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INTRODUCTION

The High Density Sludge Process was originally developed by Bethlehem Steel Corporation for
use on acid mine drainage and diluted waste pickle liquor discharges requiring continuous
chemical treatment systems. This work began in the early 1970s and was first put into
practical use around 1973. To date there are approximately 15 operating systems which have
been installed on mine drainage in the United States, and another 10 systems worldwide.

Dense Sludge is an innovative and improved method for treating acidic metal bearing streams
in a manner which minimizes the volumetric generation of sludge for disposal. The technology
utilizes a proprietary sludge recycle process which forms particles that have a low affinity for
water, unlike conventional metal hydroxide solids which contain tightly bound interstitial
waters. Typical acid mine drainage streams contain high sulfate concentrations which
combine with calcium ions in lime based treatment systems to form gypsum crystals. The
physical form of this gypsum is radically altered when the Dense Sludge process is utilized
compared to the form generated in conventional lime treatment systems. The characteristics
of the metals particles are also changed in this process, as the metal hydroxides are
converted to metal oxides. Slides No. I and No. 2 show scanning electron micrographs of
conventional and densified sludges illustrating these differences. The magnification used was
300K The dense sludge particles settle faster, dewater more readily, are more easily pumped,
and hold much less water than conventional precipitates, In some cases, because the metal
content of the sludge is more concentrated, it can be economically recovered.

In general, the conventional and Dense Sludge treatment processes are very similar. The
changes required to implement the Dense Sludge process are minor, and typically much of the
existing equipment is utilized. The net results of the process are reduced operational costs
associated with sludge generation, improved process control (particularly pH control),
reduced gypsum deposition (i.e., less scaling) on system components, and reduced sludge
generation resulting in less return water for treatment. Despite the relative simplicity of the
process, the application of the technology requires careful discrimination and the "experience
factor" for implementation is an important consideration which should not be overlooked.

OVERVIEW OF THE DENSE SLUDGE PROCESS

Figure I presents a simplified process flow diagram of the Dense Sludge process. The most
significant change between Dense Sludge technology and conventional metals treatment is



the method by which the alkali source is added. In conventional treatment systems, the alkali
is added directly into the influent to achieve a desired pH setpoint. Generally, that setpoint
is the pH at which the minimum solubility occurs for the target metal(s), or at the pH where
discharge limitations can be reliably met. In the Dense Sludge process, the alkali source is
combined with recycled sludge before being combined with the influent. The alkali source
can be lime, caustic, ammonia, or any other neutralization agent which reacts readily and
can be continuously metered.

The sludge particles react with the alkali to provide attraction sites for the removal of metals
and cause the gypsum crystals to grow. The continued recirculation of sludge ultimately
converts the metal hydroxides to oxides through a series of steps.

The method of feeding the alkali (proportioning valve, proportioning weir box, or metering
pump) is the same for both conventional and dense sludge systems. In some cases we have
found that the pH setpoint can be lowered with the Dense Sludge system and still maintain
optimum metals precipitation. The sludge for recirculation is withdrawn from the solids
settling unit and pumped to the sludge conditioning tank where it combines with the alkali
source. The resultant mixture of sludge and alkali is then directed to the neutralization tank
where it combines with the influent. The demand for alkali depends upon the system pH
setpoints and a probe in the Neutralization Tank provides continuous measurement and
feedback to the proportioning device. Many operators of treatment plants which have been
converted to the Dense Sludge process report a savings in alkali consumption.

The sludge generated in the solids settling unit is recirculated constantly at a rate sufficient
to meet the constraints of the dense sludge process. In addition to continuous recycle, a
certain quantity of sludge is removed from the system each day to maintain the equilibrium
of the system. For best results this blowdown stream should be designed to handle the
maximum anticipated loadings on a continuous basis and then it can be operated
intermittently to maintain the density of the recirculated sludge or to keep this density
within a target range, say 15 to 25% solids. For acid mine drainage derived from coal mining



sites, we have found that 20% solids or less provides a good working density with lime alkali
and ultra high molecular weight (UBMW) cationic polymer used as settling aid. For
applications involving other metals, 20 to 30% solids in the underflow from a
clarifier/thickener is achievable. There are, of course, exceptions to these situations. One
facility, which has high iron and sulfate loadings, uses no polymer and achieves underflow
solids in the 35% range with lime.

