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 ABSTRACT 
 

This project was developed as a technology transfer program to promote the 
implementation of technology and market development for controlled low-strength 
material (CLSM) slurry using Illinois coal ash as the main component.  A series of four 
workshops and technology transfer seminars and demonstrations were conducted in 
Marion, Chicago, Springfield, and Collinsville, Illinois.  Each seminar included lectures 
by the Principal Investigator and others with extensive experience in CLSM 
manufacturing, marketing, and use.  Lectures included information on Illinois coal 
combustion products, development of CLSM mixture proportions used for this ICCI 
sponsored project, manufacturing, setting characteristics, engineering properties, 
marketing, construction applications, testing, and case studies.  The seminars conducted 
in Chicago, Springfield, and Collinsville also included a construction demonstration of 
placement of flowable fill.  The seminar conducted in Marion did not include a live 
demonstration of the CLSM.  It had video presentations of typical construction 
applications of CLSM.  A different source of locally available Illinois coal ash was 
selected for use for each of the three seminars with the construction demonstration.  To 
establish the performance of the CLSM, a series of laboratory mixtures were developed.  
Five laboratory mixtures were developed for each source of ash.  Laboratory mixtures 
used 25%, 50%, 75%, and 100% fly ash (fly ash content expressed as a percentage of the 
total fly ash plus fine aggregate content), and a typical IDOT specified CLSM mixture.  
Following the laboratory mixtures, CLSM was produced on a pilot-scale basis at each 
producer selected for the construction demonstration portion of the seminars.  Each of the 
pilot-scale CLSM mixtures was tested for fresh CLSM properties and compressive 
strength.  Based on the performance of the pilot-scale mixtures, a final CLSM mixture 
was selected for the CLSM placement demonstration at the seminars. 
 
A total of 121 people registered for the technology transfer seminars conducted in Illinois 
for this project.  Registrants represented 18 consultants, six contractors, 31 materials 
suppliers, 18 from government agencies, 29 from education, and 19 from industry.  
Comments from the participants on the program evaluation form indicated that the 
seminars were very useful and informative. 



 

EXECUTIVE SUMMARY 
 

Approximately 5.5 million tons of coal combustion products are generated each year from 
the combustion of Illinois coal.  About 3.0 million tons of these combustion products are 
produced in Illinois and the remaining 2.5 million tons are generated in other states 
(including Wisconsin). A significant majority of these 5.5 million tons of Illinois coal 
combustion products are landfilled and/or ponded near the plant.  The overall utilization 
rate in the USA for all coal ashes was approximately 30% in 2000 (i.e., about 30 million 
tons).  Illinois coal, when it is burned in conventional boilers, produces Class F, low-lime, 
fly ash.  In general, utilization rate of Class F fly ash in U.S.A. is lower relative to Class 
C, high-lime, fly ash.  An application that would consume large quantities of 
underutilized Illinois coal ash is in flowable slurry (a.k.a. CLSM).  The objective of this 
proposed project was to promote the implementation of technology and market 
development for controlled low-strength material (CLSM) slurry, using Illinois coal ash 
as the main component, for use in Illinois by conducting a series of technology transfer 
seminars and demonstrations within the state of Illinois.  The CLSM technology 
developed and demonstrated for this project was intended for use by contractors and 
especially for projects for the Illinois Department of Transportation (IDOT).   
 
A CLSM technology implementation model workshop was established by UWM-CBU in 
a previous project funded by ICCI (2000-2001).  For this past project, CLSM was 
developed and demonstrated at two locations in Illinois, Peoria and Rockford.  
Attendance at these two workshops was excellent.  In addition, Rockford is intending on 
fully implementing CLSM as its specified backfill material.  Therefore, additional 
technology development seminars in other parts of Illinois were specified to promote the 
use and advantages of CLSM.  For the current ICCI sponsored project, a total of four 
technology transfer seminars were conducted in Illinois.  Seminars were held in Marion, 
Chicago, Springfield, and Collinsville.  Three of the seminars included a CLSM 
demonstration in which the flowable fill manufacturing and placement were 
demonstrated.  The Marion seminar presented technical information and videos on the 
use of flowable fill using Illinois coal ash.  The construction placement demonstration 
used a source of locally available Illinois coal ash for the demonstration.  This was done 
for two purposes, to demonstrate to those attending the workshop that the Illinois coal ash 
may be successfully used for CLSM, and to introduce a local ready-mixed concrete 
supplier to the use of Illinois coal ash as an economical material for manufacturing 
CLSM. 
 
As a part of the technology transfer seminars, specifications and/or handout materials for 
adoption of CLSM products, construction methods and technologies, for commercial and 
government use, were developed and presented.  The seminars introduced engineers, area 
contractors, coal ash producers, ready-mixed concrete suppliers, designers, local and state 
government personnel, and other potential users to the benefits of CLSM flowable slurry. 
 Specific goals established for this project were as follows:  
 



 

(1) Conduct technology transfer seminars for Illinois coal ash use in flowable 
CLSM.  Provide practical production and construction information to 
potential users, producers, engineers, owners, power plant operators, 
government officials, and others, regarding CLSM.  Prepare information on 
various options for use, mixture proportioning, and results from previous 
field demonstration projects in Illinois and Wisconsin.  

(2) Provide hands-on help and guidelines to ready-mixed concrete plants to 
manufacture CLSM and help develop mixture proportions for production of 
Illinois coal ash CLSM meeting the Illinois Department of Transportation or 
equivalent local specifications. 

(3) Provide information on performance of flowable CLSM and leaching 
characteristics following the Illinois Environmental Protection Agency 
(IEPA) rules and requirements (IEPA Act Section 3.94(2)). 

 
In order to implement these goals, this project was divided into a series of laboratory and 
field tasks.  The three sources of ash were characterized for the physical and chemical 
properties.  Then a series of laboratory mixtures were conducted to determine the 
behavior of the three sources in CLSM.  The laboratory mixtures used 25%, 50%, 75%, 
and 100% fly ash (fly ash content expressed as a percentage of the total fly ash plus fine 
aggregate content of the CLSM mixture).  A typical IDOT specified CLSM mixture was 
also batched in the laboratory for each source of ash.  Once the performance was 
established, three series of pilot-scale production of CLSM mixtures were conducted at 
ready-mixed concrete plants in Chicago, Springfield, and Collinsville. 
 
The purpose of the pilot-scale production was to familiarize the producers with the 
handling of Illinois coal ash for CLSM and to obtain test data from these production 
mixtures.  The facilities of Ozinga Chicago RMC, Chicago, IL; Henry Nelch & Son, Inc., 
Springfield, IL; and Ready-Mix Service, Inc., Collinsville, IL, were used for the pilot-
scale production.  Pilot-scale mixtures were selected based upon the test results of the 
laboratory mixtures produced for each source of ash.  Two mixtures were manufactured 
in Chicago, two mixtures were manufactured in Springfield, and three mixtures were 
manufactured in Collinsville.  These pilot-scale mixtures were tested for rheological 
properties (flow, density, air content, CLSM temperature, setting and hardening, and 
initial bleedwater), as well as hardened CLSM properties of compressive strength and 
water permeability.  
 
Test data was reviewed for the laboratory and pilot-scale field production testing and then 
a mixture was selected for demonstration at the technology transfer seminars in Chicago, 
Springfield, and Collinsville, Illinois.  The locations of the seminars were selected in 
consultation with the ICCI Project Manager.  The technology transfer seminar and field 
demonstration conducted in Chicago was held in cooperation with Ozinga Chicago RMC, 
Chicago, and the Central Illinois Light Company (CILCO), Peoria, IL.  The technology 
transfer seminar and field demonstration conducted in Springfield was conducted in 
cooperation with Dynegy Midwest Generation, Decatur, ISG Resources, and Henry Nelch 
& Son Co., Springfield, Illinois.  The technology transfer seminar and field demonstration 



  
 

conducted in Collinsville was held in cooperation with Ameren, St. Louis, Missouri, 
Dynegy Midwest Generation, Inc., Decatur, Illinois, Mineral Resource Technologies, Inc., 
The Woodlands, Texas; and Ready-Mix Service, Inc., Collinsville, Illinois.   
 
As a part of these technology transfer seminars, handout materials were developed for 
CLSM, which included construction methods and technologies, for commercial and 
government use.  In conjunction with each of the field demonstrations, a workshop was 
held to introduce engineers, area contractors, ready-mixed concrete suppliers, 
environmental agencies, local and state government personnel, and other potential users 
to the benefits of using CLSM using Illinois coal ash. 
 
One technology transfer seminar was conducted without a construction demonstration.  
This seminar was similar to the seminars that included the construction demonstration, 
but used video presentations in lieu of the live demonstration of CLSM placement.  The 
video presentations demonstrated various applications of flowable CLSM.  The seminar 
site, selected in consultation with the ICCI Project Manager, was Marion, Illinois.  The 
technology transfer seminar conducted in Marion was held in cooperation with Dynegy 
Midwest Generation, Decatur, IL.     
 
A total of 121 people registered for the technology transfer seminars conducted in Illinois 
for this project.  Registrants represented 18 consultants, six contractors, 31 materials 
suppliers, 18 from government agencies, 29 from education, and 19 from industry.  Based 
upon the testing and technology transfer activities conducted for this project, any of the 
three sources of Illinois coal ash may be used for CLSM applications.  As shown by the 
test results of the project, properties of a given type of CLSM can significantly change 
when a different source of ash is used.  Therefore, when a new source of coal ash is used, 
or a different type of fine aggregate is used, a preliminary mixture should be 
manufactured and tested to verify that the performance characteristics will meet the 
proposed construction requirements. 
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OBJECTIVES 
 
Approximately 5.5 million tons of coal combustion products are generated each year from 
the combustion of Illinois coal.  A significant majority of these 5.5 million tons of Illinois 
coal combustion products are landfilled and/or ponded near the plant.  The overall 
utilization rate in the USA for all coal ashes was approximately 30% in 2000 (i.e., about 
30 million tons).  Illinois coal, when it is burned in conventional boilers, produces Class 
F, low-lime, fly ash.  An application that would consume large quantities of underutilized 
Illinois coal ash is in flowable slurry (a.k.a. CLSM).  The objective of this proposed 
project was to promote the implementation of technology and market development for 
controlled low-strength material (CLSM) slurry, using Illinois coal ash as the main 
component, for use in Illinois, by conducting a series of technology transfer seminars and 
demonstrations within the state of Illinois.  The CLSM technology developed and 
demonstrated for this project was intended for use by contractors and especially for 
projects for the Illinois Department of Transportation (IDOT).   
 
A technology implementation model workshop was established by UWM-CBU in a 
previous project funded by ICCI (2000-2001).  In this past project, CLSM was developed 
and demonstrated at two locations in Illinois, Peoria and Rockford.  Attendance at the two 
workshops was excellent.  The City of Rockford has now started specifying and using 
CLSM on a limited basis since the June 2001 workshop in Rockford; and the City of 
Peoria is continuing to use CLSM slurry.  Therefore, additional technology development 
seminars in other parts of Illinois were specified to promote the use and advantages of 
CLSM.  For this current project, a total of four technology transfer seminars were 
conducted in Illinois.  Seminars were held in Marion, Chicago, Springfield, and 
Collinsville.  Three of the seminars included a CLSM demonstration in which the 
flowable fill manufacturing and placement were demonstrated, while the Marion seminar 
presented technical information and videos on the use of flowable fill using Illinois coal 
ash.   
 
The work for this project involved production-scale manufacturing, testing, and 
evaluation of selected CLSM mixtures using actual commercial production facilities, 
followed by technology transfer seminars and CLSM placement demonstrations.  This 
technology promotion/implementation project was intended to increase utilization of 
Illinois coal combustion products and thereby provide a significant benefit to Illinois coal 
users.  Use of Illinois coal ash in CLSM will provide productive use of underutilized coal 
ash in the construction industry in Illinois.  Specific goals established for this project were 
as follows.  
 

(1) Conduct technology transfer seminars for Illinois coal ash use in flowable 
CLSM.  Provide practical production and construction information to 
potential users, producers, engineers, owners, power plant operators, 
government officials, and others, regarding CLSM.  Prepare information on 
various options for use, mixture proportioning, and results from previous 
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field demonstration projects in Illinois and Wisconsin; especially input and 
comments by the City of Rockford.  

(2) Provide hands-on help and guidelines to ready-mixed concrete plants to 
manufacture CLSM and help develop mixture proportions for production of 
Illinois coal ash CLSM meeting the Illinois Department of Transportation or 
equivalent local specifications. 

(3) Provide information on performance of flowable CLSM and leaching 
characteristics following the Illinois Environmental Protection Agency 
(IEPA) rules and requirements (IEPA Act Section 3.94(2)). 

 
In order to publicize the technology of manufacturing and use of CLSM using Illinois 
coal combustion products, a series of technology transfer seminars were conducted in 
Illinois.  As a part of the technology transfer seminars, specifications for adoption of 
CLSM, construction methods and technologies, for commercial and government use, 
were presented and handouts were distributed.  A CLSM placement demonstration was 
also conducted at three of the seminars, and videos were used at the fourth (Marion) 
seminar to introduce engineers, area contractors, coal ash producers, ready-mixed 
concrete suppliers, designers, local and state government personnel, and other potential 
users to the benefits of CLSM.  Handouts included information on materials, 
manufacturing, and construction technology found technically and economically 
acceptable, mixture proportioning parameters, manufacturing methods, technical data, 
field tests, evaluation of results, etc.   
 
In order to meet the project objectives and goals for production implementation and 
market development of CLSM using Illinois coal ash, activities were divided into 
separate tasks.  These tasks consisted of prototype field production, manufacturing and 
construction placement projects, and technology implementation activities.  Task I 
activities included testing of Illinois coal ash and fine aggregate characteristics for use in 
the CLSM.  Three different sources of fly ash were selected for the project, one for each 
of the three seminars that included the construction placement demonstration.  The coal 
ash was tested for both chemical and physical properties.  CLSM mixtures were also 
manufactured in the laboratory with the Illinois coal ash to determine performance 
characteristics of the CLSM prior to pilot-scale manufacturing.  Laboratory mixtures were 
tested for rheological characteristics, compressive strength, and water permeability.  All 
testing was conducted in accordance with ASTM standards.  For Task II, CLSM mixtures 
for pilot-scale production were developed and tested for various properties.  Pilot-scale 
mixtures were produced in Chicago at the facilities of Ozinga Chicago RMC; in 
Springfield at the facilitites of Henry Nelch & Son; and in Collinsville at the facilities of 
Ready-Mix Service, Inc.  These activities were the basis for establishing CLSM mixtures 
to be manufactured for construction demonstrations.  The CLSM mixtures produced were 
field tested at the manufacturing site and later at the laboratory of UWM-CBU.  Task III 
consisted of three technology transfer seminars that included a construction 
demonstration of CLSM placement.  The seminars were held to inform users of the 
results of this project and to promote marketability of Illinois coal ash in CLSM.  The 
technology transfer seminars were conducted in Chicago, Springfield, and Collinsville, 
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Illinois.  The seminar consisted of a one-day workshop explaining the manufacture and 
use of CLSM made with Illinois coal ash.  Test specimens were also cast for evaluation of 
properties of the CLSM placed for the placement demonstration.  Task IV consisted of 
the seminar conducted in Marion, Illinois that was developed without the live 
demonstration of CLSM placement, but used videos to show CLSM use.  Task V 
consisted of monthly progress reports as well as the final report of the project activities. 
   

INTRODUCTION AND BACKGROUND 
 
Introduction 
Approximately 5.5 million tons of coal combustion products are generated each year from 
the combustion of Illinois coal.  About 3.0 million tons of these combustion products are 
produced in Illinois and the remaining 2.5 million tons are generated in other states 
(including Wisconsin). A significant majority of these 5.5 million tons of Illinois coal 
combustion products are landfilled and/or ponded near the plant.  The overall utilization 
rate in the USA for all coal ashes was approximately 30% in 2000 (i.e., about 30 million 
tons).  Illinois coal, when it is burned in conventional boilers, produces Class F, low-lime, 
fly ash.  In general, the utilization rate of Class F fly ash in U.S.A. is lower relative to 
Class C, high-lime, fly ash.  This is partly due to its perceived lower quality compared to 
Class C fly ash, and greater variation in its properties, especially for the fly ash generated 
from older power plants.  Also, there is a significant lack of commercial products that use 
high-volumes of Class F fly ash.  Due to shrinking landfill space, to solve environmental 
concerns, and due to increased public awareness and debate, it has become essential to 
find practical solutions to this "ash problem". 
 
