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ABSTRACT 
 
Managing coal combustion products in today’s environment is challenging to say the 
least. With EPA rules changing new technologies must be implemented to manage 
current operations as well as legacy sites. Paste technology applications have been 
commonplace in the mining and oil and gas industry for 20 years to deal with fine waste 
products but it has taken recent changes in legislation to put paste in the spotlight for 
the power sector. The challenge with any dewatering application is to balance 
commercial aspects with technical risk and deliver a solution that meets regulatory 
requirements at the deposition site. Paste is a proven solution – an engineered solution 
- that can be designed to deal with each individual waste stream or to manage wastes 
within a co-disposal framework. This paper will discuss case studies from the past 
decade of work on paste applications using ash products ranging from plants in the US 
to one in Brazil.  
 
INTRODUCTION 
 
In the following sections three case studies of ash paste (a Brazilian, a Mid-west and a 
western US) will be discussed. In each case, the fly ash or bottom ash or blend was 
tested for its behavioural characteristics and its ability to make paste. The rationale for 
each site going to a paste solution varies however the one common factor is the 
enhanced environmental performance either associated with moving/storing less water 
or reduction of dusting and the ability to recycle water back into the process. In all three 
cases, high solids content material was able to be produced and transported significant 
distances without issue. Two of the plants are in production and have been so since the 
mid-2000’s and are performing according to the design objectives. 
 
For each case study, basic operational data will be presented along with a general 
process description and overview of the operation. 
 
With any paste system one of the key areas is laboratory testing of the material to 
determine its index properties and general behaviour. The key measurements include 
particle size distribution (PSD), mineralogy, dewatering and rheology. Some key data 
for each site will be presented in each case study. 
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The performance findings during on site testwork or during production will also be 
discussed. 
 
COAL POWER GENERATING STATION – BRAZIL  
 

This coal fired plant embarked on an expansion which resulted in an increase of the ash 
generation rate from 240 to 370 tph. 

The power generating capacity is expanding from 176 MW to 386 MW with the addition 
of an extra phase to the generating station. The generating station is primarily a peak 
power supplier and operates intermittently based on distribution system demand. 

High ash content coal is obtained from a mine approximately 2.5 km away. Ash not sold 
to a local concrete company is trucked back to the mine and disposed of in mined out 
areas. 

The climatic conditions in the area are such that frequent high winds distribute the dry 
fly ash within the plant, on the roads leading from the plant to the disposal area, and 
within the disposal area itself, and thereby creating undesirable environmental effects in 
the surrounding countryside. 

 
Figure 1  Current dry fly ash disposal via haulage trucks 

 

The feasibility design incorporated the collection of fly and bottom ash at a large number 
of points within the generating station. The fly ash is wetted at the collection points, 
homogenised into 60 wt% solids content slurry in agitated tanks. Bottom ash is also 
homogenised to 60 wt% slurry. The solids content of the slurry was selected to allow the 
use of centrifugal pumps for slurry delivery to a central storage, paste preparation and 
pumping area.  



At the central storage area the fly and bottom ash slurries are combined and 
homogenised in a large agitated storage tank. A portion of this slurry is further 
dewatered through the use of vacuum disc filters. The cake produced by the filters is 
combined and mixed with the ash slurry in a twin shaft high shear continuous mixer. 

The resulting paste of approximately 68 wt% solids is disposed at the mine through the 
use of positive displacement pumps via pipelines to a disposal area approximately 2.5 
km from the plant. 

The thickened paste has pozzolanic properties and through the practice of thin layer 
deposition at the mined out area, it hardens to a trafficable surface in a few days 
thereby alleviating wind entrainment of the fly ash dust.   

Table 1  Brazilian ash operating data 

Operating Data Quantity Units Comments 

Plant Operation 260 
days per 
annum 

As required based on peak power demand 

 5 
days per 
week 

As required based on peak power demand 

 varies 
hours per 
day 

As required based on peak power demand 

Total Fly Ash 
Production 

1,684,300 
tons per 
annum 

 

 6,478 
tons per 
day 

 

 ~270 
tons per 
hour 

 

Maximum Design 
Capacity 

409 
tons per 
hour 

When generating station is operating 

Design Flowrates 1567 USGPM 
@ 68 wt% solids and when generating station 
is operating 

Fly ash S.G. 2.05-2.18   

Paste S.G.  1.53  @ 68 wt% solids 

Target wt% solids 68 %  

 
  



LABORATORY DATA 
 
The PSD of the fly ash satisfies the minimum fines content for paste production, while 
the bottom ash are on the low side of acceptability. The mixture of bottom ash and fly 
ash showed good results. 

