91 - 
1.83 0 - 0.91 

0.91 - 
1.22 0 -1.52 

AASHTO Class 
& Group Index 

A-2-
7(0) A-2-4(0) A-6(3) 

A-7-
6(33) 

A-7-
6(31) 

A-7-
6(25) A-6(7) A-6(9) A-6(2) A-7-6(16) 

IDOT Textural 
Class Sand Sand 

Sandy 
clay 

Silty 
sand 

Silty 
clay Clay Clay Clay 

Sandy 
clay Clay 

Gradation - 
Passing                     

No 40 (%) 84.3 89.7 92.3 99.1 99.4 95.9 93 94.1 88.7 93.9 

No 100 (%) 16.9 13.1 46.4 98.5 98.7 85.9 52.7 72 46.6 79.3 

No 200 (%) 12.4 7.7 44 97.6 97.9 84.3 50 70.6 42.4 77.6 

Sand (%) 88 92 56 2 2 16 37 29 58 22 

Silt (%) 7 5 24 54 53 32 16 42 19 36 

Clay (%) 5 3 20 44 45 52 34 29 23 42 

Liquid Limit - - 24.8 55.6 53.4 52.9 36.6 33.4 28.8 42.1 

Plastic Limit - - 12.1 25.6 25.8 26.1 16.6 18.7 14 20.8 

Plasticity Index - - 12.7 30 27.6 26.8 20 14.7 14.8 21.3 

 
The fly ash is a uniformly graded soil with mean particle size of 0.08 mm. The plastic 
limit and liquid limit of the fly ash were 26.6% and 34%, respectively. The plastic limit 
value of 26.6% here refers to the maximum moisture content that can be allowed during 
construction. From the particle size distribution and Atterberg limits data, the fly ash was 
classified as A-4 (i.e. silty soil) based on the AASHTO soil classification system. 
Standard Proctor test for the moisture-density behavior indicated the optimum moisture 
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content to be 20.4% and modified compaction test optimum moisture content to be 19%. 
The dry unit weight was sensitive to change in moisture content from the optimum. The 
Proctor test results when combined with plastic limit test suggested a very narrow range 
of moisture content (19% - 26.6%) during construction.  
 
Unconfined compression tests were performed on cylindrical (12 x 6 inch) fly ash 
samples of different moisture content to study their stress-strain behavior. All samples 
had dry unit weight of 100 pcf. The ultimate compressive strength decreased rapidly with 
increase in moisture content. The failure elastic (secant) modulus decreased with increase 
in moisture content up to about 20%, beyond which it was relatively flat for moisture 
content up to 24%. 
 
Load bearing tests, like California Bearing Ratio (CBR) and IBV tests, were also 
performed on the fly ash specimens compacted at different moisture contents. The results 
showed highest CBR and IBV values of the fly ash around the optimum moisture content. 
The laboratory CBR values were higher than the minimum value required of a typical 
subbase material (i.e. 3%). A decrease was seen in both the laboratory CBR and IBV 
values with increase in moisture content higher than the optimum value. 
 
DCP testing conducted by the Illinois Department of Transportation (IDOT) yielded 
IBVs varying from low 17% to high of 46% with an average of 31%.  The State requires 
a minimum subgrade IBV of 6-8% for construction of pavement layers. The IBVs for the 
eastbound/northbound lane averaged 36%, compared to 28% for the opposite lane. 
Overall, the geotechnical parameters indicated the fly ash to be suitable for use as a 
pavement subbase. 
 
Task 1 – Falling Weight Deflectometer Studies of the Truck Route 
 
Structural characterization of the pavement was performed by conducting four Falling 
Weight Deflectometer (FWD) studies; November 2002; June 2003; May 2004 and most 
recently, in June 2005. The data obtained from all the four studies were analyzed along 
with pre-construction soil characterization, surface gradients and drainage conditions. 
During an FWD survey, a seating drop was performed at each test point, followed by a 3-
drop sequence of 1 drop each at target loads of 6, 9, and 12 kips.  Only the data from the 
9 kips drop is used for analysis, as 9 kips was the standard for pavement design. The 
FWD data were also analyzed with respect to the fly ash thickness and construction 
details to obtain insights into the structural performance of the fly ash subbase. The 
results were corrected to weight drop of 9 kips and temperature of 293 K.  
 
