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1.
INTRODUCTION

1.1
Terms of Reference

This report has been prepared by GeoSyntec Consultants (GeoSyntec) for the California Integrated Waste Management Board (CIWMB).  This report provides technical information regarding shredded scrap tire monofills in response to CIWMB Work Order No. GEO-11, dated 30 October 1997.  This report was prepared by Mr. Thomas Williamson, P.E., and Mr. Krzysztof S. Jesionek, P.E., both of GeoSyntec.  The report was reviewed by Dr. Dana N. Humphrey, P.E., of the University of Maine, and Dr. R. Jeffrey Dunn, P.E., G.E., of GeoSyntec.

1.2
Purpose

The purpose of this report is to provide technical information regarding disposal of shredded scrap tires at tire monofills per CIWMB’s request.  Table 1-1 lists the issues that the CIWMB requested be addressed in Work Order No. GEO-11.  Also included in Table 1-1 is a comment regarding each issue and a reference to where in this report each issue is addressed.  GeoSyntec did not limit this report to the issues identified by CIWMB.  Additional issues, relevant to the disposal of shredded tires at tire monofills, are also addressed herein.

1.3
Definitions

The following definitions, related to shredded tire monofills, are cited after the American Society of Testing and Materials (ASTM) [1997].

· A “waste tire” is defined as a tire, which is no longer capable of being used for its original purpose, but which has been disposed of in such a manner that it can not be used for any other purpose.  
· A “scrap tire” is a tire, which can no longer be used for its original purpose due to wear or damage.  
· “Rough shreds” are pieces of shredded tires that are larger than 50 mm by 50 mm by 50 mm (2 in. by 2 in. by 2 in.), but smaller than 762 mm by 50 mm by 100 mm (30 in. by 2 in. by 4 in.).

· “Tire shreds” are pieces of scrap tires that have a basic geometrical shape and are generally between 50 mm (2 in.) and 300 mm (12 in.) in size. 
· “Tire chips” are pieces of scrap tires that have a basic geometrical shape and are generally between 12 mm (0.5 in.) and 50 mm (2 in.) in size and have most of the wire removed.

· “Granulated Rubber” is particulate rubber composed of mainly non-spherical particles that span a broad range of maximum particle dimension, from below 425 (m (40 mesh) to 12 mm (0.5 in.). 
· “Ground rubber” is particulate rubber composed of mainly non-spherical particles that span a range of maximum particle dimension from below 425 (m (40 mesh) to 2 mm (0.08 in.). 
· “Powdered rubber” is particulate rubber composed of mainly non-spherical particles that have a maximum dimension equal to or below 425 (m (40 mesh). 
· “Rubber fines” are small particles of ground rubber that result as a by-product of producing shredded rubber.

1.4
Report Organization

The remaining sections of this report are organized as follows.

· Section 2, General Design Considerations, provides general design considerations regarding monofilling of shredded tires.  These general design considerations form the framework for the remaining sections of the report.

· Section 3, Siting Criteria, presents a discussion of siting criteria unique to shredded tire monofills.

· Section 4, Containment, provides design considerations for the base and side-slope containment system for shredded tire monofills.

· Section 5, Filling Operation, discusses filling operation considerations for shredded tire monofills.

· Section 6, Construction Quality Assurance of Filling Operation, presents a discussion regarding procedures to control the filling operation at shredded tire monofills.

· Section 7, Shredded Tire Monofill Closure, presents information regarding closure of shredded tire monofills.

· Section 8, Long Term Monitoring, presents a discussion regarding long term monitoring of shredded tire monofills.

· Section 9, Post-Closure Development, presents a brief discussion of post-closure development on shredded tire monofills.

· Section 10, Summary and Conclusions, presents a summary of this report and GeoSyntec’s conclusions regarding the disposal of shredded scrap tires at shredded tire monofills.

· Section 11, References, lists references cited in this report.

· Section 12, Limitations, presents limitations on the application of information presented in this report.

2.
GENERAL DESIGN CONSIDERATIONS

2.1
General
Shredded scrap tires, if properly disposed of, classify as an inert waste as described below.  However, disposal of shredded tires poses a significant potential problem: three shredded rubber fills constructed for highway projects have undergone an internal self-heating reaction [Humphrey, 1996b, 1997; Ad Hoc Civil Engineering Committee (AHCEC), 1997].  A self-heating reaction also occurred in two tire shred monofills [Zelibor and Ost, 1996].  Unfortunately, the mechanism that causes the internal heating that leads to combustion is not presently well understood.

Some of the factors that are thought to contribute to self-heating reactions in tire shred fills will be more difficult to control in tire shred monofills compared to tire shred fills used for highway applications.  In particular, tire shred monofills are generally thicker than tire shred fills used for highway applications.  Thus, the insulating effect of tire shreds may play a greater role in retaining heat that is generated.  In addition, tire shred monofills generally cover a large plan area compared to highway fills, making it very difficult to control infiltration of water and air by means of interim cover.  It should be noted that tire shred monofills pose design challenges that are distinct from those posed by tire shred highway fills and it is not practical to minimize all possible contributing factors for tire shred monofills.

2.2
Scrap Tire Classification
Scrap tires and tire shreds are considered by the State of California to be non-hazardous material [CRWQCB, 1988].

Section 20230 of Title 27 of the California Code of Regulations (CCR) (Title 27) provides the following information regarding the identification of inert waste:

“§ 20230.  Inert Waste.

(a)
Inert waste is that subset of solid waste that does not contain hazardous waste or soluble pollutants at concentrations in excess of applicable water quality objectives, and does not contain significant quantities of decomposable waste.

(b)
Inert wastes do not need to be discharged to classified Units.

(c)
The RWQCB can prescribe individual or general WDRs for discharges of inert wastes.”

To evaluate if shredded tires exhibit the properties of inert waste, GeoSyntec evaluated shredded tires’ waste by-products and potential for leachability.  Additionally, shredded tires’ potential impact on ground water and exposure and health risks were evaluated.  These evaluations are presented in Appendix A of this report.  Based on the results of the evaluation, shredded tires, once properly disposed of, do not pose a threat to ground water and the environment and do exhibit the properties of an inert waste as defined by Section 20230 of Title 27.

2.3
Fire Potential
Shredded tire stockpiles present a potential fire hazard.  Once combustion starts, tires can be difficult to extinguish and are capable of burning for a long time [CIWMB, 1996].  Uncontrolled combustion of tires at temperatures less than 2,000° F (1,093° C) tends to release mono- and polyaromatic hydrocarbons into the atmosphere [NIOSH, 1984].  In addition, oil and ash from combusted tires can cause environmental concerns.  Therefore, if combustion were to occur, shredded tires, and the by-products of combustion, may not then be considered inert waste.