 
Figure 2  Particle size distribution (PSD) of the fly ash, bottom ash and blend 

 
The slump versus moisture curve gives an indication of how sensitive the material is to 
water addition and thus how much process control is required to manage the system. In 
each of the cases below the material is moderately sensitive to water addition in that the 
slump moves from a 7” to a 10” in only a 2% change in solids content.  

 
Figure 3  Photograph of the low slump fly ash material 
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Figure 4  Slump versus moisture curve for the fly ash  

 
The water separation curve below shows the difference in solids content of the high 
density slurry.  As can be seen in the table and graph yield stress continues to increase 
over the 24 hr test period. 
 
Table 2  Slump versus water release and yield stress over time. 

Slump Tested: 7   

Time Wt% Separated Yield Stress Description 

0 0 67 Paste 

0.5 4.3 172 Firm Paste 

1 6.0 337 Stiff Paste 

2 8.6 356 Stiff Paste 

24 9.9 1126 Hard Packed Paste 

Slump Tested: 10  

Time Wt% Separated Yield Stress Description 

0 0 56 Paste 

0.5 4.9 179 Firm Paste 

1 6.4 180 Firm Paste 



2 8.4 189 Stiff Paste 

24 10.6 767 Hard Packed Paste 

 

 
Figure 5  Water release over time for 7” and 10” slump 

 

 
Figure 6 Water separating immediately after deposition @ 69 wt% solids 

 



Flow loop testing was conducted to provide friction loss values for the design of the 
distribution pipeline and pump selection.  
 

 
Figure 7  Photograph of flow loop set up on site 

 

 
Figure 8 Friction loss versus flow velocity for different line sizes 

 
  



PERFORMANCE 
 
The material characterization of the Brazilian fly ash samples showed promising results, 
and a good quality paste can be produced.  
 
The flow loop test demonstrated that ash slurry is pumpable with both positive 
displacement and centrifugal pumps even though the ash is reactive. Centrifugal pumps 
are effective in transporting this slurry with a density of <64 wt% solids while positive 
displacement pumps will be needed to transport the dense slurry >64 wt% solids. 
  
There is a high degree of material variability that would not have been discovered had 
the flow loop testing not taken place. It is clear that there are, and will likely continue to 
be, situations where hydration, or non-hydration will occur at higher slurry densities, 
above the material segregation point.  
 
The deposition of a dense ash material will result in an environmentally suitable 
alternative to the current practice of transport and deposition.  
 
Deposition via pipeline transportation, and the fact that this particular ash will hydrate 
over time, offers a very efficient and flexible system for disposal facility operation 
management. Deposition slopes of approximately 10% were noted during testing with 
no breakdown of the slurry surface that would result in initial dust generation. This is 
based on small scale testing and would need to be verified for large scale operations.  
 

 
Figure 9 Fly ash deposited on site in a flume 

 



 
Figure 10 Fly ash as a paste being pumped 

 
COAL POWER GENERATING STATION – MID WEST 
 
This facility in the mid-west completed the construction and commissioning of a 100 ton 
per hour coal fly ash surface disposal system in 2005. Significant testing including pipe 
flow loop and geotechnical testing were completed as part of the project.   
 
The objective of the system is to extract dry fly ash powder from an existing storage silo, 
add water and mix to a high density slurry consistency before pumping the material to 
the fly ash disposal area. The high density slurry is pumped as dense as possible and 
due to its pozzalanic properties, hydrates and gains in situ compressive strength in less 
than 24 hours.  
 
The fly ash feeding system consists of a rotary feeder and a screw conveyor which 
convey a consistent mass flowrate of fly ash from one of the two outlets on the fly ash 
silo to the continuous mixer. The mixer receives fly ash from the screw conveyor and 
dilution water is added to achieve the desired density (70-75 wt% solids). The mixer 
overflows continuously through a discharge pipe and into the paste hopper. The mixer 
discharges to the paste hopper and two fly ash pumps (in series) pump the hopper 
contents through the distribution pipeline to the fly ash disposal area. 
 



 
Figure 11 Paddles on the continuous mixer  

 
The plant is designed to operate largely without operator input. The system is operated 
intermittently during the winter months when it is required to store the fly ash in the fly 
ash disposal area instead of selling it. The fly ash disposal system also prepares an 
engineered fill that is used in the construction of containment structures for other plant 
effluents.    
 
The project was successfully completed in 2005 at a capital cost of $3 Million (2005 
dollars). 