Backcalculated Subgrade Moduli Values for the Pavement: 
 
The Engineering Company, performing the FWD surveys, back calculated pavement and 
subgrade layer moduli using the 1993 AASHTO method. The FWD measures the 
response of the upper 3 to 4 feet of the subgrade soil. Therefore, for thick embankments, 
such as in this project (i.e., 0 to 7 feet), the backcalculated subgrade modulus can be 
interpreted to represent the stiffness of the embankment material, in this case the fly ash. 
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The moduli data for each FWD survey are presented in Figures 3 (a) and (b) for the 
eastbound/northbound and westbound/southbound lanes, respectively.  
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Backcalculated Subgrade Moduli Values for (a) NB/EB and (b) WB/SB 

lanes. 
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The subgrade results presented here are considered as elastic moduli, or backcalculated 
subgrade moduli. Backcalculated moduli for fine-grained soils are typically 2 to 4 times 
higher than laboratory-determined resilient moduli (Mr), which is the input required for 
design in the 1993 AASHTO Guide. A factor known as “C” factor is used to convert 
backcalculated moduli to comparable laboratory values for use in structural analysis. For 
this FWD analysis, a “C” factor of 0.33 was used as recommended by the AASHTO 
guide. 
 
The first FWD survey results, taken one month after construction, indicated 
backcalculated subgrade moduli for the control sections AC1 and AC2 to range from 
10,000 to 20,000 psi, with the overall mean of 14,865 psi.  These are typical values for 
backcalculated subgrade moduli for fine-grained soils. The majority of fly ash subgrade 
moduli range from 14,000 to 23,000 psi, with the mean value of 17,699 psi. This value 
was about 19% higher than the control sections. Overall, results for the 
eastbound/northbound lane in the fly ash section were slightly higher (i.e. 6 %) than the 
opposite lane. 
 
The results of the second FWD survey reported the mean backcalculated subgrade moduli 
for the first and second control sections (AC1 and AC2) to be 14,994 and 8,530 psi, 
respectively. The backcalculated subgrade moduli for the fly ash section were variable, 
ranging from 7,000 to 18,000 psi, with the mean of 9,663 psi. All the three values are 
reasonable for backcalculated subgrade moduli of fine-grained soils. As in first FWD 
survey, the eastbound/northbound lane moduli values in the fly ash section were higher 
(i.e. 10 %) than the westbound/southbound lane. 
 
The third FWD survey results have indicated the mean backcalculated subgrade moduli 
for the first and second AC control sections to be 14,820 and 10,611 psi, respectively. 
The back calculated fly ash subgrade moduli varied from 7,000 to 19,000 psi, with a 
mean of 11,474 psi.  
 
The final and most recent FWD survey results have reported that the mean back 
calculated subgrade moduli values for control section AC1 and AC2 are 17,672 and 
12,993 psi, respectively. The corresponding value for the fly ash section is 16,576 psi, 
which has risen much closer to the mean subgrade modulus of control section AC1. The 
pertinent observations based on subgrade moduli studies include: 1) AC1 control section 
moduli values are most consistent, 2) fly ash subbase performance is overall similar to 
AC2 control section, 3) fly ash subbase moduli values in 2003 were significantly lower 
than in 2002 (soon after road construction), and 4) fly ash subbase moduli values in 2005 
increased substantially (about 5,000 psi) over corresponding 2004 values in comparison 
to corresponding increases in other control sections. The authors attribute decrease in 
moduli values in 2003 to separation between pavement and fly ash subbase. Overall, fly 
ash subbase moduli values are better than control section AC2 and moduli values for all 
the three sections are found very reasonable for backcalculated subgrade moduli of fine-
grained soils.  
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Further analyses of the results indicated that the subgrade moduli between stations 60+00 
and 70+00 in the EB/NB lane were significantly stiffer than the remainder of the fly ash 
section, where the fly ash thickness ranged 2.8 to 5.25 feet. The moduli values between 
stations 39+00 and 53+00 were noticeably lower than the remainder of the section, where 
the fly ash thickness ranged 4.25 to 6 feet. There are few factors that may explain this 
pavement section. During construction of the fly ash subbase in this section, the subgrade 
soil was too wet due to high river elevations in the summer of 2002. Therefore, the fly 
ash placed on the top of it also became wet. The fly ash and subgrade had to be scarified 
and dried prior to compaction. Also, the compaction lift in this area was 1 foot, which 
was reduced to 6 inches later to provide adequate compaction. This may have affected the 
observed moduli values. Also, the consolidation process of wet subgrade/subbase in this 
area may have increased the void between the pavement and the subbase leading to lower 
moduli values. The weak foundation soil (silty loam) towards the end of the pavement 
may have also contributed toward the FWD structural performance. The low moduli 
values in the control section AC2 are attributed to the weak foundation soil (i.e. silty 
loam with low load carrying capacity) and its lower elevation, which leads to drainage in 
this area. 
 
