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Appendix G: 

Detailed Information on Remediation Technologies


The following appendix contains information about the effectiveness, feasibility and cost of 
remediation at mine sites. Information on capping and surface reclamation comes largely from 
EPA's draft RCRA Guidance Document for Landfill Design-Liner Systems and Final Cover 
(1982); information on treatment of contaminated water and solid wastes comes from EPA's 
Handbook, Remedial Action at Waste Disposal Sites (1985), and the U.S. Army Engineers' 
Handbook for Stabilization/Solidification of Hazardous Wastes (1986). 

Note that the information presented here on remediation technologies is dated. As new 
technologies are developed and the current technologies are refined the information presented 
here, effectiveness, feasibility, and costs, may change. Whenever possible, current sources 
should be utilized. 

G.1 Engineering Controls 

G.1.1 Capping and Surface Reclamation. 

The effectiveness of capping as a disposal alternative at mine waste sites will depend on 
several site-specific factors, such as the materials and number of layers used, the mobility of 
the covered waste, the size and topography of the site. Considerations related to evaluation of 
caps against the nine criteria may include the following: 

•	 Capping, in the absence of treatment, does not reduce toxicity or volume of the 
waste. 

•	 Excessive settlement and subsidence of the cap, caused by consolidation of the 
waste, can reduce the effectiveness of the cap, including: 

Ponding of surface water on the cap;

Disruption of gas collection pipe systems;

Fracturing of low permeability infiltration layers; and

Failure of geomembranes.


Failure of the cap may result in release of the buried waste, such as leaching or 
the escape of fugitive dust. 

•	 Freeze-thaw effects may, depending on climate, result in the development of 
microfractures or other failures that can increase the hydraulic conductivity of 
clays by as much as one order of magnitude. 

•	 Infiltration layers may be subject to drying depending on the climate and soil-
water retention in the erosion layer. 

•	 Fracture and volumetric shrinking of the clay due to water loss may increase the 
hydraulic conductivity of the infiltration layer. 
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Considerations when determining the feasibility of capping may include the following: 

•	 Capping can normally be accomplished with conventional construction 
equipment and, in some cases, on-site soils. However, the large areas of mine 
sites may pose substantial problems. 

•	 The slope angle, slope length and overlying soil load may limit the stability of 
component interfaces, such as between the geomembrane with the soil. If the 
design slope is steeper than the effective friction angles between the material, 
sliding instability may occur. 

•	 Capping and revegetation, if used, generally can be accomplished in less time 
relative to other alternatives.  Capping may be widely available, therefore, to 
prevent the near-term spread of contamination. 

•	 Treatability tests and research may be required to fully characterize the 
practicability of capping at the site, prolonging the remedial action. This is 
particularly true for revegetation of capped areas, where extensive research and 
testing may be required to find effective, long-term solutions. 

Costs associated with capping can vary, depending on the materials and size of the cap, 
as well as the ancillary equipment (e.g., monitoring wells) that may be required. Some general 
considerations may include: 

•	 Capping may have low capital cost in comparison with other alternatives 
addressing similar volumes of waste, such as excavation and offsite removal. 

•	 Capping may entail long-term O&M expenses for monitoring and maintenance, 
including: 

Inspection of the cap for ponding, failure of the cap, or deterioration of

the vegetation; 

If run-on or run-off systems are used, inspection and emptying of

containment systems;

Upkeep of the upper vegetative cover (e.g., replacement of eroded soils

or vegetation);

Periodic application of special surface treatments needed to prolong the

life and effectiveness of asphalt or concrete liners (e.g., top soil to

replaced eroded soil);

Sampling of nearby monitoring wells, if used, to detect any leaching; and

Institutional controls preventing unauthorized access that could affect

long-term effectiveness.


The use of surface vegetation is recommended for both single- and multi-layered soil caps to 
provide for stabilization and erosion control, and improve aesthetics. Careful consideration and 
research of site-specific factors should be done to determine the types of vegetation chosen for 
revegetation. Depending on site conditions, this may include the following activities: 
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•	 Search for potentially suitable vegetation, and sampling and analysis of the site 
conditions affecting growth in the area to be reclaimed. The following 
parameters may be relevant to consider: 

Climate.  Seasonal ambient temperatures can affect the plant's

photosynthesis, respiration, and absorption of minerals. Strong or

consistent prevailing winds can, in certain instances, lead to sandblasting

and dislodging of plants and erosion and dehydration of surface tailings

material. Heavy winter snowfalls and heavy spring rains can delay

access to tailings for planting.