Because the chemicals used and unit operations all remain the same with the Dense Sludge
process, implementation of the process typically requires only the installation of small tanks,
mixers, pumps, piping, flow meters, and valves. No new major equipment is required. Using
the Dense Sludge process to eliminate the interstitial water in sludge particles, the solids in
the sludge are denser and will settle more rapidly. This improvement in the characteristics of
the sludge directly correlates to increased percent solids achieved in the sludge blanket in
the thickener/clarifier and a decrease in the quantity of waste sludge generated. The percent
solids ranges discussed previously compare to a typical range of 1‐3% solids with conventional
systems. The difference in the sludge characteristics is illustrated by Figure 2 and presented
on Slide 3.

APPLICATION OF DENSE SLUDGE PROCESS.

The Dense Sludge process is generally suited for acidic waste streams containing soluble
metals. Although there is no strict guideline for pH characteristics, the wastewater must
contain metals in the soluble form. In some cases, as with ferric iron, this dictates an influent
pH below 3.5. When evaluating the process for use with acid mine drainage, if an appreciable
amount of ferric iron could be present in the influent and the pH is low enough for it to be
present in a soluble state, a two‐stage neutralization system should be utilized to optimize
the Dense Sludge process. With other metals (e.g., nickel, chromium, cadmium), a pH less
than 7 would suffice. Because of the chemistry of the process, metals that are insoluble when



they reach the process cannot be densified, since they have already been precipitated.

Although the process was originally developed for acid mine drainage, Chester has also
installed the Dense Sludge process in the following industries:

Acid pickling (carbon and stainless steel)
Electrogalvanizing (steel)
Aluminum conversion coating
Printed circuit board manufacturing

In addition to the above industries, other candidate industries include:

Electroplating
Semi‐conductors
TV picture tube manufacturing
Aluminum anodizing

MINING CASE HISTORY

The following section describes the installations and provides operating data from an AMD
treatment location in northern West Virginia. At this site two Dense Sludge systems have been
installed and the new larger system is currently operating. The older system is a conventional
treatment plant which was retrofitted with Dense Sludge technology. It is currently not
operating, but held on standby. Both of these systems are located on a site which is part of a
large mine complex that operates on Freeport seam coal.

Retrofit

Dense Sludge technology was retrofitted to the existing AMD treatment plant to prove the
merits of the system. Construction activity began in August 1994, and start‐up of the entire
system incorporating the retrofit components began during late December 1994. This plant
has capacity to treat approximately 2000 gpm of influent which is collected in a storage
pond. The water flowing into this pond is combined surface runoff and leachate from an old
refuse disposal area, and artesian flow. A representative influent analysis and effluent
discharge permit limitations are listed below.



Operating information from the retrofit system which helped justify use of the Dense Sludge
technology at the new facility is presented below.

The sludge density of the clarifier underflow increased from 1‐2% to
approximately 15% solids by weight.
The blowdown pump used to dispose of sludge to the borehole was reduced
in size from 400 gpm to approximately 100 gpm, resulting in a subsequent
reduction in pump horsepower from 100 to 3 0.
The sludge disposal pipeline size was reduced from 6‐inch to 3‐inch.
Actual sludge volume for disposal was reduced by approximately 90% because
the blowdown pump was operated intermittently for less than half of the
time the plant was treating water.
Projected clarifier size for the new facility was reduced by approximately 25
feet of diameter compared to conventional sizing. Due to the very low
effluent limits at the site, a larger size reduction could not be justified.
Since the lime delivery system had been modified just prior to installation of
the Dense Sludge system, no data comparing usage was available. Most
operators from other Chester‐installed systems report an approximate 10%
reduction in lime usage with the Dense Sludge system.
Observations over time by our client has shown that the Dense Sludge
process provides control of gypsum deposition on internal components of the
system. The requirement for less frequent pH probe cleaning was one
measurement of the phenomena. The process does not eliminate gypsum
deposition completely, but it provides a considerable reduction minimizing
the maintenance requirement.