The mechanism that causes the fires in shredded tires stockpiles is not well understood.  Several researchers have studied the shredded tire fills that have combusted and have identified the following potential causes of heating of the shredded tires that may have lead to combustion [Humphrey, 1996a, 1997; AHCEC, 1997]:

· chemical or microbial oxidation of exposed metal wires;

· chemical or microbial oxidation of the tires; and

· microbes consuming liquid petroleum products.

Nightingale, et al. [1997] hypothesizes that tire shred layer thickness and ambient temperature are the two key variables controlling the tendency toward self-heating of tire shred fills.

According to AHCEC [1997], “... the following factors are thought to create conditions favorable for oxidation of exposed steel and/or rubber: free access to air; free access to water; retention of heat caused by the high insulating value of tire shreds in combination with a large fill thickness; large amounts of exposed steel belts; smaller tire shred sizes and excessive amounts of granulated rubber particles; and the presence of inorganic and organic nutrients that would enhance microbial action.”
The design considerations presented herein for the design of a shredded tire monofill were developed to: (i) reduce the potential for heating of the shredded tires that may lead to combustion; and (ii) reduce the extent, burn time, and environmental impact of the shredded tire fire, if it were to occur.  Reduction in the potential for heating may be accomplished by designing and operating the monofill to control the factors thought to create conditions favorable for oxidation of the exposed steel and/or tires, which are described above.

Reduction in the extent, burn time, and environmental impact of the shredded tire fire, if it were to occur, focuses primarily upon subdividing the monofill into discrete cells that are each enclosed by low permeability material.  The design intent of the cellular design is to limit the extent of a fire, if it were to occur.  The design intent of enclosing each cell with low permeability material is to limit the flow of oxygen into the cell that is needed to sustain combustion and to limit the release of gases and liquids that result from combustion of shredded tires.

The discussion, related to design of shredded tire monofills, presented herein has been divided into the various stages of a monofill’s life.  The stages include: (i) siting criteria; (ii) containment; (iii) filling operation; (iv) construction quality assurance of filling operation; (v) closure; (vi) long-term monitoring; and (vii) post-closure development.  The discussion presented herein is based on information available at the time of preparing this report, i.e., December 1997.  Unfortunately, this information is rather limited and based upon only a few known fires in actual shredded tire fills.

3.
Siting criteria

In addition to the general siting criteria, that apply to all waste disposal units (e.g., Title 27, Subtitle D),  special consideration should be given to siting criteria for shredded tire monofills.  Due to the potential for combustion of shredded tires, a shredded tire monofill should not be placed on or near existing municipal solid waste (MSW) landfills, coal mines, or other potential sources of flammable gases [Zelibor and Ost, 1996].  Zelibor and Ost [1996] note that flammable gases may have contributed to a fire in one monofill-like facility originally placed on top of an old MSW landfill.  Once the shredded tire monofill was relocated away from the MSW landfill, no subsequent fires were observed.

Organic rich soil in contact with shredded tires may create a heat generating environment that could contribute to the internal heating of shredded tires.  This in turn may lead to combustion [AHCEC, 1997].  Therefore, shredded tire monofills should not be located in areas with organic rich soils unless actions are taken to isolate the shredded tires from the organic rich soil.

To minimize the potential for oxidation of steels and/or tires, infiltration of water into the shredded tire monofill should be minimized [Zelibor and Ost, 1996; AHCEC, 1997].  Therefore, the shredded tire monofill should not be sited in an area susceptible to flooding.

4.
containment

4.1
Low Permeability Layer

4.1.1
General

If shredded tires are properly disposed, they classify as an inert waste.  Therefore, a low permeability floor and side-slope liner is not needed for the purpose of containing contaminants.  However, if combustion of the shredded tires were to occur, a liner could serve two important functions.  The liner could serve as an oxygen barrier and a contaminant barrier.  If combustion were to occur within the shredded tire mass, extinguishing the fire can be difficult and tires are capable of burning for a long time [CIWMB, 1996].  By limiting the amount of oxygen that can reach the shredded tire monofill from outside of the monofill, the fire may not be able to sustain itself.  Additionally, the liner could contain contaminants resulting from the combustion of the shredded tires, e.g., pyrolytic oil.  Since there is some evidence that tire combustion creates a low pH leachate [Humphrey, 1996a], thus creating an environment favorable for increased concentration of metals in the leachate, liner materials should be compatible with leachate generated as a result of tire combustion.

To properly design the liner, hydraulic conductivity and pneumatic (air) conductivity are both important design considerations.  Additionally, the liner should be able to withstand a fire and still be able to satisfy its intended design purpose of limiting the flow of contaminants out of the monofill and limiting the flow of oxygen into the monofill.  Several types of liners are available that could serve both design functions.  Several potential low permeability layer materials, including soil, geomembranes, geosynthetic clay liners (GCL), and composite liners, are briefly discussed below.  

4.1.2
Low Permeability Soil

Compacted fine grained soil such as a silt or clay could be used as the low permeability layer material.  Compacted soil liners are often used as a component of MSW landfill lining systems and typical hydraulic conductivities for these materials are in the range of 1 x 10-6 to 1 x 10-7 cm/s.  

The pneumatic (air) conductivity of soil can be related to the hydraulic conductivity of soil.  Table 4-1 provides the ratio of hydraulic conductivity to pneumatic conductivity for a range of temperatures.  As can be seen from Table 4-1, the value of pneumatic conductivity is about one order of magnitude or more lower than the value of hydraulic conductivity for a given soil.  Using a compacted silt liner is an attractive option as many currently existing inert waste landfills are located in gravel pits and may have significant quantities of silt readily available on-site.  Using a compacted silt liner is also an attractive option since it will be less susceptible to cracking than a compacted clay liner, if exposed to fire.  However, as discussed (Section 4.1.1), tire combustion creates a low pH leachate [Humphrey, 1996a], thus creating an environment favorable for increased concentration of metals in the leachate.  The combination of low pH and high dissolved metals content could lead to shrinkage and cracking of compacted soil liners.