Moisture supply.  Certain soils, particularly fine soils like sands and

sandy loams, normally exhibit lower moisture-retention than less fine

soils, like loams and clays. The moisture needs of the plants should be

compared to the moisture-retention characteristics of the soil.

Soil reaction.  pH levels may affect the ability of the vegetation to take

up essential nutrients from the soil, such as phosphates in acid soils. 

Highly acidic soils can potentially be high in concentrations of aluminum,

manganese, and iron. Excessively high concentrations can be phytotoxic

for certain kinds of plants.

Nutrient levels.  Nutrient levels in the native soils should be compared

with recommended levels for potential vegetation. If native soils do not

provide adequate nutrients, consider soil treatment or importing non-

native soil.


•	 Conduct bench scale or pilot programs of potentially suitable vegetation. For 
new vegetation or sites with unfamiliar contaminants, it may be advisable to test 
the selected vegetation in a lab or to cultivate the plants on a small scale at the 
site to simulate actual revegetation. Results of the program may help determine 
the suitability of the tested plants and the necessary conditions for optimal plant 
growth. 

•	 Select vegetation. Preferably, selection should be based on observation of 
similar plants growing in the area under natural conditions. The species selected 
also should be highly adaptable to site-specific conditions and be self -supportive 
to the greatest extent possible. 

For example, the following plants have been shown to be particularly well-suited for the 
revegetation of sulphide tailings areas.1 

• Red or Tall Fescue 
• Bromegrass 
• Red Top 

1 Brooks, B.W., T.H. Peters and J.E. Winch. 1989. Manual of Methods Used in the Revegetation of Reactive Sulphide Tailings 
Basins.  Canada Center for Mineral and Energy Technology, Energy, Mines and Resources Canada. 
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G.1.2 Collection, Diversion, and Containment 

Examples of CDC methods are the following: 

•	 Prevention of run-on:  Examples of diversion technologies for surface water 
include interceptor trenches, channels, and drains, channel protection, dikes, 
and terraces. These technologies divert surface water so that it does not contact 
or infiltrate through sources of contamination. 

•	 Control of erosion:  Erosion control technologies reduce sediment loading to 
surface waters and help stabilize the land surface, ultimately reducing the spread 
of contaminants. Technologies that control erosion include dikes, terraces, 
diversion channels, and surface reclamation techniques. 

•	 Collection of water and control of run-off:  Collection technologies may 
include a network of pipes, drains, channels, and trenches that direct water to a 
central location to aid proper water management. Collection technologies collect 
diverted or other surface and ground water so that it can be managed properly. 
Collected water is often treated in some manner before discharge, often to meet 
ARARs. 

Determining the potential effectiveness of CDC methods may need to include the following 
considerations: 

•	 CDC methods, as a rule, do not reduce the volume or toxicity of the wastes, but 
are often used in more comprehensive remediation approaches that are 
designed to address these concerns, such as on-site treatment or offsite 
removal. As such, CDC methods used for temporary storage may involve a 
relatively high risk of recontamination if failure occurs. Therefore, careful 
evaluation of effectiveness, including contingencies for failure, may need to be 
considered. Some of the risk of a release can be abated if the containment of 
waste is held to a minimum period of time and the CDC method is used in 
conjunction with treatment or removal. 

•	 Most CDC methods are proven and well-documented. A new application of CDC 
methods may, however, warrant a treatability study to characterize their 
effectiveness in light of the site-specific conditions. 

•	 CDC methods can be an effective option in minimizing the generation of acid 
mine drainage by diverting run-off from metal-sulfide minerals. For example, 
slurry retrenching may be used to form a barrier between an aquifer and tailings 
piles. 