In order to expose the technology of manufacturing and use of CLSM using Illinois coal 
combustion products, field demonstrations and technology transfer workshops on CLSM 
use were conducted.  The technology implementation model workshop was already 
established by UWM-CBU in a previous project funded by ICCI (2000-2001).  In this 
past project, CLSM was developed and demonstrated at two locations in Illinois, Peoria 
and Rockford.  Attendance at the two workshops was excellent.  Since the seminar 
conducted in Rockford in 2001, the City of Rockford has now started specifying and 
using CLSM on a limited basis, and the City of Peoria is continuing to use CLSM slurry.  
Therefore, additional technology development seminars in other parts of Illinois, where 
Illinois coal is being used are required to promote the use and advantages of CLSM.  A 
total of four technology transfer seminars were conducted in Illinois.  As a part of the 
technology transfer seminars, specifications and/or handouts for adoption of CLSM 
products, construction methods and technologies, for commercial and government use, 
were developed and distributed.  These workshops introduced engineers, area contractors, 
coal ash producers, ready-mixed concrete suppliers, designers, local and state government 
personnel, and other potential users to the benefits of CLSM flowable slurry.   
 



 4 
 

Background 
A great deal of research work has been reported concerning utilizations of conventional 
coal combustion by-products [1-15]1

Naik, et. al [16-24] have discussed results of tests performed on Class F and C fly ash 
CLSM.  Based on these results it was concluded that a cement content of about 75 (±25) 
lb/yd

.  A typical and very successful high-volume 
application of coal ash is in controlled low strength materials (CLSM).  Class F and C 
coal fly ash, bottom ash, FBC bed material, and other combustion products have been 
used for CLSM [16-34].  Naik, et al. reported to ACI in 1989 (later published by ACI in 
1990) work done in the Milwaukee area since about the early 1980’s [16].  CLSM can be 
defined as a cementitious material which is in a flowable state, easy to place, and has a 
specified compressive strength of 1,500 psi or less at 28 days [16].  It is used for low-
strength, primarily non-structural, applications.  In accordance with Naik, et. al, in most 
cases, its desired strength is similar to the surrounding soil.  The main uses of this 
material are for backfilling trenches containing ducts, pipes, etc., around manholes and 
similar excavations in streets, or backfilling of foundation excavations.  It has also been 
used to backfill mine excavations, abandoned tunnels, sewers, and other underground 
facilities.  In the last five years or so, a variety of materials, including FBC materials, and 
other products have been used in making CLSM [28,32,33,34].  The use of CLSM is also 
increasing for construction of roadways, highways, and airfield pavements. 
 
This proposed project provides technology transfer activities throughout Illinois on the 
use of flowable slurry (CLSM).  The technology implementation model workshop has 
already been established by UWM-CBU in a previous project funded by ICCI (2000-
2001) [24].  For this past project, CLSM was developed and demonstrated at two 
locations in Illinois, Peoria and Rockford, using a source of a wet-collected (ponded) 
Illinois coal ash from Pekin, IL.  The flowable slurry mixtures were first developed in the 
laboratory, then taken to a local ready-mixed concrete producer for pilot-scale 
manufacture, and finally, a technology transfer workshop was held.  Strength 
development and setting and hardening properties were evaluated for a series of mixtures 
combining various combinations of sand and Illinois coal ash.  Results of this project 
proved to be very successful. 
 

3

                                                           
1See corresponding reference number in List of References. 

 is necessary to produce compressive strength between 50 and 150 psi at the age of 
28 days, in order to achieve excavatable CLSM in the future.  The flowability of CLSM 
slurry can be varied by increasing the amount of water added.  In 1991, Naik, et. al 
[18,19] reported on two different ash materials, ASTM Class F and Class C fly ash, as the 
primary material in developing self-leveling/self-consolidating concrete and flowable 
CLSM slurry mixture proportions.  Based on the information obtained as part of their 
study, it was concluded that a high-volume fly ash concrete and CLSM could be produced 
with either ASTM Class F or Class C fly ash.  An additional study on self-leveling/self-
consolidating concrete and flowable CLSM incorporating Class F fly ash was conducted 
by Naik, et. al [20].  The concrete and CLSM was found to perform well and it was 
concluded that a high-volume ASTM Class F fly ash CLSM could be successfully 
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produced and used in the construction industry.  Ramme, Naik, and Kolbeck [21] studied 
the application of high-volume fly ash CLSM for backfilling trenches and filling 
underground facilities.  The objective of the study was to expand the utilization of fly ash 
produced by Wisconsin Electric Power Co.  Initially a laboratory and later a field study 
was conducted using CLSM.  CLSM was evaluated for physical, mechanical, and 
chemical properties, electrical resistivity, polyethylene plastics compatibility, etc.  The 
results indicated that the CLSM could be successfully utilized as a backfill material for 
trenches.  Corrosion potential and the effect on polyethylene pipes were found to be 
within normally accepted limits.  CLSM was also recommended for backfilling around 
underground power lines where high thermal conductivity, high density, and low porosity 
of the CLSM material is especially desirable. 
 
Naik, et al. [22] in 1992-1994 studied the effects of incorporating fly ash as well as used 
foundry sand in CLSM.  Leaching of the CLSM materials was evaluated along with other 
physical, mechanical, and chemical properties.  Leaching analysis of CLSM made with 
one of the sources of fly ash was found to meet drinking water standards.  The chemical 
composition of the leachate was dependent on the source of the coal ash.  Adebayo [23] 
in 1994, under the supervision of Naik, studied the use of coal ash and used foundry sand 
in CLSM.  An extensive laboratory evaluation of the CLSM material was conducted 
which included compressive strength, permeability, shrinkage, chemical composition, 
settlement, setting and hardening, and chemical leachate analysis.  He found that foundry 
sand could be used in conjunction with fly ash to make CLSM.  Currently used foundry 
sand and/or coal fly ash are being specified for construction projects in Wisconsin. 
 
Krell [25] discussed using fly ash CLSM as a backfill in flowing water in Michigan, at a 
depth of about 20 feet.  Class F fly ash CLSM was placed at a relatively stiff consistency 
(slump of about 6 inches).  The mixture contained: 1800 lbs of dry Class F fly ash; 90 lbs 
of portland cement; and about 670 lbs. of water per cu. yd. of CLSM.  It was reported that 
this material was easily placed under water.  Krell also observed that this material can 
support the weight of a loaded truck after 24 hours.  He also performed tests for 
unconfined compressive strength for the CLSM containing cement, Class F fly ash, and 
water.  A value of about 100 psi was obtained at the age of 28 days.  This was better than 
any other conventional material for backfilling operations.  The modulus of rupture for 
this material was found to be almost equal to its compressive strength.  The CLSM 
material was also tested for erosion.  At present there is no standard test method for 
erosion of CLSM.  Therefore, the material was placed in a tank in which water was 
continuously poured over it.  The aim was to study how much material would be eroded 
and how it will affect the water quality.  Krell showed that CLSM performed better than 
any other conventional material.  Only clean rock fill would be better than the coal ash 
CLSM in this respect.    
 
Larsen [26] discussed various instances where the CLSM material was successfully used. 
Iowa-DOT filled two-200 gal. and one-1000 gal. abandoned fuel tanks with flowable fly 
ash CLSM.  This project was completed for only $1,140.  Removing the tanks was 
estimated to cost $8,000.  In accordance with Federal and State rules, filling in-place 
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tanks with inert solid material is an alternative to tank removal.  For Illinois this remains 
a significant market for CLSM.  Several counties in Iowa placed culverts on CLSM 
bedding [26].  This  prevented water from getting to the bottom of the culvert pipe and/or 
the bedding, and eroding the pipe support.  Excavations necessary for placing pipe lines 
were made smaller when flowable fly ash CLSM was to be used as a backfill.  This is 
because it is self-compacting. CLSM was also used for erosion prevention.  A V-shaped 
drainage ditch for a parking lot in Iowa was lined with rip rap and loose rock.  But due to 
a high-volume of storm water run-off, the material in the rip rap was washed away.  
When this was rebuilt, the ditch was relined with rip rap.  Then fly ash CLSM slurry was 
placed through the rip rap and in the offset parking area to a depth of 4 inches.  The 
CLSM was also placed over the rip rap as a capping material.  The overall performance of 
the CLSM was considered very satisfactory and cost-effective.  Voids were created under 
a bridge pier in St. Paul, Minnesota, and erosion was caused by wash-outs.   A four-inch 
pipe was positioned down each pier to the bottom of the bridge pier footing.  Rip rap was 
placed into the void around the pipe.  Flowable fly ash CLSM slurry was then pumped 
into the void and through the rip rap until it came out into the current.  Subsequent 
sounding test showed that the support for these footings remained very solid.  
 
Edil, et. al [27] studied the feasibility of using pozzolanic fly ash, either by itself or mixed 
with sand, as a construction material for waste containment liners and impermeable 
covers.  They noted that the liners can be constructed from pozzolanic ash with or without 
sand mixtures to meet the usual requirement for the permeability of 10-7 cm/s or less for 
liners.  They also investigated the effects of long-term permeation of inorganic leachate 
solutions on performance of such liner materials.  Comparing leachates from specimens 
with two different permeabilities showed that calcium and sulfur concentrations were 
lower when permeability was lower.  Sodium, chloride, boron, cadmium, and ph data 
showed no significant changes, and, zinc concentrations were higher with lower 
permeabilities.  It was, therefore, concluded that to have a low-permeability coal ash liner 
material, with low-level of leachates, major variables were compaction effort and 
moisture content affecting the permeability of the fly ash liner material and the type and 
percentage of fly ash used. 
 
In the last three years, Naik, et. al [28-35] has continued to demonstrate the feasibility of 
using by-product materials in CLSM.  CLSM has been developed using fluidized bed 
boiler ash [28], used foundry sand [29, 30], excavated soil [33], wood ash [34], and high-
carbon ash [35].  These CLSM materials developed meet performance requirements such 
as excavatability, cohesiveness, permeability, and environmental considerations.  A very 
important conclusion of these reported projects [28-35] was that coal ash was necessary 
in CLSM when other recyclable materials were used.  State-of-the-art reports presented 
by Naik and Ramme [31, 32] emphasize the use of coal ash and other by-products not 
meeting ASTM C 618 or other standards for fly ash that can still be used for CLSM 
applications. 
 

EXPERIMENTAL PROCEDURES 
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Materials 
Type I portland cement (ASTM C 150) was used in this work.  Three sources of fly ash 
obtained from the combustion of Illinois coal were used for this project.  Four types of 
fine aggregate were used for this project.  Each fine aggregate was a natural sand obtained 
locally (from Wisconsin for the laboratory mixtures, from Chicago for the pilot-scale and 
final demonstration CLSM mixtures in Chicago, from Springfield for mixtures produced 
in Springfield, and from Collinsville for mixtures produced in Collinsville, IL).  Each 
source of fine aggregate had a 1/4-in. (6.35) mm nominal maximum size. 
 
Material Characterization 
Materials used for producing flowable slurry (CLSM) used for this project were tested in 
accordance with standard ASTM test methods.  ASTM test procedures for fly ash and 
cement are given in Reference 36.  ASTM test procedures for fine aggregate are given in 
Reference 37.  The Illinois coal fly ash was tested per ASTM C 618 for chemical 
properties including oxides, elements, mineralogy, and the following physical properties: 
fineness (ASTM C 430), strength activity index with cement (ASTM C 109), water 
requirement (ASTM C 109), autoclave expansion (ASTM C 151), and specific gravity 
(ASTM C 188).  Particle size distribution of the coal ash was determined using a 
modified procedure of ASTM D 422 using a lightweight dispersion fluid.  A scanning 
electron microscope was used to evaluate the microstructure of the ash sources used for 
this project.  Fine aggregates were tested per ASTM C 33 requirements for the following 
physical properties:  unit weight (ASTM C 29), specific gravity and absorption (ASTM C 
128), fineness (ASTM C 136), and material finer than #200 sieve (ASTM C 117).  The 
Illinois Environmental Protection Agency specifies ASTM C 3987 for testing of the 
materials.  Leachate was then analyzed for the metals identified in IEPA Section 620.410 
for Class I groundwater standards. 
 
Manufacturing of Laboratory Mixtures 
Prior to prototype manufacturing, laboratory mixtures were prepared to establish 
preliminary mixture proportions and to determine performance of the mixtures prior to 
introducing the ready-mixed concrete manufacturer to CLSM manufacturing technology 
using Illinois coal ash.  Similar laboratory mixture procedures were followed as those 
outlined in ACI 229 for mixing CLSM in a ready-mixed concrete truck.  First, 
approximately 70 to 80 percent of the water required was added to the mixer.  
Subsequently, approximately half of the fine aggregate was added to the mixer, mixed for 
one minute, then all of the cement and half of the ash was added to the mixer, again 
mixed for one minute, then the remaining ash was added.  Finally, with continued mixing, 
the remaining fine aggregate with the remaining water was added.  If during the mixing 
process, the mixture appeared to be dry, more water was added.  After all materials were 
added, the mixture was mixed for a minimum of three additional minutes.  
 
Manufacturing of CLSM Mixtures for Pilot-Scale Production and Manufacturing 
Placement Demonstration 
The production facilities of Ozinga Chicago RMC, Chicago; Henry Nelch & Son, Inc., 
Springfield; and Ready-Mix Service, Collinsville, were used for the pilot-scale 
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production and the construction placement demonstration.  The recommendations of ACI 
229 for mixing of CLSM were modified for this project since the volume of CLSM 
produced for each mixture was typically less than five cubic yards.  Since the type of fly 
ashes used for this project were not used for everyday production by the producers, the 
ash was not loaded into a silo, but rather batched by hand into a ready-mixed concrete 
truck.  Ash and cement were weighed and then manually loaded directly into the ready-
mixed concrete truck.  The truck was then moved to the main loading hopper where the 
remaining sand and water were added.  The materials were then mixed for five minutes in 
the truck at mixing speed.  Additional water was added in the mixture as needed for 
achieving the desired level of workability (flow).  Whenever any additional water was 
added, the CLSM mixture was mixed at a high mixing speed for an additional minimum 
three minutes.    Samples of the CLSM were then taken for fresh CLSM properties and 
preparation of test specimens. 
 
Testing and Specimen Preparation 
Fresh CLSM properties such as air content (ASTM D 6023), flow (ASTM D 6103), unit 
weight (ASTM D 6023), and temperature (ASTM C 1064) were measured and recorded.  
Air temperature was also measured and recorded.  Standard ASTM test procedures for 
fresh CLSM properties were followed for these tests [37].  The amount of bleedwater and 
the level of the solids (settlement) in the 6x12-inch cylinders were also recorded. 

 
Test specimens were prepared for each CLSM mixture for compressive strength and 
water permeability testing.  All test specimens were cast in accordance with ASTM D 
4832.  These specimens were typically initially cured for seven days in their molds at 
approximately 75° ± 15 °F at the manufacturing facilities in Chicago, Springfield, and 
Collinsville, IL.  They were then brought to the lab for further testing.  For continued 
curing, these specimens typically remained in their molds for mixtures containing less 
than 50% ash, and removed from the molds for other mixtures and placed in a standard 
moist-curing room, maintained at 100% R.H. and 74 ± 3° F, starting at the age of 
approximately seven days. 
 
Setting and hardening of CLSM was measured following the State of Illinois Department 
of Transportation  (IDOT) specifications.  IDOT specifies the use of a dynamic cone 
penetrometer (DCP) following Illinois Test Procedure 401.  The DCP consists of a 17.6 
lb hammer dropped 22.6 inches, which drives a conical end into the CLSM.  The total 
number of blows are recorded for each 6-inch depth.  This is then converted to an 
equivalent number of blows per inch.  For laboratory mixtures, the DCP test was 
evaluated for 6x12-inch CLSM cylinders that were kept in the mold during the test to 
simulate confining pressure from surrounding CLSM that might be placed at a 
construction site.  
 
Properties of hardened CLSM mixtures were evaluated as a function of age.  
Compressive strength (ASTM D 4832) and water permeability tests (ASTM D 5080) 
using the falling head, constant tailwater pressure method, were conducted.   
 