Several advantages and disadvantages, of using a single compacted soil liner as the low permeability barrier layer material, are summarized in Table 4-2.  Additional study should be performed to evaluate the thickness of the compacted soil liner that will satisfy the design criteria of limiting the flow of oxygen into the monofill and limiting the flow of contaminants out of the landfill.  However, in the absence of this data, it is recommended at this time that a minimum 24-in. (610-mm) thick compacted soil liner, with a hydraulic conductivity of 1 x 10-5 cm/s or less, be installed as a base liner of tire shred monofills.  It is strongly recommended that this issue be further evaluated. 

4.1.3
Geomembrane

A geomembrane can be used as the low permeability layer of the base liner.  The main advantage of using a geomembrane is that, if properly designed and  installed with no punctures, it can be a very effective barrier layer material.  The main disadvantages of using a geomembrane liner are that it can be damaged by: (i) construction equipment during installation; (ii) exposed steel strands in the shredded tires; and (iii) fire within the shredded tire mass.  (Note, that a carefully placed operations layer installed on top of the geomembrane liner could negate or reduce these disadvantages.)  Additional advantages and disadvantages of using a single geomembrane as the low permeability barrier layer material are summarized in Table 4-3.

4.1.4
Geosynthetic Clay Liner

A geotextile carrier-type geosynthetic clay liner (GCL) is not recommended for use as barrier layer material since the GCL would have to be hydrated to adequately control the inflow of oxygen and the outflow of gas resulting from combustion of the shredded tires.  Ensuring that the GCL remains hydrated is difficult.  However, a geomembrane backed GCL placed with the geomembrane side down may be an effective barrier as a base liner.  

4.1.5
Composite Liner

A composite liner typically used in MSW landfills consists of a compacted soil liner or a GCL overlain by a geomembrane liner.  A compacted soil/geomembrane composite liner is an effective barrier and offers redundancy over using a compacted soil liner or a geomembrane liner alone.  A GCL/geomembrane composite liner is also an effective barrier, but does not necessarily offer redundancy against gas migration since the GCL may not be hydrated.  The main disadvantage of using a composite liner is the added cost over using a single liner.  This added cost may not be justified since shredded tires classify as inert waste.  Additional advantages and disadvantages of using a composite liner as the low permeability barrier layer material are summarized in Table 4-4.

4.2
Leachate Collection and Removal System
AHCEC [1997] states that “... use of drainage features at the bottom of the fill that could provide free access to air should be avoided.  This includes, but is not limited to, open graded drainage layers daylighting on the side of the fill.”  However, if a liner is installed, a leachate collection and removal system (LCRS) will be needed to allow removal of liquids from collecting over the liner.  If the liquid is not removed, it may pose slope stability, health and safety, and operational problems.  The LCRS should be designed and constructed so that it does not provide shredded tires free access to oxygen.

As shown by Downs, et al. [1996], tire shreds that are below the ground-water table leach higher levels of iron and manganese than shreds above the ground-water table.  In addition, comparison of the results from Downs, et al. [1996] and Humphrey, et al. [1997], shows that shreds below the ground-water table leach very low levels of volatile and semi-volatile organic compounds, whereas shreds above the ground-water table do not leach detectable levels of these organic compounds.  This shows the importance of having a properly design and operated LCRS beneath a lined monofill to prevent buildup of water that could promote leachate generation.

5.
filling operation

5.1
Cell Size

Consideration should be given to constructing shredded tires monofills using discrete cells of shredded tires that are enclosed by low permeability material.  The design intent of the cellular design is to limit the extent of a fire, if it were to occur.  The design intent of enclosing each cell with low permeability material is to limit the flow of oxygen into the cell that is needed to sustain combustion and to limit the release of contaminants that result from combustion of shredded tires.

Identifying the minimum necessary cell size is difficult.  There is little data on which to base choice of cell thickness.  AHCEC [1997] guidelines for engineered fills are limited to fills with a maximum thickness of 10 ft (3 m).  Further, past experience has shown that self-igniting fires of tire shreds most commonly occur in fills at least 20-ft (6-m) thick [Humphrey, 1996a].  However, there are few fills with a thickness in the range of 10 to 20 ft (3 to 6 m).  Even though no evidence of catastrophic self-heating reactions have been reported, it cannot be said with certainty that all tire shred fills in this thickness range (i.e., 10 to 20 ft (3 to 6 m)) will remain at a stable temperature.

Zelibor and Ost [1996] recommend that cell size should be limited to a maximum thickness of 20 ft (6 m) before an intermediate cover is placed.  They also recommend a cell width and length of no more than 50 ft by 250 ft (15 m by 76 m), respectively, per recommendations of the National Fire Prevention Association (NFPA), for above-ground storage of shredded tires, and the International Association of Fire Chiefs and the Scrap Tire Management Council (IAFC/STMC) for whole tires stockpiles.  Placing additional cells on top of the previous cells may cause an insulating effect in which internal heat, that may be generated within the shredded tires, may not dissipate.  However, Zelibor and Ost [1996] recommend that additional cells could be placed on top of existing cells as long as their recommendations were followed.

At this time, GeoSyntec recommends that cell thickness be limited to 10 ft (3 m), unless temperature sensors are installed in the tire shreds to confirm acceptable temperature behavior and a plan is in place to remediate any zones which experience undesirable heating.  If this actions are taken, the increased risk of cell thickness up to 20 ft (6 m) may be justified. 

The effect of increasing total fill thickness on the potential for heat generation is unknown.  The mitigating effect of using horizontal layers of soil (i.e., intermediate cover) to separate the fill into discrete cells is also unknown.  Therefore, it is recommended that temperature sensors be required for tire shred monofills whose total thickness exceeds 20 ft (6 m).  Moreover, a plan should be in place to remediate any zones which experience undesirable heating.

5.2
Interim Cover

Interim cover consists of daily and intermediate cover.  At MSW landfills, daily cover serves to control infiltration into the waste mass, promote surface-water run-off, and control erosion, odors, vectors, and litter.  At a shredded tire monofill, erosion, odors, vectors, and litter are not considered to be critical problems.  Therefore, daily cover would not be needed for this purpose.  However, AHCEC [1997] recommends that infiltration of water and air into the shredded tire fills be minimized as free access to water and air may contribute to the fire problem as it creates a condition favorable for chemical or microbial oxidation of the exposed steel and rubber.  Therefore, a daily cover may be beneficial at shredded tire monofills.  Another important objective of placing daily cover is to isolate the shredded tires from an environment which could possibly cause a fire.  Such fires could be caused by vandals, lightning, fire-works, etc.  Based on the above discussion, the following is recommended.

· The size of working face should be as small as practical.