Overall, the subgrade moduli values for all the sections have increased slightly since the 
2004 FWD survey, of which most significant increase has been witnessed in the fly ash 
section. The general increase may be attributed to compaction from traffic loads and 
consolidation of the subbase/subgrade layers. It may be inferred from the subgrade 
moduli data that while subgrade moduli values obtained from control section that AC1 is 
slightly better than fly ash and AC2 control sections, owing to its superior subgrade, both 
the fly ash and AC2 sections have demonstrated satisfactory performances in terms of 
moduli values for similar fine grained soils. 
 
Effective Structural Numbers and Structural Capacity of the Pavement: 
 
Figures 4 (a) and (b) display the FWD-determined effective structural number (SNeff) 
values for the road. The SNeff values represent the structural capacity of the combined 
asphalt concrete (AC) and granular base layers. 
 
The first FWD survey results indicate that the presence of the fly ash subbase is reflected 
in the backcalculated subgrade moduli, but not in the FWD-determined SNeff.  The 
values range from 3.8 to 5.19 inch, with the overall mean of 4.39 inch. An analysis of 
load-carrying capacity for the fly ash and control sections using the 1993 AASHTO 
flexible design model and the backcalculated subgrade moduli showed an increase in 
structural capacity (i.e., number of Equivalent Single Axle Loads (ESAL) until terminal 
serviceability is reached) of approximately 50 percent in the fly ash section, due to its 
higher subgrade modulus. 
 
The second FWD survey results indicate that overall, the SNeff values are fairly uniform 
over the length of the road, ranging from 3 to 4.5 inch, with mean value of 3.6 inch.  A 
slightly higher SNeff is indicated in the control section AC1, indicating slightly stiffer 
pavement layers (i.e. fine sand subgrade) in this section. The fly ash section was found to 
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possess a higher structural capacity relative to control section AC2 by about 33 percent. 
Similar data for control section AC1 is about 2.8 times higher than the fly ash section. 
 
(a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Structural Effective Number Values for (a) EB/NB and (b) WB/SB lanes. 
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The third FWD survey results show SNeff values that are fairly uniform over the project 
length, ranging from 2.8 to 4.7 inch, with a mean of 3.7 inch. These values are reasonable 
for this type of pavement and they have increased since the second FWD survey.  
 
The final and most recent FWD survey results indicate fairly uniform SNeff values over 
the entire project, ranging from 3 to 5.2 inch, with mean value of 3.9 inch. This may be 
attributed to the increase in subgrade moduli in the fly ash section and control section 
AC2. A slightly higher SNeff is again indicated in the control section AC1, due to stiffer 
fine sand subgrade in this section.  The fly ash section has a higher structural capacity 
relative to control section AC2. The structural numbers exhibited by both the fly ash 
section and control section AC2 are satisfactory for pavements of similar design and for 
similar fine grained base layers.  
 
Comparison of the most recent set of structural number values with the previous sets of 
FWD survey values indicate marked improvement in the performance of the fly ash 
section and control section AC2, while the performance of the control section AC1 has 
stayed more or less constant.  
 
Task 2 – Post-construction Water Quality Monitoring 
 
Six, 30-foot deep boreholes were developed as monitoring wells around the 
demonstration site to determine the direction of groundwater flow and water quality. 
AmerenCIPS has performed water quality tests with additional independent testing done 
by SIU. 
 
Preconstruction water quality studies were performed on water samples collected from 
the monitoring wells on 8/24/2000. This data was treated as the baseline water quality 
data. Samples of fly ash taken from the stockpile were tested for leaching studies prior to 
construction of the road. The shake test analysis results of the fly ash along with the 
baseline water quality data are presented in Table 3. 