 9 
 

RESULTS AND DISCUSSION  
 
The results of this project are presented below corresponding to each project task: Task I: 
Material Characterization for CLSM Mixtures, Task II: Pilot-Scale Production of CLSM 
for Construction Demonstration, Task III: CLSM Technology Transfer Seminars with 
Construction Demonstration, Task IV: CLSM Technology Transfer Seminars without 
CLSM Construction, and Task V: Reports.  
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Task I: Material Selection, Characterization and Mixture Proportion Verification 
Materials utilized for manufacturing CLSM were tested and evaluated for physical, 
mechanical, and chemical characteristics.  Testing work was carried out using standard 
ASTM test methods.  Three different sources of Illinois coal ash: Ash Source 1 (dry 
collected fly ash from the Vermillion power plant, Dynegy Midwest Generation), Ash 
Source 2 (dry collected fly ash from the E.D. Edwards power plant, Central Illinois 
Light Company (CILCO)), and Ash Source 3 (dry collected fly ash from the Coffeen 
power plant, Ameren Corporation) were used.  Characteristics evaluated for Illinois coal 
ash included: particle size distribution, strength development with cement, oxides, 
mineralogy, and leachate analysis (Tables 1 to 5).  These properties were used in 
determining CLSM mixture proportions developed for this project.  Table 1 shows the 
particle size distribution of the ash sources.  Ash Source 1 met ASTM C 618 
requirements for physical and chemical requirements of a Class F fly ash with the 
exception of the available alkali content.  However, this requirement is an optional 
requirement specified by ASTM C 618 and is required where a reaction may occur with 
certain types of silaceaous aggregates (alkali-silica reaction).  Similarly, Ash Source 2 
also met ASTM requirements with the exception of the available alkali.  Ash Source 3 
met requirements of ASTM with the exception of the chemical requirements of Sodium 
oxide content, loss on ignition, sum of the SiO2, Al 2O3, and Fe2O3 oxides, and available 
alkali.  The Illinois Environmental Protection Agency (IEPA) specifies certain restrictions 
for use of coal combustion products in structural fill to produce CLSM.  The Illinois 
Environmental Protection Act, Section 3.94 specifies that, when used in CLSM, the 
material must be covered by 12 inches of soil unless infiltration is prevented by the 
CLSM itself or another cover material.  Section 3.94 also specifies that the coal 
combustion product must meet the limits established for Class I Groundwater Standards 
for metals.  Table 5 shows a comparison of the test results of the ash sources used for this 
project and the Class I groundwater limits established by the IEPA in Section 620.410 for 
metals.  Test results of the three sources of ash used for this project met the limits 
identified in Section 620.410 for metals, except of the Chromium content of Ash Source 
1 and Ash Source 3.  Scanning Electron micrographs are shown in Figs. 1 to 6.  As the 
micrographs show, Ash Sources 1 and 3 are consisting of small spherical particles, with 
Ash Source 3 containing some larger sized spherical particles.  Ash Source 2 also consists 
of spherical particles, but some irregularly shaped particles are also present.  The particle 
size present in Ash Source 2 was smaller than the other two sources.  The water 
requirement of Ash Source 2 was higher than Ash Source 1, but less than Ash Source 3, 
which had the larger sized particles.  This indicates that the water requirement was 
affected more by the particle size, than the shape of the particles. 
 
Four different sources of fine aggregates were used for the project (Tables 6 to 8).  
Laboratory mixtures used fine aggregate meeting ASTM C 33 requirements, while a local 
source of fine aggregate was used at the manufacturing facilities in Chicago, Springfield, 
and Collinsville.  Fine aggregate used for pilot-scale manufacturing and the construction 
placement demonstration also met ASTM C 33 requirements.  All laboratory, pilot-scale, 
and demonstration mixtures used Type I cement meeting the requirements of ASTM C 
150.   
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Table 1: Particle Size Distribution of Ash (Modified ASTM D 422) 

Particle Size 
% Finer 

Ash Source 
1 

Ash Source 
2 

Ash Source 
3 

150 μm 40.0 36.3 36.9 
100 μm 38.4 36.3 36.9 
50 μm 34.8 35.4 35.3 
25 μm 27.2 28.7 27.1 
10 μm 16.6 15.1 13.1 
5 μm 6.4 4.4 4.0 

 
Table 2: Physical Properties of Ash Physical Properties of Ash 

 
Analysis Parameter 

Material ASTM C 618 Requirements 
Ash Source 

 1 
Ash Source 

 2 
Ash Source  

3 
 

Class N 
 
Class C 

 
Class F 

Moisture Content, 
(%) 

0.07 0.02 0.07 3.0 max. 3.0 
max. 3.0 max. 

Unit Weight, 
(lb/ft3 66.5 

) 
64.0 63.4 -- -- -- 

Voids, (%) 54.7 57.1 55.6 -- -- -- 
 

Retained on No. 
325 Sieve (%) 

20.7 13.7 21.0 
 

-- 
 
34 max. 

 
34 max. 

 
Strength Activity 

Index with Cement 
(% of Control) 

3-day 
7-day 

14-day 
28-day 

86.3 
87.1 
88.6 
96.5 

84.3 
89.8 
92.6 
92.9 

75.7 
84.0 
73.8 
76.9 

 
 
 

-- 
75 min. 

-- 
75 min. 

 
 
 

-- 
75 min. 

-- 
75 min. 

 
 
 

-- 
75 min. 

-- 
75 min. 

 
Water 

Requirement,  
(% of Control) 

87.2 91 105 115 max. 105 
max. 105 max. 

Strength Activity 
Index with Lime* 

(psi) 
715 315 225 800* 800* -- 

 
Autoclave 
Expansion,  

(%) 
-- -- -- 0.8 max. 0.8 

max. 0.8 max. 

 
Density 2.35 2.39 2.29 -- -- -- 

    * Not part of current ASTM C 618 Specification. 
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Table 3: Chemical Analysis of Ash  
Chemical Composition Ash 

Source 1, 
% 

Ash 
Source 2, 

% 

Ash Source 
3,  
% 

ASTM C 618 Limits, % 

    Class N Class C Class F 

Silicon Dioxide, SiO 49.2 2 55.8 44.9 - - - 

Aluminum Oxide, Al2O 22.5 3 20.4 17.1 - - - 

Iron Oxide, Fe2O 15.7 3 11.4 7.2 - - - 

Total, SiO2 + Al2O3 + 
Fe2O 86.4 

3 
87.6 69.2 70.0 min. 50.0 min. 70.0 min. 

Sulfur Trioxide, SO 0.7 3 0.7 1.5 5.0 max. 5.0 max. 5.0 max 

Calcium Oxide, CaO 6.1 3.0 8.4 - - - 

Magnesium Oxide, MgO 0.9 1.2 2.2 - - - 

Titanium Dioxide, TiO 1.1 2 1.1 1.2 - - - 

Potassium Oxide, Ka2 2.1 O 2.6 2.7 - - - 

Sodium Oxide, Na2 0.0 O 0.7 2.0 1.5 max. 1.5 max. 1.5 max. 

Loss on Ignition 1.8 3.5 12.4 10.0 max.* 6.0 max.* 6.0 max.* 

Available Alkali 
(equivalent % of Na2

2.3 
O) 

1.9 2.8 1.5 max.** 1.5 max.** 1.5 max.** 

 
*  Under certain circumstances, up to 12.0% max. LOI may be allowed. 

                                     ** Optional.  Required for ASR Minimization. 
 

Table 4: Mineralogy of Ash 

Compound Ash Source 1, 
% 

Ash Source 2, 
% 

Ash Source 3, 
% 

Aluminocoplapite,  Al2O 16.0 3 -- -- 

Gypsum, CaSO4 •2H2 -- O -- 3.4 

Hematite, Fe2O 2.7 3 2.7 1.8 

Magnetite, Fe3O 5.3 4 2.8 -- 

Mullite, Al6SiO2O 8.3 13 9.7 12.8 

Quartz, SiO 5.5 2 8.8 0.7 

Amorphous 
(Non-Diffracting) 78.0 76.0 81.3 
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Table 5: Leachate Concentration of Metals for Fly Ash 

Metals 

Leachate Concentration, mg/L 

Ash Source 1 Ash Source 2 Ash Source 3 
IEPA Class I 

Groundwater Limits 
for Metals 

Barium 1.1 0.26 0.61 2 

Beryllium <0.00061 <0.00061 <0.00061 0.004 

Cadmium <0.00053 <0.00053 <0.00053 0.005 

Chromium 0.12 0.095 0.14 0.1 

Cobalt <0.00090 <0.0009 <0.0009 1 

Copper 0.0071 <0.0009 <0.0009 0.65 

Iron <0.019 <0.019 <0.019 5 

Lead 0.0042 <0.0013 0.0016 0.0075 

Manganese <0.00032 <0.00032 <0.00032 0.15 

Mercury <0.0003 <0.0003 <0.0003 0.002 

Nickel <0.0012 <0.0012 <0.0012 0.1 

Silver <0.0011 <0.0011 <0.0011 0.05 

Zinc 0.014 <0.0025 <0.0025 5 

 
 

 

                       
 
 Figure 1: Ash Source 1,     Figure 2:  Ash Source 1,  
 500X Magnification      1000X Magnification   
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 Figure 3: Ash Source 2,     Figure 4:  Ash Source 2,  
   500X Magnification      1000X Magnification   

 

                           
 

 Figure 5: Ash Source 3,     Figure 6:  Ash Source 3,  
 500X Magnification           1000X Magnification 
 
  Table 6: Sieve Analysis of Fine Aggregate (ASTM C 136) 

Sieve Analysis 

 
Sieve Size 

% Passing 

Fine 
Aggregate  

(Lab 
Mixtures) 

Fine 
Aggregate 
(Chicago 
Mixtures) 

Fine 
Aggregate 

(Springfield 
Mixtures) 

Fine 
Aggregate 

(Collinsville 
Mixtures) 

ASTM C 33 % 
Passing for 

Fine Aggregate 

3/8" (9.5 mm) 100 100 100 100 100 

#4 (4.75 mm) 99.1 99.5 99.4 99.0 95-100 
#8 (2.36 mm) 86.1 83.3 87.5 96.0 80-100 

#16 (1.18 mm) 72.2 59.3 68.1 87.0 50-85 
#30 (600 μm) 51.4 36.7 47.5 61.2 25-60 
#50 (300 μm) 16.3 21.1 23.3 13.8 5-30 

#100 (150 μm) 4.0 2.7 3.4 0.0 0-10 
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Table 7: Unit Weight and Voids for Fine Aggregates (ASTM C 29) 

Source Unit Weight (lbs/ft3 Voids  (%) ) 

Fine Aggregate 
(Laboratory Mixtures) 106.8 35.5 

Fine Aggregate 
(Chicago Mixtures) 107.7 33.9 

Fine Aggregate 
(Springfield Mixtures) 110.1 32.7 

Fine Aggregate 
(Collinsville Mixtures) 105.9 35.5 

 
Table 8: Specific Gravity for Fine Aggregates (ASTM C 127) 

Fine Aggregate 
Source 

Bulk Specific 
Gravity 

Bulk Specific 
Gravity 

(SSD Basis) 

Apparent 
Specific Gravity 

Fine Aggregate (Laboratory 
Mixtures) 

2.66 2.68 2.73 

Fine Aggregate (Chicago 
Mixtures) 2.61 2.65 2.71 

Fine Aggregate 
(Springfield Mixtures) 2.62 2.63 2.64 

Fine Aggregate 
(Collinsville Mixtures) 2.63 2.64 2.65 

 
 
In order to establish performance characteristics of the CLSM mixtures prior to 
prototype-scale production, laboratory mixtures were produced.  Three series of 
laboratory mixtures, one for each source of ash, were produced.  Each laboratory series 
consisted of five CLSM mixtures.  Fly ash content of the mixtures, expressed as a 
percentage of the total ash and fine aggregate content, were 25%, 50%, 75%, 100%, and a 
mixture specified by the Illinois Department of Transportation (approximately 4%).   
 
Results of the laboratory CLSM mixtures for Ash Source 1 are shown in Table 9.  
Cement content of the mixtures varied from 40 to 46 lb/yd3 for the test mixtures and 53 
lb/yd3 for the IDOT specified mixture containing Ash Source 1.  Flow of the laboratory 
mixtures was 11-3/4 ± ½ inch.  The dynamic cone penetrometer readings were less than 
0.85 inches per blow at the age of three days.  Compressive strength for all mixtures was 
tested at the ages of 3, 7, 28, 56, 91, and 182 days (if available) (Table 9).  CLSM 
mixtures incorporating Ash Source 1 achieved compressive strengths at the age of 91 
days that varied from 520 psi at 91 days for the mixture containing 25 % ash to 190 psi 
for the 100% ash mixture.  The IDOT specified mixture developed a compressive 
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strength of 75 psi at the age of 91 days.  IDOT specifies the following performance for 
CLSM mixtures: flow of greater than or equal to 7 inches, air content 0 to 25%, dynamic 
cone penetrometer at the age of 3 days of less than or equal to 1.5 inch/blow, and 
compressive strength at the age of 28 and 180 days of greater than or equal to 30 psi  and 
less than or equal to 125 psi.  The test mixtures met all requirements with the exception 
of compressive strength which exceeded the maximum specified by IDOT.  In order to 
determine the extent of the compressive strength contribution by the fly ash, the cement 
content was reduced to approximately 20 lb/yd3

Mixture Number 

 for the mixtures containing 25% and 50% 
Ash Source 1 (Table 10).  Although setting was delayed for the mixtures when compared 
to the CLSM mixtures containing a higher amount of cement, setting still met the IDOT 
requirement.  Compressive strength of the mixtures at the age of 28 days for the mixtures 
containing 25% and 50% Ash Source 1 was 100 psi and 170 psi, respectively.  However, 
the increase in CLSM compressive strength as the ash content was increased, would 
indicate that the fly ash is reactive.  If the CLSM is to be excavated in the future, the 
amount of Ash Source 1 should be limited in CLSM mixtures.   
 

Table 9: Flowable Slurry Laboratory Mixture Proportions, Ash Source 1 
 

V6 V7 V8 V9 V10 

Fly Ash Content,  (%) 
                   (Fly Ash)              .  
       (Fly Ash +Fine Aggregate) 

25 50 73 100 IDOT 
MIXTURE  

Cement, (lb/yd3 40 ) 42 40 46 53 

Fly Ash, Dry Wt., (lb/yd3 790 ) 1435 1830 2180 130 
Fine Aggregate, Dry Wt.  

(lb/yd3 2370 ) 1435 660 0 2895 

Water, W (lb/yd3 455 ) 540 655 735 450 
Flow (in.) 12-1/8 11-1/4 12 12-1/4 11-1/4 

Air Content  (%) 0.4 0.5 0.5 0.3 0.5 
Air Temperature (°F) 64 60 64 63 64 

Flowable Slurry Temperature 
(°F) 66 63 65 63 60 

Fresh Flowable Slurry Density 
(lb/ft3 135.4 ) 128.0 117.8 109.8 131.1 

Initial Bleedwater (at one hr) 
(in.) 1/8 1/8 1/16 0  1/4 

Compressive 
Strength, psi 

3-days 40 40 20 10 5 
7-days 110 75 205 60 10 

28-days 260 -- 200 130 30 
56-days 415 225 220 205 45 
91-days 520 430 235 190 75 

182-days -- -- -- -- -- 
Dynamic Cone 
Penetrometer, 

in./blow 

1-day > 6 0.6 >6 >6 0.6 
2-days 0.3 0.3 -- 4 -- 
3-days 0.1 0.1 0.3 0.85 0.3 

Water 
Permeability, 56-days 3.29 x 

10
1.75 x 
10-4 

2.05 x 
10-5 

1.09 x 
10-5 5.87 x 10-4 

-5 
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cm/sec 91-days 1.39 x 
10

2.83 x 
10-4 

31.7 x 
10-5 

2.47 x 
10-5 5.63 x 10-4 

-5 

 
Table 10: Flowable Slurry Laboratory Mixture Proportions, Ash Source 1 – Additional 

Laboratory Mixtures 
 

Mixture Number V6A V7A 

Fly Ash Content,  (%) 
                (Fly Ash)              
(Fly Ash +Fine Aggregate) 

25 50 

Cement, (lb/yd3 20 ) 20 

Fly Ash, Dry Wt., (lb/yd3 815 ) 1460 
Fine Aggregate, Dry Wt.  