· If there is a chance of rain, the exposed shredded tires should be covered with soil or other appropriate material such as tarps, foams, etc., to prevent rain water infiltration into the monofill.

· A minimum  thickness of 6 in. (150 mm) of soil cover should be placed over the tire shreds monofill working face if the facility is closed for more than 24 hours.

· Soil should be stockpiled in the vicinity of the working face to cover all shreds exposed to atmosphere in case of fire.

Additional restrictions may be imposed by local regulatory agencies.  Performance criteria for daily covers and material evaluation of daily cover materials for MSW landfills is discussed in GeoSyntec [1994].  GeoSyntec [1997] provides a summary of tire shred characteristics as they relate to use as alternative daily cover (ADC).

Consideration should be given to placing intermediate cover over and around individual cells of shredded tires using the previously discussed maximum cell size (Section 5.1).  Intermediate cover should be placed to wholly encapsulate a waste cell.  The primary purpose of the intermediate cover is to provide a “fire-break” and to provide a pneumatic (air) barrier to stop the flow of oxygen into a waste cell in case combustion occurs.  AHCEC [1997] recommends covering the tops and sides of engineered fills with 19 in. (500 mm) of “... compacted mineral soil with a minimum of 30 percent fines.”  GeoSyntec recommends that the compacted cover soil be a minimum 2-ft (610-mm) thick.

It is difficult to place an interim cover that will act as an effective barrier to water and air infiltration.  This is primarily due to the high compressibility of tire shreds, which will make it difficult to obtain good compaction.  In addition, deformations caused by the weight of the construction equipment could introduced cracks in a freshly compacted interim cover layer.  A layer of geotextile, placed between the tire shreds and the overlying soils should help to overcome these problems.

Large voids between tire shreds could also compromise the integrity of interim cover layers.  This becomes a greater concern as the size of the tire shreds increase and as the percentage of shreds with both sidewalls attached increase.  Rain events could wash portions of the interim cover into the large voids thereby increasing the cover’s air and water permeability, and thus reducing its effectiveness.

Notwithstanding the above, the surface of interim cover layers should be sloped to promote good drainage.  Provisions should be made to convey runoff away from the tire shred monofill.  Special care should be taken to maintain adequate interim cover on side-slopes which are particularly susceptible to infiltration of air on windy days.  If hyrdoseeding is used to minimize erosion of the interim layer, it is recommended that nitrogen or phosphorous based fertilizer is not used.  This type of fertilizer can introduce both chemicals into the tire shreds.  (Nitrogen and phosphorous are inorganic nutrients required for breakdown of some petroleum based products.)

Intermediate cover, and any daily cover used, must be free from fragments of wood, wood chips, fibrous material, and other soil containing organic matter [AHCEC, 1997], as these may contribute to the internal heating of the tire shreds which may lead to a fire.  In order to reduce the volume of soil to be used for interim cover or to reuse tire shreds in the future, intermediate cover soil should be separated from tire shreds with a geotextile.

5.3
Tire Shred Size and Quality

Small tire shreds may entail greater risk of fire than larger tire shreds since the oxidation potential of the steel and/or tires is related to the exposed surface area of the shredded tires.  AHCEC [1997] and Humphrey [1996a] recommend that tire shred size be controlled for shredded tires fills.  The recommendations include that tire shreds contain:

· a maximum of 25% (by weight) passing 1.5-in. (38-mm) sieve;

· a maximum of 1 percent (by weight) passing #4 (4.75-mm) sieve1;

· a maximum of 1% (by weight) of metal fragments that are not at least partially encased in tire shreds;

· no metal fragments protruding more than 1 in. (25 mm) from the cut edge of the tire shred on 75% of the pieces and no more than 2 in. (50 mm) on 100% of the pieces;

· no fragments of wood chips, and other fibrous material;

· no contaminants such as oil, grease, gasoline, diesel fuel, etc., that could create a fire hazard;

· no remains of tires that have been subjected to fire [AHCEC, 1997];

· no tire/rubber fines
 [Humphrey, 1996a].

AHCEC [1997] and Humphrey [1996a], however, do not place limits on the maximum allowable size of tire shreds in a monofill.  From the perspective of internal heating, available evidence suggests that larger shreds are less likely to self-ignite.  Zelibor and Ost [1996] suggest that tires cut into eights can be used.  However, the larger the tire shred size, the more difficult it will be to place and maintain effective interim soil cover layers.  Thus, restrictions should be placed on the maximum size of shreds that can be used in the last 12-in. (305-mm) thick lift of shreds placed prior to placement of an interim cover layer.  It is recommended that tire shreds have a maximum dimension, measured in any direction, of 12 in. (305 mm).  Further, at lest one side-wall shall be severed from the tread of each tire and a minimum of 75% (by weight) of tire shreds shall pass the 8-in. (200-mm) square mesh sieve.

In addition to shredded tires, GeoSyntec sees no reason to limit the acceptance of rubber from other sources, such as innertubes, as long as the above mentioned criteria are satisfied, the material classifies as inert waste, and rubber has chemical composition and chemical stability similar to tires.  The last restriction is due to the fact that there is a wide range of rubber compounds and their behavior in thick fills is unknown.  An example of a rubber that should not be placed in a monofill are factory reject tire carcasses that have been only partially vulcanized.  Partially vulcanized tire rubber has an excess of free sulfur which is a food source for a class of ubiquitous microbes that produce heat and sulfuric acid as waste products.

It is also recommended that the monofill operator be required to state in writing how the rubber fines, that accumulates around processing equipment, and fine material, that is removed by screening, will be disposed of.  This material should not be disposed of in the tire shred monofill.

5.4
Compaction of Shredded Tires

Experience with shredded tires indicates that it is impractical to quantify in the field and laboratory the level of compaction achieved during the filling operation [Hoppe, 1994].  Therefore, performance based compaction specifications have not typically been used for construction involving the use of shredded tires.

The actual placement and spreading of tire shreds are similar to that of aggregate material.  To spread tire shreds, a track-mounted dozer, track-mounted loader, or steel-wheeled compactor with a blade should be used.  (Experience has indicated that 3-in. (75-mm) shreds are spread most easily on slopes 3H:1V or flatter using small equipment rather than large.)

Tire shreds in a monofill should be compacted with a sheepfoot roller, landfill compactor, tracked bulldozer, smooth drum vibratory roller or equivalent equipment.  Since sheepfoot rollers and landfill compactors tend to fluff up the surface of a layer of tire shreds, this type of equipment should not be used to compact the last lift of tire shreds.  Alternatively, compaction with this type of equipment should be followed by two passes with a smooth drum roller or bulldozer.  