•	 The effectiveness of CDC methods can potentially be influenced by 
unforeseeable factors, such as climate (e.g., rainfall flooding), and as such, their 
effectiveness over time may be unpredictable and difficult to evaluate. It may be 
advisable to identify reasonable factors that might affect performance and 
assess the likelihood that effectiveness can be assured. 
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Implementability considerations for CDC methods may include the following: 

•	 CDC methods can usually be implemented using readily available construction 
equipment and materials (e.g., backhoe, low-permeability soils). However, the 
site may need to be surveyed to ensure that implementation is possible given 
site-specific conditions. 

•	 Some CDC methods (e.g., interceptor or diversion dikes and berms) can be 
constructed with minimal design requirements, and thus, can be set up quickly 
without specialized oversight. However, innovative or more advanced CDC 
methods may require extensive design and testing. 

•	 CDC methods may not be feasible for addressing large areas, particularly areas 
with non-point source water contamination. For example, at Clear Creek 
Operable Unit No. 1, source control and containment were deemed infeasible 
because the source of discharge from the tunnels was from percolating ground 
water entering the mines through fractures, and intersecting veins, tunnels, 
shafts, and cross cuts, while little of the source was due to point source 
contributions (e.g., the intersection of adits with surface channels). 

Cost considerations for CDC methods may involve the following: 

•	 CDC methods are often simple to install (e.g., man-made trenches, earthen 
basins, dikes, or berms) and have low capital costs. These costs, however, can 
be unpredictable, and may vary with site-specific conditions. For example, the 
number of man-made or purchased structures required, local availability of soil 
and equipment, and effective design life of  the systems may influence O&M 
costs. 

•	 CDC methods normally entail monitoring and maintenance expenses over their 
operating life. Mulching and seeding, for example, is often necessary to prolong 
the useful life of certain earthen CDC methods like berms and dikes. Many of 
the methods also are subject to erosion forces and may be diff icult to maintain 
without rip-rap or gravel to protect them. Other CDC methods, such as settling 
or seepage basins, require that debris be routinely removed and disposed of in 
order to enable optimum operation. The operating costs for CDC methods, 
however, still compare favorably to that of waste treatment technologies. 

G.1.3 Treatment of Contaminated Water 

Precipitation 

•	 The effectiveness of chemical precipitation may be governed by the following 
factors: 

The solubility product of ionic species will influence the rate at which the 
metal can be precipitated. The solubility product can be controlled by the 
amount of lime added to the solution. Most metals have a particular pH 
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level at which precipitation is most effective. For waters containing

multiple metals, it may be necessary to vary the pH level to ensure

precipitation of all metals.

High levels of total dissolved solids can interfere with precipitation and

inhibit settling of solids.

Oil and grease in the water can inhibit settling of solids by creating an

emulsion that suspends particles.

Metal complexes in the water have a relatively high solubility limit, and

thus precipitation may be inhibited or infeasible.


•	 The feasibility of chemical precipitation may be influenced by the following 
parameters: 

The amount of the precipitating agent af fects the solubility of the metals

and should be regulated closely to ensure a high degree of precipitation. 

Controlling dosage rates may be particularly difficult for waters with wide

variations in flow rates and quantities of metals.

Precipitation is generally not feasible for very dilute waters. However, in

addition to solar evaporation of solvents, there may be the possibility in a

given situation of subjecting the water to very low temperatures. Such

treatment, together with agitation, could cause a fine precipitate to form

that could then be removed by gravity or filtration methods. In waste

treatment processes, it would be expected that precipitation, especially

with any crystal growth, would occur chiefly in lagoons or ponds

subjected to solar evaporation.

The residence time should be closely regulated to ensure a high degree

of precipitation.

Precipitation chambers that provide for mixing of the water will help to

ensure that the precipitating agent makes contact with the metals and to

promote the settling of the precipitate.


•	 Primary capital purchases for precipitation include a vessel capable of holding 
the water for the appropriate residence time, a means of directing the water into 
and out of the vessel, and a device to remove precipitated metals. The major 
variable cost in precipitation is the lime or other agent added to the solution to 
adjust pH and the electrical costs associated with mixing and removal. The 
disposal costs for sludges with higher concentrations of metals, or complex 
metals, may be higher, as more lime (or other reagent) is normally needed for 
effective precipitation. 