(lb/yd3 2430 ) 1460 

Water, W (lb/yd3 425 ) 525 
Flow (in.) 11-1/4 12 

Air Content  (%) 0.6 0.2 
Air Temperature (°F) 66 62 

Flowable Slurry 
Temperature (°F) 66 68 

Fresh Flowable Slurry 
Density (lb/ft3 136.6 ) 128.9 

Initial Bleedwater (at one 
hr) (in.) 1/16 0 

Compressive 
Strength, psi 

3-days 10 15 
28-days 100 170 

Dynamic 
Cone 

Penetrometer, 
in./blow 

1-day 6 0.9 
2-days 6 -- 

3-days 1.5 0.3 

 
 
 
CLSM mixtures produced in the laboratory using Ash Source 2 are shown in Table 11.  
Cement content of the mixtures varied from 30 to 90 lb/yd3 for the test mixtures and 50 
lb/yd3 for the IDOT specified mixture containing Ash Source 2.  Flow of the laboratory 
mixtures was 11-3/4 ± 1 inch.  The dynamic cone penetrometer readings of the CLSM 
were less than 1.75 inches per blow at the age of 3 days.  At the age of 91 days, 
compressive strength of the CLSM mixtures incorporating Ash Source 2 varied from 60 
psi for the IDOT specified mixture to 210 psi for the mixture containing 75% ash.  
Compressive strength of the mixtures containing 50% and 75% Ash Source 2 exceeded 
the IDOT specified compressive strength limit, indicating that the cement content of these 
mixtures can be reduced.  Setting of the CLSM mixtures containing Ash Source 2 met the 
IDOT requirement of 1.5 inches per blow at the age of 3 days, with the exception of the 
mixture containing 100% ash.  This requirement can be met if the water (and flow) is 
reduced. 
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Table 11: Flowable Slurry Laboratory Mixture Proportions, Ash Source 2 
 

Mixture Number 7 8A 9 10 11A 

Fly Ash Content,  (%) 
                    (Fly Ash)              .  
       (Fly Ash +Fine Aggregate) 

25 50 75 100 IDOT 
MIXTURE  

Cement, (lb/yd3 30 ) 50 90 60 50 

Fly Ash, Dry Wt., (lb/yd3 780 ) 1330 1650 1915 125 
Fine Aggregate, Dry Wt.  

(lb/yd3 2355 ) 1330 545 0 2845 

Water, W (lb/yd3 478 ) 645 740 850 515 
Flow (in.) 11-1/4 12-3/4 12-3/4 11-1/8 10-3/4 

Air Content  (%) 0.2 0.3 0.3 0.2 0.3 
Air Temperature (°F) 60 66 64 65 64 

Flowable Slurry Temperature 
(°F) 60 66 67 68 65 

Fresh Flowable Slurry Density 
(lb/ft3 134.8 ) 122.3 112.2 104.6 131.0 

Initial Bleedwater (at one hr) 
(in.) 1/8 1/16 1/32 0 ¼ 

Compressive 
Strength, psi 

3-days 30 25 35 10 10 
7-days 65 90 80 30 -- 

28-days 90 150 160 115 40 
56-days -- 175 180 115 -- 
91-days 85 200 210 100 60 

182-days 80     
Dynamic Cone 
Penetrometer, 

in./blow 

1-day 6 4.5 8 9 0.7 
2-days 0.5 -- 0.9 6.5 0.3 
3-days 0.1 0.4 0.2 1.75 0.2 

Water 
Permeability, 

cm/sec 

56-days 54 x 10 0.98 x 
10

-4 -- -4 
0.43 x 
10 265 x 10-4 

-4 

91-days 45.6 x 
10

0.36x 
10-4 

9.66 x 
10-4 

0.37 x 
10-4 1.87 x 10-4 

-4 

182-days 5.46 x 
10 -- -4 -- -- -- 

 
 
 
Laboratory CLSM mixtures using Ash Source 3 are shown in Table 12.  Cement content 
of the mixtures varied from 35 to 60 lb/yd3 for the test mixtures and 45 lb/yd3 for the 
IDOT specified mixture.  Flow of the laboratory mixtures was 11-3/4 ± 1/4 inch.  The 
dynamic cone penetration of the mixtures met the IDOT requirement of 1.5 inches per 
blow at the age of 3 days.  Although the compressive strength of all mixtures met the 
IDOT requirements, at the age of 28 days, compressive strength of the CLSM mixtures 
incorporating 50%, 75% and 100% Ash Source 3, at the age of 91 days were 135 psi, 150 
psi, and 150 psi respectively, which exceeded the maximum IDOT specified limit of 125 
psi.  Setting of the CLSM mixtures containing Ash Source 3 met the IDOT requirement 
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of 1.5 inches per blow at the age of 3 days.  This indicates that the amount of cement may 
be slightly reduced for the mixtures containing 50% or more of Ash Source 3.   

Table 12: Flowable Slurry Laboratory Mixture Proportions, Ash Source 3 
Mixture Number C6 C7 C8 C9 C10 

Fly Ash Content,  (%) 
                   (Fly Ash)              .  
      (Fly Ash +Fine Aggregate) 

25 50 75 100 IDOT 
MIXTURE  

Cement, (lb/yd3 35 ) 50 55 60 45 

Fly Ash, Dry Wt., (lb/yd3 720 ) 1280 1630 1875 100 
Fine Aggregate, Dry Wt.  

(lb/yd3 2155 ) 1280 545 0 2685 

Water, W (lb/yd3 562 ) 636 727 810 625 
Flow (in.) 11-1/2 11-1/2 11 11-1/8 12 

Air Content  (%) 1.0 1.5 2.3 2.4 0.2 
Air Temperature (°F) 64 65 67 65 64 

Flowable Slurry Temperature 
(°F) 62 64 71 73 57 

Fresh Flowable Slurry Density 
(lb/ft3 128.4 ) 120.3 109.8 101.6 127.8 

Initial Bleedwater (at one hr) 
(in.) 1/8 0 1/32 0 ½ 

Compressive 
Strength, psi 

3-days 15 15 15 30 5 
7-days 30 35 40 40 10 

28-days 45 65 90 55 20 
56-days 40 85 125 125 30 
91-days 65 135 150 150 45 

182-days -- -- -- -- -- 
Dynamic Cone 
Penetrometer, 

in./blow 

1-day 7 1.7 -- 1.2 0.75 
2-days 0.5 0.5 1.5 0.5 0.5 
3-days 0.3 0.3 0.7 0.3 0.4 

Water 
Permeability, 

cm/sec 

56-days 128.4 x 
10

191.5 x 
10-4 

730. x 
10-4 

218.6 x 
10-4 4.00 x 10-4 

-4 

91-days 1.97 x 
10

5.57 x 
10-4 

2.05 x 
10-4 

2.31 x 
10-4 0.25 x 10-4 

-4 
 

 
Task II : Pilot-Scale Manufacturing/Testing and Evaluation 
Three series of pilot-scale production of CLSM mixtures were conducted.  The purpose 
of the pilot-scale production was to familiarize the producers with the handling of Illinois 
coal ash for CLSM and to obtain test data from these production mixtures.  The facilities 
of Ozinga Chicago RMC, Chicago, IL; Henry Nelch & Son, Inc., Springfield, IL; and 
Ready-Mix Service, Inc., Collinsville, IL, were used for the pilot-scale production.  Pilot-
scale mixtures were selected based upon the test results of the laboratory mixtures 
produced for each source of ash.  Pilot-scale mixtures were tested for rheological 
properties of density, air content, CLSM temperature, and initial bleedwater, as well as 
the hardened CLSM properties of compressive strength and water permeability.  This 
additional test protocol was performed to obtain detailed performance data prior to 
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selecting the mixture to be used for the construction placement demonstration and for 
additional test data for the technology transfer seminar.   
 
Production at Henry Nelch & Son, Inc., Springfield, IL, consisted of two CLSM mixtures 
using a combination of Illinois coal ash and fine aggregate.  Ash Source 1 was used for 
these mixtures.  The two pilot-scale production mixtures consisted of Mixtures V11 and 
V12, containing 10% and 20% fly ash, respectively (Table 13).  The percentage of fly ash 
was based upon the total ash plus fine aggregate content by weight.  Based on the test 
results of the laboratory mixtures, the lower 10% and 20% fly ash content was 
established.  The testing of the laboratory CLSM mixtures indicated that CLSM 
containing a higher fly ash content developed compressive strength that exceeded the 
IDOT limit.  Cement content of the 10% fly ash mixture was 40 lb/yd3 and 25 lb/yd3 

Mixture Number 

for 
the 20% fly ash mixture.  Flow of the pilot-scale mixtures was 9-3/4 inches for the 10% 
fly ash mixture, and 14-1/2 inches for the 20% ash mixture.  Setting characteristics of the 
mixtures as measured by the dynamic cone penetrometer showed that the mixtures met 
the requirement of IDOT at the age of 9 days (the first age where test specimens were 
available for this test).  Compressive strength of pilot-scale mixtures was tested at the age 
of 9, 14, 28, 56, 91 and 182 days (Table 13).  (Test results are not yet available for the 91 
and 182 days.)  Three tests were conducted at each test age.  Compressive strength of the 
CLSM mixture with 10% ash increased from 25 psi at the age of nine days, to 30 psi at 
the age of 56 days.  Compressive strengths of the CLSM mixture with 20% ash were 
higher.  Compressive strength increased from 50 psi at the age of nine days, to 70 psi at 
the age of 56 days.  Compressive strengths of the pilot-scale mixtures meet the IDOT 
requirements through the age of 56 days.  
 

Table 13: Flowable Slurry Pilot-Scale Mixture Proportions, Ash Source 1 
V11 V12 

Fly Ash Content,  (%) 
                 (Fly Ash)              .  
    (Fly Ash +Fine Aggregate) 

10 20 

Cement, (lb/yd3 40 ) 25 
Fly Ash, Dry Wt., (lb/yd3 310 ) 627 

Fine Aggregate, Dry Wt.  (lb/yd3 2775 ) 2465 
Water, W (lb/yd3 485 ) 490 

Flow (in.) 9-3/4 14-1/2 
Air Content  (%) 0.3 0.4 

Air Temperature (°F) 87 88 
Flowable Slurry Temperature (°F) 78 82 

Fresh Flowable Slurry Density 
(lb/ft3 133.4 ) 133.5 

Initial Bleedwater (at three hrs) 
(in.) 1/8 1/8 

Compressive 
Strength, psi 

9-days 25 50 
14-days 30 60 
28-days 30 70 
56-days   
91-days -- -- 
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182-days -- -- 
Dynamic 

Cone 
Penetrometer, 

in./blow 

9-days 0.1 0.1 

 
Production at Ozinga Chicago RMC consisted of two CLSM mixtures using Ash Source 
2.  The two pilot-scale production mixtures consisted of Mixtures 12 and 13, containing 
50% and 73% ash, respectively (Table 14).  Similar to pilot-scale mixtures using Ash 
Source 1, the percentage of ash was based upon the total ash plus fine aggregate content 
by weight.  Cement content of the 50% fly ash mixture was 48 lb/yd3 and 70 lb/yd3 

Mixture Number 

for the 
73% fly ash mixture.  Flow of the pilot-scale mixtures was 14 inches for the 50% fly ash 
mixture, and 15-1/4 inches for the 73% ash mixture.  Setting characteristics of the 
mixtures as measured by the dynamic cone penetrometer showed that the mixtures were 
not sufficiently set at the age of 3 days, but met the requirement of IDOT at the age of 8 
days.  Compressive strength of pilot-scale mixtures was tested at the age of 3, 7, 14, 28, 
56, 91 and 182 days (Table 14).  Three tests were conducted at each test age.  
Compressive strength of the mixtures were approximately the same at all test ages.  
Compressive strength of the CLSM mixtures increased from 5-10 psi at the age of three 
days, to 155-180 psi at the age of 91 days.  Compressive strength of the pilot-scale 
mixtures indicates that the cement content may be further reduced if the maximum 
strength requirement of the IDOT is to be met.   
 
 

Table 14: Flowable Slurry Pilot-Scale Mixture Proportions, Ash Source 2 
12 13 

Fly Ash Content,  (%) 
                 (Fly Ash)              .  
   (Fly Ash +Fine Aggregate) 

50 73 

Cement, (lb/yd3 48 ) 70 

Fly Ash, Dry Wt., (lb/yd3 1265 ) 1550 
Fine Aggregate, Dry Wt.  (lb/yd3 1240 ) 575 

Water, W (lb/yd3 645 ) 765 
Flow (in.) 14 15-1/4 

Air Content  (%) 0.2 0.2 
Air Temperature (°F) 47 46 

Flowable Slurry Temperature (°F) 78 90 
Fresh Flowable Slurry Density 

(lb/ft3 117.9 ) 109.8 

Initial Bleedwater (at three hrs) 
(in.) 1/8 0 

Compressive 
Strength, psi 

3-days 10 5 
7-days 65 60 

14-days 105 110 
28-days 130 130 
56-days 160 165 
91-days 155 180 
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182-days -- -- 
Dynamic 

Cone 
Penetrometer,, 

in./blow 

3-days 2 6 

8-days 0.1 0.1 

 
 
Three pilot-scale production mixtures were produced at Ready-Mix Service, Inc., 
Collinsville, IL.  Ash Source 3 was used for the pilot-scale mixtures produced at Ready-
Mix Service, Inc.  The three pilot-scale production mixtures consisted of Mixtures C11, 
C12, and C13, which contained 15%, 25%, and 35% ash, respectively (Table 15).  The 
percentage of ash was based upon the total ash plus fine aggregate content by weight.  
Based on comments by the Project Manager, one of the mixtures, C11, 15% fly ash, was 
also used for casting a portion of CLSM that would be used for demonstrating 
excavatability of a CLSM mixture.  This mixture would be approximately 7 weeks old 
when the technology transfer seminar would be conducted.  Cement content of the 15% 
fly ash mixture was 40 lb/yd3, 30 lb/yd3 for the 25% fly ash mixture, and 35 lb/yd3 for the 
35% fly ash mixture.  Flow of the pilot-scale mixtures were 13-3/4 inches for the 15% fly 
ash mixture, 21 inches for the 25% ash mixture, and 12-1/4 inches for the 35% ash 
mixture.  Setting characteristics of the CLSM mixtures as measured by the dynamic cone 
penetrometer test showed that the CLSM mixtures containing 15% and 35% fly ash had 
sufficiently set at the age of 9 days to meet the IDOT requirements.  The CLSM mixture 
containing 25% fly ash met the IDOT setting requirement after 14 days.  This additional 
setting time was attributed to the high flow, 21 inches, which was caused by excessive 
water in the CLSM mixture.  Although the records of the mixture do not show a high 
amount of water added, especially when compared to the water content of Mixtures C11 
and C12, the high flow exhibited by this mixture indicates that most likely, the water 
content was higher than that reported.  Compressive strength of pilot-scale mixtures was 
tested at the age of 9, 14, 28, 56, 91 and 182 days (Table 15).  (Test results are not yet 
available for the 91 and 182 days.)  Three tests were conducted at each test age.  
Compressive strength of Mixture C11, 15% ash, remained relatively constant, 20 psi from 
the age of 9 through 28 days.  Compressive strength of Mixture C12, 25% fly ash, 
increased from 5 psi at the age of 9 days, to 10 psi at the 28-day age.  The very low 
strength developed by Mixture C12 was again attributed to the large amount of water in 
the mixture.  Compressive strength of Mixture C13, 25% fly ash, increased from 15 psi at 
the age of 9 days to 20 psi at the age of 28 days.  Although the compressive strength of 
Mixtures C11, C12, and C13 did not meet the compressive strength requirement at the 
age of 28 days, the material placed in the field for Mixture C11, 10% fly ash, appeared to 
have a much higher in-place compressive strength than what the laboratory results would 
indicate.  This was determined at the technology transfer seminar conducted in 
Collinsville, where the CLSM at the age of 87 days was difficult to excavate. 
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Table 15: Flowable Slurry Pilot-Scale Mixture Proportions, Ash Source 3 
 

Mixture Number C11 C12 C13 

Fly Ash Content,  (%) 
                   (Fly Ash)              .  
      (Fly Ash +Fine Aggregate) 

15 25 35 

Cement, (lb/yd3 40 ) 30 35 

Fly Ash, Dry Wt., (lb/yd3 430 ) 635 962 
Fine Aggregate, Dry Wt.  

(lb/yd3 2385 ) 1880 1790 

Water, W (lb/yd3 542 ) 647 575 
Flow (in.) 13-3/4 21 12-1/4 

Air Content  (%) 0.4 0.5 1.1 
Air Temperature (°F) 87 93 89 

Flowable Slurry Temperature 
(°F) 84 82 85 

Fresh Flowable Slurry Density 
(lb/ft3 126.0 ) 117.9 123.8 

Initial Bleedwater (at three hrs) 
(in.) 1/4 1/8 1/8 

Compressive 
Strength, psi 

9-days 20 5 15 
14-days 10 10 15 
28-days 20 10 20 
56-days 20 15 20 
91-days -- -- -- 

182-days -- -- -- 

Dynamic 
Cone 

Penetrometer, 
in./blow 

9-days 0.2 6 0.4 

10-days -- 3 -- 

14-days -- 1.5 -- 

 
 
Task III: CLSM Technology Transfer Seminars with Construction Demonstration 
Task III consisted of review of the data for the laboratory and pilot-scale field production 
test results and selection of the CLSM mixtures for future construction needs.  The 
CLSM mixture selected for the construction placement demonstration was based upon the 
prototype manufacturing results obtained at the manufacturing facilities used for the 
project, Ozinga Chicago RMC, Chicago; Henry Nelch & Son, Inc., Springfield; and 
Ready-Mix Service, Inc., Collinsville, IL.   
 