Tire shreds, with a maximum size of 3 in. (75 mm) are generally placed in 12-in. (305-mm) thick lifts and compacted.  The purpose of compaction is to rearrange and densify the shreds thereby creating a stable layer for the overlying shreds layer.  The actual number of passes should be sufficient to produce a layer in which the shreds are well packed together with no large voids between the shreds.  Generally, 4 to 6 passes of a landfill compactor are needed.  Since tire shreds are compressible, the layer of tire shreds should be placed up to 15% thicker than the required minimum layer thickness.


Typical prescriptive based specification for a shredded tire embankment fill specifies shredded tire size, maximum height of lift, and minimum number of passes that a bulldozer must pass over the lift [Minnesota Department of Transportation (DOT), 1992; Washington State DOT, 1995; Maryland Environmental Service, 1996; Oregon DOT, 1991, Hoppe, 1994].  For example, the Minnesota DOT [1992] specification required that:

· 90% of the material (by weight) pass as 8-in. (200-mm) screen;

· a minimum of 50% of the material be retained on a 4-in. (100-mm) screen;

· compaction will be performed with a dozer moving in a zigzag pattern; and

· lifts of shredded tires be limited to 12-in. (305-mm) thick.
6.
construction quality assurance of filling operation

6.1
General

A construction quality assurance (CQA) program, to assure that tire shreds and interim cover are placed in the monofill in accordance with the construction documents (e.g., project specifications, construction drawings, CQA plan), shall be developed and implemented.  The minimum requirements for a CQA program are described in Section 20323 of Title 27 of the CCR.
6.2
Tire Shreds

6.2.1
Size

Measures should be implemented to ensure that tire shreds to be placed in the monofill meet specifications (e.g., those recommended in Section 5.3 of this report).  Samples for gradation analysis should be taken directly from the discharge conveyor during the shredding operation.  It is recommended that samples for gradation analysis be collected and analyzed every approximately 300 tons (270 tonnes).  Once the shreds are in a monofill, it is very difficult to get a sample with a representative amount of particles passing the #4 (4.75-mm) sieve.
6.2.2
Compaction

Experience with shredded tires indicate that it is impractical to quantify in the field and laboratory the level of compaction achieved during the filling operation [Hoppe, 1994].  However, the level of compaction is not deemed critical as self-weight compression of the shredded tires will likely produce greater compression of the shredded tires than can be achieved by compaction equipment.  (The compaction issue is further discussed in Section 5.4 of this report.)

6.2.3
Thickness


The thickness of the monofill shall be verified by traditional survey methods.
6.3
Interim Cover

Placement and compaction of interim cover should be monitored because of the importance of interim cover with respect to controlling fires.  Interim cover consists of daily and intermediate cover.  Monitoring of placement of soil cover at shredded tire monofills should be similar to monitoring performed at MSW landfills.  Placement and compaction of intermediate cover should be monitored to satisfy the designer’s specifications regarding material type, thickness, compaction, and location of the intermediate cover.

The function of the intermediate cover is to limit the flow of oxygen and water into a waste cell and to prevent a fire from traveling from one waste cell to another.  The intermediate cover should be placed to fully encapsulate each waste cell.  Note that even in the case of disposing shredded tires in a gravel pit or similar location, with near vertical side walls on which a side-slope liner cannot be placed, the intermediate cover should be placed between the shredded tires and the walls of waste containment unit.

6.4
Documentation


If tire shreds are disposed of in a monofill, it is recommended that the estimate of weight or volume of material used (e.g., based on trip tickets or surveying) be reported in the monofill construction report.

6.5
Health and Safety

Uncontaminated whole scrap tires or tire shreds are considered non-hazardous inert materials [CRWQCB, 1998].  Thus, the material should have no health effects or impacts on humans.  Employees, who have prolonged contact with whole tires or tire shreds, however, should practice good personal hygiene by frequent washing of hands and arms with soap and water.  “Standard Practice for Use of Scrap Tires in Civil Engineerng Applications” being developed by the ASTM [1997] includes a material safety data sheet for whole scrap tires.

7.
shredded tire monofill closure

7.1
Final Cover

7.1.1
General

In general, final cover systems serve a variety of functions that include [GeoSyntec, 1994]:

· adjusting the landfill surface topography to provide appropriate slopes to promote run-off and controlled drainage of surface water;

· separating the waste from humans, plants, and animals;

· minimizing infiltration of water into the waste;

· controlling release of contaminants and landfill gas out of the waste; and

· aesthetics.

A final cover system for a shredded tire monofill should be designed to provide an additional important function, controlling the inflow of oxygen from the atmosphere into the shredded tires monofill.

Prescriptive cover systems for MSW landfills in California can offer useful guidelines.  The prescriptive cover for MSW landfills includes from top to bottom: (i) a 12-in. (305-mm) thick erosion resistant (vegetative) layer; (ii) a 12-in. (305-mm) thick low permeability layer; and (iii) a 24-in. (610-mm) thick foundation layer.  Each of these components is discussed in the following sections of this report.  GeoSyntec [1994] provides information regarding landfill final cover material identification and evaluation and identifies performance criteria for final covers for MSW landfill.  GeoSyntec [1994] also discusses various benefits of various types of cover systems. 

Other designs such as a monolithic cover may be appropriate if shown to satisfy design performance criteria.

7.1.2
Erosion-Resistant Layer

Section 21090(a)(3) of Title 27 states that “... a closed landfill shall be provided with an uppermost cover layer consisting of either.... a vegetative layer consisting of not less than one foot of soil or an erosion- and ultraviolet light-resistant layer which... resist foreseeable erosion effects by wind-scour, raindrop impact, and runoff.”  Typically, a vegetative layer is used which “(a) contains no waste (including leachate); (b) is placed on top of all portions of the low-hydraulic-conductivity layer...; is capable of sustaining native, or other suitable, plant growth; is initially planted and later replanted as needed...”
The design function of the erosion-resistant layer is to control erosion of the final cover and to preserve cover integrity.  Since this design function would not differ between final cover systems for shredded tires monofills and MSW landfills, the recommendations for the erosion resistant layer for MSW landfills appear appropriate for shredded tires monofills.

Recommendations regarding evaluation of erosion-resistant layer materials and landfill cover design methods is presented in GeoSyntec [1994].