Clarification 

•	 Clarification can be effective in removing solids (i.e., large or coagulated solids). 
Dissolved pollutants and fine particles may not be conducive to clarification. 

•	 The feasibility of clarification can be influenced by several factors, including the 
susceptibility of the pollutants to be coagulated and/or settled given a reasonable 
residence time, and the flow rate of the water through the settling chamber. 
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•	 The major capital purchases for clarification include a basin or container of 
sufficient capacity to hold the water to be treated, a means of directing water in 
and out of the settling chamber, and a device to remove settled particles (and, if 
applicable, a scum raker). Monitoring devices for residence times and feed rates 
may also be advisable. Power costs involved with clarification tend to be 
relatively low because it relies heavily on gravity to remove suspended particles. 
These settled particles may require treatment and of fsite disposal (e.g., RCRA-
characteristic sludges). 

Chemical Oxidation 

• Factors that may influence the effectiveness of chemical oxidation include: 

Concentration of oxidizable compounds other than the contaminants of

concern may consume the oxidizing agent, inhibiting the effectiveness of

the oxidizing agent at treating targeted contaminants.

Metal salts may react with the oxidizing agent to form metal peroxides,

chlorides, hypochlorites, and chlorates. These compounds can consume

the oxidizing agent, potentially interfering with treatment of the targeted

contaminants.

Residence time should enable volatilization of organics. Batch feed or

continuous flow systems should be monitored to allow for adequate

residence times.


•	 The feasibility of chemical oxidation may be influenced by the following 
parameters: 

Amount of oxidant should enable volatilization of targeted contaminants. 

Other constituents in the water (e.g., metal salts) may be oxidized by the

oxidizing agent and thereby reduce the amount of the agent available for

the targeted contaminants. The danger of incomplete oxidation is that

more toxic oxidation products could be formed, such as in the case of the

high-strength, complex waste streams.2


Mixing of the oxidizing agent and water is important in ensuring that

contact is made between the oxidizing agent and contaminants.

Optimal pH is important to efficient volatilization and the prevention of

undesirable reaction byproducts.

Varying the amount and type of catalysts can promote oxygen transfer

and enhance oxidation.


•	 Primary capital purchases include contact vessels with agitators to provide 
suitable contact of the oxidant with the waste, storage vessels, chemical 
metering equipment, and monitoring equipment. 

2 USEPA. Handbook. 1985. Remedial Action at Waste Disposal Sites. Office of Research and Development. 
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Neutralization 

•	 Neutralization can be effective in adjusting the pH of most waters. An important 
consideration in its effectiveness is the amount of feed used to treat the water. 
Monitoring devices may be necessary to ensure that the appropriate amount of 
feed is added to the water to ensure effective neutralization. 

•	 The feasibility of neutralization may be influenced by the quality of the water to 
be treated. Waters containing high concentrations of toxic chemicals may result 
in the production of toxic air emissions. Acidification of waters containing certain 
salts, such as sulfide, may also produce toxic emissions. These emissions can 
be controlled using covers on the reactor basins or mixers to disperse the heat 
from the reactions. Other considerations include: 

Lime must be added dry to the water; however, blockage of the feed 
system is a common problem associated with dry lime. 
Lime neutralization of sulfuric acid, or of acidic wastes with sulfates or 
sulfites, may produce calcium sulfate or sulfite, which have limited 
solubilities. 

•	 The primary capital purchases for neutralization include compartmentalized 
reaction basins, mixers, and a baffle system to regulate inflow and outflow of the 
water. The major variable costs include lime or other agent added to the solution 
to adjust pH.  Disposal costs for sludges resulting from neutralization are 
normally higher for more heavily contaminated waters, as more of the 
neutralizing reagent is normally needed. 

G.1.4 Extraction and Removal of Waste 

Factors to consider when removing wastes include: 

•	 Recontamination.  The RPM must ensure that the extraction and removal 
action does not unintentionally recontaminate other areas of the site (e.g., via 
environmental transport routes). Fugitive dust in the soil, for example, can easily 
be churned into the air through use of heavy construction equipment during 
extraction and removal, potentially recontaminating downwind areas or posing an 
immediate threat to worker safety. 