The CLSM test mixtures manufactured under Task I and Task II generated the necessary 
experimental and production data to determine CLSM mixture proportions for 
commercial production.  A series of three technology transfer educational seminars and 
construction demonstration/technology transfer workshops were held in Springfield, 
Chicago, and Collinsville, Illinois.  The locations of the seminars were selected in 
consultation with the ICCI Project Manager.  The technology transfer seminar and field 
demonstration conducted in Chicago was held in cooperation with Ozinga Chicago RMC, 
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Chicago, IL, and the Central Illinois Light Company (CILCO), Peoria, IL.  The 
technology transfer seminar and field demonstration conducted in Springfield, IL was 
conducted in cooperation with Dynegy Midwest Generation, Decatur, IL; ISG Resources, 
and Henry Nelch & Son Co., Springfield, IL.  The technology transfer seminar and field 
demonstration conducted in Collinsville, IL was held in cooperation with Ameren, St. 
Louis, MO, Dynegy Midwest Generation, Inc., Decatur, IL; Mineral Resource 
Technologies, Inc., The Woodlands, TX; and Ready-Mix Service, Inc., Collinsville, IL.   
 
As a part of these technology transfer seminars, handout materials were developed for the 
CLSM, which included construction methods and technologies for commercial and 
government use.  In conjunction with each of the field demonstrations, a one-day 
workshop was held to introduce engineers, area contractors, ready-mixed concrete 
suppliers, environmental agencies, local and state government personnel, and other 
potential users to the benefits of using CLSM using Illinois coal ash.  Each technology 
transfer seminar was well attended.  The list of registrants for each of the seminars is 
given in Appendix A.   
 
The first technology transfer workshop conducted with a field demonstration of CLSM 
was held in Chicago, IL, on May 20, 2003.  The workshop consisted of a one-day seminar 
presented by Martin Ozinga IV, Ozinga Chicago RMC, Chicago, IL; and Tarun R. Naik, 
UWM-CBU, Milwaukee, WI.  Mr. Ozinga presented information of field applications of 
flowable slurry and Ozinga Chicago RMC’s extensive experience with various projects 
using CLSM.  T. Naik presented background information on the use of Illinois coal ash in 
CLSM construction, including mixture proportion development, use of by-product 
materials, etc.  He also presented the results of this ICCI project including mixture 
proportions developed in the laboratory and field, as well as current test results.  T. Naik 
also presented information on the Illinois Environmental Protection Agency regulatory 
requirements for using Illinois coal ash in CLSM, and the Illinois Department of 
Transportation performance requirements and guidelines for CLSM.  A field 
demonstration on placing the CLSM was conducted at the end of the seminar/workshop.  
The CLSM mixture selected for the demonstration was a 25% Illinois coal ash mixture 
similar to the laboratory Mixture 7 and was modified based on the test results obtained 
from the laboratory and pilot-scale production conducted in Task I and Task II.  The 
CLSM mixture was batched at the facilities of Ozinga Chicago RMC and then 
transported to the demonstration site.  A total of 33 people registered for the technology 
transfer workshop conducted in Chicago.  Registrants represented seven consultants, one 
contractor, eight materials suppliers, 11 from government agencies, four from education, 
and two from industry.  Appendix B includes a summary of the comments on the 
workshop which were very favorable.   
 
The CLSM produced for the CLSM construction placement demonstration at the Chicago 
technology transfer seminar was batched at the facilities of Ozinga Chicago RMC, 
Chicago, IL.  The demonstration mixture used Illinois coal Ash Source 2 and standard 
concrete fine aggregate.  Based on the test results of the laboratory phase (Task I) and the 
pilot-scale mixtures (Task II), a 25% fly ash mixture was selected (fly ash content based 
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on total fly ash plus fine aggregate).  The lower 25% fly ash content was also selected in 
order to produce a larger volume of CLSM for demonstration purposes.  The 
demonstration mixture was tested for fresh CLSM properties and test specimens were 
cast for the evaluation of compressive strength and water permeability.  Mixture 
proportions and test results available to date are given in Table 16.  Compressive strength 
of the demonstration mixture met the requirements specified by IDOT for flow, air 
content, setting (as determined by the dynamic cone penetrometer test), and compressive 
strength at 28 days.  Compressive strength also met the IDOT requirement for maximum 
strength through the age of 98 days (last value obtained for final report).  Test results will 
be obtained through the age of 180 days and will be made available to ICCI for the record 
of the demonstration mixture.   
 
 

Table 16: Field Mixture Proportions Used For  
Demonstration of CLSM – Ash Source 2, Chicago 

Mixture Number 14 

Fly Ash Content,  (%) 
                 (Fly Ash)              .  
    (Fly Ash +Fine Aggregate) 

25 

Cement, (lb/yd3 30 ) 

Fly Ash, Dry Wt., (lb/yd3 785 ) 
Fine Aggregate, Dry Wt.  (lb/yd3 2375 ) 

Water, W (lb/yd3 410 ) 
Flow (in.) 12 

Air Content  (%) 0.3 
Air Temperature (°F) 72 

Flowable Slurry Temperature (°F) 67 
Fresh Flowable Slurry Density 

(lb/ft3 132.6 ) 
Initial Bleedwater (at three hrs) 

(in.) 0 

Compressive 
Strength, psi 

3-days 5 
7-days 50 

14-days 60 
28-days 70 
56-days 65 
91-days 90 

182-days -- 

Dynamic Cone 
Penetrometer, 

in./blow 

3-days 2 

5-days 0.1 

 
 
 

The second technology transfer workshop was held in Springfield, IL, on July 31, 2003.  
The workshop consisted of a one-day seminar presented by Joseph P. Kimlinger, Dynegy 
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Midwest Generation, Decatur, IL; Tarun R. Naik, UWM-CBU; Milwaukee, WI; and 
Victor H. Smith, Cemex USA, Tampa FL.  Mr. Kimlinger presented information on 
Dynegy’s coal ash recycling program.  T. Naik presented background information on the 
use of CLSM and the use of Illinois coal ash in CLSM construction, including mixture 
proportion development, use of by-product materials, etc.  Results of the current ICCI 
project were also presented including mixture proportions developed in the laboratory and 
field, as well as the current test results.  T. Naik also presented information on the Illinois 
Environmental Protection Agency regulatory requirements for using Illinois coal ash in 
CLSM, and the Illinois Department of Transportation performance requirements and 
guidelines for CLSM.  Mr. Smith presented information on field applications of CLSM 
that included the effect of mixture proportions on setting characteristics, placement, 
testing, field performance, economy, and marketing.  T. Naik also presented information 
on the Illinois Environmental Protection Agency regulatory requirements for using 
Illinois coal ash in CLSM, and the Illinois Department of Transportation performance 
requirements and guidelines for CLSM.  A field demonstration on placing the CLSM was 
conducted at the end of the seminar/workshop.  The CLSM mixture selected for the 
demonstration was a 10% Illinois coal ash mixture similar to the pilot-scale Mixture C11. 
 A trench at the facilities of Henry Nelch & Son, Co. was selected for the demonstration.  
A total of 27 people registered for the technology transfer workshop conducted in 
Springfield.  Registrants represented two consultants, seven materials suppliers, four 
government agencies, six from education, and eight from industry.  A program evaluation 
form was distributed to each seminar participant.  Appendix B includes a summary of the 
evaluation forms filled out by the participants.  Comments on the workshop were very 
favorable. 
 
The CLSM produced for the CLSM construction placement demonstration at the 
Springfield technology transfer seminar was batched at the facilities of Henry Nelch & 
Son, Co.  The demonstration mixture used Illinois coal Ash Source 1 and standard 
concrete fine aggregate.  Since test results from the laboratory and pilot-scale phase 
indicated that a lower fly ash content should be used if the CLSM was to meet the IDOT 
compressive strength, CLSM containing 10% fly ash was selected.  The demonstration 
mixture was tested for fresh CLSM properties and test specimens were cast for the 
evaluation of compressive strength and water permeability.  Mixture proportions and test 
results available to-date are given in Table 17.  The demonstration mixture met the 
requirements specified by IDOT for flow, air content, setting (as determined by the 
dynamic cone penetrometer test), and compressive strength at 28 days.  Compressive 
strength also met the IDOT requirement for maximum strength through the age of 98 days 
(last value obtained for final report).  Test results will be obtained through the age of 180 
days and will be made available to ICCI for the record of the demonstration mixture.   
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Table 17: Field Mixture Proportions Used For  
Demonstration of CLSM – Ash Source 1, Springfield 

Mixture Number V13 

Fly Ash Content,  (%) 
                 (Fly Ash)              .  
    (Fly Ash +Fine Aggregate) 

10 

Cement, (lb/yd3 38 ) 

Fly Ash, Dry Wt., (lb/yd3 300 ) 
Fine Aggregate, Dry Wt.  (lb/yd3 2725 ) 

Water, W (lb/yd3 500 ) 
Flow (in.) 18 

Air Content  (%) 0.4 
Air Temperature (°F) 85 

Flowable Slurry Temperature (°F) 80 
Fresh Flowable Slurry Density 

(lb/ft3 132.0 ) 
Initial Bleedwater (at one hr) (in.) ¾ 

Compressive 
Strength, psi 

15-days 45 
28-days  
56-days -- 
91-days -- 

182-days -- 
 

 
A third technology transfer workshop was held in Collinsville, IL, on August 21, 2003.  
The workshop consisted of a one-day seminar presented by Anthony A. Konsky, Ameren 
Energy & Fuel Services, St. Louis, MO; Tarun R. Naik, UWM-CBU; Victor H. Smith, 
Cemex USA, Tampa FL; and Bruce W. Ramme, We Energies, Milwaukee, WI.  Mr. 
Konsky presented background information on by-product generation, use, and testing by 
Ameren Energy.  T. Naik presented background information on the use of Illinois coal 
ash in CLSM construction, including mixture proportion development, use of by-product 
materials, etc.  He also presented the results of this ICCI project including mixture 
proportions developed in the laboratory and field, as well as current test results.  Mr. 
Ramme presented information on field applications of CLSM including backfilling 
excavations, trenches and underground voids.  Mr. Ramme also presented information on 
We Energies ash utilization program.  We Energies has a very successful recycling 
program in place for their coal combustion products where 96% of the coal combustion 
products produced system-wide by We Energies are recycled in various ways, including 
use in CLSM.  Mr. Smith presented information on the use of CLSM that included the 
effect of mixture proportions on setting characteristics, placement, testing, field 
performance, economy, and marketing.  Similar to other seminars, T. Naik also presented 
information on the IEPA regulatory requirements for using Illinois coal ash in CLSM, and 
the IDOT performance requirements and guidelines for CLSM.  A field demonstration on 
placing the CLSM was conducted at the end of the seminar/workshop.  The CLSM 
mixture selected for the demonstration was a 15% Illinois coal ash mixture similar to the 
pilot-scale Mixture C11.  Mixture C11 was also used to place an area of CLSM that was 
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used for demonstrating excavatability of hardened CLSM.  An area adjacent to the 
meeting facilities building was selected for the demonstration.  The demonstration area 
used for the seminar was a section of a drainage retention pond that had been eroded.  
The volume that was backfilled during the seminar was approximately four cubic yards.  
The mixture was transported to the construction site using a ready-mixed concrete truck 
and then poured in place.  A total of 39 people registered for the technology transfer 
workshop conducted in Collinsville.  Registrants represented eight consultants, five 
contractors, 11 materials suppliers, one government agency, six from education, and eight 
from industry.  Comments on the program evaluation form by participants were very 
favorable.  Appendix B includes a summary of the evaluation forms. 
 
The CLSM produced at the facilities of Ready-Mix Service, Inc. Collinsville, IL used 
Illinois coal Ash Source 3 and standard concrete fine aggregate.  The CLSM mixture 
proportions and fresh CLSM properties obtained for the construction demonstration 
mixture, Mixture C14, is given in Table 18.  This mixture was based upon the pilot-scale 
Mixture C11, which also contained 15% fly ash.  Test results obtained for this mixture 
indicated that it would be acceptable for CLSM applications meeting requirements.  The 
demonstration mixture was also tested for fresh CLSM properties and test specimens 
were cast for the evaluation of compressive strength.  Since this seminar was scheduled 
late in the project period, compressive strength test results are not available at the time of 
this final report.  Test results will be collected through the age of 180 days and will be 
made available as a record of the demonstration mixture.   

 
 

Table 18: Field Mixture Proportions Used For  
Demonstration of CLSM – Ash Source 3, Collinsville 

Mixture Number C14 

Fly Ash Content,  (%) 
                 (Fly Ash)              .  
    (Fly Ash +Fine Aggregate) 

15 

Cement, (lb/yd3 40 ) 

Fly Ash, Dry Wt., (lb/yd3 430 ) 
Fine Aggregate, Dry Wt.  (lb/yd3 2375 ) 

Water, W (lb/yd3 575 ) 
Flow (in.) 14-1/4 

Air Content  (%) 0.5 
Air Temperature (°F) 100 

Flowable Slurry Temperature (°F) 80 
Fresh Flowable Slurry Density 

(lb/ft3 124.6 ) 
Initial Bleedwater (at two hrs) (in.) ½ 

 
 

Task IV: CLSM Technology Transfer Seminars without CLSM Construction 
Task IV consisted of a technology transfer seminar similar to the seminars conducted for 
Task III, but was conducted without a live construction demonstration of CLSM 
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placement.  In lieu of the demonstration, video presentations were shown that 
demonstrated various applications of flowable CLSM.  The seminar site, selected in 
consultation with the ICCI Project Manager, was in Marion, Illinois.  The technology 
transfer seminar conducted in Marion was held in cooperation with Dynegy Midwest 
Generation, Decatur, IL.     
 
This technology transfer workshop in Marion, Illinois, was held on April 24, 2003.  The 
workshop consisted of a one-day seminar presented by Tarun R. Naik, UWM-CBU, 
Milwaukee, WI; and Frank Kozeliski, Gallup Sand & Gravel Co., Gallup, NM.  T. Naik 
presented background information on the use of Illinois coal ash in CLSM construction, 
including mixture proportion development, use of by-product materials, etc.  He also 
presented the results of this ICCI project including mixture proportions developed in the 
laboratory and field, as well as current test results.  T. Naik also presented information on 
the IEPA regulatory requirements for using Illinois coal ash in CLSM, and the IDOT 
performance requirements and guidelines for CLSM.  Mr. Kozeliski presented 
information on the use of CLSM that included the effect of mixture proportions on setting 
characteristics, placement, testing, field performance, economy, and marketing.  The use 
of color to CLSM to aid the safety of future excavations was also presented.  A total of 22 
people registered for this technology transfer workshop in Marion.  A list of registrants is 
presented in Appendix A.  Registrants represented one consultant, five materials 
suppliers, two government agencies, 13 from education, and one from industry.  
Comments on the workshop were very favorable, but this seminar without the 
construction demonstration was rated slightly lower than the subsequent seminars that 
contained a construction placement demonstration.  Appendix B includes a summary of 
the evaluation forms filled out by the participants. 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
This project was developed as a technology transfer program to promote the 
implementation of technology and market development for controlled low-strength 
material (CLSM) slurry using Illinois coal ash as the main component.  A series of four 
workshops and technology transfer seminars and demonstrations were conducted in 
Marion, Chicago, Springfield, and Collinsville, Illinois.  A total of 121 people registered 
for these seminars conducted in Illinois.  Registrants represented 18 consultants, six 
contractors, 31 materials suppliers, 18 from government agencies, 29 from education, and 
19 from industry.  Each seminar included lectures by the Principal Investigator and others 
with extensive experience in CLSM use.  Lectures included information on Illinois coal 
combustion products, development of CLSM mixture proportions used for this ICCI 
project, setting characteristics, engineering properties, construction applications, testing, 
IEPA and IDOT requirements for coal ash use, and case studies.  The seminars conducted 
in Chicago, Springfield, and Collinsville also included a construction demonstration of 
placement of flowable fill.  The seminar conducted in Marion did not include a live 
demonstration of the CLSM, but rather had video presentations of typical construction 
applications of CLSM.  Participants were given a program evaluation form and those that 
responded indicated that the seminar gave them significant information related to coal ash 
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use and CLSM, and were very satisfied with the information given to them at the seminar. 
  