7.1.3
Low Permeability Layer

7.1.3.1
General

Section 21090(a)(2) of Title 27 states that “... a closed landfill shall be provided with a low hydraulic conductivity (or low through-flow rate) layer consisting of not less than one foot of soil containing no waste or leachate, that is placed on top of the foundation layer and compacted to attain an hydraulic conductivity of either 1 x 10-6 cm/sec (i.e. 1 ft/yr.) or less, or equal to the hydraulic conductivity of a bottom liner component or underlying geologic material, whichever is less permeable.”

Several potential low hydraulic conductivity layer materials for the barrier layer, including soil, geomembrane, geosynthetic clay liners, and composite liners, are briefly discussed below.

The resistance of a low-permeability layer to the heat of a fire is probably not important.  If a fire were to occur, the heat and air currents would tend to rise possibly damaging the overlying low-permeability layer.  However, due to very high air conductivity of tire shreds, it is likely that the source of the oxygen, which is supporting combustion, would be elsewhere, in areas of the low-permeability layer that would not be affected by the heat.

7.1.3.2
Low Permeability Soil

An adequately designed and installed low permeability barrier can satisfy the design requirements of the typical MSW barrier layer and also control oxygen entering into the monofill.  Compacted fine-grained soil such as a silt or clay could be used as the low permeability liner material.  Compacted soil liners are often used as a component of MSW landfill lining systems and typical hydraulic conductivities for these materials are readily available.  The pneumatic (air) conductivity of soil can be related to the hydraulic conductivity of soil.  Table 4-1 provides the ratio of hydraulic conductivity to pneumatic (air) conductivity for a range of temperatures.  As can be seen from Table 4-1, the value of air conductivity is about one order of magnitude lower than the value of hydraulic conductivity for a given soil.

Several advantages and disadvantages of using a single compacted soil liner as the low permeability barrier layer material are summarized in Table 4-2.  Additional study should be performed to evaluate the thickness of the compacted soil liner that will satisfy the design criteria of limiting the flow of oxygen into the monofill and limiting the flow of contaminants out of the landfill.  However, AHCEC [1997] recommends covering the tops and sides of engineered fills with 19 in. (500 mm) of “... compacted mineral soil with a minimum of 30 percent fines.”  AHCEC [1997] did not provide an engineering design rationale for choosing the thickness or percent fines.  GeoSyntec recommends that the low-permeability soil (barrier) layer be at least 12-in. (305-mm) thick, with a hydraulic conductivity of 1 x 10-5 cm/s or less. 

7.1.3.3
Geomembrane

A geomembrane can be used as the low permeability layer of the final cover.  The main disadvantage of using a geomembrane is that it could allow ponding of water if differential settlement causes sagging within the cover system.  Another, disadvantage using a geomembrane liner is that it can be punctured during construction and later from accidental intrusion or tearing [GeoSyntec, 1994].  However, this disadvantage is not unique to shredded tire monofills and can be negated through careful placement of a vegetative (erosion) layer.  The main advantage of using a geomembrane is that, if properly designed and  installed with no punctures, it can be very effective at limiting the amount of oxygen and water entering into the monofill.  Other advantages and disadvantages of using a geomembrane as the low permeability layer are discussed in GeoSyntec [1994] and are summarized in Table 4-3.

7.1.3.4
Geosynthetic Clay Liner

A GCL is not recommended for use as barrier layer material since the GCL would have to be hydrated to adequately control the inflow of oxygen and the outflow of gas resulting from combustion of the shredded tires.  Ensuring that the GCL remains hydrated is difficult.  However, a geomembrane backed GCL, placed with the geomembrane side down, may be an effective barrier.  

7.1.3.5
Composite Liner

A composite liner can typically consist of a compacted soil liner or a GCL overlain by a geomembrane liner.  A compacted soil/geomembrane composite liner is an effective barrier and offers redundancy over using a compacted soil liner or a geomembrane liner alone.  A GCL/geomembrane composite liner is also an effective barrier, but does not necessarily offer redundancy against gas migration since the geotextile carrier-type GCL may not be hydrated.  The main disadvantage of using a composite liner is the added cost over using a single liner.  This added cost may not be justified since shredded tires classify as inert waste.  Additional advantages and disadvantages of using a composite liner, as the low permeability barrier layer material, are summarized in Table 4-4.

7.1.4
Foundation Layer

Section 21090(a)(1) of Title 27 states that “... a closed landfill shall be provided with not less than two feet of appropriate material as a foundation layer for the final cover.  These materials may be soil, contaminated soil, incinerator ash, or other waste materials, provided that such materials have appropriate engineering properties to be used for a foundation layer.”

The primary design function of the foundation layer is to provide support for the low permeability layer and to protect the structural integrity of the final cover against the effects of differential settlement of waste and final land use. 

A foundation layer is needed for shredded tire monofills since adequate compaction of the low permeability soil layer would be difficult if placed directly on shredded tires.  One could argue that a thickness of 24 in. (610 mm) is not required (if the low permeability layer could be compacted adequately) since differential settlement of shredded tires may be less than that of MSW.  However, since the design functions of the foundation layer would be similar for shredded tires monofills as for MSW landfills and since the MSW regulations provide the contingency that “... a lesser thickness may be allowed for Units if the RWQCB finds that differential settlement of waste, and ultimate land use will not affect the structural integrity of the final cover...,” the recommendations for the foundation layer for MSW landfills appear appropriate for shredded tires monofills.

Recommendations regarding evaluation of foundation layer materials and landfill cover design methods are presented in GeoSyntec [1994].  However, due to chemical characteristics of shredded tires, it is recommended that contaminated soil, incinerator ash, or waste materials are not utilized in a foundation layer for shredded tire monofills, as this could result in contamination of the tires, or other interactive effects.

7.2
Drainage Control

For any landfill, MSW or otherwise, design of the proper surface-water collection and removal system is an important task of the overall final closure plan.  Surface water should be collected in a manner to reduce soil erosion of the cover and quickly divert run-off away from the monofill.  This may be more important for shredded tires monofills than MSW landfills as shredded tire access to water may create a favorable condition for oxidation of exposed steel and/or tires [AHCEC, 1997].  Design of the drainage control systems should be similar to existing measures taken at MSW landfills.