 
Table 3. Preconstruction Monitoring Well Water Quality Data 

 
    Monitoring Well Concentrations (ppm)   Illinois Water Quality Standards 

Parameter 
Fly 
Ash MW1 MW2A MW2B MW3A MW3B MW4 Class I  Class II  

pH 10 7.1 6.6 6.6 7 6.9 6.9 6.5 – 8 6.5-8 

Arsenic 0.15 0.03 0.05 0.06 0.01 0.01 0.01 0.05 0.2 

Barium 0.024 0.17 0.228 0.242 0.079 0.123 0.072 2 2 

Boron 7.5 0.22 0.29 0.27 0.05 0.08 0.08 2 2 

Chromium 0.01 0.04 0.069 0.082 0.011 0.061 0.01 0.1 1 

Cobalt < 0.05 0.05 0.05 0.05 0.05 0.05 0.05 1 1 

Copper < 0.01 0.07 0.09 0.1 0.01 0.01 0.01 0.65 0.65 

Lead < 0.01 0.05 0.07 0.07 0.01 0.01 0.01 0.0075 0.1 

Nickel < 0.01 0.16 0.16 0.19 0.02 1.02 0.01 0.1 2 

Selenium 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 

Zinc < 0.02 0.14 0.22 0.23 0.02 0.02 0.02 5 10 
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Water samples were collected from all the monitoring wells periodically for analyses. 
Also, water samples were collected from both the lysimeters for analysis.  All the results 
are presented in Table 4 along with the baseline water quality data. All the values are 
indicated in ppm.   
Overall, a general decreasing trend has been observed in most of the trace element levels 
with time. Furthermore, most of the element levels in the monitoring wells were below 
the specified Illinois Environmental Protection Agency (IEPA) Class I and Class II 
standards. Only lead and selenium in some of the wells were found to exceed the above 
standards. But, the lead content in fly ash leachates were below detection limits. Hence, 
the increase in lead and manganese content cannot be attributed to fly ash.  In case of 
selenium, only two wells (MW2A and MW3A) were found to have selenium content 
higher than the above-specified standard. However, there is no conclusive evidence at 
this point to suggest that the increase in Selenium levels has been caused by the fly ash 
subbase. 
 
Overall, a decreasing trend has been observed in the trace element concentrations in the 
monitoring wells and lysimeters. Also, no evidence has been found that may indicate any 
adverse environmental effect of the fly ash subbase on groundwater in the area. 
 
Table 4. Monitoring Well Water Quality Data 
 

Parameter 
Fly 
Ash Date MW1 MW2A MW2B MW3A MW3B MW4 

Class I 
Stds 

Class II 
Stds 

pH 10 8/24/00 7.1 6.6 6.6 7 6.9 6.9 6.5 - 8 6.5-8 

    3/18/03 6.81 6.02 6.28 6.47 6.79 6.59   

    6/22/03 7.2 7.99 7.1 6.69 6.83 6.79   

    10/29/03 6.41 5.77 6.94   7.12 7   

    6/17/04 6.21 5.89 6.19 6.6 6.37 6.5   

    6/3/05 7.42 6.84 6.13 6.75 6.5 6.93   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Arsenic 0.15 8/24/00 0.03 0.05 0.06 0.01 0.01 0.01 0.05 0.2 

    3/18/03 0.04 0.06 0.05 0.04 0.03 0.01   
    6/22/03 0 0.01 0.02 0 0.03 0.01   
    10/29/03 0 0.02 0   0 0   
    6/17/04 0 0 0 0.03 0 0.03   
    6/3/05 0 0 0 0.03 0.01 0.04   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Barium 0.024 8/24/00 0.17 0.228 0.242 0.079 0.123 0.072 2 2 
    3/18/03 0.02 0.03 0.03 0.09 0.13 0.07   
    6/22/03 0 0 0.02 0.09 0.11 0.07   
    10/29/03 0.01 0.02 0.16   0.17 0.09   
    6/17/04 0.02 0.02 0.06 0.09 0.16 0.07   
    6/3/05 0 0 0 0 0 0   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Boron 7.5 8/24/00 0.22 0.29 0.27 0.05 0.08 0.08 2 2 
    3/18/03 0.13 0.04 0.49 0.19 1.07 0   
    6/22/03 0 0 0.67 1.88 0.54 0.13   
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    10/29/03 1.07 0.22 4.48   7.61 0.74   

    6/17/04 0 0 0.86 7.71 5.48 2.12   
    6/3/05 0.02 0.42 1.36 0.25 0.27 0.17   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Chromium 0.01 8/24/00 0.04 0.069 0.082 0.011 0.061 0.01 0.1 1 
    3/18/03 0.01 0.02 0.02 0.01 0.01 0.02   
    6/22/03 0.02 0.03 0.03 0.02 0.02 0.02   
    10/29/03 0 0 0   0 0   
    6/17/04 0 0 0 0 0 0   
    6/3/05 0 0 0 0 0 0   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Cobalt < 0.05 8/24/00 0.05 0.05 0.05 0.05 0.05 0.05 1 1 