Table 3 Mid-West Ash Operating Data 

Operating Data Quantity Units Comments 

Plant Operation 100 days per annum  

 7 days per week  

 24 hours per day  

Total Fly Ash Production 175,200 tons per annum  

 1,752 tons per day  

 73.0 tons per hour  

Maximum Design Capacity 100 tons per hour  

Design Flowrates 219 USGPM @ 75 wt% solids 

 232 USGPM @ 70 wt% solids 

Fly ash S.G. 2.50   

Paste S.G.  1.82  @ 75 wt% solids 

Target wt% solids 75-70 %  

 
  



LABORATORY DATA 
 
The PSD’s are fine in nature which is expected and provide a sufficient amount of fines 
for transport as a high density slurry. 

 
Figure 12 Particle size distribution of November 1999 and February 1999 samples of fly ash 

 
The mineralogical analysis in Table 6 shows no areas of concern. It means is that the fly 
ash is comprised mainly of “glass”.  The factors controlling the amount of “glass” in the 
fly ash are a function of the mineralogical composition of the impurities found in the coal 
feed (for example amount of quartz) as well as the operating conditions of the furnace. 
While glass is non-crystalline, in this particular case poorly / non-crystalline, means the 
material may not have completely melted and fused together.  
 

Table 4  Mid-West Ash Mineralogy 

Sample 

Crystalline Mineral Assemblage  
(relative proportions based on peak height) 

Major Moderate Minor Trace 

Dry Fly Ash poorly/non- crystalline compounds - 
*quartz 

Magnetite 

Calcite 

Periclase 

 
The water separation curves below show the difference in solids content of the high 
density slurry.  
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Figure 13 Water separation over time at varying solids contents  

 
With the existing dry fly ash system in place the main focus of the laboratory testing 
concerned the friction factors associated with pumping the high density material to the 
disposal area.  
 
The flow loop testing was conducted to provide friction loss values for the design of the 
distribution pipeline and pump selection. Fly ash slurry mixed to a consistency of 70 
wt% solids and 75 wt % solids were tested in the flow loop. The flow loop was 
performed over a period of one day at site in a loop composed of 4" and 6" HDPE pipe 
and can be seen in Table 7 below. 
 
Table 5 Friction losses through different pipe sizes. 

Flow Rate (usgpm) 

Pumped Values (psi/ft) 

70 wt.% solids 75 wt.% solids 

4" 6" 4" 6" 

150 0.019 0.003 0.021 0.007 

200 0.031 0.004 0.030 0.008 

250 0.046 0.006 0.044 0.009 

300 0.063 0.008 0.062 0.010 



 
Figure 14 Set-up of on-site flow loop apparatus 

 
PERFORMANCE  
 
With lower solids content mixes the water bleed is fairly substantial in the first 24 hour 
period. However as the solids content increases, and the hydration reactions that follow, 
mixes over 80% solids by weight for this ash sample are not recommended for pipeline 
transport, even when using positive displacement pumps. 
 
In the following figure paste deposition is shown.  

 
Figure 15 Fly Ash paste deposition  

 
  



COAL POWER GENERATION – Western US 
 
At a facility in the western US, the neutralized fly ash (NFA) waste stream, a coal-
combustion by-product, is deposited in a pond situated approximately four miles from 
the plant. The paste plant is located approximately 4 miles from the Power Plant, central 
to the ash and NFA disposal site. 
 
The paste plant comprises two 34-ft diameter PPSM tanks, which accepts 3,034 
USGPM and produces 259 USGPM of paste; thickener overflow from the plant is 
recycled back to the Power Plant. The plant is designed to handle 73 tons (dry) of solid 
fly ash per hour or 1,750 tons per day. The paste will be used to help minimize seepage 
at the final disposal pond. 
 
Scrubber slurry is received at the Paste Plant where it is deaerated prior to it being 
pumped to two deep tank paste thickeners. The deep tank paste thickeners (PPSM – 
Paste Production and Storage Mechanism) densify the scrubber solids from a dilute 
slurry to a paste consistency in a one-step operation, through the combination of 
effective flocculation of the particulate and the mechanical helix-raking mechanism of 
the PPSMs. 
 
Paste is withdrawn from the PPSMs to a “gob” hopper from where it flows to the paste 
piston pumps for discharge into the pond. Flexibility is provided in the pipeline system to 
discharge at the required location to suit the deposition plan. 
 
The paste plant was commissioned in January 2004. Project capital cost was $11 
Million (2004 dollars). A second plant was completed in 2009.  
 