•	 Capabilities of extraction equipment.  An important consideration in extraction 
of mining waste is using the appropriate equipment given site-specific conditions. 
Certain types of source problems (e.g., inaccessible mines like pit mines and 
underground mines, large piles) may make use of conventional construction 
equipment, such as backhoes and dozers, infeasible. 

•	 The feasibility of extraction and on-site containment.  The RPM should 
weigh the costs and benefits associated with keeping the extracted waste on site 
using containment and diversion technologies as well as the use of off site 
treatment or disposal. In some cases, it may be more practicable to keep the 
extracted waste on site pending development of on-site treatment during 
subsequent stages of the site remediation. If the wastes are treated on site to 
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meet all federal and state ARARs, RPMs could potentially avoid off-site 
transportation and disposal costs. 

Extraction and off-site removal of mining wastes is often accomplished using casting and 
loading excavation, hauling excavation, or both. Loading and casting can be accomplished by a 
wide variety of conventional equipment and techniques, including the following: 

•	 Backhoes, draglines and crawlers -- trenching and excavation of the waste. 
Draglines in particular are very suitable for excavating large areas with loosely 
compacted soil. 

• Cranes -- to load and cast, or rehandle the waste. 

•	 Bulldozers and loaders -- removal of miscellaneous fill or soil overburden, or 
relocating earth or compacted wastes from unstable surface areas to more 
accessible areas for lifting and loading operations. 

Hauling operations are normally accomplished using the following equipment: 

•	 Scrapers -- excavation for removal and hauling of surface cover material at 
large disposal sites or respreading and compacting of cover soils (e.g., as in 
capping of excavated area). 

•	 Haulers equipped with large rubber tires -- transportation of excavated 
wastes and soil for on- or off-road hauling. The waste is normally loaded onto 
the hauler with backhoes, draglines, shovels, and loaders. 

•	 Pumps -- extraction of liquids and sludges from ponds, lagoons, or underground 
mines. Pumped wastes are transported to waiting tanker trucks for 
transportation. 

•	 Dredges -- extraction of contaminated sediment from streams, surge ponds, or 
other water bodies. 

In addition, dust suppression measures may be necessary to protect human or environmental 
areas or to comply with ARARS (e.g., NESHAPs) during excavation and removal operations. 
Available dust suppression measures include: 

• Watering of areas prior to and during excavation activities; 
• Placement of tarps or covers over excavated materials; 
•	 Use of tarps or covers over truck beds to reduce blowing dust and spillage 

during transportation to the waste repository; and 
• Daily cleanup of all spilled or tracked soils from sidewalks and roadways. 

The RPM should ensure that adequate design and operating plans are developed before 
commencement of extraction and offsite removal, including: 

•	 Operational plans -- These plans should identify hot, transition, and cold zones 
for site workers, as well as other important areas for extracting and removing the 
waste, and include a site worker safety plan and associated contingent 



G-10 Appendix G: Detailed Information on Remediation Technologies 

emergency procedures developed with the local hospital and police and fire 
departments. 

•	 Environmental controls -- The lead agency should develop plans to ensure that 
the response action is implemented to mitigate any disturbance to the 
surrounding environment. Based on the lead agency's determination of 
attainable ARARs, for example, the response action may be required to meet 
certain location-specific or other ARARs requiring evaluation and mitigation of 
any disturbance to the surrounding environment. For example, the Surface 
Mining Control Act requires that the removal of contaminated soils use Best 
Available Technologies (BAT) to minimize disturbance to wildlife, fish, and the 
environment, and include measures to prevent subsequent erosion or air 
pollution. 

•	 Excavation and removal procedures -- An overall strategy should be 
developed to ensure successful excavation and removal, such as the provision 
of air or soil monitoring equipment, specific procedures for excavation and 
removal, and identification of targeted hot spots. 

Extraction and offsite removal may be an effective and permanent method of eliminating 
contamination at the site. If, however, the removal action is an interim response action and is 
intended to address only a specific area or kind of contaminant of concern (e.g., lead-based 
fugitive dust in residential soils), the action may not be a comprehensive solution to the site's 
contamination. In such cases, the removal action may need to be followed by a more 
comprehensive remedial approach, such as treatment. Extracted wastes also would pose a 
potential for contamination at the ultimate disposal site, unless treated beforehand. 