    3/18/03 0 0 0 0 0 0   

    6/22/03 0.01 0 0 0 0 0   

    10/29/03 0 0 0   0 0   
    6/17/04 0 0 0 0 0 0   
    6/3/05 0 0 0 0 0 0   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Copper < 0.01 8/24/00 0.07 0.09 0.1 0.01 0.01 0.01 0.65 0.65 
    3/18/03 0.01 0.01 0.01 0.01 0.01 0.01   
    6/22/03 0.01 0.01 0.01 0.01 0.01 0.01   
    10/29/03 0.01 0 0   0 0   
    6/17/04 0 0.01 0 0.01 0 0   
    6/3/05 0 0 0 0 0 0   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Iron < 0.02 8/24/00 38.8 67.54 74.37 2.64 4.08 1.46 5 5 
    3/18/03 0 0.28 0.54 0.02 0 0   
    6/22/03 0.28 0.06 0.07 0.1 0.02 0.01   
    10/29/03 0.03 0 0   0.05 0.39   
    6/17/04 0 0.03 0 0.01 0 0.07   
    6/3/05 0.01 0.12 0.01 0.02 0.01 0.01   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Lead < 0.01 8/24/00 0.05 0.07 0.07 0.01 0.01 0.01 0.0075 0.1 
    3/18/03 0.01 0.04 0.02 0.01 0.04 0.04   

    6/22/03 0 0.02 0 0.03 0 0.02   

    10/29/03 0 0 0   0 0   

    6/17/04 0 0 0 0.05 0 0.03   

    6/3/05 0.03 0.01 0.02 0.02 0 0.04   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Manganese 
< 

0.005 8/24/00 4.02 2.971 2.842 0.646 0.322 0.62 0.15 10 
    3/18/03 0 0.29 0.02 0 0 0.5   
    6/22/03 0.07 0 1.45 0.01 0 0.5   
    10/29/03 0 0 0   0 0   
    6/17/04 0 0 0 0.1 0 0.16   
    6/3/05 0.03 0.01 0.02 0.02 0 0.04   
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    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Nickel < 0.01 8/24/00 0.16 0.16 0.19 0.02 1.02 0.01 0.1 2 
    3/18/03 0 0.01 0 0 0 0.01   
    6/22/03 0.02 0.02 0.03 0.02 0.02 0.02   
    10/29/03 0 0.01 0.04   0 0   
    6/17/04 0 0 0 0 0 0   
    6/3/05 0 0 0 0 0 0   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Selenium 0.02 8/24/00 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 
    3/18/03 0.05 0.06 0.03 0.07 0.06 0.01   
    6/22/03 0 0.02 0.03 0.08 0 0   
    10/29/03 0 0 0   0 0   
    6/17/04 0 0 0 0.07 0 0.06   
    6/3/05 0.04 0.06 0.04 0.05 0.04 0.02   

    Date MW1 MW2A MW2B MW3A MW3B MW4 
Class I 

Stds 
Class II 

Stds 

Zinc < 0.02 8/24/00 0.14 0.22 0.23 0.02 0.02 0.02 5 10 
    3/18/03 0 0.01 0 0 0 0.01   
    6/22/03 0 0 0 0 0 0   
    10/29/03 0 0 0.06   0 0.05   

    6/17/04 0 0 0 0 0 0   

    6/3/05 0 0 0 0 0 0   

 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
• Post-construction FWD surveys performed on the road have indicated that the 

truck route has performed very satisfactorily over the post-construction period.  
 
• Control section AC1 has demonstrated the best performance, in terms of back 

calculated sub-grade moduli and structural numbers, followed very closely by the 
fly ash section.  

 
• Structural capacity of the pavement is found to be very satisfactory for this kind 

of county roadway.  
 
• To date, there is no evidence to suggest that fly ash utilization at this site is 

negatively impacting groundwater. 
 
• Fly ash utilization in large volume applications, such as road subbase, should be 

encouraged since it minimizes borrow areas and preserves agricultural lands. 
 
• This successful application should be widely publicized in Illinois to encourage 

other similar utilization strategies. 
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Commerce and Economic Opportunity, Office of Coal Development, the Illinois Clean 
Coal Institute, nor any person acting on behalf of either: 
 
(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, 
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(B) Assumes any liabilities with respect to the use of, or for damages resulting from the 
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