Table 6 Western US Plant Operating Data. 

Operating Data Quantity Units 

Plant Operation 365 days per annum 

 7 days per week 

 24 hours per day 

Total Ash Production 680,000 tons per annum 

Fly Ash Production 442,000 tons per annum 

Bottom Ash Production 238,000 tons per annum 

Hydrated Lime-Converted to CaSO4.2H2O 195,000 tons per annum 

Pipeline Solids to pond (Neutralized Fly Ash – NFA) 637,000 tons per annum 

 1,745 tons per day 

 73.0 tons per hour 

Maximum Design Capacity 87.6 tons per hour 

Design Flowrate (pumps to pond) 310 USGPM 



Neutralized Fly ash S.G. 2.40  

Paste S.G. 1.66  

Target wt% solids 68 % 

 
LABORATORY DATA 
 
The PSD’s of the different ash materials are shown below. All but the bottom ash meet 
the criteria for fines content required for paste.  

 

Figure 16 Particle size distribution of different ash materials 

 
The mineralogical analysis in Table 9 shows nothing of concern from a dewatering or 
transport perspective other than the gypsum content of the neutralized fly ash which can 
cause difficulty in dewatering. 
 
Table 7 Mineralogical analysis of samples 

Sample 

Crystalline Mineral Assemblage  
(relative proportions based on peak height) 

Major  Moderate Minor Trace 

Dry Fly Ash  quartz hematite 
*pyroxene 

*plagioclase 
feldspar 



Bottom Ash  
plagioclase 
feldspar  

quartz  
hematite *pyroxene 

Neutralized Fly 
Ash 

gypsum  hannebachite *quartz 

*Tentative identification due to low concentrations, diffraction line overlap or poor 
crystallinity. 
 
The slump versus moisture curve gives an indication of how sensitive the material is to 
water addition and thus how much process control is required to manage the system. In 
each of the cases below the material is moderately sensitive to water addition in that the 
slump moves from a 7” to a 10” in only a 2-3% change in solids content. 
 

 
Figure 17 Slump versus moisture curves for different ash materials 

 
The water separation versus time gives an indication of the bleed water that will come 
off the paste after deposition in the pond. In this case with either slump material (the 
density per slump can be found in the previous graph) the water bleed is minimal i.e. 
between 4-5%. This means that of the free water remaining in the sample less than 5% 
will bleed out after deposition. In the case of a 68 wt% solids paste, this will translate 
into approximately 28 tons of water bleed per day. 
 

50% NFA / 50% BA 

65% NFA / 35% BA 

100% NFA 



 
Figure 18 Water separation versus time for different slump materials 

 
PERFORMANCE  
 
The paste plants reduce the amount of water deposited in the effluent holding pond by 
50% and the water that remains is part of the paste matrix. This effectively means that 
minimal bleed water comes off the paste deposit which significantly reduces the 
environmental concerns.   
 
The pozzelanic nature of the fly ash, in conjunction with the low water content 
associated with paste deposition, provides optimization of storage capacity of the 
discharged fly ash with beach slopes reaching approximately 4% plus early traffic 
access and reduced surface erosion of the deposited paste. 
 
In the following figures below paste deposition is shown  



 
Figure 19 Paste approximately 7 days after deposition – note the desiccation cracks and 

lack of dust 

 

 
Figure 20 Paste deposit looking across the different spigot locations 



 
Figure 21 Paste deposit at one of the spigot locations  

 
CONCLUSIONS 
 
In conclusion, the three sites discussed in the paper have very different characteristics 
and performance but all of them have proven amenable to a paste solution. The key 
drivers for paste as a solution in light of the current regulatory changes are the ability of 
paste to: 
 
 Reduce likelihood of seepage/leachate from waste facilities due to the lack of 

ponded water 
 Increase water reuse/recycling at the plant 
 Provide opportunities for faster reclamation (progressive) 
 Extend the life of facilities through maximizing footprints 
 Reduces containment dikes (not dams) 
 Reduces risk of failure of dikes 
 Reduces dusting on surface  
 Allows for smaller surface footprints via stacking the paste 
 Creates co-disposal opportunities for bottom ash, fly ash and FGD 
 
From the three case studies it can be seen that paste can be applied in a brownfield 
scenario e.g. an existing operation. It can be utilized for greenfield applications and has 
been successfully applied in virtually every climate and geographic location in the world. 
In the mining context, surface disposal of high density waste materials is commonplace 
and the lessons learned in mining can be readily applied to coal combustion products.  
 