The following considerations may be applicable in considering the feasibility of removal actions: 

•	 Excavation and offsite removal is applicable to many mine conditions, but may 
be impracticable where site-specific features (e.g., remoteness of the 
contamination in an underground mine, size of source) make extraction and 
offsite removal cost-prohibitive. 

•	 Because the extraction and offsite removal of waste can often be implemented 
quickly, the option is often appropriate for addressing immediate contamination 
during an interim response action, even before site characterization is complete. 

•	 Most extraction and offsite removal options utilize conventional construction 
equipment and well-proven construction techniques (e.g., use of backhoes or 
dozers). 

Cost considerations for removal actions may include the following: 

•	 Extraction and offsite removal may reduce long-term O&M expenses (e.g., 
ground-water monitoring) by eliminating or reducing contamination at the site. 

•	 The capital costs of excavation and removal may be less expensive than onsite 
treatment and disposal. However, as mentioned above, the RPM should 
consider storing the excavated waste onsite pending development of onsite 
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treatment during the subsequent remediation phase, potentially avoiding offsite 
transportation and disposal costs. 

•	 If the extracted waste is not regulated under RCRA Subtitle C, it may potentially 
be managed as a Subtitle D waste. If, however, the waste is subject to RCRA 
Subtitle C, it may require manifesting, more frequent transportation offsite under 
40 CFR Part 262, and disposal in a Subtitle C disposal unit. For such waste, the 
costs of the extraction and offsite removal option may be higher. 

•	 Large-scale excavation, or excavation of wastes in remote areas of a mine, can 
be cost-prohibitive. 

•	 The proximity of a licensed landfill or available disposal site should be 
considered in evaluating transportation costs 

G.1.5 Treatment of Solid Wastes 

Vitrification 

•	 Determining the feasibility of vitrification may involve the following 
considerations: 

Vitrification is generally not feasible for volatile metallic compounds or

wastes containing high levels of constituents that may interfere with the

vitrification process.

High concentrations of chlorides and other halogen salts may interfere

with the glass-making process and corrode equipment.

Halogenated organics are not conducive to oxidation during vitrification. 

If halogenated organics are present in the waste, sodium chlorides may

exist in the glass. Because sodium chlorides have a low solubility in

glass, they may not be adequately immobilized.

Certain constituents, such as carbon or other reducing agents, may

interfere with vitrification. These agents tend to reduce the volatilization

temperature of selenium and arsenates.

The energy resources needed for vitrification may be difficult to establish

at a mining site.


•	 The major capital purchases for vitrification include a vitrification furnace, feed 
systems, and air emission controls. Operating expenses include the large 
energy resources needed to operate the system. 

Soil Vapor Extraction 

•	 Variable conditions in the soil may influence the implementability of soil vapor 
extraction, including the following: 

Low permeability soils may hinder the movement of air through the soil, 
inhibiting the volatilization of organics. These and other variable 
conditions may cause unpredictable or inconsistent removal rates. 
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High moisture content of the soil may inhibit movement of air in the soil 
and thus interfere with volatilization of organics. 

•	 Major capital purchases include extraction wells, an air/water separator, a 
blower, and a vapor treatment unit. 

Distillation 

•	 The effectiveness of distillation methods may vary depending on the technology 
used: 

Batch distillation is particularly applicable to wastes with a high

concentration of volatile organics.

Fractionation is applicable to wastes containing greater than

approximately seven percent organics. Fractionation can be operated to

produce multiple product streams for recovery of more than one organic

constituent from a waste, while generating a relatively small amount of

residue to be disposed.

Steam stripping is commonly used in wastewater treatment, but may also

be applicable to sludges containing volatile organics.

Thin film evaporation is normally applicable to wastes with greater than

40 percent organics.

Thermal drying is typically effective at treating wastes with greater than

40 percent organics.


•	 The following factors should be considered when determining the feasibility of 
distillation: 

The vapor-liquid ratio is an important indicator of the potential

effectiveness of distillation. This ratio refers to the relative temperature at

which different contaminants in the waste are distilled.  For waste

constituents with the same vapor-to-liquid temperatures, distillation would

be impossible. Thus, greater vapor-to-liquid ratios indicate a more

effective distillation.