8.
long term monitoring

As discussed, shredded tires, if properly disposed, classify as an inert waste.  However, disposal of shredded tires poses a significant potential problem: several shredded tire fills have been reported to combust [Humphrey, 1996a, 1997; AHCEC, 1997].  The mechanism that causes the internal heating that leads to combustion is not presently well understood and once combustion starts, tires can be difficult to extinguish and are capable of burning for a long time [CIWMB, 1996].  Uncontrolled combustion of tires at temperatures less than 2,000° F (1,093° C) tends to release mono- and polyaromatic hydrocarbons into the atmosphere [NIOSH, 1984].  In addition, oil and ash from combusted tires can cause environmental concerns.  Therefore, if combustion were to occur, shredded tires, and the by-products of combustion, may not be considered inert waste.  If a fire is occurring, one concern is what impact it may have on people and the environment.  Therefore, if a fire occurs, air, surface water, and ground-water monitoring should be considered.

Therefore, monitoring the shredded tire monofill seems appropriate. The consequences of a catastrophic self-heating reaction are too great to forgo the opportunity to have advance warning by means of an appropriately designed monitoring system.  Presently, it is not clear what is the best method to monitor for fires and what to do about fires if they occur since they are very difficult to extinguish.  Possible monitoring methods might include: (i) internal temperature monitoring; (ii) remote sensing monitoring; (iii) perimeter gas monitoring; and (iv) settlement monitoring.  

As discussed in Section 5.1 of this report, internal monitoring of temperatures in the monofill is recommended if the thickness of a cell is greater than 10 ft (3 m) or if the total thickness of the tire shred fill is greater than 20 ft (6 m).  Remote sensing monitoring is an attractive option since it may be able to identify if a fire is occurring and also identify a “hot” spot or zone undergoing a self-heating reaction, that is near the surface of a monofill, however, it may not be effective in detecting a deep seated “hot” spot.  Moreover, it would not be helpful in locating areas where the cover is ineffective in preventing inflow of oxygen into the monofill.  The air (pneumatic) conductivity of tire shreds is so high that the source of the oxygen could be quite far from the “hot” spot.

9.
post-closure development

Developing on shredded tires monofills presents unique engineering challenges to the design engineer.  However, through proper engineering design and construction, post-closure development should be possible.  CIWMB [1992] presents information regarding development on landfills.  Post-closure development of shredded tire monofills, however, is beyond the scope of work of this project.

10.
summary

Shredded tires, if properly disposed, classify as an inert waste.  However, disposal of shredded tires in monofills poses a significant potential problem: three shredded rubber fills constructed for highway projects have undergone an internal self-heating reaction [Humphrey, 1996a, 1997, AHCEC, 1997].  A self-heating reaction occurred also in two tire shred monofills [Zelibor and Ost, 1996].  The mechanism that causes the internal heating that leads to combustion is not presently well understood.  Some of the factors that are thought to contribute to self-heating reactions in tire shred fills will be more difficult to control in tire shred monofills compared to tire shred fills used for highway applications.  In particular, tire shred monofills are generally thicker than tire shred fills used for highway applications.  Thus, the insulating effect of tire shreds may play a greater role in retaining any heat that is generated.  In addition, tire shred monofills generally cover a large plan area compared to highway fills, making it very difficult to control infiltration of water and air by means of interim cover.  It should be noted that tire shred monofills pose design challenges that are distinct from those posed by tire shred highway fills and it is not practical to minimize all possible contributing factors for tire shred monofills.

Several researchers have studied the shredded tire fills that have combusted and have identified the following potential causes of heating of the shredded tires that may have lead to combustion: (i) oxidation of exposed steel wires; (ii) oxidation of the tires; and (iii) microbes consuming liquid petroleum products [Humphrey, 1996a, 1997; AHCEC 1997].  Nightingale, et al. [1997] hypothesizes that tire shred layer thickness and ambient temperature are the two key variables controlling the tendency toward self-heating of tire shred fills.  

The following factors are thought to create conditions favorable for oxidation of exposed steel and/or tires: (i) free access to air; (ii) free access to water; (iii) retention of heat caused by the high insulating value of tire shreds in combination with a large fill thickness; (iv) large amounts of exposed steel belts; (v) smaller tire shred sizes and excessive amounts of granulated tires particles; and (vi) the presence of inorganic and organic nutrients that would enhance microbial action [AHCEC, 1997].

The design considerations for a shredded tire monofill were divided into the various stages of a monofill’s life.  The stages include: (i) siting criteria; (ii) containment; (iii) filling operation; (iv) construction quality assurance of filling operation; (v) closure; (vi) long term monitoring; and (vii) post-closure development.  The design considerations were developed to: (i) minimize the potential for heating of the shredded tires that may lead to combustion; and (ii) reduce the extent, burn time, and environmental impact of the shredded tires fire if it were to occur.  Reducing the potential for heating may be accomplished by designing and operating the monofill to control the factors thought to create condition favorable for oxidation of the exposed steel and/or tires which are described above.

Reducing the extent, burn time, and environmental impact of a shredded tires fire, if it were to occur, focuses primarily upon subdividing the monofill in discrete cells that are each enclosed by low permeability material.  The intent of the cellular design is to limit the extent of a fire, if it were to occur.  The design intent of enclosing each cell with low permeability material is to limit the flow of oxygen into the cell that is needed to sustain combustion, to limit the release of gases and liquids that result from combustion of shredded tires, and to limit infiltration of water, which may aid in oxidation of metal wires and/or tire shreds.
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12.
LIMITATIONS
This report was prepared in general accordance with the accepted standard of practice which existed in Northern California at the time the project was performed.  The professional opinions and recommendations expressed in this report are based on limited knowledge of shredded tires monofills.  Adherence to these guidelines may not entirely eliminate the potential for shredded tires fires as the cause of such fires remains unknown.

No other representations, expressed or implied, and no warranty or guarantee is included or intended.

This report may be used only by the Client and only for the purposes stated, within a reasonable time from its issuance.  Non-compliance with any of these requirements by the Client or anyone else will release GeoSyntec Consultants from any liability resulting from the use of this report by any unauthorized party.
TABLES

Table 4-1

RATIO OF HYDRAULIC CONDUCTIVITY TO
AIR CONDUCTIVITY FOR SOIL

	
Temperature
°C
	Ratio of Hydraulic Conductivity to Air Conductivity

	0
5
10
20
30
40
	7.4
9.0
10.8
15.2
19.9
25.9


Notes:

Data from Pedersen and Curtis [1991]
Table 4-2

ADVANTAGES AND DISADVANTAGES OF USING

A SINGLE COMPACTED SOIL LINER AS A FINAL COVER AND BASE LINER BARRIER LAYER

	Advantages
	Disadvantages

	· convenient construction if low permeability soil is available locally;

· if low permeability soils are not available locally, local soils can be blended with imported, processed soil, e.g., bentonite; and

· conventional construction methods and materials with a long history of use.
	· low permeability soil may dry out and crack;

· tension cracks may form as a result of differential settlement(1);

· freeze/thaw may damage liner;

· reduced hydraulic effectiveness as compared to a composite liner;

· low permeability soil may be difficult to compact above compressible waste(1);

· low permeability soil may not be available locally;

· liner is difficult to repair if cracked; and

· stability concerns for steep slopes.