 
For the three seminars with a construction demonstration, a local source of Illinois coal 
ash was selected.  The three sources of coal ash were tested for physical, chemical, and 
leachate properties and microstructural properties.  The three sources of coal ash did not 
meet all ASTM requirements for Class F fly ash.  Two sources of ash (Ash Source 1 and 
Ash Source 3) also did not meet the IEPA leachate analysis requirements for one of the 
analysis parameters (chromium).  Further evaluation of these sources is recommended.  
Also, leachate of the CLSM containing these ash sources should be evaluated to 
determine the chromium content of the final product.  The CLSM was manufactured and 
tested in the laboratory for the three sources of Illinois coal ash selected for this project.  
These laboratory mixtures varied the amount of ash from 25% to 100%.  The percentage 
of ash was based upon the total fly ash plus fine aggregate content by weight.  These 
mixtures were tested for fresh CLSM properties, setting and hardening, compressive 
strength, and water permeability.  Pilot-scale mixtures were manufactured at the facilities 
of three different ready-mixed concrete plants.  These mixtures were also tested for 
rheological properties as well as compressive strength.  This test data was used to obtain 
detailed performance data prior to selecting the mixture to be used for the construction 
demonstration and for presenting data for the technology transfer seminar.  Test results 
indicated that CLSM could be manufactured for each of the three sources of Illinois coal 
ash, but the development of compressive strength, considering similar ash and cement 
contents were much different.  Ash Source 1 developed compressive strength that was 
much greater than the maximum limit specified by the IDOT, but mixtures with adequate 
compressive strength were developed when the ash content was limited to approximately 
10%, and the cement content also reduced.  Higher percentages of ash could be 
incorporated into the CLSM mixtures if the material is not expected to be excavated in 
the future.  This would be the case for applications such as under floor slabs of buildings, 
or in abandoned tunnels.  The CLSM produced using Ash Source 2, was suitable for 
CLSM, even at higher ash contents, but the cement content must be limited to 
approximately 50 lb/ft3 or less.  Mixtures using Ash Source 3 also developed compressive 
strengths that were slightly higher than the maximum specified by IDOT, but this could 
be managed if the cement is reduced slightly from the amounts used in this study.  A 
cement content of approximately 40 lb/ft3 is recommended for ash contents greater than 
25%.  Up to 100% ash could be used in CLSM if Ash Source 3 is used, and still remain 
excavatable in the future.   
 
As shown by the test results of the project, test results for similar CLSM mixtures can 
significantly change when a different source of ash is used.  Therefore, when a new 
source of coal ash is used, or a different type of fine aggregate is used, a preliminary 
mixture should be manufactured and tested to verify that the performance characteristics 
will meet the proposed construction requirements. 
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DISCLAIMER STATEMENT 
 
This report was prepared by Tarun R. Naik, UWM Center for By-Products Utilization 
with support, in part by grants made possible by the Illinois Department of Commerce 
and Community Affairs through the Office of Coal Development and the Illinois Clean 
Coal Institute.  Neither Tarun R. Naik, the UWM Center for By-Products Utilization, nor 
any of its subcontractors nor the Illinois Department of Commerce and Community 
Affairs, Office of Coal Development, 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, or 
that the use of any information, apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of, any information, apparatus, method, or process disclosed in this report. 

 

Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring; nor do the views and opinions of authors 
expressed herein necessarily state or reflect those of the Illinois Department of Commerce 
and Community Affairs, Office of Coal Development, or the Illinois Clean Coal Institute. 
 
Notice to Journalists and Publishers: If you borrow information from any part of this 
report, you must include a statement about the State of Illinois' support of the project.
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Seminar on Use of Flowable Slurry Containing Coal Ash 
April 24, 2003 in Marion, IL 

 

Workshop Description 
 

The purpose of the workshop is to present important technical information and review production and construction aspects for a 
new type of backfill material for trenches and other excavations, as well as for filling abandoned underground pipes, tunnels, etc.  
Flowable Slurry (Controlled Low Strength Material, or CLSM) is a low-strength concrete-like material that is made from one or 
more of the materials such as coal ash, fine crushed sand, used foundry sand, crushed glass, wood ash, regular concrete sand, 
water, and some Portland cement.  Flowable slurry can be designed for future excavation.  The strength of this material can vary 
from 50 psi to 1200 psi at the age of 28 days.  Flowable slurry is being specified increasingly by municipalities, state highway 
departments, and engineers for many applications. 
 

The workshop will present case histories of successful installations.  Technical information will be presented on mixture design, 
mechanical properties, construction applications, and environmental regulations. A video-demonstration of slurry production, 
placement, and old slurry excavation will also be presented.  Handout materials will be provided.  The workshop should be of 
interest to those associated with building design, engineers, architects, engineering technicians, engineers working in 
governmental agencies, industry and private practice, engineering faculty and students, as well as ready mixed concrete producers, 
sand and coarse aggregates suppliers, and contractors.  Knowledgeable professionals engaged in specifying, approving, producing, 
marketing, and using flowable slurry will present state-of-the-art information. 

 

Program 
April 24, 2003, Marion, IL 

 
8:00 a.m. Registration (continental breakfast included) 
 

8:45  Welcome and Introduction 
Dr. Francois Botha, Project Manager, Illinois Clean Coal Institute 

 

9:00  What is flowable slurry? - Engineering properties and mixture proportions of 
flowable slurry (a.k.a. CLSM) made with coal ash. 

  Tarun R. Naik 
 

10:30  Break (refreshments - included) 
 

10:45  Field applications of flowable slurry in backfilling of excavations, trenches, and 
underground voids.  Effect of mixture proportions on setting characteristics and 
placement, thermal and electrical resistivity properties, field performance, 
economy, and marketing. 

  Frank A. Kozeliski 
 

12:15 p.m. Lunch (included) 
 

1:30  Illinois EPA and DOT Requirements; and, Video demonstration of slurry 
production, placement, old slurry excavation, hardening and settlement process, 
etc. 

  Tarun R. Naik  
 

2:30  Questions and Answers 
 

3:00   Adjourn 
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SPEAKER INFORMATION 
 

The program is scheduled to include the following speakers: 
 

Tarun R. Naik, Ph. D., P. E., FACI 
Director, UWM Center for By-Products Utilization, Milwaukee, Wisconsin  
Dr. Naik has over 35 years of experience with cement, aggregates, and concrete. His contribution 

in teaching and research has been well recognized nationally and internationally.  His 
research has resulted in over 250 technical reports and papers in ACI, ASCE, ASTM, etc. He 
is a member of ACI, ASCE, ASEE, ASTM, RILEM, NSPE, and WSPE.  He is a member of 
technical committees of ACI, ASCE, ASTM, and RILEM.  He has served as a president of 
WI-ACI, WSPE, and other organizations.  

 
 Frank A. Kozeliski, P. E., FACI 
 President and Materials Engineer, Gallup Sand & Gravel Co. in Gallup, New Mexico. 

Mr. Kozeliski has been with the company since 1976.  He is an Examiner/Trainer for ACI’s Field 
Technicians Certification and a past Instructor in the Construction Technology Department of 
the University of New Mexico, Gallup.  He is a founding member, past president, and past 
director of ACI’s New Mexico chapter.  He is also a member of several technical and 
educational committees of ACI, including Committee 229 on CLSM (Flowable Slurry).   

 
The UWM-CBU was established in 1988 by a generous grant from Dairyland Power Cooperative, La 
Crosse; Madison Gas & Electric Company, Madison; National Minerals Corporation, St. Paul, MN; 
Northern States Power Company, Eau Claire; We Energy, Milwaukee; Wisconsin Power & Light 
Company, Madison; and Wisconsin Public Service Corporation, Green Bay.  With their financial 
support and support from other organizations including Manitowoc Public Utilities, Illinois Clean 
Coal Institute, US-DOE, the Applied Research Council, Solid Waste Recovery Research Program, 
Wisconsin Recycling Market Development Board, and others, the UWM-CBU is developing low-
cost, high-quality construction materials from fly ash, the by-product of coal-fired electric power 
generating plants. 

 
The UWM Center for By-Products Utilization at the University of Wisconsin-Milwaukee (UWM-
CBU) is an outstanding example of a successful public/private partnership.  The UWM-CBU is 
dedicated to preserving the environment by finding practical uses for what is otherwise considered 
“waste”.  It does so through research on a variety of materials.  The end result is the creation of cost-
effective products that satisfy existing needs and bring about a significant decrease in the volume of 
“waste” going to landfills.  Research is not the UWM-CBU’s only function, however.  It also gathers 
and distributes information about all facets of environmental preservation.  Closing the recycling loop 
through reduction and reuse is a much-discussed ideal. The UWM-CBU is doing it. 

 
 

THE UWM CENTER FOR BY-PRODUCTS 
UTILIZATION MISSION STATEMENT: 

 

“To collect, develop, and disseminate information regarding the beneficial use of presently discarded 
by-products from industrial, commercial, and public sector operations.” 
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Seminar on Use of Flowable Slurry Containing Coal Ash 

Marion, IL, April 24, 2003   

     
 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Adhikari, Miton Southern Illinois University – 
Carbondale (SIUC) Carbondale, IL 

Botha, Francois Illinois Clean Coal Institute Carterville, IL 

Carty, Ronald Illinois Clean Coal Institute Carterville, IL 

Coe, Patrick UWM Center for By-Products 
Utilization Milwaukee, WI 

Kimlinger, Joe Dynegy Midwest Gen. Decatur, IL 

Kozeliski, Frank A. Gallup Sand & Gravel Co. Gallup, NM 

Kumar, Sanjeev Southern Illinois University – 
Carbondale (SIUC) Carbondale, IL 

Ma, Jinrong 
Southern Illinois University – 
Carbondale (SIUC) Dept. of Mining 
& Mineral Resources 

Carbondale, IL 

Marikunte, Shashi S. Southern Illinois University – 
Carbondale (SIUC) Carbondale, IL 

Mills, Peter S. Fosroc, Inc. Georgetown, KY 

Moeckel, Herb ISG Resources Highland, IN 

Mohanty, Manoj K. 
Southern Illinois University – (SIUC) 
Dept. of Mining & Mineral 
Resources 

Carbondale, IL 

Mohanty, Samrat Southern Illinois University Dept. of 
Mining & Mineral Resources Carbondale, IL 

Mueller, Jeffery Warrick Holding Company Chandler, IN 

Naik, Tarun R. UWM Center for By-Products 
Utilization Milwaukee, WI 

Puri, Vijay K. Southern Illinois University – 
Carbondale (SIUC) Carbondale, IL 
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Seminar on Use of Flowable Slurry Containing Coal Ash 
Marion, IL, April 24, 2003   

     
 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Rockel, Gary McCabe Industrial Minerals, Inc. Tulsa, OK 

Schottel, Bruce Southern Illinois University - 
Carbondale (SIUC) Carbondale, IL 

Siefert, Jim 
Southern Illinois University- 
Carbondale (SIUC) 

Carbondale, IL 

VanDine, Michael J. National Clay Pipe Institute Lake Geneva, WI 

de Venecia, Irene UWM Center for By-Products 
Utilization Milwaukee, WI 

Widanarti, Retno Southern Illinois University - 
Carbondale (SIUC) Carbondale, IL 
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Seminar and Construction Demonstration on Use of Flowable 
Slurry Containing Coal Ash 
May 20, 2003 in Chicago, IL 

 

Workshop Description 
 

The purpose of the workshop is to present important technical information and review production and construction aspects for a 
new type of backfill material for trenches and other excavations, as well as for filling abandoned underground pipes, tunnels, etc.  
Flowable Slurry (Controlled Low Strength Materials, or CLSM) is a low-strength concrete-like material that is made from one or 
more of the materials such as coal ash, fine crushed sand, used foundry sand, crushed glass, wood ash, regular concrete sand, 
water, and some portland cement.  Flowable slurry can be designed for future excavation.  The strength of this material can vary 
from 50 psi to 1200 psi at the age of 28 days.  Numerous municipalities, state highway departments, and engineers are specifying 
flowable slurry increasingly for many applications. 
 

The workshop will present case histories of successful installations.  Technical information will be presented on mixture design, 
mechanical properties, construction applications, and environmental regulations. A construction demonstration of 
slurry placement will also be presented.  Handout materials will be provided.  The workshop should be of interest to 
those associated with building design, engineers, architects, engineering technicians, engineers working in governmental agencies, 
industry and private practice, engineering faculty and students, as well as ready mixed concrete producers, sand and coarse 
aggregates suppliers, and contractors.  Knowledgeable professionals engaged in specifying, approving, producing, marketing, and 
using flowable slurry will present state-of-the-art information. 

 

Program 
May 20, 2003, Chicago, IL 

 

8:00 a.m. Registration (continental breakfast included) 
 

8:45  Welcome 
Dr. Francois Botha, Project Manager, Illinois Clean Coal Institute 

 

9:00  Introduction 
  Martin Ozinga IV  
 

9:15  What is flowable slurry? - Engineering properties and mixture proportions of 
flowable slurry (a.k.a. CLSM) made with coal ash, case history, and construction 
applications. 

  Tarun R. Naik 
 

10:45  Break (refreshments - included) 
 

11:00  Field applications of flowable slurry in backfilling of excavations, trenches, and 
underground voids.  Effect of mixture proportions on setting characteristics, 
placement, testing, field performance, economy, and marketing.   

  Martin Ozinga IV 
 

12:15 p.m. Lunch (included) 
 

1:30  Illinois EPA and Illinois DOT Requirements. 
  Tarun R. Naik  
 

2:00  Flowable Slurry Placement Demonstration and Questions and Answers 
  Martin Ozinga IV and Tarun R. Naik 
 

3:30   Adjourn 
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SPEAKER INFORMATION 

 

The program is scheduled to include the following speakers: 
 

Tarun R. Naik, Ph. D., P. E., FACI 
Director, UWM Center for By-Products Utilization, Milwaukee, Wisconsin  
Dr. Naik has over 35 years of experience with cement, aggregates, and concrete. His contribution 
in teaching and research has been well recognized nationally and internationally.  His research 
has resulted in over 250 technical reports and papers in ACI, ASCE, ASTM, etc. He is a member 
of ACI, ASCE, ASEE, ASTM, RILEM, NSPE, and WSPE.  He is a member of technical 
committees of ACI, ASCE, ASTM, and RILEM.  He has served as a president of WI-ACI, 
WSPE, and other organizations.  
 
Martin Ozinga IV 
Vice President, Ozinga RMC, Inc. Chicago, IL. 
Mr. Martin Ozinga IV is part of the fourth generation of the family owned ready mixed concrete 
company, Ozinga Bros., Inc.  Marty has served as a dispatcher, yard manager, and is currently the 
Vice President of Ozinga Chicago RMC, Inc.  He is involved in environmental issues, special 
projects, and sales.  Marty also manages Chicago Cement, Inc., a subsidiary company of Ozinga 
that procures all cementitious products consumed by the Ozinga companies.  In addition, 
Chicago Cement is responsible for the fly ash management program of State Line Energy in 
Hammond, Indiana. 
 
The UWM Center for By-Products Utilization at the University of Wisconsin-Milwaukee 
(UWM-CBU) is an outstanding example of a successful public/private partnership.  The UWM-
CBU is dedicated to preserving the environment by finding practical uses for what is otherwise 
considered “waste”.  It does so through research on a variety of materials.  The end result is the 
creation of cost-effective products that satisfy existing needs and bring about a significant 
decrease in the volume of “waste” going to landfills.  Research is not the UWM-CBU’s only 
function, however.  It also gathers and distributes information about all facets of environmental 
preservation.  Closing the recycling loop through reduction and reuse is a much-discussed ideal.  
The UWM-CBU is doing it. 
 
The UWM-CBU was established in 1988 by a generous grant from Dairyland Power Cooperative, La 
Crosse; Madison Gas & Electric Company, Madison; National Minerals Corporation, St. Paul, MN; 
Northern States Power Company, Eau Claire; We Energy, Milwaukee; Wisconsin Power & Light 
Company, Madison; and Wisconsin Public Service Corporation, Green Bay.  With their financial 
support and support from other organizations including Manitowoc Public Utilities, Illinois Clean 
Coal Institute, US-DOE, the Applied Research Council, Solid Waste Research Program, Wisconsin 
Recycling Market Development Board, and others, the UWM-CBU is developing low-cost, high-
quality construction materials from fly ash, the by-product of coal-fired electric power generating 
plants. 