Slides of the retrofit system will be presented at this time with a discussion of the
components which are shown.

New Facility

A new Dense Sludge AMD treatment facility was constructed at the site and operations began
in November 1996 with a capacity to treat up to 9000 gpm of influent. Except for the large
increase in flowrate, design parameters were very close to those used for the retrofit system.
The facility can treat combinations of flow from the storage pond and two deep well pumps
operating on mine pool water. The capacity of each deep well pump is 4500 gpm, so
depending upon the flow volume originating from the storage pond, the plant operator
decides how many deep well pumps can be operated without exceeding the capacity of the
system.

Thus, under a very high runoff situation no deep well pumps are operated. At times this new
facility has handled flow rates in the 11,000 gpm range.



A process flow diagram in slide form is shown at this time.

Slides of the new facility showing field system components will be presented and discussed at
this time.

To assist us with this paper Chester Engineers contracted with Mr. Tiff Hilton of Working on
People's Environmental Concerns (WOPEC) to do a treatability study with raw water samples
taken on January 24, 1997 at the new AMD treatment facility.

Results from Mr. Hilton's work are presented as follows.

Table I ‐ Raw Water Analysis
Table 2 ‐ Incremental Titration Results Using Lime
Figure 3 ‐ Incremental Plot of Titration Results

The incremental titration results (Table 2) approximate the operation of a conventional type
treatment facility that has been designed conservatively for aeration capacity and
neutralization retention time to allow the chemical reactions to be completed and the lime
to be fully utilized. The following observations can be made from the presented data.

The manganese discharge limit of 1. 1 mg/L could not be met with this water
without maintaining a pH of over 9.3 in the reactor vessel.
When the manganese limitation becomes the driving parameter forcing the
pH to be maintained above 9.0, aluminum becomes increasingly soluble,
thus, making it more difficult to remove in a conventional system. Site data
indicates that the Dense Sludge Process controls these conditions by reducing
the pH requirement to meet the manganese limits, thus minimizing the
amount of aluminum that can come back into solution.

Additional information generated during this project shows benefits of the Dense Sludge
process to be:

Given the comparative sizes of the sludge disposal pumps required for a
conventional treatment process versus the dense sludge process, the amount
of water recirculated to the mine pool was reduced by approximately I MGD.
The existing sludge disposal pipeline to the borehole, which is 3‐inch
diameter, was able to be utilized with the dense sludge process. An 8‐inch
sludge disposal pipeline which would have been required with a conventional
process was eliminated. The length of this line is approximately 2000 ft.
The system is utilizing lime very efficiently. Actual usage based upon lime
delivery records is less than theoretical neutralization calculations, as
opposed to conventional systems which use the lime less efficiently.
There is very little pH fluctuation with the Dense Sludge Process. This tight
operating range is less sensitive to any upset conditions which could occur.
By utilizing a lower treatment pH, the final pH at the system outfall is also
reduced, which is beneficial to the receiving stream.

CONCLUSION



 The Dense Sludge process is a waste minimization technique that can be effectively used
when treating metal bearing wastewaters. In general, the technology can reduce waste
generation considerably and also improve treatment system performance. It increases the
solids handling capacity of existing systems and minimizes equipment requirements for new
systems. In addition, the Dense Sludge process reduces costs for operating labor, the quantity
of neutralization chemicals used, and sludge disposal. Since the process utilizes existing
equipment to the maximum extent possible, modification of existing systems is not difficult
and is generally cost effective because of the economic benefits realized by its installation.