Notes:
After GeoSyntec [1994]

(1)  Not appropriate for base liner application

Table 4-3

ADVANTAGES AND DISADVANTAGES OF USING

A SINGLE GEOMEMBRANE AS A FINAL COVER AND BASE LINER BARRIER LAYER

	Advantages
	Disadvantages

	· straightforward and rapid installation;

· materials are readily available and can be shipped to any location;

· liner is not damaged by wet/dry cycles; does not require a thick cover soil to prevent desiccation of barrier;

· geomembranes and their seams do not appear to be affected by freeze/thaw cycling;

· some geomembranes can withstand very large differential settlement;(1)
· easy to repair; and 

· geomembrane can be anchored if stability is of concern.
	· ponding may result due to differential settlement of the shredded tires;(1)
· potential slippage at interface between geomembrane and soil;

· sufficient tensile stresses may be mobilized in anchored geomembrane to result in tearing of the geomembrane;

· vulnerable to puncture;

· reduced hydraulic effectiveness as compared to a composite liner; and

· type and placement of overlying and underlying materials is critical to minimize punctures.


Note:

After GeoSyntec [1994]

(1)  Not appropriate for base liner application

Table 4-4

ADVANTAGES AND DISADVANTAGES OF USING

A COMPOSITE GEOMEMBRANE/COMPACTED SOIL LINER AS A FINAL COVER AND BASE LINER BARRIER LAYER

	Advantages
	Disadvantages

	· composite liner is usually very effective as a hydraulic barrier;

· geomembrane may protect the low permeability soil liner from desiccation;

· thick liner cannot be easily punctured;

· geomembrane component can tolerate large differential settlement;(1) and

· geomembrane can be anchored to provide stability.
	· potential slippage along low permeability soil/geomembrane interfaces;

· anchored geomembrane can cause tensile stresses to develop in the geomembrane;

· low permeability soil may still dry out and desiccate from its side not in contact with the geomembrane;

· tension cracks may form in low permeability soil as a result of differential settlement;(1)
· freeze/thaw may damage low permeability soil liner;

· low permeability soil may not be available locally;

· low permeability soil cannot be easily repaired if damaged; and

· added cost compared to using a single liner


Notes:
After GeoSyntec [1994]

(1)
Not applicable for base liner application

APPENDIX  A

TECHNICAL  INFORMATION  REGARDING SHREDDED  TIRES  AS  INERT  WASTE

Shredded Tires as Inert Waste
A.1
Waste By-Products and Leachability

In landfills, leachate from shredded tires can be generated from rainwater percolating, if any, through the waste.  Results of standard Extraction Procedure (EP) toxicity, American Foundrymen Society (AFS) leaching, and USEPA’s Toxicity Characterization Leaching Procedure (TCLP) tests performed on shredded tires samples by many researchers indicate that leachate from shredded tires has detectable but very low concentrations of various chemicals [GeoSyntec Consultants, 1988; Radian Corporation, 1989; Envirologic Incorporated, 1990; Edil and Bosscher, 1992; Downs, et al., 1996; Humphrey, 1996b; Humphrey, et al., 1997].  In addition, the Lawrence Livermore National Laboratory (LLNL) also concluded in its study performed for the California Integrated Waste Management Board (CIWMB) that certain compounds may be leachable into the surrounding environment, however, in most cases, concentrations appear to be low [CIWMB, 1996].  Parameters including COD, BOD, pH, alkalinity, hardness, and TDS of leachate are below acceptable drinking water standards.  Occasionally, concentrations of iron (Fe) and manganese (Mn) may exceed the drinking water standards.  However, it should be noted that natural soils leach higher concentrations of chemicals of concern than shredded tires materials under some conditions [Minnesota Pollution Control Agency, 1990; Edil and Bosscher, 1992].

Metals are leached from shredded tires materials in the highest concentrations under acid conditions.  These concentrations may exceed the recommended allowable limits for drinking water if the acidity is very strong (i.e., pH of 3.5 to 5).  Polynuclear aromatic hydrocarbons and total petroleum hydrocarbons are leached from shredded tire materials in the highest concentration under basic conditions (pH greater than 8) [Minnesota Pollution Control Agency, 1990].  However, the exposure to these pH extremes is not expected in monofills under typical conditions.

Shredded tires are non-putrecible; therefore, under normal conditions, there is no potential for gas generation and no potential for gas condensate to form.  As such, it is unlikely that significant quantities of leachate could be generated from the tire shreds themselves.

A.2
Ground Water

As stated above, shredded tires are non-biodegradable.  They do not release chemicals in concentrations large enough to have a significant impact on ground water.  In fact, shredded tires contain styrene-butadiene which is known to absorb large amounts of hazardous organic chemicals from the surrounding environment [Park, et al., 1992; Kershaw and Pamukcu, 1997].  Therefore, under proper disposal practices in monofills, impact to the ground water should not occur.

A.3
Exposure and Health Risks

Tire stockpiles accumulated in various uncontrolled sites are unsightly and constitute a potential health hazard.  The combination of rainwater, windblown pollen, and dust trapped within discarded tires creates an environment which can increase the breeding rate of disease carrying mosquitoes.  The stagnate water that accumulates in the tires and the warm temperature in tire stockpiles create an ideal habitat for breeding of rodents.

The composition of shredded tires makes them resilient and non-biodegradable [Ahmed and Lovell, 1992].  Under normal conditions, shredded tires do not release constituents to the air or water in concentrations large enough to affect air or water quality.  Therefore, shredded tires that are well stored and properly disposed of do not constitute a hazard to human health or the environment.

1 This tight specification can be met only by screening the tire shreds to remove fine material or by using a tire shredding process that is optimized to minimize production of rubber fines in conjunction with feed stock tires that are relatively free from dirt.


2 One source of tire/rubber fines is the material that accumulates around shredding machinery and associated conveyor belts.  This material is typically composed of tire/rubber fines, fine steel cord wire, and soil that was brought in with waste tires [Humphrey, 1996a]. 
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