 
THE UWM CENTER FOR BY-PRODUCTS 

UTILIZATION MISSION STATEMENT: 
 

“To collect, develop, and disseminate information regarding the beneficial use of presently discarded by-
products from industrial, commercial, and public sector operations.” 
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Seminar and Construction Demonstration on the  
Use of Flowable Slurry Containing Coal Ash 

Chicago, IL, May 20, 2003   
     

 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Adaska, Wayne S. Portland Cement Association Skokie, IL 

Agar, Bulent URS Chicago, IL 

Bartelstein, Ron Atlas Restoration, LLC Wheeling, IL 

Bierbaum, Scott R. GME Consultants of Illinois, Inc. Bridgeview, IL 

Botha, Francois IL Clean Coal Inst. Carterville, IL 

Calamaro, Moshe Moshe Calamaro & Associates Evanston, IL 

Carlin, Steve M. Edgerton Contractors Oak Creek, WI 

Coe, Patrick UWM Center for By-Products 
Utilization 

Milwaukee, WI 

Dahhan, Abdul Z. Illinois Dept. of Transportation Schaumburg, IL 

Fox, John M. Master Builders Cleveland, OH 

Gayton, Thomas A. Ozinga Chicago RMC, Inc. Chicago, IL 

Geraghty, Larry Arrowhead Chicago, IL 

Gordon, Paul Paul Gordon Chartered, Structural 
Engineer 

Lincolnwood, IL 

Houston, George R. Illinois Dept. of Transportation Schaumburg, IL 

Huang, John Illinois Dept. of Transportation Schaumburg, IL 

Jamrozik, Edward R. Ozinga Chicago Chicago, IL 

Johnsrud, Bryan C. Andrews Environmental Engineer 
Inc. 

Springfield, IL 

Kimlinger, Joseph P. Dynegy Midwest Gen. Decatur, IL 

Kirchler, Melvin H. Illinois Dept. of Transportation Schaumburg, IL 

Kolodziej, Waldemar Illinois Dept. of Transportation Schaumburg, IL 

Kraus, Rudolph N. UWM Center for By-Products 
Utilization 

Milwaukee, WI 
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Seminar and Construction Demonstration on the  
Use of Flowable Slurry Containing Coal Ash 

Chicago, IL, May 20, 2003   
     

 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Mahony, Kevin Master Builders Cleveland, OH 

Moss, Neal Master Builders Cleveland, OH 

Naik, Tarun  Center for By-Products Utilization Milwaukee, WI 

O’Brien, Pat F. Holcim (U.S.) Inc. Naperville, IL 

Orzech, Jerry City of Chicago Chicago, IL 

Ozinga, Martin Ozinga Chicago RMC, Inc. Chicago, IL 

Pierre-Louis, Paul IL Dept. of Commerce and Economic 
Opportunity 

Chicago, IL 

Rozgus, Amara The Concrete Producer Magazine Addison, IL 

Shivley, Anthony R. City of Valparaiso – Streets and 
Sanitation 

Valparaiso, IN 

Siddique, Rafat UWM Center for By-Products 
Utilization 

Milwaukee, WI 

Tate, Anthony Illinois Dept. of Transportation Schaumburg, IL 

Timmons, Scott F. Flowable Fill, LLC San Antonio, TX 
GEN-1334 
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Seminar and Construction Demonstration on the Use of Flowable 
Slurry Containing Coal Ash 

July 31, 2003 in Springfield, IL 
 

Workshop Description 
 

The purpose of the workshop is to present important technical information and review production and construction aspects for a 
new type of backfill material for trenches and other excavations, as well as for filling abandoned underground pipes, tunnels, etc.  
Flowable Slurry (Controlled Low Strength Materials, or CLSM) is a low-strength concrete-like material that is made from one or 
more of the materials such as coal ash, fine crushed sand, used foundry sand, crushed glass, wood ash, regular concrete sand, 
water, and some portland cement.  Flowable slurry can be designed for future excavation.  The strength of this material can vary 
from 25 psi to 1200 psi at the age of 28 days.  Numerous municipalities, state highway departments, and engineers are specifying 
flowable slurry increasingly for many applications. 
 

The workshop will present case histories of successful installations.  Technical information will be presented on mixture 
proportions, mechanical properties, construction applications, and environmental regulations. A construction 
demonstration of slurry placement will also be presented.  Handout materials will be provided.  The workshop 
should be of interest to those associated with building design, engineers, architects, engineering technicians, engineers working in 
governmental agencies, industry and private practice, engineering faculty and students, as well as ready mixed concrete producers, 
sand and coarse aggregates suppliers, and contractors.  Knowledgeable professionals engaged in specifying, approving, producing, 
marketing, and using flowable slurry will present state-of-the-art information. 
 

Program 
July 31, 2003, Springfield, IL 

 
8:30 a.m. Registration (continental breakfast included) 
 

9:00  Welcome 
Mr. William Hoback, Chief, Department of Commerce and Economic 
Opportunity, Office of Coal Development, Springfield, Illinois              
    

9:15  Dynegy’s Coal Ash Recycling Program 
  Joseph P. Kimlinger, P.E., Ash Manager,  
  Dyenegy Midwest Generation, Decatour, Illinois 
 

9:30  What is flowable slurry? - Engineering properties and mixture proportions of 
flowable slurry (a.k.a. CLSM) made with coal ash, case history, and construction 
applications. 

  Tarun R. Naik 
 

10:45  Break (refreshments - included) 
 

11:00  Field applications of flowable slurry in backfilling of excavations, trenches, and 
underground voids.  Effect of mixture proportions on setting characteristics, 
placement, testing, field performance, economy, and marketing.   

  Victor H. Smith 
 

12:15 p.m. Lunch (included) 
 

1:30  Illinois EPA and Illinois DOT Requirements. 
  Tarun R. Naik  
 

2:00  Flowable Slurry Placement Demonstration and Questions and Answers 
  Rob Nelch and Tarun R. Naik 
 

3:30   Adjourn 
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SPEAKER INFORMATION 

The program is scheduled to include the following speakers: 
 

Tarun R. Naik, Ph. D., P. E., FACI 
Director, UWM Center for By-Products Utilization, Milwaukee, Wisconsin  
Dr. Naik has over 35 years of experience with cement, aggregates, and concrete. His contribution 
in teaching and research has been well recognized nationally and internationally.  His research 
has resulted in over 250 technical reports and papers in ACI, ASCE, ASTM, etc. He is a member 
of ACI, ASCE, ASEE, ASTM, RILEM, NSPE, and WSPE.  He is a member of technical 
committees of ACI, ASCE, ASTM, and RILEM.  He has served as a president of WI-ACI, 
WSPE, and other organizations.  
 
Victor H. Smith 
Quality Control Supervisor, Cemex USA, Tampa, Florida 
Victor Smith has specialized in design and construction of value-added products in reinforced 
concrete buildings for over 25 years. He has extensive experience in high-strength concrete, 
testing, code development, investigation, teaching, and research & development.  Mr. Smith is an 
active ACI member and serves on ACI 229, 305, and 332. He is a member of the Florida 
Concrete Products Association, USF-Engineering Advisory Board, Past Chair for Construction 
Materials Council, and Past-president, ACI-Suncoast.  
 
The UWM Center for By-Products Utilization at the University of Wisconsin-Milwaukee 
(UWM-CBU) is an outstanding example of a successful public/private partnership.  The UWM-
CBU is dedicated to preserving the environment by finding practical uses for what is otherwise 
considered “waste”.  It does so through research on a variety of materials.  The end result is the 
creation of cost-effective products that satisfy existing needs and bring about a significant 
decrease in the volume of “waste” going to landfills.  Research is not the UWM-CBU’s only 
function, however.  It also gathers and distributes information about all facets of environmental 
preservation.  Closing the recycling loop through reduction and reuse is a much-discussed ideal.  
The UWM-CBU is doing it. 
 
The UWM-CBU was established in 1988 by a generous grant from Dairyland Power 
Cooperative, La Crosse; Madison Gas & Electric Company, Madison; National Minerals 
Corporation, St. Paul, MN; Northern States Power Company, Eau Claire; We Energies, 
Milwaukee; Wisconsin Power & Light Company, Madison; and Wisconsin Public Service 
Corporation, Green Bay.  With their financial support and support from other organizations 
including Manitowoc Public Utilities, Illinois Clean Coal Institute, US-DOE, UWS Applied 
Research Council and Solid Waste Research Program, Wisconsin Recycling Market 
Development Board, and others, the UWM-CBU is developing low-cost, high-quality 
construction materials from many different types and sources of by-products, especially coal-
combustion products (CCPs) from coal-fired energy generating plants. 

 
 

THE UWM CENTER FOR BY-PRODUCTS UTILIZATION MISSION STATEMENT: 
 

“To collect, develop, and disseminate information regarding the beneficial use of presently 
discarded by-products from industrial, commercial, and public sector operations.” 
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Seminar and Construction Demonstration on the  
Use of Flowable Slurry Containing Coal Ash 

Springfield, IL, July 31, 2003   
     

 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Anderson, Doug D. ISG Resources Highland, IN 

Brown, Bret A. Ameren Energy Fuels & Services St. Louis, MO 

Bryant, Mark M. Ameren Energy Fuels & Services St. Louis, MO 

Bugaj, Dave Civiltech Engineering, Inc. Itasca, IL 

Canpolat, Fathullah UWM- Center for By-Products 
Utilization Milwaukee, WI 

Coe, Patrick UWM- Center for By-Products 
Utilization Milwaukee, WI 

Dirks, Douglas A.  Illinois Department of Transportation Springfield, IL 

Frey, Clyde J.  Ameren Energy Fuels & Services St. Louis, MO 

Ghanbari, Reza Namdar UWM- Center for By-Products 
Utilization Milwaukee, WI 

Hilmer, Gary Bill Revelle Trucking, Inc. St. Charles, MO 

Hoback, William 
Department of Commerce and 
Economic Opportunity, Office of 
Coal Development 

Springfield, IL 

Kahl, W. Ed Ameren Energy Fuels & Services St. Louis, MO 

Kimlinger, Joe Dynegy Midwest Generation Decatur, IL 

Konsky, Anthony A. Ameren Energy Fuels & Services St. Louis, MO 

Kraus, Rudi UWM- Center for By-Products 
Utilization Milwaukee, WI 

Lange, Jeff Civiltech Engineering, Inc. Itasca, IL 
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Seminar and Construction Demonstration on the  
Use of Flowable Slurry Containing Coal Ash 

Springfield, IL, July 31, 2003   
     

 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Naik, Tarun R. UWM- Center for By-Products 
Utilization Milwaukee, WI 

Nelch, Rob Henry Nelch & Son, Co. Springfield, IL 

Payton, Larry State Farm Ins. Cos. Bloomington, IL 

Peters, Sean J. Monterey Coal Company Carlinville, IL 

Revelle, William E. Bill Revelle Trucking, Inc. St. Charles, MO 

Revelle, William T. Bill Revelle Trucking, Inc. St. Charles, MO 

Riley, Randy Illinois Chapter Inc., American 
Concrete Paving Association Springfield, IL 

Sethi, Surinder S.  City of Bloomington  Bloomington, IL 

Shah, Timir UWM- Center for By-Products 
Utilization Milwaukee, WI 

Smith, Victor H. Cemex USA Tampa, FL 

Wheeler, Dan DCEO Springfield, IL 
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Seminar and Construction Demonstration on the Use of Flowable 
Slurry Containing Coal Ash 

August 21, 2003, Collinsville, IL 

Workshop Description 
 

The purpose of the workshop is to present important technical information and review production and construction aspects for a 
new type of backfill material for trenches and other excavations, as well as for filling abandoned underground pipes, tunnels, etc.  
Flowable Slurry (Controlled Low Strength Materials, or CLSM) is a low-strength concrete-like material that is made from one or 
more of the materials such as coal ash, fine crushed sand, used foundry sand, crushed glass, wood ash, regular concrete sand, 
water, and some portland cement.  Flowable slurry can be designed for future excavation.  The strength of this material can vary 
from 25 psi to 1200 psi at the age of 28 days.  Numerous municipalities, state highway departments, and engineers are specifying 
flowable slurry increasingly for many applications. 
 

The workshop will present case histories of successful installations.  Technical information will be presented on mixture 
proportions, mechanical properties, construction applications, and environmental regulations. A construction 
demonstration of slurry placement will also be presented.  Handout materials will be provided.  The workshop 
should be of interest to those associated with building design, engineers, architects, engineering technicians, engineers working in 
governmental agencies, industry and private practice, engineering faculty and students, as well as ready mixed concrete producers, 
sand and coarse aggregates suppliers, and contractors.  Knowledgeable professionals engaged in specifying, approving, producing, 
marketing, and using flowable slurry will present state-of-the-art information. 

 

Program 
 

August 21, 2003, Collinsville, IL 
 

8:00 a.m. Registration (continental breakfast included). 
 
8:45  Welcome:  Francois Botha, Project Manager, Illinois Clean Coal Institute, 

Carterville, IL. 
 
9:00  Introduction:  Anthony A. Konsky, Asset Manager Director, Business 

Development, Ameren Energy & Fuel Services, St. Louis, MO.   
 
 

9:15  What is flowable slurry? - Engineering properties and mixture proportions of 
flowable slurry (a.k.a. CLSM) made with coal ash, case histories, and construction 
applications.  Tarun R. Naik. 

 

10:45  Break (refreshments - included). 
 

11:00  Field applications of flowable slurry in backfilling of excavations, trenches, and 
underground voids.  Effect of mixture proportions on setting characteristics, 
placement, testing, field performance, economy, and marketing.  Bruce W. 
Ramme.   

 

12:15 p.m. Lunch (included) 
 

1:30  Illinois EPA and Illinois DOT Requirements.  Tarun R. Naik  
 

2:00  Flowable Slurry Placement Demonstration and Questions and Answers. 
  Ken Highlander, Ready-Mix Service, Inc. and Tarun R. Naik. 
 

3:30   Adjourn. 
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SPEAKER INFORMATION 

 

The program is scheduled to include the following speakers: 
 

Tarun R. Naik, Ph. D., P. E., FACI 
Director, UWM Center for By-Products Utilization, Milwaukee, Wisconsin  
Dr. Naik has over 35 years of experience with cement, aggregates, and concrete. His contribution 
in teaching and research has been well recognized nationally and internationally.  His research 
has resulted in over 250 technical reports and papers in ACI, ASCE, ASTM, etc. He is a member 
of ACI, ASCE, ASEE, ASTM, RILEM, NSPE, and WSPE.  He is a member of technical 
committees of ACI, ASCE, ASTM, and RILEM.  He has served as a president of WI-ACI, 
WSPE, and other organizations.  
 
Bruce W. Ramme, P. E. 
Manager, Environmental Department-Land Quality, We Energies, Milwaukee, Wisconsin. 
 Mr. Ramme has worked for over 20 years at We Energies and has worked to help achieve over 
100% utilization of We Energies coal combustion products in 2002.  He is a member of ACI, 
ASCE, NSPE, and other professional organizations.  He was chairman of ACI Committee 229 on 
CLSM; and ACI 213B on By-Product Lightweight Aggregate, and a member of other technical 
committees of ACI.  He is also a past-president of the Wisconsin Chapter of ACI and the 
Southeast Branch of the Wisconsin Section of ASCE. 
 
The UWM Center for By-Products Utilization at the University of Wisconsin-Milwaukee 
(UWM-CBU) is an outstanding example of a successful public/private partnership.  The UWM-
CBU is dedicated to preserving the environment by finding practical uses for what is otherwise 
considered “waste”.  It does so through research on a variety of materials.  The end result is the 
creation of cost-effective products that satisfy existing needs and bring about a significant 
decrease in the volume of “waste” going to landfills.  Research is not the UWM-CBU’s only 
function, however.  It also gathers and distributes information about all facets of environmental 
preservation.  Closing the recycling loop through reduction and reuse is a much-discussed ideal.  
The UWM-CBU is doing it. 
 
The UWM-CBU was established in 1988 by a generous grant from Dairyland Power 
Cooperative, La Crosse; Madison Gas & Electric Company, Madison; National Minerals 
Corporation, St. Paul, MN; Northern States Power Company, Eau Claire; We Energies, 
Milwaukee; Wisconsin Power & Light Company, Madison; and Wisconsin Public Service 
Corporation, Green Bay.  With their financial support and support from other 
organizations including Manitowoc Public Utilities, Illinois Clean Coal Institute, US-DOE, 
UWS Applied Research Council & Solid Waste Research Program, Wisconsin Recycling 
Market Development Board, and others, the UWM-CBU is developing low-cost, high-
quality construction materials from many different types and sources of by-products, 
especially coal-combustion products (CCPs) from coal-fired energy generating plants. 