The flow of heat through the waste volatilizes the organic constituents. 

Less conductive wastes will make distillation more problematic and may

require additional mixing.

High concentrations of oil and grease may clog steam stripping and

fractionation equipment, thereby reducing their effectiveness.


•	 The primary capital equipment for distillation will vary depending on the type of 
distillation used, but may include: 

Batch distillation: a feed system and a batch distillation unit consisting of

a steam-jacket vessel, a condenser, and a product receiver.

Fractionation: a reboiler, feed systems, a stripping and rectification

column, and a condenser.

Steam stripping: a boiler, feed systems, stripping column, a condenser,

and a collection tank.
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Thin film evaporation: steam-jacketed cylindrical vessel, feed systems,

and a condenser.

Thermal drying: batch or continuous dryers and feed systems.


Cyclonic Separation 

•	 The following considerations may be applicable when determining the feasibility 
of cyclonic separation: 

Cyclones may be feasible for removing solid particles of over five microns

diameter.

Higher cyclone speeds may increase efficiencies, but may also result in

higher operating costs.


• The primary capital purchases include feed systems and the cyclone separator. 

Solidification, Stabilization, and Encapsulation 

•	 These treatment technologies can be effective at treating contaminants in 
sludges, soils, and liquids containing inorganic constituents. 

• Factors that may influence the feasibility of these options include: 

High organic content in the waste can interfere with the bonding of waste

materials; an analysis of volatile and total organic carbon may therefore

be necessary.

Wastes that are low in solids (i.e., 15% solids) may require large volumes

of cement or other agent, increasing operating costs and the weight of

the end product.

Oil and grease in the waste should be less than ten percent since these

constituents may weaken the bonds between particles and cement by

coating the particles.

Sulfates may retard settling and cause swelling and sailing.


•	 The primary capital purchases include mix tanks, feed systems, monitoring 
systems, and leachate collection systems, if applicable. 

G.2 Constructed Wetlands 

•	 The feasibility of wetland treatment may depend in part on the compatibility of 
the organic matter with the contaminants. Phytotoxic contaminants may limit the 
kinds of vegetation applicable for use. Depending on the flow rate and residence 
time for treatment, an adequate area of land must be available for establishment 
of the wetland. 

•	 Construction of the wetland may be accomplished with conventional equipment. 
Potential O&M costs may include site monitoring (e.g., ground-water monitoring) 
and removal and replacement of the organic matter used to absorb the 
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contaminants. Depending on the contaminants, the organic matter removed 
from the wetland may require treatment and disposal under RCRA Subtitle C or 
D. 

Wetland treatment technology is still evolving. Site managers are encouraged to consult the 
latest literature to find out more about current projects. 

G.3 Bioremediation and Bioreclamation 

• Factors that may influence the effectiveness of biological treatment include: 

The ratio of biological oxygen demand to the total organic carbon

content. Waters with low BOD to TOC ratios may not be feasible for

biological treatment.

High concentration of surfactants on organic matter may create a barrier

between the microbes and organic matter, precluding effective

metabolism.

Temperature, pH, and residence time must be carefully monitored to

ensure optimal conditions for microbial activity.


•	 Determining the implementability of biological treatment methods could 
potentially depend on the following considerations: 

A minimal quantity of nitrogen and phosphorus are essential for the 
synthesis of new cells, while trace amounts of several other elements 
such as potassium and calcium, are also needed to satisfy requirements 
for microbial metabolism. 
Waters containing toxic organic matter may require considerably more 
care than nontoxic waters. Toxic organics containing chlorine may, for 
example, significantly reduce microbial populations and make biological 
treatment virtually infeasible. The microorganisms used in biological 
treatment can easily be destroyed by shock loading or rapid increases in 
the amount of toxic material fed to the process. In such cases, a 
considerable period of time may be needed to reestablish an adequate 
population of microorganisms to treat the waste. 

•	 Capital costs for biological treatment will vary depending on the specific 
technology selected. Common capital equipment may include aeration basins, 
air supply equipment, piping, and a blower building. 
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