 
 

THE UWM CENTER FOR BY-PRODUCTS UTILIZATION MISSION STATEMENT: 
 

“To collect, develop, and disseminate information regarding the beneficial use of presently 
discarded by-products from industrial, commercial, and public sector operations.” 
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Seminar and Construction Demonstration on the  
Use of Flowable Slurry Containing Coal Ash 

Collinsville, IL, August 21, 2003 
     

 
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Addenbrook, Tom Mineral Resource Technologies Jerseyville, IL 

Botha, Francois Illinois Clean Coal Institute Carterville, IL 

Brown, Bret A. Ameren Energy & Fuel Services St. Louis, MO 

Bryant, Mark M. Ameren Energy & Fuel Services St. Louis, MO 

Carnahan, Dave LA Ash of Okalahoma, LLC Spiro, OK 

Claussen, Jeff United Contractors Midwest St. Louis, MO 

Coe, Patrick UWM- Center for By-Products 
Utilization Milwaukee, WI 

Dausman, Bruce Black Beauty Coal Company Evansville, IN 

Friedich, Jason Shannon & Wilson, Inc. Collinsville, IL 

Frey III, Clyde J. Ameren Energy & Fuel Services St. Louis, MO 

Garner, Bruce Curry Ice and Coal Company Carlinville, IL 

Ghanbari, Reza Namdar UWM- Center for By-Products 
Utilization Milwaukee, WI 

Grahlherr, Don URS Corporation St. Louis, MO 

Haschemeyer, Michael Professional Services Industries St. Louis, MO 

Highlander, Ken Ready-Mix Services, Inc. Collinsville, IL 

Hilmer, Gary McKay Hauling Company St. Charles, MO 

Kaiser, Lawrence Grace Performance Chemicals Chesterfield, MO 

Kahl, Ed Ameren Energy & Fuel Services St. Louis, MO 

Konsky, Anthony Ameren Energy & Fuel Services St. Louis, MO 

Kraus, Rudi UWM- Center for By-Products 
Utilization Milwaukee, WI 
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Seminar and Construction Demonstration on the  
Use of Flowable Slurry Containing Coal Ash 

Collinsville, IL, August 21, 2003 
 

     
NAME 

 
COMPANY/ORGANIZATION 

 
LOCATION 

Lammert, Leonard W. Reitz & Jens, Inc. St. Louis, MO 

Lentz, Ryan UWM- Center for By-Products 
Utilization Milwaukee, WI 

Lidisky, Dan Ameren Energy & Fuel Services St. Louis, MO 

Mander, Rich C. United Contractors Midwest Springfield, IL 

Naik, Tarun R. UWM- Center for By-Products 
Utilization Milwaukee, WI 

Rachford, Michael Elastizell of St. Louis, Inc.  Valley Park, MO 

Rachford, Stephen Elastizell of St. Louis, Inc. Valley Park, MO 

Ramme, Bruce We Energies Milwaukee, WI 

Ratajczyk, Brian SCI Engineering, Inc. Fairview Heights, IL 

Revelle, Bill E. Bill Revelle Trucking, Inc. St. Charles, MO 

Roth, Nicholas J. Professional Services Industries St. Louis, MO 

Rutz, Tom R. Ameren UE St. Louis, MO 

Schulte, Chris Vernaci Construction Washington, MO 

Shah, Timir UWM- Center for By-Products 
Utilization  Milwaukee, WI 

Smith, Victor H.  Cemex USA Tampa, FL 

Stewart, Tommy LA Ash, Inc. West Lake, LA 

Waxali, Mark Civil Environmental Consultants, 
Inc. Downers Grove, IL 

Wu, Yong SCI Engineering, Inc. Fairview Heights, IL 

Zipprich, Roger Mineral Resource Technologies, Inc. Jerseyville, IL 
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APPENDIX B 
 

SAMPLE PROGRAM EVALUATION FORM FOR  
TECHNOLOGY TRANSFER SEMINARS 

AND 
SUMMARY OF RESPONSES FOR EACH SEMINAR 
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Seminar and Construction Demonstration on the Use of  
Flowable Slurry Containing Coal Ash 

SAMPLE 
 

Program Evaluation 
 
Your thoughts about this seminar are very important to us for planning future seminars.  Please 
take a few moments to give us your comments. 
 

Rating Scale 
 

1 - Not Satisfied  4 - Medium 
2 - Low   5 - Highly Satisfied 
3 - Moderate 

 
1. Using the above rating scale, indicate the extent to which you were satisfied with the 

following aspects of the program you attended: 
 

Overall program quality ...........................................................................5  4  3  2  1 
 

Relevance of the information…………………………………………   5  4  3  2  1 
 

Applicability to your work .......................................................................5  4  3  2  1 
 

Usefulness of handout ..............................................................................5  4  3  2  1 
 

Quality of audiovisual aids ......................................................................5  4  3  2  1 
 

Knowledge of the speakers ......................................................................5  4  3  2  1 
 

Presentation of information by speakers ................................................. 5  4  3  2  1 
 

Maintaining schedule/good pace ..............................................................5  4  3  2  1 
 
2. The level and complexity of the seminar was: 
 

_____ Too elementary  _____ Correct  _____Too technical 
 
3. What idea(s) or speaker(s) did you find particularly good: 

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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4. What thing(s) about the seminar needs to be improved? 

________________________________________________________________________
________________________________________________________________________
______________________________________________________ 

 
5. a) Which topics were of most value to you? 

________________________________________________________________________
________________________________________________________________________
______________________________________________________ 
 
b) Which topics were of the least value to you? 
________________________________________________________________________
________________________________________________________________________
______________________________________________________ 

 
6. Comments on specific speakers 

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________ 

 
7. Comments on facilities, accommodations, program arrangements, meals, etc. 

________________________________________________________________________
________________________________________________________________________
______________________________________________________ 

 
8. Suggestions for topics for future seminars. 

________________________________________________________________________
________________________________________________________________________
______________________________________________________ 

 
Use space below for additional comments. 

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________ 

 
Thank you for your help and for attending the Seminar and Construction Demonstration 
on the Use of Flowable Slurry Containing Coal Ash. 
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Seminar and Construction Demonstration on the Use of  
Flowable Slurry Containing Coal Ash 

Marion, IL, April 24, 2003 
 

SUMMARY OF PROGRAM EVALUATION RESPONSES 
 

Rating Scale 
 

1 - Not Satisfied  4 - Medium 
2 - Low   5 - Highly Satisfied 
3 - Moderate 

 
1. Using the above rating scale, indicate the extent to which you were satisfied with the 

following aspects of the program you attended: 
 Average of Responses 

Overall program quality ........................................................................................4.2 
 

Relevance of the information ................................................................................4.2 
 

Applicability to your work ....................................................................................3.7 
 

Usefulness of handout ...........................................................................................4.2 
 

Quality of audiovisual aids ...................................................................................4.1 
 

Knowledge of the speakers ...................................................................................4.7 
 

Presentation of information by speakers ...............................................................4.5 
 

Maintaining schedule/good pace ...........................................................................4.5 
 
2. The level and complexity of the seminar was (Percentage Replying): 
 

_____ Too elementary  __100%___ Correct  _____Too technical 
 
3. What idea(s) or speaker(s) did you find particularly good: (Sample of Responses) 

Presentation of several projects with visuals. 
Practical aspects of ready mix producers. 
Different uses for flowable fill. 
Enjoyed the practical experience Frank (Kozelisky) shared. 
Speakers mentioned codes and technical aspects as well as how to use knowledge 
practically (sometimes may not be consistent with codes) 
Chemical analysis and formulation. 
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4. What thing(s) about the seminar needs to be improved? (Sample of Responses) 

Information of local use, contractors, pricing. 
None. 
Batching & mixing practical info needs to be geared for audience 
Frequent deviations from topic 
More related handouts 

 
5. a) Which topics were of most value to you? (Sample of Responses) 

Design of mixes, test results, practical aspects 
Fly ash usage, cost 
Case studies/troubleshooting 
 
b) Which topics were of the least value to you? (Sample of Responses) 
Marketing/Sales 
In Depth background 
None 
Batching 

 
6. Comments on specific speakers (Sample of Responses) 

Always like listening to Dr. Naik; Mr. Kozeliski’s discussion was a little abstract. 
Good presentation by all speakers. 
One too technical, one too practical – good in balance 
Good and clear, understandable, organized. 
Dr. Naik was excellent 

 
7. Comments on facilities, accommodations, program arrangements, meals, etc. (Sample of 

Responses) 
Conference room was fine, but hotel rooms were terrible. 
Adequate; coffee not warm, 
Room set up wrong. 
Everything was great. 

 
8. Suggestions for topics for future seminars. (Sample of Responses) 

Representatives for IL DOT 
Use of bentonite or lime along with fly ash 
More detailed/specific info on one project 
Better facilities 

 
Use space below for additional comments. (Sample of Responses) 

Beneficial to have more in depth presentation of Dr. Naik’s work. 
Good seminar. 

 
Thank you for your help and for attending the Seminar and Construction Demonstration 
on the Use of Flowable Slurry Containing Coal Ash. 
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Seminar and Construction Demonstration on the Use of  
Flowable Slurry Containing Coal Ash 

Chicago, IL, May 20, 2003   
 
 

SUMMARY OF PROGRAM EVALUATION RESPONSES 
 

Rating Scale 
 

1 - Not Satisfied  4 - Medium 
2 - Low   5 - Highly Satisfied 
3 - Moderate 

 
1. Using the above rating scale, indicate the extent to which you were satisfied with the 

following aspects of the program you attended: 
 Average of Responses 

Overall program quality ........................................................................................4.3 
 

Relevance of the information ................................................................................4.1 
 

Applicability to your work ....................................................................................3.8 
 
Usefulness of handout ...........................................................................................4.4 

 
Quality of audiovisual aids ...................................................................................4.4 

 
Knowledge of the speakers ...................................................................................4.5 

 
Presentation of information by speakers ...............................................................4.5 

 
Maintaining schedule/good pace ...........................................................................4.1 

 
2. The level and complexity of the seminar was (Percentage Replying): 
 

_____ Too elementary  ___100%__ Correct  _____Too technical 
 
3. What idea(s) or speaker(s) did you find particularly good: (Sample of Responses) 

Material supplier a positive contribution 
Desire to help the industry with developing new mix or markets 
Practical presentation applicable to real world 
Tarun Naik is interesting and engaging 
Martin Ozinga brought real world ideas and experience to the seminar 
All the speakers ideas are good and relevant 
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4. What thing(s) about the seminar needs to be improved? (Sample of Responses) 

Groundwater standards need to be addressed 
Dessert with lunch 
Longer breaks to allow attendees to network 
Strengths and set time for flowable slurrry 

 
5. a) Which topics were of most value to you? (Sample of Responses) 

Practical applications; hands-on producer info 
Mix designs & admixture potential for CLSMs; Interact with other attendees 
Structural backfill in inaccessible areas 
Ozinga demo on CLSM 
Pictures of processes 
 
b) Which topics were of the least value to you? (Sample of Responses) 
What fly ash is; I have been to a number of the UWM seminars and have studied some 
things 
Some ASTM spec information 
Sales pitch 

 
6. Comments on specific speakers (Sample of Responses) 

Knowledgeable 
All speakers excellent and to the point 
Dr. Naik is always knowledgeable & informative on practical applications 
Ozinga’s talk was very good for practical & cost issues; should focus on hands on 
subjects 

 
7. Comments on facilities, accommodations, program arrangements, meals, etc. (Sample of 

Responses) 
Very good; good food 
Excellent 
Perfect 
O’Hare would be more convenient 

 
8. Suggestions for topics for future seminars. (Sample of Responses) 

Bring some tech seminars, continuing ed. To Chicago 
Fly ash in ready-mixed concrete and SCC 
Feasibility of large volume projects and improved cost efficiency 
Strength and set time 
Environmental issues 

 
Use space below for additional comments. (Sample of Responses) 

Nice array of technical posters 
What is the remedy for high installation costs and extensive clean-up  
I would attend if offered again 

 
Thank you for your help and for attending the Seminar and Construction Demonstration 
on the Use of Flowable Slurry Containing Coal Ash. 
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Seminar and Construction Demonstration on the Use of  
Flowable Slurry Containing Coal Ash 

Springfield, IL, July 31, 2003   
 
 

SUMMARY OF PROGRAM EVALUATION RESPONSES 
 

Rating Scale 
 

1 - Not Satisfied  4 - Medium 
2 - Low   5 - Highly Satisfied 
3 - Moderate 

 
1. Using the above rating scale, indicate the extent to which you were satisfied with the 

following aspects of the program you attended: 
 Average of Responses 

Overall program quality ........................................................................................4.4 
 

Relevance of the information ................................................................................4.6 
 

Applicability to your work ....................................................................................4.4 
 

Usefulness of handout ...........................................................................................4.5 
 

Quality of audiovisual aids ...................................................................................4.2 
 

Knowledge of the speakers ...................................................................................4.8 
 

Presentation of information by speakers ...............................................................4.5 
 

Maintaining schedule/good pace ...........................................................................4.8 
 
2. The level and complexity of the seminar was (Percentage Replying): 
 

_____ Too elementary  __83%___ Correct  _17%_Too technical 
 
3. What idea(s) or speaker(s) did you find particularly good: (Sample of Responses) 

Naik – broad overview of beneficial use of CCP’s; Excellent program. 
Cemex. 
Practical uses, case histories. 
Mistakes of others. 
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4. What thing(s) about the seminar needs to be improved? (Sample of Responses) 

More contractor specific testimony; success/failure in various cities; 
Seminar fine as is 
More info for construction applications, cost, long/short term analysis 
Explain strength vs use applications 
Middle speaker was informative, but too much sales. 

 
5. a) Which topics were of most value to you? (Sample of Responses) 

Various types of ash tested 
Different applications; Do’s and Don’ts; Basic background 
Mix designs 
Review of IDOT requirements; Didn’t know IEPA has requirements. 
 
b) Which topics were of the least value to you? (Sample of Responses) 
The explanation of origin of fly ash  
The technical side of flowable fill percentages and additives 
Too much background and studies 
Power plant operation 

 
6. Comments on specific speakers (Sample of Responses) 

All knowledgeable; interesting; personable 
Tarun knowledgeable; interesting 
Good 

 
7. Comments on facilities, accommodations, program arrangements, meals, etc. 

(Sample of Responses) 
Great; nice; very good; excellent 
The facilities were excellent; program arrangements and meals were also very 
good 
Food was good; audio equipment was less than good 

 
8. Suggestions for topics for future seminars. (Sample of Responses) 

Installation & Excavation of previously placed flowable fill 
Effects of additives pertaining to uses; effects of weather during placement 
More reasons why consultants reluctant to use this material 
How to increase marketability & commercialization 

 
Use space below for additional comments. (Sample of Responses) 

Maybe a video would be beneficial 
Listing of national specifications 
Intro of all individuals (attendees) 
Overall excellent seminar 
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Thank you for your help and for attending the Seminar and Construction 
Demonstration on the Use of Flowable Slurry Containing Coal Ash. 
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Seminar and Construction Demonstration on the Use of  
Flowable Slurry Containing Coal Ash 

Collinsville, IL, August 21, 2003   
 
 

SUMMARY OF PROGRAM EVALUATION RESPONSES 
 

Rating Scale 
 

1 - Not Satisfied  4 - Medium 
2 - Low   5 - Highly Satisfied 
3 - Moderate 

 
1. Using the above rating scale, indicate the extent to which you were satisfied with 

the following aspects of the program you attended: 
 Average of Responses 

Overall program quality ........................................................................................4.8 
 

Relevance of the information ................................................................................4.9 
 

Applicability to your work ....................................................................................4.8 
 

Usefulness of handout ...........................................................................................4.9 
 

Quality of audiovisual aids ...................................................................................5.0 
 

Knowledge of the speakers ...................................................................................5.0 
 

Presentation of information by speakers ...............................................................4.8 
 

Maintaining schedule/good pace ...........................................................................5.0 
 
2. The level and complexity of the seminar was (Percentage Replying): 
 

_____ Too elementary  ___100%__ Correct  _____Too 
technical 
 
3. What idea(s) or speaker(s) did you find particularly good: (Sample of Responses) 

Applications – Do’s & Don’ts.    
Dr. Naik: New uses, applications for coal ash.   
Tarun Naik and Bruce Ramme.   
All Speakers knew their subject matter 
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4. What thing(s) about the seminar needs to be improved? (Sample of Responses) 

Too much overlap of information between speakers.  More detail on mixture 
design and results. 

 
5. a) Which topics were of most value to you? (Sample of Responses) 

All.  Practical applications.  Cemex/Florida mix designs. 
 
b) Which topics were of the least value to you? (Sample of Responses) 
Wisconsin experience interesting but not particularly applicable 

 
6. Comments on specific speakers (Sample of Responses) 

All were excellent. 
 
7. Comments on facilities, accommodations, program arrangements, meals, etc. 

(Sample of Responses) 
Facility, location arrangements – good; publicity/availability of program needs 
marketing effort. 
Fine. 
More options for menu. 
Perfect. 

 
8. Suggestions for topics for future seminars. (Sample of Responses) 

Soil stabilization milling/stabilization/repairing old roadways. 
 
Use space below for additional comments. (Sample of Responses) 

Better if held late fall/winter.  Summer is difficult time for construction personnel. 
 
Thank you for your help and for attending the Seminar and Construction 
Demonstration on the Use of Flowable Slurry Containing Coal Ash. 
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